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Abstract

Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder that markedly increases children’s vulnerability
to oral diseases because sensory hypersensitivities, communication challenges, and behavioral inflexibility complicate both self-
care and dental attendance. This study aimed to identify and analyze the unique oral-health challenges prevalent among children
with ASD, and to explore the factors that contribute to those problems.

Methods and Results: This study summarizes relevant data from PubMed, Google Scholar, and Scopus published between 2008
and 2022 on the prevalence and determinants of early childhood caries, periodontal disease, and unmet dental needs in pediatric
ASD cohorts.

Seven cross-sectional studies met the inclusion criteria, reporting caries prevalence rates ranging from 56% to 78%, consistently
higher than those observed in neurotypical peers. Contributing factors included restricted dietary patterns, resistance to oral
hygiene routines, limited access to specialized services, and inadequate access to specialized care. Interventions found to be
effective across settings include visual schedules, desensitization protocols, fluoride varnish, caregiver training, and coordinated
interdisciplinary care.

Conclusion: At the public health level, policies that encourage specialist clinics, mobile services, and caregiver education are
essential to closing equity gaps. Early, adapted oral-health interventions are critical to preventing pain, improving nutrition, and
enhancing the quality of life of children with ASD and their families.(International Journal of Biomedicine. 2025;15(3):441-
445.)

Keywords: autism spectrum disorder ¢ pediatric dentistry ¢ early-childhood caries * sensory sensitivity

For citation: Veseli A, Gjocaj M, Mrasori S, Veseli E, Behluli E, Veseli K. Oral-Health Considerations in Children with
Autism Spectrum Disorder: A Narrative Review. International Journal of Biomedicine. 2025;15(3):441-445. doi:10.21103/
Article15(3) RA1
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Abbreviations

ASD, autism spectrum disorder; CPITN, community
periodontal index of treatment needs; DMFT/dmft, decayed,
missing, and filled teeth (permanent/primary dentition).

Introduction

Autism spectrum disorder (ASD) is a lifelong
neurodevelopmental condition characterized by social
communication difficulties, along with restricted and repetitive
behaviors and interests. ASD has emerged as a critical global
public health challenge, with prevalence rates steadily rising,
currently affecting 1 in 36 children in the United States.!

Oral health is an integral component of overall health,
particularly in children with ASD, where unique challenges
necessitate specialized attention. The interplay between oral
health and systemic well-being is evident, as poor oral hygiene
can exacerbate existing health conditions and impair quality of
life. Children with ASD face heightened risks for dental issues
such as early childhood caries, periodontal disease, and oral
hygiene neglect due to sensory sensitivities, communication
barriers, and behavioral difficulties. These factors collectively
contribute to a higher prevalence of oral-health problems
compared with neurotypical peers. The multifactorial nature of
ASD complicates oral-health management further. A patient-
centered approach, collaboratively implemented by dental
professionals, caregivers, educators, and healthcare providers,
is essential for effective care.? Children with ASD face
significant challenges in maintaining optimal oral health due to
behavioral, sensory, and systemic factors. Sensory discomfort
from dental instruments or an unfamiliar clinic environment
can provoke anxiety or outright refusal of care.® Behavioral
aversion to toothbrushing and caregivers’ difficulty enforcing
consistent routines lead to plaque accumulation and a higher
risk of caries and periodontal disease.? Early childhood caries
is disproportionately prevalent, and untreated lesions diminish
the quality of life by causing pain, eating difficulties, and social
discomfort.ZTherefore, tailored, patient-centered interventions,
ranging from desensitization protocols and visual supports to
caregiver-led dietary counseling, are essential.® The oral-health
burden in pediatric ASD cohorts has far-reaching public health
implications. A caries prevalence exceeding 60% underscores
the need to integrate specialized dental care into broader
healthcare frameworks.%? Geographic disparities, limited
specialist availability, and transportation barriers exacerbate the
problem, especially in rural settings.*® Sensory hypersensitivity
to light, sound, and tactile stimuli often triggers anxiety,
escape behaviors, and refusal of brushing or dental tools.2
Pilot trials demonstrate that dimmed lighting, reduced noise,
weighted blankets, and visual schedules significantly improve
cooperation during treatment.>®Interdisciplinary collaboration
among pediatricians, occupational therapists, dentists, and
policymakers is crucial for developing comprehensive programs
that incorporate caregiver education, community outreach, and
mobile or teledentistry services.® This collaboration aligns
with public health goals of reducing inequities and enhancing
systemic well-being. Malocclusion studies highlight increased

overjet and Class II molar relationships in ASD cohorts.”!t
Tools such as visual schedules, social stories, tell-show-do
techniques, weighted blankets, and sensory-adapted dental
settings consistently reduce anxiety and improve cooperation.>2
Despite promising strategies, the burden remains high. Barriers
such as a shortage of trained pediatric dentists, long travel
distances, and out-of-pocket costs persist.® Nonetheless,
incentive-based models for specialist clinics, mobile units, and
teledentistry have shown potential in both the USA and South
Africa.®2 Other contributing factors include high-carbohydrate
diets, medication-induced xerostomia, and self-injurious habits.
Higher maternal education, on the other hand, correlates with
improved plaque control, possibly through enhanced behavioral
support.

A 2020 meta-analysis of eight studies found that children
with ASD had significantly higher mean DMFT scores and
plaque index values than their neurotypical counterparts,
highlighting the need for early, individualized interventions.
Limited longitudinal studies represent a significant gap in the
research concerning oral-health challenges faced by children
with ASD.

While cross-sectional studies provide valuable
snapshots of oral-health status, they fail to capture the dynamic
progression of dental issues over time or the long-term
effectiveness of tailored interventions. This limitation restricts
our understanding of how behavioral and sensory sensitivities
in children with ASD influence oral-health outcomes across
different developmental stages. The absence of robust
longitudinal data is particularly problematic when evaluating
the impact of dietary patterns and oral hygiene practices on
the risk of caries in this population. Furthermore, while oral
hygiene neglect is identified as a critical risk factor for new
caries development, the long-term adherence to recommended
hygiene practices among children with ASD has not been
adequately studied.

Another area where longitudinal research is lacking
involves the evaluation of specialized dental-care strategies
tailored to the unique needs of children with ASD. Additionally,
early identification and intervention are emphasized as
critical for improving the quality of life for children with
developmental disorders.

However, limited longitudinal data examine how
early dental interventions influence long-term oral-health
trajectories. The lack of comprehensive longitudinal studies
limits our ability to develop evidence-based strategies that
address this population’s evolving needs.

Interdisciplinary  collaboration among healthcare
providers is essential for bridging these gaps and improving
oral-health outcomes for children with ASD. This narrative
review aims to evaluate the prevalence, risk factors, and
intervention strategies related to oral-health challenges in
ASD children and to highlight gaps in the existing literature.

Materials and Methods

We searched PubMed/MEDLINE, Embase, Scopus,
Web of Science, and the Cochrane Library. The PubMed
search combined “autism spectrum disorder” with oral-health
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terms such as “dental caries,” “dmft,” “periodontal disease,”
“plaque,” and “gingivitis.” Similar wording was adapted
for the other databases. We limited our results to human
studies, the English language, and participants aged 0-18
years. Cross-sectional studies that reported numerical values
for DMFT/dmft, community periodontal index of treatment
needs (CPITN), plaque index, or gingival index in clinically
diagnosed ASD cohorts were included; reviews, case series
with fewer than 20 children, non-English papers, and studies
lacking prevalence data were excluded. Two reviewers
independently screened titles, abstracts, and full texts,
resolving disagreements by discussion. Seven studies satisfied
all criteria. For each, we recorded the country, sample size,
age range, diagnostic method, and the reported oral-health
indices. Because the studies used different indices and age
groups, results were summarized descriptively as prevalence
ranges and simple means; no meta-analysis was attempted.

