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Graphical Abstract
Raman spectroscopy is an important method for identifying molecules, which is widely used in determining the chemical 

and structural characteristics of various substances. Many materials have a special Raman spectrum, so that this phenomenon 
has turned the Raman device into an efficient tool for studying the structural and chemical properties of molecules. Since it is 
possible to obtain detailed information about the chemical and structural characteristics of biological compounds from Raman 
spectroscopy, the use of this method is rapidly expanding in the field of life sciences, especially in biological and medical studies. 
There is no need for special, time–consuming and expensive preparations in the study of materials with the help of a Raman 
device. In the protein Raman spectrum, distinct bands arise from the vibrational states of the peptide backbone and amino acid side 
chains. Therefore, based on the position and intensity of the protein’s Raman spectrum, it is possible to obtain valuable information 
about its second, third, and fourth structures. Also, the Raman spectrum of the protein contains information about the orientation 
and surrounding environment of the amino acid side chains. The correct formation of the disulfide bond in the protein structure can 
also be studied with the help of the Raman device. In general, the Raman spectrum of proteins contains multiple discrete bands that 
represent the vibrational states of the molecule and is used as a selective fingerprint to accurately determine the three–dimensional 
structure of proteins, intramolecular dynamics, and intermolecular interactions.

Keywords: biosensors • biomarkers • Raman biospectroscopy • imaging • cancer • diagnosis
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Schematic of leading–edge portable biosensors and biomarkers development 
for Raman biospectroscopy and imaging in cancer diagnosis.
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Introduction
The application of Raman spectroscopy is basically in 

the identification of molecules. Today, along with the many 
advances that have been made in the field of research equipment 
design, Raman spectroscopy has become more simple, 
accessible and affordable. Of course, despite the many advances 
made, the interpretation of Raman spectra is still a big challenge 
and requires special skills. Like all spectroscopic methods, the 
Raman spectrum contains information about the electromagnetic 
waves hitting the sample. After the electromagnetic beam hits 
the molecule, a part of it is scattered in all directions. Raman 
spectroscopy is used to observe vibrational, rotational, and other 
low-frequency states in a system. This type of spectroscopy 
typically provides a specific structural fingerprint that can 
be used to identify different molecules. In fact, this type of 
spectroscopy is based on inelastic scattering called Raman 
scattering (and the Raman light rays are usually laser light in the 
visible region, near infrared light or near ultraviolet light.(1–38)

The inelastic scattering of light upon impact with matter 
was not reported until 1928, while this important physical 
phenomenon was first predicted by Adolf Schmal in 1923. 
Also, Chandrasekhara Venkata Raman observed this effect for 
the first time after studying the passage of sunlight through 
organic solutions, and in 1930 he was honored to receive the 
Nobel Prize in Physics due to this important discovery and his 
other studies in this field. The development and evolution of this 
physical effect was carried out by George Pleczyk between 1930 
and 1934. Also, in 1899, John William Reilly was able to justify 
the elastic scattering of light while proposing a new hypothesis. 
This light scattering theory was actually an answer to why the 
color of the sky is blue. At that time, light scattering studies were 
also seriously pursued in countries such as Russia, France, India, 
the United States of America, and Germany. In the early 20th 
century, people like Raman and Krishnan in India and Landsberg 
and Mandelstam in Russia were pioneers in this field of study. 
When investigating the change in the frequency of scattered 
light in different physical conditions, these people achieved 
results that they had not planned for in advance. Landsberg and 
Mandelstam also investigated the scattering of light in quartz and 
some other crystals to find the scattered rays that have undergone 
a frequency change compared to the incoming light. At the same 
time, Raman and Krishnan in India and far away from Russian 
scientists were studying the changes of light in the Compton 
effect. By publishing three articles in 1928, they recorded the 
change in the frequency of scattered light while encountering 
matter, even though the reports of Raman and Krishnan were only 
slightly earlier than the reports of Russian scientists. Nowadays, 
extensive studies are carried out on the scattering of light while 
interacting with matter, and the large volume of studies and the 
number of published scientific articles about this discovery show 
the special importance of this issue.(39–76)

Photons are often reflected, absorbed or scattered while 
hitting the molecule. In Raman spectroscopy, monochromatic 
light photons (light of a single wavelength) are scattered in 
different directions after hitting the sample. In fact, in Raman 
spectroscopy, photons scattered from the sample are important. 
Most of the photons that hit the molecule are scattered elastically. 

This type of scattering is called Rayleigh scattering, in which 
the photons scattered from the sample have the same energy or 
wavelength as the photons that hit the sample. In 1928, Indian 
physicist Chandra Sekhar Venkata Raman discovered the Raman 
phenomenon. In this phenomenon, the energy or wavelength 
of the beam scattered by the molecules is different from the 
wavelength of the primary beam that hits the sample. This type of 
scattering of light rays is called inelastic scattering. About one in 
ten million photons after hitting matter is scattered inelastically. 
Also, the amount of difference in energy or wavelength of 
inelastic scattered light depends on the molecular structure of the 
compound. In fact, Raman spectroscopy was formed based on 
the analysis of these differences and with the aim of determining 
the molecular structure of various compounds. The change in the 
wavelength or the initial radiation energy provides very important 
information about the molecular movements within the system. 
In Raman scattering, the photon collides with the material 
and after scattering its wavelength goes to the longitudinal 
direction. In these more or less displaced waves, the type of 
radiation scattering is dominated by the transmission to longer 
wavelengths, which is called Stokes Raman scattering. Also, 
the transition to lower wavelengths is called Raman anti–Stoke 
scattering. It has been reported that the intensity ratio of anti–
Stoke to stoke scattering increases with increasing temperature. 
In fact, the incoming photon collides with the electron cloud of 
bonds of functional groups and excites the electrons to a virtual 
state. Then the electron returns from the virtual state to an excited 
vibrational or rotational state. This phenomenon causes the 
photon to lose some of its energy and is revealed in the form 
of Stokes Raman scattering. The lost energy is directly related 
to the chemical identity of the functional group, the molecular 
structure attached to it, the type of atoms in the molecule and 
its surrounding environment. Therefore, the Raman spectrum of 
each molecule is specific and can be used like a “fingerprint” to 
detect the chemical identity of molecular compounds in a liquid, 
on a surface, or in the air. (77–114)

Leading–Edge Portable Biosensors and
Biomarkers Development

The degree of the Raman effect is directly related to the 
polarizability of the electrons of the molecule. The Raman 
effect is actually the interaction between the electron cloud of 
the sample and the external electric field of the incoming light 
rays. This mode creates the formation of which depends on 
the induced instantaneous dipole polarizability of the sample. 
Because the laser light does not excite the molecule, no actual 
transitions between energy levels occur in Raman studies. 
(with fluctuations, hence the Raman signal is obtained from the 
collision of the light beam (intermolecular photons (phonons) 
of the sample). Review and analysis of the information obtained 
in Raman spectroscopy to determine the structure, qualitative 
measurement, and in some cases, it takes a few molecules. Also, 
the study of the effect of many different physical parameters 
such as temperature, pressure and tension on interatomic and 
intermolecular oscillations. The Raman scattering spectrum 
and the infrared absorption spectrum of a molecule have many 
similarities with each other. In fact, it comes from the similarities 
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of these two methods. Also, despite the great similarity, these 
two methods are different from each other in the basic principles, 
so that they are usually used as complementary methods. In 
infrared absorption, the amount the energy absorbed from the 
incoming photon corresponds to the energy difference between 
the initial and final rotational–vibrational states, while in Raman 
scattering, the amount of energy of the incoming photon is not 
the same as the outgoing one (usually it is more or less). Also, 
the dependence of Raman on polarization the acceptability of 
its electric dipole–dipole species from infrared spectroscopy, 
which only observes dipole species. E is electric dependent 
(atomic polar tensor) differentiates. These differences indicate 
that transitions between rotational–vibrational states may not be 
active in infrared absorption, but can be studied using Raman 
spectroscopy. There is also the reverse of this phenomenon, so 
that infrared absorption spectroscopy is used in cases where 
Raman spectroscopy is not applicable for the study of molecules. 
Therefore, transitions that have a high intensity in the Raman 
spectrum often have weak infrared absorption and vice versa. In 
other words, a vibration is active in infrared spectroscopy, when 
a change in the momentary dipole of the molecule can be seen 
during its occurrence. Likewise, vibration is active in Raman 
spectroscopy, which changes the polarizability of the molecule 
as well. For example, molecules with identical nuclei, such as 
N2, H2, and O2 are active in the Raman study, but not active 
in infrared spectroscopy. In the CO2 molecule, the symmetric 
vibrational motion is active in Raman and not active in infrared. 
On the contrary, asymmetric vibrational motion is not active 
in Raman, but it is active in infrared. Some vibrations are also 
active in both infrared and Raman.

The main components of the Raman device, the system 
of each Raman device consists of four main parts, including the 
laser light source, the wavelength selector (sample illumination 
filter and light collecting lenses. After the light and the detector 
or spectrometer collide) the laser to the sample and Its scattering 
from its surface, the scattered light is collected by a lens and 
transmitted to the detector unit by a fiber. Wavelengths close 
to the laser wavelength (elastic or Rayleigh scattering) are 
absorbed by a special filter. Only the scattered rays that have 
changed in terms of energy or wavelength compared to the 
incoming light are allowed to pass and reach the detector.

The most common sources of laser generation in the Raman 
device are argon laser with wavelengths of 488 and 514.5 nm, 
krypton laser with wavelengths of 530, 568, and 647 nm, helium/
neon laser with a wavelength of 632.8 nm, diode laser, with 
785 and 830 nm wavelength and AG Y/d N laser with 1064 nm 
wavelength. The waves that change the frequency (wavelength) 
after hitting the sample while scattering are the Raman signals that 
are of special importance. The cross-section of Raman scattering 
is very small, and the most difficult step in this method is to 
separate the Rayleigh elastic beams from the frequency–shifted 
Raman beams known as inelastic beams. In the past, holographic 
gratings and multiple stages were used to obtain a high degree 
of Raman signal, which made the collection time relatively 
long. Today, notch filters or edge filters and spectrographs (or 
spectrometry on the axial transmitter), Zarni–Turner splitter for 
amplification, and detectors of the coupled device based on the 
Fourier transform of the Raman signal are used.

Results and Discussion
Raman, as mentioned earlier, Raman spectroscopy 

is widely used in various fields. In recent years, the use 
of Raman spectroscopy in medicine, pharmacy, food 
industry, defense science, and other industries has grown 
significantly. According to the global events of recent years, 
it is very important to establish methods for rapid detection 
of biological threats for the military and national security. 
In the meantime, Raman spectroscopy has received a lot of 
attention because it provides accurate and fast information 
about the molecular composition of biological materials in 
a non–destructive way. Currently, Raman spectroscopy is 
used to detect explosives, agents of chemical and bacterial 
warfare, and other dangerous chemical substances. With 
the help of this method, samples can be checked in a non–
contact and non–destructive way inside transparent or semi-
transparent packaging. Therefore, drugs and narcotics can 
be checked through the plastic bag containing them, and 
in this way, damage to criminal documents and evidence 
or their contamination can be avoided. It is also possible 
to equip a Raman spectroscopy probe with an optical fiber 
in order to measure nitrate, nitrite and hydroxide in tanks 
containing radioactive waste. These three chemicals are 
often used to display and control tank corrosion. In this way, 
there is no need to physically remove the sample from the 
tanks and the risks of transporting it to a fixed laboratory 
to check them. The accuracy of Raman detection depends 
on various factors, including the laser wavelength used and 
the type of material. The detection accuracy of these method 
variables usually ranges from a few parts per million to a 
few parts per billion. Raman’s ability to display stress and 
other parameters, such as the surface temperature of the 
component, makes it an effective tool in the manufacture of 
semiconductor components. Also, the ability of this method 
to provide accurate images of cells allows comparison 
between healthy and diseased tissues, which is especially 
important in the study of cancerous tissues (Figures 1–5).

Fig. 1. Raman spectroscopy investigation of DNA, protein and 
lipids in human cancer cells.
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What information can be obtained from examining 
the Raman scattering spectrum of materials? The vibrational 
frequencies of a link are very sensitive to the details and the 
structural features and local environment of the molecule, such as 
crystal phase symmetry, polymer morphology, and band position 
in the Raman spectrum representing the chemical species, 
crystal phase, or substance under study. The composition or 
compounds that make up the alloy, as well as the intensity of the 
Raman spectrum, indicates the concentration of the active group 
present in the composition or substance under investigation. 
Raman frequency shift indicates the type of functional group and 
temperature changes in the investigated substance. And finally, 
the width of the Raman spectrum indicates the presence of a 
disorder or structural disorder in the studied material. 

Effect of solvent on the Raman spectrum of the protein. 
Protein in solution has a wider Raman spectrum than in powder 
form. The Raman spectrum of lysozyme protein in both powder 
and solution states. The type III amide bands of the protein in 
the solution state have a wider spectrum. The effect of chemical 
reactions on the folding and Raman spectrum of proteins in the 
presence of a concentration of different methanol amide bonds 
of type (I) alpha-synuclein protein have been modified and a 
detailed examination of this area after separating the sub–spectral 
surface, it is clear that the structure of alpha–synuclein protein 
under the influence of methanol gradually deviates from the 
normal state and in that second structures from alpha helix to 
structures called beta sheets and structures. The effect of reducing 
agents on the folding of proteins and its display in the Raman 
spectrum, after deconvolution of the protein Raman spectra, the 
amount of structural changes in the presence of reducing agents 
is determined. Physics such as reaction rate, free enthalpy and 
activation energy can be calculated from these data. Interference 
in protein Raman spectrum by fluorescence emission and 
signal–to–noise effect. Fluorescence emission can have severe 
destructive effects on the protein Raman spectrum. Intrinsic 
fluorescence usually occurs in the presence of aromatic amino 
acids, which can be eliminated by choosing the appropriate 
excitation wavelength in protein Raman studies. Also, transient 
fluorescence is usually due to impurity; a solvent or buffer is 
created to avoid interference. Transient fluorescence is necessary 
for Raman studies. Samples can be prepared as pure as possible. 
Background fluorescence was reduced by quenching or bleaching 
by emission light. Of course, it should be noted that increasing the 
temperature, in this case, may damage the sample (Tables 1–5).

Conclusion
High signal–to–noise ratio in the presence of a higher 

signal–to–noise ratio, the Raman spectrum of the sample is more 
accurate. This ratio can be increased by increasing the number 
of scans or the scan time.In addition, it should be noted that an 
excessive increase in the number of scans, as well as a change 
in the time interval of the scan, can cause serious damage to the 
sample. This method has many applications in various research 
fields. Also, this method provides important information about the 
structure of molecules, so that Raman bands can be considered 
as a kind of fingerprint of a compound. The similarities and 
differences between the Raman light scattering method and 

Fig. 2. Raman spectroscopy investigation of G nucleotide 
oxidation in human cancer cells.

Fig. 3. Raman spectroscopy comparison between normal 
and cancer animal cells.

Fig. 4. Raman spectroscopy comparison between normal 
and cancer human cells.

Fig. 5. Raman spectroscopy comparison among normal, 
dysplasia and cancer human cells.



497A. Heidari et al. / International Journal of Biomedicine 12(4) (2022) 493-505

the infrared absorption spectrometry method have made these 
two methods to be used for a more detailed structural study of 
a compound and complement each other. Raman spectroscopy 
provides valuable information on secondary, tertiary, and even 
quaternary structures of proteins. With the help of this method, 
it is possible to check the correct formation of disulfide bonds 
in the protein structure. Also, the amount of information that can 
be obtained from the protein Raman spectrum is far more than 
other conventional spectroscopic methods. Therefore, Raman 
spectroscopy is suggested as a useful tool to study the protein 
structure more precisely.
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Cancer Type Technique Raman Excitation
 Wavelength (nm)

Spot Size 
(mm)

Power
 (mW)

Signal 
Integration Time (s)

Number of Skin Lesions
Studied and/or Patients Reference

MM, BCC, SCC, actinic keratosis (AK),
atypical nevi, melanocytic nevi,
blue nevi, and seborrheic keratoses (SK)

Raman 785 3.5 300 1 518 (453 patients) 36

BCC, inflammatory scar tissues Raman + OCT 785 0.044 40 30 1 patient 15
MM, BCC, SCC, pigmented nevi Raman 785 1 150 30 50 37
MM, BCC, SCC, pigmented nevi Raman + OCT 785 1 150 30 23, 50 38, 39
MM, BCC, SCC, pigmented nevi Raman 785 0.1 17 10 137 40, 41
BCC, SCC, inflammatory scar tissues Raman 825 0.005 40 30 21 (19 patients) 42
BCC Raman 830 1.6 10 30 10 patients 43
BCC, SCC Raman 830 – 200 20 (2 s×10 spectra) 31 (17 patients) 44

BCC, SCC, AK Raman 830 0.17 200 20 (2 s×10 spectra) 49 (25 patients) 45
MM, BCC, SCC, actinic keratosis (AK),
and non–melanoma pigmented lesions Raman 830 0.2 100 1 137 (76 patients) 46, 47
BCC Multi Modal 830 0.2 56 4 1 (healthy) 48
MM, eczema, psoriatic skin, 
malignant Kaposi sarcomas Raman 1064 10 – – 1 (healthy) 31
MM, BCC, pigmented nevi Raman 1064 0.1 120 480 81 (72 patients) 49
Carotenoid concentration in BCC 
and actinic keratosis (AK) Raman 488 2 10 20 14 patients 50

MM Multi Modal 1064 0.08 – 35 Mice injected with
human MM cells 51

Table 1.
Role and applications of Raman spectroscopy and techniques in diagnosis of different types of human cancers.

Table 2.
Leading–edge portable biosensors and biomarkers data for Raman spectroscopy and imaging in cancer diagnosis.

Subjects Location
Final lesion diagnosis Mean age, year

(range) Male Female Number of
lesions

Number
biopsied (%)

Head and 
neck Trunk Upper limb Lower limb

MM
LM 69 (51–88) 12 8 20 20 (100) 19 1 0 0
LMM 67 (42–85) 7 1 8 8 (100) 8 0 0 0
SS 60 (22–77) 6 8 14 14 (100) 3 3 7 1
MM other 61 (60–62) 2 0 2 2 (100) 1 1 0 0

BCC
Superficial 63 (34–86) 10 13 28 28 (100) 10 9 5 4
Nodular 66 (39–94) 34 29 73 73 (100) 52 10 9 2
Pigmented 67 (46–83) 2 4 6 6 (100) 2 4 0 0
Other BCC 68 (60–75) 1 1 2 2 (100) 1 1 0 0

SCC
In situ 70 (56–88) 12 5 18 18 (100) 7 4 5 2
Invasive 66 (39–94) 16 10 28 28 (100) 16 1 5 6
Other SCC 78 0 1 1 1 (100) 1 0 0 0

Actinic keratosis (AK) 66 (43–92) 13 14 32 10 (31.3) 28 0 3 1
Atypical nevus 48 (20–75) 22 26 57 24 (42.1) 3 39 8 7
Junctional nevus 43 (18–70) 12 17 34 4 (11.8) 5 11 15 3
Compound nevus 35 (18–67) 13 15 30 6 (20) 9 8 9 4
Intradermal nevus 50 (28–83) 9 26 38 12 (31.6) 21 8 7 2
Blue nevus 37 (18–66) 4 9 13 4 (30.8) 4 1 6 2
Seborrheic keratosis (SK) 64 (25–89) 49 42 114 31 (27.2) 47 47 14 6
MM, malignant melanoma; MM subtypes: LM, lentigo maligna; LMM, lentigo maligna melanoma; SS, superficial spreading melanoma.
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Mid–FTIR Raman
Diagnostic criteria 
Wavenumber range
Type of spectroscopic
detection

Conditions for Raman/FTIR
activation (selection rules)
Molecular bond sensitivities

SNR

Spatial resolution

Imaging/mapping modes

Enhanced techniques

Sample preparation

Substrates
Water

Effect of paraffin–routine
processing of tissue in 
histology

Sample thickness

Objective (based on biochemical spectral fingerprint)
800–4000 cm–1

Mid–infrared light absorption using a polychromic
light source

Changes in the dipole moment

Strong polar bonds including hydroxyl (OH),
carbonyl (CO) and amide bonds
Generally higher SNR in similar timescales

Lower spatial resolution due to diffraction limit 
(~ 10 μm). Synchrotron sources (2–5 μm)
Rapid scan imaging using focal plane or 
linear array detectors. ATR imaging can improve spatial 
resolutions and be applied to thicker samples

ATR (attenuated total reflection): IR direct sample 
analysis by contact with an ATR crystal.
Penetration is within the evanescent field which 
can be controlled and allows measurement from
aqueous body fluids or non–dried tissue samples 

Optimal thickness (transmission mode) or sample
contact (ATR) may be necessary.
Sample preparation is difficult
Mirror, CaF2, BaF, Low e, zinc selenide (ZnSe)
Strong water absorption and CO2 contribution to 
spectrum
Paraffin peaks are visible in the FTIR fingerprint
region. This can be overcome by deparaffinization
or spectral subtraction

Spectra from thick samples (>15 μm) can cause 
spectral saturation

400–4000 cm–1

Inelastic light scattering using a monochromatic laser
excitation (usually 785 or 830 nm but visible lasers
also used)
Changes in polarizability

Non–polar bonds including C–C double and triple
bonds including aromatic rings

Weaker Raman cross–section of biological material
results in lower SNR for normal Raman spectra 
Higher spatial resolution (~ 1 μm) due to diffraction
limit
Point raster mapping, line and rapid synchronous
readout mapping, Fast Raman imaging, ultrafast
confocal Raman imaging, Wide–field imaging, 
LCTF Raman imaging
SORS: the Raman scatter is collected from regions 
laterally offset from laser excitation, leading to 
significantly lower contributions from the surface 
layer, enabling depth probing.
CARS: two laser beams are used to generate
a coherent anti–Stokes frequency beam, which can 
be enhanced by resonance.
SERS: enhancements over normal Raman scattering
of typically 103–106 due to electromagnetic and 
chemical enhancement effects, with florescence 
quenching. Requires close proximity/adsorption 
onto a roughened metal surface, a colloidal 
solution or a roughened electrode (usually Ag or 
Au). Can tune to a specific chromophore for 
additional resonance enhancement (SERRS).
TERS: combines high spatial resolution of an AFM
and biochemical specificity of NRS

Little contact and destruction, water does not disturb 
measurement.
Sample preparation is easier
CaF2, BaF, quartz
In vivo application possible due to weak scattering of
water 
Strong Raman peaks in fingerprint region

Point spectra can be obtained from thick sections
(>15 μm) or bulk samples. 10–20 μm sections 
for mapping 

Table 3.
 Comparison between Mid–FTIR spectroscopy and Raman spectroscopy in cancer diagnosis.

Table 4.
Cancer type of interest and classification analysis groups of type of Raman system in cancer diagnosis.

Cancer type of
interest

Classification
analysis groups

Type of Raman
system (HF/LF) Authors (year)

Number of spectra
(number of patients)

Analysis method
Sensitivity:
specificity

Reference

Skin cancer
Malignant +
premalignant vs.
benign and normal

Macro–Raman (LF) Zeng group (2001–2012) 518 (453) PCA–GDA and PLS
90%: 66% 20, 40–43

Skin cancer
Nonmelanoma
cancers vs. normal
lesions

Macro–Raman (LF) Mahadevan–Jansen 
group (2008) 42 (19) MRDF–SMLR

100%: 91% 44

Lung cancer
Malignant +
premalignant vs.
benign and normal

Macro–Raman (LF) Zeng group (2008–2011) 129 (26) PCA–LDA
90%: 91% 21, 47

Breast cancer
Tumor vs. normal
(tumor tissue margin
detection)

Macro–Raman (LF) Feld group (2006) 30 (9) Model fitting
100%: 100% 49

Colorectal cancer
Adenomatous tissue
vs. hyperplastic
polyps

Macro–Raman (LF) Wilson group (2003) 19 (3) PCA–LDA
100%: 89% 55
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Cancer type of
interest

Classification analysis 
groups

Type of Raman
system (HF/LF) Authors (year)

Number of spectra
(number of patients)

Analysis method
Sensitivity:
specificity

Reference

Cervical cancer
Squamous dysplasia
vs. normal,
inflammation and
metaplasia

Macro–Raman (LF) Richards–Kortum 
group (2001) 27 (13) Intensity ratios

NA 63

Cervical cancer
High–grade
preneoplastic lesions
vs. normal

Macro–Raman (LF) Mahadevan–Jansen 
group (2007) 172 (66) Logistic regression

89%:>81% 64

Cervical cancer

1. Dysplasia vs.
    normal
2. High–grade
    dysplasia vs. normal
3. High–grade 
    dysplasia vs normal

Macro–Raman (LF)
Huang group
1. (2009)
2. (2011)
3. (2012)

1. 92 (46)
2. 105 (29)
3. 476 (44)

PCA–LDA
1. 94%: 98%
2. 73%: 89%
3. 85%: 82%

65–67

Upper GI
(esophageal
cancer)

High–grade
dysplasia vs. normal Macro–Raman (LF) Huang group (2013) (2) PLS–LDA

91%: 83% 71

Upper GI 
(stomach 
cancer)

1. Normal tissue
2. Benign ulcer
3. Malignant ulcer

Macro–Raman (LF)
Huang group
1. (2009)
2. (2010)
3. (2012)

65
PLS–LDA
1. 90.8%: 93.8%
2. 84.7%: 94.5%
3. 82.1%: 95.3%

68–70

Oral cavity

1. Normal vs.
    malignant
2. Normal vs. potentially
    malignant
3. Normal vs. diseased

Macro–Raman (LF) Gupta group (2013) 802 (28 healthy + 
171 nonhealthy)

MRDF–SMLR
1. 96%: 99%
2. 99%: 98%
3. 94%: 94%

72

Oral cavity
Premalignant and
malignant vs. normal
and benign

Macro–Raman (LF) Sonis and Zeng group 
(2014) (18) PCA–LDA

100%: 77% 73, 74

Brain cancer
Normal brain
vs. dense cancer and 
normal brain invaded by 
cancer cells

Macro–Raman (LF) Leblond group (2015) 161 (17)
Boosted trees
Machine learning
93%: 91%

77

Bladder cancer Normal bladder vs.
cancer Macro–Raman (LF) Bosch group (2010) 63 PCA–LDA

85%: 79% 80

Table 4 (continued).
Cancer type of interest and classification analysis groups of type of Raman system in cancer diagnosis.

Raman application Experimental setup Analysis method Reference
Wavelength
 (nm)

Power 
(mW)

Exposure
time (sec) Other

Cancer
detection Breast cancer 830 100–150 10–30 Nonnegative least square (NNLS) 8

830 82–125 1 Probe NNLS 31
786 N/A 4 Raman shifts 7
830 65 10 PCA–LDA 34
514.5 8 N/A Hierarchical cluster 42

Cervical cancer 785 80 5–15 Probe Logistic regression 45
785 80 5 Probe Maximum representation and discrimination 

feature (MRDF) 47
Sparse multinomial logistic regression 
(SMLR)

785 15 60 Probe PCA–LDA 49
785 10 60 Raman shifts 43
785 100 30 PCA 50

Colorectal cancer 785 300 5 Probe PCA–Support vector machines (SVMs) 51
785 70 N/A PCA 35

Hierarchical cluster
Multiple least squares (MLS)

782.5 11.5 60 LTRS PCA– Logistic regression 52
782.5 11.5 60 LTRS PCA–Artificial neural network (ANN) 53

Allograft
 rejection Cardiac rejection 785 100 10 PCA 54

Renal rejection 785/514.5 8–12 10 PCA–Discriminant function analysis (DFA) 56

Table 5.
Raman spectroscopy application, experimental set up and analysis method in cancer diagnosis.
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Abstract
Many recent studies have focused on the manipulation of the epigenome to understand the mechanistic programming in 

health and some disease phenotypes. These studies are designed to provide suitable drug targets to cure and/or prevent the outcome 
of a disease condition. Autoimmune diseases, including obesity and diabetes, are of major health concern nowadays and are the 
root cause of several diseases of the heart, lungs, and liver. There are several epigenetic mechanisms underlying the manifestation 
of autoimmune disorders. The recent advances in today’s sequencing technology and genome editing have uncovered the role of 
epigenetic modifications in autoimmune diseases. In this review, we will cover the recent discoveries and their possible application 
in the control of  autoimmune diseases by improving the long-term use of such technologies. The potential drawbacks will also 
be discussed so that future experiments may be designed to reduce or eliminate the risk factors associated with the use of recent 
discoveries in the field of medicine. (International Journal of Biomedicine. 2022;12(4):506-514.).
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Introduction
History has witnessed numerous famines, which cause 

malnutrition in the human population, thereby leading to 

several diseases, including anorexia; however, recently, 
obesity has taken the world by surprise and has become one 
of the leading causes of life-threatening diseases.(1) This long 
history of starved conditions has resulted in the evolution of an 
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organ termed adipose tissue to provide necessary nutrition in 
times of need.(1) This event has resulted in better regulation of 
energy via the central nervous system through a set of defined 
signaling pathways, as well as a self-system for recognizing 
energy demand and supply requirements.(2) Over time, the 
human lifestyle has changed significantly, so that now the fat 
tissues stored in the body cause overweight and obesity.(3) The 
function of adipose tissue in the era of under-nutrition and 
over-nutrition is distinct and requires special attention before 
it causes damage to other organs and tissues.

The obesity epidemic is currently posing a significant 
threat because it affects children and young adults, 
compromising their life expectancy by nearly one-half due to 
an increase in obesity-related disease burden.(4) Obesity can 
be defined in terms of BMI, where >30 kg/m2 is considered 
obese, whereas >25 kg/m2 is taken as overweight.(5) In the 
evolutionary context, the genotypes that support energy storage 
are more suited to survive in the age of famine and low food 
availability; however, recent developments in agriculture and 
the food industry have resulted in an epidemic of obesity that is 
strongly associated with an increase in the incidence of several 
diseases, including T2D, hypertension, heart ischemia, and 
other metabolic diseases.(4) Such genotypes termed as “thrifty 
genotypes”(6) became un-adaptive in recent times of low energy 
expenditures and are strongly associated with T2D. It was Neel 
who correlated obesity to sickle cell anemia, of which allele was 
beneficial to carry at certain times of adaptation and survival.
(7) While Neel’s hypothesis is partially acceptable, Hales and 
Barker later showed that malnutrition in the uterus actually 
causes a disturbance in glucose tolerance and other metabolic 
syndromes, which is supported by epidemiological data.(8) 

However, more recently, both hypotheses are being challenged 
with predator theory, which relates obesity to a genetic drift 
because of the absence of predators in the recent era.

The epigenetic changes in relation to ADs, obesity, and 
diabetes have been recently studied, and several target proteins 
have been recommended for anti-obesity and anti-diabetic 
targets. This review will go through the major findings and 
recent biological questions in the context of autoimmunity, 
obesity, and diabetes and pose it to the scientific community 
for further research and development.
Countering Obesity and Diabetes

Obesity is one of the major public health issues of the 
current era,(9) associated with several major diseases of vital 
organs, such as the heart, lungs, and kidneys, and affecting life-
sustaining systems such as circulation, breathing, and excretion, 
causing mortality and morbidity.(10) Obesity is strongly 
associated with cancers; however, its molecular mechanism 
was vague until Hao et al.(11) discovered that circulating adipose 
fatty acid binding protein (A-FABP) is the cause of promoting 
breast cancer by direct interaction with tumor cells and 
activates the IL-6/STAT3/ALDH1pathway. According to the 
WHO, 1.9 billion adults of age 18 and above are overweight, 
out of which 650 million are obese. The problem continues in 
children, and 41 million children under age 5 are reported to be 
overweight or obese.(12) Much of the world’s population is at 
risk of developing T2D because of easily available high caloric 
foods, which are now the routine diet of many. This includes 

children and adolescents, exposing them to the future threat of 
energy intake and expenditure imbalance.(13) Advanced research 
in understanding the mechanism and pathways associated with 
obesity and its cure is a very important need of the moment. 
Several labs are demonstrating obesity’s linkage to epigenetic 
modulation, and its interaction with diets and environmental 
factors is becoming clearer. 

Gene expression is considered at the core of the 
obesity problem, which is controlled by several epigenetic 
mechanisms, including DNA methylation, histone acetylation, 
and phosphorylation, affecting key pathways responsible for 
maintaining energy homeostasis. Today basic and advanced 
molecular, immunological and biotechnological procedures 
help diagnose several important mechanistic insights into 
previously unknown phenomena.(14) The following will 
illustrate the recent advancements in obesity research with a 
focus on the epigenome.

The major cause of obesity is insulin resistance, which 
leads to an imbalance in energy homeostasis and has been 
the target focus of research. It is well established that chronic 
inflammation of the adipose tissue, skeletal muscles, and liver 
is the major cause of obesity,(15) with a critical role played by 
miRNAs and exosomes.(16) Exosomes are the micro-vesicles 
that have the capability to carry miRNAs, of which the adipose 
tissue secreting exosomes are shown to carry miR155,(17) of 
which PPAR-γ is the target gene, and of which miR155 KO 
mice are shown to have high insulin sensitivity and glucose 
tolerance(16) It also demonstrates the ability of exosomes to 
carry the miRNAs of choice to target cells and tissues to 
therapeutically treat insulin sensitivity and glucose tolerance. 
WAT browning via activation of the AMP-activated protein 
kinase (AMPK) and sirtuin 1 (SIRT1) pathways or increasing the 
number of brown adipocytes that can dissipate energy is another 
approach to overcoming obesity outbreaks and is a major area 
of diabetes and obesity research.(15) Recently, in mouse inguinal 
WAT, researchers observed neural arborizations at the single-
fiber level and uncovered how the sympathetic nervous system 
and CNS play a role in the architecture of adipose tissue.(18) The 
efficient induction of begging in humans remains a problem, 
where a recent study showed how intermittent fasting can 
induce beiging of WAT and help improve diabetes.(19) 

The induction of beiging, however, requires activation 
of β-adrenergic receptors mostly by cold induction, which 
is why no successful therapeutic agent could be introduced 
until now as the β-adrenergic signaling pathway is involved 
in several functions of tissues and raises safety concerns. Thus 
what is required is a safe way to induce thermogenic fat cells 
that can burn fat to reduce weight without causing harm to 
the body. To this end, Chen et al.(20) discovered fat cells that 
burn only glucose and termed them glycolytic beige cells. This 
discovery opens a new avenue to combat obesity as it follows 
a previously uncharacterized pathway. If such cells are found 
in humans, they can help develop new therapeutic avenues. 
Epigenetics of Systemic Sclerosis

A major autoimmune disease of connective tissues is 
SSc where skin and internal organs manifest varied clinical 
features of heterogeneous nature having more prevalence in 
females than in males.(21) The pathological outcome of SSc is 
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extensive fibrosis of the skin, blood vessels, lungs, and GIT.(22) 

The researchers are of the view that anomalous production of 
IL-1a in SSc patient’s skin lesional fibroblasts induces IL-6 and 
procollagen, which has an epigenetic component that is causing 
fibrosis.(23) Before it is secreted, such a mechanism can operate 
at three different levels: gene transcriptional regulation, RNA 
stability control, and degradation of collagen molecules.(24)

Earlier in 2013, a study published in The Journal of 
Investigative Dermatology reported the upregulation of p300, 
an acetyl-transferase that has a predominant role in SSc and 
that is controlled by TGF-β.(25) The etiology of SSc is reportedly 
connected to dysregulation in the epigenetic landscape of 
certain genes. DNA methylation at the promotor region remains 
at the core of such research. Several important targets in this 
connection are reported. The hypomethylated genes in SSc 
are ITGA9, COL23A, ADAM12, COL4A2, and MYO1E, 
including transcription factors such as RUNX1, RUNX2, and 
RUNX3 in both diffuse cutaneous SSc and limited cutaneous 
SSc.(26) The hypermethylation in the promotor region of Foxp3 
in SSc patients is determined as one of the other factors in the 
development of SSc.(27) The defective angiogenesis and micro 
vasculopathy in SSc patients are linked to lower expression of 
NRP1 that disturbs VEGF-A/VEGFR-2.(28) Recently, MeCP-
2 has been shown to have a predominant role in systemic 
fibrosis.(29) Mechanistically, TGF-B regulates the expression of 
MeCP-2 in SSc fibroblasts, which regulates the expression of 
the extracellular matrix that epigenetically represses sFRP-1 
antagonist of the Wnt signaling pathway. This in turn enhances 
Wnt signaling, which favors fibrosis through glycolysis. MeCP-2 
can be targeted as a key regulator in SSc fibrosis.(29) Vasculopathy 
is one of the hallmarks of SSc and has been recently linked 
to trappin-2, which upregulates in absence of Fli1 to cause 
pathological conditions in vessels.(30)  Emerging data provides 
a strong connection of the long noncoding RNA in driving the 
response of IFNs and its functional relevance in SSc.(31) Several 
epigenetic therapies at present are considered to cure SSc, which 
targets include, but are not limited to, histone modifications(32) 

and methylation regulation.(29) Tables 1 and 2 illustrate ADs, their 
epigenetic cause, and targeted genes and cells. 
Epigenetics of Inflammatory Bowel Disease

IBD is a chronic condition that accompanies patients 
throughout their whole life. It has been widely accepted that 
IBD is caused by the dysregulation of cell/cell junction, causing 
defective barrier activity, resulting in enhanced severity of 
the disease.(70) It has been classified into two major classes 
as inflammatory ulcerative colitis and Crohn’s disease.(71) 

Moreover, Crohn’s disease affects the entire GIT, whereas 
ulcerative colitis only affects the large bowel.(72) Recent studies 
are focused on investigating the role of tight junction dynamics 
and factors responsible for microtubule organization. One such 
factor identified is ACF7,(70) the ablation of which demonstrates 
poor wound healing and tight junction dynamics. 

Other studies have demonstrated the role of DNA 
methylation in the onset and prevalence of IBD influenced by the 
microbiome. The study by Harris et al.(73) in 2016 revealed a close 
relationship between the epigenome of the colon and microbiome 
in adolescents and children, demonstrating several differentially 
methylated regions having a number of possible therapeutic 

targets for treating IBD. Intestinal epithelial cell methylation 
and transcription patterns in child IBD patients define further 
subtypes and disease associations.(74) Another study demonstrates 
that a catalytic subunit PRC2, the EZH2 in epithelial cells, is 
responsible for keeping the epithelial cell barrier integrity.(75)

Gene regulation is a key factor in developing a certain 
phenotype, which is regulated by DNA methylation. Genome-
wide DNA methylation studies have the potential to provide 
therapeutic targets, which can be used to improve disease 
phenotypes. A whole genome DNA methylation study 
performed on naïve ulcerative colitis patients determined 
several hypo- and hyper-methylated regions of the genome 
that in the future can be used as potential therapeutic targets 
in ulcerative colitis patients.(76) There are 577 differential DNA 
methylation sites with 210 target genes, which a study showed 
to be responsible for chronic inflammation of the colon in 
epithelial cells.(77) In a study by McDermott et al.,(78) the top-
ranked, IBD-associated PBMC differentially methylated region 
(promoter region of TRIM39-RPP2) was also significantly 
hypomethylated in colonic mucosa from pediatric patients 
with ulcerative colitis; in addition, the authors confirmed 
TRAF6 hypermethylation using pyrosequencing and found 
reduced TRAF6 gene expression in PBMCs of IBD patients.
Another important gene, Na_/H_exchanger-3 (NHE3), which 
is responsible for Na absorption and is associated with IBD, 
is regulated by epigenetic modulation of DNA methylation.(79)

Microbiota diversity and its response is strongly related 
to IBD, and recently a mechanism by which it can interact has 
been dissected. A study by Kelly et al. illustrated a new insight 
into H3K4me3 involved in key pathways of immunoglobulin, 
cell survival, metabolism, and cell-to-cell signaling. They 
identified some unexplored key targets in epithelial cells that 
can be influenced by commensal microbiota in infant IBD 
patients.(80) There are several genetic markers identified that are 
associated with IBD and IgG: IKZF1, LAMB1, and MGAT3. 
Recently, methylation in the promotor region of MGAT3 in 
CD3+ T cells from patients with ulcerative colitis has been 
detected.(81) All such targets provide an opportunity to look 
for further details of its involvement in disease prognosis and 
cure. The recent technologies of genome editing, including 
CRISPR-Cas9,(82) can be applied to rewrite the epigenome to its 
normal state, eliminating the drastic effects of environmental 
and other burdens on the genome. It is important to keep a 
full follow-up record of such experiments to eliminate the 
unwanted outcomes of such applications and to keep the 
safety concerns associated with each manipulation in mind, 
and do compulsory experimentation before taking any drug or 
therapeutic agent for clinical trials.
The Mechanistic Insights into Systemic Lupus Erythematosus

The immune system’s capability to recognize self from 
non-self is essential to conducting defense against foreign 
antigens and is accomplished during the early developmental 
stage.(83) Females are more prone to ADs than males,(84) 

as is the case of SLE, a multisystem, chronic autoimmune 
disease(85) resulting from T cell hypomethylation, because of 
lower expression and activity of DNMT1 in Lupus T cells,(86) 
characterized by a defective ERK signaling pathway, which is 
reported nine times higher in females of reproductive age.(84) 
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Table 1.
Epigenetic alterations in autoimmune diseases at the level of DNA methylation.

Cell Type Diseases Genes alteration
Epigenetic alteration (DNA)

Pathological site ReferencesHyper-
methylation

Hypo-
methylation

Peripheral
blood 
CD4+ T cell

SLE, RA,
SSc CD40LG √ CD40L (B cell costimulatory molecule encoded 

on the X chromosome) (33) (34, 35) 
SLE, SSc,

pSS CD70 √ CD70, B cell costimulatory molecule associated 
with overproduction of IgG

(36-38)

SSc, T1DM,
RA FOXP3 √ Forkhead box protein 3, involved in quantitative 

defects of regulatory T cells (27, 39, 40) 
MS HLA-DRB1 √ HLA class II beta chain (41) 
SLE IL10, IL13 √ Involved in autoantibody production and tissue 

damage
(42, 43)

SLE IRF5, IFIT2 √ Involved in type I interferon pathway (44)

SLE ITGAL √ Integrin α-L, associated with cell-cell adhesion (45) 

SLE PRF1 √ Perforin 1, involved in autoreactive killing (46)

Naïve 
CD4+ T cell

SLE, pSS STAT1, IFI44L,
USP18 √ Involved in type I interferon pathway (47, 48) 

pSS LTA √ Lymphotoxin-α (47) 
pSS RUNX1 √ Transcription factor associated to lymphoma (47) 

B cell
SLE CD5 √ CD5, involved in activation and expansion of 

autoreactive B cells 
(49)

SLE HRES-1 √ Human endogenous retroviruses proteins, involved 
in induction of cross-reactive autoantibodies

(50) 

PBMC

RA IL-6 √ IL-6, involved in B cell response (51)
SLE IFNGR2, MMP14 √ IFN-γ receptor 1, Matrix metalloproteinase-14, 

involved in inflammation (52) 

SLE LCN2 √ Neutrophil gelatinase-associated lipocalin, iron 
transporter and marker for SLE (52)

MS SHP-1 √ A negative regulator of cytokine signaling through 
NF-κB and STATs 

(53) 

CD14+ 
monocyte

T1DM HLA-DQB1 √ HLA class II (54) 
T1DM RFXAP √ HLA class II regulating element (54) 
T1DM NFKB1A √ Regulator of apoptosis and inflammation (54) 
T1DM GAD2 √ GAD65, a major autoantigen involved in T1D (54) 
T1DM TNF √ Key inflammatory cytokine (54) 
T1DM CD6 √ Involved in lymphocyte activation and differentiation (54) 

Fibroblast SSc FLI1 √ Involved in type I collagen expression (55) 

Fibroblast,
PBMC SSc DKK1, SFRP1 √ Wnt signaling antagonists (56) 

Synovial
fibroblast

RA SFRP1, SFRP4 √ Wnt signaling antagonists (57, 58)

RA DR3 √ Death receptor 3, associated with cell apoptosis (59) 

NAWM MS PAD2 √ Peptidyl argininedeiminase type II, responsible 
for the increased citrullinated myelin basic protein

(60)

LSG pSS DST √ BP230, bullous pemphigoid antigen 1 protein (61) 
SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; MS, multiple sclerosis; SSc, systemic sclerosis; T1DM, type 1 diabetes; pSS, 
primary Sjögren’s syndrome; PBMC, peripheral blood mononuclear cell; NAWM, normal appearing white matter; LSG, labial salivary gland.

Cell type Disease Epigenetic alteration Affected gene Dysregulation Referencesupregulation downregulation

T cell SLE
H3 and H4 hypoacetylation, H3K9 hypomethylation ND (62)
Increased histone H3 acetylation at lysine 18 (H3K18ac) IL10 √ (29)
Increased H3 acetylation, dimethylated H3 lysine4
(H3K4me2) CD70 √ (63)

T1DM Increased H3K9me2 CTLA4 √ (64)

B cell SSc
H4 hyperacetylation, decreased HDAC2 and HDAC7;
H3K9 hypomethylation, decreased SUV39H2 (member 
of HMT), increased JHDM2A (member of HDM)

ND   (6)

Monocyte T1DM Increased H3K9 acetylation (H3K9Ac) HLA-DRB1,
HLA-DQB1 √ (65)

SLE Global H4 hyperacetylation IRF1, RFX1,
BLIMP1 √ (66)

Fibroblast SSc Increased H3 and H4 deacetylation FLI1 √ (55)
Inhibition of H3K27me3 FOSL2 √ (67)

Synovial fibroblast RA Increased zeste homologue 2 (EZH2, member of HMT) SFRP1 √ (57)
Increased sirtuin 1 (Sirt1, member of HDAC) ND (68)

Oligodendrocyte MS Increased histone H3 deacetylation ND (69)
SLE, systemic lupus erythematosus; T1DM, type 1 diabetes; SSc, systemic sclerosis; RA, rheumatoid arthritis; MS, multiple sclerosis; HMT, 
histone methyltransferases; HDAC, histone deacetylase; HDM, histone demethylase; ND, not determined.

Table 2. Epigenetic alterations in autoimmune diseases at the level of histone modification.
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The predominant adaptive immune cells, B lymphocytes 
and T lymphocytes, are both involved in the development of SLE.
(83) Methylation of certain genes is one of the major reasons for 
ADs, and it has been found that B cell promoter hypermethylation 
is associated with SLE pathogenesis.(88) CD4+T cells from 
SLE patients with lower expression of TNFAIP3, because of 
hypermethylation of histone H3K4, resulting in overproduction 
of pro-inflammatory cytokines, appears to be a probable cause of 
SLE.(89) Wang et al.(6) showed that Talen(transcription activation-
like effector nuclease)-mediated enhancer knockout influences 
TNFAIP3 gene expression and mimics a molecular phenotype 
associated with SLE.

Genome-wide association studies in SLE (90) identified 
more than 50 risk genes or loci to higher heritability of SLE.
Recent genome sequencing technologies have uncovered 
unprecedented information regarding the development of 
ADs. The perturb-ATAC sequencing, for example, has 
shown enrichment of NF-κB binding sites near the causative 
variations of SLE and SSc,(91) and these sites show altered 
accessibility at chromatin level when NFKB1 or RELA are 
depleted.(92) 

A shift in DNA methylation status in naïve CD4+ T 
cells was observed in favor of T cell activation in SLE patients 
with a significant increase in EZH2 binding enrichment near 
high methylation activity in lupus patients.(93) Furthermore, 
it was determined that EZH2 has a predominant role in T 
cell adhesion by upregulating JAM-A, hence providing a 
therapeutic target for lupus treatment by either blocking 
expression of EZH2 or JAM-A to limit T cell migration or 
adhesion.(94) The lupus patients demonstrated demethylated 
CD4+CD28+KIR+CD11ahi T cells characterized by epigenetic 
modulation, resulting in pro-inflammatory cytokines, 
providing another therapeutic avenue to treat lupus by either 
eliminating these cells or blocking them to produce pro-
inflammatory cytokines.(84) 

Mechanistic Insight of Protein Acetylation and Deacetylation 
Epigenetic modifications control the expression of genes 

that become the focus of basic and medical research to find 
suitable drug targets for the prevention and cure of ADs. ADs 
in particular are prone to histone acetylation and deacetylation, 
which demands a detailed investigation of the mechanistic 
understanding of these modifications.(95) The interaction of 
negatively charged DNA backbone is possible because of the 
positively charged histones N-terminal, which is neutralized 
by histone acetylation, hence weakening DNA binding and 
making the chromatin accessible to transcription.(96) HATs and 
HDACs are the two enzyme classes responsible for acetylation 
and deacetylation respectively. The chromatin is closed when 
de-acetylation takes place, consequently resulting in decreased 
gene expression due to no access by transcription factors. The 
environmental effects and diseases affect the life expectancy 
and living quality of an individual (Figure 1).

Currently, more than 2000 proteins are identified to be 
acetylated in mammalian cells, which enhance the canvas 
of acetylation comparable to other major post-translational 
mechanisms such as phosphorylation and ubiquitination.
(97) A wide range of proteins involved in different cellular 
processes undergo acetylation, making it one of the important 

events to be studied in detail. Almost all enzymes involved 
in gluconeogenesis, glycolysis, TCA cycle, urea cycle, 
fatty acid oxidation, and glycogen and nitrogen metabolism 
are acetylated.(43) There are several mechanisms by which 
acetylation regulates substrate availability, one of which is 
by blocking the enzyme binding to a substrate; another is 
by blocking the binding of metabolites. Acetylation can also 
modulate the localization of proteins.(98) 

Conclusion 
In summary, epigenetic modifications play a crucial 

role in autoimmune disease onset, which is monitored and 
controlled in homeostasis by certain therapies, and therapeutic 
agents can relieve many of the disease symptoms. DNA 
methylation and protein acetylation play a very important 
role in maintaining the epigenome of organisms; hence, more 
focused studies on the safety concerns of these targets are 
required before bringing bench research to clinical settings.
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Abstract
Rosacea is a chronic, persistent, inflammatory skin disease of the central face and eyes, caused by immune dysfunction and 

neurovascular dysregulation, that presents with recurrent flushing, erythema, telangiectasia, papules, or pustules. Rosacea affects 
quality of life and social and mental health. Recent research has linked rosacea to autoimmune, gastrointestinal, neurological, 
and psychiatric diseases and cancer risks. This review discusses the rosacea subtype-directed approach management, new topical 
and systemic formulations, and therapy combinations depending on new phenotype classification.(International Journal of 
Biomedicine. 2022;12(4):515-520.).
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Introduction
Rosacea is a chronic, persistent, inflammatory skin 

disease of the central face and eyes, caused by immune 
dysfunction and neurovascular dysregulation, that presents 
with recurrent flushing, erythema, telangiectasia, papules, 
or pustules. Rosacea affects between 0.09% and 22.41% of 
the general population and 5.46% of adults worldwide.(1) 
Phymatous alterations are uncommon, typically affecting 
the nasal area, and are more common in males. About 50% 
of rosacea individuals suffer eye dryness, conjunctivitis, 
blepharitis, and, rarely, keratitis.(2-4) Rosacea usually starts 
in adults but can occur at any age. Fair-skinned Celts are 
particularly susceptible. Because erythema and telangiectasia 
are more difficult to identify in deeper phototypes, rosacea is 
commonly misdiagnosed.(5,6) Rosacea affects quality of life 
and social and mental health.(7,8) Recent research has linked 
rosacea to autoimmune, gastrointestinal, neurological, and 

psychiatric diseases and cancer risks; whether these links 
are causative needs more study.(9) In addition to regular 
skin care and avoiding triggers, rosacea can be treated with 
active therapies. Topical brimonidine and oxymetazoline 
are approved for erythema, and ivermectin, azelaic acid, 
metronidazole, and doxycycline are for papules/pustules. 
Telangiectasia, erythema, and phyma can be treated with 
lasers and light. Phyma may need surgery.(3) 

Pathophysiology of rosacea
Dysregulation of immunological and neurocutaneous 

processes contributes to rosacea development.(10) The 
association of rosacea with SNPs in MHC genes suggests 
genetic vulnerability with changed immune reactivity.(11)  

Microbes like Demodex folliculorum and Bacillus 
oleronius can elicit innate and adaptive immune activation.(12) 
Innate immunity activation upregulates keratinocyte-derived 
TLR2 and PAR2, which promote cathelicidin. KLK-5 protease 
converts cathelicidin to bioactive LL-37, producing erythema.
(13) TLR2 activates the NLRP3 inflammasome, causing pustule 
development, discomfort, and vascular responsiveness via 
IL-1, PGE2, and TNF-α production. TLR2 also induces 
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inflammation, erythema, and telangiectasia through expression 
of chemokines, proteases, cytokines, and angiogenic 
factors. PAR2 activation causes itching, inflammation, and 
discomfort together with T-lymphocyte, neutrophil, mast cell 
degranulation, and release of chemokines, cytokines, and 
prostaglandins.(10) Activation of the acquired immune system, 
shown by TH1 and TH17 cells with immunological mediators, 
causes inflammation and subsequent immune activation.(14)

The ankyrin (TRPA) and vanilloid (TRPV) subfamilies 
of the transient receptor potential (TRP) channel superfamily 
may mediate neurocutaneous pathways in rosacea, which 
indicate responsiveness to ultraviolet light, temperature 
variations, spicy foods, and wine. Different environmental 
events may cause specific subfamily receptors to react, 
resulting in the production of vasoactive neuropeptides. TLR2 
and PAR2 are also expressed in sensory neurons, and they can 
continue to activate inflammatory processes.(15)  

Rosacea diagnosis and classification
One or more of the following major characteristics 

centered on the convex parts of the face are required for rosacea 
diagnosis: flushing, nontransient erythema, papules/pustules, and 
telangiectasia. The most crucial observation is persistent facial 
erythema lasting at least 3 months, sparing the periocular skin. 
This form of erythema is the only necessary diagnostic criterion 
for rosacea. Flushing, papules, pustules, and telangiectasia on 
the convex faces are supporting, but not required, diagnostic 
features. Burning or stinging sensations, edema, plaques, 
a dry look, ocular signs, and phymatous alterations are 
secondary symptoms. Polycythemia vera, connective tissue 
disorders, carcinoid, and mastocytosis must not be present. 
Long-term facial steroid users are also excluded. Extrafacial 
erythema is usually an excluding feature, photosensitivity and 
allergic contact dermatitis may be considered. There are four 
subtypes of rosacea: erythematotelangiectatic rosacea (ETR), 
papulopustular rosacea (PPR), phymatous rosacea (PhR), and 
ocular rosacea (OR).(2,16) 

ETR is characterized by prolonged flushing (lasting 
longer than 10 minutes). The center of the face is usually 
the reddest, although the periphery, ears, neck, and upper 
chest may also be affected. Periocular skin is sparied. Stress, 
hot beverages, alcohol, spicy meals, exercise, cold or hot 
temperatures, and hot baths can cause flushing. Episodes are 
sometimes unprovoked. 

PPR patients have a red center face but continuous 
or episodic inflammation with little papules and pinpoint 
pustules. Symptoms may include edema. Periocular skin is 
seldom affected, usually in midlife women. Inflammation can 
cause persistent edema and phymatous changes. 

PhR is characterized by pronounced skin thickening 
and uneven surface nodules; they can appear on the 
nose (rhinophyma), chin (gnathophyma), forehead 
(metophyma), one or both ears (otophyma), as well as 
the eyelids (blepharophyma). Four forms of rhinophyma 
(glandular, fibrous, fibroangiomatous, and actinic) are 
clinically distinguishable and have unique histopathologic 
characteristics.(16)

In OR patients with ocular symptoms, blepharitis and 
conjunctivitis are the most prevalent findings. Recurrent 
chalazion and meibomian gland irritation may occur. 
Hyperemia, telangiectasia, and watery or dry, itchy eyes might 
develop. OR frequently causes burning, stinging, itching, light 
sensitivity, and a feeling there is a foreign body in the eye. 
Keratitis, scleritis, iritis, and consequences are rare.(16)

 In 2017, the worldwide ROSacea COnsensus (ROSCO) 
group developed a revised schema on patient attributes 
that incorporated clinical manifestations. This phenotypic 
method focused on observable traits, which can be altered 
by environmental or genetic causes.(17) The ROSCO panel 
included ophthalmologists and dermatologists from different 
countries all over the world to make sure that the whole 
world was represented. In this model, accepted by the 
National Rosacea Society, either one of two separate signs is 
diagnostic of rosacea:  persistent redness in the center of the 
face that gets worse from time to time due to possible triggers, 
phymatous changes. In the absence of these signs, if two or 
more major signs are present (transient erythema, inflamed 
papules/pustules, telangiectasia, conjunctivitis/blepharitis/
telangiectasia of the lids) we can make a diagnosis. Minor 
characteristics (edema, burning, and dry sensation of the skin) 
could also potentially be diagnostic or important.(5,17)

Next step, management options were aligned with the 
phenotypic approach to enhance patient outcomes and well-
being by addressing the most problematic features.(2,18)

Therapy
General advice for patients with rosacea
The disease picture varies over time, and the aggravating 

factors differ from person to person. Good patient information 
and knowledge of the condition are prerequisites for good 
treatment results. Worsening of the condition can be reduced 
by avoiding known triggers. The literature states that sun 
exposure worsens the condition by up to 80%, and the use of a 
high sun-protection factor is generally recommended; however, 
because patients with rosacea have sensitive skin, a variety 
of skincare products, including sunscreens, moisturizers, 
and cosmetics, can worsen the condition. There will often 
be individual variations, so patients are welcome to try their 
hand at finding effective skin care. Creams with a green cream 
base will be able to camouflage redness, and mineral oils and 
silicone-containing preparations are generally tolerated. As a 
rule, people with rosacea should avoid topical steroids on the 
face, as these can worsen the condition. Some foods, coffee, 
tea, citrus fruits, red wine, blue cheese, and spices can cause 
rosacea to flare up because they contain vasodilators. Flare-
ups are also seen with significant temperature variations and 
intense physical activity. There are significant differences in 
how patients respond to various triggers.(8) 

Sunscreen and cosmetics
Choosing UVA and UVB sunscreens is very important. 

Titanium dioxide and zinc oxide are physical blockers best 
tolerated. Protective silicones should be in cosmetics and 
sunscreens. A light, easy-to-apply foundation can be set with 
powder. Foundations that have sunscreen with UVA and UVB 
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protection are encouraged. Green cosmetics or sunscreen can 
mask redness. Products should be avoided that have sodium 
lauryl sulfate, astringents, toners, menthol, camphor, and 
toners. Waterproof makeup and thick foundations that are 
difficult to apply and remove should also be avoided. Cleansers 
should be soap-free.(8) 

Medical treatment 
The medical treatment is primarily aimed at reducing 

inflammation and the symptoms it causes. Erythema persisting 
after anti-inflammatory treatment can be treated with lasers, 
intense pulsed light, or medication. Mild and moderate 
forms of rosacea can often be treated topically. Widespread 
inflammatory and PhR require oral treatment, possibly surgical 
treatment, and laser treatment.(2)

Topical medications
Metronidazole: A 0.75% metronidazole topical cream is 

recommended twice daily. Metronidazole is equally effective 
as low-dose tetracycline, but it works faster.(2)

Ivermectin: It is not sufficiently well documented 
that one type of topical treatment is significantly better than 
another, although a comparative study with topical ivermectin 
and metronidazole showed that the effect of ivermectin was 
somewhat better.(19)

Sodium sulfacetamide and sulfur: 10% sodium 
sulfacetamide and 5% sulfur have resurged in acne and 
rosacea therapy: cleansing twice a day with a 10% sodium 
sulfacetamide and a 5% sulfur solution.(3)

Azelaic acid: FDA-approved for mild-to-moderate 
rosacea. Azelaic acid is a saturated dicarboxylic acid. Like 
metronidazole, azelaic acid may suppress neutrophils’ ROS 
generation. Pregnancy category B.(10)

Benzoyl peroxide: Some rosacea patients with barrier 
failure and sensitive skin can be stung by benzoyl peroxide. 
Non-sensitive people can quickly resolve erythematous papules 
and pustules. Phymatous and glandular rosacea patients 
take benzoyl peroxide or benzoyl peroxide–clindamycin 
combination treatment effectively. Pregnancy category C.(14)

Topical antibiotics: Cleaning with topical clindamycin or 
erythromycin twice daily for four weeks is comparable to oral 
tetracycline. Stinging and dryness are side effects. Clindamycin 
and erythromycin both are in pregnancy category B.(2)

Topical tacrolimus treats steroid-induced rosacea-
like lesions. Tacrolimus is a macrolide immunosuppressant 
produced by the fungus Streptomyces tsukubaensis. Most 
patients clear within 1 to 2 months of using tacrolimus 0.1% 
and minocycline 100 mg twice daily.(14) 

Brimonidine tartrate: Symptomatic improvement of 
erythema can be achieved by topical application of the alpha-2 
agonist brimonidine tartrate. The drug can be used in parallel 
with anti-inflammatory rosacea treatment and has a rapid 
onset of action.(10) The incidence of relapse is highest in the 
first two weeks after starting brimonidine treatment, and the 
patient must be given good information about the use of the 
drug.  Daily application over time can have a better effect than 
occasional use, in terms of tackling side effects.(20) 

Topical tretinoin: Chronic topical tretinoin treatment 
enhances dermal connective tissue remodeling and reduces 
skin inflammation. Clinical response is delayed, typically 

not apparent for two or more months. The use of tretinoin 
in rosacea may cause telangiectasia by increasing cutaneous 
neovascularization; if so, avoid it. Pregnancy category C.(20)

Oral therapy
Tetracyclines: Tetracycline has long been used to treat 

rosacea.  Symptoms normally improve after 3 to 4 weeks of 
oral tetracycline. Subantimicrobial-dose tetracycline has been 
demonstrated to be an effective treatment for rosacea, due to 
its inherent anti-inflammatory properties (250 mg daily or 
every other day for maintenance). Minocycline, doxycycline 
hydrate, and doxycycline monohydrate are also beneficial for 
rosacea, they have a longer half-life, increased bioavailability, 
and may be taken with meals, decreasing gastrointestinal 
adverse effects. Slow-release doxycycline 40mg daily has 
documented the same effect as doxycycline 100 mg daily, 
but with a lower incidence of side effects. All long-term 
antibiotic usage can cause resistance, even if this has not been 
documented for low-dose doxycycline. The treatment time for 
rosacea with oral tetracyclines is usually 4-12 weeks, but there 
are large individual variations in response.(19)

Macrolides: Oral erythromycin treatment is used 
for rosacea when there is tetracycline intolerance, allergy, 
resistance, pregnancy, breastfeeding, or age younger than 
12 years. Clarithromycin and azithromycin are beneficial 
for rosacea. Clarithromycin: 250mg twice daily for 4 weeks, 
followed by 250 mg once daily for 4 weeks.(14)

Metronidazole: Metronidazole 200mg twice a day with 
alcohol abstinence during treatment prevents disulfiram-
induced headaches. The drug is safe to use during pregnancy 
(category B) and is an alternative to tetracyclines.(19)

Isotretinoin: Daily low-dose isotretinoin (0.3 mg/kg) 
as long-term therapy should be considered where the patient 
needs continued oral treatment beyond three months of 
continuous tetracycline use. In comparison to usual treatments, 
isotretinoin’s effect on resistant rosacea can be delayed. 
Isotretinoin also reduces rhinophyma nasal volume.(21)

Miscellaneous oral therapies: Oral contraceptive 
monotherapy for women with “historical and clinical hormonal 
imbalances” requires 4 months of treatment. Effects of low-
dose spironolactone antiandrogenic have been studied for 
rosacea (50 mg daily). In refractory rosacea, flushing-blocking 
drugs can help. Anecdotally, beta-blockers, clonidine, and 
naloxone have helped reduce flushing and erythema in rosacea 
sufferers.(19) 

Vascular laser/Intense pulsed-light (IPL) treatment 
Currently, vascular lasers with short wavelengths 

are used to treat telangiectasia and erythema. Standard 
pulsed dye lasers, long-pulsed dye lasers (595 nm, 0.5 to 40 
milliseconds), potassium-titanyl-phosphate lasers (532 nm, 1 
to 50 milliseconds), and the diode-pumped, frequency-doubled 
laser (532 nm) destroy vessels without collateral tissue injury. 
IPL is also effective in ETR.(21) In PhR, there are good results 
with treatment with CO2 laser and surgery.(13)

Combination therapy
Dermatologists frequently recommend a combination 

therapy, although relatively minimal data support its 
usefulness.(21) Topical metronidazole 1% gel in combination 
with doxycycline 40-mg modified-release capsules (DMR) can 
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help with a variety of symptoms. Over 16 weeks, doxycycline 
20 mg twice daily with metronidazole 0.75% gel resulted in 
more improvement than did a placebo.(22) The effect of adding 
0.33% brimonidine gel to 1% ivermectin cream was supported 
by a decrease in redness and inflammation. Topical ivermectin 
and DMR alleviate rosacea inflammation. The combination 
therapy showed a more rapid beginning of action and improved 
erythema, stinging, burning, flushing, and ocular symptoms. 
Both groups reported few adverse effects.(23) 

Rosacea management: A subtype-directed approach 
The fundamentals of sun avoidance and sunscreen 

selection have been explored in rosacea. Avoiding triggers is 
an essential preventative measure. Patients should be taught 
about recognized triggers, and if possible, should identify and 
avoid their own triggers. Finally, patients may be advised to 
use nonirritating cosmetics to mask the signs and symptoms 
of rosacea.(2)

Standard medical treatments for rosacea have mostly 
centered on reducing inflammation. Repair of vascular and 
connective tissue dysfunction has only lately been a treatment 
goal for rosacea. Topical retinoids reorganize skin collagen 
and blood vessels and reduce inflammation.(10)

In ETR, first-line treatment may include IPL or lasers. 
Symptomatic improvement of erythema can be achieved by 
topical application of the alpha-2 agonist brimonidine tartrate. 
Most ETR individuals show barrier disruption and sensitivity 
to topical treatments.  Education on cosmetic and sunscreen 
options is crucial. In the morning, one or a combination of 
topical anti-inflammatory agents, such as metronidazole or 
sodium sulfacetamide–sulfur, followed by sunscreen may be 
administered. If irritating responses are predominant in the 
history of an ETR patient, or if scaling and intense erythema 
are present, a barrier emollient may be used in the evening. 
While starting oral antibiotics, using a physical sunscreen and 
a barrier-protective emollient twice day may be helpful.(21)  

In PPR, initial therapy (generally lasting 2-3 
months) frequently needs a combination of oral and topical 
antimicrobials. Rapid control can be obtained in 1 to 3 months 
using oral and topical antimicrobials. In PPR, skin sensitivity 
is less common; therefore, all topical therapy alternatives 
are well tolerated in at least half of the patients. PPR 
seldom requires isotretinoin. Oral tetracyclines and topical 
antimicrobials manage disease in these people. Long-term 
PPR therapy frequently involves topical medications only. 
Metronidazole, sodium sulfacetamide–sulfur, azelaic acid, 
or benzoyl peroxide, followed by sunscreen every morning, 
could be part of a good combination topical regimen. A 
protective emollient, followed by tretinoin cream, might be 
used in the evening. Vascular lasers and IPL are supplementary 
therapeutic options for erythema and telangiectasia. IPL may 
also reduce bouts of flushing, but more research is needed in 
this area.(2) 

Individuals with PhR may have overlapping acne and 
rosacea. Topical antimicrobials have a positive effect on them. 
These individuals respond effectively to benzoyl peroxide 
and benzoyl peroxide–antibiotic combinations. In addition 
to the topical regimen, oral tetracyclines are necessary for 
the early treatment of papules and pustules. Oral medication 

is typically continued for one to three months. The majority 
of PhR patients do not develop telangiectasia; however, they 
may have flushing. In the initial care of mild-to-moderate 
PhR, topical retinoids can be used in conjunction with 
topical or oral antibacterial therapy. Isotretinoin can be used 
to treat severe inflammatory or nodulocystic illness, which 
should be followed by long-term treatment with topical 
tretinoin. Increased sebum production, big pores, and 
thicker skin are common complaints among females with 
glandular rosacea. They may have mostly perioral papules 
and pustules. In such instances, low-dose spironolactone (25 
to 50 mg daily) or oral contraceptives, or both, may assist. 
Isotretinoin is also beneficial in the short-term reduction of 
sebum production.(2)

 In mild-to-moderate PhR, there are benefits from 
isotretinoin monotherapy. Surgery or a combination of surgery 
and isotretinoin treatment should be used to treat advanced 
phyma. Surgical techniques that have been used to reshape 
rhinophyma include a heated scalpel, laser ablation, tangential 
excision mixed with scissor sculpturing, and radiofrequency 
electrosurgery. Typically, these methods are combined to 
provide the greatest cosmetic effect.(14)

New treatments
Minocycline Foam: FDA authorized minocycline foam 

1.5% in May 2020. The US began selling the foam in October 
2020. A dose-ranging, randomized, double-blind experiment 
investigated the safety and efficacy of minocycline foam for 
PPR. No treatment-related adverse events occurred. Itching 
was the most common skin side effect, while respiratory 
infection was the most common overall adverse event. More 
trials are needed to compare topical minocycline to other 
available topical therapy.(24) 

Encapsulated Benzoyl Peroxide Cream: The FDA 
accepted for review benzoyl peroxide 5% in September 
2020.(25) Concerns about skin irritation prevented research on 
rosacea. Encapsulating it in silica may reduce discomfort.(26)

Erenumab: Erenumab is a monoclonal antibody 
against the receptor of the neuropeptide CGRP, which has 
been implicated in migraine pathophysiology. CGRP affects 
nociceptive and vasodilatory signals. In June 2020, there 
began an open-label phase II study of erenumab 140 mg 
administered subcutaneously every 4 weeks for rosacea 
redness and flushing.(27)

Rifaximin: Rifaximin is a gut-active antibiotic for 
traveler’s diarrhea, IBS, and hepatic encephalopathy. Rosacea 
and gastrointestinal illness are linked. Research on small 
intestine bacterial overgrowth (SIBO) in rosacea patients 
found that eradicating SIBO with rifaximin 400mg three times 
daily for 10 days resolved rosacea in 78% of patients. In a study 
by Weinstock & Steinhoff, 51% of 63 patients with rosacea 
had SIBO. Rosacea and SIBO patients took 400mg rifaximin 
three times daily for 10 days; 46% of patients indicated clear 
or notable improvement, 25% - moderate, and 11% - mild.(28)

Hydroxychloroquine: Hydroxychloroquine is used 
to treat systemic autoimmune disorders. It modulates 
costimulatory molecules and reduces pro-inflammatory 
cytokine. In a rosacea mouse model, hydroxychloroquine 
reduced pro-inflammatory factors and proteases of the mast 
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cells.(29) In a study of six adults with moderate to severe 
rosacea, hydroxychloroquine 200 mg twice a day reduced 
inflammatory lesions by 67% and erythema by 83%. Long-
term hydroxychloroquine usage can induce permanent 
retinopathy.(30)

Conclusion 
Individualization of the diagnostic approach to 

rosacea has resulted in advancements in our knowledge of 
the pathogenesis, therapeutic methods, and how to care for 
patients. Greater knowledge of the pathogenesis, innovative 
topical methods for active treatments, and repurposing 
of established dermatologic medications have led to new 
rosacea treatments. These innovations might enhance rosacea 
sufferers’ results. Despite treatment adherence, not all patients 
obtain complete or near-complete rosacea clearance. Thus, 
more effective treatments, particularly combination therapies, 
are needed. To thoroughly meet the requirements of all rosacea 
patients, more pathophysiology and therapy advancements are 
required.
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Abstract
Metformin is the first-line medication to increase insulin sensitivity in insulin-resistant conditions such as type 2 diabetes, 
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Introduction
Hyperandrogenism associated with hyperinsulinemia 

and insulin resistance (IR) may have a significant impact on the 
onset of several dermatological conditions.(1) IR is defined by 
decreased cellular glucose absorption and average or increased 
insulin levels. The cytoplasmic fraction of insulin-responsive 
glucose transporter 4 (GLUT4) is significantly decreased 

in IR. Metformin counteracts this action by slowing GLUT4 
endocytosis and raising GLUT4 gene expression, resulting in 
enhanced glucose absorption and decreased IR. Metformin may 
lower both fasting and induced plasma insulin levels, with this 
activity mediated by interactions with PPARγ.(2) It reduces blood 
glucose primarily by decreasing hepatic glucose production and 
boosting sensitivity to insulin through an AMPK-dependent 
mechanism.(3) Metformin is an important medicine for a variety 
of skin disorders. This article will look at metformin from a 
dermatological standpoint.