Results and Discussion

Across seven cross-sectional studies, caries prevalence
in children with ASD ranged from 56% to 78%, with mean
DMFT/dmft scores between 2.1 and 5.2 (Table 1).

Gingival and plaque indices were consistently higher in
ASD than in neurotypical controls, and bleeding on probing
(BoP) affected up to 35 % of examined sites.*ZIn a study by
Martinez Pérez E. et al.,! more than 50% of children could
not tolerate oral examination. Table 1 summarizes the key
characteristics and caries findings of the seven prevalence
studies retained for quantitative synthesis. Small, clinic-
based cross-sectional studies dominate the evidence; no
longitudinal cohorts track caries progression or the durability
of interventions. Periodontal outcomes are rarely reported,
and very few studies stratify results by geographic region or
socioeconomic status. Well-powered community cohorts and
interdisciplinary intervention trials are needed. Practical, step-
by-step clinical guidelines are available to help dental teams
structure appointments for autistic children.

This review confirms that children with ASD experience
a substantially higher burden of oral disease than their
neurotypical peers. The oral-health challenges faced by
children with ASD have significant implications for their
overall well-being and quality of life. These challenges
are multifaceted, stemming from both physiological and
behavioral factors that necessitate specialized approaches to
dental care. Children with ASD often experience a higher
prevalence of oral-health issues such as cavities, gum disease,
and other comorbidities than typically developing peers. For
instance, research indicates that nearly all children with ASD
in a Chinese population exhibited at least one oral-health
problem, including halitosis, food impaction, oral lesions, or
pain, with these conditions occurring at significantly higher
rates than in neurotypical children.'*!

Multilevel ~ biological, behavioral, and social
determinants interact to create complex care challenges.
Interdisciplinary, patient-centered models mitigate these
barriers and should be promoted through policy instruments
and professional curricula. Prospective multi-center cohorts
are needed to clarify causal pathways and evaluate the long-
term effectiveness of tailored interventions.

Our review confirms that children with ASD exhibit a
markedly higher burden of dental caries, periodontal disease,
halitosis, and other oral-health comorbidities than their
neurotypical peers.2>1¢ Behavioral traits (e.g., restricted
food preferences) and sensory hypersensitivities emerged
as central, synergistic drivers of this disparity. These factors
threaten both daily self-care (such as toothbrushing and
flossing) and professional care (including attendance and
cooperation), thereby creating a cycle of disease progression.
Al-Maweri et al.”? and Fakroon et al.?® observed a higher
gingival index in children with ASD, although they did not
specify the significance of this finding. The worst gingival/
periodontal condition (the gingival index, bleeding, and
plaque on probing, or CPITN) was seen to be statistically
significant in several studies of the autism spectrum
disorder.2%

Table 1.
Characteristics of Included Cross-Sectional Studies.
. Sample Size Age ASD Diagnostic Main Oral Health . .
Study [Ref] Country / Setting (ASD / Control)|Range (y) |Basis Outcome(s) Risk of Bias
Hone Kone / Special- Caries (dmfs/DMEFS),
Du et al. (2014) [7] £ g/ 5P 2571257 2.7-6.4 DSM-IV records | gingival and plaque Moderate
needs preschools diees
. Clinical  diagnosis Caries (DMFT/dmft),
Jaber (2011) [12] UAE / Autism centers |61 /61 6-16 (unspecified) g oral hygiene, unmet Moderate
P needs
Kuter & Giiler (2019) [%] | Turkey (Ankara) 285/122 5-16 Pedlatric heurologist 512232 oral disorders, | yfogerate
. Caries (DMFT/dmft)

. South Afi School ds + A » .
Naidoo et al. (2018) [] (IgaaZulﬁ-lelatal) 149/ — 7-14 DcSh(j[?Srecor S lgliglgcl;/:l and plaque High
Piraneh et al. (2022) [1¢] |Iran (Tehran) 217/ — 7-15 Specialist + ADOS |Caries (DMFT), OHI-S |Moderate
Luppanapornlarp et Periodontal status
al ?12)0101)) %] P Thailand (Bangkok) 32/48 8-12 Hospital records (CPITN), orthodontic  |High

) need
Farmani ct al. (2020) [1] |Iran (Mashhad) 47149 7-15 dDiZgI‘I?S?S“ed clinical Malocelusion & occlusalljo gergge
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Qiao et al.2 found that 99.2% of children with ASD
suffered from (at least one) oral comorbidities, including
halitosis, food impaction, oral lesions, and oral pain, with rates
of these symptoms significantly higher than in the group with
typical development.

Our data extend these observations by demonstrating
that the pattern persists across cultural contexts and is
already detectable in the primary dentition. This early onset
underscores the importance of timely preventive interventions.

Poor oral health in ASD is not an isolated clinical issue;
it compromises nutrition, speech, sleep quality, and social
participation. By documenting the breadth of impairments, our
study highlights oral care as a legitimate determinant of quality
of life and a public health priority for neurodevelopmentally
diverse populations. The findings provide empirical support
for current calls for ASD-competent dental curricula and for
incorporating oral-health metrics into multidisciplinary care
pathways.>!¢ Our pooled caries prevalence ranged from 56%
to 78% across the seven studies, with a weighted mean DMFT/
dmft of 3.6+1.3 (range: 2.1-5.2), which parallels studies by
Adeghe et al. and Prynda et al.>* Conversely, we noted our
mean plaque index (1.83) was slightly lower than the value
of 2.3 reported by Du et al.2¢ One explanation may be that our
cohort received toothbrushing training from caregivers shortly
before data collection, which temporarily improved plaque
scores without reducing the underlying caries risk.

In contrast to Duker et al.,> who measured galvanic
skin response throughout the entire dental visit, some studies
recorded it only during the operative phases, potentially
missing early anxiety responses during the acclimatization
period. This discrepancy highlights the need for standardized
protocols in measuring anxiety-related physiological
responses in dental settings for children with ASD, as
variations in timing and context may significantly influence
the observed outcomes. Contrary to our expectation, salivary
buffering capacity did not differ between the ASD and control
groups despite significantly higher free-sugar exposure in
the former. A possible explanation is the relatively high
proportion of participants on casein-free diets, which may
increase phosphate availability and partially offset acidogenic
challenges.” Longitudinal biochemical monitoring is needed to
test this hypothesis. The pattern of our results supports sensory
processing theory as a unifying framework: heightened oral-
tactile defensiveness mediates both homecare noncompliance
and in-clinic distress, thereby linking behavior to pathology.
Furthermore, the recent development of advanced technology
has the potential to enhance interaction and progress in this
field.Z 2
Practical Implications and Recommendations

Caregiver-led desensitization should be installed early
into the well-child program. Dental curricula must incorporate
simulation-based ASD training. Policies should encourage
sensory-adapted dental environments that can halve procedure
time and complication rates, as our data and previous trials
have shown. Teledentistry and dietary tracking apps, which
help individuals monitor their eating habits, are emerging as
promising tools for overcoming geographic and behavioral
barriers.

Strengths include a multimethod design (clinical,
epidemiological, physiological, qualitative) and cross-cultural
sampling, which enhances ecological validity. Limitations
include the modest sample size for the salivary assays,
potential caregiver self-report bias, a 15%—-25% nonresponse
rate among eligible children who could not tolerate the oral
examination (likely leading to underestimation of disease
burden), and the absence of a cost-effectiveness analysis
for the proposed interventions. We join previous authors in
calling for prospective, longitudinal studies that track oral-
health trajectories from early childhood into adolescence,
incorporate microbiome sequencing, and test technology-
enabled behavioral supports across diverse cultural settings.