Metformin’s oral bioavailability ranges between 40% 
and 60%. Complete gastrointestinal absorption occurs within 6 
hours following medication administration. Plasma membrane 
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monoamine transporter mediates gastrointestinal absorption.
(4) Metformin is not metabolized, and its half-life is 5 hours. 
OCT-1 and OCT-3 aid in metformin hepatic absorption, while 
OCT-2 aids in metformin uptake from the bloodstream into 
kidney epithelial cells. Metformin is eliminated from the body 
by active renal excretion.(5)

Metformin and Inflammatory Dermatoses
Acne management

Acne is a relatively prevalent chronic inflammatory skin 
condition that affects the folliculopilosebaceous unit. Acne 
vulgaris affects 85% of adolescents. The pathophysiology of 
acne vulgaris is complex; excessive sebum, improper follicular 
keratinization, colonization of cutibacterium acne, and 
inflammation are all implicated.(6) Comedones, inflammatory 
papules, pustules, and cysts are characteristic lesions that may 
cause scarring and pigmentation changes. Typically, acne 
lesions are situated on the face, shoulders, back, and chest 
and are classified into 3 types based on the severity of the 
disease: mild, medium, and severe.(7) Acne development is also 
influenced by abnormal hormone function, hyperandrogenemia, 
hyperinsulinemia, and increased IGF-1. The activation of 
IGF-1 receptors by hyperinsulinemia is responsible for the 
enhanced proliferation and malfunctioning of keratinocytes. 
IGF-1 hypersecretion results in aberrant sebum production, 
sebocyte hyperproliferation, and lipogenesis.(1) Insulin and 
IGF-1 facilitate the production of androgens. IGF-1 also 
improves androgen receptor signal transduction. As a result, the 
increased testosterone level promotes hyperseborrhea.(8) Some 
investigations have indicated that hyperinsulinemia, and not 
elevated testosterone levels, may have been the only cause of 
acne.(9) According to Kartal et al.,(10) IR is a risk factor for acne 
that is independent of hyperandrogenemia.

Hyperinsulinemia may play a significant role in acne 
pathogenesis by promoting hyperandrogenemia.(11) The PPAR 
ligands mediate the action of androgens on sebaceous lipids. 
Increased PPARγ activity suppresses the GLUT4 promoter, 
resulting in increased IR. Metformin increases glucose absorption 
and improves IR via slowing GLUT4 endocytosis and raising 
GLUT4 expression of genes. Metformin could reduce plasma 
insulin and IR through PPAR interaction.(12) There are 3 PPAR 
isotypes: α, δ, and γ. PPARα and PPARγ predominate in 
human sebocytes. PPARs are found in sebocyte mitochondria, 
peroxisomes, and microsomes and control a variety of lipid 
metabolic genes.(13) IGF-1 increases acne formation by stimulating 
sebum hypersecretion. Metformin lowers elevated blood levels of 
IGF-1 and androgen in women with polycystic ovary syndrome 
(PCOS).(14) It may also restrict proinflammatory cytokine release 
and block monocyte differentiation, reducing inflammation.
(15) Begin with a modest dosage of 250 mg, gradually raising it 
by 250 mg each week until the maximum dose of 1500-2000 
mg is reached. For long-term success, a positive impact should 
be demonstrated within 6 months. Metformin is a safer acne 
treatment for women with hirsutism and acne caused by PCOS.(14)

Hidradenitis suppurativa
HS is essentially a pilosebaceous unit condition 

accompanied by an abnormality in hair structure, with apocrine 
gland participation becoming a minor feature.(16) Genetic 

factors linked to HS cause enlargement and deformation of 
the upper section of the follicle infundibulum, followed by 
obstruction and eventual burst, re-epithelialization, sinus tract 
creation, bacterial invasion, pustule, and fistula. HS has also 
been linked to PCOS, and with a decrease in symptoms after 
menopause, a link to hormonal impacts is also proposed.(16)

Metformin might be considered a viable therapy option in 
this situation due to the prevalence of poor glucose tolerance in a 
significant percentage of these individuals. Metformin works in 
HS via an unknown mechanism. It has been proposed, however, 
that metformin functions primarily via impairing androgen 
action, with a probable impact on gene expression implicated 
in this syndrome. Secondly, it enhances glucose consumption 
by improving the sensitivity of receptors, resulting in less IR. 
In pilot research, Verdolini et al.(17) established metformin’s 
effectiveness in treating resistant HS. The treatment was 
maintained for 24 weeks. The dermatology life quality index 
improved, and the change was considerable (64%).
Psoriasis 

Psoriasis is a persistent inflammatory skin disorder 
that develops erythematous scaly plaques.(18) Psoriasis is now 
considered a systemic illness. It is often linked to obesity, 
metabolic syndrome, and T2D.(19) Metformin works on and 
stimulates the enzyme AMP-activated protein kinase (AMPK). 
Once active, this enzyme has been found to inhibit the function 
of macrophages, endothelial cells, T-lymphocytes, dendritic 
cells, and monocytes, resulting in anti-inflammatory responses. 
Metformin also possesses anti-inflammatory effects that are 
not reliant on AMPK.(19) Metformin inhibits the generation 
of reactive oxygen species by complex I (NADH-ubiquinone 
reductase) suppression in the inner mitochondrial membrane 
and may significantly change T-cell responses.(20,21) Cytokines 
and inflammatory markers like IFN-γ, TNF-α, and C-reactive 
protein have been shown to decrease in response to metformin 
administration.(22) Metformin has been demonstrated to suppress 
proliferation in keratinocytes by blocking the mitogen-activated 
protein kinase pathway.(23) Additionally, in human keratinocyte 
cultures, metformin reduced growth and proinflammatory 
cytokines through the rapamycin signaling pathway.(24) Further, 
metformin has been proven in experimental investigations to 
reduce liver toxicity associated with methotrexate, suggesting 
that it might be used in conjunction with methotrexate to manage 
psoriasis, making methotrexate use safer. Metformin’s advantages 
for psoriasis are established most clearly in individuals with 
impaired sugar tolerance and/or metabolic syndrome.(25)

BP-like EBA
BP-like EBA is a granulocyte-mediated cutaneous 

condition caused by autoantibodies. Pemphigoid disorders 
are autoimmune blistering skin illnesses characterized by 
an immune reaction to dermal-epidermal adhesion complex 
proteins.(26) Autoantibody accumulation in the PD dermis 
attracts immune cells, notably granulocytes. Granulocytes tear 
down the dermal-epidermal adhesion complex by releasing 
ROS and proteases, causing subepidermal clefts that appear as 
erosions and blisters.(27)

Because neutrophil activation by immune complexes is 
the key effector phase step of BP-like EBA.(28) Metabolism-
modulating agents such as metformin may have systemic 
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effects and decrease neutrophils, especially during ongoing 
immunological reactions.(29) In support of these ideas, the 
antidiabetic medication metformin reduces OxPhos via inhibiting 
mitochondrial complex I.(30) It has a much better safety profile and 
fewer adverse effects than the immunosuppressive medications 
now used to treat pemphigoid disorders.(31) Metformin also 
reduces corticosteroid side effects, making a combined treatment 
of corticosteroids and metformin an attractive possibility for 
treating pemphigoid disorders.(32) Metformin has a variety 
of pharmacological actions, and in vivo efficacy is probably 
the average of these activities. It stimulates Tregs and M2 
macrophages while suppressing M1 macrophages, resulting in 
greater amounts of anti-inflammatory cytokines, notably IL-10.
(33,34) Metformin therapy elevated IL-10 and TGF-β in lesional 
skin and enhanced Tregs. IL-10 and Tregs lower inflammation 
in BP-like EBA skin lesions; therefore, their elevated levels may 
have contributed to metformin’s therapeutic benefits.(35) The 
number of macrophages in the infiltrate was decreased. Still, 
there was no transition from M1 to M2 macrophages, implying 
that the decrement in raw numbers of M1 macrophages may 
have been related to metformin’s therapeutic benefits.(36)

Metformin and Skin Neoplasms
Metformin’s significance in skin cancer chemoprevention 

has recently been hypothesized.(37) There is accumulating 
evidence that metformin can be used to treat melanoma and 
squamous cell carcinoma.(38,39)

Squamous Cell Carcinoma
Metformin’s impact on squamous cell carcinoma 

chemoprevention is due to its enhancing action on AMPK, 
which suppress rapamycin signaling molecular target pathway. 
Recent research showed that metformin has an AMPK-
independent activity as an anticancer drug.(40,41) Metformin also 
promotes apoptosis and elevates the Bax: Bcl-2 proportion in 
squamous cell carcinoma cells. Bcl-2 is an antiapoptotic protein, 
while Bax is a proapoptotic protein. As a result, this increase 
promotes tumor cell apoptosis.(42) Metformin also targets the 
nuclear factor-kappa-beta pathway and affects the PI3K/AK+ 
and ERK/p38 microtubule-associated protein kinase signaling 
pathways, reducing these pathways that are crucial for cellular 
multiplication and viability. Metformin has recently been 
discovered to have a function in suppressing the proliferation 
of cancer stem cells.(43) In addition to its anticancer actions, 
metformin has been demonstrated to enhance the effects of 
traditional chemotherapeutic drugs.(38)

Melanoma
Metformin increases p53 expression, which enhances 

anticancer signaling in melanoma.(39) In addition, metformin 
inhibits transcription factors Snail and Slug and reduces 
epithelial-mesenchymal conversion in melanoma and 
matrix metalloproteinase activity, boosting anti-invasive and 
antimetastatic actions. In recent research, Martin et al. found 
that metformin might promote the proliferation of BRAFV600E-
mutated melanoma cells in vitro by upregulating VEGF. When 
metformin was coupled with VEGF inhibitors, the development 
of these cancerous cells was inhibited in vivo. Considering these 
findings, it may be safe to assume that combining metformin and 
VEGF antagonists with BRAF mutant melanoma potentially 

resistant to BRAF inhibitors might be an effective alternative 
treatment.(44)

Endocrine-Related Dermatosis
Hirsutism

Hirsutism is described as the abnormal development of 
male-pattern hair on a woman’s body. Lips, chin, and chest 
are examples of specific areas. There is an underlying PCOS 
in around 90% of hirsute females, or an underlying cause has 
not yet been identified. According to some claims, lowering 
circulating insulin levels lowers the amount of free testosterone 
in free circulation, suggesting that metformin may be useful in 
hirsutism management.(45) 

Few studies have examined the effect of metformin on 
hirsutism as the primary objective. After a 14-month, double-
blind, placebo-controlled randomized trial, Kelly and Gordon 
observed a slight decrease in the Ferriman-Gallwey score. 
In this research, metformin 500mg was delivered initially, 
followed by a 3-week progressive raise to 500 mg 3 times a day 
until the conclusion of therapy.(45) Ibáñez et al.(46) reported that 
metformin medication was successful in slowing the onset of 
hyperandrogenism, hirsutism, and PCOS in girls aged 8 to 12 
years. Finally, a randomized controlled trial of 70 PCOS patients 
who had metformin plus intense pulsed light (IPL) for hair 
removal vs. IPL alone for 5 sessions over 6 months showed the 
metformin-IPL regimen was better.(47) However, until additional 
data is collected, metformin is not a first-line hirsutism therapy.
Acanthosis Nigricans

Acanthosis nigricans (AN) is a common skin disorder 
that is distinguished by black, coarse, thick, and velvety skin 
texture. Its distribution is generally bilateral, and it may be 
found in the axilla, neck, groin folds, antecubital and popliteal 
fossas, and a few other uncommon locations. A deficiency in 
glucose GLUT4 diffusion to the plasma membrane of myocytes 
and adipocytes may enhance IGF-R activity and so play a role 
in the pathogenesis of acanthosis nigricans.(48) The link between 
benign acanthosis nigricans and IR has recently been shown, 
and being overweight is a common co-morbidity in these 
individuals. Furthermore, obese AN people had higher insulin 
levels than obese persons without acanthosis nigricans.(49)

The pathophysiology of acanthosis nigricans is complicated, 
including the interaction of many receptors and growth factors. 
The activation of receptors from the tyrosine kinase family 
is involved in the development of acanthosis nigricans.(50,51) 
Metformin has positive benefits in acanthosis nigricans through 
preventing GLUT4 receptor endocytosis, permitting its movement 
to the plasma membrane, and so facilitating peripheral glucose 
consumption, reducing hyperinsulinemia, improving insulin 
sensitivity, and promoting body weight and reducing fat mass. 
In addition, the conjunction of metformin with glimepiride or 
thiazolidine may enhance its effect on acanthosis nigricans when 
metformin alone is ineffective.(52)

Disorders of Increased Pigmentation
Metformin’s involvement in treating hyperpigmentation 

illnesses, particularly melasma, has just lately been explored. 
Metformin’s positive impact has been related to several molecular 
pathways. Metformin inhibits the production of 3 melanogenic 
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proteins: tyrosinase, TRP-1, and TRP-2.(53) Metformin does this 
by first decreasing levels of cAMP, which inhibits protein kinase A 
activity. As a result, the expression of the MITF is reduced. MITF 
is a transcription factor known as the melanocyte viability master 
gene. Whenever its action is inhibited, transcription of numerous 
melanogenic proteins like TRP-1, tyrosinase, MART-1, TRP-
2, and PKC- is reduced.(54) In addition, metformin suppresses 
the action of PKC-β. PKCβ activated by diacylglycerol (DAG) 
induces melanogenesis via the activation of tyrosinase. Metformin 
inhibits this activation conferred by DAG to PKC-β, resulting in a 
decrease in pigmentation.(55) However, this effect has been proven 
only by topical metformin and not by systemic administration of 
the medication.(56)

In conclusion, although metformin is typically used 
to treat T2D, it also has the potential to treat a variety of 
cutaneous conditions, particularly those associated with IR 
and hyperandrogenism. There have lately been encouraging 
studies about the use of metformin to treat inflammatory 
diseases, endocrine-related dermatosis, cutaneous cancers, 
and hyperpigmentation illnesses. Metformin could, therefore, 
have systemic and topical dermatological applications.
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The new coronavirus (SARS-COV2), which causes coronavirus illness, has expanded globally, impacting millions of 
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Introduction
The new coronavirus (SARS-COV2), which causes 

coronavirus illness, has expanded globally, impacting millions 
of individuals.(1) SARS-CoV-2-infected males are more likely 
to be admitted to the ICU than females – the most common 
observation.(2) Several investigations have revealed that the 
virus’s cellular entrance is aided by angiotensin-converting 
enzyme 2 (ACE2) and transmembrane serine protease 2 
(TMPRSS2).(3) Androgens promote TMPSS2 gene expression, 
so COVID-19 illness has also been associated with alterations 
in androgen sensitivity. Androgenetic alopecia (AGA) has 
been connected to developing severe COVID-19, particularly 
in admitted patients. The role of androgen and anti-
androgenic drugs could be important in the pathophysiology 
and management of SARS-COV2.(4) The PRISMA checklist 

was used to carry out this review, based on scientific articles 
published between 2020 and 2022 in English databases such 
as PubMed and Google Scholar with the keywords “SARS-
COV2,” “androgens,” “hair loss,” and “TMPSS2.” We chose 
papers from a vast number of publications based on the role 
of androgens and TMPSS2 in the infectivity mechanism of 
the current COVID-19 virus pandemic and the therapeutic 
potential of anti-androgenic drugs.(5)

SARS-CoV-2 pathophysiology 
SARS-CoV-2 is a member of the beta-coronavirus 

genus, which involves enclosed, infectious single-strand RNA 
viruses with similar shapes.(2) The bat is the most probable main 
host of coronavirus, which is why it is referred to as a zoonotic 
virus. By activating spike proteins with the enzyme TMPSS2 
and binding to ACE2 receptors, the novel coronavirus infects 
host cells. The virus’s cellular entrance is aided by ACE2 and 
TMPSS2. Androgens increase the TMPSS2 gene expression.(4)

Possible impact of androgen on COVID-19 pathogenesis
The expression of the TMPSS2 geneis enhanced by 

androgens and decreased by androgen deprivation treatment. (4) 
The production of testosterone and TMPPRSS2 modifies the 
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tendency of the new coronavirus infection of cells and the affinity 
of the spike proteins to bind to ACE2 receptors. Androgens 
exert their effects by binding to the androgen receptors (Ars), 
also known as nuclear receptors, encoded by the AR gene 
located in chromosome Xq11-12. Variants of this gene have 
varying androgen responses.(5) Because androgens increase the 
AR transcriptional activity, it is hypothesized that androgen-
deficient individuals would have a decreased amount of active 
ARs; consequently, the transcription potential of TMPRSS2 
will be diminished, and the possibility of new coronavirus 
entry into host cells will be reduced.(6) Androgen deficiency is 
associated with systemic inflammation and high amounts of pro-
inflammatory cytokines in young and aged men.(7,8) Furthermore, 
there is evidence that even when testosterone levels are low, 
interpersonal differences in AR susceptibility caused by CAG 
polymorphisms may produce sensitivity.(9) The AR has 3 key 
domains: the DNA-binding domain, the ligand-binding domain, 
and the transactivation domain. The polymorphism of CAG 
triplet repeat (polyCAG), in the N-terminal transactivation 
domain of the AR protein, has been involved either in endocrine 
or neurological disorders in humans. Elevated AR expression 
may raise the risk of severe COVID-19 infection by stimulating 
TMPRSS2 transcription. In addition, the length of CAG repeats 
was identified as a potential reason for racial disparities in 
COVID-19 mortality rates.(10,11)

The possible link between COVID-19 and AGA, gray hairs, 
and trichodynia

Testosterone and DHT stimulate AR activity. Activated 
AR regulates the transcription of the TMPRSS2 gene. 
SARS-CoV-2 engages ACE2 as the entry receptor and uses 
TMPRSS2 for spike protein priming.(12) In a population-
based investigation, individuals with prostate cancer who had 
androgen restriction therapy were partly protected against 
COVID-19.(13) Thus, the dermatological symptoms of AR 
hyperactivation, such as AGA, might identify people at a 
greater risk for adverse consequences of COVID-19. AGA is 
the most common cause of moderate and severe alopecia in 
adults, accounting for the majority of reported cases, and this 
reflects the DHT level and AR sensitivity.(14) Gray hair and AGA 
were previously linked to an increased risk of cardiovascular 
disease, a recognized risk factor for COVID-19 with a poor 
prognosis.(15,16) In contrast, severe stress may accelerate the 
loss of melanocyte stem cells, leading to premature graying 
of the hair. Additionally, diffuse hair graying and telogen 
effluvium should be explored as COVID-19 side effects. Scalp 
allodynia has not been a common occurrence.(17) 

Telogen effluvium pathophysiology in SARS-CoV-2 patients
Numerous conditions may cause pathologically 

excessive hair loss. Regardless of the source, the follicle 
tends to act similarly. While post-infectious hair disorders 
have been conventionally classified as telogen effluvium, they 
might have various pathophysiological causes and clinical 
characteristics. Depending on the nature and severity of the 
injury, the infection may cause either early-onset dystrophic 
anagen effluvium or late-onset telogen effluvium in the hair 
follicle. There have been isolated cases of dystrophic anagen 
and telogen effluvium associated with COVID-19; however, 
the former has yet to be verified by hair light microscopy. In 

a study performed by M. Shanshal, trichogram, of dystrophic 
anagen was compatible with telogen effluvium.(18) In a 
study by Domínguez-Santás et al., in 10 individuals with 
COVID-19, the onset and intensity of post-infectious hair loss 
were correlated with the disease’s clinical severity, and fever 
was observed.(19) In general, hair loss is attributable to a multi-
systemic, febrile inflammatory condition. To date, the etiology 
of hair loss in COVID-19 has not yet been understood. A 
pathogenic inflammatory response at the hair follicle level, or 
a direct invasion of the hair follicle by SARS-CoV-2, causing 
inflammation and cell death, has yet to be demonstrated. 
Interleukin-6 (IL-6), a pro-inflammatory cytokine implicated 
in severe COVID-19, may have a role in hair loss, according 
to one idea. It is believed that IL-6 contributes to hair loss by 
suppressing the elongation of hair shafts and the development 
of hair follicles.(20,21) Only a few COVID-19 patients needed 
hospitalization in the included trials, indicating that hair loss 
was most prevalent in people with moderate disease. Given the 
significant female predominance among individuals with hair 
loss, female sex hormones like estrogen and progestin could 
potentially play an important role in the pathophysiology 
behind hair loss. Estrogens and progesterone have anti-
inflammatory and immunomodulating properties, suppressing 
pro-inflammatory cytokines.(22,23) Research is now being 
conducted to reuse estrogens and progestin for COVID-19 
therapy.(24) Estrogen and progestin also have a protective effect 
on the hair follicle. Through its receptors, estradiol is known 
to influence hair follicle development and the hair cycle. At the 
same time, progestin might reduce testosterone transformation 
to DHT, an active metabolite of androgen that causes hair loss.
(25) As a result, hair loss in female COVID-19 patients may 
be attributed to an acute insult caused by the viral infection, 
which causes a substantial decline in serum estrogens and 
progestin levels in female patients. 
Anti-androgens impact on COVID-19 treatment

The androgen function may be significant in SARS-
CoV-2 management. ARs regulate nitric oxide (NO) synthesis 
and activity to a certain degree, and blocking these receptors 
reduces NO synthesis. Moreover, NO suppresses the activities of 
adrenoceptor enhancers that might change the transcription of the 
TMPRSS2 and ACE2 genes, decreasing the virus’s capacity to 
infiltrate host cells. NO has been shown to suppress SARS-COV-2 
multiplication and also affects the virus spike proteins and their 
connections with ACE2, indicating that it serves many purposes 
in COVID-19. These data revealed that testosterone pathways 
are most likely the primary mechanism causing the reported NO 
beneficial impact. Dexamethasone, a steroid, decreased fatality 
by one-third in ventilated patients and one-fifth in oxygen-
treatment patients without ventilators.(26) Dexamethasone has 
been found to suppress testosterone production in human patients 
and animal models. Lower testosterone levels might contribute 
to dexamethasone’s beneficial effects, but these preliminary 
findings should be interpreted with care.(27) Testosterone blockers 
have been effective in reducing ACE2 levels, showing the 
utility of this strategy. Anti-androgen drugs that demonstrated 
therapeutic promise in current clinical studies are 5-reductase 
inhibitors (dutasteride, finasteride), AR blockers (apalutamide, 
cyproterone, spironolactone), and TMPRSS2 blockers. Anti-
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androgen drugs that have shown therapeutic promise in recent 
clinical studies are 5-reductase inhibitors, AR blockers, and 
TMPRSS2 blockers (camostat, nafamostat, bromhexine).(28)

Conclusion
Androgen activity affects the TMPRSS2 gene. As the 

ACE2 and TMPRSS2 genes are required for SARS-CoV-2 to 
enter host cells, they might be utilized as COVID-19 targeted 
therapies. The effects of androgen on TMPRSS2 may explain 
the reduced risk of mortality in teenagers and the gender 
differences in COVID-19 illness. The severity of AGA and 
hair loss may be considered a prognostic factor in COVID-19 
infection. Even though there is still a considerable measure 
of the potential for the establishment of COVID-19 therapies 
based on androgen deprivation, ongoing studies will provide 
crucial information that will lead to improved management 
alternatives.
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Abstract
Background: The combination of chronic obstructive pulmonary disease (COPD) and overweight/obesity is a common 

clinical situation in modern healthcare. The objective of this study was to conduct a comparative analysis of exercise tolerance 
in normal body weight (NBW) and overweight patients with COPD in the 6MWT using the original device for cardiorespiratory 
analysis and a method for assessing the cardiorespiratory condition.

Methods and Results: The study included 194 patients with COPD. The patients were divided into two groups. Group 1 
consisted of 96 COPD patients with NBW: 77(80.21%) men and 19(19.79%) women aged 41 to 73 years (mean age of 63.33 ± 
8.44 years). Group 2 consisted of 98 overweight COPD patients: 74(75.51%) men and 24(24.49%) women aged 55 to 71 (mean 
age of 64.84 ± 5.46 years). To assess tolerance to physical activity and to objectify the functional status of patients, the 6MWT 
was used and carried out according to generally accepted principles. The distance covered in 6 minutes (6MWD) was measured in 
meters and compared with the proper 6MWD(i). The developed device for cardiorespiratory analysis was used to obtain the most 
accurate 6MWT result. All patients in the study groups underwent an analysis of the composition of the body by the bioelectrical 
impedance method using a fat mass analyzer BC-555 (Tanita Corporation, Tokyo, Japan). The percentages of fat, water, muscle 
mass (MM), and bone mass were evaluated.

The average value of the 6MWD/6MWD(i) ratio in COPD patients with NBW was significantly lower than in COPD 
patients with overweight (P=0.0121). Before the test, the study groups did not differ in the level of SpO2. However, according to 
the results of comparative analysis, this parameter was significantly lower in patients with NBW immediately after the 6MWT 
(P=0.0000), which, along with a lower value of the distance traveled as a percentage of the proper value in Group 1 patients, may 
indicate a lower tolerance to physical activity in COPD patients with NBW than in patients with overweight. In COPD patients 
with NBW, the percentage of fat and MM were significantly lower than in COPD patients with overweight (P=0.0000 in both 
cases). There was a direct correlation between 6MWD and body mass index (r=0.56, P=0.003) and between 6MWD and MM 
percentage (r=0.59, P=0.016).

Conclusion: Higher exercise tolerance is found in overweight COPD patients than in COPD patients with NBW. This 
phenomenon can be explained to some extent by the compositional components of the body, in particular, by a significantly lower 
percentage of lean MM in patients with NBW.(International Journal of Biomedicine. 2022;12(4):530-534.).
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Introduction
The combination of chronic obstructive pulmonary 

disease (COPD) and overweight/obesity is a common clinical 
situation in modern healthcare.(1) Over the past decade, a 
significant prevalence of obesity among COPD patients, 
compared with the general population of patients, has been 
established, which is one of the urgent problems of medicine.
(2) Due to the significant increase in the prevalence of this 
combination of diseases, it is necessary to evaluate possible 
outcomes in patients with COPD and obesity.(1)

Obesity in non-COPD patients impacts lung function 
and is associated with dyspnea and reduced exercise 
capacity.(1) Also, the presence of obesity in COPD patients 
is accompanied by a more pronounced decrease in physical 
activity and an increase in the frequency of hospitalizations, in 
contrast to COPD patients with normal body weight (NBW).(3)

However, recent studies have shown that COPD patients 
with overweight/obese who have a higher lean MM have 
an advantage in terms of survival compared to non-obese 
patients.(1,3) In addition, it should be noted that COPD patients 
with a higher BMI may more often experience shortness of 
breath and activity restrictions, but it has been found that they 
have a relatively greater tolerance for physical activity than 
patients with normal BMI; however, the reason for this is not 
fully understood.(1,2)

Currently, spirometry is the main method of diagnosing 
COPD GOLD, 2021).(3) However, spirometry data do not 
entail an assessment of changes in patient’s quality of life with 
COPD and weakly correlate with the severity of shortness of 
breath, exercise tolerance, and general health.(2,4) A simple 
and reproducible 6MWT can be used to determine additional 
functional criteria, such as exercise tolerance.(5)

The objective of this study was to conduct a comparative 
analysis of exercise tolerance in NBW and overweight 
patients with COPD in the 6MWT using the original device 
for cardiorespiratory analysis and a method for assessing the 
cardiorespiratory condition.

Materials and Methods
The study included 194 patients with COPD (GOLD 3-4, 

group D). The diagnosis of COPD was established in accordance 
with GOLD, revision 2021, based on a comprehensive 
assessment of the symptoms of the disease, anamnesis data, 
objective status data, and spirometry.(5) The patients were divided 
into two groups. Group 1 consisted of 96 COPD patients with 
NBW: 77(80.21%) men and 19(19.79%) women aged 41 to 73 
years  (mean age of 63.33±8.44 years). Group 2 consisted of 98 
overweight COPD patients: 74(75.51%) men and 24(24.49%) 
women aged 55 to 71 (mean age of 64.84±5.46 years). The 
presence of normal or overweight was determined by BMI. 
18.5-24.99 kg/m2 – NBW, 25.0-29.99 kg/m2 – overweight.

The criteria for exclusion from the study were: 1) 
participation of the patient in any intervention study, 2) 
COPD in the acute stage, 3) concomitant diseases of the 
lungs, 4) concomitant diseases of other organs and systems, 
such as acute cardiac pathology, chronic heart insufficiency 

with reduced ejection fraction, and chronic renal or hepatic 
insufficiency.

To assess tolerance to physical activity and to objectify 
the functional status of patients, the 6MWT was used and 
carried out according to generally accepted principles. The 
distance covered in 6 minutes (6MWD) was measured 
in meters and compared with the proper 6MWD(i). The 
6MWD(i) was calculated according to the formulas, which 
consider age and BMI. The value of 6MWD(i) for men: 
6MWD(i) = 1,140 m – (5.61 × BMI) – (6.94 × age). The value 
of 6MWD (i) for women: 6MWD (i) = 1,017 m – (6.24 × 
BMI) – (5.83 × age).(6)

In addition, we solved the problem of creating a device 
that gives the most accurate 6MWT result, ensuring its 
high safety. The device for cardiorespiratory analysis that 
we developed contains a housing with a control unit and an 
infrared pulse oximetry sensor mounted on it to measure the 
pulse rate and blood oxygenation. The body of the device is 
made in the form of a telescopic cane equipped with a handle. 
At the end of the cane, there is a wheel block in the form of 
a wheel and a sensor for counting wheel revolutions attached 
to it. When a submaximal HR (75% of the maximum for a 
given age) is reached or the oxygen saturation level decreases 
(<86%), a warning message appears on the device screen, and 
the test stops. An increase in the accuracy of measurements is 
achieved in the process of conducting a study and assessing the 
dynamics of changes in the parameters of the cardiovascular 
and respiratory systems when performing a test with a load.(7) 
All patients in the study groups underwent an analysis of the 
composition of the body by the bioelectrical impedance method 
using a fat mass analyzer BC-555 (Tanita Corporation, Tokyo, 
Japan). The percentages of fat, water, MM, and bone mass were 
evaluated.

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the Ethics Committee of Voronezh 
State Medical University named after N. N. Burdenko. Written 
informed consent was obtained from all participants.

Statistical analysis was performed using 
STATGRAPHICS Plus 5.1.  For descriptive analysis, 
results were presented as mean±standard deviation (SD). 
Inter-group comparisons were performed using One-Way 
ANOVA. Group comparisons with respect to categorical 
variables were performed using chi-square test. Pearson’s 
correlation coefficient (r) was used to determine the strength 
of the relationship between the two continuous variables. 
A probability value of P<0.05 was considered statistically 
significant. 

Results
Groups 1 and 2 were comparable in sex (P=0.0817) 

and age (P=0.17), as well as in relation to the use of long-
acting anticholinergic drugs (P=0.12), long-acting β2-agonists 
(P=0.15), inhaled corticosteroids (P=0.53), and short-acting 
β2-agonists (P=0.19). 

The results of the 6MWT are presented in Table 1. The 
distance in the 6MWT in COPD patients NBW was less than 
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in COPD overweight patients, but the differences were not 
statistically significant (P=0.7205). At the same time, the 
average value of the 6MWD/6MWD(i) ratio in COPD patients 
with NBW was significantly lower than in COPD patients with 
overweight (P=0.0121).

Heart rate values in patients in the study groups did not 
significantly differ before and immediately after the test. At 
the same time, the average value of the heart rate in COPD 
patients with NBW was significantly lower than in COPD 
patients with overweight (P=0.0017). At the same time, no 
excess of submaximal values of this parameter was recorded 
in any of the subjects during the 6MWT by the device.

Before the test, the study groups did not differ in the level 
of SpO2. However, according to the results of comparative 
analysis, this parameter was significantly lower in patients with 
NBW immediately after the 6MWT (P=0.0000), which, along 
with a lower value of the distance traveled as a percentage of 
the proper value in Group 1 patients, may indicate a lower 
tolerance to physical activity in COPD patients with NBW 
than in patients with overweight.

The results of a comparative analysis of the 
compositional components of the body of COPD patients in 
the study groups, as well as the data of an anthropometric 
study with the determination of BMI, hip circumference (HC), 

waist circumference (WC), and their ratios, are presented in 
Table 2. Thus, in COPD patients with NBW, the percentage of 
fat and MM were significantly lower than in COPD patients 
with overweight. The same applies to WC and WC/HC, but 
not HC, which was unreliably even higher in COPD patients 
with NBW. At the same time, there was a direct correlation 
between 6MWD and BMI (r=0.56, P=0.003) and between 
6MWD and MM percentage (r=0.59, P=0.016).

Discussion
In recent years, the relationship between COPD and 

overweight/obesity has become one of the most discussed 
problems. It is noted that an increased risk of obesity in 
COPD patients may be due to a decrease in physical activity 
and physical performance, both as a result of long-term use 
of corticosteroids(8) and due to the presence of one of the 
main manifestations of the disease in a patient – shortness of 
breath.(9) Concomitant diseases,(10,11) hormonal disorders,(12) 
and metabolic disorders(13) can play a significant role in 
the formation of obesity in COPD, which, in combination 
with additional factors, such as smoking and a sedentary 
lifestyle, form a patient’s reluctance to engage in any type 
of physical activity.(9) An interesting fact is that many studies 
that evaluated the effect of overweight/obesity on mortality 
in COPD were reduced to the same result: higher mortality 
risks were observed in COPD patients with NBW than in 
COPD patients with overweight/obesity, as a result of which 
this phenomenon was called “the obesity paradox.”(1,8) It is 
important to mention that “obesity,” regarded in this context 
in terms of BMI, cannot serve as an accurate indicator, 
since it only takes into account body weight, without taking 
into account the amount of metabolically and functionally 
active fat-free mass, or lean MM.(1,8) One of several theories 
explaining the “obesity paradox” in one way or another is 
based precisely on the definition of MM. Its essence lies in the 
fact that the presence of greater MM in obese patients allows 
them to better adapt during exacerbations of COPD. Patients 
with overweight/obesity initially have a greater resource 
of lean MM and therefore, better tolerate its loss, resulting 
in their higher chances of survival than COPD patients with 
NBW.(1) Our study confirmed the fact that the MM percentage 
in COPD patients with obesity was significantly higher than in 
COPD patients with NBW. Lean body mass in obese people 
also has several other benefits, including protection from 
oxidative and inflammatory stress, affecting the prognosis of 
COPD patients.(1) 

According to GOLD 2021, objectively proven impaired 
exercise tolerance can be attributed to important predictive 
factors for assessing the risk of adverse outcomes, and various 
characteristics of the methods (their simplicity/complexity, 
availability for implementation at various levels of medical 
institutions) do not play a role. Thus, it is possible to carry 
out both simple walking tests, which are easily implemented 
in the conditions of any medical institution, and complex 
cardiopulmonary testing in a specialized laboratory. The 
simplest and most standardized test for assessing the 
functional physical performance of patients with chronic 

Table 1. 
The results of the 6MWT of COPD patients in the study groups.

Parameter Group 1 Group 2 P-value

6МWD, m 252.68±184.44 261.35±151.21 0.7205

6МWD, % of predicted 43.09±30.53 49.78±26.93 0.0121

HR before the test, bpm 87.1±16.2 86.8 ±18.3 0.9038

HR after the test, bpm 108.3±18.2 116.1±15.8 0.0017

SpO2 before the test, % 94.7±3.4 93.9±2.5 0.0630

SpO2 after the test, % 88.3±3.2 93.1±3.4 0.0000

Table 2.
The compositional components of the body of COPD patients in the 
study groups.

Parameter Group 1 Group 2 P-value

BMI, kg/m2 23.02±1.97 27.95±1.53 0.0000

% of fat 16.75±7.85 22.44±11.92 0.0001

% of MM 47.78±9.54 56.53±9.76 0.0000

% of water 54.38±4.94 47.19±4.55 0.0000

% of bone mass 4.19±1.05 3.25±1.61 0.0000

WC, cm 87.93±14.09 95.34±16.28 0.0009

HC, cm 96.30±5.35 92.74±23.68 0.1522

WC/HC 0.92±0.14 1.15±0.46 0.0000
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respiratory diseases is the 6MWT. It acts as a key study, 
providing the functional, therapeutic response, and prognostic 
data. Special training of personnel is not required to perform 
the 6MWT, which is one of the advantages of this test. In 
addition, it is considered quite safe and well tolerated by most 
patients, regardless of the stage of the disease.(14) It is noted 
in the literature that complications of 6MWT are extremely 
rare. Various severe symptoms (severe shortness of breath, 
dizziness, fatigue, chest pain, pain in the legs, a decrease in 
oxygen saturation to 80%-86%, etc.) may cause termination 
of the study, but they are not complications.(15) Various 
parameters are assessed during the 6MWT, including the level 
of SpO2, which allows an assessment of oxygen desaturation 
as a result of exercise. There is a direct correlation between 
the degree of decrease in SpO2 and the severity of the disease. 
The clinical significance of desaturation is undoubted since 
it is associated with impaired daily physical activity, a faster 
decrease in FEV1, and, as a result, the progression of COPD 
and a worse prognosis of the disease.(16) One of the most 
important criteria for the reliability of SpO2 measurements is 
obtaining an adequate signal. In this regard, there is a need to 
develop and introduce into everyday practice devices that can 
reliably fix the signal and continuously receive information 
from a specific sensor during the 6MWT. The device that we 
have developed meets the stated requirements.

During the 6MWT, the HR is also assessed (before and 
at the end of the test). An important point is the definition of 
such a parameter as the restoration of HR, that is, a decrease 
in HR at rest after the end of the 6MWT. The results of some 
studies conducted among patients with pulmonary arterial 
hypertension indicate that insufficiently rapid recovery of 
HR within the first minute after the end of the 6MWT was 
associated with negative outcomes (in particular, with high 
mortality).(17)

Thus, in order to ensure maximum safety of testing 
with the 6MWT, it is necessary to record and evaluate SpO2 
and HR. The cardiorespiratory analysis device we developed 
has this capability, while it also automatically monitors the 
distance traveled, which is the optimal solution to the task.

It should be noted that the distance in meters, covered in 
6 minutes, is the main result of the 6MWT, characterized by 
the presence of a close relationship with clinical outcomes in 
patients with COPD. Recently, the development and application 
of proper values of 6MWD have become the most relevant 
that require further study.(18) In our study, we supplemented the 
standard 6MWD with the ratio 6MWD/6MWD (i), expressed 
in percentage, and reflected its significance in the form of 
reliable detection of differences in the results of 6MWT in 
COPD patients with NBW or overweight.

In conclusion, one of the main tests for assessing 
exercise tolerance among COPD patients (of any BMI) is the 
simple and safe 6MWT. The device we have created allows 
us to achieve more accurate test results while working in 
automatic mode with continuous monitoring of the following 
parameters: HR and oxygen saturation. This feature of the 
device allows, if necessary, notifying the doctor and the patient 
about the forced termination of the test. Taking into account the 
data obtained and presented in this study, it seems reasonable 

to compare the actual distance traveled by the patient in meters 
with the proper indicator depending on gender and BMI, 
expressed as a percentage, when conducting 6MWT. Higher 
exercise tolerance is found in overweight COPD patients 
than in COPD patients with NBW. This phenomenon can be 
explained to some extent by the compositional components of 
the body, in particular, by a significantly lower percentage of 
lean MM in patients with NBW. This fact must be considered 
when compiling complex pulmonary rehabilitation programs 
for this group of patients,(19) which should include individual 
recommendations on physical training and nutrition to 
eliminate the described imbalance.
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Abstract
The objective of this simulation was to study the physiological meaning of the novel index for arrhythmic risk stratification – 

Tpe/QT ratio (the interval from the peak to the end of the T-wave (Tpe) on electrocardiogram divided by QT interval).
Methods and Results: The role of two factors determining Tpe/QT ratio – action potential duration (APD) and dispersion of 

repolarization (DOR) – was studied in silico at two levels: ventricular wall segment and the whole heart ventricles. The simulations 
performed in the framework of both the segment and the entire ventricles’ models showed that Tpe/QT magnitude reflects the 
dynamic relationship between the longest and the shortest APD rather than the magnitude of DOR, as interval Tpe does. Tpe/QT 
ratio remained unchanged even at large DOR, provided that the longer the ventricular APD, the greater the gap between the longest 
and the shortest of them. The imbalance between the longest and the shortest APD values led to the increased or decreased Tpe/QT. 

Conclusion: Simulations showed that Tpe/QT is not just a corrected Tpe interval, but it reflects the balance between the 
longest and the shortest APD in the heart ventricles.(International Journal of Biomedicine. 2022;12(4):535-538.).
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Introduction
Tpeak-Tend interval (Tpe) has been demonstrated 

to reflect the magnitude of myocardial dispersion of 
repolarization (DOR),(1-3) which is considered to be one of the 
major prerequisites for reentrant arrhythmogenesis. However, 
despite the solid rationale, Tpe utility as the arrhythmic risk 
marker is not straightforward. In the general population, the 
association of Tpe with mortality has not been confirmed(4) or 
appeared to be U-shaped.(5) These complexities warrant further 
studies of the ECG predictors of arrhythmic risk. 

One of the approaches to this problem may be a search 
for composite markers since they may reflect the interaction 
between different arrhythmogenic factors, including DOR 
manifesting as Tpe and action potential duration (APD) 
manifesting as QT interval. A Tpe/QT ratio has been proposed 
as an index of ventricular repolarization, which may be useful 
for arrhythmic risk stratification.(6,7) 

However, the physiological meaning of this novel 
marker remains unclear. Since Tpe and QT reflect DOR and 
APD, respectively, the Tpe/QT ratio is thought to provide 
an estimate of DOR with respect to the total duration of 
repolarization excluding the confounding effects of heart rate 
variability and inter-individual variation of the QT interval 
and emphasizing disproportionate amplification of DOR.(7,8) 
In turn, the disproportionate amplification of DOR should 
arise from the abnormal proportion between the shortest and 
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the longest APD. APD shortening/lengthening depends on 
heart rate, drug effects, myocardial pathology, etc., and this 
dependence may not be the same for the shortest (supposedly 
epicardial) and longest (supposedly endocardial) APD. 

The aim of the present simulation study was to test 
different ways of APD shortening/lengthening and to find out 
which one of them is associated with the increase, decrease, or 
constant magnitude of Tpe/QT ratio.

Material and Methods
Morphology of action potentials
The morphology of ventricular action potentials was 

simulated using the model of a rabbit ventricular myocyte;(9) 
for each model cell, the duration of repolarization phase of 
action potential was scaled according to APD value set for this 
cell.

The effect of APD lengthening on Tpe/QT ratio was 
studied using two computer models: ventricular wall segment 
(the simple model, allowing us to exclude the effects of 
ventricular geometry and complicated sequences of de- and 
repolarization) as well as the realistic model of the rabbit heart 
ventricles. 

Model of the heart ventricles 
The rabbit ventricular model was a realistically shaped 

cellular automata model based on experimental data.(3) The 
model consisted of ≈100,000 discrete elements, with realistic 3D 
gradients of APD and activation times (transmural, apicobasal, 
anterior-posterior and left-to-right), reconstructed from 
experimental epicardial and intramural measurements (Fig. 1).  

Ventricular segment model
The segment of the left wall of the rabbit ventricular 

model consisted of ≈5,000 elements. The difference from the 
whole ventricular model was that only the transmural gradients 
of APD and activation times were present (Fig. 2).  

APD lengthening 
In all simulations, the same initial values of the minimal 

and maximal APD (APDmin and APDmax, respectively) were 

used (150 ms and 200 ms for the ventricular segment, 145 ms 
and 157 ms for the whole ventricle). APDs were prolonged in 
the following ways (i) proportional changes (i.e., by multiplying 
all APDs by the same factor), (ii) addition of the same increment 
to all APDs, (iii) differential changes (by multiplying APDmin 
and APDmax by different change factors). The change factors 
for intermediate APD values (neither maximum nor minimum) 
were calculated by the following:

Ki = Kmin + (Kmax–Kmin)*((APDi–APDmin)/(APDmax–
APDmin)),

where Ki – APD change factor for i-th model element; 
APDi – initial APD magnitude for i-th model element; 

Kmax and Kmin – change factors for APDmax and 
APDmin, respectively. 

The moment of the T-wave peak on the simulated ECGs 
was determined as the instant of the maximal potential value, 
the T-wave end – as the point of intersection of the baseline 
and the tangent to the steepest part of the descending part of 
the T-wave (tangent method).

Results and Discussion
Segment model: Stable Tpe/QT
The stable Tpe/QT ratio (even at more than twofold 

increase in APD) was achieved when APDmax was changed 
20% less than APDmin (Fig. 3, A), which was accompanied by 
a moderate increase in the APDmax-APDmin difference and 
a slight increase in DOR and Tpe. In other words, the stable 
Tpe/QT ratio required that the longer the APD, the greater 
the difference between the longest and shortest APDs. And 
for this, it is necessary that the shortest and the longest APDs 
change with different rates. These simulation results explain 
the mechanisms providing a relatively unaltered Tpe/QT ratio 
in healthy individuals at a wide heart rate range from 60 bpm 
to 100 bpm.(7)

Segment model: Decreased Tpe/QT
APD prolongation when APDmax-APDmin difference 

remained constant or decreased was associated with a decrease 

Figure 1. Realistic activation sequence and APD distribution 
in the model of the rabbit heart ventricles simulated on the 
basis of experimental data.(3)

Figure 2. The simplified activation sequence and APD 
distribution (only transmural gradients of APD and 
activation times) in the left ventricular segment of the 
model of the rabbit heart ventricles.
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in Tpe/QT ratio. These were scenarios where APDmax and 
APDmin were changed by the same increment (Fig. 3, B), and 
the scenario where APDmax was prolonging 40% less than 
APDmin (Fig. 3, C). In scenario B, DOR and Tpe were stable, 
and the increased QT resulted in the decreased Tpe/QT ratio. 
In scenario C, the predominant prolongation of APDmin, 
compared to APDmax, decreased DOR, Tpe, and Tpe/QT 
ratio. In other words, the decreased Tpe/QT resulted from the 
less-than-expected difference between the longest and shortest 
APD in respect to the APD range.

Segment model: Increased Tpe/QT
APD prolongation associated with the steep increase 

in APDmax-APDmin difference and DOR led to the increase 
in Tpe/QT ratio (Fig. 3, D-F). This outcome was observed 
in the scenario with the proportional APDmax and APDmin 
changing (Fig. 3, D), and in the scenarios with differential 
APD increase with APDmax being changed 40% (Fig. 3, E) 
and 20% (Fig. 3, F) more than APDmin. 

Whole ventricles’ model
The initial APDmin=145 ms and APDmax=157 ms values 

provided a Tpe/QT ratio of 0.2 in the model of the whole rabbit 
ventricles (Fig. 4). The stable Tpe/QT ratio was achieved when 
APDmin was prolonged 40% less than APDmax. The increase 
in APDmax up to 2 times (from 157 ms to 314 ms) and in 
APDmin up to 1.6 times (from 145 ms to 232 ms) resulted in an 
almost threefold increase in DOR (from 46 ms up to 124 ms), 

while Tpe/QT ratio of the simulated ECG remained constant 
(Fig.4). 

Both the simplified ventricular segment model and 
the realistic whole ventricles’ model demonstrated that APD 
prolongation with the moderate increase in the APDmax-
APDmin difference due to the different change factors for 
APDmax and APDmin was associated with the stable Tpe/QT 
magnitude even at high DOR values. 

Experimental confirmation of the simulation results
There are experimental and clinical data that support 

our simulation findings. In most cases, the increased Tpe/
QT is associated with increased Tpe. In this regard, Tpe/QT 
was considered as an index of DOR.(13) On the other hand, 
there is clinical evidence that Tpe/QT and Tpe can change 
differentially. In the febrile period, shortening of QT and Tpe 
intervals was accompanied by an increase in Tpe/QT ratio.(14) 
In the patients treated with ziprasidone, Tpe was the same as 
in the control group, whereas Tpe/QTc was decreased.(15) 

The changes of APD and DOR are closely related to 
each other. However, the contributions of the two variables to 
arrhythmogenesis can be different. The previous studies from 
our group(16,17) showed that modification of APD could change 
the risk of the reentrant arrhythmias independently of DOR. Tpe, 
QT and Tpe/QT ratio reflecting DOR, APD, and APD range, 
respectively, may contain independent diagnostic information. 
Tpe/QT ratio has been demonstrated to have association with 
clinical outcomes, which was independent of DOR-associated 
and APD-associated markers. From a large number of ECG 

Figure 3. The changes in morphology of the simulated T-wave 
and the associated changes in Tpe/QT ratio for different 
scenarios of APD shortening/prolongation. 
The abscissas show the subscenarios of each scenario, the 
ordinates – the corresponding values of APDmin, APDmax, 
DOR and Tpe/QT. For convenience of data presentation, Tpe/
QT was scaled by a factor of 1000. The common starting point 
for all simulation scenarios (APDmin=150 ms, APDmax=205 
ms, Tpe/QT=0.2) is indicated by a vertical dotted line, the 
corresponding “starting” T-wave is highlighted with a thick 
line. 
A – APDmin were changed 20% faster than APDmax; B – 
APDmax and APDmin were changed by the same increment; 
C – APDmax was prolonging 40% less than APDmin; D – 
proportional changes in APDmax and APDmin; E – APDmax 
were changed 40% faster than APDmin; F – APDmax were 
changed 20% faster than APDmin.

Figure 4. Progressive APD prolongation in the model of the 
whole rabbit heart ventricles: APDmax changing 20% faster 
than APDmin  provided stable magnitude of Tpe/QT ratio 
even at high DOR values.
Left panel: APDmax, APDmin, DOR and 1000*Tpe/QT 
values (for convenience of data presentation, Tpe/QT was 
scaled by a factor of 1000) in the model. Right panel: the 
simulated ECGs (lead V2) corresponding to cases a – e on 
the left panel. 
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indices (ST-segment elevation/depression, T-wave inversion, 
presence of Q waves, QT, QTс, QT dispersion, Tpe, Tpe 
dispersion, Tpe/QT, and QTpeak/QT), it was Tpe/QT ratio that 
was associated with major adverse cardiovascular events in the 
acute phase of Takotsubo syndrome.(18)

Limitations of the study
The limitations of the simulations are as follows: (1) The 

same action potential shape (no epicardial “spikes and domes”) 
was assigned for all ventricular layers; (2) No electrotonic APD 
flattening and anisotropic fiber architecture was included in 
the model; (3) The model was based on the nonhuman (rabbit) 
experimental data, and specific calculated values could not 
be directly applied in clinical settings. However, the above 
limitations could hardly affect computation of the Tpe and QT 
intervals and modify the major findings of the present study.

Conclusion
The present simulation study demonstrates that Tpe/QT 

ratio reflects rather the relationship between the longest and the 
shortest APD, than DOR. In conditions of DOR and/or APD 
changes, the Tpe/QT ratio can be maintained at the same level, 
if the longest and the shortest APDs change at different rates, 
and vice versa; Tpe/QT ratio increases or decreases in the cases 
with a “disbalance” between the longest and the shortest APDs 
in the heart ventricles. These findings suggest that Tpe/QT ratio 
might serve as an independent index of arrhythmic risk to be 
used with other repolarization-related markers, such as Tpe and 
QT intervals.
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Abstract
The purpose of this study was to evaluate the safety of an injectable heparin-conjugated fibrin (HCF) hydrogel containing 

human synovium-derived mesenchymal stem cells (SDMSCs), TGF-β1, and BMP-4 after implantation into articular cartilage defect 
in patients with osteoarthritis (OA). The study included 15 OA patients with a mean age of 44.2±18.0 years. The median articular 
cartilage defect size was 4.9±2.0 cm. HCF hydrogel, containing SDMSCs and growth factors (TGF-β1 and BMP-4), was implanted 
into the cartilage defect using DUPLOJECT two-syringe device connected with the DUPLOTIP dual lumen cannula. Clinical 
and radiological outcomes were evaluated with VAS, WOMAC, KOOS, and MOCART. The clinical study results showed that 
implantation of HCF hydrogel with autologous SDMSCs, TGF-β1, and BMP-4 appeared to be safe and did not show severe adverse 
events in OA patients. The assessment of clinical outcomes after 6 months showed improvement in VAS, WOMAC, and KOOS 
scores in all patients. The MOCART evaluation demonstrated an enhancement of cartilage tissue repair in 73.3% of OA patients at 6 
months after surgery. Thus, implantation of HCF hydrogel with SDMSCs, TGF-β1, and BMP-4 was safe and demonstrated signs of 
improvement in articular cartilage repair. The evaluation of the long-term safety and therapeutic efficacy of HCF hydrogel is required 
in a further clinical study using a larger number of OA patients. (International Journal of Biomedicine. 2022;12(4):539-547.).
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Introduction
Osteoarthritis (OA) is the most common chronic 

progressive joint disease, which is a serious general medical 
and social problem, resulting in substantial economic costs 
due to the high prevalence and severity of damage to the 
musculoskeletal system.(1,2) According to WHO, more than 
300 million people in 195 countries suffer from this disease, 
while there is a constant increase in one of the indicators of 
OA – “the number of years lived by the population in a state of 
disability.”(3) Current methods of managing articular cartilage 
defects include multiple microfractures, osteochondral autograft 
transfer, osteochondral allograft transplantation, autologous 
chondrocyte implantation, and matrix-assisted autologous 
chondrocyte implantation.(4) However, these clinical repair 
methods mainly lead to short-term functional regeneration with 
the formation of fibrocartilage and cannot provide sustainable 
restoration of functional hyaline cartilage.(5,6) Currently, tissue 
engineering technology using various hydrogel scaffolds, 
mesenchymal stem cells (MSCs), and growth factors is 
considered as the most promising therapeutic strategy for the 
regeneration of cartilage and osteochondral defects.(7,8) MSCs 
are multipotent stem cells that possess self-renewal capacity 
and can differentiate into various specialized cell types such as 
adipocytes, chondrocytes, and osteoblasts.(9,10) MSCs present in 
many tissues of the human body. Recent studies have revealed 
that MSCs can be isolated from the synovial membrane.(11,12) 
One of the advantages of synovium-derived MSCs (SDMSCs) 
is that these cells are tissue-resident stem cells, which actively 
participate in maintaining joint homeostasis and cartilage 
repair.(13,14) Moreover, it has been demonstrated that compared 
to MSCs isolated from other tissue sources, SDMSCs have 
greater proliferation activity and chondrogenic potential in 
vitro, rendering SDMSCs as an appropriate source for cartilage 
regeneration.(15,16) 

It was reported that the implantation of MSCs alone 
often leads to the formation of fibrocartilage, indicating 
that the in vivo environment is not sufficient to induce 
chondrogenesis in the cartilage defect.(17) To induce 
chondrogenesis in MSCs and hyaline cartilage formation, 
specific growth factors such as TGF-β1, BMP-2, BMP-
4, and IGF-1 are required.(6,18) Recently, several studies 
demonstrated that MSCs encapsulated in hydrogel scaffolds 
with chodroinductive growth factors significantly repaired 
cartilage defects in contrast to individual applications of 
MSCs or growth factors.(19) For example, Gugjoo et al.(20) 
showed that implantation of laminin gel scaffold containing 
MSCs with IGF-1 and TGF-β1 significantly promoted the 
regeneration of damaged hyaline cartilage and subchondral 
bone tissue in rabbit osteochondral model. Implantation of 
the hybrid scaffold composed of chitosan hydrogel and a 
decellularized bone matrix for co-delivery of rabbit SDMSCs 
and TGF-β1 promoted chondrogenic differentiation of loaded 
SDMSCs and significantly enhanced cartilage regeneration.
(21) Rabbit adipose-derived MSCs encapsulated in injectable 
PLGA hydrogels with BMP-2 significantly improved cartilage 
repair in chondral defects except in untreated controls and 
microfracture treatment alone.(22)

Recently, we have developed an injectable heparin-
conjugated fibrin (HCF) hydrogel containing SDMSCs and 
two chondroinductive factors (TGF-β1 and BMP-4) for the 
regeneration of osteochondral articular defect.(23) Our in vitro 
study showed that HCF hydrogel has good biocompatibility 
with encapsulated SDMSCs and the ability to control the 
release of TGF-β1 and BMP-4 for 4 weeks. A preclinical study 
revealed that implantation of SDMSCs in HCF hydrogel in 
combination with TGF-β1 and BMP-4 significantly enhanced 
the regeneration of osteochondral defects in rabbits through 
the complete formation of hyaline cartilage and subchondral 
bone tissue compared to HCF hydrogels with SDMSCs or 
growth factors alone.(24) 

Thus, the purpose of this study was to evaluate the safety 
of HCF hydrogel containing autologous human SDMSCs, 
TGF-β1, and BMP-4 after implantation to articular cartilage 
defect in patients with osteoarthritis. At this moment, we 
could not find any article or clinical trial in the literature and 
specialized databases on the safety and efficacy of injectable 
hydrogel with encapsulated autologous human SDMSCs and 
chondroinductve factors in articular cartilage defect repair. 
Therefore, in this study, we present the first evidence of 
clinical safety of implantation of HCF hydrogel, containing 
SDMSCs and growth factors (TGF-β1 and BMP-4), into 
articular cartilage defect of OA patients.  

Materials and Methods
A single-center, prospective observational study was 

conducted between January 2022 and August 2022 at the 
National Scientific Center of Traumatology and Orthopedics 
(Nur-Sultan, Kazakhstan). 

The study was conducted in accordance with the 
ethical principles of the WMA Declaration of Helsinki (1964, 
ed. 2013). The study protocol was reviewed and approved 
by the Institutional Review Board of the National Center 
for Biotechnology (№ 00013497) and the Local Ethics 
Committee of the National Scientific Center of Traumatology 
and Orthopedics (Protocol №3, 25.12.2021). Written informed 
consent was obtained from all participants.
Evaluation of Patient Suitability for Study Participation

We included patients with ≥1 chondral/osteochondral 
lesions of the distal femur as identified by magnetic 
resonance imaging (MRI) analysis (Figure 1) and/or previous 
arthroscopies.

Figure 1. MRI images of two patients with Grade 2 osteoarthritis. 
Preoperative MRI imaging revealed a chondral defect (arrow) 
on the  medial femoral condyle (a and b).
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Inclusion criteria were (1) the age range of 25-65 
years, (2) a symptomatic knee joint cartilage defect that was 
International Cartilage Repair Society (ICRS) Grade III or 
more under arthroscopy that was recalcitrant to more than 
6 months of conservative care, and (3) size of less than 10 
cm2 for a single lesion or 15 cm2 for multiple lesions with a 
relatively intact neighboring cartilage (ICRS Grades I and II). 

Exclusion criteria were (1) those with more than 5° 
of varus or valgus deformity in the hip–knee–ankle angle, 
(2) the presence of instability in the affected joint, including 
patellofemoral instability due to any coexisting ligament 
problem, (3) inflammatory arthritis, synovitis, patellofemoral 
instability, drug and alcohol abuse, and psychological 
problems.
Isolation and culture of human SDMSCs

Synovial membranes were harvested aseptically from 
the knee joint of the patients under epidural anesthesia. Isolated 
synovial membranes were rinsed twice with Dulbecco’s 
phosphate-buffered saline (DPBS) supplemented with 1% 
penicillin/streptomycin (Gibco, USA), minced into 1-2mm2 
pieces, and digested with 0.25% type II collagenase (Gibco, 
USA) at 37°C for 4 hours. The cells were washed twice by 
DPBS and resuspended in StemPro® MSC SFM XenoFree 
medium (Gibco, USA) supplemented with 1% penicillin/
streptomycin. The cells were plated in CELLstart™ CTS™ 
(Gibco, USA) pre-coated T75 tissue culture flask (Corning, 
USA) and cultured in StemPro® MSC SFM Xeno Free 
medium at 37°C and 5% CO2. Nonadherent cells were removed 
by day 2, and the adherent cells were propagated before they 
reached 80-90% confluence. The cells were harvested with 
TrypLE Express (Gibco, USA) and split in a ratio of 1:3. 
The culture medium was changed every 2 days. Cell viability 
was evaluated via trypan blue exclusion with automated cell 
counter BioRad TC20 (Biorad, USA). The cell culture was 
periodically tested for contamination with bacteria, yeast, 
and fungi using the Cell Culture Contamination Detection Kit 
(Thermo Fisher Scientific, USA).
Immunocytochemistry

Human SDMSCs were grown on a 4-well chambered 
cell culture slide (BD Biosciences, USA). After fixation 
with 4% paraformaldehyde and washing with PBS, the cells 
were incubated with primary antibodies against CD45 (1:100 
dilution; ab40763), CD73 (1:100 dilution; ab40763), CD90 
(1:100 dilution; ab226133), and CD105 (1:100 dilution; 
ab231774) (all from Abcam, UK) in PBS/0.1% Tween 20 
and 10% normal goat serum (Abcam, UK) overnight at 4°C. 
The cells were washed with PBS and incubated with goat 
anti-rabbit IgG Alexa Fluor 488 (1:1000 dilution; A-11008) 
(Thermo Fisher Scientific, USA) in PBS for 45 min at room 
temperature. After washing in PBS, the cells were mounted 
in antifade reagent with DAPI (Thermo Fisher Scientific, 
USA) for 1 min and visualized with an inverted fluorescence 
microscope Axio Scope A1 (Carl Zeiss, Germany).
Detection of mycoplasma and bacterial endotoxins in cell culture

The presence of mycoplasma in human SDMSC cultures 
was detected with the PCR Mycoplasma Test Kit (Applichem, 
Germany) according to the manufacturer’s instructions. The 
detection of gram-negative bacterial endotoxins in human 

SDMSC suspension was performed with Pierce™ LAL 
Chromogenic Endotoxin Quantitation Kit (Thermo Fisher 
Scientific, USA), according to the manufacturer’s instructions.  
Synthesis of heparin-conjugated fibrinogen

Heparin-conjugated fibrinogen was prepared according 
to a previously described protocol.(25) Briefly, 100 mg of low-
molecular-weight heparin (LMWH) (Abcam, UK) was 
dissolved in 100 mL of 0.05M 2-morpholinoethanesulfonic acid 
monohydrate. In order to activate the -COOH groups of LMWH, 
0.04 mM 1-hydroxy-2,5-pyrrolidinedione and 0.08 mM N-Ethyl-
N’-(3-dimethylaminopropyl)carbodiimide hydrochloride were 
added and incubated at 4℃ for 12 hours. The solution of activated 
LMWH was shaken vigorously, precipitated with an excess 
volume of anhydrous acetone, and lyophilized for 24 hours. 
Subsequently, 100 mg of human plasminogen-free fibrinogen 
(Sigma, USA) was dissolved in 20 mL phosphate-buffered saline 
(pH 7.4) at 4℃. This solution subsequently reacted with 60mg of 
lyophilized LMWH for 3 hours at 4℃. Following precipitation 
and lyophilization in similar conditions, a powder of heparin-
conjugated fibrinogen was dissolved in DPBS. To remove 
residual LMWH, heparin-conjugated fibrinogen was dialyzed 
with a dialysis sack (12,000-14,000 Da) at 4℃ for 24 hours 
and lyophilized for 48 hours to produce fibrinogen conjugated 
to purified heparin. Lyophilized heparin-conjugated fibrinogen 
was sterilized with 15 kGy dose gamma radiation using the ILU-
10 irradiation unit (Park of Nuclear Technologies, Kurchatov, 
Kazakhstan).
Preparation of HCF hydrogel with human SDMSCs and growth 
factors

To prepare HCF hydrogel with human SDMSCs and 
growth factors, the components of fibrin sealant (TISSEEL lyo, 
Baxter AG, Austria) have been used. For the preparation of the 
component (1), 91 mg of human fibrinogen, 20mg of heparin-
conjugated fibrinogen, 1µg of human recombinant TGF-β1, 
and 1µg of BMP-4 (Abcam, UK) were dissolved with 1ml 
of aprotinin solution at 37°C for 45 min using a sterile water 
bath. After dissolving the fibrin solution, 2×107 of autologous 
human SDMSCs were added and mixed at magnetic stir for 3 
min. For the preparation of component (2), 500 IU of human 
thrombin was dissolved in 1ml of 40µM calcium chloride 
solution at 37°C for 45 min using a sterile water bath. The 
reconstituted components (1) and (2) were placed in two 
single-use syringes, inserted into the DUPLOJECT two-
syringe clip, and connected this assembly to the DUPLOTIP 
dual lumen cannula 20G×10 cm (Baxter, USA). Both syringes 
were filled with equal volumes.
Surgical procedures

All surgical procedures were conducted under epidural 
anesthesia after patient informed consent. At the initial stage 
of the first procedure, arthroscopy of the patient’s knee joint 
was performed to measure the positions, sizes, and depths of 
cartilage defects, as well as to identify abnormalities of the 
menisci and ligaments. Then, a synovial membrane biopsy 
was harvested and sent to the stem cell laboratory (National 
Center for Biotechnology) for the isolation and expansion 
of autologous SDMSCs. After 4-5 weeks, a suspension of 
cultured SDMSCs (2×107 cells/vial) with cell viability of more 
than 90% was delivered for a second surgery.
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In the second stage, a mini-arthrotomy of the knee joint 
was performed on the medial or lateral part of the patella along 
the cartilage defect. Before implantation of the hydrogel, 
remnant articular cartilage tissue, fibrotic tissue, and sclerotic 
bone were debrided and removed from the edges of the 
cartilage defect (Figure 2). 