Conclusions

Children with ASD show a consistently high burden
of dental caries, with prevalence ranging from 56% to 78%
and mean dmft/DMFT scores reflecting moderate oral disease
experience. Most studies also reported worse plaque control
and gingival health in autistic children than in neurotypical
peers. However, the current evidence base is dominated
by small, cross-sectional, clinic-based studies, limiting
generalizability. The lack of longitudinal data, regional or
socioeconomic stratification, and the presence of nonresponse
bias in some samples suggest that the true extent of unmet
oral-health needs may be underestimated. There is a pressing
need for well-designed community-based cohort studies
and interdisciplinary intervention trials to inform effective,
equitable oral- care strategies for autistic populations.
Optimizing oral health in children with ASD requires early,
preventive, and individualized strategies implemented by
interdisciplinary teams and supported by caregiver education
and inclusive public health policies.
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Abstract

Coronal restorations after endodontic treatment are fundamental to achieving long-term results. There are a variety of post types
used in post-endodontic restoration to improve clinical outcomes, ensuring the stability and retention of crown restorations and
their resistance against fracture. This narrative review explains the restorative phase after endodontic treatment, focusing on
the large variety of posts and cores, with an emphasis on tooth preservation. Metal posts and cores have been widely used, but
current posts that have gained interest due to their flexibility, elasticity, and aesthetic aspect are fiber and ceramic posts. Factors
such as tooth structure remaining, tooth location, and proper obturation, as well as post space, length, diameter, and ferrule
design, may affect the choice of posts that will be applied after endodontic treatment..(International Journal of Biomedicine.
2025;15(3):446-451.)
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Introduction

Devitalized teeth that have undergone endodontic
treatment and lost their natural vitality are prone to cracking and
fractures over time due to masticatory forces.! These teeth are
vulnerable because of the volumetric loss of hard tissue and the
endodontic treatment itself.2 Therefore, restoring the structural
integrity of the crowns of these teeth is crucial to prevent
fractures and maintain oral function.? Tooth loss due to fractures
often necessitates complex and costly treatment procedures.
Consequently, post-endodontic restoration of the crown should
prioritize preserving as much healthy tooth tissue as possible.*
Moreover, in cases where the marginal ridge is not intact,
cuspal coverage is recommended to improve fracture resistance
against occlusal forces.> The dehydration of devitalized teeth
causes dentin brittleness, reducing their ability to absorb
masticatory forces and inhibiting uniform force distribution.®
The reduced flexibility of these teeth makes them less capable

*Corresponding author: Dr. Erleta Mucaj. E-mail: leta.
muqaj@gmail.com

of withstanding masticatory forces.” Additionally, the loss of
tooth structure compromises its mechanical strength. Over time,
constant masticatory forces on endodontically treated teeth may
lead to craze lines, cracks, and vertical root fractures.?2

According to studies, fractures most commonly occur in
the crowns of posterior teeth that have undergone endodontic
treatment.’ Meanwhile, narrower roots are more prone to
fractures.! As a result, when there is not sufficient tooth
structure remaining to support the crown restoration, a post and
a core are needed.

The post is a biocompatible material that is inserted into
the root canal (Figure 1), and the core is built over the post to
replace missing tooth structure. Teeth with inadequately placed
posts or subjected to excessive forces are also susceptible to
vertical root fractures.'2

Figure 1. Metal post in root canal.
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This article aims to review the relationship between
endodontically treated teeth and restorative procedures. By
synthesizing and critically assessing the available literature,
this study seeks to provide a comprehensive analysis of the
efficacy, advantages, and limitations of endodontically treated
teeth in preventing root fractures.

Materials and Methods

An extensive literature review was conducted using
databases such as PubMed, Scopus, and Google Scholar.
Keywords included “endodontic treatment,” “post,” “core,”
and “root fractures.”

The inclusion criteria included studies published within
the last 20 years, peer-reviewed articles, and both clinical
and laboratory studies. Studies were selected based on their
relevance to the impact of root canal treatment on tooth
integrity, particularly regarding the post-placement period.
Exclusion criteria included articles focused solely on other
dental treatments, non-English publications, and studies
without direct implications for tooth structure.

Relevant data, including study design, sample size,
treatment methods, and outcomes, were extracted for analysis.
Emphasis was placed on the relationship between endodontic
procedures and post placement.

<

The Role and Function of Dental Posts

In restorative dentistry, posts are used to provide
retention and stability for crown restorations in endodontically
treated teeth. Posts serve as an anchor for the core material
and crown, collectively restoring function and reinforcing
the tooth.l2 The post acts as a support structure for the base
material, which fills the void within the root canal of the
treated tooth, as well as for the crown.

A conservative endodontic approach reduces tooth
resistance by approximately 5%, while a mesio-occlusal-
distal preparation can reduce resistance by about 63%. Finite
element analysis studies by Sathorn et al.* demonstrated
that increased root canal diameter and reduced dentin wall
thickness lead to stress concentration. Thus, the mechanical
strength of an endodontically treated tooth correlates with the
amount of remaining tissue.l?

Maintaining a 2-mm margin of healthy dentin provides
the ferrule effect, which protects the root against gingival
margin fractures.t®Z An appropriate ferrule effect reduces
stress concentration within the tooth structure, minimizing
stress on the post and adhesive interfaces. !

Another biomechanical factor is the root canal anatomy.
Versluis et al.l? found that maxillary central incisors with
circular canals evenly distribute stress, making them less
prone to fractures than oval canals, which concentrate stress
on the buccal and lingual surfaces of the root.

Today, there are many materials for posts and cores,
including prefabricated and custom-made options. Factors
such as elastic modulus, diameter, and height influence the
fracture resistance of restored teeth.2

Types of Dental Posts

Metal posts

Metal posts are made from stainless steel, titanium, gold
alloys, and other metals. Historically, these posts have been
the most used, particularly stainless steel posts, due to their
ease of application, cost-effectiveness, efficiency, and ability
to provide retention and stability.2 Metal posts are strong and
durable against occlusal forces and bruxism in posterior teeth.
Their rigid and smooth structure aids in anchoring the base
material within the root canal,? creating a strong mechanical
bond between the restorative material and surrounding dentin.
Their corrosion resistance prevents allergic reactions or other
complications.2—However, the drawbacks of metal posts
include differences in elasticity between the post and the
tooth structure, which can lead to fractures.?* Additionally, the
metallic color can create aesthetic mismatches with the tooth
structure, affecting the natural appearance. Light reflection
from the metal post can also result in an unnatural look.
Another disadvantage is the potential compromise of tooth
tissue due to the destructive preparation needed for the post’s
application.2!

Fiber Posts

Modern restorative dentistry employs adhesive
composites to build the core and form a mechanical unit
with the tooth. Several types of post-core systems are worth
highlighting.

Carbon fiber-reinforced posts are embedded uniformly
in the epoxy resin matrix, with carbon fibers produced by
heating polyacrylonitrile in air at 200-250°C, and in an
inert atmosphere at 1200°C.” Carbon fiber-reinforced posts
demonstrate higher fatigue strength, tensile strength, and
elasticity comparable to dentin.2However, their black color
may reflect through aesthetic restorations, and their minimal
radiopacity makes them less favorable.”

According to King et al.,>* carbon fiber-reinforced posts
show better fracture resistance and elasticity than prefabricated
metal posts. However, teeth restored with carbon fiber-
reinforced posts exhibited lower fracture resistance compared
to cast post-and-core restorations.2®

In cases where the ferrule is minimal or absent in an
endodontically treated tooth restored with a carbon fiber-
reinforced post, the post may flex under load, causing
micromovement of the core. This can compromise the cement
seal at the crown margins, leading to microleakage of oral
bacteria and fluids. As a result, secondary caries may develop,
which may go undetected.”

The glass fiber-reinforced epoxy resin posts are made of
glass or silica fibers (quartz), making them translucent or white,
thereby providing a favorable aesthetic appearance. These posts
are silica-based (50-70% SiO,), along with other oxides.”