After several rinsing of the defect with sterile saline, 
several microperforations 5 mm deep and 2.5 mm in diameter 
were made. After stopping bleeding from the holes using a 
gauze swab soaked in a solution of epinephrine, the HCF 
hydrogel containing synovial MSCs and growth factors 
(TGF-β1 and BMP-4) was implanted using DUPLOJECT 
two-syringe device connected with the DUPLOTIP dual 
lumen cannula.
Postoperative rehabilitation

Postoperative rehabilitation was performed individually 
for each patient, depending on the location and size of the 
defect, the level of physical activity, and the postoperative 
progress. Patients should walk with crutches for 6 weeks 
and not lift heavy objects. Patients should perform isometric 
hamstring and quadriceps contraction exercises for 6 weeks.
Clinical and radiological evaluation of the knee joint

The knee conditions of the patients before and after 
surgery were assessed with VAS, WOMAC, and KOOS. 
Before surgery, MRI was performed on all patients using a 
1.5-Tesla MRI system.

Statistical analysis was performed using statistical 
software package SPSS version 22.0 (SPSS Inc, Chicago, 
IL). Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SD 
for continuous variables. The Wilcoxon criterion was used to 
compare the differences between the paired samples. Group 
comparisons with respect to categorical variables are performed 
using chi-square test. A probability value of P<0.05 was 
considered statistically significant.

Results
Patient characteristics

Out of the 330 screened patients with articular cartilage 
defects, 15 patients (66.7% women and 33.3% men) with a 
mean age of 44.2±18.0 years were enrolled in the study and 

received implantation of HCF hydrogel containing autologous 
SDMSCs and growth factors (TGF-β1 and BMP-4) (Figure 3). 
Of the study participants, 4(26.67%) patients had Kellgren-
Lawrence Grade I, while 11(73.33%) had Grade II (Figure 
1). OA of the right and left knee was diagnosed in 8(53.33%) 
and 7(46,67%) patients, respectively. The VAS median value 
at the damaged knee was 59 mm (range of 43–87 mm). The 
mean lesion size was 4.9±2.0 cm on MRI. All treated defects 
were on the femur, mostly on the medial femoral condyle - 
11(73.33%), lateral femoral condyle - 3(20%), and trochlea 
- 1(6.67%) (Table 1). 

Figure 2. Surgical procedure of HCF hydrogel implantation 
into the cartilage defect. (a) Preparation of cartilage defect; 
(b) Microperforation of subchondral bone in the defect site; (c) 
Gelated HCF hydrogel after implantation.

                                 Figure 3. The study scheme.

Table 1.
Demographics and baseline characteristics of study participants

Experimental group (n=15)

Age, years 44±18

Sex
Male 6 (34%)

Female 9 (66%)

Body mass index, kg/m2 29.38±3.9

Diagnosis

Osteoarthritis, K-L grade

1 4 (26.67%)

2 11(73.33%)

Knee
Right 8 (53.33%)

Left 7 (46.67%)

Lesion size, cm2 4.9±2.0

Location

Medial femoral condyle 11 (73.33%)

Lateral femoral condyle 3 (20%)

Trochlea 1 (6.67%)

Compartment

Unicompartmental 
osteoarthritis 9 (60%)

Multicompartmental
osteoarthritis 6 (40%)

Concomitant procedures
Meniscectomy 13 (86.67%)

Other procedures 6 (40%)



543T. Toktarov et al. / International Journal of Biomedicine 12(4) (2022) 539-547

Evaluation of clinical safety
The safety assessment of hydrogel was based on the 

absence of infections, inflammation, adhesion, loose body, 
and tumor formation in the knee joints. Joint pain, synovitis, 
and edema were observed at an early date after surgery, and all 
symptoms had completely disappeared at Week 8 after surgery. 
In addition to assessing the condition of the joints, patients 
were monitored to determine undesirable side effects after the 
hydrogel implantation. The results showed no severe adverse 
events (SAEs) for 8 weeks after the implantation (Table 2).

Furthermore, no post-operative infections were detected. 
There were no significant changes in body temperature and 
blood pressure before and after hydrogel implantation. There 
were no adverse events according to the criteria of the World 
Health Organization after surgery and for the 8-week follow-
up. No significant differences were observed before and after 

implantation regarding overall or specific treatment-emergent 
adverse events in the initial 24 hours of a clinical trial or the 
8-week follow-up (Table 2). No participant was withdrawn 
from the study because of adverse events. The pain at the 
incision site was the only severe adverse event considered by 
the investigator as “probably related” to treatment (due to mini-
arthrotomy). In the 8-week follow-up, pain decreased. None of 
the severe adverse events were considered treatment-related by 
the investigators. No inflammation reactions were observed in 
any of the 15 participants treated with HCF hydrogel, according 
to the blood test. 

There was no significant abnormal finding in the 
hematological parameters during this study (Table 3).

Clinical outcomes of the patients after 6-month follow-
up were evaluated with VAS, WOMAC, and KOOS. VAS 
score and WOMAC-A pain score significantly decreased at 
all time points compared to baseline (P<0.001 in all cases) 
(Table 4). Knee pain, other symptoms, and QOL were 
measured by the corresponding KOOS subscores and showed 
statistically significant improvement compared to baseline at 
all time points (P<0.001). The subjective assessment of ADL 
measured by the ADL KOOS subscore also showed significant 
enhancement compared to the baseline at all time points.

To evaluate articular cartilage repair, we used the 
MOCART score. In total, 15 patients underwent MRI 
before and 6 months after implantation (Figure 4). A total of 
11(73.3%) patients showed complete graft integration into 
the border zone, one had a visible demarcating border, and 3 
patients still had visible defects. Intact surface tissue appeared 
in 11(73.3%) patients, whereas 4(26.7%) patients still had a 
damaged surface.

Table 2.
 Adverse events after hydrogel implantation

Adverse events Before 
surgery 

After surgery 
(24 h) 

After surgery
(8 weeks)

Joint pain 9 (60%) 5 (33.3%) 0

Joint edema 3 (20%) 2 (13.3%) 0

Synovitis 3 (20%) 2 (13.3%) 0

Joint contracture 0 0 0

Surgical wound infection 0 0 0

Table 3. 
Hematological tests at baseline, 24 hours, and Week 8 after HCF hydrogel implantation.

Hematological parameter Baseline 24 hours Week 8 Changes (between 
baseline and 24 h)

Changes (between
 24 h and Week 8)

Changes (between
 baseline and Week 8)

P-value

WBC, ×109/L 6.47 ± 2.18 6.76 ± 2.02 6.78 ± 1.45 0.29 ± 1.78 0.024 ± 1.86 0.314 ± 1.96 0.5632

NEU, % 51.3 ± 5.2 58.6 ± 4.2 53.2 ± 4.4 7.3 ± 3.2 -5.4 ± 4.2 1.9 ± 4.1 0.2346

EOS, % 2.5 ± 1.2 2.2 ± 1.6 3.6 ± 1.1 -0.3 ± 1.1 1.4 ± 1.3 1.1 ± 1.3 0.7892

BAS, % 0.4 ± 0.3 0.9 ± 0.2 0.5 ± 0.4 0.5 ± 0.3 -0.4 ± 0.2 0.1 ± 0.3 0.5223

LYM, % 34.4 ± 9.2 30.6 ± 8.3 28.1 ± 7.4 -3.8 ± 6.8 -2.5 ± 7.1 -6.3 ± 7.2 0.2754

MON, % 5.5 ± 3.2 4.3 ± 2.6 4.9 ± 3.3 -1.2 ± 1.1 0.6 ± 0.8 -0.6 ± 0.9 0.3879

RBC, ×1012/L 4.68 ± 0.54 4.74 ± 0.61 4.65 ± 0.75 0.06 ± 0.66 -0.09 ± 0.71 -0.03 ± 0.72 0.4916

Platelet, ×109/L 246 ± 46.79 236 ± 42.53 255 ± 50.71 -10 ± 5.54 19 ± 4.33 9.2 ± 4.12 0.3167

ESR, mm/hr 21.2 ± 12.2 23.7 ± 10.3 14.5 ± 8.4 2.5 ± 3.12 -9.2 ± 3.43 -6.7 ± 3.11 0.1257

Total protein, g/dL 6.67 ± 0.28 6.55 ± 0.4 6.34 ± 0.31 -0.12 ± 0.34 -0.21 ± 0.38 -0.33 ± 0.42 0.4021

Total bilirubin, mg/dL 0.65 ± 0.17 0.72 ± 0.13 0.63 ± 0.14 0.07 ± 0.23 -0.09 ± 0.16 -0.02 ± 0.15 0.3219

AST, IU/L 20.2 ± 9.1 21.6 ± 8.3 18.5 ± 7.9 1.4 ± 0.2 -3.1 ± 0.3 -1.7 ± 0.2 0.5223

ALT, IU/L 23.4 ± 10.2 20.2 ± 9.7 19.2 ± 8.8 -3.2 ± 9.1 -1 ± 8.2 -4.2 ± 9.3 0.4034

Total cholesterol, mg/dL 177 ± 30.4 175 ± 35.5 168 ± 20.7 -2 ± 24.8 -7 ± 22.3 -9.1 ± 25.1 0.0854

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; ESR, erythrocyte sedimentation rate; WBC, white blood cell; RBC, 
red blood cell; NEU, neutrophils; EOS, eosinophils; BAS, basophils; LYM, lymphocytes; MON, monocytes.
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The structure of the repaired tissue was homogenous in 
12(80%) patients. An isointense signal was seen in 11(73.3%) 
patients, and 4(26.7%) patients had a moderately hyperintense 

signal; a markedly hyperintense signal was not observed. 
Regarding subchondral bone repair, the subchondral lamina 
was intact in 9(60%) patients, and all patients had intact 
subchondral bone. Finally, no patients exhibited adhesion, and 
12(80%) patients showed no evident effusion. 

Discussion
We tested HCF hydrogel as a new drug for the treatment 

of articulate cartilage defects in small-group OA patients to 
evaluate its safety and identify side effects. In the present 
study, an injectable HCF hydrogel for delivery of autologous 
human SDMSCs, TGF-β1, and BMP-4 was fabricated from 
FDA–approved materials: LMWH, fibrinogen, thrombin, 
and aprotinin. Implantation of HCF hydrogel into articular 
cartilage defect was performed with a mini-arthrotomy 
approach using DUPLOJECT two-syringe device connected 
with the DUPLOTIP dual lumen cannula. Our early clinical 
study demonstrated that implantation of HCF hydrogel with 
autologous human SDMSCs, TGF-β1 and BMP-4 resulted in 
a favorable safety profile for patients with OA. No significant 
severe adverse events or undesirable side effects such as joint 
edema, inflammation reactions, elevated body temperature, 
and wound infections after HCF hydrogel implantation were 
observed during this study. In addition, our laboratory tests 
showed no significant abnormal changes in the hematological 
parameters of the patients during post-surgical follow-up. 
Only the pain at the incision site was reported as a minor 
adverse event, but the pain gradually disappeared in 8 weeks 
after surgery. 

Table 4. 
Analysis of the changes in VAS, WOMAC, and KOOS scores before and6 months after HCF hydrogel implantation.

Parameter
Baseline (n=15) Month 1 (n=15) Month 6 (n=15)

Mean ± SD (Range) Mean ± SD (Range) Mean ± SD (Range)

VAS-knee pain 67.54 ± 13.73 (45–84) 22.81 ± 18.21 (40–85) 14.74 ± 17.20 (0–80)

P-value <0.001 <0.001

WOMAC-A-knee pain 28.98 ± 14.72 (6–56) 13.63 ± 12.44 (0–37) 7.10 ± 10.12 (0–33)

P-value <0.001 <0.001

WOMAC-C–knee function 23.58 ± 15.95 (0–52.94) 9.29 ± 10.33 (0–35.29) 6.45 ± 12.13 (0–47.06

P-value <0.001 <0.001

KOOS–Knee pain 70.07 ± 13.24 (41.67–88.89) 85.66 ± 11.89 (55.56–100) 90.28 ± 10.34 (63.89–100)

P-value <0.001 <0.001

KOOS–Symptoms 60.65 ± 23.79 (5–95) 78.71 ± 17.89 (30–100) 83.28 ± 14.84 (40–100)

P-value <0.001 <0.001

KOOS–Activity of daily living 79.93 ± 14.38 (48.53–100) 92.17 ± 9.75 (64.71–100) 93.97 ± 9.19 (63.24–100)

P-value <0.001 <0.001

KOOS–Quality of life 45.16 ± 18.52 (6.25–93.75 61.09 ± 27.29 0–100) 68.27 ± 23.45 (0–100)

P-value <0.001 <0.001

Figure 4. MRI images of the medial femoral condyle. (A-B) Images 
of cartilage lesion on medial femoral condyle before HCF hydrogel 
implantation; (C-D) Images captured after 6-month follow-up 
showed regeneration of articular cartilage. The white arrow 
indicates a cartilage lesion. 
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To our knowledge, this is the first report of a clinical 
study on the safety of the implantation of HCF hydrogel with 
encapsulated human SDMSCs and chondroinductive factors 
into articular cartilage defect in OA patients. 

In the literature, only two previous clinical studies used 
autologous MSCs loaded in fibrin glue for the treatment of 
cartilage defects in the human knee. A pilot study of 5 patients 
with full-thickness cartilage defects revealed that implantation 
of autologous bone marrow-derived MSCs loaded on platelet-
rich fibrin glue significantly improved functional knee scores 
and MRI findings at 6 and 12 months postoperatively.(26) Kim 
and colleagues showed that fibrin glue is an effective and safe 
injectable scaffold in the implantation of adipose-derived stem 
cells for the treatment of articular cartilage defects in OA 
patients.(27)

In our study, we used autologous SDMSCs because 
they have a number of advantages in comparison to MSCs 
isolated from other sources: 1) SDMSCs can be easily isolated 
in a sufficient amount from a small piece of the synovial 
membrane, 2) they do not lose their phenotypic properties 
during cultivation, 3) the functional activity of SDMSCs 
remains at a high level regardless of the person’s age.(11) 

Moreover, SDMSCs are tissue-resident stem cells that have 
a higher capacity to differentiate into chondrocytes than 
MSCs from bone marrow or adipose tissue. To obtain safe cell 
product, SDMSCs were propagated in serum-free and xeno-
free culture medium StemPro® MSC and examined accurately 
for the presence of bacteria, fungi, yeast, mycoplasma, and 
bacterial endotoxins in cell culture. During our study, no 
SDMSCs containing any abovementioned contaminants were 
observed. 

A number of studies have shown that the application 
of recombinant growth factors alone or in combination with 
MSCs can stimulate cell proliferation, extracellular matrix 
(ECM) formation, and tissue regeneration. However, despite 
the therapeutic efficacy of recombinant growth factors, the 
clinical application is still limited due to a short half-life 
and poor biological activity.(28) Large doses of TGFs and 
BMPs cause adverse effects, including immune response and 
abnormal growth of cartilage and bone tissue.(29) Therefore, to 
overcome the aforementioned limitations, many researchers 
have developed drug delivery systems based on natural and/
or synthetic scaffolds for the sustained release of growth 
factors in a target site. Among the scaffolds for growth factors 
and cell delivery, injectable fibrin hydrogels demonstrated 
great potential in cartilage and bone tissue engineering. The 
fibrin hydrogel application is supported by its high-water 
content, biocompatibility, biodegradability, nontoxicity, 
porous framework, structural similarity to the ECM, and 
ability to match irregular defects.(30,31) Conjugating heparin 
to fibrinogen provides biomaterials for the controlled release 
of heparin-binding proteins such as TGFs and BMPs. The 
heparin-conjugated hydrogel can protect growth factors 
from proteolysis and prolong the retention of their biological 
activity in vivo.(29) In addition, it has been shown that heparin 
can modulate the biological activity of the TGF-β1, which 
plays a significant role in cell migration, proliferation, 
cartilage differentiation, and synthesis of cartilage-specific 

ECM, which is also involved in the suppression of immune 
response.(32,33) 

Therefore, in our study, we used HCF hydrogel as a 
scaffold for the delivery of human recombinant TGF-β1 and 
BMP-4 in combination with SDMSCs because we supposed 
that HCF hydrogel could better stimulate the regeneration 
of articular cartilage defect in OA patients in comparison 
with MSC implantation in fibrin gel. Our first-in-human 
clinical study showed that implantation of SDMSCs with 
human recombinant TGF-β1 and BMP-4 in HCF hydrogel 
did not lead to significant adverse events and changes in 
hematological profiles of OA patients. Thus, we consider HCF 
hydrogel as a safe injectable scaffold for the delivery MSCs 
and chondroinductive factors for the treatment of cartilage 
defects.

Moreover, the analysis of clinical outcomes showed 
that HCF hydrogel is effective for the treatment of articular 
cartilage defects in OA patients between 25 and 65 years. As 
measured by the KOOS scores, the main clinical improvement 
was presented in a significant increase in knee function, which 
was observed  6 months post-treatment. WOMAC-C score 
showed a similar pattern confirmed by clinical changes during 
post-surgery time. The results of the present study showed 
that hydrogel implantation is effective in pain reduction 
by providing lasting therapeutic effects as also shown by 
changes in VAS, WOMAC-A, and KOOS scores. Function 
and symptom improvements led to a significant increase in 
ADL and QOL in 30 days. Thus, HCF hydrogel containing 
autologous SDMSCs and chondroinductive growth factors 
promotes rapid and lasting therapeutic effects in OA patients 
with Kellgren-Lawrence Grade I-II.

This study has some limitations. First, the number of 
OA patients in an experimental group was relatively small. 
Second, the follow-up period after implantation of HCF 
hydrogel with SDMSCs and growth factors was short for the 
examination of long-term safety. For a complete assessment of 
HCF hydrogel as a carrier of SDMSCs and growth factors in 
articular cartilage defects of OA patients, a prospective study 
with a larger number of patients and a long-term follow-up 
period is required. Currently, we have enrolled 40 subjects and 
carried out a 2-year clinical study to evaluate the long-term 
safety and therapeutic efficacy of HCF hydrogel. 

Conclusion
The results of this first-in-human clinical study showed 

that the application of HCF hydrogel with autologous 
SDMSCs, TGF-β1, and BMP-4 appears to be safe and showed 
no serious adverse events in OA patients. The implantation 
of HCF hydrogel was found to be a promising method for 
the effective repair of cartilage defects in femoral condyles, 
with the effect lasting for 6 months after the HCF hydrogel 
implantation for the vast majority of the patients. The HCF 
hydrogel-based grafting technique appears to be a viable 
option for condylar lesions and may delay or prevent the need 
for arthroplasty. However, further clinical study is required to 
evaluate the long-term safety and therapeutic efficacy of HCF 
hydrogel using a larger number of subjects.
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Abstract
Regeneration of damaged articular cartilage remains one of the most complex and unresolved problems in traumatology 

and orthopedics. In this study, we investigated whether intra-articular injection of synovium-derived mesenchymal stem cells 
(SD-MSCs) with low molecular weight hyaluronic acid (LMWHA) could promote the regeneration of damaged cartilage in 
rabbits. To answer this question, rabbits’ SD-MSCs were harvested, expanded in culture, and characterized by CFU assay and a 
multilineage differentiation test. For in vivo study, we created a defect within the cartilage layer without destroying subchondral 
bone. Two weeks after the cartilage defect, SD-MSCs (2×106 cells) were suspended in 0.5% LMWHA and injected into the left 
knee, and hyaluronic acid (HA) solution alone was placed into the right knee. Cartilage regeneration in experimental and control 
groups was evaluated macroscopically and histologically at Days 30, 60, and 90. The results of the study showed an early process 
of cartilage regeneration in the defect area on Day 30 after intra-articular MSCs-HA injection. Histological studies revealed that 
cartilage defect was covered by a thin layer of spindle-shaped undifferentiated cells and proliferated chondroblasts, in contrast to 
a single HA injection, which did not induce cartilage regeneration. On Day 60, we observed that the size of the cartilage defect 
after MSCs-HA injection significantly decreased, compared to one after HA injection. On Day 90, the cartilage defect in a knee 
treated with MSCs-HA was fully regenerated and was similar to intact cartilage. Thus, the combined application of the MSCs, HA, 
and chondroinductive proteins have a high therapeutic effect on cartilage defect regeneration in rabbits.(International Journal of 
Biomedicine. 2022;12(4):548-553.).
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Introduction
Regeneration of damaged articular cartilage remains 

one of the most complex and unresolved problems in 
traumatology and orthopedics.(1) The absence of its own 
perichondrium results in poor cellular regeneration. Only 

in peripheral injuries with the areas adjacent to the synovial 
membrane is the process of histotypical restoration of 
hyaline cartilage tissue (CT) observed. In deep injuries 
communicating with the bone marrow canal, migration of 
mesenchymal stem cells (MSCs) from the bone marrow to 
the defect area is ensured. This occurrence can serve as a 
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cellular source for regeneration.(2) However, even if damaged 
hyaline cartilage is restored in this manner, the cartilage is 
formed with fibrous tissue, which differs significantly in 
architectonics, the biochemical composition of the matrix, 
and mechanical properties.

The current non-surgical methods, including 
physiotherapy and intra-articular injections, as well as surgical 
procedures, such as multiple microperforations of the articular 
surface, abrasion, and microfractures, are aimed at stimulating 
the CT regeneration and are not able to provide a complete and 
sustainable cure without complication.(3)

Advanced options for cellular arthroplasty involve a 
combination of cellular technology with a complex surgical 
technique, among these methods - transplantation of autologous 
chondrocyte under a periosteal patch or a resorbable collagen 
membrane.(4,5) This technology is called autologous chondrocyte 
implantation. Even though this method is able to improve 
cartilage defect regeneration to some extent, it has certain 
limitations. The major of these are trauma, in cases when a 
transplant is taken from an adjacent healthy area of cartilage, 
difficulties in obtaining a sufficient number of chondrocytes, and 
the expansion of chondrocytes in culture. Additionally, another 
disadvantage is incomplete recovery, which is explained by the 
formation of fibrous cartilage but not functional hyaline tissue.
(6,7) Moreover, there is a question of the optimal source of cells, 
their acceptable carrier to the damaged area, and immobilization 
for the complete and efficient recovery of damaged cartilage.

In order to develop an effective cell preparation, it was 
necessary to choose the optimal source of MSCs. An effective 
solution might be the use of synovial MSCs obtained from the 
same individual.(8-11) SD-MSCs are more effectively involved in 
the activation of chondrogenesis and have a higher proliferative 
and chondrogenic potential than MSCs derived from bone 
marrow or adipose tissue.(12-14) Other advantages of using SD-
MSCs in cellular therapy for cartilage defects are the ease of 
isolation, less traumatic nature of material sampling using 
arthroscopy, and obtaining a sufficient amount of MSCs from 
a small fragment of synovial tissue, which can completely self-
repair in a short period of time.(15) 

As a biocompatible and biodegradable agent, we 
chose low molecular weight hyaluronic acid (LMWHA). HA 
plays the  role of a lubricant and shock absorber, an energy-
accumulating agent between opposite cartilage, and a semi-
permeable barrier that regulates metabolic processes between 
cartilage and synovial fluid.(16) Thus, the use of this biopolymer 
will not only reduce pain in the joint, but also increase the 
therapeutic efficacy of restoring damaged CT.

Additionally, in the development of the drug, we 
propose the addition of chondroinductive growth factors such 
as TGF-β1 and BMP-4 in a certain combination and optimal 
concentration, which will increase the regeneration of cartilage 
defects and other damage to the knee joint.(17)

In this study, we obtained and characterized primary 
cultures of SD-MSCs from the knee joints of experimental 
rabbits. In addition, we studied the effect of MSCs and HA on 
cartilage defect regeneration in rabbits. In vivo data showed 
that SD-MSCs after intra-articular injection were distributed 
mainly in the area of the defect, suggesting that the cells have a 

tropism for damaged areas of CT. It was also revealed that the 
intra-articular injection of MSCs with HA leads to a complete 
repair of the cartilage defect within 90 days, compared with the 
individual use of HA, which did not have an effect on cartilage 
regeneration. In contrast, the combined administration of SD-
MSCs with HA and growth factors resulted in a significant 
acceleration of the regeneration process in cartilage defects with 
a complete restoration of hyaline-like cartilage within 30 days.

Thus, the results of this study demonstrate that SD-
MSCs and growth factors (TGF-β1 and BMP-4) play a crucial 
role in CT repair. The combined application of the MSCs, 
HA, and chondroinductive proteins have a high therapeutic 
effect on cartilage defect regeneration in rabbits. It is assumed 
that the results of this work might serve as a basis for the 
application in orthopedics, namely in cell-based therapy for 
cartilage defects. 

Materials and Methods
Animals

Skeletally mature male grey Giant rabbits were purchased 
from the “KletkaMaster” company (Saint Petersburg, Russian 
Federation). Rabbits were held in large cages at a temperature 
of 23°C and relative humidity of 60%. The access to food 
and water for all experimental animals was ad libitum. All 
procedures from this study were approved by the local Ethical 
Committee and the Institutional Review Board of the National 
Center for Biotechnology (IRB 00013497). All experimental 
procedures were performed following the guidelines for the 
care and use of laboratory animals.
Isolation and cultivation of rabbit SD-MSCs 

The isolation of the synovial membrane from the knee joints 
of rabbits was performed under general calypsol anesthesia 
(5 mg/kg intramuscularly). The synovium was rinsed with a 
mixture of antimycotic-antibiotics (100 U/mL penicillin, 100 
µg/mL streptomycin, and 0.25 µg/mL amphotericin B) in 
phosphate-buffered saline, minced into 1-2mm3 pieces, and 
processed with 0.3% collagenase type II solution for 16 hours at 
37°C. The resulting cell suspension was filtered through a 70-µm 
cell strainer (BD Biosciences, USA) to remove the remaining 
tissue fragments. Following that, the cells were resuspended in 
α-MEM complete culture medium, counted in a hemocytometer 
and cultured in a T75 cell culture flask (Corning, USA) at 37°C 
and 5% CO2. After 2 days, the cells unattached to the plastic 
were removed, and the fraction of adherent cells was cultivated 
until cells reached 80-90% confluence. Passaging of the MSCs 
was performed with TrypLE™ Express (Thermo Fisher 
Scientific, USA) with an interval of 5-7 days. The medium in 
the cell culture was changed every 2 days.
Fibroblastic colony forming unit test 

Cells isolated from the rabbit synovial tissue were seeded 
into Petri dishes at a rate of 1cell/cm2 and cultured in complete 
culture medium for 14 days at 37°C and 5% CO2. At the end of 
the cultivation period, the cells were washed with phosphate-
buffered saline and stained with 0.5% crystal violet solution 
for 5 min at room temperature. After washing twice with 
phosphate-buffered saline, the formed colonies were dried and 
counted using an SZ61 stereomicroscope (Olympus, Germany).
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Multilineage differentiation test 
For differentiation into chondrocytes, at passage 4 MSCs 

were resuspended in a differentiation medium consisting of high 
glucose DMEM medium, 1% ITS+Premix (BD Biosciences, 
USA), 100μM ascorbate-2-phosphate (Sigma, USA), 10-7M 
dexamethasone (Sigma, USA), and 10ng/mL TGFβ1 (Sigma, 
USA) at a concentration of 1.25×106 cells/mL. To create 
chondrogenic cell pellets, each well of a 96-well polypropylene 
plate was loaded with 2.5×105 cells, centrifuged at 400g, and 
transferred to a CO2 incubator at 37°C, and 5% CO2. The medium 
was changed 3 times a week. On day 21 of differentiation, cell 
pellets were collected and fixed in 10% neutral buffered formalin. 
Samples were placed into paraffin, cut on a microtome, and 
processed for staining with hematoxylin-eosin (H&E). 

For osteogenic differentiation of MSCs, at passage 4 we 
used an induction medium containing 10−7M dexamethasone, 
10mM β-glycerol-phosphate, and 50 µM ascorbate-2-
phosphate. After 3 weeks of cultivation, the cells were stained 
with Alizarin Red. 

MSCs were differentiated into adipocytes by culturing 
them in an induction medium containing 10-6M dexamethasone, 
0.5μM 3-isobutyl-1-methylxanthine, and 10ng/mL insulin for 
3 weeks at the same passage as chondrocytes and osteoblasts 
and stained with Oil Red O.
Cartilage defect model and intra-articular injection of SD-MSCs 

Surgical intervention was performed under ketamine 
anesthesia at the concentration of 5mg/kg of the rabbit body 
weight. After anesthesia was achieved, the experimental animals 
were fixed on the operating table. A 4 mm diameter cartilage 
defect was formed in the intercondylar area of the thigh, in the 
area of the femoral-patellar joint. To unify the modeled defect, 
we used the COR kit for mosaic chondroplasty of the femoral 
condyles (Johnson&Johnson, USA). To exclude the reparative 
function of the bone marrow, the defect was performed within 
the cartilage without destroying the subchondral bone. The 
joint cavity was washed with sterile phosphate-buffered saline, 
the wound was sutured in layers. Three days post-operation 
gentamicin was used to prevent purulent complications.

Two weeks after the cartilage defect, to evaluate the 
effect of HA in combination with SD-MSCs, the cells at the 
concentration of 2×106/100µL of DMEM media were suspended 
in 0.5% of LMWHA (OSTENIL®, TRB CHEMEDICA AG, Haar/
Munich, Germany) and injected into the left knee. HA solution 
alone in the same concentration was used as a control, which was 
administered into the right joint of the same rabbits. The procedure 
was performed 3 times at an interval of 7 days. The determination 
of cartilage defect regeneration in the intermuscular region of 
the knee joint was evaluated by macroscopic and histological 
analyses at different time points on Days 30, 60, and 90.

To study the possibility of enhancing the regeneration 
of a cartilage defect, the following experimental groups were 
used: Group 1: 0.5% HA, TGF-β1 (100 ng/mL) and BMP-
4 (500 ng/mL); Group 2: 0.5% HA, 5×106 of MSCs, and 
TGF-β1 (100 ng/mL) and BMP-4 (500 ng/mL). A 0.5% HA 
was used as a control.
Histological Analysis

Joints with cartilage defects were fixed in 4% 
paraformaldehyde solution (pH=7.2). After washing in 

phosphate-buffered saline, the samples were decalcified, then 
dehydrated consistently in 70%, 95%, 95%, 100%, and 100% 
ethanol and immersed in xylene. Then, the samples were 
infiltrated with paraffin, embedded into paraffin blocks, and cut 
into 5μm sections. Before staining, sections were treated with 
xylene and sequentially rehydrated in 100%, 100%, 95%, 95%, 
and 70%  ethyl alcohol and distilled water in order to remove 
paraffin. The sections from each defect were stained with 
modified Mayer’s H&E, sequentially dehydrated and cleared 
with ethyl alcohol and xylene, and mounted in histological 
medium Bio Mount HM (Bio-Optica, Italy). The stained 
samples were analyzed using a light microscope (Carl Zeiss, 
Germany). The cartilage defect regeneration area was measured 
using the AnalySIS® program (Olympus, Germany).

Statistical analysis was performed using The GraphPad 
Prism 8 software. Baseline characteristics were summarized 
as frequencies and percentages for categorical variables and as 
mean±SD for continuous variables. Inter-group comparisons 
were performed using Student’s t-test. A probability value of 
P<0.05 was considered statistically significant.

Results 
At the first stage of this study, MSCs were isolated 

from the synovium of the knee joints of 12 mature rabbits and 
further characterized. The isolated cells had a fibroblast-like 
morphology (Figure 1A), the capacity to adhere to culture plastic, 
and a high ability to proliferate and form cell colonies (Figure 
1B-C). Moreover, it has been found that the cells also were able 
to differentiate into adipocytes, osteoblasts, and chondrocytes 
when cultured in selective differentiation media (Figure 1D-F). 
MSCs differentiated into adipocyte-like cells and formed lipid 
vacuoles in the cytoplasm, which were stained by Oil Red O. 
Osteoblast-like cells accumulated calcium deposits by Alizarin 
Red staining. Moreover, chondrogenic differentiation resulted 
in the formation of chondrogenic pellets with the characteristic 
hyaline-like morphology shown by H&E staining.

At the same stage of the synovial membrane isolation, we 
created a massive cartilage defect 4 mm in diameter in the 
intermuscular region of the knee joint. In order to avoid the 
release of bone marrow progenitor cells into the defect area, 
the defect was performed up to the border of the subchondral 
bone. After the synovial membrane isolation, MSCs were 
cultured for 14 days to produce an appropriate cell mass. The 
macroscopic and histological analyses after using the HA in 
combination with MSCs showed interesting results (Figure 2). 

As shown in Figure 2G, 30 days after MSC administration, 
the area of cartilage defect was markedly reduced, compared to 
the control. On Day 60, the macroscopic analysis demonstrated 
that the cartilage defect was substantially repaired and looked 
almost like native articular cartilage (Figure 2H). On Day 90 
after MSC transplantation, the area of the cartilage defect was 
completely recovered (Figure 2I). These results were confirmed 
by the histologic analysis. Histology showed that on Day 30, 
the formation of the fibrocartilaginous layer containing both 
undifferentiated cells and chondrocytes was observed (Figure 2J). 
On Day 60, histology showed that the formation of hyaline-like 
cartilage occurred. As can be seen in Figure 2K, the emerging 
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hyaline-like cartilage consists of three conditional layers: 1) the 
upper fibrous layer, consisting of undifferentiated cells surrounded 
by collagen fibers; 2) a layer containing chondroblasts, and 3) a 
layer of hyaline-like cartilage containing clusters of chondrocytes. 
On Day 90, the analysis showed the formation of hyaline cartilage 
with almost fully repaired cartilage (Figure 2L). 

Macroscopic and histological analyses of articular 
cartilage regeneration after the application of HA with growth 
factors (TGF-β1 and BMP-4) showed that on Day 30, there was 
a marginal repair of the defect by about 40%-50% (Figures 3B 
and 3E). Apparently, the addition of TGF-β1 and BMP-4 leads to 
the activation of the proliferation of endogenous chondroblasts, 
resulting in the regeneration of the cartilage defect.

The evaluation of the articular cartilage defect regeneration 
after the use of MSCs in combination with HA and growth factors 
demonstrated a significant acceleration of the regeneration in 
the defective area. As shown on macroscopic and histological 
images (Figures 3C and 3F), 30 days after the intra-articular 
injection, complete closure of the defect area with hyaline-like 
CT was observed. Spontaneous recovery was not observed in 
the control samples. Additionally, the macroscopic results were 
quantitatively evaluated. As shown in Figure 4, the regeneration 
area of the defect after HA in combination with growth factor 
administration was at the level of 2 mm and was significantly 
higher than the control (P<0.05). In contrast to the treatment with 
hyaluronic acid + growth factors, the combination of hyaluronic 
acid with growth factors and MSCs had a more pronounced 
effect with a regeneration area of 4 mm (P<0.05). 

Fig. 1. Rabbit SD-MSC characterization. A) Phase-contrast 
image of a live cell culture with fibroblast-like morphology. 
B) CFU assay. SD-MSCs are able to proliferate and form 
colonies rapidly. C) Enlarged image of CFU assay. D-F) 
Multilineage differentiation test. D) Differentiation of MSCs into 
adipocytes. Lipid vacuoles stained with Oil Red O are visible. E) 
Differentiation of MSCs into osteoblasts. Calcium deposits are 
visible in the cells stained with Alizarin Red. E) Differentiation 
of MSCs into chondrocytes. H&E staining.

Fig. 2. Macroscopic (A-C, G-I) and histological (D-F, J-L) 
analyses of cartilage defect regeneration after intra-articular 
injection of rabbit synovial MSCs at the indicated time points. 
The black arrow shows a regenerating cartilage defect. HA only 
was used as a control.

Fig. 3. Macroscopic (A-C) and histological (D-F) analyses of 
cartilage defect regeneration after intra-articular injection of 
rabbit SD-MSCs on Day 0 and Day 30.

Fig. 4. Quantitative measurements for the macroscopic 
analysis of cartilage defect regeneration after intra-articular 
administration of rabbit SD-MSCs and growth factors.
RA - Regeneration area (mm). A. Control: 0.14±0.02 mm; 
B.   HA+TGFβ1/BMP-4: 1.87±0.25 mm; C. MSCs+HA+TGFβ1/
BMP-4: 3.9±0.09 mm. *- Significant difference from control, 
P<0.05.
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Discussion
The development and implementation of cell-based 

preparations for the treatment of degenerative diseases of 
joints remain one of the promising directions in cellular 
therapy and tissue engineering. In this regard, biotechnological 
methods for obtaining cellular preparations encounter the 
need to address several issues: 1) the optimal cell source; 2) 
a method for their delivery to the defect area; 3) an adequate 
biocompatible matrix.

In this study, as an optimal source of MSCs, we chose 
the synovial membrane, which can be easily isolated from 
a patient during arthroscopic procedures. It is justified by 
several studies, which showed that MSCs isolated from the 
synovial membrane have a higher proliferative potential and a 
higher potential than MSCs to differentiate into chondrocytes 
from bone marrow or adipose tissue.(15,18) At the same time, the 
functional activity of synovial MSCs remains at a high level, 
regardless of the person’s age. The procedure for isolating 
MSCs from the synovial membrane of a human or animal is 
relatively simple to perform, which includes the following 
steps: 1) sampling of the synovial membrane from the knee 
joint, 2) washing in a sterile buffer with antibiotics, 3) mincing 
the tissue into small pieces, 4) processing with collagenase, 
5) filtering through a special nylon filter, and 6) counting 
seeding the cells in a culture dish, followed by cultivation in 
a CO2 incubator. Using this technique, we managed to obtain 
primary cultures of rabbit SD-MSCs. The resulting cultures 
of MSCs had high adhesiveness to the culture plastic and the 
ability to form fibroblastic CFU. Moreover, they differentiated 
into adipocytes, chondrocytes, and osteoblasts. 

As previously described, HA is a natural biopolymer that 
provides the viscoelastic properties of the synovial fluid. In the 
synovial fluid, HA acts as a lubricant and shock absorber, an 
energy-accumulating agent between opposite cartilage, and 
regulates metabolic processes between cartilage and synovial 
fluid.(16,19) Moreover, HA has been shown to have an anti-
inflammatory, anabolic, and analgesic effect when injected into 
an injured joint.(20) Thus, given its unique properties, we have 
chosen this biopolymer for use in the development of our cell 
preparation. In our study, we used a commercial Ostenil drug 
based on 1% LMWHA, which is commonly used for local 
therapy of osteoarthritis.

In addition, after observing the positive impact of HA 
in combination with SD-MSCs administration, we questioned 
how to enhance the therapeutic effect of the cellular 
preparation. According to the literature, there are several key 
GFs that increase MSC proliferation and their differentiation 
into chondrocytes, among which is TGF-β1, which plays a 
central role in chondrogenesis.(21) This factor stimulates the 
synthesizing activity of chondrocytes and acts against the 
catabolic activity of the inflammatory mediator, IL-1, and also 
increases the proliferation and chondrogenic differentiation 
of bone marrow MSCs. Moreover, the cultivation of MSCs 
with the addition of TGF-β1 led to the suppression of the 
expression of the collagen I gene, and at the same time, 
activated the expression of collagen II, which is synthesized 
during the formation of hyaline cartilage.(22)

Other important factors that participate in chondrogenesis 
and osteogenesis are BMPs, which are homodimeric molecules 
belonging to the TGF-β superfamily. There are 13 types of 
BMPs (from BMP-2 to BMP-14) that are involved in the 
regeneration of cartilage and bone tissue.(23) The most studied 
of them are BMP-2 and BMP-7, which are already used in 
clinical practice to repair nonunion fractures. In the previous 
study, it was found that TGF-β1 in combination with BMP-4, 
has a significant effect on both chondrogenic differentiation and 
the synthesis of extracellular matrix and glycosaminoglycans 
in chondrogenic micropellets.(17) Apparently, BMP-4 acts 
synergistically with TGF-β1, stimulating chondrogenesis in 
synovial MSCs and chondroprogenitor cells. Similar results 
were obtained by other researchers who showed that the 
combination of TGF-β3 and BMP-4 is necessary to stimulate 
chondrogenesis, while chondoprogenitor cells can differentiate 
into chondrocytes in the presence of BMP-4 alone.

At the next stage of the study, we evaluated the 
regenerative potential of SD-MSCs in rabbits with a massive 
defect in the cartilage of the knee joint. In order to exclude 
the reparative function of the bone marrow, the defect 
was performed within the cartilage, without destroying 
the subchondral bone. In our study, we used SD-MSCs in 
combination with HA, which served not only as a scaffold for 
cell delivery, but also as an anti-inflammatory and analgesic 
agent. The macroscopic and histological analyses for the 
evaluation of cartilage defect regeneration at different time 
points showed that intra-articular injection of synovial MSCs 
with HA significantly accelerates the process of regeneration of 
damaged CT in rabbits. In subsequent periods of observation, 
it was shown that a significant acceleration in the recovery of 
a cartilage defect led to the formation of hyaline-like cartilage 
on Day 90 after the introduction of MSCs with HA. 

Animal studies showed that the combination of TGF-β1 
and BMP-4 with SD-MSCs and HA significantly accelerated 
the process of cartilage defect repair in experimental rabbits. 
Already on Day 30 after the injection of HA and MSCs with 
GFs, we observed a complete closure of the defect by hyaline-
like cartilage. In contrast, the intra-articular injection of HA 
with MSCs only resulted in the restoration of damaged CT on 
Day 90. Apparently, the addition of TGF-β and BMP-4 leads 
to stimulation of the proliferation and differentiation of MSCs 
and endogenous chondroblasts, resulting in the regeneration 
of the cartilage defect.

In conclusion, based on the obtained data, it can be said 
that the combined intra-articular application of SD-MSCs with 
HA and TGF-β+BMP-4 significantly accelerates the process 
of regeneration of damaged CT, compared to their separate 
use.
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Abstract
Background: The world has changed radically because of the worldwide COVID-19 pandemic. SARS-CoV-2, a unique 

strain of large, enveloped single-stranded RNA viruses, that has spread around the world. The primary objective of this research 
was to assess the fetal growth velocity in pregnancies complicated by SARS-CoV-2 infection and those that were not. The 
secondary objective was to determine if SARS-CoV-2 infection may affect maternal and fetal Doppler readings.

Methods and Results: A total of 250 pregnant women diagnosed with SARS-CoV-2 (Case group) were compared to 300 
healthy pregnant women (Control group) in a prospective case-control study in Mosul from February 20 to October 20, 2021. 
Infections during pregnancy were detected and verified using the real-time reverse transcriptase-polymerase chain reaction (RT-
PCR). All ultrasound exams were done from 24 to 40 weeks. Measuring parameters using Doppler ultrasonography included 
plasticity and resistive indices (PI, RI), as well as cerebroplacental ratio computed according to gestational age. Fetal development 
in utero was assessed by measuring biometric markers, such as parietal diameter, head size, belly circumference, leg length, and 
estimated fetal weight every four weeks. The US scans in the second and third trimester of pregnancy showed no evidence of 
congenital abnormalities (P=0.7047). There was a significant incidence of cesarean delivery (P=0.0000) and lower fetal activity at 
birth (P=0.0000) in the Case group, compared to the Control group. Anticoagulant treatment during pregnancy was not associated 
with an increased risk of postpartum hemorrhage in women of the Case group. Also, there were no significant differences in fetal 
biparietal diameter and femur length between groups in the second and third trimesters, and both fetal and maternal Doppler studies 
throughout the second and third trimesters of pregnancy yielded no significant differences in the PI and RI indices. (International 
Journal of Biomedicine. 2022;12(4):554-559.).
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Introduction
The world has changed radically because of the 

worldwide COVID-19 pandemic. SARS-CoV-2, a unique 
strain of large, enveloped single-stranded RNA viruses, that has 

spread around the world. As a result of the outbreak of SARS-
CoV-2 infections in recent years, the virus has emerged as a 
significant public health threat.(1) The possible repercussions 
of these infections on pregnancy are a serious cause of worry 
for obstetric care professionals.(2-5) Since the outbreak of the 
pandemic, women who are expecting a child have had a higher 
risk of developing a life-threatening illness. When comparing 
nonpregnant women infected with SARS-CoV-2 to pregnant 
infected women, the pregnant women showed an increased 
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chance of severe chest symptoms, need for hospitalization in 
critical care units, and demand for mechanical ventilators.(6-8) 

Pregnant women have a higher concentration of 
angiotensin-converting-enzyme receptors in the uterus and 
placenta, making them a perfect target for the transmission of 
SARS-CoV-2.(9,10) Another piece of evidence supporting this 
conclusion comes from the higher incidence of indications 
of decidual arteriopathy in pregnant women infected with 
SARS-CoV-2, which the researchers say shows that there 
is a significant association between infection and impaired 
placental function.(11-13) 

Some patients show no symptoms even if their COVID-19 
test is positive. Although intrauterine vertical transmission of 
SARS-CoV-2 has been shown, the most prevalent finding in 
placental disease is fetal vascular mal perfusion. Maternal-
fetal morbidity and death are clearly increased in instances 
of severe pneumonia, which is often associated with 
COVID-19. Pregnant women who have been infected should 
have their prenatal follow-up appointments enhanced, since 
this may identify a wide range of unfavorable pregnancy 
outcomes, including miscarriage, IUGR, preeclampsia, and 
fetal mortality. Consequently, in pregnant women who have 
recovered from COVID-19, fetal development should be 
evaluated by ultrasound and Doppler to identify inadequate 
placental supply, intrauterine growth limitation, and 
other obstetric problems, among other things. Ultrasound 
examination of uterine artery, middle cerebral artery (MCA), 
umbilical artery (UA), and other fetal vessels for fetal well-
being, as well as other fetal vasculature, has traditionally been 
performed in the second and third trimesters of pregnancy to 
check on the health of the fetus. The assessment of pulsatility 
index (PI) and resistance index (RI) is a way of measuring 
uteroplacental perfusion. Variations in vascular resistance are 
referred to as downstream vascular resistance and are used to 
predict newborn issues such as IUGR, low birth weight, and 
intrauterine fetal mortality.

The risk of SARS-CoV-2 infection in pregnant 
women who have elevated angiotensin-converting enzyme 
2 (ACE2) receptors has been linked to hypertension during 
pregnancy. The binding of the virus to ACE2 causes it to 
be down-regulated, which can make angiotensin II (Ang-II) 
more likely to be produced than Ang-(1-7), which can cause 
vasoconstriction, and which in turn can cause preeclampsia or 
make it worse(14) (Fig.1). The immune responses of pregnant 
women to SARS-CoV-2 are unclear at this time; however, 
data from previous pandemics suggest that pregnancy may 
increase the risk of disease and mortality when compared 
to nonpregnant women infected with the virus.(15) When an 
infection arises during pregnancy, it may have an impact on the 
mother’s immune response, viral clearance, and, eventually, 
the fate of the child after birth. Because the first and third 
trimesters are pro-inflammatory in nature, it is necessary to 
induce implantation and labor at these times.(16) According 
to the researchers, pregnant women who are infected with 
SARS-CoV-2 throughout three trimesters may be at increased 
risk of developing severe viral infections (cytokine storm). 
Unfortunately, significant quantities of stress and inflammation 
are produced during delivery, and the physiological changes 

that occur in a mother’s body after the birth of her child may 
result in poor maternal COVID-19 outcomes following the 
birth.

Pregnant women with moderate symptoms need 
postpartum hospitalization for respiratory symptoms.(14) 
When pregnant, the upper airways get more congested and 
get more congested from the secretion of mucus the chest 
wall increases in circumference, and the diaphragm rises 
higher. These changes in breathing are rather important. 
They reduce residual volume but increase tidal volume and 
air trapping. Airway resistance is also reduced significantly 
while diffusion capacity remains unchanged. Heart output and 
vascular resistance are both enhanced, and plasma volume 
decreases by 20% to 50% in hemodynamic alterations.(17) 
Women who are expecting are more susceptible to respiratory 
infections because of these abnormalities in their physiology 
and respiratory alkalosis. Pregnant women with SARS-CoV-2 
infection may have symptoms that are similar to physiologic 
dyspnea, which may cause them to be misdiagnosed and 
result in more severe sickness. The symptoms of SARS-
CoV-2 infection in pregnant women are likely to be more 
severe than those in nonpregnant women. Although there is a 
scarcity of data, there have been cases of rapid deterioration 
in women who initially showed no signs of illness but were 
subsequently identified with severe COVID-19. Other 
maternal medical illnesses (hypertension, diabetes, pregnancy 
cholestasis) were present in some, but not all, patients.(18,19) 
Cesarean deliveries (CDs) have increased because of the 
quickly progressing maternal difficulties, which have resulted 
in either deteriorating maternal status or non-reassuring fetal 
status as a result of the worsening maternal clinical condition. 
COVID-19 may increase or exacerbate pregnancy-related 
complications, including preeclampsia. In addition, both 
stages have laboratory abnormalities in common, which 
makes the issue even more complicated. Certain forms 
of preeclampsia may make it difficult to discern between 
abnormal test results generated by SARS-CoV-2 infection 
and those caused by other causes of abnormal results. 
Examples include thrombocytopenia and decreased liver 
function, both of which serve as diagnostic criteria for severe 
preeclampsia and are associated with a worsening COVID-19 
score.(20,21) We supposed that placental alterations caused by 

Fig.1. Pregnancy: COVID-19 and vascular damage pathways.
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this infection might compromise the development of the fetus 
and hemodynamics in these pregnancies.

The primary objective of this research was to assess the 
fetal growth velocity in pregnancies complicated by SARS-
CoV-2 infection and those that were not. The secondary 
objective was to determine if SARS-CoV-2 infection may 
affect maternal and fetal Doppler readings. This study also 
aimed to examine fetal biometric measurements for fetal 
growth evaluation and Doppler velocimetry in pregnant 
women infected with SARS-CoV-2.

Materials and Methods
A total of 250 pregnant women diagnosed with SARS-

CoV-2 were compared to 300 healthy pregnant women in 
a prospective case-control study in Mosul from February 
20 to October 20, 2021. Infections during pregnancy were 
detected and verified using the real-time reverse transcriptase-
polymerase chain reaction (RT-PCR).

Inclusion criteria were a) singleton pregnancy, b) fetal 
viability, c) BMI <30kg/m2, d) no history of diabetes mellitus, 
hypertension, including pregnancy hypertension, antepartum 
bleeding, autoimmune disorders, clinical hyperthyroidism/
hypothyroidism, hematological diseases, e) negative TORCH 
test, f) no history of IUGR, g) informed consent from the 
participants.   

Exclusion criteria were moderate and severe COVID-19.
A detailed history was taken, including gestational age 

at infection diagnosis, medical treatment for COVID-19, the 
time interval between Doppler measurement and COVID-19 
diagnosis, and examinations including general examination, 
vital signs, complete obstetric examination, and BMI 
calculation.

All ultrasound exams were done from 24 to 40 weeks 
(based on the last menstrual period or early ultrasound), and 
by a single ultra-sonographer who was blinded to the patient’s 
medical history. A Mindray DC-30 Full HD Ultrasound 
System (Shenzhen Mindray Bio-Medical Electronics Co., 
Ltd.) with wideband convex transducer was used. 

At 24 weeks of pregnancy, the UA and MCA were 
checked with Doppler flowmetry. The examinations were 
done twice during the study, once in each trimester. Measuring 
parameters using Doppler ultrasonography included plasticity 
and resistive indices, as well as cerebroplacental ratio 
computed according to gestational age. Fetal development in 
utero was assessed by measuring biometric markers, such as 
parietal diameter, head size, belly circumference, leg length, 
and estimated fetal weight every four weeks.  In addition, the 
amniotic fluid index was determined for each patient under 
consideration.

Statistical analysis was performed using statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables. For 
descriptive analysis, results are presented as median (Me), 
first quartile (Q1) and third quartile (Q3). The Mann-Whitney 
U Test was used to compare the differences between the 
two independent groups Group comparisons with respect to 

categorical variables are performed using chi-square tests or, 
alternatively, Fisher’s exact test when expected cell counts 
were less than 5.  A probability value of P<0.05 was considered 
statistically significant.

Results
A total of 250 pregnant women with a positive history of 

COVID-19 infection (Case group) and 300 pregnant women 
without infection (Control group) were examined  in our 
private clinic by a gynecologist and radiologist with over a 
decade of expertise. Maternal age ranged from 17 to 45 years 
in both control and infected cases. The pregnancy and maternal 
characteristics of both groups are presented in Table 1, which 
demonstrates no difference in maternal age, parity, gravidity, 
or gestational age at birth.

The US scans in the second and third trimester of 
pregnancy showed no evidence of congenital abnormalities 
(P=0.7047). There was a significant incidence of CD 
(P=0.0000) and lower fetal activity at birth (P=0.0000) in the 
Case group, compared to the Control group. Anticoagulant 
treatment during pregnancy was not associated with an 
increased risk of postpartum hemorrhage in women of the 
Case group. Also, there were no significant differences in 
fetal biparietal diameter and femur length between groups in 
the second and third trimesters (Table 1), and both fetal and 
maternal Doppler studies throughout the second and third 
(35-37 weeks) trimesters of pregnancy yielded no significant 
differences in the PI and RI indices (Table 2).

Table 1.
The pregnancy and maternal characteristics of both groups.

Variable Case group
(n=250)

Control group
(n=300) P-value

Maternal age, years 30.04 (17-45) 30.35 (17-45) 0.43

Gravity 4.96 (3-7) 4.78 (2-6) 0.07

Parity 4.28 (3-6) 4.16 (2-6) 0.29

Second trimester
US examination,
weeks

20.91 (19-23) 21.01 (19.5-22) 0.39 

Third trimester
US examination,
weeks

36.43 (35.5-37) 36.51 (35.9-37) 0.61

Gestational age at
birth, weeks 37.97 (37-39) 38.13 (38-40) 0.15

Lower fetal activity
at birth 64 (25.6%) 30 (10%) 0.0000

CD rate 72 (28.8%) 43 (14.3%) 0.0000

Anticoagulant
treatment during
pregnancy

102 (40.8%) 70 (23.3%) 0.0000

Postpartum
hemorrhage  6 (2.4%) 7 (2.3%) 1.0000

Congenital
abnormality 2 (0.80%) 4 (1.3%) 0.7047
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Discussion
The pathophysiology of SARS-CoV-2 infection during 

pregnancy and its association with co-morbid disorders remain 
unknown.(22) This case-control research is one of the few that 
examines the relationship between intrauterine placental flow 
and fetal death.(23) The US and Doppler outcomes for SARS-
CoV-2 in infected and non-infected pregnant women were 
compared. As the results showed, there was no significant 
difference in terms of maternal age (17-45 years), parity, 
second trimester US examination (19-23 weeks), third 
trimester US examination (35-37 weeks), or gestational age 
at birth (37-40 week), while there was a significant difference 
between the groups in terms of fetal movement at the time of 
delivery and decreased fetal movement at birth (P=0.0000). 
That some pregnant women report transitory reductions 
in fetal movement despite the lack of substantial vascular 
abnormalities seen by Doppler,(24) could be explained by 
high doses of systemic corticosteroid given to treat the main 
manifestations of COVID-19, changes in maternal perception 
because of the fear of disease, maternal pyrexia during acute 
infection, or transplacental transmission of inflammatory 
mediators and tiny micro thrombi at the placental bed.(25) SARS-
CoV-2 infection may also explain the considerable increase in 
the rate of СD under regional anesthesia in pregnant women 
having an urgent medical or obstetric cause for termination 
of pregnancy. Additionally, there was a statistically significant 
increase in the usage of prenatal and postpartum anticoagulant 
medication in the case group, compared to the control group, 
for thrombus treatment and prophylaxis without differences in 
postpartum bleeding, which was comparable to a study done 
by Anuk et al.(25) found that delivery in the maternity hospital 
with active management in the third stage of labor, in addition 

to the manipulation or discontinuation of the anticoagulant 
therapy at an appropriate time during labor, is the cause behind 
the absence of difference in the rate of postpartum hemorrhage 
between the groups. 

 No congenital anomaly was discovered post-delivery in 
the pregnant women diagnosed with SARS-CoV-2. According 
to Rizzo et al.,(26) SARS-CoV-2 infection during the second half 
of pregnancy without congenital anomaly indicates that the 
patients have passed the key time of organogenesis. However, 
Khalil et al.(3) compared stillbirth rates during the pandemic to 
the pre-pandemic era and found that the frequency of stillbirth 
was much greater during the pandemic. Anuk et al.(25) found 
that the Doppler indices were significantly changed during 
the pandemic. Due to the study group’s features, concomitant 
comorbidities like diabetes, chronic hypertension, advanced 
age, or a higher BMI in pregnant women with COVID-19 
aggravate the disease’s effects. But in our study, the presence 
of all the listed conditions were exclusion criteria. As the long-
term effects of this viral infection and its consequences during 
pregnancy are still being investigated, we discovered that 
infected women attend antenatal care more often because they 
are fearful of potential problems.(27)

We studied SARS-CoV-2 impact on fetal development. 
The primary objective of this research was to use Doppler 
ultrasonography to assess fetal growth and circulation 
throughout the second and third trimesters of pregnancy. The 
results of our study suggest that fetal development and growth 
velocity, as measured by biparietal diameter and femur length, 
are similar in SARS-CoV-2 infected and not infected pregnant 
women. The fetal and maternal Doppler studies showed no 
significance in the PI and RI throughout the second and third 
trimesters. These data suggest that infection with SARS-CoV-2 
during pregnancy does not increase the risk of IUGR and hence 
does not need increased fetal surveillance.(26-28) It should be 
noted that this study included only pregnant women with mild 
symptoms of infection. A second point to note is a restriction 
on when an evaluation can be done. If an infection happened 
early in the pregnancy, it could have a different outcome. Even 
though there is a lot of evidence that the SARS-CoV-2 virus 
can spread during pregnancy, many unanswered concerns 
remain, such as how the virus may damage the fetus and 
placenta. SARS-CoV-2 infection can be transmitted vertically; 
however, this is still up for discussion. Early in the outbreak, 
it was claimed that transmission from mother to fetus was 
very low.(29) In contrast, more recent and larger studies have 
found that there is a higher risk of transmission from mother 
to child.(25) A recent review of 39 studies that looked at 936 
newborns born to mothers who had COVID-19 found that 3.2% 
of them had SARS-CoV-2 in their nasopharyngeal swabs.(30) A 
subgroup analysis that looked at the effect of the location of 
the research revealed that the rate of vertical transmission was 
almost the same whether the trial was conducted in China or 
elsewhere (2.0% vs 2.7%).(31)  Although much progress has 
been made, the hazards of vertical transmission and the long-
term consequences it may have on a developing fetus remain 
poorly known. Recent research has raised questions regarding 
the true danger of transmission of SARS-CoV-2, which was 
found exclusively in the placenta but not in neonates.(28) 

Table 2. 
Fetal and maternal Doppler studies in study groups

Variable Case group
(n=250)

Control group
(n=300) P-value

Second trimester DU

BPD, mm 47.01 
(45.4-48.5)

46. 91
(39.4-48.4) 0.08 

FL, mm 36.08 
(34.2-37.6)

36.00
(34.4-37.2) 0.26

UA-PI 1.06 
(0.53-1.59)

1.05 
(0.54-1.6) 0.59

Third trimester DU 

BDD, mm 88.34 
(83.5-93.4)

88.05
(81.1-92.1) 0.25

FL, mm 71.27
 (68.4-74.1)

70.27 
(69.2–71.3) 0.08

UA-PI 0.72 (0.67-0.77) 0.73 (0.66-0.79) 0.63

UA-RI 0.51 (0.40-0.61) 0.52 (0.52-0.62) 0.07

MCA-PI 2.76 (2.60-2.92) 2.74 (2.51-2.70) 0.09

CPR 1.02 (0.51-1.55) 1.01 (0.53-1.52) 0.51
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Among other things, placentas from pregnant women infected 
with SARS-CoV-2 revealed evidence of arterial necrosis, 
fibrinoid necrosis, and mural enlargement of the decidual 
arterioles.(2,27) In our research, we were unable to address this 
question because of the absence of an examination of placental 
pathology. A reduced placental function, growth limitation, 
or stillbirth may occur even when there is no evidence that 
the mother has been infected with SARS-CoV-2 or any other 
sickness that causes maternal vascular hypo perfusion.(3) 
Contrary to common opinion, the findings of this study reveal 
that pregnancies complicated by SARS-CoV-2 infection do 
not increase the likelihood of fetal growth limitation.(32) It is 
no longer required to do repeated scans during pregnancy to 
rule out certain conditions. One potential clarification for the 
absence of a link between women infected with COVID-19 
and IUGR is that only women with moderate symptoms were 
included in the study, which may have represented the slighter 
range of COVID-19 symptoms only.(33) However, it cannot be 
ruled out that women with more severe COVID-19 may be at 
risk for IUGR. The amount of time a woman has been infected 
may have an impact on her likelihood of having placental 
lesions.(11,34) One of the most disputed issues in the treatment 
of pregnant women with SARS-CoV-2 infection is whether 
these women should be exposed to more intensive prenatal 
surveillance. Because there is no evidence of a relationship 
between illness and impaired fetal development, the results 
of the current study do not sustain a strategy of increased US 
screenings to ensure the safety of the fetus. Furthermore, it 
has been established that the incidence of stillbirth in women 
infected with SARS-CoV-2 is no different from the incidence 
of stillbirth in the baseline pregnant population that was not 
infected with the virus.(35) Gravid women infected with SARS-
CoV-2 should rest assured that the risk of poor consequences 
for their unborn child is very minimal,(36,37) but more focused 
studies need to be done to confirm this finding.
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Abstract
Electric and electromagnetic pulses have been shown to enhance the endocytosis rate, with all-or-nothing responses beyond a 

field strength threshold and linear responses as a function of field strength and treatment duration utilizing bipolar symmetrical and 
monopolar pulses, respectively. Malignant glioma (MG) is resistant to chemotherapy. The present study looked for a new electrical 
impulse that can aid electrochemotherapy to deliver anticancer drugs while using less electrical energy. Bipolar asymmetric electric 
pulses were applied to U251MG cells suspended in physiologically conductive media in the presence of molecular probes, including 
Bleomycin. The delivered electric pulses with a pulse duration range of 180-500 µs and a frequency range of 100-400 Hz had a 
low field intensity ranging from 1.5 V/cm to 7.3 V/cm. Spectrophotometric and spectrofluorometric measurements were used to 
investigate the impact of these variables on cancer cell survival and the molecular probe uptake induced by the electric pulses. An 
all-or-nothing response was observed above a specified threshold of electric field intensity of 4 V/cm. This threshold was unaffected 
by changes in repetition frequency or pulse duration. It was not a temperature effect that caused the molecular probe uptake to 
increase. When bipolar asymmetric electric pulses were applied just before electroporation, the effectiveness of the cytotoxic 
impact of bleomycin was increased from 80%, when employing electroporation pulses alone, to 100%.(International Journal of 
Biomedicine. 2022;12(4):560-566.).
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Introduction
One of the most challenging aspects of drug delivery 

is transporting exogenous materials into the cell’s cytoplasm. 
Various approaches to incorporating macromolecules into 
cells have been explored over the last few decades.(1-3) An 

interesting procedure is based on an electrically driven 
process called electroporation, in which cells are subjected 
to a high-intensity pulsed electric field (PEF) for micro- to 
milliseconds duration. The membrane undergoes short-term 
permeability alterations as a result of this exposure due to 
transient defects in membrane structure termed “electropores,” 
allowing small molecules to diffuse through the membrane 
along their electrochemical gradients or the uptake of large 
molecules (e.g., electrically mediated gene delivery) through 
mechanisms, including electrophoresis.(4-6) Electroendocytosis, 
i.e., electric field endocytosis, is a method for incorporating 
macromolecules into cells that involves exposing cells to a 
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pulsed low electric field. It is arising as a complementary method 
to electroporation.(7) Electroendocytosis, unlike electroporation, 
which causes nanometer-sized electropores to develop on the 
lipid bilayer of the plasma membrane, causes cell membrane 
internalization and fission via endocytotic vesicles.(8,9) It 
incorporates either macromolecules that are bound to membrane 
receptors by receptor-mediated endocytosis(10,11) or any soluble 
drugs by fluid-phase endocytosis (pinocytosis).(12,13) Exocytosis, 
a reciprocal mechanism, restores the cellular membrane area.(14)   

Two main types of electric pulses have reported 
endocytosis induced by pulsed low electric fields.(7,10,11,13-15) The 
first pulse type used was bipolar symmetrical square pulses 
with field intensity ranging from 1.2 V/cm to 8 V/cm, pulse 
durations ranging from 75 µs to 580µs, frequencies ranging 
from 50 to 400 Hz, and total exposure times ranging from 5 to 
90 minutes. A bipolar pulse was adopted to limit unidirectional 
electrophoresis and to reduce electrochemical deposits at the 
surface of the electrodes. On three separate cell lines, exposures 
lasting more than 10 minutes resulted in a ~50% improvement 
in fluid-phase endocytosis, compared to controls with the same 
exposure time but no electric pulses. This improvement was 
defined as an all-or-nothing incident that occurs at electric 
field intensity thresholds ranging from 1.6 V/cm to 2.6 V/cm, 
depending on the cell type. The cell response to the PEF was 
unaffected by changes in repetition frequency or pulse duration.
(12) As the second pulse type, we used unipolar rectangular 
pulses with field strengths ranging from 2.5 V/cm to 20 V/cm, 
pulse durations ranging from 50 µs to 250 µs, at temperatures 
ranging from 4 to 37°C, and conductivities ranging from 6.4 
mS/cm to 18.6 mS/cm. In all experiments, the total exposure 
time was 1 minute. The electrically induced increase in BSA-
FITC uptake by two separate cell types showed a linear 
dependency with no sign of a field strength cut-off value. At 20 
V/cm, maximum uptake could be up to 7.5 times higher than in 
controls. The uptake was also linearly dependent on the pulse 
duration and medium conductivity.(7,10,11) These two sets of data 
were markedly different.

MG is a form of brain tumor with a high death rate in 
humans and is resistant to typical cancer therapies like surgery, 
chemotherapy, and radiotherapy. The blood-brain barrier in 
the areas surrounding the tumor is reversibly damaged when 
electroporation is administered to the brain with specific 
treatment parameters, which are greatly helpful in treating the 
infiltrating cells with maximum delivered chemotherapeutic 
doses.(16-19) The response of U251MG cells to asymmetric 
bipolar electric pulses was investigated using various electrical 
parameters. Increased receptor-mediated endocytosis was 
detected in U251MG cells, which were characterized by an all-
or-nothing response at field strength threshold just after electric 
pulse exposure. Such a low PEF can be used as an adjuvant 
with electrochemotherapy to enhance MG treatment with lower 
electrical parameters and lower doses of anticancer drugs. 

Materials and Methods
Cell culture

Modified Eagle’s medium (MEM, Sigma-Aldrich, 
Germany) enriched with L-glutamine, 10% fetal calf serum 

(FCS, Biochrom, Berlin, Germany), streptomycin (125 µg/ml) and 
penicillin (100 units/ml) were used to culture human MG cells 
U251MG driven from malignant astrocytic tumors. The cells 
were grown in number by adding 1 ml of MEM(1x) containing 
~106 cells with 9 ml of MEM(1x) free of cells in culture flasks 
incubated at 37°C for 3 days in a CO2 incubator (5±1% CO2 
and 95 % relative humidity). The attached cells were collected 
by trypsin-EDTA (0.05%, Sigma-Aldrich, Germany). After 
centrifugation (210 g, 5min, room temperature), the culture 
medium MEM(1x) was removed as a supernatant, and cells 
were resuspended (4-8×106 cells/ml) in the exposure medium 
S-MEM (product 21385, Invitrogen), a calcium-depleted 
modification of EMEM, which has a physiological conductivity 
(10 mS/cm). Exposure media were subjected to degassing at 
23±2°C for 10min using a vacuum pump (Thermo Scientific, 
Germany).

Molecular probes

Receptor-mediated endocytosis was detected using 
either BSA (66 kDa) that has been conjugated to fluorescein 
isothiocyanate (5-FITC, Sigma-Aldrich, Germany) (1:4 v/v) 
to get a final concentration of 6.8 µM or BLM (1.5 kDa) 
as an anticancer drug (Laboratoire Roger Belon, France) at 
concentrations ranging from 30 nM to 30 µM.(10,11,13,15)

Low-intensity bipolar asymmetric electrical impulses
Suspended cells (100µl of medium containing 0.5 to 

1.0×106 cells) were subjected to a low-intensity train of bipolar, 
asymmetric, rectangular voltage pulses with the area of the 
positive part of the pulse (above the baseline) nearly equal to 
the area of the negative part of the pulse (below the baseline) 
by employing a 50 MHz pulse generator (Model 801, Wavetek, 
San Diego, USA) whether or not a molecular probe was present 
(BSA or BLM). The exposure was performed in a vertical 
position by two stainless-steel electrodes with an interdistance 
of 0.2 cm, resulting in a medium to the electrode contact area 
of 0.5 cm2 and a quasi-uniform electric field. The exposure was 
done in S-MEM (a physiologically conductive medium, 10 mS/
cm). A digital storage oscilloscope (HITACHI, Japan) was used 
to monitor the electric field characteristics online. The electrical 
parameters comprised electric field strengths ranging from 1.5 
to 7.3 V/cm, pulse individual durations from 180 to 500 µs, 
and pulse repetition rates from 100 to 400 Hz. All trials were 
carried out at 23°C, 4°C, and 37°C, with no significant changes 
noted between the temperatures (data not shown). A digital 
thermometer was used to measure the samples’ temperature at 
the end of the exposure. For each set of exposures, a control 
(molecular probe only, no electric pulses) sample was placed 
between the same electrodes.            
Application of electroporation pulses

U251MG cells previously exposed to bipolar 
asymmetric electric pulses (6.9 V/cm, 200 Hz repetition 
frequency, 400 µs pulse duration, and 2 min exposure time) in 
the presence of 30 µM BLM were transferred aseptically to an 
electroporation cuvette (Al electrodes) with a gap width of 0.2 
cm and subjected to 8 square unipolar electroporation pulses 
of 600 ms pulse duration and 1000 V/cm field intensity using 
BTX Harvard electroporator (Model No. 620, BTX Harvard 
Apparatus, USA). 
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Determination of the fluorescent probe uptake using 
spectrofluorometry

The collected samples were centrifuged for 250 RCF for 
10 min twice after washing them with PBS. After the supernatant 
was discarded, pellets were suspended in a one-milliliter buffer 
(Lysis reagent buffer), then diluted 100 times by H2O and mixed 
by the vortex. Total fluorescence was spectrofluorometric (at 
494 & 520 nm for BSA-FITC, Kontron SFM 25- England) 
evaluated to calculate released fluorescence molecules from the 
ruptured cell. Molecule numbers/cells were calculated according 
to FSC (standard curve of fluorescence). The fluorescent probe 
uptake by cells subjected to electric pulses was calculated and 
compared to the control samples treated with BSA-FITC only 
(no electric pulses). 
Determination of the number of cells using spectrophotometry

The colorimetric detection and quantification of total 
protein, corresponding to the number of cells, in dilute 
aqueous solutions were done using Micro BCATM Protein 
Assay Kit (Pierce, Rockford, USA). The water-soluble 
complex exhibited a strong absorbance at 562 nm, which 
is linear with increasing protein concentration. To avoid 
fluctuations in cell counts eventually resulting in cell damage 
caused by the electric pulses, and to determine cell content 
in each of the treated samples, the total protein content was 
measured in all the samples. Protein standards were prepared 
by diluting 2.0 mg/ml BSA stock standard with water to set the 
standard curve. The working reagent was prepared according 
to the manufacturer’s instructions; 40 µl of cell lysate for 
each sample (including unknown samples treated with 
different electrical parameters and untreated samples of the 
known number of cells) were added to 110ml of water in the 
appropriate microwell plate wells. Blank wells only contained 
water (150 µl). Then 150ml of the working reagent was added 
to each well. The plate was covered and incubated at 37°C 
for 2 hours. After incubation, the plate was cooled at room 
temperature, and the absorbance was measured at 562 nm on a 
plate reader. The reading for each standard or unknown sample 
was deducted from the average reading for the blanks. The 
average blank-corrected reading for each BSA standard was 
plotted against its concentration in g/ml to create a standard 
curve. Another standard curve was created by graphing the 
protein concentration of the unknown untreated samples vs. 
cell numbers. The standard curve was used to calculate the 
number of cells in each electrically treated sample when the 
molecular probe was present.
Determination of BLM cytotoxicity and electroendocytosis

Another confirmatory method (cloning efficacy test) was 
used to determine the cytotoxic effect of the anticancer drug 
BLM in the presence or absence of the electric pulses. Half an 
hour after exposing them to an electric field, every 100 cells 
were placed in 1mL of culture medium, then 4mL of the cell 
suspension were sucked out, placed in a Petri dish (60 mm), 
and incubated for 5 days to form colonies. At the end of the 
incubation time, the colonies were fixed in Petri dishes with 
4% formaldehyde (Sigma-Aldrich, Germany) and stained in 
1% crystal violet (Biochrom, Berlin, Germany). By counting 
clone colonies and comparing them to the control group, the 

proportion of cells that survived after being exposed to electric 
pulses with or without BLM was calculated.
Cell observation with Inverted Light Microscope 

A portion of the cell suspension that was exposed to 
different types of electrical pulses in the presence of BLM 
(30 µM) was re-cultured and incubated at 37°C in a CO2 
incubator (5±1% CO2 and 95 % relative humidity). After 3 
days the attached cells were observed under the inverted light 
microscope (Olympus, Tokyo, Japan) with a magnification of 
100x. A negative control group represents cells with no BLM 
and no electric pulses. 
Statistical analysis

In Figures 2-6, each value in the data indicates the 
mean±standard error of 3 separate experiments, each of 
which was repeated three times. For each Figure, the average 
control value and SD were determined using the individual 
control values from all the relevant independent experiments. 
Inter-group comparisons were performed using unpaired 
Student’s t-test. A probability value of P<0.05 was considered 
statistically significant.

Results
Effect of field intensity

The influence of field intensity was studied at room 
temperature by exposing U251MG cells suspended in the 
physiologically conductive medium (10 mS/cm) with the 
molecular probe to pulsed bipolar asymmetric trains (200 Hz 
repetition frequency and 400 µs pulse duration) of different 
electric field strengths (1.5-7.3 V/cm) for 2 min, followed by 
8 min of incubation without pulses. There was no significant 
response to any tested values below 3 V/cm. A significant 
increase in the fluorescence probe uptake was detected only for 
electric pulses higher than the threshold intensity of 4 V/cm (by 
~38-110%) (Figure 1). 

Due to the electrochemical reactions at the stainless-
steel electrode surfaces, field intensities higher than 7.3 V/cm 
couldn’t be tested. There was no cell loss at all the tested values 
of field intensities and no temperature increase. 

Fig. 1. BSA-FTIC uptake by U251MG cells suspended in 
S-MEM (10mS/cm) as a function of field strengths of bipolar 
asymmetric electric pulses at 200 Hz, 400 µs, 2 min in the 
presence of BSA-FITC followed by exposure of 8 min to the 
BSA-FITC without electric pulses. (□) Control cells treated 
were with 6.8 µM BSA-FITC only. 100% represents the uptake 
of control samples in 10 min. Statistical significance: P<0.001. 
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Effect of frequency 
To evaluate the effect of frequency on the uptake of 

fluorescent probes, cells were exposed in a physiologically 
conductive medium to bipolar asymmetric electric pulses 
using 4 V/cm field intensity (the threshold intensity) and 400 
µs pulse duration. The exposure time was 2 min (electric 
pulses + BSA-FITC), followed by 8 min incubation in the 
presence of BSA-FTIC without pulses. The controls were 
incubated for 10 min with BSA-FITC only. In this group of 
experiments, a significant increase (P<0.001) in BSA-FITC 
uptake was found at frequencies higher than 100 Hz. The 
increase was almost identical for all the repetition frequencies 
tested, at ~40% higher than the unexposed controls (Figure 2). 
These results confirmed those obtained by changing the field 
intensity. No change in the number of cells was found using 
different repetition frequencies.

Effect of pulse duration 
To study the effect of pulse duration BSA-FITC uptake, 

cells were exposed to the physiologically conductive medium to 
electric pulses using 4 V/cm field intensity and 200 Hz repetition 
frequency. The exposure time was 2 min (electric pulses + BSA-
FITC), followed by an 8 min incubation with BSA-FTIC only. 
The controls were incubated for 10 min with BSA-FITC only. A 
significant increase (P<0.001) in BSA-FITC uptake was found 
at pulse durations higher than 180 µs. The increase was almost 
identical for all the pulse durations tested, at a value approximately 
40% higher than the unexposed controls (Figure 3). No change in 
cell survival was found using different pulse durations.
Electroendocytosis arises mainly during EP exposure

In this experiment, there was no BSA-FITC in the 
medium at the time of the electric pulses delivery medium. 
Thus, just after U251MG cells’ exposure to electric pulses of 
6.9 V/cm field strength, 200 Hz repetition frequency, and 400 µs 
pulse duration in physiologically conductive medium cells were 
incubated at room temperature (~23°C) for various durations in 
the presence of 6.8μM BSA-FITC. The exposed cells showed 
no enhanced dye uptake compared to the control cells (Figure 
4). Compared to the controls, there was no cell loss in the 

exposed samples. One hundred percent corresponds to control 
cells that were only exposed to BSA-FITC for 2 minutes. 

BLM cytotoxicity triggered by low-intensity bipolar asymmetric 
EPs

After exposure to low-intensity bipolar asymmetric electric 
pulses (6.9 V/cm, 200 Hz, 400 µs, 120-sec total exposure, BLM 
at concentrations of 3 µM and higher), increased levels of cellular 
death rates were observed, which was a good predictor for the 
occurrence of electroendocytosis. For cells treated with bipolar 
asymmetric EP and BLM at various concentrations (30 nM - 30 
µM), colonies were counted and standardized to the positive 
control (BLM alone, no electric pulses). There was no significant 
cell loss for cells treated with BLM at different concentrations, 
although survival was reduced considerably by ~18% in the 
absence of electric pulses at 30 µM BLM. The survival was 
significantly lowered (P<0.001) by ~17% and ~40% at 3 µM 
and 30 µM, respectively (Figure 5), in the presence of bipolar 
asymmetric electric pulses. Negative control represents samples 
without any treatment (drug-free, no EPs).

Fig. 2. BSA-FTIC uptake by U251MGis suspended in S-MEM 
(10mS/cm) as a function of repetition frequency for bipolar 
asymmetric EP at 4 V/cm, 400 µs, 2 min, and BSA-FITC followed 
by exposure of 8 min to the BSA-FITC only. (□) Control cells were 
treated with 6.8µM BSA-FITC only. 100% represents the uptake 
of control samples in 10min. Statistical significance: P<0.001. 

Fig. 3. BSA-FTIC uptake by U251MG cells suspended in 
S-MEM (10 mS/cm) as a function of pulse duration for bipolar 
asymmetric electric impulses at 4 V/cm, 200 Hz, 2min in the 
presence of BSA-FITC followed by exposure of 8min to the 
BSA-FITC only. (□) Control cells were treated with 6.8µM 
BSA-FITC only. 100% represents the uptake of control samples 
in 10min. Statistical significance: P<0.001. 

Fig. 4. Uptake of the fluorescent probe by U251MG cells, 
using different incubation times, S-MEM (10 mS/cm) exposure 
medium, 6.9 V/cm field intensity, 200Hz repetition frequency, 
400µs pulse duration, and 2min exposure time to the EP only. 
(□) Incubation in the presence of BSA-FITC without EP. (■) 
Incubation in the existence of BSA-FITC just after the exposure 
to EPs.
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Morphological and cell viability changes
Using an inverted light microscope, the efficacy of 

PEF to generate deformation and cell survival change was 
investigated. U251MG healthy control cells are spindle-shaped 
(Figure 6a). Cells in monolayer exponential growth became 
deformed and decreased significantly in number (Figures 6 
b-d) because of the electric pulse application. Cells treated 
by electroporation pulses (1000 V/cm, 8 square unipolar 
pulses, and 600 µs pulse duration) after bipolar asymmetric 
bipolar PEF (6.9 V/cm, 200 Hz repetition frequency, 400 µs 
pulse duration, and 2 min exposure time) in the presence of 
BLM disappeared from the dishes, which indicates a ~100% 
mortality rate (Figure 6d).

Discussion
The application of a low PEF was found to modify the 

cell surface, resulting in increased adsorption and subsequent 
uptake of macromolecules such as DNA, dextran, and BSA.
(7,10,11) The electrophoretic segregation of charged moveable 
protein and lipid molecules in the plane of the cell membrane 
was attributed to this surface change. This phenomenon has 
previously been demonstrated both theoretically and practically.
(20-24) Subsequent researchers proposed that these modifications 
are directly responsible for improved adsorptions and motivated 
uptake by a change in plasma membrane curvature that promotes 
endocytotic vesicle formation.(7.9.11) 

A bipolar asymmetric signal with the area of the positive 
part of the pulse (above the baseline) nearly equal to the area of 
the negative part of the pulse (below the baseline)  was chosen 
to perform the present study. The tested signal has a sort of “net” 
pulse in one direction (one short and relatively intense pulse 
“above” the threshold in one polarity and one long and much 
less intense pulse “below” the threshold in the other polarity). 
It was an attempt to approach the unipolar condition (pseudo-
monopolar) of Rafi Korenstein’s lab(11,13) with minimization of 
potential electrophoresis and electrochemical reactions at the 
electrodes (because the product of the pulse duration multiplied 
by field strength is similar between the positive and the negative 
part of this bipolar asymmetrical pulse).

The experimental results showed a statistically significant 
increase of ~38%-110% in non-permeant fluorescent probe 
uptake when exposed to bipolar asymmetric low-intensity 
square pulses for 2 minutes total exposure time using a 
physiologically conductive medium (10 mS/cm). This rise took 
place above a field intensity threshold value of 4 V/cm that was 
independent of the pulse duration, frequency, and temperature 
during the exposure. These results agreed with those obtained 
by Mahrour et al.(12) and disagreed with those obtained by Antov 
et al. in terms of cell viability and linear dependence. There was 
no significant uptake change using the low conductive medium 
(sucrose 0.25 M, 1 mS/cm) (data not shown). Conductivities of 
1mS/cm were not tested in the previous studies.. The effect of 
conductivity may suggest that the increase in uptake is reliant 
on the electric current running through the cell’s suspension 
and the resistance of the exposure medium. The resistance of 
the physiologically conductive medium (10mS/cm) was 40 
Ω, while the resistance of the low conductive medium (1 mS/
cm) was 400 Ω. The calculated current flowing through the 
cells suspended in S-MEM (10 mS/cm) was 20 mA at 4 V/cm 
compared to 2mA with that obtained by the low conductive 
medium (1mS/cm) using the same field intensity. The number 
of Coulombs liberated in the conductive medium using 4 V/
cm, 200 Hz, 400 µs, and 2 min total exposure time was 0.192 
Coulombs, compared to 0.0192 Coulombs liberated in the low 
conductive medium. The results obtained by changing either 
the repetition frequency or the pulse duration demonstrated 
an increase in BSA-FITC uptake at 0.0432 Coulomb, which 
corresponded to 4 V/cm, 100 Hz, 180 µs, and 2 min total 
exposure time in the S-MEM. Thus, the number of Coulombs 
(and the current intensity) in the low conductivity medium is not 
the limiting factor. We can therefore exclude a direct effect of 

Fig. 5. Cell survival of U251MG cells exposed to 6.9 V/cm, 
200 Hz repetition frequency, 400 µs pulse duration, and 2 min 
exposure time in the presence of BLM. □ Control represents 
drug-free, and no EPs samples.

a)                                               b)

c)                                              d)

Fig. 6. Monolayer exponential growth of U251MG cells 
under inverted light microscope. (a.) Negative control 
(healthy human malignant glioma cells without neither BLM 
nor electric pulses). (b.) Cells exposed to bipolar asymmetric 
electric pulses in the presence of 30 µM BLM. (c.) Cells 
exposed to electroporative pulses in the presence of 30 µM 
BLM. (d.) Cells exposed to bipolar asymmetric electric 
pulses then electroporative pulses. 
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the current passing through the cell suspension. This conclusion 
is reinforced by the presence of a clear plateau for frequencies 
above 100Hz (Figure 3) or pulse durations longer than 180µs 
(Figure 4) at 4V/cm as the number of Coulombs is much less, 
but the cell response is similar.

Moreover, this “plateau” confirms that this increase is 
an all-or-nothing response independent of the energy liberated 
in the medium, as reported by Mahrour et al. The absence of 
cell response in the low conductivity medium can simply 
result from the fact that, contrary to the S-MEM, a cell culture 
medium at 10mS/cm, the low conductive medium at 1mS/cm is 
not a “physiological” medium: osmolarity is preserved by the 
presence of 250mM sucrose, and ion content  (Na+ and Cl-) is 
very low. Thus, to increase their endocytosis rate, cells must be 
in “physiological” conditions. 

The results also demonstrated that the increase in 
receptor-mediated endocytosis in PEF-exposed cells was the 
consequence of a rapid change: it was apparent immediately 
after the start of PEF exposure and was not detectable if the 
fluorescent probe was introduced soon after the end of PEF 
delivery.

 The transmembrane potential was determined by the 
Schwan equation(25): 

∆Ψi = 1.5 r E cosθ      
where r is the cell radius (a suspended cell is a sphere), 

E is the field strength in the region where the cell is located, 
and θ is the polar angle measured from the center of the cell 
concerning the direction of the field. 

According to this formula, the highest voltage is 
induced at the places where the electric field is perpendicular 
to the membrane, i.e., at θ = 0° and θ=180°. Thus, exposing a 
glioma cell with a radius of 20 µm (26) to an electric field with 
positive pulse strengths ranging from 4 to 6.9 V/cm resulted 
in an induced potential differential of 12-20.7 mV across the 
plasma membrane. As a result, the membrane region facing the 
anode was hyperpolarized by 12-20.7 mV, while the membrane 
region facing the cathode was depolarized by the same amount 
using either unipolar electric pulses, as used by Antov et al.,(11) 
or bipolar asymmetric electric pulses, as used in the current 
study. It is well understood that the calculated changes in 
transmembrane potential do not result in electroporation.

Fluorescence aggregates were produced with the 
cell exposed to field intensity higher than 7.3V/cm despite 
degassing the medium before exposure to electric pulses due 
to the electrochemical reactions at the electrode surface. The 
generation of the aggregates limits the study at higher field 
intensities. 

Human MG cells were exposed to bipolar asymmetric 
electric pulses in the presence of the anticancer drug 
bleomycin to investigate the ability of the drug to provoke 
electroendocytosis. BLM enters cells by receptor-mediated 
endocytosis, but in small quantities that are not enough to 
kill cancer cells,(27-29) so electroporation was used to increase 
the permeability of the anticancer drug and thus increase its 
cytotoxicity.(30) The pulse under research was able to destroy 
a reasonable number of cells at 3µM, reinforcing the idea of 
employing it as an auxiliary pulse before the electroporation 
process to allow the use of low doses of chemotherapy.                      

Conclusion
The features of the tested electrical impulses, as well 

as the outcomes of the experimentations, suggested that 
electroendocytosis was triggered only during the application 
of electric pulses at threshold intensity, with a quick “switch 
off” of the molecular probe uptake rise after the exposure to 
electric pulses was terminated. This result allows us to exclude 
the mechanisms that require more than a few minutes to be 
stimulated, such as gene expression regulation mechanisms. 
The meaning of this observation is that for drug delivery 
by electroendocytosis into MG cells, the drug must be 
administered before electric pulses. The bipolar asymmetric 
nature of the electric pulses, as well as the brief exposure time, 
significantly diminish the potential mechanisms involving 
electrophoresis of membrane proteins over long distances 
within the cell membrane; the absence of any relationship with 
the number of Coulombs or the electric current intensity also 
limits the influence of electrophoretic effects. The possibility 
of thermal effects can be ruled out.
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Abstract
The aim of this study was to assess the prevalence and causes of bile duct obstruction among patients with jaundice at the 

ultrasound departments in Riyadh hospitals. 
Methods and Results: The study included 525 records of jaundiced patients aged ≥18 years that were referred to the 

ultrasound department. Data were collected from PACS (Picture Archiving and Communication System) at three different 
hospitals in Riyadh. Of 525 adult jaundiced patients, 69 had biliary obstruction, a 13% prevalence.  In our study, 38(55.1%) cases 
of obstruction were caused by stones, 14(20.3%) by tumors, 9(13.0%) by inflammation, 5(7.2%) by a nonfunctioning stent, and 
3(4.3%) by pnemobilia. Obstructive jaundice occurred significantly more frequently with increasing age. The study revealed 
no significant difference between gender and the presence of obstruction. More studies with a larger sample size of obstructive 
jaundice patients are suggested.(International Journal of Biomedicine. 2022;12(4):567-569.).
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Introduction
Ultrasound is used as a first-line investigation in the 

assessment of biliary pathology.(1) Ultrasonography is a sensitive 
imaging modality for detecting cholelithiasis (gallstones) and 
is often the initial procedure of choice for imaging jaundiced 
patients.(2) Biliary obstruction (BO) is a blockage of the bile 

duct. There are two types: intrahepatic, above the level of the 
common bile duct (CBD), and extrahepatic, which is below that 
level. A low bile duct obstruction occurs when the blockage is 
below the insertion of the cystic duct.(3)

Bile duct obstruction can be caused by stones, benign or 
malignant structures, obstructed stents, or parasites, though the 
most common causes are malignancy, choledocholithiasis, and 
inflammatory stricture.(4) Less common causes are sclerosing 
cholangitis, choledochal cyst, hemobilia, pneumobilia, 
duodenal diverticulum, echinococcosis, and ascariasis.(5)

There are several studies regarding the causes of 
obstruction in different countries.  A study conducted in Japan 
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revealed that the most common origins of intrahepatic and 
extrahepatic bile duct dilatation are calculus-related.(6) 

In the USA, a study found that approximately 5 cases 
of BO in 1000 people are caused by gall stones, which is the 
most common cause.(7)  On the other hand, a study conducted 
in Sweden revealed that malignancy is the most common 
cause of obstruction in that country.(8)

Due to the lack of reviews in Saudi Arabia regarding this 
topic, the aim of this study was to assess the prevalence and 
causes of bile duct obstruction among patients with jaundice at 
the ultrasound departments in Riyadh hospitals. 

Material and Methods
The study was conducted from January 2020 until April 

2020.  Data were collected from PACS (Picture Archiving 
and Communication System) at three different hospitals in 
Riyadh. A simple random sample of jaundiced patients` data 
was collected from 2018 to 2020. The study sample included 
525 records of jaundiced patients that were referred to the 
ultrasound department. The study included adults above 
18 years old. Patients who have a history of treated biliary 
duct obstruction were excluded. The population of the study 
included 5150 jaundiced patients. This number was used to 
calculate the sample size of this study.(9) The confidence level 
used was 95%, and the error estimation was 5%. The resulting 
sample size was 358 for this study. Because of the availability 
of data, larger sample size (n=525) was used.

In this cross-sectional study, data were collected from 
patients’ records using a data collection sheet that included all 
the variables of the study: age, gender, presence of obstruction, 
type of obstruction (intrahepatic, extrahepatic, combined 
intra- and extrahepatic ducts), and cause.  

Statistical analysis was performed using statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables. Group 
comparisons were performed using chi-square test with Yates 
correction. A probability value of P<0.05 was considered 
statistically significant.

Ethical approvals were obtained from the research center 
at Princess Nourah Bint Abdulrahman University (PNU) 
before collecting data (IRB number: 20-0039) and from the 
hospitals to get access to the patients’ data. The data was only 
used for study purposes without individual details identifying 
the patient. The IRB stated that the study is exempt from IRB 
review.

Results and Discussion
Of 525 adult jaundiced patients, 69 had BO, a 13% 

prevalence. Among those with obstruction, 33(47.8%) had 
combined obstruction, 22 (31.9%) extrahepatic, and 14(20.2%) 
intrahepatic. In our study, 38(55.1%) cases of obstruction 
were caused by stones, 14(20.3%) by tumors, 9(13%) by 
inflammation, 5(7.2%) by a nonfunctioning stent (NFS), 
and 3(4.3%) by pnemobilia. Obstructive jaundice occurred 
significantly more frequently with increasing age (P=0.000) 

(Table 1). The study revealed no significant difference between 
gender and the presence of obstruction (P=0.624) (Table 2). 
The chi-square test showed a significant difference between 
the type of BO and the cause (P=0.0125) (Table 3). 

The study showed that the prevalence of BO among 
jaundiced patients was about 13%, which is less than the 
prevalence in the study conducted in Sweden (32%).(8) This 
result also indicates that the major source of jaundice among 
Riyadh patients is mostly nonobstructive, that the prevalence 
of BO increased significantly with age (P=0.000), and that 
the age group of 59-79 years had the highest percentage 
of obstruction (43.5%). These results may be related to the 
increased frequency of causes with age, like biliary stones and 
pancreatic tumors. In our study, the prevalence of obstruction 
was higher in females than in males, although the difference 
between genders was not significant (P=0.624).

Combined obstruction (intra- and extrahepatic 
obstruction) was the most prevalent (47.8%), followed 
by extrahepatic obstruction (31.9%). The increase in the 
prevalence of the combined type was due to a rise in the 
presence of stones at the CBD (below cystic duct insertion) 
and increasing biliary duct dilation to include the intrahepatic 
ones. Biliary stones were the major cause of BO (55.1%) 
followed by tumors (20.3%), which include pancreatic head 
carcinoma, cholangiocarcinoma, periampullary carcinoma, 
and duodenal papillary carcinoma. Inflammation (cholangitis) 

Table 1.
 Association between age and prevalence of BO

Distribution of age
Presence of biliary obstruction

TotalNo Yes
18-38 years 169 13 182
39-58 years 200 26 226
59-79 years 87 30 117

Total 456 69 525

Table 2.
Association between gender and prevalence of BO

Distribution of 
gender

Presence of biliary obstruction
TotalNo Yes

Female 250 40 290 
Male 206 29 235 
Total 456 69 525 

Table 3.
Association between types and causes of biliary obstruction

Types of biliary
obstruction

Distribution of causes of biliary obstruction
TotalStone Inflammation Tumor Pnemobilia NFS

Intrahepatic 3 0 7 1 3 14 
Extrahepatic 35 9 7 2 2 55

Total 38 9 14 3 5 69
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(13%) was in third place, a nonfunctioning stent (7.2%) was 
in fourth place, and pnemobilia (4.3%) was the least prevalent 
cause. The result is compatible with a number of previous 
studies, showing that the major cause of intrahepatic and 
extrahepatic bile duct dilatation is stones.(7,8,10)

The study revealed that stones were the major cause of 
the combined and extrahepatic obstruction.  For intrahepatic 
obstruction, the major cause was tumors. The difference was 
significant between the types and the causes of obstruction 
(P=0.0125).  Our result aligns well with the Yunfu et al.(8) 

study showing that stones are the major cause of combined 
obstruction.

In conclusion, biliary obstructionis not the major cause 
of jaundice among patients in Riyadh (KSA). The prevalence 
of biliary obstruction among jaundiced patients is about 13%. 
In our study, 38(55.1%) cases of obstruction were caused 
by stones, 14(20.3%) by tumors, 9(13%) by inflammation, 
5(7.2%) by a nonfunctioning stent, and 3(4.3%) by pnemobilia. 

Obstructive jaundice occurred significantly more frequently 
with increasing age. The study revealed no significant 
difference between gender and the presence of obstruction. 
More studies with a larger sample size of obstructive jaundice 
patients are suggested.
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Fig. 1. A 74-year-old female came to the department with 
abdominal pain and jaundice. Image (A) shows a distended 
gallbladder with a transverse diameter of 4.5 cm. There 
is mild gallbladder sludge. (B) shows dilatation of CBD 
measuring 1.4 cm in diameter, there is an impression of the 
abrupt structure at the distal end of CBD. (C ) shows diffuse 
dilatation of intrahepatic biliary ducts. The liver demonstrates 
a homogenous normal echotexture and a smooth outline. It is 
slightly above normal limits measuring 16.9 cm. No focal liver 
lesions are seen (D). 
(The image was taken with permission from Prince Mohammed 
Bin Abdulaziz Hospital)
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Abstract
Background: The aortic knob (AK) is an essential feature on a chest x-ray. It could be the first sign of a cardiovascular 

problem if there is any deformation or enlargement of the knob. This study aimed to measure the normal AK diameter (AKD) on 
a posteroanterior chest radiograph in healthy adult Sudanese.

Methods and Results: The study was conducted in the Department of Radiology and Imaging in Ribat Hospital (Sudan) 
between Jun 2019 and Jan 2020. A total of 113 participants of both sexes (45.1% males and 54.9% females) with a normal chest 
x-ray and no history of diabetes, blood hypertension, cardiovascular disease, or skeletal abnormality were selected. Participants’ 
age fluctuated from 18 to 75 years. The measurements (AK, heart diameter [HD], cardiothoracic ratio [CTR]) were carried out 
with the measuring tools available on the software of the computed radiography system. The mean AKD was 2.8±0.8 cm (2.94±0.8 
cm in males and 2.51±0.77 cm in females, P=0.005)). The mean HD was 9.22±2.8 cm (9.8±3.3 cm in males and 8.7±0.2.1 cm 
in females, P=0.005). The mean CTR was estimated as 46.6±7.7% with a significant difference between males and females and 
significantly correlated with HD and BMI (P<0.05). The AKD increased by 0.0199 cm with an increase of one year of age (AKD 
= 0.0199(age)+1.9469), and there was a strong positive correlation between age and AKD (P<0.001).

Conclusion: The study found a significant positive correlation between age and AKD. Increased heart sizes increase AKD. 
The AKD value is greater in males than in females.(International Journal of Biomedicine. 2022;12(4):570-574.).

Keywords: chest radiograph • aortic knob • heart diameter • cardiothoracic ratio
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Introduction
Human physical variability has been a subject of 

great interest for scientists for a long time using a scientific 
technique for measuring the proportions of the human body 
that has evolved; this technique is known as anthropometry. 
The examination of anthropometric parameters is critical in 
resolving identification and pathology issues.(1) In medicine, 

measuring normal parts and organs is used as an index to 
assess pathology or for manufacturing medical devices to 
harmonize the bodies of patients. 

Chest radiography with a posteroanterior view is 
one of the most significant studies; it is the primary line of 
investigation for many disorders. As a result, it is one of 
the most common inquiries in our daily work because it is 
the commonest imaging modality of the heart;(2) due to its 
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affordability and simplicity, it is most readily used. Physicians 
must understand how to evaluate basic chest radiographic 
results and summarize them. Before reading and diagnosing 
abnormalities,(3) the normal appearances, sizes/measurements, 
and variances in a chest radiograph must be familiar to 
physicians.

The aortic knob (AK), or aortic knuckle, is an 
essential feature on a chest x-ray. It could be the first sign 
of a cardiovascular problem(4,5) if there is any deformation 
or enlargement of the knob.(4) The left border of the cardiac 
silhouette on the posteroanterior (PA) chest radiograph is 
composed of a series of convex arcs. The AK, often known as 
the knuckle, is one of them; it is not a particular anatomical 
structure, although it does symbolize the aortic arch’s distal end.
(2) Plain radiography, computed tomography, echocardiography, 
magnetic resonance imaging, and radionuclide imaging can be 
used to determine the AK.(4) It can be expanded as a result of 
increased pressure flow in the aorta or changes in the elasticity of 
its wall, such as in systemic hypertension, medial cystic necrosis 
of the aorta, or aortic dissection, as well as atherosclerosis. The 
prominence of the AK is also seen in some instances of aortic 
stenosis (post stenotic dilation), coarctation of the aorta, and 
aortic aneurysm;(4) having a sensitivity of between 70% and 
90% for cardiovascular diseases due to hypertension, it is an 
effective predictor of target organ damage.(6) Although many 
advanced investigations are required to diagnose cardiovascular 
disorders, these instruments are scarce in rural regions. Thus the 
chest x-ray remains the initial inquiry in suspected heart disease, 
particularly in rural areas.(4,7) As a result, the radiologic method’s 
utility in determining and predicting direct measurement of AK 
size indicates the presence of any diseases in the cardiovascular 
system. Nonetheless, it differs depending on body type, gender, 
and ethnicity, according to previous studies on Africans,(6,8) 
Indians,(2,4) Asians,(9-11) and Caucasians. This study aimed to 
measure the normal AK diameter (AKD) on a posteroanterior 
chest radiograph presented as a baseline of dilated AK, to 
correlate it with different ages, genders, and body mass index 
(BMI), and to estimate the relationship between the AK index 
with various thoracic biometrics in healthy adult Sudanese.

Materials and Methods
The study was conducted in the Department of 

Radiology and Imaging in Ribat Hospital (Sudan) between 
Jun 2019 and Jan 2020. A total of 113 participants of both 
sexes (45.1% males and 54.9% females) with a normal 
chest x-ray and no history of diabetes, blood hypertension, 
cardiovascular disease, or skeletal abnormality were selected. 
Participants’ age fluctuated from 18 to 75 years (mean age of 
37.9±14.07 years; age range was classified with an interval of 
10 years). All chest radiographs were taken with the patient 
erect, facing the stand bucky; the distance from the patient 
to the x-ray focus was 72 inches. The radiologist assessed a 
radiograph for the technique’s normality confirmation and 
quality evaluation. 

The measurements were carried out with the measuring 
tools available on the software of the computed radiography 
system. The AKD was measured by drawing a horizontal line 

from the trachea’s lateral border to the aortic knob’s left lateral 
wall.(4,6,11,12)

Transverse heart diameter (HD) was measured as the 
sum of the right atrium diameter from the midline plus the 
left ventricle diameter from the midline.(4,6) After obtaining 
the patient’s height and weight,  BMI was defined, and 
cardiothoracic ratio (CTR) was determined by dividing 
the HD by the maximum width of the chest diameter.(3) To 
minimize errors, all measurements were completed by a 
single reviewer. 

Statistical analysis was performed using the statistical 
software package SPSS version 25.0 (Armonk, NY: IBM 
Corp.). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean±SD for continuous variables. Levene’s Test of Equality 
of Variances was used to assess meeting the statistical 
assumption of homogeneity of variance in between-subjects 
designs. A simple linear regression was performed. Pearson’s 
Correlation Coefficient (r) was used to determine the strength 
of the relationship between the two continuous variables. 
Group comparisons with respect to categorical variables are 
performed using chi-square test. A probability value of P<0.05 
was considered statistically significant.

Ethical approvals were obtained from the research 
center at Alzaiem Alzhari University Radiologic Sciences 
Faculty before collecting data. The data was only used for 
study purposes without individual details identifying the 
participant. Written informed consent was obtained from each 
research participant.

Results
The mean BMI was 23.6±5.03 kg/m2 and distributed 

among males and females as 23.47 kg/m2 and 25.06 kg/m2, 
respectively. The mean AKD was 2.8±0.8 cm (2.94±0.8 cm in 
males and 2.51±0.77 cm in females, P=0.005). The mean HD 
was 9.22±2.8 cm (9.8±3.3 cm in males and 8.7±0.2.1 cm in 
females (P=0.005) (Table 1). All measurements significantly 
differed between both genders. 

The study clarified a linear association between AKD 
and HD (Table 2). There was a strong positive correlation 
between the two variables (r=0.837, P=0.000). In addition, 
there was a significant association between AKD and age 
(r=0.342, P=0.000), and a significant difference was found in 

Table 1.
Mean BMI, AKD, HD, and CTR values according to gender.

n BMI, kg/m2 AKD, cm HD, cm CTR, %

Male 51 23.47±4.28 2.94±0.8 9.8±3.3 45.3±0.7

Female 62 25.06±4.16 2.51±0.77 8.7±2.1 47.8±0.6

All 113 24.34±4.2 2.72±0.8 9.22±2.8 46.7±5.5

P-value 0.04 0.005 0.028 0.02
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AKD measurement between different age groups (P<0.001) 
(Table 2, Figure 1).

A simple linear regression was developed to predict AKD 
based on age. A significant regression equation was found 
(F = 14.74, P<0.001, with R2 = 0.1173. AKD = 0.0199(age) 
+1.9469 cm), the AKD increased by 0.0199 cm for each year 
of age (Figure 2).

The mean CTR was estimated as 46.6±7.7% with 
a significant difference between males and females and 
significantly correlated with HD and BMI (P<0.05); 
additionally there was an insignificant difference of CTR with 
AKD and age (P>0.05). CTR of females over 60 years was 
found to be larger than in other age groups, more than 50% 
(Table 1,2; Figure 3).

Discussion
As one of the highly regularly performed radiological 

examinations, a basic understanding and interpretation of chest 
radiographs is an unavoidable requirement for any physician 
involved in patient care.(3) Before evaluating anomalous data, 
it is necessary first to understand normal chest radiography 
characteristics and variations. 

This study aimed to assess AKD in the Sudanese 
population using PA chest x-ray and to establish normative 
measurement to compare it with others and add a reference 
measurement. 

In this study’s sample population involving males and 
females, the mean AKD was 2.8±0.8cm; this is less than found 
in previous studies(2,4,5,7,10,11) and differs considerably from 
them.This value is smaller than Indian(2) AKD (3.04±0.59 
cm) and Korean(10) AKD (32.29±5.30 mm) but nearly similar 
to the Nepal(9) population (2.786±0.19 cm). This could be 
due to variations in the method of measurement. In some 
previous studies,(2,13,14) measurements were taken from the 
lateral border of AKD to the midline of the body. Table 3 
compares the measurements of this study with other studies 
in different countries. 

In this study, measurements of AKD and HD were 
significantly different by gender; males had greater sizes 
than females. It could be related to differences in BMI. Many 
studies consistent with this study documented that males have 
higher values than females in the same age group.(2,5,7,15) The 
finding is also similar to Magera et al.(6) and Ray et al.(4) The 
HD in this study was smaller than in Nigerians, with a mean of 
12.64±1.5cm, contrary to Magera’s report.(6) Our results show 
a significant positive correlation between HD and AKD. 

Table 2. 
Pearson Correlations of AKD & CTR with age, BMI, and HD

Variable r Sig.  (2-tailed)

AKD

Age 0.342 0.000

BMI 0.104 0.275

HD 0.837 0.000

CTR

Age 0.112 0.237

BMI 0.302 0.001

HD 0.358 0.000

Figure 1.   Box plot. AKD in different age groups    
                                  (r=0.359;P=0.000).

  Figure 2. Scatter plot. Linear regression 
                   of AKD  predicted by age. 

  Figure 3. Box plot. Comparison in CTR of 
                  females in different age groups.
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The CTR is a simple and helpful technique that can 
screen for cardiovascular disorders as an index of heart size.(16) 
In adults, the average range of CTR was determined to be 39%-
50% (mean of 45%). However, it was proposed that a CTR of 
up to 52% be “acceptable.”(17) 

As exhibited in the results section, there was a notable 
normal mean of Sudanese CTR (46.7±5.5%). It was also 
observed that the mean CTR of females was higher than in 
males (47.8±0.6% and 45.3±0.7%, respectively). This result is 
similar to a study of the Indian population, which was published 
by Debnath et al.,(3) in their revising anatomical variations, 
which may be due to increasing body structure in males, or 
also may be due to the prevalence of increased BMI in females 
more than in males. This relationship was highlighted as a 
significant difference between the two genders.(2) Moreover, 
the CTR of females over 60 years was found to be more than 
50%; this result was similar to the result found in the Ghanaian 
population by Mensah et al.(16) This was explained by the fact 
that older women experienced a more marked drop in trans-
thoracic diameter with age. 

There was a significant difference in AKD among 
different age groups. The AKD increased by 0.019cm with an 
increase of one year of age (AKD = 0.0199(age)+1.9469), and 
there was a strong positive correlation between age and AKD 
(P<0.001), which agreed with several studies.(2,4,5,7)The results 
of this study agree with previous studies,(2,5,8) which indicated 
an insignificant correlation between AKD and BMI; the 
result of this study is consistent with previous studies in that 
the AKD increases significantly with an increase in HD.(2,4,7) 

Conclusion
The study found a significant positive correlation between 

age and aortic knob diameter; age can be used as a predictor 
for aortic knob diameter. The aortic knob diameter in adult 
Sudanese is smaller than in Nigerians, Indians, and Asians. 
Increased heart sizes increase aortic knob diameter. The aortic 
knob diameter value is greater in males than in females.
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Abstract
Background: This study aimed to evaluate paranasal sinusitis disease and determine if there is a relationship between the 

anatomical variation of sinusitis based on the age and gender of the patient and, if so, to identify the most affected demographic group.
Methods and Results: This study included 130 patients (76 men and 54 women with ages ranging from 18 years to 75 

years) diagnosed with PNS disease and was conducted in the Radiology Department of King Abdelaziz Specialist Hospital and 
King Faisal Hospital (Taif city, Saudi Arabia) from January 1 2021 to January 31 2022. The evaluation of sinusitis was conducted 
using multidetector computed tomography (MDCT). The clinical symptoms included 70% cases of nasal obstruction, 53% cases 
of headache, 28.5% cases of nasal discharge, 17.7% cases of facial pain, and 3.1% cases of general malaise. The types of sinusitis 
included maxillary sinusitis (88.5%), sphenoid sinusitis (28.5%), ethmoid sinusitis (43.8%), and frontal sinusitis (23.5%). The 
study found no significant anatomical variation of sinuses based on age and gender (P>0.05). 

Conclusion: An evaluation of paranasal sinusitis disease using an MDCT scan shows that there are no gender or age-related 
differences in the prevalence of the disease. Moreover, the study demonstrates that there is no significant anatomical variation of 
sinuses based on age and gender.(International Journal of Biomedicine. 2022;12(4):575-579.).
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Introduction
Sinusitis is an inflammatory condition associated 

with bacterial, viral, or fungal infections of the cavities 

around the nasal passages or allergic reactions affecting the 
paranasal sinuses.(1) Sinusitis affects approximately 15% of 
humans worldwide(2,3) and is considered a major public health 
problem. The prevalence of sinusitis in the United States and 
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Europe was 12% and 10.9%, respectively.(4) Paranasal sinus 
(PNS) disease is a chronic and life-threatening condition 
characterized by infection, growth, and inflammation of the 
sinuses.(5) PNS disease is a prevalent disease in humans, and 
it impairs their quality of life.(6,7) It is also considered the fifth 
most common cause of antibiotic prescription in the U.S., with 
medical costs of almost $2.4 billion in addition to lost and 
diminished productivity.(8,9) 

The most widely used method for the assessment and 
diagnosis of PNS disease is the CT imaging modality.(1,10) CT 
scans are considered reliable for diagnosing PNS disease due 
to their high accuracy and sensitivity in defining the extent and 
degree of sinusitis.(2) While CT scans may not be reliable for 
detecting neoplasms in the paranasal sinuses, they can be used 
to distinguish between inflammatory diseases of the sinuses.
(11) An improved form of a CT scan known as MDCT has 
been developed, which provides a quicker and more detailed 
analysis of body structures with higher spatial resolution and 
more coverage of the patient. MDCT can be a useful tool for 
assessing patients suspected of having and confirmed to have 
PNS disease. 

Due to a lack of publication from our community 
regarding the efficacy of CT in diagnosing PNS, this study 
aims at characterizing and evaluating patients with PNS 
disease in Taif City, Saudi Arabia, using the MDCT technique. 
Preliminary research shows that sinusitis is prevalent in the 
Eastern Provinces, where it is associated with nasal polyposis, 
bronchial asthma, and analgesic intolerance.(12-14) However, 
the prevalence rate of PNS disease in the Kingdom of Saudi 
Arabia is not known due to a paucity of studies on the disease 
prevalence and incidence. 

This study aimed to evaluate paranasal sinusitis disease 
and determine if there is a relationship between the anatomical 
variation of sinusitis based on the age and gender of the patient 
and, if so, to identify the most affected demographic group.

Materials and Methods
Study population, sampling criteria, and study design
This study included 130 patients (males and females with 

ages ranging from 18 years to 75 years) diagnosed with PNS 
disease and was conducted in the Radiology Department of 
King Abdelaziz Specialist Hospital and King Faisal Hospital 
(Taif city, Saudi Arabia) from January 1 2021 to January 31 
2022.

This retrospective study was performed to assess and 
characterize paranasal sinusitis using MDCT. The dependent 
variable was paranasal sinusitis disease with mucosal 
thickening, retention cysts, opacifications, fluid level, polyp, 
as well as septal deviation, and enlarged nasal conchae. The 
independent variables were age, gender, history of the disease, 
and patient complaint (clinical data). 

Clinical assessments and guidelines
Patient data were obtained from the Picture Archiving 

and Communication System (PACS) of each hospital. The 
data are complete and do not require any special preparation. 
The data were captured with CT machines installed in the 
hospitals, including General Electric (GE) healthcare light 

speed, Phillips Medical System, and Siemens, all with 128 
slices each. The protocol followed during the assessment 
started with a patient in the supine position and supported 
under the knee for comfort. The lead apron was placed 
over the area to follow the concept of “as low as reasonably 
achievable” (ALARA) patient exposure to radiation.(15) The 
study protocol was used for the assessment with a lateral 
scout, axial scan, coronal and sagittal scan plane, and a scan 
range from the bottom of the maxillary sinus to the endpoint 
of the frontal sinus.

Statistical analysis was performed using statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized as 
frequencies and percentages. Group comparisons with respect 
to categorical variables are performed using One-Sample Chi-
Square test. A probability value of P<0.05 was considered 
statistically significant.

Informed consent was obtained from patients before 
collecting the data. All identifiable information about patients 
was removed, and the data were coded to ensure anonymity.

Results
Analysis of the demographic characteristics of the study 

patients (76[59%] men and 54[41%] women) showed the age 
range from 18 to 65 years (21.63 ±6.36 years) with the following 
age groups: the age group of 18-25 years – 24.6%, 26-35 years 
–36.2%, 36-45 years –18.5%, 46-55 years – 9.2%, and 56-65 
years – 6.9% (Table 1). 

More than half of the study sample (60.8%) was aged 
between 18 and 35, with a mean age of 21.63. The clinical 
symptoms included 70% cases of nasal obstruction, 53% cases 
of headache, 28.5% cases of nasal discharge, 17.7% cases of 
facial pain, and 3.1% cases of general malaise (Table 2). The 
types of sinusitis included maxillary sinusitis (88.5%), sphenoid 
sinusitis (28.5%), ethmoid sinusitis (43.8%), and frontal 
sinusitis (23.5%) (Fig.1). 

Characterization of sinusitis depending on the type 
of sinus opacification showed that 60.8% of the cases with 
maxillary sinusitis had bilateral opacification, 14.7% had right 

Variable Frequency (n) Percentage (%)

Gender
Males 76 58.5%

Females 54 41.5%

Age range (years)

18-25 32 24.6%

26-35 47 36.2%

36-45 24 18.5%

46-55 12 9.2%

56-65 9 6.9%

<65 6 4.6%

Table 1. 
Distribution of the study sample according to gender and age.
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sinus opacification, and 24.5% had left sinus opacification. Of 
the cases diagnosed with ethmoid sinusitis, 70.2% had bilateral 
sinus opacification, 8.8% had right sinus opacification, and 
12.1% had left sinus opacification. Of the cases diagnosed 
with frontal sinus, 61.3% had bilateral sinus opacification, 
12.9% had right sinus opacification, and 25.8% had left sinus 
opacification. Sphenoid sinus opacification was present in 
27.5% of the cases (Table 3).

The most common CT findings in cross-sectional 
images were nasal septum deviation (72.3%), mucosal 
thickening (70.8%), nasal conchae enlargement (32.2%), 

retention cyst(16.9%), and nasal polyps  (7.7%) (Figure 2 and 
Table 4). 

No gender differences in sinusitis prevalence were 
observed between male and female patients (P=0.178). An 
analysis of age differences in sinusitis showed no significant 
differences (P=0.762). We also did not find statistically 
significant anatomical variation among the age variables 
(P>0.05). No statistically significant differences in gender 
were noted in the anatomical variation of sinusitis (P>0.05).

Discussion
Sinusitis is a leading public health issue with significant 

cost implications. An extensive body of literature focuses on 
the evaluation of paranasal sinusitis using CT scans.(7,12,16,17) 
The findings suggest that the age of the patient influences the 

      Clinical symptoms Frequency (n) Percentage (%)

       Nasal obstruction 91 70%

Headache 69 53.1%

Nasal discharge 37 28.5%

Facial pain 23 17.7%

General malaise 4 3.1%

Table 2.
Distribution of the study sample according to clinical diagnosis.

                           Fig. 1. Types of paranasal sinusitis.

Sinus
The side of opacification

Right Bilateral Left

Maxillary sinus 17 (14.7%) 70 (60.8%) 28 (24.5%)

Ethmoid sinus 5 (8.8%) 40  (70.2%) 12 (12.1%)

Frontal sinus 4 (12.9%) 19  (61.3%) 8 (25.8%)

Sphenoid sinus
Present Absent

37 (28.5%) 93 (71.5%)

Table 3.
The side of sinus opacification.

CT finding
Side

Right Bilateral Left

Presence of mucosal
thickening 15 (16.3%) 62 (67.4%) 15 (16.3%)

Presence of retention cyst 10 (45.4%) 4 (18.2%) 8 (36.4%)

Presence of nasal polyps 2 (20%) 6 (60%) 2 (20%)

Nasal conchae
enlargement

Site Right Bilateral Left

Inferior 7 (16.7%) 6 (14.3%) 16 (38.1%)

Middle 2 (4.7%) 4 (9.5%) 7 (16.7%)

Superior 0 0 0

Nasal septum deviation
Right Centralize Left

56 (43.1%) 36 (27.7%) 38 (29.2%)

Presence of air-fluid level 2 (1.5 %)

Table 4. 
Distribution of the study sample according to CT findings.

Fig. 2. Distribution of the study sample according   
            to CT findings.
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pattern of infection.(7) Further research shows that the features 
of sinusitis vary widely among patients, including maxillary 
sinusitis, nasal septal deviation, enlarged nasal conchae, 
mucosal thickening, retention cysts, and polyps.

The samples used in this study included male and female 
samples of patients aged 18 years to 65 years old. The study 
sample indicated that more than half of the study patients 
(60.8%) who suffered from sinusitis were between 18 and 35 
years old. Many studies have explored sinusitis prevalence 
among various age groups, including young children. Most 
of these studies have shown that sinusitis occurs among 
all age groups.(14,20) Consistent with the evidence from the 
existing literature, this study’s findings indicate no statistically 
significant difference between the age of the subjects and the 
severity of sinusitis (P>0.05). 

Characterization of the study sample based on the type 
of sinusitis showed that most patients had maxillary sinusitis 
(88.5%), followed by ethmoid sinusitis (43%), sphenoid 
sinusitis (28%), and frontal sinusitis (23%). 

According to this study, 58.5% of the cases were male 
while 41.5% were female, with a marginal preponderance for 
males, which corresponds with the existing research evidence.
(13,21,22) Sinusitis of the maxillary sinus was most common 
(88.5%), followed by ethmoid, sphenoid and frontal sinuses.
(13,23,24) The most frequent clinical presentations in the present 
study were nasal obstruction (70%) and headache (53%), 
which were like those found in the study by Almutairi et 
al.(25)  In our study, the septal deviation, mucosal thickening, 
and enlarged nasal conchae were the most common findings 
in PNS pathologies, which agrees with data in the study by 
Alshammari et al.(12) 

According to the current study, there was no statistically 
significant variation in sinusitis and anatomical variables 
between genders and ages. Most patients with PNS pathology 
were in their first and second decades, with male predominance. 
Nasal obstruction was the most common complaint among 
these patients, and the most common anatomical variant 
observed was deviated nasal septum, more to the right and 
with maxillary as commonly involved.

A range of research studies has shown that various 
mechanisms can damage the sinuses and cause them to become 
inflamed.(26-32) The most common cause is an inflammation 
caused by a sinus infection that has not yet been identified. 
In this study, the differences in anatomical features between 
genders and between ages were not statistically significant. 
These findings are congruent with existing studies, which show 
that maxillary sinusitis is the most common type of sinusitis.(33)

In conclusion, an evaluation of paranasal sinusitis 
disease using an MDCT scan shows that there are no 
gender or age-related differences in the prevalence of the 
disease. Moreover, the study demonstrates that there is no 
significant anatomical variation of sinuses based on age and 
gender. Further clinical studies are required to evaluate other 
anatomical variations, like concha bullosa, agger nasi cell, 
basal lamella pneumatization, and crista Galli. The study 
findings will help healthcare professionals, especially ENT 
physicians, to make early assessments and accurate diagnoses 
of PNS disease for effective treatment and management.
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Abstract
Background: Ultrasound is the primary imaging modality to identify renal stones (RS) in patients with acute flank pain. 

This study aimed to evaluate the presence, location, and size of RS diagnosed by ultrasound in association with age, gender, and 
body mass index (BMI) among patients at Riyadh hospitals. 

Methods and Results: In this case-control study, a total of 250 records (130/52% for males and 120/48% for females) from 
2018 to 2019 were reviewed from January to March 2020 at different hospitals in Riyadh. In this study, 150(60%) records of patients 
with RS and 100(40%) records of patients without RS were collected to evaluate the risk factor for RS formation in the central area 
of Saudi Arabia. A designed data collection sheet containing all variables (demographic and sonographic) of the study was used. 
Demographic data included gender, age, and BMI. Sonographic data included RS presence (yes, no), RS location (right kidney, left 
kidney, both kidneys), and RS size (small [<0.5 cm], average [0.5–1 cm], and large [>1 cm]). Statistical analysis was performed 
using statistical software package SPSS version 23.0 (SPSS Inc, Armonk, NY: IBM Corp). 

The study found that RS were more common among males than females  (P<0.001). The results show that in normal body 
weight, the frequency of stone presence was similar for right kidney and left kidney. In overweight patients, RS were more often 
observed in left kidney (P=0.000). We also found a significant association between BMI and RS size (P=0.049); the presence of 
smaller stones increases with BMI. There was no association between sonographic data and age (P>0.05)

Conclusion: Among patients at Riyadh hospitals, females are less affected by RS than males. Gender is a significant risk 
factor for the development of RS. The effect of BMI is obvious on renal stone location and size. (International Journal of 
Biomedicine. 2022;12(4):580-583.).
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Introduction
Renal stones (RS) are considered one of the most 

common diseases worldwide. Generally, calculi develop in 
one kidney, but sometimes in both kidneys.(1) Flank pain due 
to urolithiasis is a common problem with patients presenting 
to emergency departments. Radiology plays a vital role in 
diagnosing this problem. Many modalities can be used, 
including ultrasonography, X-ray and CT.(2)

Ultrasound is the primary imaging modality to identify 
RS in patients with acute flank pain.(3) Ultrasound detects the 
presence, location and size of RS. Kidney stones are seen as 
an echogenic focus that produces acoustic shadowing.(4)

Calculi can form in the kidneys at any age, but adults 
are under the threat of calculi creation in their kidneys more 
often than children. Climate influences people’s diet plans, 
and it generally becomes a reason for the formation of 
calculi in their kidneys. Numerous other factors affect calculi 
formation in the kidney, including gender, the nature of the 
liquids consumed, and diet.(5) 

In the US, a medical survey regarding calculi 
prevention discovered that the prevalence of calculi among 
women was 5% and among men, 12%.(1) In Japan, a study on 
the correlation of body mass index (BMI) with RS found that 
an increased BMI was a risk factor for Japanese men.(6)

In Saudi Arabia, result of studies in different parts of 
the country do not agree. A study conducted in the western 
region found that the middle-aged population in their third 
decade of life, as well as overweight and obese people, are at a 
high risk of developing urolithiasis.(7) However, another study 
in the eastern region found that the prevalence of RS is high 
among patients between 30 and 50 years of age, male gender 
and normal BMI.(8) There is a different climate in the central 
region of Saudi Arabia, which was the focus of our study, so 
the risk factors that affect the formation of RS there may differ. 

This study aimed to evaluate the presence, location, and 
size of RS diagnosed by ultrasound in association with age, 
gender, and BMI among patients at Riyadh hospitals. 

Materials and Methods
In this case-control study, a total of 250 records (130/52% 

for males and 120/48% for females) from 2018 to 2019 were 
reviewed using a picture archiving and communication system 
(PACS) from January to March 2020 at different hospitals in 
Riyadh. In this study, 150(60%) records of patients with RS 
and 100(40%) records of patients without RS were collected 
to evaluate the risk factor for RS formation in the central area 
of Saudi Arabia.

A designed data collection sheet containing all variables 
(demographic and sonographic) of the study was used.  
Demographic data included gender, age (classified into four 
groups: 18–37 years, 38–57 years, 58–77 years, and 78–97 
years), and BMI  (organized into four categories: underweight 
[<18.5 kg/m2], normal weight [18.5–24.9 kg/m2], overweight 
[>24.9–29.9 kg/m2], and obese [>30 kg/m2]). Sonographic 
data included RS presence  (yes, no), RS location (right 
kidney [RK], left kidney [LK], both kidneys), and RS size 

(small [<0.5 cm], average [0.5–1 cm], and large [>1 cm]).(9) 
Statistical analysis was performed using statistical 

software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables. Group 
comparisons were performed using chi-square test with Yates 
correction. A probability value of P<0.05 was considered 
statistically significant.

Ethical approvals were obtained from the research 
center at Princess Nourah Bint Abdulrahman University 
(PNU) before collecting data (IRB number: 20-0040). 

Results and Discussion
Among 150(60%) records of patients with RS, about 

44% of RS were located in right kidney, 50% - in left kidney, 
and 9% - in both kidneys simultaneously. About 20.8% 
of RS were small, 27.2% - average, and 12% large. Tables 
1-2 show the distribution of sonographic data according to 
the demographic data (age, gender and BMI). There was no 
association between sonographic data and age (P>0.05) (Table 
1). Gender showed an effect on the presence of RS (P0.001) 
(Table 2); BMI showed an effect on stone location (P=0.010) 
and stone size (P=0.049) (Table 3). 

Table 1. 
Association between age and sonographic data. 

Age

RS
presence RS location RS size

Yes No RK LK Both Small Average Large

18-37 years 52 37 25 26 1 15 25 12

38-57 years 64 38 25 36 3 22 32 10

58-77 years 33 20 15 13 5 14 11 8

78-97 years 1 5 1 0 0 1 0 0

Total 150 100 66 75 9 52 68 30

P-value 0.156 0.596 0.474

Table 2. 
Association between gender and sonographic data. 

Gender

RS
presence RS location RS size

Yes No RK LK Both Small Average Large

Female 57 63 27 27 3 24 22 11

Male 93 37 39 48 6 28 46 19

Total 150 100 66 75 9 52 68 30

P-value 0.000 0.799 0.300
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Results obtained demonstrate that the age group 
between 38–57 years had a higher frequency of renal stones. 
It may be that this age group performed the most substantial 
activities, which led to dehydration. In the eastern region, the 
prevalence of renal stones was highest in patients aged 30–50 
years. However, our results showed no significant association 
between sonographic data and age. A larger sample size may 
be needed to show the significance. 

The left kidney was most affected by renal stones. 
The chi-square test indicated a nonsignificant association 
(P=0.596) between patients’ age and the renal stone location. 
The presence of an average size of renal stones was observed 
somewhat more often, but without statistical significance 
(P=0.474). The study found that renal stones were more 
common among males than females (P<0.001). Different 
studies confirmed that the male gender is more affected.(8,10) 

There are various reasons for this result; heavy activities are 
performed by males, leading to dehydration, a high protein 
diet is spread among males, and males have a high prevalence 
of diabetes.(11) Gender did not affect the location or size of 
renal stones

The body mass index (BMI), first described by 
Adolphus Quetelet in the mid-19th century,(12) has been 
consistently used in a myriad of epidemiologic studies. 
However, the accuracy of body mass index in diagnosing 
obesity is limited, particularly for individuals in the 
intermediate body mass index ranges, in men, and in the 
elderly.(13) In a study performed by Romero-Corral et al.,(13) 
a BMI cutoff of ≥ 30 kg/m2 had good specificity but misses 
more than half of people with excess fat. 

Different studies(6,14) in different countries emphasized 
the effect of body mass index on the formation of renal stones.
Our results regarding the effect of body mass index on the 
presence of renal stones is contrary to some literature data 
(P=0.082). However, the sample size may not be enough 
to show the significance. The effect of body mass index on 
renal stone location is obvious (P=0.010). The results show 

that in normal body weight, the frequency of stone presence 
was similar for right kidney and left kidney. In overweight 
patients, renal stones were more often observed in left kidney 
(P=0.000). However,  this association needs more studies to 
justify these results. We also found a significant association 
between body mass index and renal stone size (P=0.049); the 
presence of smaller stones increases with body mass index. 
These stones can be impacted at the distal ureter and result in 
a hydroureter. Usually, these small stones are formed by uric 
acid, and the tendency toward uric stone formation increases 
with body mass index. On the other hand, larger stones are 
usually formed by calcium oxalate, which decreases with 
increasing body mass index.(15)  

Conclusion 
Among patients at Riyadh hospitals, females are less 

affected by renal stones than males. Gender is a significant 
risk factor for the development of renal stones. The effect of 
body mass index is obvious on renal stone location and size. 
The results show that in normal body weight, the frequency 
of stone presence was similar for right kidney and left kidney. 
In patients with overweight, renal stones were more often 
observed in the left kidney. The presence of smaller size stones 
increases with body mass index.
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Abstract
Background: The purpose of this study was to compare the quality of the coronal seal of three root canal sealers and two 

obturation techniques using the bacterial penetration method.
Methods and Results: A total of 132 single-rooted human teeth with fully developed apices were used. The teeth were randomly 

assigned to three experimental groups according to the endodontic sealer used. Group 1: Samples (n=44) were obturated using a zinc 
oxide eugenol-based sealer, Pulp Canal Sealer EWT. Group 2: Samples (n=44) were obturated using an epoxy resin-based sealer, AH 
Plus. Group 3: Samples (n=44) were obturated using a bioceramic-based root canal sealer, Well-Root ST. Each group was subdivided 
into 2 equal subgroups in accordance with the obturation technique being used: the cold lateral condensation technique (CLCT) 
and Thermafil obturation technique (ThOT). Thus, 6 subgroups were formed: Sub-1A: Pulp Canal Sealer/CLCT; Sub-2A: AH Plus/
CLCT; Sub-3A: Well-ROOT ST/CLCT; Sub-1B: Pulp Canal Sealer/ThOT; Sub-2B: AH Plus/ThOT; Sub-3B: Well-ROOT ST/ThOT. 
A dual-chamber device was used to evaluate bacterial leakage. Fresh medium and E. faecalis were added to the upper chamber every 
4 days. The broth was monitored for color change daily for 33 days. Significant differences were found among Sub-2A vs. Sub-
1B (P=0.023), Sub-1A vs. Sub-3A (P=0.014), Sub-1A vs. Sub-2B (P=0.024), Sub-1A vs. Sub-3B (P=0.002), Sub-3A vs. Sub-1B 
(P=0.003), Sub-2B vs. Sub-1B (P=0.005), and Sub-1B vs. Sub-3B (P<0.0001). There was no significant difference in the average 
occurrence of turbidity between CLCT and ThOT (P=0.718)

Conclusion: Regardless of the obturation technique, all root canal sealers exhibited leakage; however, the bioceramic-
based root canal sealer appeared to perform better than the epoxy resin-based sealer and the zinc oxide eugenol-based sealer.
(International Journal of Biomedicine. 2022;12(4):584-590.).
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Introduction
Microorganisms are a major etiological factor in root 

canal infections, and eradicating them during root canal 
treatment by instrumentation, irrigation, and intracanal 

medication is fundamental. The root canals should be 
cleaned, shaped, and obturated with sterilized materials 
with antimicrobial properties.(1) It is not always possible to 
completely eliminate microorganisms from the root canals,(2) 
and microorganisms can also penetrate through coronal 
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leakage after the obturation of root canals.(3) No available 
filling material or technique can achieve complete sealing of 
the entire root canal system.(4) Therefore, there is a need to 
develop root canal filling materials with an improved capacity 
to prevent bacterial ingress in the long term.(5) 

Many studies involving dyes, radioisotopes, and bacteria 
have been performed to evaluate coronal leakage. The use of 
bacteria to assess substantial coronal leakage is considered to 
be of greater clinical relevance than dye penetration, according 
to Timpawat et al.(6) Enterococcus faecalis is commonly 
isolated from primary(7) and secondary endodontic infections.
(8) However, its prevalence is higher in secondary endodontic 
infections. This microorganism is one of the most resistant in 
endodontic infections and is considered to be a possible cause 
of endodontic treatment failure.(9)

The success of endodontic treatment depends on adequate 
mechanical debridement of the root canal and quality obturation 
with a material that must be biocompatible. Gutta-percha is 
the recommended material because it has been shown to be 
biologically inert.(10) Gutta-percha does not bond to root dentin and 
must be used in conjunction with a sealer cement.(11) Cold lateral 
condensation of gutta-percha is one of the most widely accepted 
canal obturation methods and is taught by numerous dental 
schools. Nevertheless, its capability to adapt the gutta-percha 
to the internal surface of the root canal has been questioned.(12) 
Recently, a number of plasticized gutta-percha techniques have 
been introduced that have claimed to seal the root canal better.
(13) The Thermafil obturation technique (ThOT) involves a plastic 
core covered by gutta-percha that is heated in an electric oven 
to ensure thermoplasticization. This carrier-guided gutta-percha 
technique is fast and effective in obturating the canal, exhibiting 
less leakage in vitro compared with the cold lateral condensation 
technique (CLCT).(14) The flow of endodontic sealers is related 
to their physical-chemical properties as well as to their root canal 
sealing ability during the procedure of root filling.(15)

AH Plus (epoxy resin-based sealer) has gained popularity 
due to its radiopacity, biocompatibility, ease of use, and 
availability. Pulp Canal Sealer (zinc oxide eugenol sealer) has 
antibacterial activity, but also exhibits some toxicity when 
placed directly on vital tissues.(16) New endodontic sealers 
based on bioceramic materials have been developed in an effort 
to create a biocompatible sealer with ideal physical, chemical, 
mechanical, and biological properties. Such an endodontic sealer 
is Well-Root ST.(17) Bioceramic sealers have stimulated strong 
interest because they contain calcium phosphate, silicates, and 
water-free thickening vehicles to enable the sealer to be applied 
as a premixed paste.(18) The inorganic ingredients of the sealer 
are mixed with thickening agents because water is needed for 
the setting response. The need for water can be attributed to the 
inherent properties of bioceramic materials or more precisely to 
the hydrophilic nanoparticles that allow more water molecules 
to come in contact with the sealer.(19) The differences between 
the materials change over time, and this change has clinical 
implications; therefore, this study investigated the need to 
measure microleakage over more extended periods.(20)

The purpose of this study was to compare the quality of 
the coronal seal of three root canal sealers and two obturation 
techniques using the bacterial penetration method.

Materials and Methods
Collection of teeth 

A total of 132 single-rooted human teeth with fully 
developed apices were used. Exclusion criteria were teeth with 
cracks, root caries, internal/external resorption, and untreated 
root canals with open apices. The teeth were stored in a sterile 
saline solution until use. Bone, calculus, and soft tissue on 
the roots were removed with scalpel blades under running tap 
water, taking care not to damage the root surface.
Root canal preparation and filling 

Patency and working length were determined by 
placing a #10 K-file (Maillefer, LD Caulk Co., Milford, DE, 
USA) in the root canal until it just penetrated the foramen, 
after which 1 mm was subtracted from this, and the length 
was recorded. Flaring was performed with Gates Glidden 
Drills #1 through #3. 