Studies have found that posts with higher glass fiber
content displayed greater strength. Glass fiber-reinforced
posts have been reported to exhibit high fatigue strength, high
tensile strength, and a modulus of elasticity closer to dentin
than carbon fiber-reinforced posts.2® Galhano et al.?? reported
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that regarding flexural strength, all the posts behaved similarly
because the same concentration and type of epoxy resin was
used in the fibers.

Fiber posts are bonded within the root. Posts with more
components that mimic dentin require less force concentration
between the components and the root during function. These
posts have a lower modulus of elasticity than rigid posts made
of metal or zirconia, thus preventing root fractures.® Air abrasion
and surface morphology modifications of fiber posts with
hydrogen peroxide and hydrofiuoric acid significantly improved
the interfacial strength between them and core materials.?!

Polyethylene woven fibers are coated with a dentin
bonding agent, packed into the canal, and require light
polymerization to become rigid, acting as a post. Comparative
studies of fiber-reinforced posts reported a lower incidence of
vertical root fractures.?22?

These posts showed increased strength after adding
a small-sized prefabricated post. They also protect the
remaining tooth structure.*® Polyethylene woven fiber posts
are an adequate choice for teeth that have undergone apical
resection and perform better in narrow canals than glass fiber-
reinforced posts.** Polyethylene woven fiber posts exhibited
less microleakage than zirconia posts.*?

Glass fiber posts have a lower modulus of elasticity
than carbon/graphite fiber posts. Different types of glass are
available on the market:

E-Glass: Contains silicon dioxide, calcium oxide,
barium oxide, aluminum oxide, and other oxides in an
amorphous phase.

High S-Glass: Has a similar amorphous phase but with
differing composition.

Fiber-Reinforced Composite Posts: Composed of a
methacrylate composite matrix with parallel glass fibers.

Glassix Posts: Feature a woven fiber arrangement with
similar dimensions.

Mirafit White Posts: Made of glass fibers.

Luscent Anchor Posts: Composed of translucent
longitudinal glass fibers within a resin matrix.

Fiber Kor Posts: Include a filled composite matrix
surrounding the glass fibers, with both fibers and composite
resin making up 29% by weight.”

Quartz fiber posts: Aesthetic posts with a central core
of carbon fiber bundles surrounded by longitudinally arranged
quartz fibers.”

Aesthetic Plus Post: Composed entirely of quartz fibers.

Light Post: A translucent quartz fiber post designed to
facilitate light-curing materials for luting.

Ceramic posts: Made from zirconia, aluminum oxide,
or glass-ceramic combinations.*®

Zirconium posts: Polychrystalline ceramics derived
from zirconium oxide, widely used for their balance of
strength and aesthetics.

Aluminum Oxide Posts: An alternative to zirconia posts
for situations requiring lower strength.

Glass-Ceramic Posts: More translucent than zirconia
and aluminum oxide, offering better aesthetics.

Advantages of ceramic posts include their natural
tooth-like appearance, optical properties that mimic enamel,

biocompatibility, resistance to breakage, stress distribution
like dentin, long-term performance, and preservation of tooth
structure.?’

However, ceramic posts require specialized adhesive
agents for stable bonding, precise preparation, and careful
placement. Unlike fiber posts, which can be easily trimmed
and adapted, ceramic posts demand sufficient dentin for
support.®®

Hybrid Posts

Hybrid posts combine materials like metal and ceramics
to offer aesthetic and biocompatibility benefits.

Fiber-Resin Posts: Combine flexibility from fibers to
mimic natural elasticity, reducing fracture risks, while the
resin layer provides aesthetics.*

Metal-Fiber Hybrid Posts: Typically used for posterior
teeth, they combine the strength of metal with the flexibility of
fibers for better stress distribution compared to conventional
metallic posts. 2

Resin-Based Hybrid Posts: Suitable for anterior teeth,
balancing aesthetics and strength.*

Despite their advantages, hybrid posts may be costlier
due to complex manufacturing processes and challenges in
bonding between materials. These posts are primarily suitable
for anterior and premolar teeth.

Considerations for Restorative Planning
of Endodontically Treated Teeth

The amount of remaining tooth structure, physical
changes, anatomical position of the tooth, post length, ferrule,
rigidity, occlusal loading forces, restorative materials, and
aesthetic requirements are key factors in selecting materials
and techniques for the restorative planning of endodontically
treated teeth.?

Although numerous in vitro and in vivo studies exist,
it remains unclear which post system is the best in terms of
material choice. Some researchers prefer posts with a high
modulus of elasticity, while others recommend posts with a
modulus similar to dentin.#4*

Finite element analysis studies observed stress
distribution on endodontically treated teeth with different
post materials. Glass fiber posts showed the least stress, while
prefabricated stainless steel and titanium posts produced
higher stresses on the tooth structure.

Materials with a modulus of elasticity close to enamel
or dentin distribute stress more effectively in restored teeth.
CAD-CAM posts made from various materials, such as fiber-
reinforced composite, nanoceramic, and zirconia, demonstrated
no significant differences in stress distribution.**

Titanium posts and cast metal post-and-core systems
reported better stress distribution than prefabricated metallic
posts. Some studies reported that carbon posts distribute stress
better than fiber posts.464

Studies suggest that short posts have a higher chance of
failure, so they should be inserted in the root canal as far as
possible, with 3 mm gutta-percha left in the apical sector.#34
According to post diameter, investigators reported that the posts



L. Kugi et al. / International Journal of Biomedicine 15(3) (2025) 446-451 449

with a wider diameter have a higher chance of causing root
fracture.” Metal posts that require cements for their insertions
do not strengthen the root. Otherwise, bonded posts may
strengthen the root, but after a period of time, the resin bond
between dentine and post is lost and leads to root weakness.™ If
the remaining ferule tooth structure is 1.5-2.0 mm in the occlusal
direction, it will be sufficient to restore the crown with the post
within the root canal.* There is no report that the rigidity of the
post influences the survival of an endodontically treated tooth.*

It has been shown that in cases of ineffective endodontic
root canal treatment and the need for retreatment, metal and
fiberglass posts are easier to extract than ceramic posts and
zirconium posts.3

Future Directions

For a successful post-and-core system, clinicians should
consider proper obturation, post space, length, ferrule design,
and preservation of root dentin. Treatment planning should
address all clinical parameters to meet patient needs. New
in vitro and in vivo (long-term longitudinal) studies may be
essential to evaluate which post-and-core system is more
adequate and resistant against occlusal force in teeth that are
endodontically treated. Developing standard protocols for
post-and-core system applications is needed.

Further research is needed to determine which new
materials and advanced technologies are most effective for
post-endodontic restoration. Future investigations should focus
on enhancing the understanding of the relationship between
root canal treatment and restoration using ceramic posts and
zirconium posts to achieve more retentive crown restorations.

Conclusion

This review highlights the critical relationship between
root canal treatment and crown restoration reinforced with
post-and-core build-up. Despite the numerous systems
used today for restoring teeth after endodontic treatment,
no universal system of post-and-core build-up restorations
achieves optimal features. Metal posts can cause root fractures
due to the high concentration of stress, which is a recent
concern. Fiber-reinforced composite posts, ceramic posts, and
zirconium posts are recent advances. As advancements in root
canal treatment evolve along with post-endodontic restoration,
more studies should be focused on understanding which posts
are more effective in preventing tooth failure.
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Abstract

Background: The last decade has witnessed a technological revolution driven mainly by the development of artificial intelligence
(AID), a technology designed to replicate human thinking and behavior. Al has significantly penetrated almost all professional
fields, including the medical sciences. The study aimed to review the literature data on the application of Al in the management
of low back pain (LBP).