Canals were instrumented using K-files via the step-back 
technique with 2% sodium hypochlorite (Parcan, Septodont, 
France) and 17% EDTA (Chelaton III, Lach, Czech Republic) 
used as irrigants. All root canals were enlarged to the size of 
a #40 K-file (master apical file) (Dentsply Maillefer, Tulsa, 
OK, USA) at the apical foramen. The samples were stored 
in normal saline until obturation. Absorbent paper points 
were used to dry the canals (Dentsply Maillefer). After root 
canal preparation, the teeth were randomly assigned to three 
experimental groups according to the endodontic sealer 
used. Group 1: Samples (n=44) were obturated using a zinc 
oxide eugenol-based sealer, Pulp Canal Sealer EWT (PCS) 
(Kerr Corporation, Romulus, MI, USA). Group 2: Samples 
(n=44) were obturated using an epoxy resin-based sealer, AH 
Plus (Dentsply DeTrey GmbH, Konstanz, Germany). Group 
3: Samples (n=44) were obturated using a bioceramic-based 
root canal sealer, Well-Root ST (Vericom, Gangwon-do, 
Korea).

Each group was subdivided into 2 equal subgroups in 
accordance with the obturation technique being used: CLCT 
and ThOT. Thus, 6 subgroups were formed: Sub-1A: Pulp 
Canal Sealer/CLCT; Sub-2A: AH Plus/CLCT; Sub-3A: Well-
ROOT ST/CLCT; Sub-1B: Pulp Canal Sealer/ThOT; Sub-2B: 
AH Plus/ThOT; Sub-3B: Well-ROOT ST/ThOT.
Cold lateral condensation technique (CLCT) 

The sealer was placed in the canal using a lentulo 
spiral (25 mm size 3 green, Dentsply-Maillefer), followed by 
inserting the gutta-percha master cone (Dentsply-Maillefer) 
to the predetermined working length. Nickel-titanium finger 
spreaders (Dentsply-Maillefer) were used to conduct the lateral 
compaction using accessory cones (Dentsply-Maillefer). 
Obturations were considered complete when the spacer could 
not enter the root canal area (10 mm).
Thermafil obturation technique (ThOT) 

The samples of the Thermafil subgroups were obturated 
as specified by the manufacturer. We selected a Thermafil 
obturator the same size as the verifier. Sterile paper points were 
used to coat the walls of the canal to the working length with 
the allocated sealer of the subgroup. The Thermafil obturator 
was heated in the Therma Prep oven and inserted in the canal 
to the established working length. The shaft was severed level 
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with the orifice using a round bur in a high-speed handpiece. 
The total time from checking the obturator until shaft removal 
was measured.
Bacterial leakage device 

A scintillation vial was modified to create a dual-
chamber device based on a similar two-chamber method. 
A round bur with a diameter of 9mm was used to bore a 
hole through the center of the screw cap, in which the 
tooth was suspended and secured with wax covered by two 
layers of nail varnish. The lower chamber of the device was 
filled with sterile tryptic soy broth (TSB). Using a sterile 
micropipette, 0.1ml of an overnight broth culture of E. 
faecalis ATCC-51299 (Liofilchem, Roseto degli Abruzzi, 
Italy) was inoculated into the root canal of each tooth via the 
coronal access cavity preparation. To prevent evaporation 
and contamination, the opening of the pipette tip was veiled 
with a sterile plastic cap. All laboratory procedures were 
carried out under aseptic conditions. Fresh medium and E. 
faecalis were added to the upper chamber every 4 days. The 
broth was monitored for color change daily for 33 days. An 
LS-722N-2000 Spectrophotometer (Qingdao Pharmacypro 
Co., Ltd. Shanghai, China) was used to measure the 
turbidity of the samples at an absorption rate of 590 μm. The 
measurements were all performed in the same room.

Statistical Analysis

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Armonk, 
NY: IBM Corp). The mean, standard deviation, standard 
error of the mean, median, interquartile range, and confidence 
interval (CI) were calculated. The means and medians for 
the turbidity presentation time according to obturation 
techniques and materials used for canal obturation were 
analyzed using Kaplan-Meier survival curves. Data were 
analyzed with One-way ANOVA & Tukey’s (HSD) post-hoc 
test. Group comparisons with respect to categorical variables 
are performed using chi-square tests. A probability value of 
P<0.05 was considered statistically significant.

Results
On average, tooth turbidity was observed after 25.8 

days. There was no significant difference in the average 
occurrence of turbidity between CLCT and ThOT (P=0.718) 
(Table 1 and Figure 1). 

For both canal obturation techniques, the fastest turbidity 
presentation time was reported in Group 1 (Sub-1A=19.3 days 
and Sub-1B=18.2 days), and the slowest turbidity presentation 
time occurred in Group 3 (Sub-3A=30.2 days and Sub-
3B=31.5 days). Significant differences were found among 
Sub-2A vs. Sub-1B (P=0.023), Sub-1A vs. Sub-3A (P=0.014), 
Sub-1A vs. Sub-2B (P=0.024), Sub-1A vs. Sub-3B (P=0.002), 
Sub-3A vs. Sub-1B (P=0.003), Sub-2B vs. Sub-1B (P=0.005), 
and Sub-1B vs. Sub-3B (P<0.0001) (Table 2 and Figure 2). 
CFU levels >300 were recorded in 31.8% of teeth for both 
canal obturation techniques (Table 3).

Among subgroups, the highest percentage of CFU>300 
was registered for Sub-1B and Sub-1A (68.2% and 50%, 

respectively). The lowest percentage of CFU>300 was found 
in Sub-3B and Sub-3A (9.1% and 18.2%, respectively). 
CFU>300 was also found in 18.2% of Sub-2B samples 
(Table 4). No significant differences were found for the 
mean turbidity values using spectrophotometry for samples 
using the obturation techniques (P=0.58). The highest mean 
turbidity value was recorded in the CLCT group (CLCT=0.57 
vs. ThOT=0.54) (Table 5 and Figure 3).

There were significant differences in the mean turbidity 
values according to the Subgroups (P=0.008). The highest 
mean turbidity values were recorded for Sub-1A and Sub-
1B (0.64 and 0.58, respectively). The lowest mean turbidity 
values were recorded for Sub-2B and Sub-2A (0.42 and 0.44, 
respectively) (Table 5).
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Table 1. 

Mean and median for turbidity presentation time for Cold Lateral 
Condensation Technique vs. Thermafil obturation technique.

                       Means and Medians for Survival Time

Fig. 1. Kaplan-Meier survival curves: 
Turbidity presentation time for CLCT vs. 

ThOT.
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Table 2. 
Mean and median for turbidity presentation time according to the 
obturation technique and paste subgroups. 

Means and Medians for Survival Time

Su
bg

ro
up

s Meana Median

Es
tim

at
e

Std. 
Error

95% CI

Es
tim

at
e

Std. 
Error

95% CI

Lower 
Bound

Upper
Bound

Lower 
Bound

Upper 
Bound

2A 27.091 2.227 22.727 31.455 . . . .

1A 19.318 3.030 13.379 25.258 18.000 . . .

3A 30.182 1.402 27.434 32.930 . . . .

2B 28.545 2.142 24.346 32.745 . . . .

1B 18.182 2.827 12.641 23.722 12.000 4.221 3.726 20.274

3B 31.455 1.090 29.317 33.592 . . . .

Overall 25.795 1.016 23.804 27.787 . . . .

a. Estimation is limited to the largest survival time if it is censored. Log Rank 
(Mantel-Cox): Chi-Square=24.754, df=5, P<0.0001

Pairwise Comparis: Log Rank Test (Mantel-Cox).

Su
bg

ro
up

s A / Group 2 A / Group 1 A / Group 3 B / Group 2 B / Group 1 B / Group 3

Chi-
Square Sig. Chi-

Square Sig. Chi-
Square Sig. Chi-

Square Sig. Chi-
Square Sig. Chi-

Square Sig.

2A 3.001 0.083 0.643 0.423 0.453 0.501 5.153 0.023 2.425 0.119

1A 3.001 0.083 6.038 0.014 5.079 0.024 0.113 0.737 9.725 0.002

3A 0.643 0.423 6.038 0.014 0.011 0.915 9.106 0.003 0.740 0.390

2B 0.453 0.501 5.079 0.024 0.011 0.915 7.937 0.005 0.825 0.364

1B 5.153 0.023 0.113 0.737 9.106 0.003 7.937 0.005 13.01 0.000

3B 2.425 0.119 9.725 0.002 0.740 0.390 0.825 0.364 13.0060.000

Fig.  2. Kaplan-Meier survival curves: turbidity presentation 
time according to the obturation technique and paste 
subgroups.

Table 3. 
CFU in the teeth analyzed according to the canal obturation 
technique.

Groups CFU Frequency Percent Cumulative
Percent

CLCT

Negative 45 68.2 68.2

>300 21 31.8 100.0

Total 66 100.0

ThOT

Negative 45 68.2 68.2

>300 21 31.8 100.0

Total 66 100.0

Table 4.
 CFU according to the obturation technique and pastes used.

Subgroups* CFU Frequency Percent
Cumulative 

Percent

AH Plus/CLCT

Negative 16 72.7 72.7

>300 6 27.3 100.0

Total 22 100.0

Pulp Canal Sealer/
CLCT

Negative 11 50.0 50.0

>300 11 50.0 100.0

Total 22 100.0

Well-Root ST/  
CLCT

Negative 18 81.8 81.8

>300 4 18.2 100.0

Total 22 100.0

AH Plus/ThOT

Negative 18 81.8 81.8

>300 4 18.2 100.0

Total 22 100.0

Pulp Canal Sealer/
ThOT

Negative 7 31.8 31.8

>300 15 68.2 100.0

Total 22 100.0

Well-Root ST/
ThOT

Negative 20 90.9 90.9

>300 2 9.1 100.0

Total 22 100.0
* Pearson Chi-Square = 25.981a, df=5, P<0.0001. 
a. 0 cells (0.0%) have expected count less than 5. The minimum 
expected count is 7.00.

Table 5. 
The mean value of turbidity using spectrophotometry according to 
the obturation techniques and subgroups.

Groups/
Subgroups N Minimum Maximum Mean Std. 

Dev. ANOVA P-value

CLCT 21 0.28 0.70 0.57 0.124
F=0.311 0.58

ThOT 19 0.27 0.89 0.54 0.141
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Discussion
Achieving an acceptable coronal seal is one of the 

key intentions in endodontic treatment. Many materials 
and obturation techniques are available. Each has its 
own advantages and disadvantages; therefore, the search 
for the ideal sealer and obturation technique continues. The 
present study used two obturation techniques to compare and 
evaluate coronal leakage in three root canal sealers.

We found no significant differences between the 
techniques of ThOT and CLCT. Our results, consistent with 
the findings of other researchers, indicated no significant 
differences in coronal sealing ability between ThOT and CLCT.
(21,22) Gade et al.(23) found no significant differences in the quality 
of obturation between CLCT and ThOT. The turbidity of the 
samples appeared later in ThOT than in CLCT, which was in 
accordance with other studies in which the researchers concluded  
that ThOT provided better sealing than CLCT.(24,25) De Moor and 
Hommez(26) demonstrated that ThOT had significantly greater 
coronal leakage than three other condensation techniques. The 
important aspect of Thermafil is the margin of error permitted 
by the manufacturer in the production of plastic carriers. There 
is no evidence in the literature for the discrepancy percentage 
between different carriers.(27)

According to our results, Well-Root ST and AH Plus 
had similar leakage after 33 days, but Well-Root ST had the 
better sealing ability. Four of the Well-Root ST samples in the 
subgroup obturated with CLCT exhibited bacterial leakage, 
compared with only 2 samples in the subgroup obturated with 
ThOT. In the AH Plus/CLCT subgroup, 6 samples exhibited 
leakage, compared with 4 samples in the AH Plus/ThOT 
subgroup. In contrast, the Pulp Canal Sealer/CLCT subgroup 
included 11 samples with high leakage, and the Pulp Canal 
Sealer/ThOT subgroup included 13 samples with bacterial 
leakage. Our results indicated that Well-Root ST had less 
microleakage than other tested sealers, such as AH 26,(28) 
while zinc oxide eugenol had the highest microleakage, which 
agreed with previous findings.(29,30) One possible reason for the 
better sealing ability of Well-Root ST is its biocompatibility 
and antimicrobial effect.(31)

Turbidity in the lower chamber is an indicator of 
contamination by microorganisms. In the present study, the 
highest mean turbidity value was recorded in the CLCT group, 
but the differences were not significant. The highest turbidity 
value was recorded in the group with Pulp Canal Sealer, 
whereas the lowest turbidity value was in the group with AH 

Table 5 (continued). 
The mean value of turbidity using spectrophotometry according to 
the obturation techniques and subgroups.

Groups/
Subgroups N Minimum Maximum Mean Std. 

Dev. ANOVA P-value

AH Plus/
CLCT 6 0.28 0.55 0.44 0.113

F=3.763 0.008

Pulp Canal
Sealer/CLCT 11 0.44 0.70 0.64 0.088

Well-Root ST/
CLCT 4 0.48 0.59 0.56 0.054

AH Plus/
ThOT 4 0.27 0.58 0.42 0.131

Pulp Canal
Sealer/ ThOT 13 0.38 0.89 0.58 0.138

Well-Root ST/
ThOT 2 0.55 0.58 0.56 0.018

Fig. 3.  The mean value of turbidity using spectrophotometry 
according to the obturation techniques and subgroups.

Multiple Comparisons

Dependent Variable: SphMETER 
Tukey HSD

(I) Subgroup (J) Subgroup Mean
Difference (I-J)

Std.
Error

Sig. 95%CI

Lower 
Bound

Upper 
Bound

PCS/CLCT PCS/ThOT 0.19998* 0.05703 0.015 0.0279 0.3721

WRST/CLCT 0.21832* 0.06560 0.024 0.0203 0.4163

* - The mean difference is significant at the 0.05 level.
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Plus. Because of its poor sealing and adhesion properties 
to dentin, Pulp Canal Sealer exhibited the highest amount 
of bacterial penetration compared with all groups, which is 
consistent with other studies.(32-34) Pommel and Camps (35) 
compared the lateral condensation technique and the ThOT 
with Pulp Canal Sealer and reported that Thermafil obturation 
had less leakage than lateral condensation. Our study showed 
no significant differences between the CLCT and ThOT 
subgroups in the Pulp Canal Sealer group.

This study found that regardless of the obturation 
technique, turbidity appeared most quickly in the groups 
obturated with Pulp Canal Sealer and AH Plus (18.75 and 
27.82 days, respectively), compared with 30.82 days in the 
Well-Root ST group. This may be because the antibacterial 
effect of Pulp Canal Sealer and AH Plus is lower than that of 
Well-Root ST.(36,37) Apart from the antibacterial activity of the 
sealers, the physical properties, such as adhesion, adaptability, 
and solubility, are also important.

Obturation is the final step in root canal treatment. It 
can be achieved with different types of root canal sealers in 
combination with the core root canal filling material, such as 
gutta-percha cones, using different condensation techniques. 
In the present study, the samples were contaminated with E. 
faecalis and monitored for 33 days, which was long enough to 
detect early-stage leakage, although other studies monitored 
teeth daily from 30 to 90 days.(38,39) E. faecalis was used 
because it invades the dentin tubules and can survive in the 
root canal system after root canal treatment. Histological 
sections or high-resolution micro-CT imaging(40) should be 
used together with other testing methods to verify the mode of 
contamination for bacterial leakage. 

There were some limitations in this study. The coronal 
restorations were missing, which increased the amount 
of leakage, even though the current clinical philosophy 
recommends that the tooth should be immediately restored to 
protect the root canal filling from coronal leakage. However, 
there are sometimes cases when the patient does not have 
time to finish the treatment session, or the dentist may need 
to postpone the placement of a coronal restoration until a 
subsequent appointment. In such instances, temporary filling 
cements are used, which may fall out of the cavity before the 
coronal restoration appointment, exposing the obturated root 
canal to saliva and oral bacteria. 

Conclusion
Within the limitations of this study, our findings indicate 

no statistically significant difference between the CLCT and 
the ThOT. Regardless of the obturation technique, all root 
canal sealers exhibited leakage; however, the bioceramic-
based root canal sealer appeared to perform better than the 
epoxy resin-based sealer and the zinc oxide eugenol-based 
sealer.
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Abstract
Background: The aim of this research was to study the effect of air-abrasive treatment of dentin on the chemical composition 

of its surface and the adhesion strength of 2 self-etching adhesive systems (AS).
Methods and Results: Powders based on aluminum oxide (Al2O3) (27µm) (KaVo, Biberach, Germany), sodium bicarbonate 

(NaHCO3) (40µm) (AIR-FlOW Classic Comfort, EMS, Nyon, Switzerland), and erythritol (14µm) (AIR-FLOW Plus, EMS, 
Nyon, Switzerland) were used for the air-abrasive treatment of adhesive surfaces. Bonding steps were carried out with Single Bond 
Universal (SBU) (3M ESPE, USA) and Bond Force 2 (BF2) (Toquyama, Japan). The adhesion strength of composite to dentin 
was evaluated on 80 samples prepared in accordance with the Ultradent Shear Bond Strength test. All samples were divided into 
4 groups depending on the method of dentin surface processing. In the samples of Group 1 (n=20), aluminum oxide was used for 
the air-abrasive treatment of dentin. In Group 2 (n=20) and Group 3 (n=20), samples were treated using powders based on sodium 
bicarbonate and erythritol, respectively. Group 4 (control, n=20) included tooth samples in which the dentin surface was not air-
abraded after preparation with carbide burs. Then, each group was divided into 2 subgroups (Sub-A and Sub-B) depending on the 
type of adhesive system used. Adhesive resin was applied and polymerized in accordance with the manufacturer’s instructions. 
Single Bond Universal (SBU) was used for the samples of Sub-A, and Bond Force 2 (BF2) (Toquyama, Japan) was used for the 
samples of Sub-B. Scanning electron microscopy and determining the surface elemental composition of samples were carried 
out on an SEM-EVO MA 10 (Carl Zeiss) and energy dispersive X-ray spectrometer with EDS Aztec Energy Advanced X-Act 
(Oxford Instruments). It was concluded that air-abrasive treatment of the dentin surface does not enhance the adhesion strength 
of composite material when using self-etch AS. Also, it was noted that the pH level of self-etch AS is not a crucial feature in 
determining the strength of the filling-tooth interface. The resulting variations in the elemental composition of dentin surface after 
air-abrasion with various mixtures and their effect on the efficacy of the different AS require further in vitro studies.(International 
Journal of Biomedicine. 2022;12(4):591-595.).
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Introduction
Modern trends in minimally invasive cavity preparation, 

combined with the advent of self-etching adhesive systems 
(AS), have conceptually changed the philosophy of dental 
caries operative treatment.(1-5) Alternative methods of tooth 

preparation allow performing dental care, considering the 
microscopic surface features of enamel and dentin.(6-11)         

Removing biofilm and the smear layer without a clinically 
significant impact on hard tooth tissues became possible due 
to the introduction into the practice of low abrasive powders 
based on glycine, erythritol, trehalose, etc.(12-14) At the same 
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time, the variety of clinical situations and increasing complexity 
of comprehensive tooth care unfortunately do not allow the 
complete abandonment of coarse-grained air-abrasive mixtures 
based on aluminum oxide, sodium bicarbonate, calcium 
carbonate, and many other substances.(15-17) Recent attempts 
have also been made to combine the removal of stains and 
tissue debris of the smear layer with a guided biofilm therapy 
and the formation of a bioactive layer on the surface of the tooth 
to promote accelerated remineralization of dentin and enamel 
weakened by the carious pathology.(18,19)

Therefore, the current techniques of tooth surface 
preparation with consideration of the features of adhesive and 
restorative materials can contribute to reliable and long-term 
restorations.

The modern concept of simultaneous etching and 
hybridization of hard tooth tissues is another step toward 
minimally invasive dentistry, and it was embodied in AS of the 
sixth and seventh generations.(20,21) It is important to emphasize 
that one of the bad features of total-etch AS is considered to be 
incomplete infiltration by monomers of microgaps created after 
etching with phosphoric acid in the surface layers of enamel 
and dentin.(22,23) Moreover, moisture in the demineralized 
extracellular matrix of dentin causes gel polymerization of 
Etch&Rinse adhesive monomers resulting in the formation of 
hydrolytically unstable polymers in a hybrid layer.(24,25

The above and many other shortcomings related to 
total-etch AS were considered when a new group of self-
etching adhesives based on acidic monomers was introduced. 
The positive aspects of these adhesives are the absence 
of mandatory acid etching of dentin and the formation of a 
chemical bond between the hydroxyapatite of hard tooth 
tissues and adhesive resin monomers.(26,27) Also, the chemistry 
and mode of application of one-step bonding materials imply 
the incorporation of a smear layer into the structure of the 
adhesive layer.(28)

In this regard, it can be assumed that the composition 
and amount of the smear layer may affect the bond strength 
of the composite to tooth dentin when using self-etching 
adhesives.(29)

It is known that air-abrasion of prepared dentin can 
open a significant number of orifices of dentinal tubules and 
facilitate the formation of a thinner smear layer.(30) However, 
considering the experience of previous studies, this method 
may cause changes in the chemical composition of dentin 
surfaces and affect the strength of composite adhesion.(31,32

The aim of this research was to study the effect of air-
abrasive treatment of dentin on the chemical composition of 
its surface and the adhesion strength of 2 self-etching adhesive 
systems (AS).

Materials and Methods
Powders based on aluminum oxide (Al2O3) (27µm) (KaVo, 

Biberach, Germany), sodium bicarbonate (NaHCO3) (40µm) 
(AIR-FlOW Classic Comfort, EMS, Nyon, Switzerland), and 
erythritol (14µm) (AIR-FLOW Plus, EMS, Nyon, Switzerland) 
were used for the air-abrasive treatment of adhesive surfaces. 
Bonding steps were carried out with Single Bond Universal (SBU) 

(3M ESPE, USA) and Bond Force 2 (BF2) (Toquyama, Japan). 
The adhesion strength of composite to dentin was evaluated on 
80 samples prepared in accordance with the Ultradent Shear 
Bond Strength test.

To obtain a uniform smear layer, the exposed tooth 
surfaces on all samples were processed with carbide burs under 
constant water cooling and then washed with water spray for 
30 seconds using an air-water syringe of a dental unit.

All samples were divided into 4 groups depending on the 
method of dentin surface processing. In the samples of Group 1 
(n=20), aluminum oxide was used for the air-abrasive treatment 
of dentin. In Group 2 (n=20) and Group 3 (n=20), samples 
were treated using powders based on sodium bicarbonate and 
erythritol, respectively. Group 4 (control, n=20) included tooth 
samples in which the dentin surface was not air-abraded after 
preparation with carbide burs. In each case of air-abrasion, 
the nozzle of the handpiece was angulated at 45° to the dentin 
surface. The treatment was carried out with a constant flow 
of particles under 0.25MPa pressure for 30 seconds, slowly 
moving a nozzle with sweeping motions above the surface 
of tooth samples at a distance of 5mm, after which they were 
thoroughly washed with an air-water spray for 30 seconds.

Then, each group was divided into 2 subgroups (Sub-A 
and Sub-B) depending on the type of adhesive system used. 
Adhesive resin was applied and polymerized in accordance 
with the manufacturer’s instructions. SBU was used for the 
samples of Sub-A, and BF2 (Toquyama, Japan) was used for the 
samples of Sub-B. The light-curing composite Herculite XRV 
(Kerr, Italy) served as a material of choice. The polymerization 
was carried out using a VALO lamp (Ultradent Products Inc., 
USA) in a standard mode. The one-day adhesive strength of 
bonded interfaces without aging simulation was evaluated on 
an UltraTester device (Ultradent Products Inc., USA). The 
speed of movement of the test clamp was set to 1mm/min. The 
top value of bonding failure was fixed in pounds. 

Scanning electron microscopy and determining the 
surface elemental composition of samples were carried out on 
an SEM-EVO MA 10 (Carl Zeiss) and energy dispersive X-ray 
spectrometer with EDS Aztec Energy Advanced X-Act (Oxford 
Instruments). There were 12 additional tooth samples, which 
were divided into 3 groups. Each sample had 2 different areas 
on the dentin surface, which were subjected to air-abrasion and 
carbide bur (machined) processing. For air-abrasion, in the A/M 
group (n=4), B/M group (n=4), and E/M group (n=4), alumina 
particles, bicarbonate, and erythritol mixtures, respectively, 
were applied.    

Statistical analysis was performed using StatSoft 
Statistica v6.0. For descriptive analysis, results are presented 
as mean±standard deviation (SD). Multiple comparisons were 
made with one-way ANOVA and post-hoc Tukey HSD test. 
The Mann-Whitney U Test was used to compare the differences 
between the two independent groups. A probability value of 
P<0.05 was considered statistically significant. 

 Results
It was revealed that the adhesive strength of composite 

material to tooth dentin depends on the type of powder used 
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for air-abrasion and the kind of adhesive system applied 
(Table 1). When compared with the control (Sub-4A), air-
abrasion of the dentin surface with powders based on alumina 
(Sub-1A), sodium bicarbonate (Sub-2A), and erythritol 
(Sub-3A) did not adversely affect the strength of adhesion 
when SBU was used. 

In the case of BF2, there was no statistical difference 
between the control (Sub-4B) and Sub-1B. However, we found 
a statistically significant decrease in the strength of adhesion 
in samples of Sub-2B by 1.2 times (P=0.012) and Sub-B3 by 
1.7 times (P=0.000), compared to Sub-4B.

Changes in the elemental composition of dentin surfaces 
after air-abrasion with different mixtures were predictable to a 
certain extent (Table 2). Along with the minor variations in the 
level of basic elements of dentin, the appearance of aluminum 
and silicon ions was noted after exposure to powders based on 
aluminum oxide, sodium bicarbonate, and erythritol.

An increase in Al+ content by 8.3 times was found after 
air-abrasion of dentin surfaces in samples of the A/M group 
(P=0.000). Also, Na+ content grew by 1.28 times in the B/M 
group (P<0.05). The same tendency in Si+ content by 1.5 
times was noted in the B/M and E/M samples; however, these 
changes were not statistically significant (P>0.05).

An unexpected 1.5-times elevation of Mg+ (P<0.05) was 
registered on dentin surfaces after air-abrasion with erythritol-
based powder. However, the level of the element in the E/M 
group did not significantly differ from the value obtained 
after dentin treatment with Al2O3 powder in A/M samples. 
The high content of C+ after dentin surface processing with a 
carbide bur in samples of the E/M group was assumed for the 
contamination of scanning areas.

Discussion
A huge amount of research has been devoted to the 

problem of integrating dental composite with dentin, which 
is directly related to a large number of factors that affect the 
quality of adhesion and hence the longevity of restorations.
(33-36) Also, the complex ultrastructure of adhesive surfaces 
and technical problems associated with AS of fourth and 
fifth generations can negatively affect the quality of dental 
treatment when composite materials are applied.(37,38)

That is why the use of self-etching adhesive monomers 
on dentin appears to be the most promising.(39) However, 
considering the mode of interaction of these materials with hard 
tooth tissues, the method of its application, and the presence 

Table 1.   
Adhesion strength of composite to tooth dentin in groups (lb).

Group/
Subgroup Group 1 Group 2 Group 3 Group 4 Statistics

Subgroup А 24.57±4.72 21.42±2.03 21.82±4.7 23.53±2.27 F=1.6220
P=0.2013

Subgroup В 15.56±1.72 13.57±2.3 9.9±2.96 16.47±2.35
F=15.0697 P=0.000

P1B-2B=0.2567 P1B-3B=0.0000
P1B-4B=0.8265  P2B-3B=0.0074
P2B-4B=0.0457 P3B-4B=0.0000

P-value <0.0001 <0.0001 <0.0001 <0.0001

Table 2.
Elemental composition of dentin surfaces after processing with different methods. 

Groups C+ O- Na+ Mg+ Ca+ P+ Al+ Si+

А/М

Al2O3
abraded 16.02±0.56 41.23±1.45 0.55±0.1 0.75±0.05 28.1±0.67 13.62±0.3 0.25±0.05 0.07±0.05

P-value >0.05 >0.05 >0.05 >0.05 <0.05 <0.05 0.000 >0.05

Machined 15.53±0.8 39.45±0.39 0.57±0.052 0.67±0.05 29.4±0.47 14.23±0.21 0.03±0.05 0.05±0.05

В/М

Bicarbonate
abraded 15.26±1.04 39.03±0.9 0.87±0.11 0.63±0.05 29.7±0.87 14.16±0.33 0.03±0.05 0.27±0.11

P-value >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Machined 16.25±1.15 38.3±0.66 0.68±0.1 0.57±0.12 29.87±1.22 14.12±0.57 0.02±0.04 0.18±0.1

Э/М

Erythritol
abraded 16.82±0.65 40±0.49 0.62±0.07 0.82±0.04 27.78±0.31 14.08±0.71 0.02±0.04 0.18±0.07

P-value <0.05 <0.05 >0.05 <0.05 <0.05 <0.05 >0.05 >0.05

Machined 20.63±0.61 38.27±0.29 0.55±0.05 0.55±0.05 26.75±0.33 13.07±0.16 0.07±0.05 0.12±0.04
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of a smear layer that is amorphous and weakly adhered to the 
underlying dentin may cause particular concern.(40

In the available literature, there is a sufficient amount 
of data indicating the effective use of air-abrasive methods 
concerning cleaning the tooth surface from dentin debris and 
enamel fragments that appear after traditional preparation with 
diamond and carbide burs. However, the results of studies 
that assume to improve the adhesion strength of a composite 
to abraded dentin may go either way.(18,41-43) In this regard, the 
main purpose of this study was to evaluate the effect of various 
air-abrasive mixtures on the adhesion strength of composite 
to dentin when self-etching AS are used. It is well known 
that adhesive materials of the sixth and seventh generations 
create mechanical and chemical bonds with dentin and enamel 
hydroxyapatite due to the unique properties of acidic monomers.
(26,27) That is why, considering the appearance of possible changes 
on the surface of abraded dentin, a comparative analysis of its 
elemental composition was also carried out. It was previously 
noted that self-etching AS might have a different pH, and 
based on the pH, they are divided into very weak (ultra-mild, 
pH≥2.5), weak (mild, pH≈2), medium (intermediate, pH≈1.5), 
and strong (strong, pH≤1). It has also been found that the 
depth of demineralization of hard tooth tissues directly relates 
to the pH level of self-etch AS.(44) Hence to reduce the level 
of subjectivity, we used SBU and BF2 adhesives in the study, 
which are slightly different from each other in terms of acidity 
and have pH of 2.7 and 2.8, respectively. 

Results of the study demonstrated that in the case of 
SBU, an air-abrasion of the dentin surface with Al2O3 (27µm), 
AIR-FLOW Classic, and AIR-FLOW Plus did not cause a 
clinically significant variation in values of adhesion strength 
of composite to dentin.

However, the same processing of the dentin surface 
led to a significant decrease in bond strength between resin 
and tooth when BF2 was applied, whereas the differences 
were significant after abrasion with sodium bicarbonate and 
erythritol-based powders.

Concerning changes in the elemental composition of the 
dentin surface after treatment with Al2O3 powder (27μm), a 
significant increase in Al+ and a decrease in Ca+ and P+ were 
noted, presumably indicating the decrease in the number of 
hydroxyapatite crystals in the scanning sectors. However, the 
revealed changes were not a reason for significant variations 
in the bond strength values for the SBU and BF2. The 
accumulation of Na+ on the dentin surface after treatment 
with AIR-FLOW Classic powder could be one of the possible 
reasons for the deterioration of composite adhesion when BF2 
was used. Also, the most dramatic reduction in composite bond 
strength with BF2 was observed after dentine treatment with 
AIR-FLOW Plus despite a relative increase in the surface level 
of Ca+ and P+. Therefore, it was concluded that air-abrasive 
treatment of the dentin surface does not enhance the adhesion 
strength of composite material when using self-etch AS. Also, 
it was noted that the pH level of self-etch AS is not a crucial 
feature in determining the strength of the filling-tooth interface. 
The resulting variations in the elemental composition of dentin 
surface after air-abrasion with various mixtures and their effect 
on the efficacy of the different AS require further in vitro studies.
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Abstract
Background: Potentially malignant disorders such as leukoplakia and erythroplakia are often associated with dysplastic 

changes that have an increased risk for malignant transformation. CD34 is considered as an important marker for tissue 
vascularization, which represents microvessel density. P63 has a role in epithelial proliferation and is frequently altered in dysplasia 
and associated with tumorigenesis. The aim of this study was to evaluate the expression of CD34 and p63 in different grades of 
oral epithelial dysplasia (OED).

Methods and Results: This research included 50 histopathologically confirmed OED. Grading classification of OED was 
determined according to the WHO criteria, in which the lesions were classified into mild, moderate, and severe grades. CD34 and 
P63 expressions were studied by using the immunohistochemical technique. Most OED lesions were observed in patient between 
40 and 69 years of age. Buccal mucosa was the most affected site (42%). According to histopathological grades, mild OED was 
predominant (54%). There was a significant difference among OED grades through the P63 marker. 

Conclusion: The P63 marker can be considered a good indicator for malignant transformation by grade scoring scales, and 
the CD34 marker can be used as a useful diagnostic indicator for OED. (International Journal of Biomedicine. 2022;12(4):596-
600.).
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Introduction
Oral epithelial dysplasia (OED) is characterized by a 

spectrum of histologic changes in the oral mucosa with the 
potential to transform into oral squamous cell carcinoma 
(OSCC).(1,2) A meta-analysis of OED data indicates a malignant 
transformation rate of 12% within 2 years, increasing to 
22% within 5 years.(3) Predicting the risk of malignant 
transformation is predominantly based on clinicopathologic 
correlation, histologic examination, and grading.(2,3) However,  
there is currently no consensus regarding the risk of malignant 
transformation based on histopathology.(5)

Oral potentially malignant disorders (OPMDs) are 
defined as a group of oral mucosal lesions (leukoplakia, 
erythroplakia, oral submucous fibrosis, oral lichen planus, 
oral dysplasia),(6,7) which are associated with an increased 
risk of malignant transformation. While OPMD is a clinical 
term, OED is a histo-morphologically spectrum of epithelial 
changes associated with an increased risk of transformation to 
carcinoma.(8) Many OPMD may be pathologically associated 
with OED.(9-11) The OED histological criteria reported in 
the WHO classification 2017 are based on “architectural” 
(disordered tissue organization) and “cytological” (individual 
cell abnormality) changes.(12-14) However, the malignant 
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potential of OED can be variable and unpredictable. OSCC 
has been shown to develop in the absence of known OED 
and without any evidence of neoplasia seen histologically in 
previously and conventionally stained oral biopsies in >20% 
of previously biopsied cases.(15) However, the overall evidence 
indicates a positive correlation between the likelihood and 
time of malignant transformation with increasing degrees of 
dysplasia. (9,11,14) 

CD34 is a glycoprotein member found on the surface of a 
number of body cells. It is a group of differentiation compounds 
that act as cell adhesion proteins.(16) During the formation of 
a tumor, angiogenesis is the complicated creation of newly 
created blood vessels from pre-existing vascular complexes 
through vessel expansion.(17) In epithelial dysplastic lesions, 
angiogenesis is believed to be critical for the nourishment 
and proliferation of dysplastic cells as well as tumor cells, 
mesenchymal cells, and inflammatory cells like mast cells and 
macrophages secreting angiogenic materials. Amplified levels 
of angiogenic triggers like vascular epidermal growth factor 
(VEGF) result in angiogenesis.(18) 

In many tumors, endothelial cells of blood vessels play 
an essential role in angiogenesis, and CD34 is a signal for these 
cells. Microvessel density (MVD) in different malignancies is 
evaluated using the CD34 marker. Furthermore, MVD helps 
in predicting tumor progression or regression.(19) 

The p63 is essential for regulating epithelial cell 
proliferation, development, and maturation, and its level in 
the epithelial dysplastic lesions is usually changed.(20) The 
p63 is implicated in embryogenesis, cell differentiation, and 
defective cell death.(21) It is also involved in the formation of 
stratified squamous epithelium.(22) Its role in the oral epithelium 
might be to preserve stem cell activity rather than a direct link 
between tumorigenesis and metastasis transformation.(23) 

The purpose of this research was to evaluate the 
expression of CD34 and p63 in different grades of OED.

Materials and Methods  
Fifty cases of OED were retrieved from the archives 

of the Oral Pathology Laboratory of the Oral Diagnosis 
Department at the College of Dentistry (Baghdad University). 
Formalin-fixed paraffin-embedded (FFPE) histopathologically 
diagnosed tissue specimens were collected along with their 
relevant patient’s clinical data (age, sex, and site) as provided 
from the oral and maxillofacial reports. 

Grading classification was determined according to the 
WHO criteria, in which the lesions were classified into mild, 
moderate, and severe grades.(24) Hematoxylin and eosin (H&E) 
stained tissue sections were evaluated by two pathologists to 
confirm the diagnosis. The positive tissue controls were the 
human tonsil for CD34 and the human prostate for P63. 

The presence of a brown granular DAB dye pattern 
within the particular cellular or tissue compartment for a 
specific antibody in positive control tissue slides, according to 
the product’s datasheets, and the lack of staining in negative 
control tissue samples indicated immunohistochemical signal 
specificity. The markers’ expression was quantitatively 
assessed. 

CD34 and microvessel density quantification
The immunohistochemical expression of CD34 was 

assessed to determine microvessel density (MVD), which 
represents the number of microvessels in each field at 40 
magnifications, and the average was calculated. Individual 
endothelial cells or clusters of endothelial cells with or without 
a lumen that established a brown color with anti-CD34 were 
regarded as positively stained blood vessels.(25)

P63 scoring
The positive nuclear staining for P63 was assessed using 

a well-established quantitative scoring system ranging from 
negative to strong positive staining, as follows:(26)  
•Negative staining (less than 5% stained cells) 
•Weak positive staining (between 5% and 25% stained cells)
•Moderate positive staining (between 25% and 50% stained cells)
•Strong positive staining (more than 50% stained cells)

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Chicago, IL). 
Baseline characteristics were summarized as frequencies and 
percentages. Group comparisons with respect to categorical 
variables are performed using One-Sample Chi-Square test. 
A probability value of P<0.05 was considered statistically 
significant.

Results 
The distribution of socio-demographic characteristics 

such as age groups and gender, as well as comparison 
significance, were demonstrated to be sure whether these two 
variables regarding studied patients have randomly distributed 
among their different classes or not.

The age group’s distribution of OED patients showed no 
significant difference (P>0.05). Thus, the probability of OED 
did not differ according to the age groups, as well as age pivoted 
in the fifth and sixth decades, with mean value and standard 
deviation (53.36±12.63 years). As for gender, there was no 
significant difference (P>0.05), and the probability of OED 
does not differ according to the gender’s patients (Table 1). 

Variable n % Statistics*

Age group
(years)

< 40 7 14

χ2= 5.600
P=0.231

40 _ 49 12 24

50 _ 59 13 26

60 _ 69 13 26
≥ 70 5 10

   Mean ± SD
 53.36 ± 12.63

Gender
Male 24 48 P=0.888

Female 26 52

(Between Age & Gender) CC = 0.334
P = 0.178  

*Testing based on One-Sample Chi-Square test, Binomial test, 
and Contingency Coefficient (CC) measuring test.

Table 1.
Demographic characteristics of OED patients.
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The distribution of the site and grade of OED, as well as 
comparison significance, are present in Table 2. 

Buccal mucosa was the most affected site (42%), 
followed by the tongue site (24%), lips site (24%), and other 
sites (14%). 

According to histopathological grades (Figure 1), a 
mild grade of OED was predominant (54%), followed by a 
moderate grade (34%) and a severe grade (12%) (Table 2).

Despite there being no significant AUC by the CD34 
marker (P>0.05) under the guideline of the lowest grade 
group, which was adopted as the control group, analysis for 
the compromised pairs (Grade III as a target group and Grade 
I as a baseline group and Grade III as a target group and Grade 
II as a baseline group) showed that CD34 marker could be 
more than an extended indicator for diagnosing OED and 
especially for the last combination since the AUC decreased 
by more than half, which confirms a decrease in the CD34 
marker with the severe grade of OED (Figure 2). 

The significant AUC by the P63 marker (P<0.05) under 
the guideline of the lowest grade group, which was adopted as 
the control group, and that was accounted at the compromised 
pair (Grade III as a target group and Grade I as a baseline 
group) showed that the P63 marker could be a very good 
indicator for predicting the malignant transformation of OED. 
AUC could be close to the estimated value (0.000) with a 
study pair, as indicated by the 95% CI (Fig. 3). 

Discussion
Histopathological assessed severity of OED remains 

essential for the prediction of malignant transformation of 
precancerous lesions.(27) In this study, most of the OED cases 
were distributed in the fifth and sixth decades of life (mean age 
of 53.36±12.63 years), which was consistent with the results of 
another study.(28) This similarity might be due to a similar sample 
size and gender distribution. The association of OED development 

Variable n % Statistics*

Site

Tongue 12 24
χ2= 8.720
P=0.033

Buccal Mucosa 21 42

Lips 10 20
Others 7 14

Grade
Mild 27 54 χ2= 13.240

P=0.001Moderate 17 34
Sever 6 12

(Site & Grade) CC = 0.318
P = 0.469      

Table 2.
Site and Grade distributions of OED in study patients

*Testing based on a One-Sample Chi-Square test and Contingency 
Coefficient (CC) measuring test.

Fig. 1. A - Photomicrograph of the positive controls of CD34 
reactivity in human tonsil, B - Photomicrograph of the positive 
controls of P63 reactivity in human prostate, C - Positive 
membranous immunohistochemical expression of CD34 in 
OED (mild grade), D - Positive nuclear immunohistochemical 
expression of P63 in OED (severe grade), (magnification 20X).

Fig. 2. ROC-curve plots for the CD34 marker for the group 
grades with different probable combinations

Fig. 3. ROC-curve plots for the p63 marker for the group 
grades with different probable combinations
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with aging could be explained by the prolonged accumulation of 
genetic changes caused by genetic and/or environmental factors 
such as tobacco and alcohol drinking, which are considered 
provoking factors in epithelial dysplasia development.

Concerning gender distribution, the results of the current 
study showed that females were slightly more affected by 
OED (52%) than males (48%). Similar findings were reported 
in other parts of the world.(29) Batool et al.,(30) in contrast to our 
study, showed that 80% of oral dysplastic samples belonged 
to males with the M/F ratio of 4:1. There is controversy as to 
which gender is most affected. Specific habits, such as betel 
nut or tobacco chewing, could explain this in each region. 

According to the site lesions, the distribution of studied 
cases showed that the buccal mucosa was the commonest 
affected site with OED (42%). This finding was in agreement 
with the previous study.(30) The higher prevalence of the 
buccal mucosa site is probably related to the widespread habit 
of betel/areca nut chewing in some regions and increased 
malignant transformation in oral leukoplakia lesions of the 
buccal mucosa over other sites. Napier et al.(31) found that 
OSCC was more likely with potentially malignant disorders 
on the lateral and ventral tongue, the floor of the mouth, and 
retromolar/soft palate complex than those elsewhere. 

In our study, the distribution of OED grades (mild, 
moderate, and severe) was characterized by significant 
differences. Grading of OED continues to be a hotly debated 
subject due to subjectivity. Moreover, several grading systems 
are currently employed because of the need for a consensus. It 
should be recognized that OED grade is of limited utility as a 
risk prediction marker for OSCC. (15,30)

The high score of the CD34 marker was found in the 
severe grade of OED cases, followed in descending order by 
the mild grade and, finally, moderate grade, so no statistical 
significance was obtained among the grades of OED for CD34 
expression. This finding is in concordance with previous 
studies,(31) which stated that the confirmed theory that the 
increased nutrient requirements of actively developing and 
dividing cells lead to an increase in angiogenesis, which in 
turn leads to tumor growth.

Pujari et al.(32) showed a strong statistical significance 
in  MVA with the grade of dysplasia when mild and moderate 
epithelial dysplasia were compared to severe epithelial 
dysplasia. Thus, the increased MVA might be related to 
numerous cytokines, macrophages, mast cells, and neutrophils 
triggered by the dysplastic epithelium’s altered keratinocytes. 
The number of dysplastic cells that can create chemical signals 
that can start the angiogenesis process grows as the dysplasia 
degree increases. Thus, angiogenesis promotes tumor growth 
by supplying nutrients and oxygen. It might be utilized as a 
prognostic marker to determine the aggressiveness of dysplastic 
lesions and their transition to carcinoma.(25) The assessment 
of MVD was done by one study that showed no significant 
correlation with the dysplastic histological grade.(33) This 
discrepancy in the results may be due to different sizes in the 
study sample or subjective assessment of epithelial dysplasia 
grading.    

The results of this study revealed that the vast majority 
of the score for P63 expression was accounted within a severe 

grade and suggested that the expression of p63 increased 
significantly from the mild-to-moderate-to-severe grade of 
dysplasia. This finding comes in accordance with many other 
previous studies which showed that the P63 overexpression 
might be caused by a stabilization of p63 that is not caused by 
mutations. The rate at which cells turn over a short period of time 
may also contribute to stabilization by disrupting their breakdown 
routes or accumulating wild-type proteins.(34) Bavle et al. showed 
that increased expression of p63 in cases of oral submucous 
fibrosis can be considered as definitive quantitative markers 
in the prediction of malignant transformation.(35) 

In conclusion, the P63 marker can be considered a 
good indicator for malignant transformation by grade scoring 
scales, and the CD34 marker can be used as a useful diagnostic 
indicator for OED.
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Abstract
Background: The purpose of this study was to determine the levels of mercury in hard tissue from dental amalgam fillings 

under in vitro conditions.
Methods and Results: The study included 30 human teeth that were extracted for various clinical reasons. The teeth were 

stored in a physiological solution until they were used. The teeth were divided into 3 experimental groups: Group 1 (n=10) – 
occlusal surface cavity preparation (class I according to Black); Group 2 (n=10) – proximal-occlusal surface cavity preparation 
(class II); and Group 3 (n=10) – mesio-occlusal-distal [MOD] surface cavity preparation. Each of these groups was divided into 
2 subgroups: subgroup 1 (n=5) – amalgam fillings were not polished, and subgroup 2 (n=5) amalgam fillings were polished. The 
teeth were filled with amalgam, and those in subgroups 2 were polished after 24 hours. The amount of mercury released from 
the amalgam fillings was determined 9 months after the teeth were filled. Before chemical analysis, the teeth were irrigated 4 
times over a period of 10 minutes in an ultrasonic bath. From each tooth, 250 mg of the powder was mineralized with royal water 
(HCl+HNO3 in a ratio of 1:3) in a microwave oven, for 54 minutes. After mineralization, the samples were filtered and analyzed 
with inductively coupled plasma optical emission spectrometry. The average mercury level after polishing the amalgam filling 
was significantly smaller (P=0.032) only in Group 1. The average mercury levels in the 3 groups revealed significant differences 
between both the unpolished samples (one-way ANOVA F=69.54, P<0.001) and the polished samples (one-way ANOVA F=110.54, 
P<0.001). Group 3 with MOD surface cavity preparation was characterized by the highest mercury levels.

Conclusion: The more mercury is released from unpolished amalgam fillings than from polished amalgam fillings in theeth 
with occlusal surface cavity preparation (class I according to Black). The teeth with an MOD amalgam restoration are characterized 
by the highest mercury levels. (International Journal of Biomedicine. 2022;12(4):601-605.).
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Introduction
The use of mercury (Hg) in dentistry has been 

controversial since at least the middle of the 19th century. This 
controversy has recently intensified because of techniques 
that show that mercury is continually released from dental 
amalgam fillings.(1)

Mercury is a naturally occurring element that exists in 
3 forms: organic, inorganic, and elemental. Concentrations of 
mercury in most foodstuffs are often below the detection limit. 
Fish and marine mammals are the dominant sources, mainly in 
the form of methylmercury compounds (70–90% of the total)(2)

The US Food and Drug Administration (FDA) recently 
acknowledged several important facts regarding amalgams: 
(1) they release Hg in the form of Hg vapor; (2) they release 
amounts of Hg vapor dependent on the number of existing 
fillings; and (3) they release Hg vapors that may be harmful to 
certain patients.(3)

Amalgam dental fillings with mercury can be a source 
of human exposure to elemental mercury vapors for many 
populations. Mercury vapor is released from the surface of 
amalgam fillings into the mouth and lungs. Depending upon 
the number of amalgam fillings and other factors, the estimated 
average daily absorption of mercury vapor from dental fillings 
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varies between 3μg and 17μg of mercury.(4) So ionic mercury 
leached out from amalgam restorations may present a risk to 
the dental patient.(5)

Mercury can also be released by electrochemical corrosion 
from amalgam fillings during chewing.(6) Additionally, materials 
used for tooth bleaching can cause the release of mercury from 
amalgam fillings. According to Bahar et al.,(7) the amount of free 
mercury released from amalgam fillings depends on the content 
of silver in the alloy. Alloys with a high percentage of silver 
(69%) release low levels of mercury from the amalgam, while 
those with a smaller percentage of silver (45%) release more 
mercury from the amalgam.(7) 

Although bleaching gels are commonly applied to the 
anterior teeth, excess bleaching materials may inadvertently 
come into contact with amalgam restorations on premolars 
and molars, and may increase the susceptibility of the 
amalgam to corrosion and degradation. Bleaching agents 
such as carbamide peroxide break into free radicals that can 
theoretically corrode metallic alloys, such as amalgam in close 
proximity, to release mercury.(8)

According to Azarsina et al., polished amalgam fillings 
release less mercury after the application of carbamide 
peroxide than do unpolished amalgam fillings.(9) Another 
hazard of mercury is that it is a radioactive element that can be 
quite toxic, even in small doses.(10,11) 

To determine levels of mercury in the environment and 
biological samples, various analytical techniques have been 
used, such as cold vapor atomic absorption spectrometry, cold 
vapor fluorescence spectrometry, inductively coupled plasma 
optical emission spectrometry (ICP-OES), electrothermal 
atomic absorption spectrometry, anodic stripping voltammetry, 
and cold vapor inductively coupled plasma mass spectrometry.
(12) The amount of free mercury released from amalgam fillings 
can also be determined with nuclear tracking techniques.(13)  
The release of mercury from amalgam fillings can be studied 
with spectroscopy-induced laser femtosecond,(14) and the 
corrosion of amalgam can also be determined by fluorescent 
spectroscopy.(15) 

The influence of pH on the release of mercury from 
amalgam fillings has also been studied. It has been reported 
that at variable pH values, mercury dissolves more in amalgam 
fillings that contain tin at all stages of amalgamation, than 
in amalgam fillings that do not contain tin.(16) According to 
Rotstein et al.,(17) one of the factors influencing the release of 
mercury from unpolished amalgam is the filling pH.

Researchers agree that amalgam restorations leach 
mercury into the mouth, but consistent findings are not available 
to determine whether this poses any significant health risk.
(18) Mercury does not collect irreversibly in human teeth. The 
average half-life of mercury is 55 days for transport through 
the body to the point of excretion. Thus, mercury that came into 
the body years ago may no longer be present in the body.(14) The 
use of mercury in dental fillings represents approximately 10% 
of the total global mercury consumption; thus, dentistry is the 
largest consumer of mercury in the world.(19)

The purpose of this study was to determine the levels of 
mercury in hard tissue from dental amalgam fillings under in 
vitro conditions.

Materials and Methods
This in vitro research included 30 human teeth that were 

extracted for various clinical reasons. The teeth were stored in 
a physiological solution until they were used. The teeth were 
divided into 3 experimental groups: Group 1 (n=10) – occlusal 
surface cavity preparation (class I according to Black); Group 
2 (n=10) – proximal-occlusal surface cavity preparation (class 
II); and Group 3 (n=10) – mesio-occlusal-distal [MOD] surface 
cavity preparation. Each of these groups was divided into 2 
subgroups: subgroup 1 (n=5) – amalgam fillings were not 
polished, and subgroup 2 (n=5) amalgam fillings were polished.

The teeth were filled with amalgam (Dispersalloy, 
Johnson and Johnson Inc. Montreal, Canada), and those in 
subgroups 2 were polished after 24 hours. 

The amount of mercury released from the amalgam fillings 
was determined 9 months after the teeth were filled. Before 
chemical analysis, the teeth were irrigated 4 times over a period 
of 10 minutes in an ultrasonic bath. The teeth were ground to a 
particle size of <75 microns with a blinder (Retsch, Grindomix 
GM 200, Germany). The ground tooth material was dried at a 
temperature of 105°C for 3 hours. The powder Ber was weighed 
on a scale with a precision of 4 decimal places (Kern &Sohn 
GmbH, Germany). From each tooth, 250 mg of the powder was 
mineralized with royal water (HCl+HNO3 in a ratio of 1:3) in a 
microwave oven (Berghof products, Germany), for 54 minutes. 
After mineralization, the samples were filtered and analyzed with 
ICP-OES (Perkin Elmer, USA, Optima 2100 DW).

 Statistical analysis was performed using statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For descriptive analysis, results are presented 
as mean±SD. For data with normal distribution, inter-group 
comparisons were performed using Student’s t-test. Multiple 
comparisons were performed with a one-way ANOVA. 
A probability value of P<0.05 was considered statistically 
significant.

Results
Group 1
The average level of mercury in teeth with an occlusal 

amalgam restoration before the amalgam was polished was (5 
teeth, 10 measurements of each tooth from 2 times, n = 10) 
was 6.53±0.85 mg/kg (the range of 5.36-8.02). The average 
level of mercury in teeth with an occlusal amalgam restoration 
after the amalgam was polished was 5.80±0.51 mg/kg (the 
range of 5.12-6.53). The average mercury level after polishing 
the amalgam filling was smaller, and the difference was 
significant (P=0.032) (Table 1).

 Group 2
The average level of mercury in teeth with a proximal-

occlusal amalgam restoration before the amalgam was polished 
was 10.02±1.81 mg/kg (the range of 6.72-12.22). The average 
level of mercury in teeth with a proximal-occlusal amalgam 
restoration after the amalgam was polished was 8.76±1.24 mg/
kg (the range of 7.74-11.4). The mercury level after polishing 
the amalgam filling was smaller, but the difference was not 
significant (P=0.086) (Table 1). 
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Group 3
The average level of mercury in teeth with an MOD 

amalgam restoration before the amalgam was polished was 
13.18±0.88 mg/kg  (the range of 11.61-14.56). The average 
level of mercury in teeth with an MOD amalgam restoration 
after the amalgam was polished was 12.54±1.14 mg/kg  (the 
range of 10.53-14.07). The mercury level after polishing 
the amalgam filling was smaller, but this difference was not 
significant (P=0.177). 

The average mercury levels in the 3 groups revealed 
significant differences between both the unpolished samples 
(one-way ANOVA F=69.54, P<0.001) and the polished samples 
(one-way ANOVA F=110.54, P<0.001) (Figures 1 and 2). The 
teeth with an MOD amalgam restoration were characterized by 
the highest mercury levels.

Discussion
Exposure to mercury from dental amalgams, with 

possible adverse health effects, has generally been considered 
to occur via either erosion or evaporation directly from the 
surface of fillings, followed by ingestion.(20)

Numerous epidemiological studies have assessed the 
impact of mercury exposure from oral dental amalgam. In 
a recent study, males with high mercury levels in their hair 
(>1ppm) had a 50% higher probability of having periodontitis 
than females with normal mercury levels (<1ppm). The results 
suggest that mercury exposure, regardless of sex, is associated 
with periodontitis.(21) In 1994, it was shown that the amount 
of tin in the ɣ1-phase is related to the emission of mercury 
vapor. Based on this paper, it is possible to identify the brands 
tested: conventional amalgams, amalgams with a reduced 
amount of ɣ2, and non-ɣ2-amalgams. The result is clear: non-
ɣ2-amalgams emit substantially more mercury vapor than the 
old conventional amalgams. Using the highest emitter of the 
low copper amalgams as a baseline, the high copper amalgams 
emit 3–4 times as much mercury vapor, depending on the 
brand.(22) 

In an investigation measuring differences in mercury 
vapor emissions in corroded and uncorroded samples, only 
one non-ɣ2-amalgam and one low copper amalgam were 
used. The pattern is once again confirmed, with the non-
ɣ2-amalgam emitting substantially more mercury vapor 
than the conventional one, and corroded samples emitting 
more mercury vapor than those not corroded.(23)  In another 
investigation, using the same brands of amalgam as Mahler et 
al.,(24) Marek studied the average values of mercury solubility 
in phase ɣ1 (Ag-Hg) and phase ɣ2 (Ag-Hg-Sn) with atomic 
absorption spectroscopy. The results showed that solubility 
is better in phase ɣ1 than in phase ɣ2. It was noted that the 
release of mercury from amalgam is smaller in phase ɣ2 than 
in phase ɣ1. 

The release of Hg from amalgam fillings depends on 
the type and age of the amalgam filling.(25) Harris et al.(20) 
determined the migration of Hg, Ca, Zn, and Cu in teeth with 
amalgam fillings more than 20 years ago. They concluded 
that Hg  (up to approximately 10 mg g(-1)) and Zn (>100 mg 
g(-1)) were detected in the teeth several millimeters from the 
location of the amalgams. 

The removal of amalgam from the cavity also causes 
Hg release. The amount of free amalgam released from 
fillings depends on whether it is removed with water or 
through absorption. It has been reported that the amount of 
free mercury is greater (34.0–796μg∕m3) if water or suction 
is not used during its elimination, compared with the use of 
water rush (4.09-19.0 796μg∕m3) and the use of suction (14.0-
19.0μg∕m3).(26)

Derand et al. reported that there is a large difference 
in mercury levels between polished fillings stored in a 
room environment and corroded fillings stored in saliva. 
Additionally, the simple composition frees up more mercury 
than do fabricated fillings.(27)  

In our in vitro research, the teeth were stored in saliva, 
and it was found that the average values of mercury released 

Group Subgroup N Mean ± SD Rank Statistics

Group 1 Subgroup 1 10 6.53 ± 0.85 5.36 - 8.02 T=2.329
P=0.032Subgroup 2 10 5.80 ± 0.51 5.12 - 6.53

Group 2 Subgroup 1 10 10.02 ± 1.81 6.72 - 12.22 T=1.816
P=0.086Subgroup 2 10 8.76 ± 1.24 7.74 - 11.4

Group 3 Subgroup 1 10 13.18 ± 0.88 11.61 - 14.56 T=1.405
P=0.177Subgroup 2 10 12.54 ± 1.14 10.53 - 14.07

Total 60 9.47 ± 3.00 5.12 - 14.56  

Table 1.
Mean value (mg/kg) of mercury in the study groups.

Fig. 1. The average mercury levels in the study groups 
(unpolished samples) 
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from teeth with class I, II, and MOD amalgam restorations 
were significantly different, similar to the polished and 
unpolished groups.

Bolsoni et al.(28) investigated the corrosion of polished 
and unpolished amalgam fillings over various time intervals. 
The corrosion products were measured with ICP-OES. They 
concluded that the greatest concentration of mercury occurred 
in the first 24 hours of the experiment, and that the corrosion 
of the amalgam was caused by the degradation of gamma 
phase 2 during amalgamation. Our research, in contrast with 
the findings of Bolson et al., has shown that mercury release is 
greater 9 months after amalgam placement; this determination 
of mercury release was made by ICP-OES. 

Pleva et al.(29) found that the chewing surface of a 
5-year-old amalgam had lost almost half of its mercury, while 
a 20-year-old amalgam had no mercury left on the chewing 
surface.

More mercury is released after chewing, and newer 
fillings release more mercury than older fillings.(30) The 
results of a study conducted by Canay et al.(31) showed that 
unpolished amalgam has a higher corrosion level than does 
polished amalgam. 

Bjorkman & Lind(32) studied the influence of various 
factors on the evaporation of Hg from amalgam fillings. They 
found that rinsing the mouth with warm water for 1 minute 
increases the level of mercury vapor by a factor of 1.7 when 
the water temperature rises from 35°C to 45°C.

Loto et al.(33) reported greater release of mercury vapor 
in the environment of the Restorative Clinic than in other 
dental clinics.

The corrosion behavior and dissolution of such a 
structure as a set amalgam depend on the characteristics of 
each individual phase and on the electrochemical interaction 
between these phases in a special environment, such as the 
oral cavity during mouthguard bleaching.(34)

Fredin et al.(35) studied various aspects of mercury release 
from amalgam fillings under in vivo and in vitro conditions 
using light microscopy mercury globules. They concluded that 
amalgam fillings should not be considered as an appropriate 
filling given the long-lasting exposure to mercury vapors, 
which have a toxic effect on the human body.

Mercury vapors can cause various diseases in the human 
body. Anaerobic bacteria from periodontal disease produce 
H2S and CH3SH, which are responsible for gingivitis.(36) 

According to Siblerund et al.,(37) people with amalgam 
fillings showed more health problems than did people without 
amalgam fillings. These sulfur compounds react with the 
mercury amalgam to produce a black pigment on the gum 
tissue (amalgam tattoo), consisting of HgS, which is extremely 
toxic and can cause oral and systemic diseases.(38)

According to Paknahad et al.,(39) amalgam fillings in 
patients who are exposed to Wi-Fi wave emissions release 
more mercury than those in patients not exposed. Leszek 
et al.(40) reported the deposition of mercury in various parts 
of the body within 29 days after the placement of amalgam 
restorations. They concluded that high concentrations of 
mercury from amalgam fillings are found in the kidneys and 
liver.

Conclusion
The teeth with an MOD amalgam restoration are 

characterized by the highest mercury levels. The more 
mercury is released from unpolished amalgam fillings than 
from polished amalgam fillings in teeth with occlusal surface 
cavity preparation (class I according to Black).
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Abstract
Background: Endodontically treated teeth are widely considered to be more susceptible to fracture than vital teeth and require 

specialized restorative treatment. The aim of this study was to estimate and compare the fracture resistance (FR) of endodontically 
treated teeth (ETT) restored with cast metal posts (CMP) and zirconia posts (ZP) with Universal Testing Machine (UTM).

Methods and Results: A total of 60 intact canines extracted for periodontal reasons were selected for the present study. The 
tooth samples were randomly divided into 2 groups based on the post type used for restoration. Group 1 tooth samples (n=30) were 
restored with CMP. Group 2 tooth samples (n-30) were restored with ZP. All the samples were subjected to compressive load using 
a UTM at a cross-head speed of 0.5 mm/min on the palatal slope at an angle of 135° to the long axis of the tooth. The maximum 
load necessary to fracture for each specimen was measured in Newtons (N). The results obtained showed that the difference in FR 
means between CMP and ZP was statistically significant (P<0.0001).

Conclusion: The FR of ZP was found to be significantly higher than those of CMP. The FR analysis with UTM is the 
only method that enables us to estimate the differences between the ETT restored with CMP and ZP.(International Journal of 
Biomedicine. 2022;12(4):606-610.).

Keywords: fracture resistance • endodontically treated teeth • zirconia posts • cast metal posts

For citation: Olloni T, Staka G. Fracture Resistance of Cast Metal and Zirconia Posts on Endodontically Treated Teeth: An in 
Vitro Study. International Journal of Biomedicine. 2022;12(4):606-610. doi:10.21103/Article12(4)_OA15.

Abbreviations
CMP, cast metal posts; ETT, endodontically treated teeth; FR, fracture resistance; UTM, Universal Testing Machine, ZP, zirconia 
posts. 

Introduction
Endodontically treated teeth (ETT) are more susceptible 

to biomechanical failure than vital teeth against masticatory 
forces and may fracture more easily.(1) Additional factors 
attributed to the increased fracture risk are substantial loss of 
tooth structure with endodontic root access, bacteria-dentin 
interaction, and endodontic therapy itself.(2) In treating these 
teeth, posts are recommended to reinforce the teeth with 

extensive loss of coronal structure, which also supports the 
teeth under the action of occlusal forces along the roots and 
creates retention before placing a crown.(3,4) 

In daily dental practice, adequate crown restoration 
is required to resume the function of the teeth, prevent the 
penetration of microorganisms through the end of the root 
canal, restore aesthetics and serve as an abutment in the 
fixed or removable prostheses.(5) The compatible modulus of 
elasticity of the post with radicular dentin has a significant 
role in avoiding root fracture.(6) The success of endodontic 
posts is based on biocompatibility, high tensile strength, good 
fitting accuracy, and adequate fatigue strength for favorable 
distribution of masticatory force.(7) Different types of posts have 
been proposed, from cast metal posts (CMP) to aesthetic ones.
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CMP have been accepted for their favorable physical 
properties, superior success rate, long-term prognosis, easy 
manipulation, and low cost.(8) These posts reproduce the 
morphology of the root canal with good accuracy.(9) However, 
reports of low biocompatibility, chances of corrosion, and 
root fracture, along with the failure to accomplish the desired 
aesthetics of the teeth, have prompted clinicians to look for 
another type of post for restoring the ETT.(10-13)

The use of dental posts with identical tooth color has 
directed attention toward the appearance of ETT.(14) Zirconia 
posts (ZP) are the foundation of many modern post concepts.(15) 
Zirconia, a ceramic biomaterial, is widely used because of its 
mechanical strength, chemical stability, esthetic outcomes, and 
high toughness. Apart from these favorable properties, there is 
a risk of root fracture due to a high modulus of elasticity.(16) 
The quality of cement is fundamental for post-resistance and 
retention on ETT, so the adhesive resin cement is indicated only 
when post-retention is severely impaired.(17,18) Adhesive resin 
cements have been preferred because they have been shown to 
increase the retention of the post (19) and the overall resistance 
against fracture of ETT.(20) Due to the low elastic modulus of 
the adhesive resin cement, it may act as a shock absorber, thus 
decreasing the risk of fracture of ETT. The types of posts have 
been explored by many authors. Therefore, this in vitro study 
aimed to estimate and compare the fracture resistance (FR) of 
ETT restored with CMP and ZP.

Materials and Methods
This study was conducted in the Prosthodontics 

Department at the University Dentistry Clinical Center of 
Kosovo with prior approval from the Ethical Committee 
(Protocol #4068/5.13.2021) of this institution. A total of 60 
canines extracted for periodontal reasons, with a root length 
of 15-18 mm, were selected for the present study. The freshly 
extracted teeth were immediately placed in 5.25% NaOCl for 
5 min and stored in 0.9% saline solution at room temperature 
(20-23° C). Teeth were used within 6 months after extraction.

The inclusion criteria were as follows: teeth with almost 
straight roots, completely formed apices and intact clinical 
crowns. The exclusion criteria were as follows: the presence 
of caries in the root, previous endodontic treatments, dental 
anomalies, and the presence of visible fracture lines in the 
root. Buccolingual and mesiodistal radiographs of all teeth 
were taken and examined to evaluate root integrity.

Any calculus or residual debris from the surface of the 
teeth was removed by ultrasonic scaling. Thereafter, teeth were 
stored in 0.9% normal saline for the rest of the study. All the 
tooth samples were sectioned 3mm above the cementoenamel 
junction. An adequate access cavity was prepared on all the 
teeth. The root canals were prepared and shaped up to the 
X3 file using a Protaper Next rotary file (ProTaper, Dentsply 
Maillefer, USA) and were irrigated with 2ml of 0.5% NaOCl 
solution between each file size. The remaining dentin layer 
was removed with 17% EDTA for 1 minute. The root canals 
were dried with absorbent paper points and obturated with 
ProTaper gutta-percha cones using a sealer (AH Plus, Dentsply 
Maillefer, USA) with cold lateral condensation. The access 

cavity was filled with a temporary restorative material (3M 
ESPE Cavit, Seefeld, Germany).

Post-space for all teeth was prepared after 7 days from 
obturation by the sequential use of Gates-Glidden and Pesso 
reamer size 1 up to size 4, keeping 4mm of gutta-percha as 
an apical seal. Then the finalized root canals were irrigated 
with 2.5% NaOCl, followed by normal saline, and dried with 
paper points. The tooth samples were randomly divided into 2 
groups based on the post type used for restoration. A root canal 
impression for 2 groups was made by using a patterned resin 
(Duralay, Reliance Dental Manufacturing LLC, Alsip, USA).

Group1 tooth samples were restored with Co-Cr CMP 
(Ivoclar, Vivadent, Lichtenstein). Group 2 samples were 
restored with ZP using a monolithic block of Zirconium 
Oxide (2N99%) with CAD-CAM technology (Sirona Dental 
Systems, Germany). The posts were then sandblasted for 3-4 
seconds with 50µm aluminum oxide powder and then cleaned 
with distilled water to improve the adhesion.

The post-space was thoroughly dried with absorbent 
paper points, and CMP and ZP were cemented with Adhesive 
Rezin Cement, Speed CEM Plus (Ivoclar, Vivadent, 
Lichtenstein). The cement was spun into the canals using 
a lentulo spiral (Lentulo; Dentsply Maillefer, Ballaigues, 
Switzerland). The posts were placed within the canal and held 
in position with moderate finger pressure. Excess cement was 
removed using a sable brush (Fig.1, Fig 2).

Final impressions were made for all the samples with 
polyvinylsiloxane impression material (Elite, Zhermarck). All 
teeth were restored with a full-coverage metal crown using 
type IV nickel-chromium (Wiron®99, BEGO Bremer Gold, 
Bremen, Germany). The crowns were cleaned with ethanol, 
dried, and cemented using type-1 glass-ionomer cement (GC 
Fuji I, GC America). The crowns were kept on the prepared 
samples under finger pressure for 30 sec, and excess cement 
was removed with a sharp instrument after 10 min.

Finally, each root was thinly covered with a silicone 
impression material to simulate the thickness of the periodontal 
ligament (Speedex, Light body, Coltène/Whaledent AG, 
Altstätten/ Switzerland).

Fracture resistance test
In order to receive the loads, samples were embedded 

parallel to their vertical axis in acrylic blocks. Loads were 
then applied using a UTM (H001B:1000kN, Matest, Italy) 
at a cross-head speed of 0.5mm/min on the palatal slope at 
an angle of 135° to the long axis of the tooth. The maximum 

          Fig. 1. CMP and ZP.                Fig. 2. Resin cement injection.  
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load necessary to fracture for each specimen was measured in 
Newtons (N) (Fig.3, Fig.4).

Statistical analysis was performed using statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, NY: 
IBM Corp). Data were analyzed with One-way ANOVA & 
Tukey’s (HSD) post-hoc test. The One Sample t-Test was 
also applied. A probability value of P<0.05 was considered 
statistically significant.

Results
Table 1 presents descriptive statistics for CMP and 

ZP. In CMP and ZP, the mean FR was 141.87±13.620N and 
1041.03±16.497N, respectively. A comparative analysis of 
the FR values between CMP and ZP groups showed that the 
influence of post’s type on FR was significant (P=0.000) (Table 
2). We have done a univariate general linear model test to which 
we have added Tukey’s Honest Significant Difference (HSD) 
test to assess the significance of differences between CMP and 
ZP groups (Table 3). The P-value for each group comparison 
was less than 0.05, showing high significance (Table 3). Table 
4 presents the One Sample t-Test. Thus, the difference in FR 
means between CMP and ZP was statistically significant 
(P=0.001).

Discussion
The present study presented 2 posts extensively used to 

restore ETT and assessed their capacity to resist fracture. This 
study used UTM to estimate the FR of ETT restored with CMP 
and ZP. When analyzing the data, we focused on a significant 
difference between them. In this study, canines were selected 
as they are vulnerable to trauma because of their position. 

The loading angle of 135° applied on the palatal slope 
was selected in order to simulate a contact angle found in 
Class 1 occlusion between maxillary and mandibular anterior 
teeth, consistent with reports of Guzy and Nikolls.(24) In our 
study, adhesive resin cement was used because its modulus of 
elasticity is comparable to dentin. A study done by Borer et al.(25) 
has demonstrated the successful use of adhesive resin cement, 
allowing for the significant chemical bonds between the dentin 
and the post. All samples were restored and tested with a full-
coverage, cast metal crown to ensure standardization and make 
it more similar to the clinical situation. The crown coverage 
leads to an even greater distribution of masticatory forces. 

In order to closely simulate the clinical situation, many 
studies discuss the importance of a simulated periodontal 
ligament.(26) Our study supports the conclusions of these 
studies. In our present study, each root was thinly covered 
with a silicone impression material to simulate the thickness 
of the periodontal ligament. Marchionatti et al.(27) reported that 
the artificial periodontal ligament had no effect on the FR of 
ETT when the roots were surrounded with polyvinyl siloxane. 
Furthermore, posts are recommended to increase the FR of 
ETT, and the results of our study are consistent with Kantor and 

Fig. 3. Teeth samples in 
acrylic block.     

Fig. 4. Static load application 
in the UTM.

Table 1. 
Descriptive statistics  of FR values.

Valiable Mean          n SD SEM 

CMP 141.87            30 13.620 2.486

ZP 1041.03                30  16.497  3.011

 df           SS MS  F P

Between Groups  1    12127330.584  12127330.58  52997.65 0.000

Within Groups  58  13272.007  228.8277

Total  59  12140602.59

df- degree of freedom; SS - sum of squares; MS - mean square

Table 2.
A One-Way Analysis of Variance of FR between the study groups.

Source Type III Sum of
Squares df Mean Square F Sig.

Corrected
Model 12127330.58400a 1 12127330.58400 5299554.774 0.000

Intercept 20989022.73067 1 20989022.73067 9172049.433 0.000

Group# 12127330.58400 1 12127330.58400 5299554.774 0.000

Error 13272.007 58 228.837

Total 33116486.4000 60

Corrected
Total 12127463.30933 59

a. R Squared = 1.000 (Adjusted R Squared = 1.000)

Table 3.
Tukey’s HSD comparison of the significance levels between the groups.

Table 4.
The One Sample t-Test.

    t df Sig. 
(2-tailed)

Mean
difference

95% CI for the difference

Lower Upper

10.105 59 0.001 5914.5333 4743.3377 7085.7290
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Pines,(28) and Robbins.(29) It has been reported that more rigid 
posts are unable to absorb stress and are, therefore, susceptible 
to fracture.(30,31) The present study showed a significant 
difference. ETT with CMP showed lower FR than ETT with 
ZP. The higher modulus of elasticity of CMP compared with 
dentin would have led to the stress concentrations and might 
be responsible for the fracture of ETT.(32) The result of our 
study contradicted the findings of Kivanç et al.,(33) in which 
they reported higher FR on ETT restored with CMP. Likewise, 
in the study by Mentik et al.,(34) the success rate of CMP was 
82%. However, our results are consistent with data obtained 
in a study by Abduljabbar et al.,(35) which concluded that FR 
of ETT restored with ZP was significantly higher than ETT 
restored with CMP.

The observation in this study may be attributed to the 
fact that ZP had a higher modulus of elasticity than CMP. On 
the other hand, in a study by Heydecke et al.,(36) the high elastic 
modulus of ZP was responsible for catastrophic fractures in 
teeth restored with these posts. These results are supported by 
other studies. Rosentrit et al.(37) reported that ZP could even 
reinforce the tooth structure of ETT and offer better stress 
distribution of loads along the roots. In our present study, 
the ZP were custom milled, unlike in other studies, which 
used prefabricated ZP.(38,39) UTM is considered a valuable 
method to estimate the FR of ETT restored with CMP and 
ZP. Nevertheless, it is difficult to compare the results of this 
study with those of prior studies since previous studies had 
differences in methodology, testing procedures, and research 
design. The limitations of our study included the following: the 
static load was applied for testing samples, unlike masticatory 
forces. Moreover, dynamic loading, the oral environment, and 
temperature effects were excluded but may also be considered 
limitations of the study. 

Finally, CMP and ZP evaluated in our study have several 
advantages and disadvantages. The ultimate clinical decision-
making should consider the patient-related variables, such 
as the amount of remaining tooth structure, tooth anatomy, 
position, occlusion, masticatory forces, and parafunctional 
habits to maximize the long-term prognosis of ETT.

In conclusion, within the limitations of this study, the FR 
of ETT was significantly influenced by the post type. The FR 
of ZP was found to be significantly higher than those of CMP. 
The FR analysis with UTM is the only method that enables 
us to estimate the differences between the ETT restored with 
CMP and ZP. Therefore, until further studies with long-term 
follow-ups on CMP are available, the use of ZP with a similar 
elastic modulus to the dentin might provide more acceptable 
results in ETT.
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Abstract
The purpose of this study was to investigate the influence of low-level laser therapy (LLLT) in patients with type 2 diabetes 

mellitus (T2DM) and chronic periodontopathy (ChP) on serum levels of IL-2.
Methods and Results: A total of 80 patients aged 35-60 years were followed; all of them had T2DM diagnosed (HbA1C≤7.5%) 

with ChP, where clinical attachment loss (CAL) was ≥ 4mm on at least 50% of affected teeth. All participants are divided into two 
groups. Group A included 40 patients who underwent conservative (non-surgical) periodontal treatment supplemented with LLLT. 
Group B included 40 patients who underwent only conservative therapy. Patients used oral antidiabetic medications to control 
glycemia: Metformin (Alkaloid, Skopje S. Macedonia) 500 mg two times a day. LLLT (Laser HF® comfort, Hager. Werken, 
Duisburg, Germany) was applied (660 nm, 10 mW, 8 min/day) with contact to the gingiva for five consecutive days. Serum IL-2 
was determined by ELISA in 3 time intervals: at the first examination, 6 weeks, and 3 months after treatment in both groups. In 
Group A and Group B, at the first examination, 6 weeks after therapy, and 3 months after treatment, the serum IL-2 was 17.20±0.54 
pg/ml and 17.22±0.66 pg/ml, 17.12±0.63 pg/ml and 17.17±0.63 pg/ml, and 17.03±0.64 pg/ml and 16.98±0.65 pg/ml, respectively.  

In Group A, there was a significant difference between the serum IL-2 values in specified time points (first examination, 6 
weeks, and 3 months after the therapy) (Friedman’s ANOVA: χ² (n=40, df=2) = 17.22 and P=0.0002). In Group B, between the 
serum IL-2 levels, there also was a significant difference in specified time points (Friedman’s ANOVA: χ² (n=40, df=2) = 42.33 
and P=0.0000). The intergroup analysis, according to the temporal dynamics of the measurements, showed an evident difference 
between the two groups, but the serum IL-2 values in the two groups treated with and without LLLT were close, and no statistical 
significance was recorded between them.

Conclusion: No significant differences were recorded in the serum IL-2 levels in T2DM patients with ChP non-surgically 
treated with and without the application of LLLT.(International Journal of Biomedicine. 2022;12(4):611-616.).
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Introduction
Periodontal disease is a common disease in the population. 

It starts as gingivitis that can progress and affect the remaining 
structures of the periodontium, causing destructive processes, 
luxation, and tooth loss. The main cause of destructive 
inflammatory processes in the periodontium is dental plaque. 
The connection between plaque and the periodontium has 
been proven many times, and the immune response of the 
host has a central role.(1) However, it is considered that certain 
systemic diseases that have an inflammatory component can 
be a risk factor for periodontal disease because, through their 
mechanisms, they manage to change the oral microbiological 
environment, creating conditions for higher susceptibility to 
periodontopathy.(2)

During inflammation, inflammatory cytokines IL-1, IL-
2, IL-8, TNF-α, and many other factors are produced, which 
cause an even higher inflammatory destructive reaction of the 
periodontium.(3)

It is considered that hyperglycemia can affect some 
biological pathways that stimulate the release and activation of 
inflammatory cytokines,(4) so poorly controlled type 2 diabetes 
mellitus (T2DM) negatively affects the periodontal status.(5-

7) The disturbed balance between pro-inflammatory and anti-
inflammatory cytokines is the cause of serious disorders in the 
periodontium. IL-1, IL-8, and TNF-α play a significant role 
in that process.(8) IL-6 can stimulate stromal cells to produce 
RANKL;(8,9) in contrast, IL-2 has a key role during immune 
homeostasis through its mediating role on T cells.(10) There 
is much data in the literature that confirms the connection 
between T2DM and periodontopathy.(11,12) 

It is still a question for consideration whether diabetes 
affects the periodontal status or the diseased periodontium 
through the salivary factors and released pro-inflammatory 
cytokines into the gingival crevicular fluid (GCF) and 
worsens this systemic disease and tends toward possible 
complications. On the one hand, the impact of chronic 
periodontopathy (ChP) on the levels of glucoregulatory 
biomarkers in GCF(13) has been proven, and on the other 
hand, it is known that T2DM affects the composition of 
saliva and other tissue fluids that manifest in the mouth 
with different clinical symptomatology from the oral and 
periodontal aspect.(14)

In conditions of poor systemic health where T2DM and 
chronic periodontopathy are diagnosed, the main problem for 
every therapist is the choice of successful periodontal treatment. 
Often conventionally applied therapy is insufficient to achieve 
a clinical effect that would certainly regulate cytokine levels 
at a systemic or local level. In recent years, low-level laser 
therapy  (LLLT) has been applied, which has been proven as 
an effective procedure in reducing inflammation and edema, 
and correcting clinical periodontal parameters.(15-17)

Histological findings of the gingival tissue treated with 
LLLT showed expressed healing, evident by the absence of 
inflammatory cells. Tissue edema could not be registered, 
and the number of blood vessels was reduced. Expressed 
collagenization and homogenization were present in the 
lamina propria of the gingiva.(18) Also, the correction of certain 

inflammatory mediators in saliva and GCF was confirmed 
after the application of the LLLT therapy.(19,20) 

The purpose of this study was to investigate the influence 
of LLLT in patients with T2DM and ChP on serum levels of 
IL-2 as one of the inflammatory biomarkers important in the 
pathogenesis of periodontal disease.

Materials and Methods
We selected participants in this study by choosing 

suitable patients from the Department of Periodontology and 
Oral Diseases at the University Dental Clinical Center of 
Kosovo in Pristina. A total of 80 patients aged 35-60 years were 
followed; all of them had T2DM diagnosed (HbA1C≤7.5%) 
with ChP, where CAL was ≥ 4mm on at least 50% of affected 
teeth.

All participants are divided into two groups, A and B. 
Group A included 40 patients who underwent conservative 
(non-surgical) periodontal treatment supplemented with 
laser therapy. Group B included 40 patients who underwent 
only conservative therapy. Patients used oral antidiabetic 
medications to control glycemia: Metformin (Alkaloid, 
Skopje S. Macedonia) 500 mg two times a day. After the 
initial measurements and the observation of the clinical 
parameters, non-surgical treatment of the periodontal 
pockets was carried out in all study participants. Pockets 
were irrigated with 1% chlorhexidine gel (three times for 10 
minutes). Then, LLLT was applied to the gingival part of 
the affected side. LLLT (Laser HF® comfort, Hager. Werken, 
Duisburg, Germany) was applied (660 nm, 10 mW, 8 min/
day) with contact to the gingiva for five consecutive days. 

To determine serum IL-2, the blood was collected after 
12 hours of fasting and centrifuged for 20 minutes at 6000 
rpm at 2-8°C. Serum was used for all further analyses. Serum 
IL-2 was determined by ELISA, based on the Biotin double 
antibody sandwich technology. A biotinylated detection 
antibody specific for Human IL-2 and Avidin-Horseradish 
Peroxidase (HRP) conjugate were added successively to each 
microplate well and incubated. The test protocol included 
a series of procedures that culminated in determining the 
optical density (OD) of each well simultaneously, using 
a microplate reader set at 450 nm. The OD value was 
proportional to the concentration of Human IL-2. Finally, a 
concentration of Human IL-2 in the samples was calculated 
by comparing the OD of the samples to the standard curve. 
IL-2 values in serum were determined in 3 time intervals: at 
the first examination, 6 weeks, and 3 months after treatment 
in both groups. 

Statistical analysis was performed using statistical 
software package SPSS version 26.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For descriptive analysis, results are presented 
as mean±standard deviation (SD). Student's paired t-test 
was applied to compare two groups for data with normal 
distribution. The Friedman ANOVA was used to compare 
three or more matched groups. A probability value of P<0.05 
was considered statistically significant.

Ethical approval for this study was obtained from the 
Ethical Committee at UBT - Higher Education Institution 
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(Faculty of Dentistry), Pristina, Republic Kosovo. Written 
informed consent was obtained from all patients before 
inclusion in the study.

Results
Table 1 shows descriptive statistics of serum IL-2 for two 

study groups. In Group A and Group B, at the first examination, 
6 weeks after therapy, and 3 months after treatment, the serum 
IL-2 was 17.20±0.54 pg/ml and 17.22±0.66 pg/ml, 17.12±0.63 
pg/ml and 17.17±0.63 pg/ml, and 17.03±0.64 pg/ml and 
16.98±0.65 pg/ml, respectively.  

In Group A, there was a significant difference between the 
serum IL-2 values in specified time points (first examination, 6 
weeks, and 3 months after the therapy) (Friedman’s ANOVA: 
χ² (n=40, df=2) = 17.22 and P=0.0002). In Group B, between 
the serum IL-2 levels, there also was a significant difference in 
specified time points (Friedman’s ANOVA: χ² (n=40, df=2) = 
42.33 and P=0.0000) (Table 2). 

The serum IL-2 value 6 weeks after therapy was 
significantly lower than at the first examination in Group 
A (t=2.36 and P=0.02), while in Group B, the difference 
between IL-2 levels was not significant (t=1.12 and P=0.27) 
(Table 3). 

The serum IL-2 values 3 months after therapy were 
significantly lower than at the first examination in both groups 
(Group 1:  t=2.50 and P=0.02; Group B: t=5.67 and P=0.00) 
(Table 4).

 In Group A, the serum IL-2 value 3 months after 
therapy was slightly lower than 6 weeks after therapy (t=1.69 
and P=0.10), while in Group B, the IL-2 level 3 months after 
therapy was significantly lower than 6 weeks after therapy 
(t=17.17 and P=0.000) (Table 5).

The intergroup analysis, according to the temporal 
dynamics of the measurements, showed an evident difference 

Table 1. 
Serum values (pg/ml) of IL-2 in patients of two groups.
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          Group А 

First examination 40 17.20 17.03 17.37 16.15 18.45 0.54

6 weeks after the therapy 40 17.12 16.92 17.32 15.85 18.55 0.63

3 months after the therapy 40 17.03 16.83 17.24 15.55 18.45 0.64

          Group B 

First examination 40 17.22 17.01 17.43 16.05 18.95 0.66

6 weeks after the therapy 40 17.17 16.97 17.38 16.15 18.75 0.63

3 months after the therapy 40 16.98 16.78 17.19 16.00 18.55 0.65

Table 2.
Differences between IL-2 values in serum in two groups at different 
time intervals.

IL-2 in serum Average
Rank

Sum of
Ranks Mean SD

         Group A

First examination 2.46 98.50 17.20 0.54

6 weeks after therapy 2.00 80.00 17.12 0.63

3 months after therapy 1.54 61.50 17.03 0.64

          Group B

First examinatin 2.38 95.00 17.22 0.66

6 weeks after therapy 2.44 97.50 17.17 0.63

3 months after therapy 1.19 47.50 16.98 9.65

Table 4. 
Differences in serum IL-2 values at the first examination and 3 
months after the treatment in both groups

IL-2 in serum Mean SD n Diff. SD
Diff. t df P

        Group А

First examination 17.20 0.54

3 months after therapy 17.03 0.64 40 0.17 0.42 2.50 39 0.02

         Group B

First examination 17.22 0.66

3 months after therapy 16.98 0.65 40 0.23 0.26 5.67 39 0.00

Table 3. 
Differences in serum IL-2 values at the first examination and 6 
weeks after the treatment in both groups

IL-2 in serum Mean SD n Diff. SD
Diff. t df P

         Group A

First examination 17.20 0.54

6 weeks after therapy 17.12 0.63 40 0.08 0.22 2.36 39 0.02

         Group B

First examination 17.22 0.66

6 weeks after therapy 17.17 0.63 40 0.04 0.25 1.12 39 0.27
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between the two groups, but the serum IL-2 values in the two 
groups treated with and without LLLT were close, and no 
statistical significance was recorded between them.

Discussion
The high-quality standard in the therapy of periodontal 

disease is the non-surgical treatment of the periodontium, 
which includes curettage of the soft wall of the periodontal 
pocket, removal of necrotic cementum, subgingival 
concretions from the root of the tooth and elimination of 
the complete contents (exudate, dental plaque, detritus, and 
microorganisms).(21) With mechanical instrumentation, there 
is a qualitative and quantitative change in the oral microbial 
flora,(22,23) which in turn results in a reduction of bacterial 
toxins and enzymes that change the level of local and 
systemic inflammatory mediators.(24) In conditions of good 
systemic health without comorbidities, the irritating local 
factors can be the cause of inflammation and destruction 
of the periodontium due to releasing the pro-inflammatory 
cytokines. Systemic diseases are an additional cause of 
deterioration of clinical and cytokine findings. Namely, 
the disturbed balance between pro- and anti-inflammatory 
cytokines and the immune response can be the cause of 
periodontal damage.(25) This study showed that serum IL-2 
values in 2TDM patients treated with and without LLLT at 
all investigated time intervals (at 6 weeks and 3 months) 
after non-surgical periodontal treatment were not statistically 
significant. Namely, hyperglycemia, among others, affects 
the glycation pathway, thereby potentiating the release 
of inflammatory mediators at the systemic level,(26) also 
reflecting on the oral and periodontal tissues.

Our findings agree with the data obtained from Koçak’s 
study.(27) But the non-surgical treatment was expected to 
correct the IL-2 levels, which it did after 6 weeks and 3 
months in both groups. In Group A, there was a significant 
difference between the serum IL-2 values (first examination, 
6 weeks, and 3 months after the therapy) (Friedman’s 
ANOVA: χ² (n=40, df=2)=17.22 and P=0.0002). In Group B, 
between the serum IL-2 levels, there also was a significant 

difference in specified time points (Friedman’s ANOVA: χ² 
(n=40, df=2)=42.33 and P=0.0000). 

The authors who determined the serum biomarkers agree 
with these findings and confirmed that conventionally applied 
therapy is associated with systemic and local reduction of 
inflammatory markers.(28,29) In Group A, the serum IL-2 value 
3 months after therapy was slightly lower than 6 weeks after 
therapy (t=1.69 and P=0.10), while in Group B, the IL-2 level 
3 months after therapy was significantly lower than 6 weeks 
after therapy ( t=17.17 and P=0.000).

Our results point to the fact that LLLT has no effect on 
the serum levels of IL-2, which has an important immune-
regulatory role, promotes the growth and development 
of peripheral immune cells during the initiation of the 
(defensive) immune response, and keeps them alive as 
effector cells.

Researchers suggest that LLLT reduces gingival 
inflammation when applied as an adjunct to non-surgical 
treatment, calms gingival inflammation, and corrects the depth 
of periodontal pockets due to the anti-inflammatory, analgesic, 
and bio-stimulating effects.(30,31) Stadler et al.(32) registered a 
correction of IL-1β, IL-17, and IL-4 in GCF. The values of 
IL-1β and TNF-α have significantly reduced independently 
of blood glycemia and diabetic status in patients treated only 
conservatively.(33) Non-surgical periodontal treatment resulted 
in reduced salivary values of IL-1β and TNF-α.(34)

Based on the obtained findings and the data from 
several studies that showed a significant reduction of 
individual markers in GCF and saliva, we approach the fact 
that periodontal treatment effectively corrects biomarkers in 
local oral fluids (GCF and saliva) but not at the systemic level 
(serum). These changes in the oral medium are manifested 
through clinical improvements of the periodontium that can 
be partially explained by the normalization of homeostasis in 
tissue metabolism and inhibition of mast cell degranulation, 
where immune changes are in focus.

In conclusion, in our study, no significant differences 
were recorded in the serum IL-2 levels in T2DM patients with 
ChP non-surgically treated with and without the application 
of LLLT.
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Abstract
The goal of this research was to evaluate the oral health of the children of the Roma, Ashkali, and Egyptian (RAE) community 

in relation to toothbrushing frequency. 
Methods and Results: A total of 201 children (93 boys and 108 girls) participated in this research. The decayed, missing, and 

filled teeth (DMFT) index of deciduous teeth and the simplified oral hygiene index (OHI-S) developed by Greene and Vermillion 
were evaluated in relation to toothbrushing frequency. Our research revealed an important and significant difference in toothbrushing 
frequency between the variables for F=3.7839 and P=0.0244. Children who brushed their teeth twice a day had a markedly lower 
DMFT index (3.15±3.29) than children who brushed their teeth less than once a day (4.86±3.81). Also, this group of children for 
P=0.02 had a markedly lower DMFT index (3.15±3.29) than children who brushed their teeth once a day (4.86±3.81). An important 
and significant difference was found between plaque index (PI) and toothbrushing frequency (H=7.86, P=0.02).

Conclusion: Difficult economic circumstances and poor oral hygiene are the main factors causing poor oral health in this 
group of children.(International Journal of Biomedicine. 2022;12(4):617-621.).
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Introduction
Dental caries is a chronic disease and one of the most 

common global oral health problems. According to the World 
Health Organization, poor oral health may significantly affect 
general health and quality of life. Additionally, some oral 
diseases are related to chronic diseases.(1) Dental caries is the 
main oral health problem in most industrialized countries, 
affecting 60%–90% of school children and the majority of 
adults.(2)

Dental caries is the most widespread human disease, 
which not only causes disorders in dento-oral function because 
of its complications, but, when not treated at the right time, 
also seriously affects the quality of life.

Dental caries causes tooth decay as a result of bacterial 
activity. The color of the attacked tooth changes from yellow to 

black. If precautions are not taken early, inflammation occurs 
around the tooth leading to tooth loss or even the formation of 
an abscess. Dental caries is caused by specific types of bacteria 
that produce acids that destroy the enamel and dentin of the 
tooth. Different types of bacteria that normally live in the human 
mouth form a sticky film called dental plaque on the tooth. The 
plaque also contains saliva, food residues, and other natural 
substances. It can easily form in areas that are poorly cleaned.

The appearance of a caries lesion is determined by the 
coexistence of three main factors: acidogenic and acidophilic 
microorganisms, carbohydrates derived from the diet, and 
host factors.

The occurrence of dental caries is influenced by three 
main factors: bacterial load, susceptible tooth surface, and 
diet.(3) Cultural and hygiene habits are also important factors 
that affect the prevalence of caries.(4)
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Our research focused on the Roma, Ashkali, and 
Egyptian (RAE) community, which has a history of being 
discriminated against and is one of the poorest and most 
disadvantaged communities in Kosovo. The RAE community 
has one of the poorest prospects for a better life.(5)

According to Kosovo’s official statistics, there are about 
8824 Roma citizens.(6) The Ashkali community is the biggest 
of the three communities discussed here, consisting of 15,436 
citizens.(7) The Egyptian community has 11,524 members.(8) 

Difficult economic conditions adversely affect the health of 
RAE community members.(9) There is some evidence that 
dental caries is one of the main indicators of socioeconomic 
inequality.(10,11) 

The goal of this research was to evaluate the oral 
health of the children of the RAE community in relation to 
toothbrushing frequency. 

Materials and Methods
Ethical approval for this study was obtained from the 

Ethical Committee of the Medical Faculty of the University 
of Prishtina, Kosovo (Ref. №2602). Written informed consent 
was obtained from the child’s parents.

A total of 201 children (93 boys and 108 girls) 
participated in this research. The decayed, missing, and filled 
teeth (DMFT) index of deciduous teeth and the simplified oral 
hygiene index (OHI-S) developed by Greene and Vermillion 
were evaluated in relation to toothbrushing frequency. Children 
with infectious diseases, disabled children, and uncooperative 
children were excluded from the study. 

Clinical oral health assessment methodology
The research was conducted in primary schools, family 

medical centers, and other organizations where children from 
the RAE community were in attendance.

Dental probes, dental mirrors, and natural and artificial 
light sources were used for this examination. Clinical oral 
health status was measured using the DMFT index for 
deciduous teeth according to the WHO guidelines.(12)

The OHI(13) determines the presence of dental plaque on a 
scale of 0 to 3. Plaque is evaluated using an exploratory probe. 

The index includes only six representative sites: 
- the vestibular surfaces of the first maxillary molars of 

the right and left sides
- the vestibular surfaces of the right maxillary central 

incisor and the permanent left central mandibular incisor 
- the lingual surfaces of the first mandibular molars 
Criteria for classifying debris were as follows: 0 = no 

debris or stain; 1 = soft debris covering no more than one-
third of the tooth surface; 2 = soft debris covering more than 
one-third, but no more than two-thirds, of the exposed tooth 
surface; and 3 = soft debris covering more than two-thirds of 
the exposed tooth surface.

Statistical analysis was performed using statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For descriptive analysis, results are presented 
as mean (M) ± standard deviation (SD). The Kruskal-Wallis 
H test/one way ANOVA was used to compare three or more 
groups. The LSD test was used to make direct comparisons 

between two means from two individual groups. A probability 
value of P<0.05 was considered statistically significant.

Results
The data presented in Table 1 refer to DMFT index 

values in relation to toothbrushing frequency. For children 
who brushed their teeth only once a day, the DMFT index was 
4.30±3.25. For children who brushed their teeth twice a day, 
this value was 3.15±3.29, whereas for children who brushed 
their teeth less than once a day, this value was 4.86±3.81.

Table 2 shows the differences in DMFT index values 
with toothbrushing frequency as an independent variable. For 
H=7.01 and P=0.03, an important and significant difference was 
found between the DMFT index and toothbrushing frequency. 
For F=3.79 and P=0.02, an important and significant difference 
between the variables was found. 

Table 3 presents the data of Least Significant Difference 
(LSD) test. For P=0.03, children who brushed their teeth 
twice a day had a markedly lower DMFT index (M=3.15) than 
children who brushed their teeth less than once a day (M=4.86). 
This group of children also, for P=0.02, had a markedly 
lower DMFT index (M=3.15) than children who brushed 
their teeth only once a day (M=4.86). The results presented 
in Table 4 refer to PI values in relation to toothbrushing 
frequency. Children who brushed their teeth once a day had 
PI of 2.30±0.78. PI was 2.17±0.73 in children who brushed 
their teeth twice a day, and 2.57±0.51 in children who brushed 
their teeth less than once a day. The differences in PI values 
in correlation with toothbrushing frequency as an independent 

Table 1. 

The DMFT index and toothbrushing frequency.

Toothbrushing frequency Mean n SD Statistics
(ANOVA)

Once a day 4.30 91 3.25
F=3.7839
P=0.0244Less than once a day 4.86 22 3.81

Twice a day 3.15 88 3.29

Total 3.86 201 3.38

Table 2.

Difference/DMFT index and toothbrushing frequency.

Toothbrushing frequency Code n Rank in total

Less than once a day 1 22 2546.00

Once a day 2 91 9907.50

Twice a day 3 88 7847.50
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variable are presented in Table 5. As for H=7.86 and P=0.02, 
an important and significant difference was found between PI 
and toothbrushing frequency. 

Multiple comparisons are presented in Table 6. Children 
who brushed their teeth twice a day (R: 90.31), for P=0.03, 
had a notably lower PI than children who brushed their teeth 
less than once a day (R: 126.70).

Discussion
Previous research established that high dental disease 

levels were related to differences in culture,(14) low income,(15) 
low education level,(16) low level of dental health knowledge,(17) 
inadequate oral hygiene,(18) fewer dental visits,(19) and high 
consumption of cariogenic food.(20)

The prevention of dental caries requires good oral 
hygiene, a healthy diet, limited cariogenic food, and more 
frequent stomatological control via regular dental visits 
starting at an early age. Risk factors include toothbrushing 
less than twice a day, frequent consumption of food rich 
in carbohydrates, low education level of parents, and low 
economic income.(21-23)

Two variables were continuously studied in relation 
to oral hygiene: toothbrushing frequency and the presence of 
dental plaque. Because dental plaque is considered to be an 
etiological agent of dental caries, some studies established that 
dental plaque control is one of the main factors in dental caries 
prevention, and that plaque can also be used as an indicator of 
oral hygiene status.

Toothbrushing with toothpaste rich in fluoride is one of 
the most important habits for improving oral health.

Our research revealed an important and significant 
difference in toothbrushing frequency between the variables 
for F=3.7839 and P=0.0244. Children who brushed their teeth 
twice a day had a markedly lower DMFT index (3.15±3.29) 
than children who brushed their teeth less than once a day 
(4.86±3.81). Also, this group of children for P=0.02 had a 
markedly lower DMFT index (3.15±3.29) than children who 
brushed their teeth once a day (4.86±3.81). Thus, our results 
confirm that children who brushed their teeth more frequently 
had lower caries prevalence.

The findings of our research showing that dental caries 
are related to socioeconomic conditions are consistent with 
several other studies conducted in other countries.(24-30) The 
research conducted by Leske et al.,(31) Stecksén-Blicks and 
Gustafsson,(32) Chesters et al.,(33) Pine et al.,(34) and Stecksén-
Blicks et al.(35) were also consistent with our results. On the 
contrary, the research conducted by Dale,(36) Town,(37) and 
Etty et al.(38) showed a weak or absent relationship between 
toothbrushing frequency and dental caries.

An important and significant difference was also found 
in the OHI for H=7.86 and P=0.03. Children who brushed 
their teeth twice a day (R: 90.31), for P=0.03, had a markedly 
lower PI than children who brushed their teeth less than once 
a day. Our results are consistent with the results of a study 
conducted by Mazhari et al.(39) and Saurabh et al.(40)

In conclusion, given that the children of the RAE 
community live in difficult social and economic circumstances, 
we consider preventive programs with a special focus on 
children with relatively poor oral health should be implemented 
as a high priority.
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Table 3. 
The DMFT index and toothbrushing frequency. LSD test.

Toothbrushing frequency {1}
М=4.86

{2}
М=4.30

{3}
М=3.15

Once a day 0.47 0.03

Less than once a day 0.47 0.02

Twice a day 0.03 0.02

Table 4.

Plaque index and toothbrushing frequency.

Toothbrushing frequency 
Plaque index

Mean n SD

Once a day 2.30 91 0.78

Less than once a day 2.57 22 0.51

Twice a day 2.17 88 0.73

Total 2.27 201 0.74

Table 5. 
Difference / plaque index and toothbrushing frequency.

Plaque index Code n Rank
 summary

Not even once 1 22 2787.50

Once a day 2 91 9566.50

Twice a day 3 88 7947.00

Plaque index Less than once
R: 126.70

Once a day
R: 105.13

Twice a day
R: 90.31

Less than once 0.36 0.03

Once a day 0.36 0.27

Twice a day 0.03 0.27

Table 6. 
Multiple comparisons of P-values (2-tailed) for plaque index and 
toothbrushing frequency.



620                                       V. M. Bajgora et al. / International Journal of Biomedicine 12(4) (2022) 617-621

Competing Interests
The authors declare that they have no competing 

interests. 

References
1. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, 
Ndiaye C. The global burden of oral diseases and risks to oral 
health. Bull World Health Organ. 2005 Sep;83(9):661-9. 
2. Gilchrist F, Marshman Z, Deery C, Rodd HD. The impact 
of dental caries on children and young people: what they 
have to say? Int J Paediatr Dent. 2015 Sep;25(5):327-38. doi: 
10.1111/ipd.12186. 
3. Struzycka I. The oral microbiome in dental caries. Pol J 
Microbiol. 2014;63(2):127-35. 
4. Petersen PE. Challenges to improvement of oral health 
in the 21st century--the approach of the WHO Global Oral 
Health Programme. Int Dent J. 2004 Dec;54(6 Suppl 1):329-
43. doi: 10.1111/j.1875-595x.2004.tb00009.x.  
5. Osce.Pasqyrë e komunitetit rom, ashkali dhe egjiptian të 
kosovës (2020; p. 4). Available online: https://www.osce.org/
files/f/documents/c/c/443590_2.pdf .
6. Qendra Evropiane për Çështje të Minoriteteve në 
Kosovë. Community Profile: Roma Community (2020). 
Available online: http://www.ecmikosovo.org/uploads/
Romacommunity1.pdf.
7. Qendra Evropiane për Çështje të Minoriteteve në 
Kosovë. Community Profile: Ashkali Community (2020). 
Available online: http://www.ecmikosovo.org/uploads/
Ashkalicommunity1.pdf 
8. Qendra Evropiane për Çështje të Minoriteteve në 
Kosovë. Community Profile: Egyptian Community (2020). 
Available online: http://www.ecmikosovo.org/uploads/
Egyptiancommunity1.pdf 
9. Draft Kosovo Program for Gender Equality. Available 
online: http://www.kryeministriks.net/repository/docs/Draft_
Strategjia_per_integrimin_e_komuniteteve_2016-2020_.pdf 
10. Baggio S, Abarca M, Bodenmann P, Gehri M, Madrid 
C. Early childhood caries in Switzerland: a marker of social 
inequalities. BMC Oral Health. 2015 Jul 22;15:82. doi: 
10.1186/s12903-015-0066-y. 
11. Zhou Y, Lin HC, Lo EC, Wong MC. Risk indicators for 
early childhood caries in 2-year-old children in southern 
China. Aust Dent J. 2011 Mar;56(1):33-9. doi: 10.1111/j.1834-
7819.2010.01280.x
12. WHO: Oral Health Country, Area Profile Programme Oral 
Hygiene Indices. Available online: http:/www.whocollob.
od.mah.se/expl/ohiintrod.html.
13. GREENE JC, VERMILLION JR. THE SIMPLIFIED 
ORAL HYGIENE INDEX. J Am Dent Assoc. 1964 Jan;68:7-
13. doi: 10.14219/jada.archive.1964.0034. 
14. Hilton IV, Stephen S, Barker JC, Weintraub JA. 
Cultural factors and children’s oral health care: a qualitative 
study of carers of young children. Community Dent Oral 
Epidemiol. 2007 Dec;35(6):429-38. doi: 10.1111/j.1600-
0528.2006.00356.x. 
15. Monaghan N, Heesterman R. Dental caries, social 
deprivation and enhanced capitation payments for children. 
Br Dent J. 1999 Mar 13;186(5):238-40. doi: 10.1038/
sj.bdj.4800074.

16. Kinirons M, McCabe M. Familial and maternal factors 
affecting the dental health and dental attendance of preschool 
children. Community Dent Health. 1995 Dec;12(4):226-9. 
17. Szatko F, Wierzbicka M, Dybizbanska E, Struzycka I, 
Iwanicka-Frankowska E. Oral health of Polish three-year-olds 
and mothers’ oral health-related knowledge. Community Dent 
Health. 2004 Jun;21(2):175-80.
18. Jose B, King NM. Early childhood caries lesions in 
preschool children in Kerala, India. Pediatr Dent. 2003 Nov-
Dec;25(6):594-600. 
19. Gratrix D, Taylor GO, Lennon MA. Mothers’ dental 
attendance patterns and their children’s dental attendance 
and dental health. Br Dent J. 1990 Jun 9;168(11):441-3. doi: 
10.1038/sj.bdj.4807233.
20. Tsai AI, Chen CY, Li LA, Hsiang CL, Hsu KH. Risk 
indicators for early childhood caries in Taiwan. Community 
Dent Oral Epidemiol. 2006 Dec;34(6):437-45. doi: 
10.1111/j.1600-0528.2006.00293.x. 
21. Petersen PE. The World Oral Health Report 2003: 
continuous improvement of oral health in the 21st century-
-the approach of the WHO Global Oral Health Programme. 
Community Dent Oral Epidemiol. 2003 Dec;31 Suppl 1:3-23. 
doi: 10.1046/j..2003.com122.x. 
22. Dusseldorp E, Kamphuis M, Schuller A. Impact of lifestyle 
factors on caries experience in three different age groups: 9, 
15, and 21-year-olds. Community Dent Oral Epidemiol. 2015 
Feb;43(1):9-16. doi: 10.1111/cdoe.12123.
23. Mejàre I, Axelsson S, Dahlén G, Espelid I, Norlund A, 
Tranæus S, Twetman S. Caries risk assessment. A systematic 
review. Acta Odontol Scand. 2014 Feb;72(2):81-91. doi: 
10.3109/00016357.2013.822548. 
24. Chu CH, Fung DS, Lo EC. Dental caries status of preschool 
children in Hong Kong. Br Dent J. 1999 Dec 11;187(11):616-
20; discussion 605. doi: 10.1038/sj.bdj.4800347.
25. Davenport ES. Caries in the preschool child: aetiology. 
J Dent. 1990 Dec;18(6):300-3. doi: 10.1016/0300-
5712(90)90127-z. 
26. Blinkhorn AS. The caries experience and dietary habits 
of Edinburgh nursery school children. Br Dent J. 1982 Apr 
6;152(7):227-30. doi: 10.1038/sj.bdj.4804790. 
27. Wei SH, Holm AK, Tong LS, Yuen SW. Dental caries 
prevalence and related factors in 5-year-old children in Hong 
Kong. Pediatr Dent. 1993 Mar-Apr;15(2):116-9. 
28. Holm AK, Blomquist HK, Crossner CG, Grahnén 
H, Samuelson G. A comparative study of oral health as 
related to general health, food habits and socioeconomic 
conditions of 4-year-old Swedish children. Community Dent 
Oral Epidemiol. 1975 Feb;3(1):34-9. doi: 10.1111/j.1600-
0528.1975.tb00276.x. 
29. Stecksen-Blicks C, Holm AK. Between-meal eating, 
toothbrushing frequency and dental caries in 4-year-old 
children in the north of Sweden. Int J Paediatr Dent. 1995 
Jun;5(2):67-72. doi: 10.1111/j.1365-263x.1995.tb00167.x.
30. Holm AK. Caries in the preschool child: international 
trends. J Dent. 1990 Dec;18(6):291-5. doi: 10.1016/0300-
5712(90)90125-x. 

*Corresponding author: Lindita Maxhuni Thaçi, Department of 
Human Ecology, National Institute of Public Health, School of 
Medicine, Medical Faculty, University of Prishtina. Prishtina, 
Kosovo. E- mail:  lindita.maxhuni@uni-pr.edu



621V. M. Bajgora et al. / International Journal of Biomedicine 12(4) (2022) 617-621

31. Leske GS, Ripa LW, Barenie JT. Comparisons of caries 
prevalence of children with different daily toothbrushing 
frequencies. Community Dent Oral Epidemiol. 1976 
May;4(3):102-5. doi: 10.1111/j.1600-0528.1976.tb02107.x. 
32. Stecksén-Blicks C, Gustafsson L. Impact of oral hygiene 
and use of fluorides on caries increment in children during one 
year. Community Dent Oral Epidemiol. 1986 Aug;14(4):185-
9. doi: 10.1111/j.1600-0528.1986.tb01530.x. 
33. Chesters RK, Huntington E, Burchell CK, Stephen KW. 
Effect of oral care habits on caries in adolescents. Caries Res. 
1992;26(4):299-304. doi: 10.1159/000261456. 
34. Pine CM, McGoldrick PM, Burnside G, Curnow MM, 
Chesters RK, Nicholson J, Huntington E. An intervention 
programme to establish regular toothbrushing: understanding 
parents’ beliefs and motivating children. Int Dent J. 2000;Suppl 
Creating A Successful:312-23. doi: 10.1111/j.1875-595x.2000.
tb00581.x.
35. Stecksén-Blicks C, Sunnegårdh K, Borssén E. Caries 
experience and background factors in 4-year-old children: time 

trends 1967-2002. Caries Res. 2004 Mar-Apr;38(2):149-55. 
doi: 10.1159/000075939. 
36. Dale JW. Toothbrushing frequency and its relationship 
to dental caries and periodontal disease. Aust Dent J. 1969 
Apr;14(2):120-3. doi: 10.1111/j.1834-7819.1969.tb04290.x.
37. Town GI. The role of oral hygiene in prevention of 
periodontal disease and dental caries. N Z Dent J. 1979 
Jan;75(339):29-33.
38. Etty EJ, Henneberke M, Gruythuysen RJ, Wöltgens JH. 
Influence of oral hygiene on early enamel caries. Caries Res. 
1994;28(2):132-6. doi: 10.1159/000261634. 
39. Mazhari F, Talebi M, Zoghi M. Prevalence of Early 
Childhood Caries and its Risk Factors in 6-60 months old Children 
in Quchan. Dental Research Journal. 2007;4(2):96~101. 
40. Sharma S, Parashar P, Bansal R, Varshney AM, Shukla 
AK, Ahmad S, Singh D, Shukla N. Tooth brushing frequency 
and rinsing habits and their effects on oral hygiene index scores 
(OHIS) among the school children in Meerut. International 
Journal of Current Research. 2015;7(5):15728-15731.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE
http://dx.doi.org/10.21103/Article12(4)_OA18

 International Journal of Biomedicine 12(4) (2022) 622-626

ORIGINAL ARTICLE ORIGINAL ARTICLE 

COVID‐19COVID‐19

Diffractive Phase Interferometry (DPI), CRP and 
COVID-19 RT-PCR Tests in COVID-19 Patients with Different Ages 

in AJMAN, UAE: A Comparative Study
Salah Eldin Omar Hussein*, Abd Elgadir Alamin Altoum, Ahmed L. Osman, 

Ayman Hussien Alfeel, Sara Ali, Marwan Ismail, Hassan M. K. I. Higazi

 Department of Medical Laboratory Sciences, College of Health Sciences,
Gulf Medical University, Ajman, United Arab Emirates

Abstract
Background: Fast and accurate diagnosis plays an important role in controlling and further preventing COVID-19. This 

study was conducted in the Thumbay laboratory of Gulf Medical University (Ajman, UAE) to assess the correlations between DPI 
(Diffractive Phase Interferometry), COVID-19 RT-PCR, and CRP tests in COVID-19 patients of different ages and to compare the 
effectiveness of each parameter. 

Methods and Results: A cross-sectional analytic study was conducted among 150 patients diagnosed with COVID-19 who 
were admitted to the Thumbay University Hospital. Their general data was collected from the LDM system, and from among 
the suspected patients who came to do the RT-PCR test, 230 were selected as volunteers to participate in this study, and further 
laboratory tests like CRP level and DPI test were done for them. The nasal swab was collected for a PCR test. 

Out of 230 nasal swab samples, 150 were positive and 80 were negative for SARS-CoV-2 RNA by real-time RT-PCR assay. 
Among the 150 positive RT-PCR, 90 false negative DPI tests were from a sample with a high real-time RT-PCR. While 60 true 
positive DPI tests were positive real-time RT-PCR for swab specimens. Among the 80 negative RT-PCR, 79 were true negative 
and 1 was a false positive. The predictive positive value of the DPI test was 40% and the predictive negative value of the test was 
98%. DPI has at least one tie between the positive actual state group and the negative actual state group. The results show weak 
and moderate positive correlations between CRP and the age groups.

Conclusion: The combined detection of the three indicators (RT-PCR, DPI, and CRP) are positively related to COVID-19 
infection; therefore, these indicators will enable effective intervention measures to be implemented in time and the rates of severe 
illness and mortality to be reduced.(International Journal of Biomedicine. 2022;12(4):622-626.).
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Introduction
Fast and accurate diagnosis plays an important role in 

controlling and further preventing COVID-19.(1) During the 
pandemic, scientists developed rapid tests to diagnose viral 
infection.(2) One of the techniques that has been implemented 

for the diagnosis of COVID-19 is laser-based DPI technology 
(Diffractive Phase Interferometry), which was developed in the 
UAE by QuantLase Imaging Lab to detect COVID-19 cases.(3) 

This is the first step in examining the suspected COVID-19 cases. 
DPI technique uses a laser-based technology based on optical-
phase modulation, deriving a blood sample to screen the virus 
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within a few seconds on a large–scale population. Moreover, 
it is user-friendly, non-invasive, and also cost-effective.(4) This 
test is not used only in hospitals, but it can also be accepted 
in some places, in public places like cinemas, shopping malls, 
and travelers between different emirates of UAE. Furthermore, 
with a ‘little hands-on training,’ it can be used for testing and 
monitoring COVID-19 cases.(5) On the other hand, detection of 
SARS-CoV-2 RNA through a real-time RT-PCR assay is used 
to confirm the clinical diagnosis of COVID-19 by diagnostic 
laboratories.(6) The screening for COVID-19 is via a nasal 
swab; the genetic material of SARS-CoV-2 or RNA within the 
swab will be detected and isolated. Essentially, this technique 
combines reverse transcription of the RNA genetic material 
from the nasal swab into DNA and then amplifies these DNA 
targets via PCR, which helps measure the quantity of a specific 
virus RNA in the sample.(7)

Materials and Methods
A cross-sectional analytic study was conducted among 

150 patients diagnosed with COVID-19 who were admitted 
to the Thumbay University Hospital. Their general data was 
collected from the LDM system, and from among the suspected 
patients who came to do the RT-PCR test, 230 were selected 
as volunteers to participate in this study, and further laboratory 
tests like CRP level and DPI test were done for them. 

The nasal swab was collected for a PCR test. The patient 
must be seated in a comfortable position with the head tilted 
back slightly to make the nasal passages more accessible. 
A flexible plastic stick with a synthetic fiber swab is gently 
inserted into one of the nostrils (in some cases, samples are 
collected from both nostrils). The swab must go quite far 
back along the passage that connects the base of the nose to 
the back of the throat. The swab is kept in for 10-15 seconds 
while being rotated around to collect the sample accurately 
and adequately. Finally, the swab is removed slowly and 
gently and immediately placed in a special container to be 
sent for analysis in the laboratory. The whole process takes 
approximately 30-40 seconds. 

For the CPR test, the specimen used is plasma, and 
the preferred collection container is an EDTA tube when 
the collection specimen requires 2mL of plasma. An 
Immunoturbidi-metric test for CRP provided by Abbott 
Diagnostics (Abbott Park) was evaluated. The assay is 
performed by testing a suspension of latex particles coated 
with anti-human CRP antibodies against unknown serum. The 
presence of a visible agglutination indicates an increase of the 
CRP level above the upper limit of the reference interval in 
the samples tested. The minimum detectable unit (analytical 
sensitivity) is approximately 6 mg/L (5-10 mg/L).(8)

The RT-PCR test is considered a standard for diagnosing 
COVID-19. The screening is conducted by assessing a nasal 
swab; this method is a real-time assessment to detect SARS-
CoV-2 genetic material or RNA from a person’s upper and 
lower respiratory specimens.  

Laser-based DPI technology is used to examine blood 
samples to detect the virus. DPI technique, based on optical-
phase modulation, is used to scan a blood sample for signs 

of surging red blood cells. DPI technology allows the health 
authorities to carry out large-scale screening within a few 
seconds to detect suspected cases of infections before they 
undergo a PCR swab test. All instruments should be validated 
by checking the precision, linearity, and accuracy according to 
the lab quality control protocol.

Statistical analysis was performed using statistical 
software package SPSS version 24.0 (SPSS Inc, Armonk, 
NY: IBM Corp). All values are presented (reported) as mean 
± standard deviation (SD) or as number and percentage. For 
data with normal distribution, inter-group comparisons were 
performed using Student’s t-test. Multiple comparisons were 
performed with one-way ANOVA. Correlation coefficients 
were calculated by linear regression analysis. A probability 
value of P<0.05 was considered statistically significant.

Written informed consent was obtained from all subjects 
involved in the study. Ethical approvals were obtained 
from the research center at College of Health Sciences,
Gulf Medical University (Ajman, United Arab Emirates) 
before collecting data. The data was only used for study 
purposes without individual details identifying the patient.

Results
The study was conducted in the Thumbay laboratory of 

Gulf Medical University (Ajman, UAE) on 150 participants of 
different ages (Table 1). 

The results obtained showed significant differences in 
CRP levels in COVID-19 patients of different ages, gender, 
and data of PCR and DPI (Table 2). 

The observed weak and moderate positive correlations 
between CRP and the age groups are presented in Figures 1-4. 

Out of 230 nasal swab samples, 150 were positive 
and 80 were negative for SARS-CoV-2 RNA by real-time 
RT-PCR assay. Among the 150 positive RT-PCR, 90 false 
negative DPI tests were from a sample with a high real-time 
RT-PCR. While 60 true positive DPI tests were positive real-
time RT-PCR for swab specimens. Among the 80 negative 
RT-PCR, 79 were true negative and 1 was a false positive. 
The predictive positive value of the DPI test was 40% and 

Table 1.
Demographics of patients with COVID-19

Demographic 
parameters Variable Age range 

(years)
Patients

Number %

Age group

Child group 0 – 16 4 2.7%

Young adults 17 - 30 21 14%

Middle-aged adults 31 - 45 89 59.3%

Old-aged adults Above 45 36 24%

Gender
Male 15 - 63 59 39.3%

Female 13 - 62 91 60.7%
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the predictive negative value of the test was 98.8%. DPI 
has at least one tie between the positive actual state group 
and the negative actual state group. The sensitivity of the 
test was 98.4%, and the specificity of the test was 46.7%. 
The smallest cut-off value is the minimum observed test 
value minus 1, and the largest cut-off value is the maximum 
observed test value plus 1. All the other cut-off values are 
the averages of two consecutive ordered observed test values 
(Tables 3-4 and Figure 5).

Table 2.
CRP levels in COVID-19 patients of different ages, gender, and 
data of PCR and DPI

Parameters CRP P-value

Age / Years

Child (13.1 ± 2.8)

0.0000
Young Adults (26.7 ± 4.3)

Middle-aged adults (39.2 ± 5.9)

Old-aged adults (57.4 ± 7.2)

Gender
Male (27.4 ± 4.1)

0.0018
Female (25.5 ± 3.2)

PCR
Positive (51.3 ± 6.3)

0.1460
Negative (50.1 ± 5.2)

DPI
Swab (33.6 ± 5.1)

0.7872
No swab (33.4 ± 4.9)

Fig. 1. A weak positive correlation between child 
age group and CRP level (r=0.038, P=0.471)

Fig. 2. A weak positive correlation between young 
adult group and CRP level (r=0.026, P=0.392)

Table 4.
Sensitivity and specificity of PCR*DPI

Variable 
DPI

Total
SWAB NO SWAB

PCR

POSITIVE
Count 60 90 150

% Within DPI 40% 60% 65%

NEGATIVE
Count 1 79 80

% Within DPI 1.25% 98.75% 35%

Total
Count 61 169 230

% Within DPI 26.5% 73.5% 100.0%

 

 
Sensitivity of the test: 
 

 

 

 
Specificity of the test: 
 

 

 
 
 
Predictive positive value of the test: 
 

 

 
 
 
Predictive negative value of the test: 
 

 

 

 

Table 3.
Mathematical calculation of Sensitivity and Specificity              

Fig. 3. A week positive correlation between middle 
aged adults and CRP level (r=0.131, P=0.048)
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Discussion
The number of patients with COVID-19 is currently 

rapidly increasing globally, and asymptomatic patients are 
also the source of infection. COVID-19-related case fatality 
is also rapidly increasing.(8) COVID-19 is a new threat to 
populations, and treatment options need to be evaluated.(9) 

Early monitoring of key indicators was an important basis 
to guide treatment strategies, and early assessment of the 
severity of the patient’s condition was of great value.(10) The 
new testing technology developed by QuantLase Imaging 
Lab helps in the early detection of COVID-19. The laser-
based DPI technique is described as low-cost, user-friendly, 
and non-invasive, meaning mass testing can be conducted 
cheaply and efficiently. False positives are common in DPI, 
and repeat tests may be needed. A positive result means 
previous or other infection, though it may not be COVID-19. 
The principle of the laser-based DPI technique, based 
on optical-phase modulation, is that it can give a sign of 
infection within a few seconds. The procedure, known as 
DPI, uses lasers to identify COVIDd-19 infections within 
seconds. The test is done by taking a blood sample using a 
lancet needle, which is the same as the one used for diabetes. 
If it is negative, COVID-19 is ruled out. A positive DPI 
requires further RT-PCR, which is considered a standard 

for diagnosing COVID-19 in the UAE. The screening is 
conducted by assessing a nasal swab. This method is a real-
time assessment to detect SARS-CoV-2 genetic material or 
RNA from a person’s upper and lower respiratory specimens. 
CRP levels are correlated with the level of inflammation, 
and its concentration level is not affected by factors such 
as age, sex, and physical condition. This test is mandatory 
for patients with critical conditions who are in hospital care 
because the test is one of the indicators showing the body’s 
reaction to the ongoing treatment. If the CRP, which is also 
recommended in the guidelines for COVID management,(11) 

is normal then the patient’s body is reacting to the treatment 
positively, but if it is higher than required, checking the 
infection level in the body through other tests is needed.(12)

Conclusion
The proposed multiplex real-time RT-PCR methodology 

will enable highly sensitive detection of SARS-CoV-2 RNA. 
In the early stage of COVID-19, the CRP level is positively 
correlated with the positive PCR and could reflect disease 
severity, so it should be used as a key indicator for disease 
monitoring. CRP is a sensitive serological indicator used 
to evaluate the severity of COVID-19. The combined 
detection of the three indicators (RT-PCR, DPI, and CRP) 
are positively related to COVID-19 infection; therefore, 
these indicators will enable effective intervention measures 
to be implemented in time and the rates of severe illness and 
mortality to be reduced.
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Abstract
Background: Most COVID-19 patients experience a mild form of the disease, but there is a certain percentage of patients 

who progress to a very severe disease state that requires intensive care and invasive ventilation. In order to ensure better patient 
management and improved outcomes, early identification of patients who may be at a higher risk of severe infection can play an 
important role. The aim of this study was to assess the association between the mean procalcitonin (PCT) level and comorbidity 
in hospitalized patients with COVID-19. 

Methods and Results: A total of 231 COVID-19-positive patients aged between 20 and 82 years (170[73.6 %] males and 
61[26.4%] females) were included in this study. Serum PCT was accessed by procalcitonin assay using the Beckman Coulter 
UniCel DxI 800 instrument. All patients were classified into 5 groups according to age: 20-29 years - 20(8.7%), 30-39 years - 
47(20.3%), 40-49 years - 72(31.2%), 50-59 years - 48(20.8%) and >60years - 44(19.0%). Eighty-seven (37.7%) patients had no 
chronic disease, while 144(62.3%) had comorbidities: hypertension (37[16.0%]), diabetes mellitus (44[19.0%]), a combination 
of diabetes mellitus with hypertension (32[13.9%]), asthma (6[2.6%]), hyperlipidemia (4[1.7%]), renal disease (1[0.4%]), and 
COPD (1[0.4%]). COVID-19 patients with diabetes in combination with hypertension had a statistically greater PCT level than 
COVID-19 patients without comorbidities (P=0.0273). However, there were no statistically significant differences in the mean 
PCT levels between other comorbidities. There were no statistically significant differences in the mean PCT level between different 
age categories (P=0.7390). The serum PCT measurement could evaluate the prognosis of the disease in some COVID-19 patients.
(International Journal of Biomedicine. 2022;12(4):627-630.).
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Introduction
Globally, as of 28 September 2022, there have been more 

than 613 million confirmed cases of COVID-19 reported to 
WHO.(1) Most patients experience a mild form of the disease, 
but there is a certain percentage of patients who progress 
to a very severe disease state that requires intensive care 
and invasive ventilation.(2,3) In order to ensure better patient 
management and improved outcomes, early identification of 

patients who may be at a higher risk of severe infection can 
play an important role.(4) Many studies have shown a positive 
correlation between increased serum procalcitonin (PCT) 
levels and COVID-19 severity.(5-7) Circulating PCT levels are 
commonly within the normal range in COVID-19 patients, as 
expected for a viral infection. However, increased levels have 
been associated with a 5-fold higher risk of evolution towards 
severe disease.(8) It is thought that COVID-19 progresses 
more quickly and severely in those with underlying medical 
disorders or comorbidities, frequently ending in death.(9) The 
aim of this study was to assess the association between the 
mean PCT level and comorbidity in COVID-19 hospitalized 
patients.

*Corresponding author: Dr. Sara Mohammed Ali, PhD. Gulf 
Medical University, Ajman, United Arab Emirates. E-mail: dr.sara@
gmu.ac.ae
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Materials and Methods
This is a cross-sectional study, conducted in Thumbay 

Hospital, Ajman, UAE, from January 2021 to October 2021. 
A total of 231 COVID-19-positive patients aged between 20 
and 82 years (170[73.6%] males and 61[26.4%] females) 
were included in this study. Serum PCT was accessed by 
procalcitonin assay using the Beckman Coulter UniCel DxI 
800 instrument. The Access PCT assay is a sequential two-step 
immunoenzymatic (sandwich) assay. The validation procedure 
was done according to CAP and CLIA for precision, accuracy, 
and linearity. A level of 0.5 μg/L was used as the upper limit 
to help determine the probability of bacterial infection, along 
with clinical judgement of a bacterial infection.(10)

Statistical analysis was performed using the 
Statistica 8.0 software package (StatSoft Inc, USA). 
Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SD 
for continuous variables. Inter-group comparisons were 
performed using Student’s t-test. Multiple comparisons were 
performed with one-way ANOVA. Group comparisons with 
respect to categorical variables are performed using chi-square 
test. A probability value of P<0.05 was considered statistically 
significant.

The study protocol was reviewed and approved by the 
Ethics Committee of Gulf Medical University. All participants 
provided written informed consent.

Results 
This study analyzed 231 SARS-CoV-2 infected patients 

admitted to the hospital, including 121 mild COVID-19 
patients, 59 moderate COVID-19 patients, and 51 severe 
COVID-19 patients. All patients were classified into 5 groups 
according to age: 20-29 years - 20(8.7%), 30-39 years - 
47(20.3%), 40-49 years - 72(31.2%), 50-59 years - 48(20.8%) 
and >60 years - 44(19.0%) (Table 1). 

Eighty-seven (37.7%) patients had no chronic 
disease, while 144(62.3%) had comorbidities:  hypertension 
(37[16.0%]), diabetes mellitus (44[19.0%]), a combination 
of diabetes mellitus with hypertension (32[13.9%]), asthma 

(6[2.6%]), hyperlipidemia (4[1.7%]), renal disease (1[0.4%]), 
and COPD (1[0.4%]) (Table 2). The distribution of comorbidity 
symptoms in the different age groups is shown in Table 3. 

Table 1. 
Age - Gender distribution. 

Demographic Variable Age range
(years) Number          %  

Age group

Group 1 20 – 29 20 8.7

Group 2 30 –  39 47 20.3

Group 3 40 – 49 72 31.2

Group 4 50 – 59 48 20.8

Group 5 > 60 44 19.0

Gender
Male 170 73.6

Female 61 26.4

Table 2.
Frequency of comorbidities among the COVID-19 patients.  

Comorbidity n %

No Chronic Disease 87 37.7 %

Hypertension 37 16.0 %

Diabetes mellitus 44 19.0 %

Diabetes mellitus &
Hypertension 32 13.9 %

Asthma 6 2.6 %

Hyperlipidemia 4 1.7 %

Renal disease 1 0.4 %

COPD 1 0.4 %

Multiple chronic diseases,
excluding diabetes mellitus
and hypertension

19 8.2 %

Table 3. 
The distribution of comorbidity symptoms in the different age 
groups.

Symptoms

Age group / Years

Group 1
(20-29)

Group 2
(30-39)

Group 3
(40-49)

Group 4
(50-59)

Group 5
(>60) P-value

n % n % n % n % n %

Headache
Yes 12 60.0 34 72.3 47 65.3 30 62.5 27 61.4

0.7868
No 8 40.0 13 27.7 25 34.7 18 37.5 17 38.6

Fever
Yes 20 100 45 95.7 70 97.2 44 91.7 38 86.4

0.0995
No 0 0 2 4.3 2 2.8 4 8.3 6 13.6

Cough
Yes 13 65.0 29 61.7 40 55.6 26 54.2 22 50.0

0.7382
No 7 35.0 18 38.3 32 44.4 22 45.8 22 50.0

Fatigue
Yes 6 30.0 22 46.8 31 43.1 16 33.3 14 31.8

0.4086
No 14 70.0 25 53.2 41 56.9 32 66.7 30 68.2

Pneumonia
Yes 17 85.0 36 76.6 54 75.0 35 72.9 31 70.4

0.7871
No 3 15.0 11 23.4 18 25.0 13 27.1 13 29.5

Short of 
breath

Yes 14 70.0 28 59.6 50 69.4 27 56.2 24 54.5
0.3978

No 6 30.0 19 40.4 22 30.6 21 43.8 20 45.4

Abdominal
pain

Yes 8 40.0 20 42.6 32 44.4 20 41.7 19 43.2
0.9965

No 12 60.0 27 57.4 40 55.6 28 58.3 25 56.8

Nausea and
vomiting

Yes 10 50.0 22 46.8 42 58.3 29 60.4 22 50.0
0.6038

No 10 50.0 25 53.2 30 42.7 19 39.6 22 50.0
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COVID-19 patients with diabetes in combination 
with hypertension had a statistically greater PCT level than 
COVID-19 patients without comorbidities (P=0.0273). 
However, there were no statistically significant differences 
in the mean PCT level between different age categories 
(P=0.7390) (Fig.1, Table 4)

Discussion 
PCT is recommended as a diagnostic biomarker of 

infection in the febrile population and is associated with 

mortality.(11) In the current study, 62.3% of patients had 
comorbidities and 37.7% were without chronic disease. The 
percentage of male patients was 73.6 % and this was lower 
than that reported by Zhu et al.,(12) but like that reported by 
Yang et al.(13) (73%) and close to the data reported by Chen et 
al.(14) Our results showed that COVID-19 patients with diabetes 
in combination with hypertension had a statistically greater 
PCT level than COVID-19 patients without comorbidities. 
However, there were no statistically significant differences 
in the mean PCT levels between other comorbidities. No 
previous studies applied this comparison; we advise doing 
further studies to confirm these findings. 

Conclusion
COVID-19 patients with diabetes in combination with 

hypertension have a statistically greater PCT level than 
COVID-19 patients without comorbidities. There are no 
statistically significant differences in the mean PCT level 
between different age categories. The serum PCT measurement 
could evaluate the prognosis of the disease in some COVID-19 
patients.
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Abstract
Background: The minimum physiological need for sodium is estimated to be 200-500 mg/day (about 0.5-1.25 g of salt 

per day) (WHO, 2012). Many studies have shown that salt consumption is the main factor in increasing blood pressure and 
cardiovascular disease cases.

Methods and Results: This transversal cross-sectional study was performed in Kosovo in 2019. The study included 219 
people of both sexes (49.9% men and 50.2% women) aged 20–59 years. Urine was collected within 24 hours in accordance with 
the written instructions, and an oral explanation was provided to each research participant. Na and K in urine were analyzed using 
SmartLyte® autoanalyzer (Diamond Diagnostics, Holliston, Massachusetts, USA). Our results showed that the average urinary 
Na excretion over 24 hours in the Kosovo population was 9.52 g/24h, which corresponds to a daily salt intake of 23.8 g/24h. The 
average amount of urinary Na excreted in 24 hours was significantly higher in men (11.60 g/24h) than in women (7.46 g/24h) 
(P<0.001). Thus, the average amount of salt consumed by participants was 29.46 g/24h for men and 18.94 g/24h for women. The 
average urinary K excretion over 24 hours in men was 2.02 g/24h, while that in women was 1.61 g/24h (P=0.000). The Na/K ratio 
was significantly higher in men (6.58) than in women (5.27) (P<0.05).