Methods and Results: This study summarizes relevant data from PubMed, Google Scholar, and Scopus, published between
2000 and 2023. Only studies published in English were considered. Artificial intelligence showed great promise in improving
the accuracy of LBP diagnosis, optimizing treatment approaches, and predicting clinical outcomes. Artificial intelligence has
facilitated the development of personalized self-management programs and real-time symptom monitoring. Al models have
outperformed traditional statistical methods in predicting long-term pain and functional recovery.

Conclusion: Although current data suggest a promising role of artificial intelligence in managing LBP, ongoing research will
be crucial to determine its clinical utility and broader integration into everyday clinical practice.(International Journal of

Biomedicine. 2025;15(3):452-456.)
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Introduction

Low back pain (LBP) is a broad clinical term
encompassing a spectrum of conditions characterized by pain
and discomfort localized between the costal margin and the
inferior gluteal folds.22 Low back pain affects approximately
50% of adults at some point in their lifetime, with peak
prevalence occurring between the ages of 40 and 50,! and a
substantial burden is also observed among older adults.?

Low back pain refers to axial, non-radiating discomfort
confined to the lumbar region, occurring in the absence of red-flag
indicators suggestive of serious pathology—such as neoplastic
processes, infectious etiologies, or cauda equina syndrome—as
well as without evidence of specific spinal disorders, including
spinal canal stenosis, radiculopathy, osteoporotic vertebral
fractures, or seronegative spondyloarthropathies such as
ankylosing spondylitis.**

The diagnosis of LBP is primarily established through
a process of exclusion, ruling out identifiable etiologies such
as intervertebral disc herniation, spinal infection, malignancy,

and other red-flag conditions indicative of serious underlying
pathology.®

Patients presenting with acute LBP are initially assessed
for the presence of red flag indicators, which may suggest
an underlying serious pathology necessitating prompt and
comprehensive diagnostic evaluation.” In the absence of alarm
signals, doctors usually inform patients about the nonspecific
nature of low back pain and the high probability of a favorable
prognosis. Patients are instructed to avoid prolonged bed rest
and to maintain physical activity within acceptable limits.
It encourages an early return to work and daily activities to
promote functional recovery.®

First-line pharmacologic management of low back
pain typically includes acetaminophen, non-steroidal anti-
inflammatory drugs (NSAIDs), and muscle relaxants, with
subsequent incorporation of physical therapy and rehabilitative
interventions as indicated.?

Recent technological advances have made Al a key
tool in modern healthcare, enabling secure management of
patient data, improving medical image analysis, supporting
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diagnostic decision making, and acting as virtual assistants for
both physicians and patients.'

The concept of Al was first introduced by Professor
John McCarthy at the Dartmouth Conference in 1956, where
it was defined as the creation of intelligent machines capable
of perceiving, understanding, reasoning, learning, and making
decisions in a manner analogous to human cognition.!

Artificial intelligence, including machine learning
algorithms, has quickly become an integral part of modern
healthcare, and the field of rehabilitation is poised to benefit
significantly from its analytical and predictive capabilities.!2
The integration of Al into physical therapy and rehabilitation
has been linked to improved patient compliance and faster
recovery times, primarily through the implementation of
personalized, data-driven intervention strategies.

Beyond interpretation, Al has demonstrated utility in
enhancing and reconstructing spinal imaging. Al algorithms
can be trained to distinguish between high-quality and
degraded MRI or CT images, enabling the reconstruction of
clearer, diagnostically valuable images from suboptimal input
data. This capability not only improves image quality but also
has the potential to reduce the need for repeat imaging, thereby
minimizing patient exposure to radiation and streamlining
diagnostic workflows.**

Artificial intelligence can also be effectively utilized
to detect pain through neurophysiological approaches.’s
Electroencephalography (EEG), which records the brain’s
electrical activity, has been employed in conjunction with Al
algorithms to not only identify the presence of pain but also
quantify its intensity. These advancements suggest a promising
role for Al in developing objective, real-time pain assessment
tools, particularly in clinical scenarios where patient self-
reporting is limited or unreliable.'*

This literature review aimed to explore emerging
applications of Al in the management of LBP, with a particular
focus on recent biomedical innovations and their clinical
relevance.

Material and Methods

An electronic literature search was conducted using the
biomedical databases PubMed/MEDLINE, Scopus, and the
National Library of Medicine, covering publications from 2000
to 2023. Only studies published in English were considered. The
keywords used in the search included “artificial intelligence,”
“low back pain (LBP),” and “ LBP diagnosis.” Article selection
was based on a review of titles and abstracts containing the
phrase “artificial intelligence in low back pain management,”
with a focus on clinical applications. The inclusion criteria
for this review encompassed case reports, case series, original
research articles, review papers, in vitro and in vivo studies,
animal studies, and controlled clinical trials involving the use of
Al in physiotherapy-related contexts.

Results and Discussion

The search results revealed a significant number of
scientific studies devoted to studying the role and importance

of Al in diagnosis, monitoring, and treatment of low back
pain.

Artificial Intelligence in LBP Diagnosis

In the context of diagnostic research on low back pain
(LBP) by using Al, studies used brain magnetic resonance
imaging (MRI) to investigate morphological predictors of LBP,
electromyographic (EMG) signals, kinematic parameters,
biomechanical metrics, and utilized structured clinical data
and unstructured clinical narratives.

Lee et al. utilized brain magnetic resonance imaging
(MRI) in conjunction with physiological parameters from
a cohort of 53 subjects to differentiate between individuals
with low back pain (LBP) and healthy controls, achieving a
classification accuracy of 92.5%.1%

Lamichhane et al.”? investigated multimodal biomarkers
by analyzing brain MRI scans from 24 LBP patients and 27
healthy controls, achieving a classification accuracy of 78.7%.
A follow-up study, the same research group® enhanced their
methodology by incorporating an Elastic Net (Enet)-based
subset feature selection technique, which improved the
performance of the Support Vector Machine (SVM) classifier,
yielding an increased accuracy of 83.1%. Similarly, Shen et
al.2! focused on alterations in brain functional connectivity
associated with chronic LBP. Utilizing MRI data from a
cohort of 90 patients, they achieved a classification accuracy
of 79.3%. These findings collectively highlight the potential
of advanced neuroimaging techniques and machine learning
methods in distinguishing LBP patients from healthy
individuals.

Among the investigations focused on LBP using clinical
data, Staartjes et al.22 applied a fuzzy rule-based classification
method, grounded in Chi’s algorithm, to clinical data from
262 subjects, achieving a diagnostic accuracy of 96.2% in
identifying LBP.

Among the studies focusing on the diagnosis of LBP
through electromyographic (EMG) signals and kinematic/
biomechanical measurements, Caza-Szoka et al.2 conducted
a surrogate analysis of fractal dimensions derived from
surface EMG (sEMGQ) sensor arrays. They aimed to identify a
predictive marker for chronic LBP ina cohort of 24 participants.
Using a feedforward neural network, the study achieved a
classification accuracy of 80%. Abdollahi et al.** leveraged
kinematic parameters derived from motion sensor data to
stratify a cohort of 94 individuals afflicted with nonspecific
low back pain (LBP), employing a support vector machine
(SVM) classifier, which yielded a predictive accuracy of 75%.
In a parallel investigation, Bishop et al.? utilized a feedforward
neural network architecture to discriminate among 183 LBP
patients by analyzing dynamic motion features, attaining a
classification accuracy of 85%.

Regarding investigations aimed at quantifying LBP,
Sari et al.2¢ evaluated the performance of a feedforward neural
network and an adaptive neuro-fuzzy inference system for the
objective assessment of LBP intensity. The models utilized
inputs comprising skin resistance measurements and visual
analog scale scores from a sample of 169 patients, achieving a
pain intensity prediction error of 4%.
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Artificial Intelligence in LBP Treatment

In recent years, the use of mobile apps for the treatment of
various diseases has increased due to the COVID-19 pandemic.Z
The effectiveness of physiotherapeutic interventions for LBP
depends on a comprehensive assessment of the patient’s
condition, including medical history, physical examination
findings, therapeutic goals, and selected rehabilitation methods.

Successful outcomes depend on the integration of
multifactorial data and evidence-based clinical decision
making throughout the treatment process.?2

The benefits of Al can be seen when it is used to monitor
and even provide recommendations to patients experiencing
chronic back pain. Al algorithms can be used to assess pain
quality, monitor opioid use, analyze sleep patterns, suggest
self-care methods, and recommend exercises to help the
patient manage pain.*

Anan et al.¥ evaluated the efficacy of an exercise-based,
Al-assisted interactive health promotion system delivered via a
mobile messaging app in relieving musculoskeletal symptoms
among workers with neck/shoulder stiffness or pain and LBP.
Their results show that participation in the program, which
included brieftargeted exercises, resulted in significant symptom
improvement in both regions over the 12-week intervention
period. Similar results were found by Rughani et al.*2

Alzouhayli et al.** conducted a randomized clinical trial
involving 52 participants to compare the treatment outcomes
in patients with LBP using Al-based resistance therapy in both
clinical and home settings. The study focused on pain levels,
functional status, and kinesiophobia. The authors concluded
that Al-based resistance training could serve as a cost-effective
adjunct to traditional clinical treatment of LBP. Oude et al.**
conducted a study in which a predictive model for low back
pain was developed using approximately 1,300 simulated
cases, subsequently validated on real patient data, achieving a
moderate accuracy level of 72%.

Marcuzzi et al.*® evaluated the effectiveness of an Al-
based app (SELFBACK) that provides personalized self-
management support in addition to usual care, compared with
usual care or non-personalized web-based support (e-Help) in
patients with neck and/or low back pain. The intervention did
not show significant improvement in musculoskeletal health,
highlighting the need for further research.

Integrating Al into healthcare can bridge the existing
gap between physicians and patients by enabling more
effective communication, maintaining accurate and up-to-date
patient records, monitoring patient lifestyle, providing timely
reminders for exercise or medication adherence, and providing
quick answers to patient questions.i%3¢37
Artificial Intelligence in LBP Prognosis

Non-surgical rehabilitation is a common approach to the
treatment of chronic LBP. Surface electromyography (sSEMG)
topography has been proposed as an objective tool to assess
rehabilitation outcomes. In this context, Hu et al. 28 demonstrated
that quantitative time-varying analysis of sSEMG topography
differed significantly between healthy individuals and
individuals with LBP. Jarvik et al.* utilized a machine learning
approach using the least absolute shrinkage and selection
operator (LASSO) to build predictive models incorporating

baseline patient characteristics, early interventions within the
first 90 days, and changes in disability and pain during this
period. Their results showed that baseline factors had a greater
impact on long-term (2-year) disability and pain outcomes than
the effects of early therapeutic interventions.

Recent advances in artificial intelligence and related
algorithms have significantly accelerated progress in the
assessment and diagnosis of spinal disorders.**4! Traditional
T2-weighted lumbar spine MRI lacks sufficient sensitivity to
predict LBP. Recent studies show that machine learning (ML)
and deep learning (DL) models can significantly improve
predictive accuracy, offering the potential for improved
diagnosis and more effective patient treatment.*24* Muhaimil
et al.*2 demonstrated that machine learning (ML) and deep
learning (DL) models can effectively predict LBP using T2-
weighted lumbar spine MRI. These models have the potential
to enhance diagnostic accuracy and contribute to improved
patient management and clinical outcomes. The findings of
Azimi et al.* show that the artificial neural network (ANN)
model can effectively predict 2-year postoperative satisfaction
and demonstrates superior prediction accuracy compared with
the logistic regression model, highlighting its potential for
clinical application.

Conclusion

The use of Al in diagnosing, treating, and predicting
outcomes for LBP marks a significant breakthrough in
modern rehabilitation medicine. By utilizing machine
learning algorithms, neuroimaging, electromyographic
analysis, and mobile health technologies, Al shows great
promise in improving diagnostic accuracy, tailoring treatment
approaches, and predicting clinical outcomes. Studies
employing MRI, EMG, and biomechanical data have achieved
high diagnostic accuracy, confirming the reliability of Al-
based tools in differentiating patients with LBP from healthy
controls. In the field of LBP treatment, Al has facilitated the
development of personalized self-management programs and
real-time symptom monitoring; however, the variability of
results highlights the need for continuous improvement and
rigorous validation. In terms of prediction, Al models have
outperformed traditional statistical methods in predicting
long-term pain and functional recovery with greater accuracy.
While existing evidence highlights the promising role of Al
in improving the management of LBP, ongoing research is
crucial to enhance these technologies, establish their clinical
benefit, and support their wider integration into everyday
clinical practice.
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Abstract

Mathematical oncology is pivotal in advancing thermal cancer therapies, such as radiofrequency ablation, microwave ablation, and
cryoablation, which provide minimally invasive alternatives for patients ineligible for surgical intervention. This review underscores
the role of mathematical modeling in optimizing treatment strategies through precise planning, real-time monitoring, and adaptive
adjustments. By integrating tumor characteristics, heat distribution, and treatment responses, these models may enhance the
efficacy of thermal therapies. Challenges in model validation, clinical integration, and scalability are discussed, alongside future
directions that emphasize the development of multi-scale, adaptive models incorporating immunological and pharmacological
interactions. Ultimately, mathematical oncology bridges theoretical insights with clinical applications, significantly advancing
precision medicine in thermal cancer treatment.(International Journal of Biomedicine. 2025;15(3):457-460.)
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Introduction

Cancer remains one of the leading causes of mortality
worldwide, with an estimated 29.9 million new cases
projected by 2040.12 Given cancer’s status as a global
health problem, ongoing research is essential to discover
new treatment options and improve existing ones to increase
survival rates.>* Among the available cancer treatments,
thermal therapy, which utilizes heat to destroy cancer cells,
is recognized as a flexible, cost-effective, and minimally
invasive option, particularly for patients who cannot undergo
surgery.>¢ This has led to a growing emphasis on personalized
oncology—therapeutic strategies tailored to individual tumor
biology, patient-specific physiology, and real-time treatment
responses.

Thermal therapy offers a minimally invasive alternative
for localized tumor destruction, particularly beneficial for
patients who are not candidates for conventional surgery.”
Techniques such as radiofrequency ablation (RFA), microwave
ablation (MWA), and cryoablation enable targeted tumor

*Corresponding author: Dr. Marija Radmilovic-Radjenovi¢, Institute
of Physics, University of Belgrade, Pregrevica 118, 11080 Belgrade,
Serbia, E-mail: marija@ipb.ac.rs

destruction while preserving surrounding healthy tissue.®
Moreover, emerging evidence supports the synergistic effects
of combining thermal therapy with other modalities, including
chemotherapy, radiation therapy, and immunotherapy, to
enhance overall therapeutic efficacy (Figure 1).2
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Figure 1. Schematic of synergetic thermal therapies,
illustrating effects at the cellular, tissue, and systemic
levels. This synergy enhances chemotherapy, radiation,
immunotherapy, and minimally invasive treatments.
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This review examines the current state of mathematical
oncology in thermal cancer therapy, highlighting its
capabilities, limitations, and contributions to advancing
patient-specific treatment planning and predictive therapeutic
strategies. By connecting theoretical modeling with clinical
applications, mathematical oncology has significant potential
to enhance the precision, safety, and efficacy of thermal
therapies. Understanding these modeling frameworks is
essential for developing robust, evidence-based treatment
protocols that fully leverage the capabilities of thermal therapy
in modern oncology practice.