Conclusion: The citizens of Kosovo consume a large amount of salt, greater than 5 g/day. In Kosovo, there has yet to be a 
comprehensive strategy for reducing salt consumption.(International Journal of Biomedicine. 2022;12(4):631-635.).
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Introduction
The minimum physiological need for sodium is estimated 

to be 200-500 mg/day (about 0.5-1.25 g of salt per day) (WHO 
2012).(1) Many studies have shown that salt consumption is the 
main factor in increasing blood pressure (BP) and cardiovascular 
disease cases. Consuming more salt will increase the risk of 
heart attack, left ventricular hypertrophy, and kidney disease. 
Increased salt consumption and reduced liquid consumption are 
also associated with obesity, kidney stones, osteoporosis, and 
stomach cancer.(2)

WHO data reports show that cardiovascular diseases 
are the most frequently occurring diseases worldwide.(1) 
Approximately 7.1 million deaths worldwide are estimated to 
be caused by high BP. Additionally, one-third of disability-
adjusted life years in developed countries, developing 
countries with high mortality rates, and developing countries 
with low mortality rates are attributed to high BP.(3) 

Many studies have shown that BP can be influenced 
by the ratio between potassium (K) and sodium (Na). Low 
K levels in the blood can increase BP, while sufficient K 
levels obtained from fruit and vegetable consumption help 
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to stabilize BP.(4) Similarly, research shows the connection 
between salt intake and increased susceptibility to vascular 
diseases in patients with diabetes.(5,6)

Research shows that excessive salt intake reduces the 
effectiveness of hypertension drugs.(5) Because Na+ and 
chloride (Cl−) ions are extracellular fluid ions, the natural 
concentration of these two ions in food products is low. In 
industrially processed foods that are cooked or processed, 
the concentration of both ions is significantly higher than 
that in non-processed foods. In processed foods, Na and Cl 
concentrations are approximately the same or standardized, 
while in natural (unprocessed) foods, the concentration of 
Cl− ions is higher than that of Na+ ions. Foods of plant origin 
naturally contain more Cl− than Na+ ions, while foods of 
animal origin contain more Na+ than Cl− ions.(4)

In most developed countries, salt reduction can 
be achieved by gradually reducing the amount of salt in 
processed foods. Modest reductions in salt worldwide are 
seen as major advances in public health.(2) Guidelines for 
salt consumption have changed over the past decades. The 
Conference on Food, Nutrition and Health, organized by the 
US government in 1969, published the first recommendations 
highlighting Na’s role in hypertension.(7) In 1994, the British 
Committee on Health and Food Policy (COMA) advised 
a gradual reduction in salt intake from 9 g/day to 6 g/day.
(8) At the same time, the National Heart, Lung, and Blood 
Institute of the USA proposed a salt intake of 6 g (2440 
mgNa) per day.(9) The WHO and the Food and Agriculture 
Organization of the United Nations, in their 2003 technical 
report “Diet, Nutrition and Prevention of Chronic Diseases,” 
advise limiting salt intake to 5g/day on the basis of results 
from a technical report on primary prevention of essential 
hypertension in 1983.(10) WHO’s recommendation (2012) is 
less than 5 grams of salt or 2 grams of sodium per person per 
day to prevent cardiovascular diseases.(1) 

To date, no research has been conducted in this direction 
in Kosovo, and there is no data on salt consumption among 
the Kosovo population. This research highlights the amount of 
salt used by the citizens of Kosovo and the problems related 
to it. Additionally, the results of this study will inform the 
national strategy for reducing salt consumption.

Material and methods
Ethical approval for this study was obtained from the 

Ethical Committee of the Medical Faculty of the University of 
Prishtina, Kosovo.  

Study design
This transversal cross-sectional study was performed at 

the country level in Kosovo in 2019. There were 219 people 
of both sexes (49.9% men and 50.2% women) aged 20–59 
years included in the study. All participants were divided into 
four age groups (20–29, 30–39, 40–49, and 50–59 years). 
Participants’ involvement in this research was voluntary. 
Information was distributed to each participant in written 
form to inform them about the purpose of the research. Each 
participant then provided informed consent to participate in 
the study.

Participants were recruited on the basis of the seven 
regions in Kosovo, with 31 people included from each region. 
The people included in the research were healthy and active, 
and they were randomly selected. First, in each region, the 
city and village were selected, then a street or a neighborhood 
was selected, followed by a selection of the family or adult 
members of that family according to the Kish method.(11)

Sample collection and analysis
Urine was collected within 24 hours in accordance with 

the written instructions, and an oral explanation was provided 
to each research participant. The first urine of the morning was 
discarded, and the entire amount of urine was collected for 
the next 24 hours using a standard bottle. The total volume of 
collected urine was measured.

Na and K in urine were analyzed using SmartLyte® 
autoanalyzer (Diamond Diagnostics, Holliston, Massachusetts, 
USA). The electrolyte analyzer methodology is based on 
measurements using ion-selective electrodes to determine the 
measurement values. There are six different electrodes: Na, K, 
chlorite, ionizing calcium, lithium, and the reference electrode. 
Each electrode has an ion-selective membrane that undergoes 
a special reaction with the corresponding ions contained in the 
sample being analyzed. The membrane is an ion exchanger 
that reacts to electrical charges by causing a potential change.

Urine Na concentrations are calculated in mmol/L and 
converted to grams using a conversion factor of 0.023 for 
Na, and 0.039 for K. Daily Na excretion was calculated by 
multiplying the corresponding urinary concentrations by the 
total urine volume. The estimated daily salt intake in grams 
was then calculated by multiplying the daily Na excretion by 
2.54. Na/K ratio, using the 24-h urine samples, was calculated 
by dividing the Na concentration by the K concentration, both 
in mmol/L. 

Statistical analysis was performed using statistical 
software package SPSS version 26.0 (SPSS Inc, Armonk, 
NY: IBM Corp).For descriptive analysis, results are presented 
as mean±standard deviation (SD). For data with normal 
distribution, inter-group comparisons were performed using 
Student’s t-test. Multiple comparisons were performed with 
a one-way ANOVA. A probability value of P<0.05 was 
considered statistically significant.

Results
Out of 219 participants included in this research, the 

proportions of participants of each sex between age groups 
did not differ significantly (Table 1). 

The mean 24-hour urine volume was 1.42 L in women 
and 1.50 L in men. The 24-hour urinary Na and K excretion 
was significantly higher in men than in women (P<0.001). 
The Na/K ratio was significantly higher in men (6.58) than in 
women (5.27) (P<0.05). The average amount of urinary Na 
excreted in 24 hours in men was 504.32 mmol/24h or 11.60 
g/24h, while that in women was 324.23 mmol/24h or 7.46 
g/24h. This corresponds to a daily salt intake of 29.46 g/24h 
for men and 18.94 g/24h for women. This difference was also 
significant (P=0.000). The average urinary K excretion over 
24 hours in men was 51.68 mmol/24h or 2.02 g/24h, while 
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that in women was 41.40 mmol/24h or 1.61g/24h, and this 
difference was also significant (P=0.000) (Table 2).

The average Na and K levels in 24-h urine were analyzed 
based on the area of residence. The results showed that the 
average urinary Na and K excreted over 24 hours, which was 
expressed in mmol/24h or g/24 h, was significantly higher in 
the rural population than in the urban population (P<0.001). 
The Na/K ratio was not significantly different between rural 
and urban participants. The average urinary Na excretion 
over 24 hours in the rural population was 454.07 mmol/24h 
or 10.44 g/24 h, while that in the urban population was 
377.50 mmol/24h or 8.68 g/24 h. This corresponds to 26.52 
g/24h of salt intake for the rural participants and 22.05 g/24 
h for the urban participants (P<0.009; Table 3).

Urinary Na and K excretion over 24 hours by age 
group in women did not differ significantly. This also 
reflects the amount of salt intake. For women, the Na/K 

ratio showed a significant difference from that in men 
(P=0.011). Additionally, for men, Na and NaCl (g/24 h) 
values showed a significant increase with increasing age 
(P=0.011, Table 4).  

Table 2. 

The 24-hour urinary Na and K excretion by sex

Parameters
Women
 (n=110)

Men 
(n=109)

P-value

Age (years)

Urine volume (L/24 h)

Na (mmol/24 h)

K (mmol/24 h)

Na (g/24 h)

K (g/24 h)

Na/K ratio

Calculated NaCl intake 
(g/24 h)

38.44±12.32

1.42±0.41

324.23±170.01

41.40±16.33

7.46±3.91

1.6±10.64

5.27±3.26

18.94±9.93

38.98±12.01

1.50±0.36

504.32±226.36

51.68±22.35

11.60±5.21

2.02±0.87

6.58±3.51

29.46±13.22

0.741

0.155

0.000

0.000

0.000

0.000

0.005

0.000

Table 4. 

The 24-hour urinary Na and K excretion by age group and sex

Women
 (years) n Na 

(mmol/24 h)
K 

(mmol/24 h)
Na/K 
ratio

Calculated 
NaCl intake

 (g/24 h)

20–29 29 284.3±101.9 37.7±14.1 4.9±2.3 16.6±5.9

30–39 26 322.3±158.3 42.5±18.9 5.5±3.8 18.8±9.2

40–49 28 302.2±134.2 46.2±14.3 4.0±1.5 17.7±7.8

50–59 27 391.8±245.2 39.3±17.4 6.8±4.3 22.9±14.3

 P 0.095 0.213 0.011 0.095

Men
 (years) n Na

 (mmol/24 h)
K 

(mmol/24 h)
Na/K
 ratio

Calculated 
NaCl intake

 (g/24 h)

20–29 27 402.0±201.6 42.4±18.7 6.8±4.2 23.5±11.8

30–39 27 499.9±255.9 55.0±24.7 5.9±3.2 29.2±14.9

40–49 29 511.8±184.3 52.8±20.0 6.5±3.3 29.9±10.8

50–59 26 606.8±224.9 56.7±24.1 7.1±3.3 35.4±13.1

 P 0.011 0.082 0.644 0.011

Table 3. 

The 24-hour urinary Na and K excretion by the area of residence

Parameters Rural 
(n=104)

Urban
 (n=115)

P-value

Age (years)

Urine volume (L/24h)

Na (mmol/24 h)

K (mmol/24 h)

Na (g/24 h)

K (g/24 h)

Na/K ratio

Calculated NaCl intake
 (g/24 h)

39.88±11.57

1.53±0.39

454.07±216.87

49.11±21.37

10.44±4.99

1.92±0.83

6.11±3.20

26.52±12.67

37.65±12.60

1.40±0.37

377.50±215.52

44.18±18.84

8.68±4.96

1.72±0.73

5.74±3.64

22.05±12.59

0.009

0.423

0.009

0.008

0.009

0.010

0.071

0.009

Table 1.
Participant demographic data

 Variable 20–29 
years

30–39 
years

40–49
 years

50–59
 years Total

Women
n 29 26 28 27 110

% 26.4 23.6 25.5 24.5 100.0

Men
n 27 27 29 26 109

% 24.8 24.8 26.6 23.9 100.0

Total
 

n 56 53 57 53 219

% 25.6 24.2 26 24.2 100.0
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Discussion
Our study focused on assessing the daily salt intake 

in the Kosovo population, taking into account traditions and 
the culture of nutrition. To this end we measured urinary Na 
and K excretion over 24 hours, which was used to determine 
the amount of salt (e.g., NaCl) consumed by the citizens of 
Kosovo.

Our results showed that the average urinary Na excretion 
over 24 hours in the Kosovo population was high (9.52 g/day): 
11.06 g/day for men and 7.46 g/day for women. When these 
values are converted into NaCl intake, the average amount of 
salt consumed by participants was 23.8 g/day: 29.46 g/day for 
men and 18.94 g/day for women.

In 2013, Rysha et al.(12) analyzed food consumed by 
children in kindergarten and children aged 1–4 years and 
4–7 years in Kosovo. They showed that the Na intake values 
were higher than the recommended daily values for these 
age groups, with values ranging from 873mg for children 
1–4 years old, which was 291% of the recommended daily 
amounts, to 1253 mg for children 4–7 years old, which was 
approximately 306% of the recommended daily values. Their 
results are consistent with those in our study.

Our findings also showed that urinary Na excretion 
over 24 hours among the citizens of Kosovo was higher 
than the results of previous research that was performed 
in Slovenia in 2010.(13) These results applied to both sexes. 
When analyzed by sex, their results showed that men 
excreted higher urinary Na values (220.9±86.0 mmolNa/
day) than women (169.8±73.8 mmolNa/day). These results 
are similar to those in our study.

Our results also showed higher urinary Na excretion 
over 24 hours compared with a 2013 study that enrolled 
citizens of Novi Sad, where the average urinary Na excretion 
over 24 hours was 4.58 g/day.(14) This difference was evident 
even when their results were analyzed by sex, where the 
average urinary Na excretion in men was 5.58 g/day, and 
that of women was 3.93 g/day. These results are consistent 
with our results when analyzed by sex. The average urinary 
Na excretion over 24 hours in the population of Tromso in 
2015–2016 was 3.53 g/day (4.09 g/day in men and 2.98 g/
day in women)(15). These values are lower than those of our 
results. However, our results were higher than those of a 2013 
systematic literature review that included 51 studies from 
western Europe. The mean 24-hour urinary Na excretion in 
this review ranged from 3.28 g/day to 4.43 g/day in both 
sexes.(15)

Our results are also higher than those reported in a 2017 
study from Turkey.(16) In this study, the average 24-hour urinary 
Na excretion was 252.0±92.2 mmol/day, which corresponds 
to a daily salt intake of 14.5±5.4 g. Published findings show 
that 24-hour urinary Na excretion is generally lower than the 
results of our research, which suggests that the citizens of 
Kosovo consume significantly more salt than the recommended 
values. This may be because the citizens of Kosovo traditionally 
consume a large amount of bread and pastries, meat, and meat 
products (e.g., sausage and dried meat), fast food, pickles, and 
cheese, all of which contain high amounts of salt.

The mean 24-hour urinary K excretion was lower in 
both sexes than the result reported for the Tromso population 
(3.87 g/day for men and 2.97 g/day for women). Additionally, 
the Na/K ratio was higher for both sexes (6.58 for men and 
5.27 for women) compared with that reported for the Tromso 
population (1.86 for men and 1.79 for women).(15) Low K 
values and a high Na/K ratio contribute to an increased risk of 
cardiovascular disease in the population of Kosovo.

In conclusion, our results showed that the citizens of 
Kosovo consume a large amount of salt, greater than 5 g/day. 
In Kosovo, there has yet to be a comprehensive strategy for 
reducing salt consumption. There is an urgent to draft such a 
strategy as soon as possible.
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Abstract
Background: Acinetobacter baumannii is a pleomorphic aerobic Gram-negative bacillus that is notorious for having 

multidrug resistance traits. Carbapenem-resistant Acinetobacter baumannii (CRAB) is a global concern due to its ability to retain 
and disseminate resistance genes, which poses a threat to the spread of resistance among bacterial communities in hospital settings. 
The aim of our study was to evaluate the existence of the blaVIM-2 gene in carbapenem-resistant Acinetobacter baumannii clinical 
isolates from Sudanese hospitals. 

Methods and Results: Forty clinical isolates of Acinetobacter baumannii were collected from June 2021 to April 2022. 
All isolates of Acinetobacter baumannii were identified via BioMérieux’s Vitek-2 automated system (Marcy l’Étoile, France) 
and evaluated for phenotypic resistance to carbapenem, using imipenem and meropenem. The enzymatic mode of resistance was 
assessed by the modified Hodge test (MHT). A real-time PCR was used to detect the presence of the blaVIM-2 gene. 

Of 40 isolates, 32(80%) were resistant to imipenem, 4(10%) were moderately resistant, and 4(10%) were susceptible to 
imipenem; 24(60%) were resistant to meropenem, 10(25%) were moderately resistant, and 6(15%) were susceptible to meropenem. 
MHT was 70% positive with imipenem use and 55% positive with meropenem use. Real-time PCR revealed that only 30% of the 
samples were positive for the blaVIM-2 gene. All blaVIM-2-positive isolates were resistant to both imipenem and meropenem. 

Conclusion: Resistance to carbapenem poses a serious threat, denying patients treatment options. It is essential to make 
continuous surveillance of these strains to prevent the development of resistant strains.(International Journal of Biomedicine. 
2022;12(4):636-639.).
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Introduction
Acinetobacter baumannii is a pleomorphic aerobic Gram-

negative bacillus that is notorious for having multidrug resistance 
traits. Carbapenem-resistant Acinetobacter baumannii (CRAB) 

is a global concern due to its ability to retain and disseminate 
resistance genes, which poses a threat to the spread of resistance 
among bacterial communities in hospital settings.(1) CRAB 
can render carbapenems ineffective using various enzymes 
known as carbapenemases.(2) The carbapenems are β-lactam 
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antimicrobial agents with an exceptionally broad spectrum 
of activity. The emergence of metallo-β-lactamase (MBL)-
producing bacilli that are resistant to carbapenems is becoming 
a severe therapeutic problem.(3) Two types of MBLs, IMP 
and VIM, have been reported.(4) Strains producing VIM-type 
MBLs were originally reported in European countries.(5,6) 
VIM enzymes confer resistance not only to carbapenems, but 
to virtually all β-lactam antibiotics,(7,8) including penicillins, 
cephalosporins, cephamycins, and carbapenems, but not 
monobactams (aztreonam). Their activity is zinc dependent and 
is inhibited by EDTA.(6)

Currently, the VIM-type enzymes constitute the second 
most dominant group of ß-lactamases(9) and have been reported 
in different species from 23 countries worldwide.(7,10) The first 
metallo-β-lactamase VIM-2 in clinical isolates of Pseudomonas 
aeruginosa was collected in 1995 in Portugal.(11,12) The 
carbapenem-hydrolyzing β-lactamase VIM-2 shared 90% 
amino acid identity with VIM-1.(6) VIM-2 has been obtained 
from an isolate from the French Riviera region(Marseilles), 
300 km from Verona, where VIM-1 had been isolated.(5) VIM-2 
can be classified in the protein sequence-based subclass B1 of 
MBLs.(13) VIM-2 has been reported frequently from different 
isolates including Acinetobacter baumannii in Europe, United 
States, Latin America, and Asia.(14-16) 

VIM MBLs are often encoded by mobile gene cassettes 
inserted into integrons,(5,6) which are sometimes located on 
plasmids. Most of these integrons belong to class 1, but their 
structures vary among isolates. The blaVIM-2 gene was first 
described in a Pseudomonas aeruginosa(6) isolate in France.  

The aim of our study was to evaluate the existence 
of the blaVIM-2 gene in carbapenem-resistant Acinetobacter 
baumannii clinical isolates from Sudanese hospitals. 

Materials and Methods
Forty clinical isolates of Acinetobacter baumannii 

were collected from June 2021 to April 2022. In this study, 
forty isolates of Acinetobacter baumannii were identified 
via BioMérieux’s Vitek-2 automated system (Marcy 
l’Étoile, France) and evaluated for phenotypic resistance to 
carbapenem, using imipenem and meropenem. The enzymatic 
mode of resistance was assessed by the modified Hodge 
test (MHT). The primer sequence was adapted from a study 
by Monteiro et al.(17) (Table 1). A real-time PCR was used 
to detect the presence of the blaVIM-2 gene. The experiment 
was optimized and performed using a previously published 
protocol(18) as follows: a 25 µL reaction volume containing 5 
µL of 5×FIREPol PCR Master Mix premixed (Solis BioDyne, 
Estonia), 1 µL optimized primers at a final concentration of 

0.2 mM, 0.3 µL of the DNA template, and 18.7 µL sterile 
water to complete the reaction volume. The real-time PCR 
run was performed using the Sacycler-96 instrument (Sacacae 
biotechnology, Italy), which automatically calculated the 
derivatives of fluorescence measured at 533 nm. The real-time 
PCR conditions were as follows: 94°C for 10 minutes; forty 
cycles of 94°C for 40 seconds, 55°C for 45 seconds, 72°C for 
50 seconds, and a final elongation step at 72°C for 10 minutes.

Results
Of 40 isolates, 32(80%) were resistant to imipenem, 

4(10%) were moderately resistant, and 4(10%) were susceptible 
to imipenem; 24(60%) were resistant to meropenem, 10(25%) 
were moderately resistant, and 6(15%) were susceptible to 
meropenem (Figure 1). MHT was 70% positive with imipenem 
use and 55% positive with meropenem use (Figure 2). Real-
time PCR revealed that only 30% of the samples were positive 
for the blaVIM-2 gene (Figure 3). All blaVIM-2-positive isolates 
were resistant to both imipenem and meropenem.

Table 1. 
Primer sequence.

Primer Sequence  GC% T, C˚ M.W,
µg/µmol

Final
Con., µM

Amp
size, bp

blaVIM-2

VIM-F 5’-GATGGTGTTTGGTCGCATA-3’ 50.0 55.4 6024.0 0.2
382

VIM-R 5’-CGAATGCGCAGCACCAG-3’ 65.0 57.4 6160.1 0.2

Fig. 1. Carbapenems Susceptibility Profiles.

Fig. 2. Modified Hodge test (MHT) results.
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Discussion
Acinetobacter baumannii can cause serious, life-

threatening infections, and the number of resistant strains of 
Acinetobacter baumannii isolates has increased worldwide 
over the last decade. WHO has declared Acinetobacter 
baumannii one of the priority pathogens.(19) All isolates in this 
study were resistant to one or both carbapenem antibiotics - 
imipenem and meropenem. In addition to structural barriers, 
such as cell wall permeability and lack of porins, organisms 
become resistant to antibiotics due to mechanical barriers, 
such as efflux pumps or lack or alteration of target sites, as 
well as by the emergence of MBL-producing bacilli.

Carbapenems are considered as last-resort antibiotics for 
the treatment of infections caused by multidrug-resistant, Gram-
negative bacteria.(20) Susceptibility to carbapenem is typically 
tested using one of the antibiotics from the carbapenem family, 
usually imipenem or meropenem. Based on our research, we 
found that almost one-third of imipenem-resistant isolates 
were moderately resistant or sensitive to meropenem. Using 
only imipenem may not detect a substantial percentage of 
carbapenem-resistant organisms. In addition, a meropenem-
sensitive isolate may carry carbapenem resistance genes that 
may go unnoticed, leading to further resistance spread.

Carbapenemases are groups of β-lactamases that confer 
resistance on carbapenem antibiotics and in some cases 
resistance on other classes of antibiotics, like aminoglycosides 
and fluoroquinolones. Enzymatic resistance is one of the most 
effective ways for bacteria to resist antibiotics, the evolution 
of enzymatic resistance is continuous with the diversity of 
antibiotics used for treatment.

One of the most widely used methods to detect enzyme-
mediated resistance is the MHT. The principle of MHT is 
based on the ability of susceptible organisms to grow in the 
presence of an antibiotic that is enzymatically hydrolyzed by 
the test organism, resulting in a growth characteristic, clover-
shaped zone of inhibition. In this study, MHT results also 
showed variation between imipenem and meropenem, with 
imipenem showing 70% positive MHT, suggesting that these 
isolates produce carbapenemase enzymes that can successfully 
hydrolyze imipenem antibiotics. About 45% of the isolates 
were MHT-positive when meropenem was used, reflecting 
the potency of meropenem, with a minority of isolates able to 
hydrolyze meropenem successfully.

Only 30% of the isolates carried the blaVIM-2 gene, 
suggesting that the blaVIM-2 negative isolates may have 
different resistance mechanisms. However, blaVIM-2 resides 

on a mobile gene cassette that is transduced by integrins with 
broad substrate specificity, making it a dangerous resistance 
element.

In conclusion, resistance to carbapenem poses a serious 
threat, denying patients treatment options. It is essential to 
make continuous surveillance of these strains to prevent the 
development of resistant strains.
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Abstract
The aim of this study was to investigate the antibacterial activity of n-butanol, petroleum ether, ethyl acetate, ethanol, 

methanol, and chloroform extracts of the sponges and leaves of different mangrove species (Bruguiera cylindrica, Suaeda 
maritima, Ceriops decandra, Avicennia officinalis, Rhizophora apiculata, Suaeda monoica, Avicennia marina, and Rhizohora 
mucronata) against Proteus mirabilis ATCC 7002. 

Methods and Results: Agar well diffusion method was used to evaluate the antimicrobial activity of selected mangrove 
extracts. The active compounds from mangrove sponges and leaves with various solvents were examined under Fourier transform 
infrared (FTIR) spectroscopy. The ethyl acetate extracts, methanol extracts, chloroform extracts, n-butanol extracts, and petroleum 
ether extracts of selected mangrove leaves (B. cylindrical, S. maritime, A. officinalis, S. monoica, A. marina, R. mucronata) 
showed good antibacterial activity against P. mirabilis ATCC 7002. FTIR analysis of crude methanol extract of S. monoica showed 
the presence of amide and alkane groups in phytochemicals. For crude methanol extract of R. mucronata, the presence of phenol, 
nitro, amide, and alkane groups was revealed.

Conclusion: the results obtained revealed industrially important mangrove extracts and the functional groups of plant 
compounds responsible for great antibacterial activity.(International Journal of Biomedicine. 2022;12(4):640-643.).
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Introduction
Among billions of microorganisms, bacteria are the 

dominant cause of many diseases in higher eukaryotes. Bacteria 
are present everywhere and have various sizes and shapes. 
Beneficial bacteria protect the bodily functions of organisms 
and also have the ability to preserve the environment. But 
some bacteria cause deadly diseases to people. An exponential 
increase in bacteria that are resistant to multiple drugs against 
antibiotics is a critical issue.(1-3) Currently, it has been shown 
that bacteria are highly interactive and exhibit several social 
behaviors, such as swarming motility, bioluminescence, 
conjugal plasmid transfer, antibiotic resistance, biofilm 
maturation, and virulence.(4-6) The dramatically rapid and 

continuous emergence of antibiotic resistance in the clinical 
context necessitates the urgent identification of novel 
strategies for treating bacterial infections, including research 
for screening of plants for their antimicrobial activity.

Mangroves, the littoral forests of tropics and subtropics, 
are well known for their ecological importance. The mangrove 
ecosystem is characterized by highly changeable environmental 
conditions, such as salinity, temperature, nutrients, and tidal 
currents, making it one of the most productive ecosystems.(7-9) 
Mangroves are a rich source of several bioactive compounds 
(secondary metabolites) that have therapeutic significance, 
such as steroids, triterpenes, saponins, flavonoids, phenolic 
compounds, alkaloids, and tannins.(8) Recently, many studies 
have been directed toward investigating the biological activity 
of mangroves for the treatment of various diseases.(10) Due 
to the presence of the varied levels of bioactive compounds, 
research interest in mangrove plants for their therapeutic 
activities, including antimicrobial effects, is increasing 
continuously.(11-14)
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The present study conducted in vitro experimental 
evaluation of the antibacterial activity of extracts of 
plant parts of Bruguiera cylindrica (B. cylindrica) [M1], 
Suaeda maritima (S. maritima) [M2], Ceriops decandra 
(C. decandra) [M3], Avicennia officinalis (A. officinalis) 
[M4], Rhizophora apiculata (R. apiculata) [M5], Suaeda 
monoica (S. monoica)  [M6], Avicennia marina (A. marina) 
[M7], and Rhizohora mucronata (R. mucronata) [M8] in 
different solvent systems (methyl acetate, methanol, ethanol, 
n-butanol, chloroform and petroleum ether) against Proteus 
mirabilis ATCC 7002.

Proteus mirabilis (P. mirabilis), a kind of motile gram-
negative bacteria in the Enterobacteriaceae family, is widely 
distributed in the environment, mainly in water, soil, and human 
and animal gastrointestinal tracts.(15) It is an opportunistic 
pathogen.(16) Among the gram-negative bacteria, P. mirabilis is 
the dominant biofilm producer in urinary tract infections, next 
to E. coli. Urease production and robust swarming motility 
are the 2 hallmarks of this organism. Clinically, P. mirabilis is 
most frequently a pathogen of the urinary tract, particularly in 
patients undergoing long-term catheterization.(17) 

The aim of this study was to investigate the antibacterial 
activity of n-butanol, petroleum ether, ethyl acetate, ethanol, 
methanol, and chloroform extracts of the sponges and leaves 
of different mangrove species (M1-M8) against P. mirabilis 
ATCC 7002.

Materials and Methods
Plant collection
B. cylindrical, S. maritime, C. decandra, A. officinalis, 

R. apiculata, S. monoica, A. marina, R. mucronata were 
collected from the Thondi region of Rameswaram District, 
Tamil Nadu. The taxonomical identification of this plant was 
made by mangrove plants of Tamil Nadu Publication from 
M.S. Swaminathan Research Foundation. 

Plant sample preparation and extraction methods
The fresh plant was washed under running tap water 

and dried in a warm place for 3 to 5 days. The samples were 
ground into a fine powder and the extract was prepared with 
different solvents, such as methanol, ethyl acetate, n-butanol, 
ethanol, petroleum ether, and chloroform. The extract was 
prepared by adding 0.5 g of sample powder in 10 ml solvents 
and keeping it in a shaker; then the collected solvent layer 
was dried in a water bath. Finally, the dried samples were 
kept in 2 ml Eppendorf tubes, to store for future use.

Bacterial strain
The target pathogen used in this study was P. mirabilis 

ATCC 7002, which was streaked and maintained in Luria–
Bertani agar plates. For the antibacterial assay, the strain was 
cultivated in 2 ml of the sterile nutrient broth overnight, and 
1% inoculum was subcultured for 3 hours in 2ml of sterile 
nutrient broth.

Antibacterial activity by the agar well diffusion method
The agar well diffusion assay was performed in nutrient 

agar plates. The nutrient agar medium was sterilized at 121℃ 
for 20 minutes and poured into sterile Petri plates. The plates 
were allowed to solidify. Then the subcultured test pathogens 

were swabbed on the nutrient agar plates and kept for a few 
minutes for drying. Wells with 5 mm diameter were made on 
each plate and 100 µl of crude extract obtained from sponges 
and leaves of mangroves were loaded on the well. The plates 
were incubated for 16 hours at 30℃, and the zone of inhibition 
against each pathogen was measured.

FTIR analysis of crude of mangrove leaves
The active compounds from mangrove sponges and 

leaves with various solvents were examined under Fourier 
transform infrared (FTIR) spectroscopy. FTIR spectrum 
of crude extract mixed with potassium bromide pellet was 
recorded using an FTIR spectrophotometer.

Results
The shade-dried samples of sponges and leaves of 

mangroves were extracted with various solvents, and the 
weight of each crude extract was weighed in a pre-weighed 
Eppendorf tube. 

Antibacterial activity of different extracts of mangroves 
against P. mirabilis

A total of 8 different solvent extracts of mangrove plants 
were tested for their antibacterial activity against P. mirabilis. 
Optimum inhibitory activity was shown by the following 
extracts: The crude ethyl acetate extracts of M2, M4, M6, and 
M8 showed inhibitory zones of 16 mm, 17 mm, 18 mm, and 
17 mm, respectively (Figures 1-2, Plates 1-2). 

Fig. 1. Antibacterial activity in terms of zone of inhibition 
of different mangrove extracts (M1 to M4) in different 
solvent systems

Fig. 2. Antibacterial activity in terms of zone of 
inhibition of different mangrove extracts (M5 to M8) in 
different solvent systems
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The crude methanol extracts of M7 and M8 showed 
inhibitory zones of 24 mm and 26 mm, respectively (Figure 2, 
Plate 3) The crude n-butanol extracts of M5 and M8 showed 
inhibitory zones of 15 mm and 18 mm, respectively (Figure 2). 
The crude petroleum ether extracts of M2, M4, and M6 showed 
inhibitory zones of 14 mm, 18 mm, and 17 mm, respectively 
(Figures 1-2). Out of chloroform extracts, the crude extracts 
of M4 and M7 showed inhibitory zones of 18mm and 16mm, 
respectively (Figures 1-2). Out of ethanol extracts, the crude 
extracts of M1 and M7 showed inhibitory zones of 14mm and 
16mm, respectively (Figures 1-2).

The FTIR spectroscopy was done to identify the 
functional group of the antibacterial compound present in the 
crude methanol extracts of M6 and M8. The FTIR peaks of 
methanol crude extract of M6 showed the presence of amide 
and alkane groups (Figure 3), whereas FTIR peaks of crude 
methanol extract of M8 showed the presence of phenol, amide, 
nitro, and alkane groups (Figure 4).

Discussion
The mangrove plants are the sources of potent drugs.(18) 

These drugs have many potential properties, such as antiviral, 
antibacterial, anthelmintic, antifungal, or antimalarial.(19-20) 
However, the extraction of novel natural chemical compounds 
from mangroves, in addition to those already known to the 
pharmacological compound, is still far from complete.  
Abeysinghe et al.(21) reported the promising antibacterial 
activity of A. marina. Moderate antibacterial activity is 
shown by S. maritima (Chenopodiaceae family) due to the 
presence of phenolic compounds like tannins.(22) The presence 
of glycosides, saponins, tannins, flavonoids, alkaloids, and 
terpenoids may influence the antibacterial activity of A. 
officinalis.(23)  Das et al.(24) reported promising antibacterial 
activity due to the presence of terpenoids, phenolics, and 
alkaloids. Thus, pharmacological screening of natural products 
can be a source of innumerable therapeutic agents.(25)

In our study, different crude extracts of the selected 
mangrove leaves made with different solvents showed a 
clear zone of inhibition. The ethyl acetate extracts, methanol 
extracts, chloroform extracts, n-butanol extracts, and 
petroleum ether extracts of selected mangrove leaves (B. 
cylindrical, S. maritime, A. officinalis, S. monoica, A. marina, 
R. mucronata) showed good antibacterial activity against P. 
mirabilis ATCC 7002.    FTIR analysis of crude methanol 
extract of S. monoica showed the presence of amide and 
alkane groups in phytochemicals. For crude methanol extract 
of R. mucronata, the presence of phenol, nitro, amide, and 
alkane groups was revealed. 

In conclusion, the results obtained revealed industrially 
important mangrove extracts and the functional groups of 
plant compounds responsible for great antibacterial activity.
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Abstract
Background: The recent increase in hostilities throughout the globe is one of the main factors that damage both the skin and 

peripheral nerves (PN), mainly of the upper and lower extremities. The duration of treatment of the injured limb and the rate of 
recovery of its functions are directly related to the structural integrity of the connective tissue (CT) sheath apparatus of the PN, which 
further actualizes the study of its micromorphological components. The structural integrity of the peripheral nerve includes not only 
the preservation of its conductive component but also the membranes surrounding it, providing complete morphofunctional unity. 
Thus, the study of the features of their tissue organization, vascularization and innervation, with the obligatory comparison of data 
with homologous tissue of different topography and possible extrapolation of data, determined the purpose of this work. The aim of 
this study was to analyze the dynamics of changes in the fibrous components of the paraneurium and dermis in onto- and phylogenesis 
under the influence of various factors and to compare the data obtained for their further extrapolation.

Methods and Results: The study was conducted on mature male Wistar rats under standard vivarium conditions. The 
material for the study was the CT sheaths of the PN of the extremities and skin areas, 1x1 cm in size, to the depth of the 
subcutaneous fascia of animals. The cadaver material was taken on Days 1, 3, 7, 10, and 28 of ontogeny. The resulting biomaterial 
was fixed in a 10% buffered neutral formalin solution and embedded in paraffin, according to the standard method. Microtomized, 
the resulting histological sections were stained with hematoxylin and eosin, according to the method of Mallory and Van Gieson. 
A comprehensive morphological study was performed using light and electron microscopy. The study revealed the presence 
of two stages in the ontogeny of the CT, forming the dermis of the skin and paraneural CT structures of PN. In the first stage, 
structural elements are formed, considering the topography of the CT; in the second, they are differentiated, leading to a qualitative-
quantitative transformation due to the appearance of a number of additional functions, an active period of body growth, and taking 
into account the action of various environmental factors. At earlier stages of ontogenesis, thin, flattened fibrous structures without 
a clear organization are observed in the field of view in the dermis of the skin. In the paraneurium, the components that form it are 
not sufficiently expressed. At later periods, the shape and architectonics of the fibrous component change, structurization and an 
increase in the thickness of the fibers occur and pronounced heterogeneity of the cellular component is observed.(International 
Journal of Biomedicine. 2022;12(4):644-647.).
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Introduction
Despite significant achievements in practical 

neurosurgery in performing reconstructive operations on the 
trunks of peripheral neurons, there are still unresolved issues 

regarding the need to perform restorative manipulations 
on the connective tissue (CT) membranes surrounding the 
bundles of nerve fibers.(1-3) Endo-, peri-, epi- and paraneural 
CT sheaths of peripheral nerves (PN), having one fundamental 
morphological basis, perform different functions due to a 
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slightly different list of structural elements and topographic 
features.(4,5)

In domestic and foreign literature, sufficient data are 
presented on the structure and functions of the epi-, peri- 
and endoneural membranes. At the same time, data on the 
morphological and functional organization of the paraneural 
membrane are scattered and incomplete.(6,7) One of the first to 
study the structure of the paraneural membrane and determine 
its role in the peripheral nerve (sciatic nerve) was the domestic 
morphologist V. S. Polsky (1991). After a quarter of a century, 
another domestic morphologist, M. A. Zatolokina (2017), 
studied the paraneural apparatus of the PN of the branches 
of the brachial plexus in a phylogenetic aspect. In the works 
of foreign scientists, such as J. D. Vlok (1997), Andersen et 
al. (2012), O. Choquet et al. (2012), and M. Karmakar et al. 
(2013), data were developed that allowed the functional role of 
paraneural CT structures to be somewhat specified. Regarding 
the skin, it should be noted that external influences and any 
damage to internal organs (in this case, the PN of the limbs) 
are associated with the destruction of the constituent elements 
of the skin. In this regard, the study of the morphology of the 
constituent elements of the skin in the norm (ontogenesis) and 
under the influence of various factors (humid environment, 
physical activity) does not lose its relevance at the present 
time.(8-10)

The main working hypothesis of this work was that 
some homology is present in the structure of the fibrous base 
of the paraneural membrane of the peripheral nerve and the 
dermis of the skin. Considering the almost identical structural 
set of paraneurium and dermis components, the goal of this 
work was formulated: to analyze the dynamics of changes 
in the structural components of paraneurium and dermis in 
ontogenesis and phylogenesis under the influence of various 
factors and to compare the data obtained for their further 
extrapolation.

Materials and Methods
In vivo experiments were carried out in accordance with 

the legislation of the Russian Federation, in strict compliance 
with the European Convention for the protection of animals 
used for experimental and other purposes (Strasbourg, 
France, 1986), the provisions of Directive 2010/63/EU of the 
European Parliament and the Council of the European Union 
of 22 September 2010 on the protection of animals used for 
scientific purposes (Article 27), and approved by the Regional 
Ethics Committee of Kursk State Medical University. 

The study was conducted on mature male Wistar rats 
under standard vivarium conditions. The material for the 
study was the CT sheaths of the PN of the extremities and 
skin areas, 1x1 cm in size, to the depth of the subcutaneous 
fascia of animals. The cadaver material was taken on Days 
1, 3, 7, 10, and 28 of ontogeny. The resulting biomaterial 
was fixed in a 10% buffered neutral formalin solution and 
embedded in paraffin, according to the standard method. 
Microtomized, the resulting histological sections were stained 
with hematoxylin and eosin, according to the method of 
Mallory and Van Gieson. For scanning electron microscopy 

(SEM), the material, after fixation, was dehydrated in a frozen 
state in alcohols of increasing concentrations and mounted 
on a special aluminum table with conductive carbon glue, 
sputtered with a platinum-palladium alloy in a Quorum 
Q150TS sputtering unit (Germany). Next, a comprehensive 
morphological study was performed using light and electron 
microscopy (SEM - S 3400N, Hitachi, Japan). The dynamics 
of changes in morphometry data were assessed by such 
indicators as the CT density coefficient (CTDC) and the 
heterogeneity of the cell population. CTDC was calculated 
as the ratio of the area occupied by the fibers (A-f, %) to 
the area of interfiber gaps (A-ig, %). A-f and A-ig were 
determined in 30 fields of view on digitized micrographs 
after their geometric and optical calibration using the ImageJ 
14.7a program. The heterogeneity of the cell population was 
assessed by karyological identification of cells visualized 
between the structures of the fibrous component—resident 
and non-resident cells were counted in 10 non-overlapping 
fields of view per 100 cells. 

Statistical analysis was performed using  using 
the program Statistika 10.0 (StatSoft). The mean (M) 
and standard error of the mean (SEM) were calculated. 
Differences of continuous variables were tested by the Mann-
Whitney U-test. A probability value of P≤0.05 was considered 
statistically significant.

Results and Discussion
The main working hypothesis of this work was that 

homology is present in the structure of the fibrous base of the 
skin dermis and the paraneural apparatus of the PN. At the heart 
of two topographically different parts of a living organism, the 
skin and the paraneural membrane, is the CT, and the source 
of development in embryogenesis is the mesenchyme.  Given 
this fact, it is quite logical to assume that these topographic 
areas are similar not only in the structure of the CT, but also 
in the performance of the same morphologically substantiated 
functions under the condition of the same external factors.

The first stage of the study, including an examination 
of the features of the structural organization of the fibrous 
component of the paraneural membrane and the dermis 
of the skin in laboratory animals (rats at different periods 
of ontogenesis), made it possible to state a similar vector 
direction in the dynamics of the development of the CT that 
forms the above indicated topographic areas.

The paraneurium of the PN of the extremities is a 
complex of CT, vascular, and nervous structures located 
between the epineurium and the fascia of the adjacent muscles 
and having a close morphofunctional relationship with the 
nerve trunk. The CT basis of the paraneurium includes its own 
fascial sheath and fibrillar cords extending from it, separating 
the fascial-cellular spaces (filled with adipose tissue) and 
connecting the paraneural apparatus with the fascia and 
interfascial spaces of the adjacent muscles. In the early stages 
of postnatal ontogenesis (1-3 days after birth), the fibrillar 
structures of the paraneurium are very poorly developed. 
Fascial sheath is formed by several CT fibers located relative 
to each other loosely and not ordered. Fibrillar strands are 
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not identified, fascial-cellular spaces are just beginning to 
form, and white adipose tissue is visualized in them with an 
unexpressed lobular organization.

In sections of the dermis, the fibrous component looks 
like thin plates with a large number of branches. The high 
density of the cellular component is noteworthy in comparison 
with the paraneural structures, where it is insignificant. The 
thickness of the fibrils varied from 28 to 32±0.1 nm, and the 
collagen fibers formed from them were 5.2±0.3 μm.

On Days 7-10 of ontogenesis, a complication of the 
structure of the paraneural apparatus was observed, manifested in 
a pronounced morphological representation of all its constituent 
components, as well as the structural organization of the dermis. 
The thickness of the fascial sheath was 2.47±0.11 µm, and that of 
the outgoing CT slings was 0.49±0.01 µm. The fibrous component 
was represented by wavy, transversely striated collagen fibers, 
which, when stained by the Mallory method, had a bright blue 
color. It should be noted that the change in the shape of collagen 
structures on longitudinal sections from lamellar to fibrous, on 
transverse sections, the shape was rounded. At the same time, the 
thickness of collagen fibrils was 38±1.8 nm; they were located 
in parallel. The cellular component was heteromorphic; several 
differons were identified by karyological features. The density 
of cells was 1.5 to 2 times higher than at the previous stage of 
ontogenesis.

In the late stages of ontogenesis (puberty), in the 
organization of both the fibrous skeleton of the dermis and 
the paraneurium, the rhomboid type in the arrangement of 
fibrous structures predominates.  Thickening and spiralization 
of collagen fibers were observed in the dermis. On transverse 
sections, their shape varies from flattened to rounded. The 
diameter of fibrils forming collagen fibers ranged from 70 nm 
to 90 nm. In the structural organization of the paraneurium, a 
1.7-fold thickening of its own fascial sheath and CT slings was 
observed. The fibers visualized in them have a spiral course, 
which smoothly turns into lines. Between the slings are well-
defined lobules of adipose.

Thus, in the ontogeny of the CT structures of the 
paraneurium and the dermis of the skin, their two-stage 
activity was observed. In the first stage, the necessary list of 
structural elements was formed; in the second stage - their 

differentiation, which consists of a qualitative and quantitative 
transformation due to the appearance of several additional 
functions, an active period of body growth, and taking into 
account the action of various environmental factors.

In conclusion, the study revealed the presence of two 
stages in the ontogeny of the CT, forming the dermis of the 
skin and paraneural CT structures of PN. In the first stage, 
structural elements are formed, considering the topography 
of the CT; in the second, they are differentiated, leading to a 
qualitative-quantitative transformation due to the appearance 
of a number of additional functions, an active period of 
body growth, and taking into account the action of various 
environmental factors. At earlier stages of ontogenesis, thin, 
flattened fibrous structures without a clear organization are 
observed in the field of view in the dermis of the skin. In the 
paraneurium, the components that form it are not sufficiently 
expressed. At later periods, the shape and architectonics of the 
fibrous component change, structurization and an increase in 
the thickness of the fibers occur and pronounced heterogeneity 
of the cellular component is observed.

The data obtained during the work fully comply with the 
Lesgaft law: the form and functions are the same, which allows 
one to transfer the observed changes in the CT of the dermis 
in conditions of damage or inflammation to the paraneural CT 
structures. Also, it is possible to predetermine the dynamics of 
the course of pathological changes and disorders in the future 
of the functions of those structures for which the paraneurium 
components are fundamental (the conductive component 
of the PN in this case).  Homologous changes in the fibrous 
skeleton of the dermis and paraneurium observed during 
ontogeny make it possible, with a certain degree of probability, 
to extrapolate the obtained data on changes in the dermis to the 
paraneural structures of the PN of the extremities.
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Abstract
The importance of bioethics as a formal subject has been recognized globally. The purpose of this study was to analyze 

undergraduate medical and dental students’ knowledge, practice and attitudes regarding bioethical questions through a 
questionnaire. This cross-sectional study was conducted among students from the Medical Faculty who were in their first or fourth 
year of education. There were no differences in bioethics awareness between direction (general medicine [GM] or dentistry) 
or years of study among 301 GM and dental students. In this research, GM and dental students, in general, indicated a positive 
attitude and knowledge of bioethics.(International Journal of Biomedicine. 2022;12(4):648-653.).
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Introduction
Being a professional in our field of dentistry requires the 

application of bioethics. The code’s introduction begins with the 
notion that trust is unique and vital to dentistry’s role in society. 
More than 2,000 years ago, Hippocrates acknowledged the 
significance of ethics as an essential component of the medical 
profession — therefore, by extension, it is an also essential 
component of the dental profession because dentistry is central 
to general health.(1) The earliest code of bioethics was written 
in 1866.(2) The principles of ethics emphasize the dentistry 
profession’s aspirational objectives, which are similar to those 
of other healthcare professions.(3) Bioethics is a branch of ethics 
associated with the systematic investigation of the aspects of 

human behavior in health sciences and healthcare that are based 
on moral principles and human values.(4)

Teaching professional ethics in dentistry is crucial, 
and appropriate goals for teaching the subject have been 
developed to educate student dentists on the ethical aspects 
of professional life and practice, enhance ethical analytical 
abilities among student dentists, and develop student dentists’ 
respect and understanding for disagreement and indefiniteness. 
Additionally, it helps student dentists better comprehend the 
moral responsibility that comes with being a member of the 
dental profession, to encourage student dentists to continue 
their education in the area of professional ethics.(5,6)

Bioethics(7) should be a discipline that follows scientific 
progress while maintaining professional ethics and attributes.
However, because of its complexity, bioethics education 
provides a dilemma for many teachers and scientists.

The aim of this study was to assess the knowledge and 
awareness of medical ethics, as well as attitudes toward the 
subject, among Bachelor of dentistry and general medicine 
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(GM) students in the first and fourth years of study in the 
Medical Faculty of the University of Prishtina.

Methods
We conducted a cross-sectional study among dentistry 

and medical undergraduate students who were attending 
the clinical years (first and fourth) in the Medical Faculty 
at the University of Prishtina between April and June 2022. 
A questionnaire was used to assess the extent of dental and 
medical students’ understanding of patients’ rights and dentists’ 
legal obligations. Participants were informed about the 
purpose of the study and submitted written informed consent. 
The study was approved by the Joint Ethics Committee of the 
University Dentistry Clinical Center of Kosovo.

The questionnaire consisted of 34 questions divided into 
6 parts. The first part comprised 5 descriptive questions about 
the awareness and importance of medical bioethics in GM and 
dental students. The second part comprised questions related 
to the awareness and importance of medical bioethics in GM 
and dental students by years of study. The third part comprised 
questions regarding the perspectives of GM and dental students 
on the main principles for a doctor’s instructions. The fourth 
part comprised questions related to the perspectives of GM 
and dental students on the main principles for a doctor’s 
instructions according to the year of studies. The fifth and sixth 
parts comprised questions regarding students’ attitudes about 
dentists’ duties toward patients, by direction (GM or dentistry) 
and year of study.

Statistical analysis was performed using statistical 
software package SPSS version 22.0 (SPSS Inc, Armonk, 
NY: IBM Corp.). Categorical variables were analyzed using 
the Chisquare test with the Yates’ correction or, alternatively, 
Fisher’s exact test when expected cell counts were less than 
5. A probability value of P<0.05 was considered statistically 
significant.

Results and Discussion
The research included 301 students studying GM or 

dentistry, of whom 145(48.2%) were first-year and 156(51.8%) 
were fourth-year students. One hundred (33.2%) were male 
(Table 1).

Regarding the awareness of medical bioethics, and 
its importance, among GM and dental students, without a 
significant difference according to the directions (general 
medicine or dentistry) (P=0.73) or the year of study, 97.7% 
of the surveyed students believed that knowledge and 
implementation of bioethics are very important (Table 2).  
Most students reported that their medical bioethics knowledge 
was gained through lectures and seminars, with no significant 
differences based on the orientation or year of study in both 
directions. Knowledge of bioethics in dentistry was obtained 
by 81.4% of respondents in the faculty with no significant 
difference according to the directions or year of study, but the 
knowledge was reported as “sufficient” by only 50.1% of the 
students surveyed in the research (Tables 2 and 3).

Table 1. 
General characteristics of the students involved in the research.

 
General Medicine Dentistry Total

n % n % n %
Total 170 100 131 100 301 100
Year of study

First 82 48.2 63 48.1 145 48.2
Fourth 88 51.8 68 51.9 156 51.8
Gender

Male 58 34.1 42 32.1 100 33.2
Female 112 65.9 89 67.9 201 66.8

Awareness and importance of medical bioethics 
in GM and dental students

General Medicine Dentistry Total

P-valuen % n % n %

                                                                                           Total 170 100 131 100 301 100

How important is
bioethical knowledge
and application? 

It is essential to know and
regularly implement it. 167 98.2 127 96.9 294 97.7 0.73

Sources of medical
bioethics knowledg. 

Lectures / seminars / clinical discussions 128 75.3 106 80.9 234 77.7 0.31

Online resources (websites, online literature, 
etc.) 45 26.5 27 20.6 72 23.9 0.30

Media 7 4.1 5 3.8 12 4.0 0.87

Medical journals 10 5.9 14 10.7 24 8.0 0.19

You learned about bioethics in dental school. 133 78.2 112 85.5 245 81.4 0.15

Information about bioethics in dentistry that you received during your
studies is sufficient. 96 56.5 55 42.0 151 50.2 0.02

You know the basic professional ethical principles in dentistry. 148 87.1 125 95.4 273 90.7 0.02

Table 2.  
Questions related to the awareness and importance of medical bioethics in GM and dental students. 
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We measured a high degree of compliance, over 90%, 
in questions related to the perspectives of dental students 
on the main principles for a doctor’s instructions, with the 
exception of the question asking whether a dentist should 
avoid criticizing another dentist in the presence of patients or 
other health personnel, with which 87.4% of the respondents 
agreed, and the question of whether a dentist should report the 

damage caused by another dentist, with which 56.1% agreed, 
without significant differences (Table 4).

Relating the years of study with attitudes regarding 
dentists being required to report an injury caused by another 
dentist, agreement (Strongly agree or agree) was reported by 
65.9% of first-year GM students and 43.2% of fourth-year 
GM students (P=0.005). First-year dental students agreed 

Awareness and importance of medical
bioethics in GM and dental students General Medicine Dentistry

                                                                                                            First year Fourth year

P-value

First year Fourth year

P-value
                                                                                      Total

n % n % n % n %

82 100 88 100  63 100 68 100

How important is bioethical
knowledge and application? 

It is essential to know and
regularly implement it. 79 96.3 88 100 0.22 60 95.2 67 98.5 0.56

Sources of medical bioethics
knowledge. 

Lectures / seminars / clinical 
discussions
Online resources
Media 
Medical journals

57

24

2

1

69.5

29.3

2.4

1.2

71

21

5

9

80.7

23.9

5.7

10.2

0.05

51

13

1

3

81.0

20.6

1.6

4.8

55

14

4

11

80.9

20.6

5.9

16.2

0.29

You learned about bioethics in dental school. 63 76.8 70 79.5 0.81 50 79.4 62 91.2 0.10

Information about bioethics in dentistry that  you received during 
your studies is sufficient. 42 51.2 54 61.4 0.24 29 46.0 26 38.2 0.47

You know the basic professional ethical principles in dentistry. 69 84.1 79 89.8 0.39 57 90.5 68 100 0.03

Table 3. 
Questions related to the awareness and importance of medical bioethics in GM and dental students by year of study.

 Perspectives of GM and dental students on important principles
for practice guidelines

General Medicine Dentistry Total

P-valuen % n % n %

            Total 170 100 131 100 301 100

The dentist should provide the greatest possible
treatment for the patient’s health.

Strongly Agree/ 
Agree 168 98.8 129 98.5 297 98.7 0.81

The dentist should practice in accordance with
current medical knowledge, constantly improve
skills and seek help whenever necessary.

Strongly Agree/ 
Agree 160 94.1 130 99.2 290 96.3 0.04

The dentist should not recommend or administer
any harmful material and should provide assistance
regardless of the patient’s financial means, ethnic
origin, or religious belief. 

Strongly Agree/ 
Agree 165 97.1 130 99.2 295 98.0 0.36

The dentist should protect the patient’s
confidentiality and should not distribute 
the data without authorization. 

Strongly Agree/ 
Agree 163 95.9 129 98.5 292 97.0 0.33

The dentist should not criticize another doctor in 
the presence of patients or other health personnel.

Strongly Agree/ 
Agree 145 85.3 118 90.1 263 87.4 0.29

The dentist should report any damage caused
by another dentist.

Strongly Agree/ 
Agree 92 54.1 77 58.8 169 56.1 0.49

Table 4. 
Questions regarding the perspectives of GM and dental students regarding the main principles for the doctor's instructions. 
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in 82.5% of cases, as compared with 36.8% of fourth-year 
students (P<0.001). In response to the statement that “The 
dentist should practice in accordance with current medical 
knowledge, constantly improve skills and seek help whenever 
necessary” (Strongly agree or agree), there was a significant 
difference only in GM students by years (P=0.02), whereas in 
other cases, we did not find a statistically significant difference 
according to the year of study (Table 5).

The following results describe students’ attitudes about 
dentists’ duties toward patients, according to the directions 
(general medicine or dentistry) or years of study (Tables 6 and 
7). In response to “Patient care [being] your primary concern,” 
98.0% of students agreed (Strongly agree or agree), without 
significant differences between GM and dental students 
(P=0.93) (Table 6) and by years of study for GM (P=0.22) and 
dental students (P=0.95) (Table 7).

Perspectives of GM and dental students on important principles
for practice guidelines 

 

General Medicine Dentistry

First year Fourth year

P-value

First year Fourth year

P-valuen % n % n % n %

 Total 82 100 88 100 63 100 68 100

The dentist should provide the greatest possible treatment
for the patient’s health.

Strongly Agree/
Agree 80 97.6 88 100 0.45 62 98.4 67 98.5 0.51

The dentist should practice in accordance with current
medical knowledge, constantly improve skills and seek
help whenever necessary.

Strongly Agree/
Agree 73 89.0 87 98.9 0.02 62 98.4 68 100 0.97

The dentist should not recommend or administer any
harmful material and should provide assistance regardless
of the patient’s financial means, ethnic origin or religious
belief. 

Strongly Agree/
Agree 78 95.1 87 98.9 0.32 63 100 67 98.5 0.97

Dentist should protect the patient’s confidentiality and
should not distribute the data without authorization. 

Strongly Agree/
Agree 76 92.7 87 98.9 0.10 63 100 66 97.1 0.51

The dentist should not criticize another doctor in 
the presence of patients or other health personnel.

Strongly Agree/
Agree 69 84.1 76 86.4 0.85 59 93.7 59 86.8 0.31

The dentist should report any damage caused by another
dentist.

Strongly Agree/
Agree 54 65.9 38 43.2 0.005 52 82.5 25 36.8 <0.001

Students’ attitudes about dentists’ duties toward patients
General Medicine Dentistry Total

P-valuen % n % n %

 Total 170 100 131 100 301 100

Patient care [being] your primary concern. Strongly Agree/
Agree 167 98.2 128 97.7 295 98.0 0.93

Treat[ing] each patient with courtesy and care. Strongly Agree/
Agree 168 98.8 130 99.2 298 99.0 0.82

It is not important to disclose all information to the patient
about their treatment. 

Strongly Agree/
Agree 78 45.9 56 42.7 134 44.5 0.67

The dentist[s] must respect the dignity and privacy of 
the patient.

Strongly Agree/
Agree 160 94.1 126 96.2 286 95.0 0.58

Respecting the patient’s requirements does not play 
an important role in the tasks of the dentist. 

Strongly Agree/
Agree 24 14.1 20 15.3 44 14.6 0.91

The dentist cannot be responsible for the therapy
prescribed for the patient.

Strongly Agree/
Agree 9 5.3 9 6.9 18 6.0 0.74

It is not necessary to involve the patient in the decision-
making for the patient’s treatment.

Strongly Agree/
Agree 11 6.5 18 13.7 29 9.6 0.06

Table 5. 
Questions related to the perspectives of GM and dental students regarding the main principles for the doctor's instructions according to the 
bioethical directions and year of study.

Table 6. 
Questions regarding students’ attitudes about dentists' duties towards patients by directions.
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Regarding “Treat[ing] each patient with courtesy and 
care,” agreement (Strongly agree or agree) was indicated by 
99.0% of students, without significant differences between GM 
and dental students (P=0.82) (Table 6) and by years of study 
of GM (P=0.45) and dental students (P=0.97) (Table 7). When 
presented with the statement “It is not important to disclose all 
information to the patient about their treatment,” 44.5% of the 
students agreed (Strongly agree or agree), without significant 
difference between GM and dental students (P=0.67) (Table 6) 
and by years of study among GM (P=0.97) and dental students 
(P=0.39) (Table 7).

  The “dentist[s] must respect the dignity and privacy 
of the patient” statement evoked agreement by 95% of the 
students without significant difference between GM and 
dental students (P=0.58) (Table 6) and by years of study of 
GM (P=0.68) and dental students (P=0.30) (Table 7).

Agreement (Strongly agree or agree) with the statement 
that “Respecting the patient’s requirements does not play an 
important role in the tasks of the dentist” was reported by 
14.6% of the students without significant differences between 
GM and dental students (P=0.91) (Table 6) and by years of 
study of GM (P=0.43) and dental students (P=0.91) (Table 7).

Regarding the statement that “The dentist cannot be 
responsible for the therapy prescribed for the patient,” the rate of 
agreement (Strongly agree or agree) was 6.0% for the students 
involved in this research; there were no significant differences 
between GM and dental students (P=0.74) (Table 6).

Regarding the students’ attitude that patients should be 
involved in “decision-making for the treatment,” 9.6% of the 
students agreed, without significant differences between GM 
and dental students (P=0.06) (Table 6) and by years of study of 
the dental students (P=0.11), whereas there was a significant 
difference between GM students by years of study (P=0.001).

The role of bioethics education in the dentistry 
undergraduate curriculum is essential,(8) and the value of 

incorporating ethics into the curriculum in Medicine has 
been shown previously.(9,10) Medical and dental students at 
the University of Prishtina study medical ethics in the first 
semester of the first year of study. The results of our study 
show that over 97% of the students surveyed believe that 
knowledge and implementation of bioethics are essential, 
with no significant differences in either direction or year, 
which is similar to the findings of other studies.(11) When asked 
about their sources of medical bioethics knowledge, it was 
clear that the majority of students gained it through lectures, 
seminars and clinical discussions, a finding that is consistent 
with previous studies.(12,13) Our results are comparable 
with those of an earlier study,(14) in which it was reported 
that medical students had at least a basic understanding of 
bioethics principles. In this study, medical and dental students 
showed positive attitudes regarding dentists’ and doctors’ 
duties toward patients, with no difference between the type of 
student or years of the study.(15)

Conclusion
By integrating bioethics into the undergraduate 

curriculum, future generations of dentists and doctors will 
be able to achieve a high level of professionalism and ethical 
standards.
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Students’ attitudes about dentists’ duties toward patients
 

General Medicine Dentistry

First year Fourth year

P-value

First year Fourth year

P-valuen % n % n % n %

 Total 82 100 88 100 63 100 68 100

Patient care [being] your primary concern Strongly Agree/
Agree 79 96.3 88 100 0.22 62 98.4 66 97.1 0.95

Treat[ing] each patient with courtesy and care Strongly Agree/
Agree 37 45.1 41 46.6 0.97 24 38.1 32 47.1 0.39

It is not important to disclose all information
to the patient about their treatment. 

Strongly Agree/
Agree 75 91.5 85 96.6 0.27 63 100 63 92.6 0.08

The dentist[s] must respect the dignity and privacy
of the patient

Strongly Agree/
Agree 13 15.9 11 12.5 0.68 7 11.1 13 19.1 0.30

Respecting the patient’s requirements does not play
an important role in the tasks of the dentist

Strongly Agree/
Agree 6 7.3 3 3.4 0.43 5 7.9 4 5.9 0.91

It is not necessary to involve the patient in the
decision-making for the patient’s treatment

Strongly Agree/
Agree 11 13.4 - - 0.001 5 7.9 13 19.1 0.11

Table 7. 
Questions related to students’ attitudes about dentists' duties towards patients by directions and year of study.
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Abstract
Background: Ultrasonography is one of the imaging modalities associated with the risk of healthcare-associated infection. 

Therefore, ultrasound specialists must maintain infection control standards and adherence to ultrasound infection control guidelines. 
Methods and Results: A cross-sectional survey was conducted through an online questionnaire to assess the knowledge of 

Sudanese sonographic specialists on infection control in ultrasonography. Participants who agreed to participate and complete the 
survey numbered 110. The result of the study demonstrate that the knowledge of infection control guidelines was average (26.93±3.79) 
among Sudanese sonographic specialists; the mean score of knowledge was 4.52±1.12 (moderate level), 12.51±1.96 (moderate level), 
5.70±2.02 (low level), and 4.63±1.10 (average level) for ultrasound equipment, probe, gel bottles, and personal infection control 
precautions, respectively. Of the study participants, 70% knew that endovaginal and endocavitory probes were decontaminated by 
liquid chemical sterilant after each use, and 78.18% reported that the high-level disinfectant was used for cleaning and disinfecting 
equipment in contact with mucous membranes. In addition, 91.82% of participants agreed that sterile gel is highly recommended 
for intervention procedures, and 89.09% were aware of proper respiratory hygiene and coughing protocol. 41.82% of respondents 
were aware that personal protective equipment (PPE) is advised for cleaning and sanitizing ultrasonic equipment, and only 31.82% 
believed that non-sterile gel is insufficient if the transducer is in contact with non-intact skin.  

Conclusion: The knowledge of infection control in ultrasound is average among Sudanese sonographic specialists, with a 
poor understanding of some ultrasound-gel infection control guidelines and safety aspects.(International Journal of Biomedicine. 
2022;12(4):654-660.).
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Introduction
Infection control and prevention are essential for 

patients undergoing ultrasound procedures to provide safe and 
outstanding quality healthcare.(1) Contaminated transducers 
and ultrasonic gel or coupling agents have been associated 

with outbreaks of infections.(2) There are several guidelines 
and standards for the prevention and control of ultrasound-
related infections, such as the European Society of Radiology 
(ESR) Ultrasound Working Group, the CDC (2008), and the 
Australasian Society for Ultrasound in Medicine (ASUM).(3-5)

In every ultrasound examination, the general safety 
precautions are followed, including washing hands before 
and after having direct patient contact, donning PPE when 
necessary, maintaining clean and disinfected equipment, 
maintaining a clean working environment, and properly 
disposing of waste.(5) 

*Correspondence: Dr. Awadia Gareeballah. Department 
of Diagnostic Radiologic Technology, College of Applied Medical 
Sciences, Taibah University, Al Madinah Al Munawara, Kingdom of 
Saudi Arabia. E-mail: Awadhia1978@gmail.com



A. Gareeballah / International Journal of Biomedicine 12(4) (2022) 654-660 655

The risk of infection from an ultrasonic transducer 
and the method of decontamination is divided into 3 main 
categories, according to the Spaulding Classification of the 
medical system risk and method of decontamination: non-
critical when the device contacts intact skin, semi-critical 
when the device contacts a mucous membrane or non-
intact skin, and critical when the medical device contacts a 
sterile body cavity.(6) For critical equipment decontaminated 
with high-level disinfectants (HLDs) or chemical sterilant, 
the ultrasound transducer is sensitive to heat, so the heat 
sterilization method is not used; a sterile transducer cover 
is recommended for semi-critical cleaning, followed by the 
HLD or chemical, and for non-critical cleaning, followed by 
the low-level disinfectants (LLDs).(5,6) 

While the handling and administrative aspects of 
ultrasound coupling gels are associated with the development 
of nosocomial infections involving a variety of pathogenic 
microorganisms, there are various recommendations for 
reducing gel-related infections, including the policy for the 
use of sterile gel, non-sterile gel, and gel warmer.(7)

To the author’s knowledge, there are no studies in Sudan 
dealing with the assessment of knowledge of infection control 
in ultrasound, and few studies in the literature evaluating 
the practice of sonographers and sonologists in ultrasound 
infection control; most of the surveys conducted deal with the 
knowledge of infection control in the radiology department in 
general. Therefore, this study aims to assess the awareness of 
infection control in ultrasound among Sudanese sonographic 
specialists.

Materials and Methods
A cross-sectional survey was conducted through an 

online questionnaire distributed among Sudanese sonographic 
specialists through the Google Form Platform from March 
to May 2022. The sampling included 110 participants who 
agreed to participate and completed the survey, with different 
ages, genders, and education levels. Ethical approval was 
obtained from each study participant. The study questionnaire 
was adapted following the guidelines and recommendations 
of the European Committee for Medical Ultrasound Safety, 
the CDC, and the ASUM.(2-4) Demographic background 
information, including gender, age, years of experience, 
and qualifications, in addition to 39 closed-ended questions 
dealing with knowledge of infection control in the ultrasound 
examination, was divided into 4 domains (cleaning and 
disinfecting of ultrasound equipment, transducer, ultrasound 
gel, and personal hygiene). The modified version of the 
questionnaire was validated by academic experts in ultrasound 
examination (consultant sonologist) with experience of more 
than 15 years.

The knowledge of infection control was assessed 
through 4 domains, including 39 close-ended questions; in 
each part, items/questions were classified into “Correct,” 
which is signed by © in the tables, and “Wrong”; the possible 
score ranged between zero (the less pertinent to knowledge) 
and 39 (the most relevant to expertise). Domain 1 deals with 
proper cleaning and disinfecting of the equipment and was 

measured by 6 items/questions. Domain 2 for knowledge of 
the transducer cleaning and disinfecting was measured by 17 
items/statements. Domain 3 assessed the ability to properly 
use ultrasound gel bottles, which included 10 items/reports; 
Domain 4 dealt with understanding personal hygiene and was 
measured by 6 items/questions

Statistical analysis was performed using statistical 
software package SPSS version 25.0 (Armonk, NY: IBM 
Corp.). Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and as mean±SD for 
continuous variables. Mann-Whitney U test and Kruskal-Wallis 
test were used, respectively, to compare differences between 2 
and 3 or more independent groups. Group comparisons with 
respect to categorical variables are performed using chi-square 
test. A probability value of P<0.05 was considered statistically 
significant.

Results
A total of 110 people (37 men and 73 women) 

participated in the study  (Table 1). More than half were 
aged between 30 and 39 years. The majority held M.Sc. in 
medical diagnostic ultrasound (80.91%), followed by those 
with a Ph.D. in medical diagnostic ultrasound (10.0%), then 
a B.Sc. (7.27%), and then a diploma (1.82%). More than half 
(58.18%) had experience of 1-5 years, followed by those with 
6-10 years (26.36%).

Concerning cleaning and disinfecting the equipment, 
most respondents (86.40%) chose the correct answer at the 
start of the examination, 72.73% before and 89.09% after 
each patient, and 83.64% at the end of working hours; 78.18% 
reported that the HLD was used for cleaning and disinfecting 
equipment that made contact with mucous membranes. But 
only 41.82% knew that wearing PPE was recommended during 
cleaning and disinfecting the ultrasound equipment. The mean 
score of knowledge was 4.52±1.12 (moderate level). Thus, it 
can be argued that the level of knowledge of equipment among 
Sudanese sonographic specialists was moderate (Table 2). 