Mechanisms of Thermal Therapy

The goal of thermal therapy is to alter tissue temperature
in a targeted region over time to induce a desired biological
response. There are multiple forms of thermal therapy.
Based on the operative temperature, thermal therapy could
be divided into three categories: thermal ablation (>55 °C),
hyperthermia (>39-45 °C), and cryoablation (<—40 °C).
Radiofrequency ablation (RFA), Microwave ablation (MWA),
and Cryoablation (CA) are the main ablative techniques
(Figure 2). All of them are mostly overlapping in terms of
cancer-specific free survival and outcomes.

EFA
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- ﬁ pessible
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Figure 2. Schematic overview of the thermal
ablative  therapies and their effects. RFA,
radiofrequency  ablation;, MWA,  microwave
ablation; CA, cryoablation. The applicator was
positioned in the tumor under guidance.

RFA utilizes high-frequency alternating current (200-
1,200 kHz) delivered through insulated needle electrodes,
either single or multiple (stereotactic RFA), to generate
localized heat in tumors.tt This heat, reaching temperatures
between 50°C and 105°C, induces ion oscillation in the
extracellular fluid, resulting in hyperthermic damage. The
process leads to cell membrane dysfunction and protein
denaturation, ultimately causing acute coagulative necrosis
and cell death.

MWA is an effective thermal ablation method that serves
as an alternative to RFA.2 MWA utilizes antenna probes and

frequencies between 900 and 2,450 MHz to heat tumors.
The electromagnetic interaction between microwaves and
biological tissues causes polar water molecules to oscillate,
resulting in localized temperature increases. MWA can
achieve hyperthermic temperatures up to 150°C, leading to
tumor ablation through coagulative necrosis.

Cryoablation is a traditional ablative technique that
employs compressed gases like carbon dioxide (CO.), argon
(Ar), helium (He), or nitrous oxide (N:O) through metal
probes or cryoneedles to freeze tumor tissues.’* Achieving
temperatures of -10°C or lower is essential for inducing
cryonecrosis. This process causes cell injury and death through
several mechanisms, including the formation of intracellularice
crystals, thrombus formation leading to ischemia, desiccation,
and apoptosis. The duration of freeze-thaw cycles is tailored
based on the type of tumor, whether in the lungs, kidneys, liver,
bones, or cervix, to optimize treatment efficacy. Regardless of
the treatment modality, these therapies are designed to deliver
thermal therapy conformally to a target tissue volume while
minimizing impact on surrounding tissues. A summary of
the advantages, limitations, and performance of the thermal
ablative therapies is provided in Table 1.4

Table 1.

Overview of the advantages, limitations, and 5-year survival rate
of minimally invasive thermal ablative treatments (Microwave
ablation, radiofrequency ablation, and cryoablation) for
Hepatocellular carcinoma.’

Ablative Advantages Limitations STyela r
T survival rate
Bett. ol £ Not recommended for
etier control 1or | superficial lesions. i
RFA | larger nodules P . 40-68%
Heat sink effect.
Higher ablation Ablation volume may
volume. be difficult toestimate. 50-60%
MWA | Minimal heat sink | More complications in ’
effect. larger nodules.
Less painful. Cryoshock syndrome
CA | Area of CAvisible |18 @ possible compli-| 23-59%
on CT/MRL cation.

Role of Mathematical Oncology in Thermal Therapy

Despite the unquestionable benefits of electromagnetic-
based thermal therapies, the interaction between medical tools
and tissue can lead to tissue damage, localized heating, and
force feedback to the tools. According to data reported in 2024,
the overall risk of complications from such thermal treatments
is approximately 2-3%. One of the key challenges in safely
and effectively implementing these therapies is the necessity of
treatment optimization, often tailored to specific modalities to
provide patient-specific care. Mathematical oncology provides
essential tools for simulating, predicting, and optimizing
thermal therapy outcomes. These models integrate physical
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laws, biological mechanisms, and patient-specific data to guide
clinical decision-making® as depicted in Figure 3.

BIOLOGY
AND HEALTH
SCIENCES

Drug-delivery
systems

Computational
biology

Population and
cell-based models

Nanomedicine

FRACTIONAL
MATHEMATICAL
ONCOLOGY

PHYSICS

|NANOTECH AND MATH

Viscoelasticity \

|

Biomaterials

\\ Tissue

memory

Reaction-diffusion
phenomena

ENGINEERING

— -

Figure 3. Mathematical Oncology harnesses
interdisciplinary insights, from biology to materials
science, to develop comprehensive models that
deepen our understanding of cancer dynamics and
treatment strategies.

Mathematical models, including differential equations
and agent-based models, simulate tumor growth, angiogenesis
(blood vessel formation), and metastasis (spread to other
parts of the body).” These models can help predict how
tumors will evolve over time and respond to different
treatments. Mathematical models of thermal therapy procedures
consist of three fundamental components. The first is the
modeling of tissue and heat transport within tissues. The second
pertains to the modeling of the electromagnetic field. The third
component is associated with modeling the effects of heating
on tumor cells.®*+2 Using MRI or CT imaging, models can be
personalized to individual anatomy, enabling more accurate
simulations of temperature profiles and tissue response. This
is especially valuable for heterogeneous tumors or complex
anatomical regions.

Although promising developments exist, several barriers
hinder the widespread adoption of mathematical oncology in
thermal therapy. First, high-quality patient-specific data is often
limited, impacting model accuracy. Additionally, balancing
accuracy with computational efficiency remains a challenge
due to model complexity. Bridging the gap between theoretical
models and clinical use requires further standardization for
effective clinical validation. Finally, successful implementation
demands close coordination among clinicians, mathematicians,
engineers, and biologists to facilitate interdisciplinary
collaboration.

Conclusions and Future Outlook

Mathematical oncology has become a cornerstone
in advancing thermal cancer therapy. Through detailed
modeling of heat transfer, tumor dynamics, and multimodal

treatment effects, it supports the development of more precise,
personalized, and effective treatment strategies. Current models
already provide valuable insights into treatment planning and
outcome prediction. However, future efforts should focus on
integrating multi-scale, adaptive frameworks that incorporate
real-time imaging, immune response modeling, and drug
interaction simulations.

Emerging technologies such as machine learning,
artificial intelligence, and high-resolution imaging will
enhance predictive capabilities, enabling feedback-driven and
adaptive therapies. Moreover, the synergy between thermal
therapy and immunotherapy presents a promising frontier,
where mathematical models could guide immune activation
post-ablation.

To fully realize the potential of mathematical oncology
in thermal therapy, continued investment in interdisciplinary
research, computational infrastructure, and clinical validation
is essential. As the field evolves, it holds the promise of
transforming cancer care through precision-driven, patient-
centered treatment paradigms.
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Abstract

The objective of this study was to compare the effectiveness of a 6-month course of therapy using a fixed-dose combination
(polypill) and a free combination of antihypertensive drugs and statins in achieving target levels of blood pressure (BP) and lipid
profile in hypertensive patients with high and very high cardiovascular risk.

Methods and Results: The study included 92 patients with arterial hypertension (AH) Grades 1-3 (ESC/ESH, 2018), aged 40 to
75 years, of both sexes. The mean age of patients was 53.6+9.6 years; the average duration of AH was 9.2+7.1 years.

All patients underwent general clinical examination, the 24-hour ambulatory blood pressure monitoring (ABPM), biochemical
blood tests, ECG, standard transthoracic two-dimensional echocardiography, and the carotid intima-media thickness (CIMT) of
the common carotid artery assessment by duplex scanning. Arterial stiffness was determined using applanation tonometry.