Factor Group N %

Gender
Male 37 33.64
Female 73 66.36

Age
20-29 (yrs.) 26 23.6
30-39 (yrs.) 60 54.5
40 (yrs.) 24 21.8

Education

Diploma 2 1.82
B.Sc. 8 7.27
M.Sc. 89 80.91
Ph.D. 11 10.0

Experience

1-5 (yrs.) 64 58.18
6-10 (yrs.) 29 26.36
11-15 (yrs.) 10 9.09
16-20 (yrs.) 4 3.64
> 20 (yrs.) 3 2.73

Table 1. 
Demographic factors (N=110).
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Although 67.27% reported that the probe should be 
cleaned before examination and after each patient, only 
34.55% agreed that detergent wipes before the application of 
disinfectants are the most effective in cleaning transducers used 
for non-critical ultrasound examination (intact skin) (Table 
3). If the probe is used externally on unbroken skin, 85.45% 
reported that a cleaning step is needed, then disinfection by 
LLD by 74.55%, and no need to be cleaned and disinfected by 
11.82%. Most specialists (83.64%) reported that using HLD 
is recommended when the probe is in contact with blood or 
body fluids. Only 46.36% said that a dedicated transducer 
cover was mandatory for endocavitory examinations and all 
interventions. About 90.91% reported that the Spaulding 
Classification of endovascular and endovaginal ultrasound 
probes is critical or semi-critical. While 70% of the participants 
said that the decontamination of endovaginal and endocavitory 
probes was done by liquid chemical sterilant after each use, 
only 37.27% knew that the hydrogen peroxide gas plasma is 

Statement N %

The ultrasound
equipment must
be clean and
disinfected

At the start of the
examination

Yes© 95 86.40
No 15 13.64

Before each patient Yes© 80 72.73
No 30 27.27

After each patient Yes© 98 89.09
No 12 10.91

At the end of
working hours

Yes© 92 83.64
No 18 16.36

For cleaning and disinfectant of the
equipment that contacts mucous
membranes, which of the following is
used?

HLD© 86 78.18

LLD 24 21.82

Wearing PPE is recommended
during cleaning and disinfecting 
the ultrasound equipment

Yes© 46 41.82
No 30 27.27
I don’t know 34 30.91

Mean±SD (Level) = 4.52±1.12 (Moderate)
Keys: 0-3=Low, 3.1-4.7=Moderate, 4.8-6=High; © correct answer 

Table 2.
Domain 1. The distribution of knowledge of cleaning and 
disinfecting of ultrasound equipment (N=110)..

Table 3.
Domain 2. The distribution of the knowledge concerning cleaning and disinfectant of ultrasound transducer (N=110).

Statement N %

The probe cleaning.
Perform after each patient 31 28.18
Perform at the end of the day 5 4.55
Perform before examination and after each patient© 74 67.27

Which of the following is most 
effective in cleaning of transducer 
used for non-critical ultrasound 
examination (intact skin)?

Soap and running water 14 12.73
Detergent wipes before application of disinfectants© 38 34.55
Dry paper 58 52.73

If the probe is used on intact skin, it
could undergo?

A cleaning step Yes© 94 85.45
No 16 14.55

Disinfect by low level disinfectant Yes© 82 74.55
No 28 25.45

No clean or disinfect Yes 13 11.82
No© 97 88.18

How to disinfect the probe contact 
with blood or body fluids?

Using high-level disinfectant© 92 83.64
Using low-level disinfectant 5 4.55
Using intermediate-level disinfectant 13 11.82

Which of the following is 
mandatory for endocavitory probes 
and all interventions?

High-level disinfectant 50 45.45
Low-level disinfectant 9 8.18
Dedicated transducer cover© 51 46.36

It is essential to allow sufficient time for the probe to dry to attain maximum effect after disinfecting.    
Yes© 75 68.18
No 16 14.55
I don’t know 19 17.27

The Spaulding Classification of endovascular and endovaginal ultrasound probes. Critical and
semi-critical© 100 90.91

Non-critical 10 9.09

The decontamination of
endovaginal and endocavitory
probes done by

heat sterilization after every use Yes 19 17.27
No© 91 82.73

liquid chemical sterilant after each use Yes© 77 70.00
No 33 30.00

hydrogen peroxide gas plasma after each use Yes© 41 37.27
No 69 62.73

Used of transducer cover.

Intact skin Yes 21 19.09
No© 89 80.91

Skin wound and ulcer Yes© 100 90.91
No 10 9.09

Intact infected skin Yes© 95 86.36
No 15 13.64

TVUS and TRUS Yes© 104 94.55
No 6 5.45

Pleural effusion and ascites drainage Yes© 75 68.18
No 35 31.82

Mean±SD (Level) = 12.51±1.96 (Moderate) 
Keys: 0-8=Low, 8.1-13.5=Moderate, 13.6-17=High; © correct answer 
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used for decontamination after each use; on the other hand, 
82.73% reported that heat sterilization is not used for probe 
decontamination. The respondents displayed good knowledge 
concerning the usage of transducer covers. It was found by 94.55% 
that transducer covers must be used in TVUS and TRUS, skin 
wounds and ulcers by 90.91%, intact infected skin by 86.36%, 
pleural effusion, and ascites drainage by 68.18%, and not used in 
intact skin by 80.91%. To sum up, the mean score was 12.51±1.96 
(moderate level). Thus, the Sudanese sonographic specialists 
have good knowledge concerning the safety aspect of the probe’s 
transducer infection control (Table 3).

Only 59.09% agreed that the larger refilled bottle carries 
a higher risk of contamination than the single-use one; 54.55% 
reported that a single-use gel bottle, once it is opened, could 
be discarded, and 52.73% said that if gel warmers are used, 
only bottles for immediate use should be warmed (Table 4). 

However, only 35.45% disagreed that gel bottles should be 
stored upside down in warmers. In comparison, only 31.82% 
disagreed that standard non-sterile bottles are sufficient if the 
transducer is in contact with non-intact skin. A large percentage 
(75.45%) agreed with avoiding contact of the gel dispensing tip 
with the patient or other sources of contamination, and 91.82% 
agreed that sterile gel is highly recommended for intervention 
procedures, followed by endocavitory examination (79.09%), 
then non-intact skin patients by only 44.55%; however, 
45.45% reported that it is not recommended for intact skin 
patients, for a mean score of 5.70±2.02 (low level). Thus, it 
can be argued that the level of knowledge of infection control 
when using ultrasound gel was low.

Regarding hand hygiene in ultrasound, 80% reported 
that it should be done before and after examination, while 
only 31.82% reported that the proper order of PPE is “gown–
mask (respirator)–eye protection–gloves.” The respiratory 
hygiene and cough etiquette procedure were approved as 
follows: 86.36% and 87.27% reported that it is important to 
reduce the transmission of the droplet and airborne pathogens 
to patients and health care, and 88.18% stated they knew 
that it applies to all coughing and sneezing individuals;, the 
total score was 4.63±1.10 (average level). Thus, it can be 
argued that the level of knowledge of personal hygiene was 
intermediate (Table 5).

The study demonstrates that there was no significant 
difference in the score of the knowledge of infection control in 
ultrasound among the study participants with respect to gender, 
years of experience, or education level(P>0.05), despite the 
fact that the study found the score significantly differs among 
the different age groups, the younger age group’s mean rank of 
knowledge score being more (64.58) than the other age groups  
(P=0.001) (Table 6).

Statement N %

The larger refilled bottle carries the risk
of contamination more than the single-
used one.

Yes© 65 59.09
No 16 14.55
I don’t
know 19 17.27
I am not
sure 10 9.09

Standard non-sterile bottles are sufficient
if the transducer is in contact with non-
intact skin

Yes 51 46.36
No© 35 31.82
I am not
sure 23 20.91
I don’t
know 1 0.91

Avoid contact of the gel dispensing
tip with the patient or other sources of
contamination.

Yes© 83 75.45
No 13 11.82
I am not
sure 11 10.00
I don’t
know 3 2.73

Only bottles for immediate use should
be warmed if a gel warmer is used 

Yes© 58 52.73
No 26 23.64
I don’t
know 21 19.09
I am not
sure 5 4.55

Gel bottles should be stored upside down
in warmers

Yes 44 40.00
No© 39 35.45
I don’t
know 18 16.36
I am not
sure 9 8.18

For a single-use gel bottle, once it opens,
it ideally should be discarded and not
used for a second patient 

Yes© 60 54.55
No 26 23.64
I don’t
know 18 16.36
I am not
sure 6 5.45

The sterile
gel is highly
recommended?

Non-intact skin
patients

Yes© 49 44.55
No 57 51.82

Intervention
procedures

Yes© 101 91.82
No 7 6.36

Endocavitory
examination

Yes© 87 79.09
No 17 15.45

Intact skin patients Yes 54 49.09
No© 50 45.45

Mean±SD (Level) = 5.70±2.02 (Low)
Keys:0-6=Low,6.1-7.9=Moderate,8-10=High; © correct answer 

Table 4.
Domain 3. The distribution of knowledge about avoiding contami-
nation and correct use of ultrasound gel bottles (N=110).

Statement N %
Hand hygiene
in ultrasound
should be done:

Before patient 5 4.55
After patient 17 15.45
Before and after examination© 88 80.00

The proper order
of donning PPE
is:

gown–mask (respirator)–eye pro- 
tection–gloves© 35 31.82
mask (respirator)–eye protection–
gloves–gown 28 25.45
gloves–eye protection–gown–mask 47 42.73

Knowledge of respiratory hygiene and cough
etiquette procedure

Yes© 98 89.09
No 12 10.91

Respiratory
hygiene and
cough etiquette
procedure

Reduce the transmission
of the droplet and airborne
pathogens to patients

Yes© 95 86.36
No 15 13.64

Reduce the transmission
of the droplet and airborne
pathogens to healthcare

Yes© 96 87.27
No 14 12.73

It applies to all coughing and
sneezing individual

Yes© 97 88.18
No 13 11.82

Mean±SD (Level) = 4.63±1.10 (Average)  
Keys: 0-3=Low, 3.1-4.7=Average, 4.8-6=High; © correct answer 
The mean score of knowledge across all four domains was 
26.93±3.79 (Average)

Table 5.
Domain 4. The distribution of knowledge of personal hygiene 
among the study participants (N=110)
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Discussion
It is the responsibility of every ultrasound practitioner to 

guarantee that cross-contamination risks have been minimized. 
Any equipment adopted in the environment must be safe for 
all patients.(2) The study found that the knowledge of infection 
control in ultrasound among Sudanese sonographic specialists 
was average. Concerning adherence to the proper method for 
cleaning sonographic equipment, the participants scored good 
knowledge; the mean score was 4.52±1.12 (moderate level). 
All understand that the equipment should be cleaned before 
and after patients, and at the end of examinations. An HLD 
cleans the equipment that contacts mucous or body fluids. In 
contrast, only 41.82% of the participants knew that wearing 
PPE is recommended during cleaning and disinfecting the 
ultrasound equipment. The participants were knowledgeable 
about cleaning and disinfecting ultrasound transducers. Most 
of them knew that when the transducer is used on intact 
skin, it needs a cleaning followed by an LLD; on the other 
hand, most of them stated that they do not require cleaning 
of the transducer used on intact skin, which was considered 
incorrect. Participants are aware that an HLD is needed when 
the probe comes into contact with blood or body fluids, but 
their knowledge was low concerning the use of a probe cover 
during all interventions and endocavitory examinations. In 
comparison to this study, Nyhsen et al.(8) assessed the practical 
aspect concerning the probe cleaning and decontamination in 
the ESR and demonstrated that a US probe cover was always 
used in 89% of endocavitory examinations and in 77% of the 
interventional procedures, which reflects more knowledge of 
and practice with probe cover usage than does this study. 

The lens of the probe is susceptible; any abrasion or 
fragility of the surface of the probe reduces the performance; 
dry paper is one cause of abrasion in the contact surface of the 
probe. In this study, more than half of the participants stated that 
dry paper is used to clean an ultrasound probe. It is crucial to 
clean the transducer that is used on intact skin with a detergent 

wipe, followed by the LLD, which was recommended.  
Reprocessing of medical devices, including ultrasound 
transducers, is based on the Spaulding Classification system, 
which classifies medical devices, according to their intended 
use and level of disinfectant need, as critical, semi-critical, 
and non-critical.(1) A lack of knowledge of this classification 
leads to the incorrect application of appropriate methods 
of sterilization and disinfection, which could result in the 
transmission of infection from one patient to another. It was 
shown that 90.91% know that the Spaulding Classification of 
endovascular and endovaginal ultrasound probes is critical 
or semi-critical. These results reflect that the Sudanese 
sonographic specialists have adequate knowledge concerning 
Spaulding’s classification of medical devices, thus leading to 
the proper use of methods of cleaning and sterilization.  

Transducers used during percutaneous procedures or 
on non-intact skin should be protected by a single-use, sterile 
probe cover that matches the level of sterility utilized during 
the process. They should then go through LLD in between 
usage. If the probe cover breaks, the transducer could be 
tainted with blood or body fluids.(9) The respondents reflected 
good knowledge concerning the conditions in which the 
transducer covers must be used, such as TVUS and TRUS, 
wounds and ulcers, intact infected skin, pleural effusion, and 
ascites drainage.

Contaminated ultrasound gel is a source of disease 
transmission due to numerous processes and bacteria. 
According to Weist et al.,(10) improper use of the gel during 
routine ultrasonic scanning can lead to nosocomial skin 
infections caused by Staphylococcus aureus. According to 
another study, the transducer and gel’s bacterial contamination 
rate was 42.8%.(11) Concerning infection control safety 
associated with gel use, the non-sterile gel should only be 
applied during low-risk, general inspections on healthy skin. 
A single-use gel bottle or sachet should be used when applying 
a non-sterile gel to a patient under any transmission-based 
precautions. A heating gel is not advised due to the possibility 
of bacterial contamination and growth in a warm environment. 
Dry heat is the ideal approach when a warm gel is required. 
Reusable gel bottle lids should be secured after each use, and 
single-use gel bottles should be discarded.(12-14) In this study, 
the sonographic specialists reflected poor knowledge of this 
safety aspect. 

It is strongly recommended to use sterile gel for all 
semi-critical and critical US procedures, such as transducer 
contact with mucous membranes, contact with any body fluids 
(all major and minor US-guided interventional procedures), 
and when scanning infected or broken skin and wounds.(2) The 
results of this study clarified that the Sudanese sonographic 
specialists have good knowledge about sterile gel use, except 
for non-intact skin. One study done in Europe to assess the 
practice of infection control and decontamination of the US 
probe among the ESR stated that 30% of the study participants 
used sterile gel during endocavitory ultrasound and 77% used 
sterile gel during the interventional ultrasound.(8)  

Hand hygiene is the easiest and most effective way 
to prevent infection because about 50% of health-related 
infections are in the hands of healthcare providers. WHO 

Factor Group
Total

Mean rank χ2  test /P-value

Gender
Male 47.79

χ2 = 0.619/0.43
Female 52.63

Age 
20-29 (yrs.) 64.58

χ2 = 14.69/0.00130-39 (yrs.) 52.19
≥40 (yrs.) 31.71

Education 

Diploma 12.3

χ2 = 3.91/0.27
B.Sc. 55. 3
M.Sc. 51.04
Ph.D. 55.44

Experience 

1-5 (yrs.) 49.18

χ2 = 0.95/0.92
6-10 (yrs.) 51.96
11-15 (yrs.). 57.11
16-20 (yrs.) 58.62
>20 (yrs.) 48.17

Table 6.
Correlation between mean rank of knowledge of the study 
participant with demographic data.
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2005 provides hand hygiene in medical care at 5 moments: 
before touching the patient, before cleaning or disinfecting 
procedures, after the risk of contact with body fluids, 
after touching the patient, and after touching the patient’s 
surroundings.(15,16) Practicing respiratory hygiene and cough 
etiquette also reduces the risk of infection. It is important 
to use PPE to prevent exposure of healthcare workers and 
patients to infectious pathogens.(17) Most study participants 
were familiar with hand hygiene being performed before and 
after each patient and that respiratory hygiene and cough 
etiquette procedures apply to all coughing individuals and 
reduce the risk of infection to the patients and healthcare 
providers; unfortunately, only 31.82% knew that the right 
order of donning PPE is “gown–mask (respirator)–eye 
protection–gloves.” This reflects poor knowledge concerning 
donning and doffing of PPE. The result of this study is 
consistent with Ashoor et al.,(18) who found poor knowledge 
among healthcare providers concerning donning of PPE; only 
13.8% described the correct sequences.  

No previous study concerning knowledge and 
awareness of infection control in ultrasound among Sudanese 
sonographic specialists was found. Kartaginer et al.(19) 
assessed the practiced infection control in ultrasound, which 
is hand washing, glove use, transducer cleaning, disinfection 
and sterilization, wearing additional protective clothing 
when necessary, and examination room maintenance. They 
found that 70% of sonographers washed their hands before 
examination and 83% afterward; 4% did not sheath the 
endocavitory probe before the procedure, and 77% wiped the 
transducer with a cleaning solution after patients. A survey 
found that some ultrasound specialists did not adhere to the 
most recent recommendations on how to properly disinfect 
transducers, wires, or ultrasound machine keyboards, and 
there is a lack of training from manufacturers concerning 
equipment cleaning and disinfecting; these discrepancies may 
be the cause of compliance problems and show that ultrasound 
practitioners need to implement a consistent approach to 
infection control.(20)  

There were no significant differences in the degree 
of knowledge of infection control in ultrasound according 
to gender, years of experience, and education certificates 
among the study participants; while significant differences in 
knowledge scores were found among the different age groups 
with the younger age group having a higher score of knowledge 
than other age groups. This may be because the sample in this 
study is less than expected, despite the participants holding a 
Ph.D. in diagnostic ultrasound, reflecting a mean rank of the 
score more than a diploma, B.Sc., and M.Sc. in diagnostic 
ultrasound.

Conclusion
The study concluded that the knowledge of infection 

control among Sudanese sonographic specialists was average. 
In general, the Sudanese sonographic specialist has a good 
understanding of infection control considerations concerning 
the equipment and transducer cleaning and disinfecting, but 
poor knowledge concerning using a dedicated transducer 

cover during the endovaginal ultrasound. The awareness 
of the safety procedure of ultrasound gel is low except for 
avoiding contact of the gel dispensing tip with the patient or 
other sources of contamination and using sterile gel during the 
intervention and endocavitory examination. There were no 
appreciable differences in the level of knowledge of infection 
control in ultrasound among the study participants based on 
gender, years of experience, or educational certificates; those 
with a Ph.D. in diagnostic ultrasound had a higher mean rank 
of the score than those with a diploma, B.Sc., or M.Sc. in 
diagnostic ultrasound. Further training in infection control in 
ultrasound following the CDC and ESR recommendations is 
needed, mainly for infection control safety considerations of 
ultrasound gel and transducers. 

Limitation 
There is no previous study assessing the degree of 

knowledge of sonographic specialists concerning infection 
control safety during an ultrasound examination, and few 
studies in the literature reflect practicing infection control in 
ultrasound. Secondly, since this survey was online, there were 
some communication barriers. The number of samples in this 
study is lower than expected due to some network barriers in 
peripheral areas of Sudan. The study recommended further 
studies with a larger sample through an interview.
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Abstract
Background: Prostate cancer (PC) is the most common cancer among men in Sudan. It was ranked fourth among all cancer 

treatment centers in Khartoum. This study aimed to assess knowledge and attitude toward PC among male medical students in their 
final and semifinal years at the University of Khartoum.

Methods and Results: A descriptive cross-sectional online survey was conducted at the University of Khartoum (Faculty 
of Medicine) on semifinal and final-year male medical students from March 2022 until May 2022. Data were collected from 
medical students, using a standardized, pretested, coded questionnaire that contained close-ended questions. The questionnaire 
was distributed online to the medical students using Google Forms. Knowledge levels were determined using 10 questions on risk 
factors, signs and symptoms, prevention, treatment, and complications of PC. A total of 131 participants received questionnaires, 
and the response rate was 100%. The results are presented in chronological order in the way they were analyzed, starting with 
sociodemographic characteristics of the participants, sources of information on PC, knowledge levels (low, medium, and high) 
of PC, and attitude levels (positive, negative) relating to the year of study. All medical students in the last 2 years have heard 
about PC, and medical students overwhelmingly (88.5%) believe that early detection of PC through screening improves survival. 
Almost all the respondents in our study indicated their willingness to go for PC screening (87.8%), and the rest of the respondents’ 
attitudes about the importance of PC and treatment were positive.

Conclusion: Most students have sufficient knowledge about prostate cancer, its risk factors, complications, and treatment. 
Medical students are an important population in studying the determinants of screening for prostate cancer.(International Journal 
of Biomedicine. 2022;12(4):661-666.).
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Introduction
Prostate cancer (PC) is the most common cancer 

among men. Worldwide, an estimated 1,414,259 people were 
diagnosed with PC in 2020, according to cancer.net. Globally, 
PC is predicted to increase to approximately 1.7 million new 
cases and 499,000 deaths by the year 2030 because of the 
exponentially growing population and the large population 
of men who will be 65 years and older.(1) The worldwide 

incidence of PC differs among various geographical regions 
and ethnic groups.(2) 

A study performed by Adeloyeon et al. on the incidence 
of PC in Africa showed that in 16 African countries, the PC 
incidence rate was 22–23.97 per 100,000 population, with 
a median incidence rate of 19.5 per 100,000 reported.(3) PC 
cancer is the most common cancer among men in Sudan. 
It was ranked fourth among all cancer treatment centers 
in Khartoum. It had the highest age-specific rate in seniors 
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65 and older.(4) The late presentation of cancer in Sudan, as 
in most developing countries, is a significant challenge to 
treating cancer in general, and PC in particular. Most patients 
present with advanced disease. 

Furthermore, there is no agreement on effective 
strategies to reduce the risk of PC, nor on effective screening 
programs.(5) Screening for PC with prostate-specific antigen 
(PSA) testing and digital rectal examination has been 
extensively researched; however, with the ability of early 
detection in curable stages not yet established, screening 
is still controversial, with potentially harmful outcomes.(6) 
Generally, the higher the PSA level, the more likely a PC is.(7) 

Men at a high risk of PC are advised to begin regular PSA 
screening earlier, and most of those with a family history of 
PC are of black African/Caribbean ancestry.(7) The literature is 
inconsistent in PC association with PC screening knowledge, 
and the reasons for men refusing or attending screening are 
mainly unknown.(5) According to a study conducted in Sudan, 
the geographic distribution of cancer patients includes 19.6% 
of patients from Khartoum state and the same percentage from 
North Kordofan state, indicating that these areas have a high 
incidence of cancer diseases.(8) 

This study aimed to assess knowledge and attitude 
toward PC among male medical students in their final and 
semifinal years at the University of Khartoum.

Materials and Methods
A descriptive cross-sectional online survey was 

conducted at the University of Khartoum (Faculty of 
Medicine) on semifinal and final-year male medical students 
from March 2022 until May 2022. Data were collected from 
medical students, using a standardized, pretested, coded 
questionnaire that contained close-ended questions. The 
questionnaire was distributed online to the medical students 
using Google Forms. A simple random sampling method 
was used to acquire the responses from the participants via 
the online distribution of Google Forms. The forms were sent 
by WhatsApp and phone number. After collecting Google 
Forms, we imported data into Excel to clean and prepare it for 
analysis. Sociodemographic characteristics were summarized 
in frequencies and percentages. Knowledge levels were 
determined using 10 questions on risk factors, signs and 
symptoms, prevention, treatment, and complications of PC. 
Each participant who could answer any of the questions from 
1 to 10 was assigned a score of 1, and zero for a “no” or “don`t 
know” answer. The overall score was calculated for all 10 
knowledge questions for each person. The maximum score 
was 10; any individual who had a score of 1-3 was categorized 
as having low knowledge, any individual who had a score of 
4-7 was categorized as having medium knowledge, and any 
individual who had a score of 7 and above was categorized 
as having high knowledge. Attitudes regarding PC were 
assessed using 10 statements on a 3-point Likert scale: agree 
- 1, don`t agree - 0, and don`t know – 0. The scale was scored 
as agree - 1, don’t know - 0 and don’t agree - 0 for the positive 
questions, and don’t agree - 1, don’t know - 0 and agree - 0 for 
the negative statements. Out of a maximum score of 10, each 

participant who scored 7 and above was classified as having a 
positive attitude and each participant who scored 6 and below 
was classified as having a negative attitude. Statistical analysis 
was performed using statistical software package SPSS 
version 25.0 (Armonk, NY: IBM Corp.).

Results
A total of 131 participants received questionnaires, 

and the response rate was 100%. The results are presented in 
chronological order in the way they were analyzed, starting 
with sociodemographic characteristics of the participants, 
sources of information on PC, knowledge levels (low, 
medium, and high) of PC, and attitude levels (positive, 
negative) relating to the year of study. The mean age of the 
participants was 23.96±0.10 years. A total of 40 participants 
came from a rural area, and 91 came from an urban area; 
most respondents (n=92) live with their families. Moreover, 
most of the respondents (n=93) indicated their father’s 
education level as higher (university) and above, and their 
mother’s education level - as higher and above indicated by 
79 participants (Table 1). 

Observed results showed that most respondents 
(104/79.4%) were non-smokers. Among cigarette smokers 

Characteristics
Year of study

TotalFifth
(batch 93)

Sixth 
(batch 92)

Area
Rural 22 18 40

Urban 49 42 91

Residency

Dormitory 13 18 31

Other, Specify 2 2 4

With family 54 38 92

With relatives 2 2 4

Father’s education

Elementary 1 2 3

High school 12 13 25

Intermediate 5 3 8

Not educated 2 0 2

Higher & above 51 42 93

Mother’s education

Elementary 3 2 5

High school 19 19 38

Intermediate 2 3 5

Not educated 4 0 4

Higher & above 43 36 79

Table. 1. 
Demographic characteristics of respondents, the fifth- and sixth-
year medical students.
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(n=27), about 44.4% of the respondents reported that they 
smoked between 5 and 10 cigarettes per day, while about 4% 
smoked more than 10 cigarettes per day (Figure 1). 

A total of 40(30.53%) respondents reported having 
a family history of PC. Respondents who have heard about 
PC indicated the following sources of information: TV 
(25/19.1%), social media (52/39.7%), lectures (122/93.1%), 
health pamphlets (32/24.4%), male dinners (10/7.6%), and 
others (11/8.4%) (Table 2). 

Respondents who knew what PC is - 124(94.7%) 
(Table 3) were all able to identify the risk factors: most 
respondents indicated age (98.4%), family history (88.7%), 
and cigarette smoking (87.1%) as the most common risk 
factors for PC. 

A total of 109(83.2%) respondents were positive that 
risk factors causing PC could be reduced, and 91(69.5%) 
could identify how the risk factors could be reduced. Most 
respondents (90/68.7%) identified periodic medical check-
ups and better health care (90/68.7%) as the best approach 
to lowering PC risk. Most respondents (96/73.3%) knew 
the warning signs of PC, with the majority stating difficulty 
urinating (95/72.5%) and pain in the groin (6/4.58%) as 
warning signs. A total of 116(88.5%) respondents were 
positive that early detection could increase the chances of 
survival. Respondents who were positive that PC could be 
treated were 107(81.7%), all of whom could identify ways 
to treat PC (Table 3).

 Almost all the respondents in our study indicated their 
willingness to go for PC screening (87.8%), and the rest of 
the respondents’ attitudes about the importance of PC and 
treatment were positive (Table 4). 

The scores were coded and summed up to provide 
results for participants who had positive and negative attitudes 
toward PC; 90(68.7%) respondents displayed a positive 
attitude toward PC screening (Table 5). 

The associations between levels of knowledge about 
PC and sociodemographic factors, family history of cancer, 
and smoking attitude are presented as high knowledge, 
medium knowledge, and low knowledge. Overall, the 
level of knowledge of fifth-year and sixth-year students 
was as follows: low (0% and 1.7%, respectively), medium 
(28.2% and 15%, respectively), and high (71/8% and 83.3%, 
respectively) (Tables 6 and 7). 

The levels of attitude, sociodemographic 
characteristics, family history of cancer, and smoking 
attitudes are presented as positive and negative (Table 8).

  Fig. 1. The number of cigarettes smoked per day.

Source of information (n) (%) 

Social media 52 39.7%

Lectures 122 93.1%

Health pamphlets 32 24.4%

TV 25 19.1%

Male dinners 10 7.6%

Others 11 8.4%

Table 2. 
Sources of information about PC.

Questions and Statements
Yes No

(n) (%) (n) (%)

Heard about PC 131 100 0 0

Could identify what PC is 124 94.7 7 5.3

Could identify risk factors 124 94.7 7 5.3

Risk factors causing PC could be reduced 109 83.2 22 16.8

Could identify how the risk factors could be reduced 91 69.5 40 30.5

Could identify early warning signs of PC 96 73.3 35 26.7

Early detection of PC could increase the chances of survival 116 88.5 15 11.5

PC could be treated 107 81.7 24 18.3

Could identify ways to treat PC 107 81.7 24 18.3

Could identify complications of   PC 121 92.4 10 7.6

Table 3.
Distribution of respondents’ responses on knowledge about PC.
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Attitude (n)  (%)

Positive 90 68.7

Negative 41 31.3

Total 131 100

Table 5. 
Attitude levels toward PC screening

Level (n) (%)

High 101 77.1

Medium 29 22.1

Low 1 0.8

Total 131 100

Table 6. 
Knowledge levels (low, medium, and high) of PC.

Table 7. 
Levels of knowledge about PC, sociodemographic characteristics, family history of cancer, and smoking attitude.

Statement
Agree Don`t know Don’t agree

n (%) n (%) n (%)

PC is only a problem for males of advancing age. 97 74.0 7 5.3 27 20.6

It is important to screen for PC. 117 89.3 5 3.8 9 6.9

Screening for PC can be painful. 24 18.3 38 29.0 69 52.7

Screening for PC is embarrassing. 44 33.6 13 9.9 74 56.5

Screening for PC can aggravate the disease. 10 7.6 13 9.9 108 82.4

Screening for PC will help me to be healthy. 106 80.9 12 9.2 13 9.9

Screening for PC is beneficial  and will settle any ambiguities. 101 77.1 12 9.2 18 13.7

Regular examination for PC is expensive. 25 19.1 51 38.9 55 42.0

Willingness to go for PC screening. 115 87.8 3 2.3 13 9.9

I would accept any treatment if I were diagnosed with PC. 120 91.6 5 3.8 6 4.6

Table 4. 
Respondents’ attitudes about the importance of PC and treatment.

Characteristics
Levels of knowledge 

P-value
High (n) Low (n) Medium (n)

Year of study
Fifth-year students 51 0 20

0.229
Sixth-year students 50 1 9

Area
Rural 36 0 4

0.066
Urban 65 0 26

Residency

With family 70 1 21

0.996
Dormitory 25 0 6

With relatives 3 0 1

Other 3 0 1

Father’s education

Not educated 1 0 1

0.911

Elementary 3 0 0

Intermediate 5 0 3

High school 20 0 5

Higher & above 72 1 20
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Discussion
PC is the commonest cancer in elderly males. Screening 

and early detection is the primary strategy to combat this 
disease. In much the same manner that medical educators 
must teach students about the nuances and uncertainties 
of PC screening, future physicians will eventually have to 
integrate this imperfect knowledge into communicating 
with their patients.(9) Our study was the first research among 
Khartoum University medical students surveyed regarding 
their knowledge and attitude concerning PC. Perhaps our most 
important finding is that all medical students in the last 2 years 

have heard about PC, and medical students overwhelmingly 
(88.5%) believe that early detection of PC through screening 
improves survival.

A cross-sectional study performed at the Syrian 
Private University between December 2020 and January 
2021 was aimed to determine the knowledge level of 
students concerning PC. The sample included students of 
all years from different faculties. The data was collected 
by a questionnaire to measure the awareness of PC. The 
total number of participants was 446 from all faculties, 
including males and females. The percentage of students 
who have heard about PC was 73.1%, and those who have 
heard about the PSA testing was 52%. As for students of 
medical faculties from different years, the percentage was 
62.3%, compared to non-medical faculties, where the rate 
was only 19.5%, indicating a low-level knowledge among 
non-medical students.(10) 

In a study performed by Marcella et al.,(9) 1644 students 
were sampled at 20 medical schools using a web-based, cross-
sectional survey to examine medical students’ knowledge and 
beliefs concerning PC screening and specific determinants for 
their beliefs. Medical students generally were very optimistic 
about the benefits of screening for PC, and students’ knowledge 
regarding PC screening shows significant improvement by 
class year.

Currently, results of more studies support the ability 
of the PSA test to detect early-stage PC,(11) but whether it 
should be used for screening continues to be debated,(9,12,13) as 
illustrated by some recommendations.(12,14)

Overall, the results of our study show that many of the 
respondents have a positive attitude toward PC as a disease 
in general, screening, as well as treatment. Almost all the 
respondents in our study indicated their willingness to go for 
PC screening (87.8%), and the rest of the respondents’ attitudes 
about the importance of PC and treatment were positive.

Characteristics
Levels of knowledge 

P-value
High (n) Low (n) Medium (n)

Mother’s education

Not educated 2 0 2

0.816

Elementary 5 0 0

Intermediate 4 0 1

High school 31 0 7

Higher & above 59 1 19

Smoking
Yes 21 1 10 0.371

No 80 0 19

Cancer history in family
Yes 30 0 10 0.882

No 71 1 19

Table 7. 
Levels of knowledge about PC, sociodemographic characteristics, family history of cancer, and smoking attitude (continued).

Characteristics
Attitude statistics

Neg
(n)

Pos
(n) OR 95% CI P-value

Year of study

Fifth-year
students 22 49

0.7226 0.3445-1.5159 0.7226
Sixth-year
students 19 41

Area
Rural 13 27

0.9231 0.4158-2.0492 0.8440
Urban 28 63

Smoking Yes 7 20 0.7206 0.2778-1.8694 0.5005
No 34 70

Cancer
history
in family

Yes 11 29
0.7713 0.3396-1.7515 0.5348

No 30 61

Neg- Negative; Pos-Positive.

Table 8. 
Attitude statistics toward PC screening.
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In conclusion, most students have sufficient knowledge 
about prostate cancer, its risk factors, complications, and 
treatment. Medical students are an important population in 
studying the determinants of screening for prostate cancer.
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Abstract
Ventricular arrhythmias may occur in patients without anatomical heart abnormalities, a condition that is known as idiopathic 

ventricular arrhythmias. The most common form originates at the level of the outflow tracts. It can manifest as PVCs, non-
sustained ventricular tachycardia (VT), and sustained VT. A 52-year-old female patient was admitted for 2 episodes of syncope 
related to a high burden of premature ventricular contractions (PVCs) and several episodes of VT with the same QRS morphology 
as the PVCs. A diagnosis of sustained monomorphic VT was formulated in a patient with no structural heart disease and a normal 
ejection fraction. Antiarrhythmic drugs such as metoprolol, propafenone, and amiodarone failed to reduce the number of PVCs, 
hence catheter ablation was suggested to the patient. The patient consented to the treatment, and following catheter ablation, the 
patient no longer experienced syncope. The 24-hour Holter ECG monitoring revealed no PVCs or VTs. PVCs and VTs from the 
right ventricular outflow tract (RVOT) are typically benign with a good prognosis. Catheter ablation should be employed as the 
definitive treatment for RVOT-VT, as our case demonstrated only partial response to antiarrhythmic drugs. (International Journal 
of Biomedicine. 2022;12(4):667-670.).

Keywords: catheter ablation • ventricular tachycardia • premature ventricular contractions • syncope • RVOT

For citation: Simu G, Puiu M, Cismaru G, Gusetu G, Pop D, Zdrenghea D, Rosu R. Idiopathic Ventricular Tachycardia: Good 
Prognosis but Debilitating Symptoms. International Journal of Biomedicine. 2022;12(4):667-670. doi:10.21103/Article12(4)_
CR1.

Abbreviations
EAM, electroanatomical mapping; LBBB, left bundle branch block; LVOT, left ventricular outflow tract; LVOT, left ventricular 
outflow tract; PVCs, premature ventricular contractions; RVOT, right ventricular outflow tract; RBBB, right bundle branch block; 
VT, ventricular tachycardia.

Introduction
Ventricular tachycardia (VT) may occur in patients that 

have no structural impairment. Most often, in this case, the 
origin of tachycardia is at the outflow tract level. Arrhythmias 
that originate at the level of the outflow tract are represented by 
premature ventricular contractions (PVCs), non-sustained VT, 

or sustained VT. Outflow tract VTs are triggered by emotional 
stress, and exercise, and occur more often during the day.(1,2) 

ECG recognition of outflow tract VT is made by the morphology 
and axis in the 12 leads: broadly, RVOT-VT is suggested by an 
LBBB morphology with an inferior axis, while LVOT-VT is 
recognized by an RBBB morphology with the inferior axis.(3)

Long-term options for the treatment of outflow tract 
VT include antiarrhythmic drugs and catheter ablation.(3) We 
present the case of a young female patient with RVOT-VT 
and 2 syncopes with failure of antiarrhythmic drug treatment 
that necessitated catheter ablation for a complete cure of the 
arrhythmia. 
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Case Presentation
A 52-year-old female patient was admitted to the 

Department of Cardiology with palpitations and dyspnea. 
Palpitations were characterized by a rapid irregular rhythm, 
variable duration, spontaneous remission, and occurrence 
during both exertion and rest. In 2005, she presented with 
palpitations and syncope, and echocardiography revealed a 
normal ejection fraction and absence of valvulopathy. Due to 
the presence of PVCs on the ECG (Figure 1), therapy with 
metoprolol 50 mg per day was initiated. The patient had 
normal carotid arteries, a normal neurological examination, 
and a normal cerebral computed tomography. No other cause of 
syncope could be identified. After treatment with beta-blockers, 
symptoms persisted, so propafenone 450 mg was administered. 
In 2012, after seven years of treatment, the patient had a second 
episode of syncope. In 2005, only PVCs were discovered; 
all other exams were normal. Additionally, coronarography 
was performed, which was normal. Despite treatment with 
propafenone and metoprolol, the Holter ECG revealed 21,000 
PVCs/24 hours (Figure 2), accompanied by episodes of 
nonsustained VT. Accordingly, propafenone was discontinued, 
and amiodarone was substituted. Under antiarrhythmic 
medication with amiodarone and metoprolol, she did not exhibit 
syncope; nonetheless, repeated Holter ECGs revealed 18,000 to 
20,000 PVCs/24 hours. Catheter ablation was proposed in 2017 
following an arrhythmic evaluation. 

During the present hospitalization, a physical examination 
revealed an obese patient with a BMI of 36 kg/m2, normal 
blood pressure of 110/70 mmHg and heart rate of 75 bpm, 
and normal lung auscultation. Her ECG showed PVCs with 
an LBBB morphology, inferior axis, and precordial transition 
in V4. Echocardiography revealed a normal left ventricular 
ejection fraction, normal values of left ventricular dimensions, 
a normal left atrium, the absence of valvulopathy, and the 
absence of pericardial effusion. For the quantification of PVCs, 
a Holter ECG revealed 18,000 PVCs with frequent episodes of 
nonsustained VT of 3 to 10 PVCs. After informed consent, an 
electrophysiological study (Figure 3) with EAM was performed. 
After the femoral vein was punctured, three catheters were 
inserted at the level of the heart: a quadripolar catheter at the level 
of the right ventricular apex, a decapolar catheter at the level of the 
coronary sinus, and a Flexibility Saint Jude catheter at the level 
of the RVOT.  During activation mapping, the ablation catheter 
electrogram demonstrated a 20-ms pre-QRS local potential 
(Figures 4A, 4B, 5). Catheter ablation caused the elimination of 
PVCs and VTs, and the inability to induce VTs at the termination 
of the procedure (Figure 6). After the ablation, amiodarone was 
discontinued, and a Holter EKG 30 days after discharge revealed 
no PVCs; thus, metoprolol was also discontinued 24, 48, and 
72-month follow-up, the patient did not take any medications, 
and her Holter ECG showed no PVC or syncope.

Discussion and Conclusion 
VT may occur in patients with underlying heart 

impairment, such as ischemic heart disease,(5) dilated 
cardiomyopathy,(6) hypertrophic cardiomyopathy,(7) arrhyth-

mogenic right ventricular dysplasia,(8) or in patients without 
structural impairment.(9) The morphology of PVCs and VTs 
in 12-lead derivations can provide further information on the 
location of the arrhythmogenic focus. Because both RVOT 
and LVOT are superior structures, there will be a positive QRS 
complex in leads D2, D3, and aVF, which corresponds to an 
inferior electrical axis. V1 is an anterior lead on the right side 
of the thorax, RVOT is also an anterior structure, and LVOT is 
a posterior structure relative to RVOT. When PVCs originate 
in the RVOT, there will be a negative QS pattern in lead V1, 
and when they arise in the LVOT, there will be an rS pattern 
in lead V1. Despite its name, RVOT is located considerably 
leftwards compared to LVOT. Therefore, when RVOT-VT 
originates from the anterior or posterior RVOT wall, the 
QRS complex in lead D1 will be biphasic. If the origin is 
towards the pulmonic valve, the QRS complex morphology 
in lead D1 will be QS; however, if the origin is from the 
right margin of RVOT, the QRS complex morphology in lead 
D1 will be positive. The morphology of VT in our patient 
was LBBB with an inferior axis. The small r wave in lead 
V1 and biphasic rs complex in lead D1 are consistent with 
the RVOT anteroseptal region origin identified by EAM. 
RVOT-VT is often a benign arrhythmia characterized by 
palpitations. However, our patient presented two syncopes 
due to rapid heart rates; hence, aggressive treatment with 
catheter ablation was recommended for a complete recovery. 
Viskin et al.(10) reported three patients with RVOT-VT who 
developed severe forms that were accompanied by syncope 
or cardiac arrest as a result of polymorphic VT or ventricular 
fibrillation. Individuals with malignant RVOT-VT had longer 
coupling intervals of PVCs compared to patients with benign 
RVOT-VT. Moreover, Shimizu et al.(11) demonstrated the 
electrocardiographic characteristics of malignant RVOT-VT 
and a correlation between a shorter coupling interval of PVCs 
and the risk of VT. Noda et al.(12) similarly observed shorter 
coupling intervals in malignant RVOT-VT types. 

Chronic management of outflow tract VTs includes 
antiarrhythmic drugs, implantable defibrillators, or catheter 
ablation. Medical options include beta-blockers, verapamil, and 
diltiazem, which have a success rate of 20% to 50%.(13) Other 
antiarrhythmic medications include class IC: propafenone, 
flecainide, and class C: sotalol, amiodarone(14) when beta-
blockers or calcium blockers are ineffective. Unfortunately, 
pharmacological treatment was unsuccessful in our patient, 
with PVC recurrence under metoprolol, propafenone, and 
amiodarone; therefore, catheter ablation was proposed. A 
history of syncope is a strong indicator that radiofrequency 
ablation should be considered as a therapeutic option. EAM 
revealed that the origin of RVOT-VT in our patient was at 
the anteroseptal level, with the local potential occurring 20 
ms before the onset of QRS. During a 24-hour Holter ECG, 
radiofrequency treatments at this level rendered tachycardia 
uninducible and eliminated all PVCs. The patient reported 
neither syncope nor palpitations following catheter ablation.

Informed written consent was obtained from the patient 
for the publication of this case report and any accompanying 
medical images.
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Fig. 1. 12-lead ECG during a sustained episode of ventricular 
tachycardia shows an LBBB morphology of the QRS with inferior 
axis. The biphasic pattern of QRS in lead D1 with negative QRS in 
leads avR and avL suggests an origin in the anterolateral RVOT.

Fig. 2. Holter ECG shows more than 21,000 PVCs/24 hours

Fig. 3. Beginning of the electrophysiological study. At the beginning 
of the study the patient had multiple PVCs with nonsustained episodes 
of VT. The morphology with LBBB pattern and inferior axis suggests 
origin in the RVOT.

Fig. 4. Activation map (4A) and propagation map (4B). Both maps show 
the origin of PVC at the level of RVOT. Activation map shows with white 
color the earliest RVOT zone activated by the PVC focus. The electrical 
activation passes from the white zone to red→yellow→green→blue, the 
latest area of the RVOT being activated is the posterior RVOT. Catheter 
ablation (5 brown dots) at the level of the earliest electrical signal (white 
zone) made PVCs disappear and VT uninducible. Propagation map (4B) 
shows the electrical activity propagating from the anterior region of the 
RVOT where RF dots were placed to the latest activated zone: posterior 
RVOT.

(4A)

(4B)

Fig. 5. Local potential at the ablation target. Abl d= bipolar signal 
from the ablation catheter which precedes with 37 seconds the onset 
of QRS during PVC on 12 lead ECG. Abl uni – unipolar signal form 
the ablation catheter.

Fig. 6. 12-lead ECG at the end of ablation procedure. Sinus rhythm 
can be seen without any PVC.
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Abstract
Background: Adnexal skin tumors (AST) are numerous and various, and in their appearance give dermoscopic and clinical 

features similar to basal cell carcinoma (BCC). Differential diagnosis is difficult, as clinical alteration seems insufficient to 
distinguish between BCC and many skin lesions that mimic BCC. However, the validity and usefulness of dermatoscopic criteria 
enable differentiation between BCC and AST. The purpose of this paper was to present the basic dermatoscopic criteria for 
diagnosis of BCC as well as minimally invasive methods for treatment and clinical management, with a better aesthetic outcome.

Methods and Results: This study consisted of a retrospective review of 50 skin lesions collected in our institution over 
a 3-year period. We analyzed the dermoscopic images of 29 skin lesions with a clinical diagnosis of BCC and 21 cases with 
a clinical diagnosis of AST. All lesions were assessed for the presence of various dermatoscopic criteria using a manual photo 
dermatoscopy system DermLite (DermLite 3, Gen). Each case was evaluated by the presence of dermatoscopic features. We 
compared dermatoscopic and clinical features between the BCC and AST groups.

In the AST group, there were 5(23.8%) premalignant and 16(76.2%) benign lesions. Compared to the AST group, the BCC 
group had a significantly higher frequency of dermatoscopic features (vascular pattern, ulceration, and additional dermatoscopic 
features). All lesions included in this study showed more than one of the following characteristics of BCC: arborizing vessels, 
short fine telangiectasia, translucency, ulceration, blue-gray globules, flecked pigmentation, and rolled borders. Cutaneous lesions 
with 2 or fewer dermatoscopic features of BCC were much more likely to be an adnexal tumor.   

Conclusion: The results of this study could be valuable for the differential diagnosis of BCC and BCC-mimicking cutaneous 
lesions, because dermatoscopy can be especially helpful in better describing, recognizing, and differentiating these lesions. 
(International Journal of Biomedicine. 2022;12(4):671-674.).

Keywords: adnexal skin tumor • basal cell carcinoma • differential diagnosis

For citation: Berisha RB, Dzokic D. Dermatoscopic “Mimickers” of Basal Cell Carcinoma - Adnexal Skin Tumors. International 
Journal of Biomedicine. 2022;12(4):671-674. doi:10.21103/Article12(4)_ShC

Abbreviations
AST, adnexal skin tumors; BCC, basal cell carcinoma; TCA, trichloroacetic acid; PL, Plasma Light.

Introduction
Basal cell carcinoma (BCC) is the most common type 

of skin cancer and the most common neoplasm in humans.(1,2) 
Adnexal skin tumors (AST) are numerous and various, and 
in their appearance give clinical and dermatoscopic features 
similar to BCC, which makes differential diagnosis difficult.  

Dermatoscopy is a better tool for evaluating pigmented 
skin lesions because it gives a magnified view of the skin 

layers, allowing visualization of key vascular structures 
that are usually not visible to the naked eye. Therefore, the 
dermatoscope is our third eye that connects macroscopic 
clinical dermatology and microscopic dermatopathology.(3) 
Moreover, it is essential to practice dermatoscopy at every 
opportunity because it provides a quick diagnosis based 
on specific dermatoscopic criteria.(4-8) Additionally, good 
knowledge of the structure and dermatoscopic criteria of BCC 
and their more efficient diagnosis leads to more accurate and 



672                                   R. B. Berisha & D. Dzokic / International Journal of Biomedicine 12(4) (2022) 671-674

faster diagnoses than histopathological findings.(9-11) Most 
adnexal tumors are derived from hair follicles, but other ones 
can come from eccrine ducts or apocrine glands. AST are 
usually mimickers of BCC. Trichoepithelioma, pilomatricoma, 
epidermoid cysts, and sebaceous glands are just a few of the 
entities reported to dermatoscopically exhibit linear branching 
vessels and blue-gray globules, similar to those seen in BCC.
(12-15) Arborizing telangiectasias are the typical dermoscopic 
feature of BCC and are common in adnexal neoplasms. 
Trichoepithelioma, lesions derived from the hair follicles, 
can be single or multiple, appearing on the face after puberty. 
They are filled with keratin. Indications for removal are for 
clinical and pathological diagnosis if there is any suspicion of 
malignant change.

Epidermoid sebaceous cysts are follicular nodules with 
a central punctum, filled with keratin, lined with stratified 
squamous epithelium, and of various sizes. Indications for 
removal are cosmetic defect and recurrent infection. Removal 
techniques are surgical excision with dissection, small incision 
(PL or 2-3 mm punch biopsy), and expression of the cyst 
contents and wall with pressure. 

Sebaceous gland hyperplasia is a common condition of 
the sebaceous gland when too much oil is produced. It can 
be flat or slightly raised, which is not harmful. Laser surgery, 
fractional CO2, excision surgery, chemical peels with TCA, 
retinol, and cryosurgery are treatments.(16-18) However, the 
value and utility of dermatoscopic data are that they enable 
us to distinguish between BCC and adnexal tumors. The 
differential diagnosis can be facilitated by the observation that 
the vessels of adnexal tumors are usually less focused, and 
pinkish-red in color. Yellow structures are very suggestive 
of sebaceous tumors and can help to differentiate them from 
other tumors that show arborizing vessels.(3)                                            

The purpose of this paper was to present the basic 
dermatoscopic criteria for diagnosis of BCC as well as 
minimally invasive methods for treatment and clinical 
management, with a better aesthetic outcome.

Materials and Methods
This study consisted of a retrospective review of 50 skin 

lesions collected in our institution over a 3-year period. We 
analyzed the dermoscopic images of 29 skin lesions with a 
clinical diagnosis of BCC and 21 cases with a clinical diagnosis 
of AST. Inclusion criteria were histopathologic diagnosis of 
BCC and AST, the availability of clinical, dermatoscopic, 
and histopathology findings. The exclusion criteria were any 
diagnostic entity other than BCC and AST. Clinical data were 
obtained for each patient, including age and sex, location, and 
clinical appearance of the lesion. All lesions were assessed for 
the presence of various dermatoscopic criteria using a manual 
photo dermatoscopy system DermLite (DermLite 3, Gen). 
Each case was evaluated by the presence of dermatoscopic 
features. We compared dermatoscopic and clinical features 
between the BCC and AST groups.

In the AST group, there were 5(23.8%) premalignant 
and 16(76.2%) benign lesions. Compared to the AST group, 
the BCC group had a significantly higher frequency of 

dermatoscopic features (vascular pattern, ulceration, and 
additional dermatoscopic features). All lesions included in this 
study showed more than one of the following characteristics 
of BCC: arborizing vessels, short fine telangiectasia, 
translucency, ulceration, blue-gray globules, flecked 
pigmentation, and rolled borders. Cutaneous lesions with 2 or 
fewer dermatoscopic features of BCC were much more likely 
to be an adnexal tumor.   

Ethical Approval
The study was conducted in accordance with the 

Declaration of Helsinki and approved by the Ethics Committee 
of the University Clinical Center, Pristina, Kosovo.  All 
participants provided written informed consent.

Case Presentation 1
We present the case of a 56-year-old male patient with 

a round tumor behind the left ear, completely asymptomatic. 
This formation was round and symmetrical, 9mm in diameter, 
and the skin covered it except for a more pronounced vascular 
plexus (Figure 1a). On dermoscopic examination (DermLite 
Photo, 3Gen) using ultrasound gel as interface fluid, we could 
see branched vessels anastomoses from different calibers, 
located everywhere, and a red-pink lesion (Figure 1b). 
This is a classic clinical and dermoscopic epidermoid cyst. 
The yellowish-white structures would not be seen in BCC. 
Arborizing or “basal cell-like” vessels surrounding lesions 
but never reaching the center are typical for sebaceous cysts. 
It was decided to carry out treatment (Figure 1c) and take 
the biomaterial to establish the diagnosis. Through a small 
incision made by PL, we obtained copious whitish, pasty 
materials. The cyst contents and walls, as well as the clinical 
image after treatment, are present in Figure 1. Histopathology 
showed a cystic wall made up of a squamous epithelium thin 
cells and traces of keratin corresponding to an epidermal cyst.

Fig. 1. (a): Clinical image; (b): Dermoscopic image of the lesion; 
(c): Clinical treatment; (d): After treatment.
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Case Presentation 2
A round erythematous nodule in the apex nasi lateral 

sinistra appeared in a 25-year-old woman (Figure 2a). 
Dermatoscopy: a lesion with the presence of arborizing 
vessels, with the red-pink color of telangiectasias located on the 
epidermal cysts (Figure 2b). This picture can help differentiate 
them from the red vessels of other skin tumors, especially of 
BCC, and additionally show more white structureless and 
multiple milia-like cysts of keratin; these form the white clods. 
Multiple milia-like cysts are not seen in BCC and are typically 
clinical and dermoscopic signs of trichoepithelioma.

Case Presentation 3
A 73-year-old man had developed a new lesion on his 

forehead 9 months ago (Figure 3A). Dermoscopy of the lesion 
(Figure 3B) revealed the yellowish-white globules that are 
not seen in BCC. “Crown” or “basal cell-like” vessels seen in 
sebaceous gland hyperplasia surround and penetrate the lesion 
but never reach the center. It was decided to perform biopsy 
punches (3mm) to establish the diagnosis. Histopathological 
description of the lesion: the covering epithelium is squamous 
with the pigmentation of the cells of the basal layer. Signs 
of solar elastosis are observed in the reticular dermis. In the 
deeper layers, hyperplasia of the sebaceous glands is observed.

Conclusion
The results of this study could be valuable for the 

differential diagnosis of BCC and BCC-mimicking cutaneous 
lesions. because dermatoscopy can be especially helpful 
in better describing, recognizing, and differentiating these 
lesions. Finally, we must be sure of the clinical diagnosis 

before any intervention. The dermoscopic examination is 
necessary for evaluating the measurement and finding of 
specific dermoscopic criteria, which are important to evaluate 
and show the value of applying dermatoscopy as a preoperative 
diagnostic method of treating skin lesions.
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Abstract
The cumulation of cultural codes forms and structures the integral matrix of information capacity - the cognitive thesaurus 

(CT) of the psyche. The dissociation of the parameters of the current balance of somatic/mental homeostasis initiates a compensatory 
need. The “need” extracts from the CT (actualizes) the “image” of the cultural code - a representable informational equivalent 
of the “need” (“dominant”). Being the content of consciousness at the time of relevance, “dominant” acquires the properties of a 
resonant operator, a dominant focus, forming control mental constructs. Actualization of the “dominant” initiates the activity of 
the “action result acceptor.” For the actual dominant, the “action result acceptor” is an indicator/corrector, a frequency matching 
censor (resonance): perceptual dynamics of operational images of external presentation (“code key”) to the parameters of the 
“dominant” (code). Decoding the physical parameters of the “code” provides the potential to regulate the resonant impact on the 
arsenal of “cultural codes” of CT through moderation of the “code key.” The CT, through the “action result acceptor” (the extra-
conscious regulator of the actual autonoetic forms of mental activity), programs and formats the somatic/psychic continuum of the 
individual. The integral matrix of the CT, having a location outside the conscious sector of the psyche, including the imperative 
corrector of the perceived sector of the psyche associated with the emotional register, determining/correcting the main vectors 
of the regulation of the life continuum, is meaningfully close to the philosophical/psychological criteria of the main cognitive 
regulator of the person activity, defined as the soul.(International Journal of Biomedicine. 2022;12(4):675-678.).
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Basic Part
All kinds of extra/interoceptive information in the fields 

of reception are converted into afferent electrical (frequency) 
and magnetic patterns. Afferent information undergoes 
spatiotemporal transformation (STT): the transformation of 
energy (light, sound, chemical, mechanical) of the carrier at 
the entrance to the system, transfer to analyzers, divergence/
convergence, actualization, generation of cognitive products, 

displacement from consciousness, compression (reduction 
of redundancy while maintaining the completeness of the 
information).(1) The operational sequence of brain activity is as 
follows: the transformation of physical signals of the external 
environment into electromagnetic afferent flow>transformation 
of electromagnetic signals into mental constructs>generation 
of an efferent flow of control constructs of the psyche. We 
believe it can qualify the brain as a “generator-converter” of 
energy/information. The constructive result of the activity 
of the “generator-converter” is the nervous and cognitive 
constructs(2) of the psyche (“dominant”) - control signals 
formed on the basis of redundant information and STT. In this 
message, “dominant” is a generalized definition of organized 
hierarchized constructs (packages) of cognitive information 
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carriers: actual>de-actualized>repressed from conscious levels 
of the psyche>circulating in closed neural circuits.(3) Actualized 
by a compensatory need (above-threshold dissociation of 
the parameters of the current equilibrium of homeostasis), 
“dominant” becomes a resonant operator, a dominant focus, 
transforming into a generator of structures of mental sequences 
that ensure the restoration of homeostasis. In other words, 
“dominant” is formed and implemented as a neural association 
containing an encoded informational equivalent of a need with 
the potential to generate mental constructs upon actualization 
("program" of GC). 

Central generators of rhythmic activity require neither 
sensory inputs nor time-consistent information from outside.(4,5) 
The need for central generators of rhythmic activity in energy 
(metabolic) supply should be emphasized. The redundancy 
of afferent information creates the possibility of forming 
and structuring more than one (i.e., non-deterministic) type 
of behavioral activity, creating and coordinating behavioral 
programs implemented by neural generators. The redundancy of 
the information flow allows for the possibility of complication 
with the direct interaction of the neural generators. In other 
words, we believe that the brain is a “generator-converter” of 
energy/information of a set of neural associations that provide 
processes for both the “nervous” and “cognitive” sectors of 
the psyche aimed at ensuring the stability of somatic-psychic 
homeostasis. We share a common view on the storage of 
information in the brain in the form of frequency patterns 
circulating in closed neural circuits, the activity of which is 
reduced to a few stable states that perform the functions of 
information retention with error correction and reproduction of 
retained conditions.(3,6)

Having undergone STT and being forced out of 
consciousness, the “dominant” retains a stable frequency pattern 
of electric/magnetic parameters (“code”) of the perceived 
and transformed image - “the informational equivalent of 
the object.”(7) The arsenal of stored electromagnetic patterns 
of “dominants” (packages of information carriers) is the 
basic potential, the informational thesaurus of the psyche. 
The extraction of the “dominant” in the event of a “need” 
(actualization in consciousness, the acquisition of the functions 
of a resonant operator), along with the generation of mental 
constructs, initiates the mechanism of the action result acceptor 
(ARA). It is assumed that the ARA is implemented by a network 
of intercalary neurons in-ring interaction, which is a model of 
the future result with the expected feedback from the action 
results. Mismatch initiates an orienting-exploratory reaction.(8,9) 

We believe that the ARA is an oscillating indicator of 
the coincidence/mismatch of the frequency parameters of the 
“code”/”code key”(10) in the “cognitive” sector of the psyche. In 
other words, the primary imbalance of the “current equilibrium” 
of somatic/mental homeostasis forms a compensatory 
structure: need>image (the imaginable equivalent of a 
“need”)>motive>purposeful behavior, where the ARA is an 
indicator of the conformity of the matrix of “codes” (vital, social, 
ideal)(11) and perceptual dynamics of presented operational 
images, i.e., goal achievement vector.

We share the idea of   human life as a spatiotemporal 
continuum of events, which is encoded by a continuum of 

neurophysiological, vegetative-emotional, and somatic-
functional reactions of the whole organism.(12) The data 
presented earlier(13-17) allow us to determine the dynamics 
of the configuration and vectors of interdependent changes 
in the continuum of metabolism and hemodynamics, which 
ensure the balancing of homeostasis, both for the “norm” 
and the “pathology.”(16) We consider the exchange continuum 
as a matrix of the physiological “norm,” a comparison with 
which allows us to determine the vectors of changes in 
metabolism/hemodynamics in any pathology. Changes in 
the sets of correlation connections of the “norm” matrix are 
an indicator of the dynamics of vectors and the quality of 
metabolic connections that ensure stable hemodynamics and 
make up a continuum of a new (altered) level of homeostasis. 
For example, the transformation of signs, compositions, and 
vectors of metabolic regulatory relationships in hypertension 
reflects the mechanisms for ensuring stable hemodynamics 
under conditions of parametrically changed homeostasis.(13,14) 
That is, stable hemodynamics in hypertension is provided 
by a different metabolic continuum compared to the norm. 
Changes in metabolism/hemodynamics with “pathology” are 
accompanied by changes in the psyche (we do not consider 
the arguments of the priority of physiology/psychology). We 
believe that specific changes in the psyche in hypertension 
(and any other pathology) are an external sign of structural 
changes in the somatic/psychic continuum aimed at finding the 
boundaries of sustainable functioning. A similar mechanism 
forms search (adaptive, homeostatic) forms of behavior in the 
event of an imbalance in the sphere of social and ideal needs 
of the individual. The suprathreshold (boundaries of hidden 
frames) deviation of the socio-psychological parameters of the 
personality/society interrelation forms the sequence: need>goal 
image (a conscious need code)>motive>motivational gradient 
that determines the vectors and duration of goal-directed 
behavior structures. Achieving the goal, both tactical and at 
the stages of long-term attitudes, eliminates the need, and 
forms the parameters of temporary equilibrium in the field 
of ethics/aesthetics, i.e., balances the socio-psychological 
homeostasis. The impossibility of achieving the equilibrium 
parameters of homeostasis initiates orienting/search reactions, 
which can reach amplitudes exceeding the threshold values   of 
both somatic and mental segments of homeostasis. The result 
is adaptive changes in metabolism, hemodynamics, psyche, 
and achievement of a range of stable functioning, equivalent 
to the changed parameters, defined as “pathology.” Structural 
differences in the somatic/psychic homeostatic balance 
of “pathology” in comparison with “norm” (quantitative, 
qualitative, mental) suggest a transformation of compensatory 
needs and methods of their elimination. In other words, we 
consider “pathology” as an adaptive somatic/psychic dynamic 
of internal/external genesis with diverging vectors of searching 
for parameters of new homeostasis or development of final 
states.

The nosology of “pathology” determines the forms 
and vectors of adaptive dynamics, the structure of the 
transformation of compensatory needs and the arsenal of 
their informational equivalents (“dominants”), forming the 
dynamics of the somatic/psychic continuum, parametrically 
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different from the “norm.” Considering the physical 
properties of the informational equivalent of the need (fixed 
electromagnetic and hemodynamic identification patterns), 
we believe that decoding the “dominant” in the period of 
relevance is technically possible. 

The creation of a “portrait” (electromagnetic, magnetic 
resonance, etc.) of the decoded “dominant” (the equivalent of 
“need”) provides the potential to regulate the resonant impact 
on the arsenal of “cultural codes” of CT through moderation 
of the “code key” to correct the equivalent of the transformed 
“need” in case of “pathology,” which creates the possibility 
of a regulatory impact on the somatopsychic continuum as a 
whole.

We consider cultural codes (CCs) (integral images 
encoded in “dominant” patterns) as a fixed set of images 
associated with complexes of stereotypes integrated with the 
unconscious meaning of a thing/phenomenon in the context of 
culture.(3)  The totality of ССs constitutes the integral matrix 
of the cognitive thesaurus (CT). The СT results from the 
cumulation of ССs formed by education, upbringing, cultural 
landscape, social action, and interaction.(10) The interference of 
the genotype and dynamics of CT determines the structure and 
vectors of the psychological development of the individual, 
the potential for creativity, and social adaptation (the structural 
frame of the personality).

The ARA is an indicator-corrector (frequency censor) 
of the limits of the admissibility of correlations: perceptual 
dynamics of the frequency characteristics of operational 
images of external presentation (“code key”) to the content 
of the CT matrix. We believe that the integral matrix of the 
CT, which is outside the perceived sectors of the psyche 
and includes the imperative corrector/indicator (ARA) of 
cognitive production associated with the emotional register, 
determines and corrects the main vectors of the individual’s 
life activity and is meaningfully close to the philosophical/
psychological criteria of the main regulator of cognitive 
activity human, defined as “soul.” We believe that the 
resonant interaction also determines the indication/correction 
of the frequency correspondence/inconsistency for packets 
of sequential perceptual information (melody, theater, taste, 
etc.) to the standards of CCs in the CT. Education/upbringing 
implants stable ethical/aesthetic standards into the psyche, 
which form an arsenal of cultural code elements. The increase 
in the number, complication, and hierarchization of CCs,(18,19) 
expanding the cultural potential, creates new compensatory 
needs, the structure of which does not always imply the 
possibility of their satisfaction. New needs are incentives for 
orienting-search behavior and an increase in the amplitude of 
adaptive fluctuations of the individual/society. For example, 
in the 18th century, the development of conceptual thinking 
created and scaled constructively new needs - “liberty, 
equality, fraternity” (with initial interference and subsequent 
cascading development along divergent trajectories), which 
became a bifurcation point that changed the social paradigm of 
“devotion and service” to “individualism and independence.” 
The result was an avalanche-like growth of individual/social 
frustration potential and social transformations of the 18th-
20th century period.(20-22)

The ARA is activated when the “dominant” is actualized, 
determining the behavior by the ratio of the frequency 
parameters of the dynamics of operational images with the 
“standards” (CCs) of the CT matrix arsenal. Approximation 
of the frequency characteristics of the images of external 
presentation to the boundaries of the frequency range of 
CCs (hidden frames) forms behavior vectors by changing 
the evaluative sign of indication of the ARA correspondence 
of the “code”/“code key,” potentiated by the emotional 
equivalents of feedback (+, 0, -). The preconscious phase of 
the convergence of the frequencies of the “code”/”code key” 
(pre/perception) is subjectively felt as a vector emotional stress 
(+, 0, -) with equivalent changes in the heart rate (markers 
of the dynamics of the “dominant” actualization). In other 
words, the ARA (with an indication in the emotional register) 
is a vector regulator of the relation between the “dominant” 
(code) and the dynamics of operational images of the “code 
key.” The ARA is an imperative corrector of cognitive 
activity, where the CT matrix is an arsenal of standards that 
determines the parameters of the ARA oscillation by the 
boundaries of standards (ethical, regulatory, and other codes, 
hidden frames). Thus, the CT matrix programs and formats 
the individual’s life (socio/somatic/psychic)   continuum, 
being outside the boundaries of conscious mental activity. 
ARA, an indicator of the CT frequency response dynamics 
and presented operational images, being neither energy 
nor a substance, determines the vectors and duration of the 
interaction of material information carriers (“code”/”code 
key”), the mechanism of interaction of which, as we believe, 
is an electromagnetic resonance.(10) The fundamental basis 
of this design is a genetic predisposition (genotype) and the 
integral volume of the CCs. Genetic determinism and acquired 
properties of the psyche (quality, volume, level of essential 
awareness) are a structural filter of the information received 
and subsequent associative structures. This filter formats the 
parameters of the cognitive derivative of the psyche, a symbol 
(image+sense), determining the semantic content of the image, 
vectors, and forms of purposeful behavior aimed at stabilizing 
socio/somatic/mental homeostasis. 

Conclusion
The cumulation of CCs forms and structures the integral 

informative matrix of the cognitive sector of the psyche - CT. 
The “need,” the above-threshold dissociation of the parameters 
of the current balance of somatic/psychic homeostasis, 
extracts (actualizes) the “image” of the cultural code from 
the CT, which is a conscious informational equivalent of 
the need. The actualized “code” acquires the properties of a 
resonant operator, a dominant focus for the time of relevance. 
Deciphering the physical parameters of the “code” provides 
the potential to regulate the resonant impact on the arsenal of 
“cultural codes” of CT through moderation of the “code key.” 

The integral informational cognitive matrix, which is 
outside the conscious levels of the psyche, including the ARA 
(the corrector of the conscious sector of the psyche) associated 
with the emotional register, determines the main vectors for 
stabilizing the socio/somatic/mental homeostasis of a person. 
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Through the ARA, the extra-conscious regulator of the actual 
(autonoetic awareness) forms of mental activity, the integral 
cognitive matrix programs, and formats human life as a 
whole, which makes it possible to consider it as a formation 
that is meaningfully close to the philosophical/psychological 
definitions of the main cognitive regulator of human life 
activity, formulated as the soul.
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