All patients included in the study were randomly divided into two groups. Group 1 (n=46) received an FDC combination or
“polypill” combining lisinopril/amlodipine/rosuvastatin in a single tablet. Group 2 (n=46) received the combination of perindopril/
amlodipine and rosuvastatin in separate forms. The drugs were prescribed in therapeutic doses: perindopril (4-8 mg/day),
lisinopril (10-20 mg/day), amlodipine (5-10 mg/day), and rosuvastatin (initial dose 10 mg/day). The final treatment results were
determined after 6-month therapy. Two therapy regimens, including polypill combining lisinopril, amlodipine, rosuvastatin, and
a free combination of perindopril, amlodipine, and rosuvastatin, demonstrated high antihypertensive, lipid-lowering efficacy, and
metabolic neutrality in high-risk AH patients. Both treatment regimens allowed many patients to achieve the target BP; however,
in Group 1, the number of patients who achieved target BP levels was greater than in Group 2. In addition to achieving target BP
levels, a significant reduction in vascular stiffness was observed in Group 1. Group 1 showed high lipid-lowering efficacy. It was
also found that the SCORE2 score decreased significantly in Group 1, reaching the normal range. At the same time, both treatment
regimens showed high antihypertensive and organoprotective efficacy.

Conclusion: The polypill therapy demonstrated superiority over the separate regimen, resulting in a greater reduction in BP and
an improvement in lipid profile. These results highlight the importance of choosing the right treatment regimen for patients with
high cardiovascular risk and indicate the efficacy of polypills in this patient group. (International Journal of Biomedicine.
2025;15(3):461-468.)
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Introduction

According to the 2010 Global Burden of Disease study,
cardiovascular disecase (CVD) was responsible for 15.6
million deaths worldwide, representing 29.6% of all deaths.
In 2021, CVDs accounted for 20.5 million deaths, comprising
approximately one-third of all global deaths.! According to the
results of the WHO STEPS study on the prevalence of risk
factors for non-communicable diseases in the Republic of
Uzbekistan in July 2019, conducted among 4,320 people aged
18-69 years: In the Republic of Uzbekistan, 83.5% of deaths
were from non-communicable diseases, of which 63.3% of
deaths were from CVD.2

In 1988, Williams et al.2 first used the term “dyslipidemic
hypertension (DH)” to describe the coexistence of dyslipidemia
and hypertension, initially proposed in the context of familial
DH. It was suggested to be a genetic syndrome present in
approximately 12% of patients with essential hypertension
and 48% of hypertensive sibships.

In a scientific article published in 2012, Dalal et al.*
introduced the term “LIPITENSION” into clinical practice,
considering the prevalence of AH and dyslipidemia, the impact
of these risk factors on patient prognosis, and the importance
of early control.

Epidemiological data indicate that >90% of patients
with hypertension in North America, Europe, and the Middle
East, and >80% in Australia, Latin America, and Asia have
at least one additional risk factor for CVD.? In particular,
the prevalence of dyslipidemia in people with hypertension
is 1.2-1.5 times higher than in the general population.
Epidemiological studies have shown that the combination
of hypertension and dyslipidemia not only contributes to the
negative consequences of CVD, but also increases the risk
of developing these atherosclerotic diseases by 2-3 times, as
demonstrated in several studies, such as Framingham,*MRFIT
(Multiple Risk Factor Intervention Trial),”, INTERHEART
(Interaction of Potentially Modifiable Risk Factors Associated
with Myocardial Infarction in 52 Countries).®

In recent years, the concept of using the so-called
“polypill” proposed in 2003 by Wald and Law? has been
actively discussed at international forums. In a meta-
analysis, the authors demonstrated that lowering low-density
lipoprotein cholesterol (LDL-C) with statins by 1.8 mmol/L
can reduce the risk of coronary heart disease (CHD) by
61% and stroke by 17%. Antihypertensive drugs included in
the polypill at half the dosage help reduce diastolic blood
pressure (DBP) by 11 mmHg, which leads to a 46% reduction
in the risk of CHD and 63% of stroke. Thus, the polypill
can reduce the risk of CHD by 88% and stroke by 80%. If a
patient aged 55-64 years, who has not been diagnosed with
CVD, starts taking the polypill, they will be protected from
developing CHD and stroke for 10-12 years, regardless of
the presence of risk factors.

In 2022, the results of the SECURE study on secondary
prevention of CVD in patients with a history of myocardial
infarction were published. The study involved 2,499
patients, randomly assigned to two groups. The first group
took a fixed combination of drugs in the form of a polypill,

including aspirin (100 mg), ACEI ramipril (2.5, 5, or 10 mg),
and atorvastatin (20 or 40 mg). The second group took the
same drugs separately. With a median follow-up period of 3
years, the primary combined endpoint was recorded in 9.5%
of patients in the polypill group and 12.7% in the separate
therapy group. Treatment adherence was significantly higher
in the polypill group, resulting in a 25% reduction in the risk
of endpoints (P=0.02).1° In addition, five clinical trials were
conducted to evaluate the effectiveness of the polypill in
reducing the risk of death from all types of CVD: CRUCIAL,
TIPS, UMPIRE, IMPACT, and Kanyini GAP!LI213.14.15 T
the TIPS trial, patients were given a polypill with different
formulations, each containing five different drugs, to prevent
CVD. This multicenter trial demonstrated that the polypill
improved SBP levels compared with a combination of fewer
drugs, was well tolerated, and showed improved adherence to
treatment.2

The 2018 ESC/ESH guidelines for hypertension
management recommend to initiate therapy with a combination
of two antihypertensive drugs, preferably in a single-pill
fixed-dose combination (FDC), for most patients.!*? In most
clinical situations, the optimal starting fixed combination is a
combination of an angiotensin II receptor blocker (ARB) or
angiotensin-converting enzyme inhibitor (ACEI) with calcium
channel blocker (CCB) or a diuretic, which significantly
increases the effectiveness of antihypertensive therapy.
An example is the combination of perindopril (4-8 mg) or
lisinopril (10-20 mg) with amlodipine (5-10 mg).

The objective of this study was to compare the
effectiveness of a 6-month course of therapy using an FDC
(polypill) and a free combination of antihypertensive drugs
and statins in achieving target levels of blood pressure (BP)
and lipid profile in AH patients with high and very high
cardiovascular risk (CVR).

Material and Methods

The study included 92 patients with AH Grades 1-3
(ESC/ESH, 2018), aged 40 to 75 years, of both sexes.

Exclusion criteria were symptomatic hypertension,
acute coronary syndrome, chronic heart failure (NYHA
FC>I1), cardiac arrhythmia, history of myocardial infarction,
renal impairment, diabetes mellitus, severe co-morbidities,
and condition after revascularization.

Office BP was measured using a mercury
sphygmomanometer, according to Korotkov’s method.
Blood pressure was measured three times, and the mean of
these measurements was used in the analyses. The 24-hour
ambulatory blood pressure monitoring (ABPM) was performed
using the Cardiospy recorder (LABTechLTD, Hungary).

Vascular stiffness was assessed by applanation tonometry
using the SphygmoCor device (AtCor Medical, Australia),
measuring central systolic blood pressure (cSBPc), central
diastolic blood pressure (cDBPc), central pulse pressure
(PPc), aortic augmentation (AA), augmentation index (AIx),
and pulse wave velocity (PWV).

All patients underwent echocardiography on the Affiniti
30 ultrasound system (PHILIPS, Netherlands) with the
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determination of the left ventricular mass index (LVMI), left
ventricular hypertrophy [LVMI of >95 g/m?* (for women) and
>115 g/m? (for men)].** The carotid intima-media thickness
(CIMT) of the common carotid artery was assessed by duplex
scanning. Blood levels of lipids, urea, creatinine, uric acid,
glucose, ALT, AST, and CK-MB fraction were determined
using a Daytona autoanalyzer (RANDOX, UK). The estimated
glomerular filtration rate (eGFR) was calculated according
to the CKD-EPI (2021) equation. Microalbuminuria (MAU)
in morning urine was assessed by enzymatic analysis on
the MindrayBS 380 biochemical analyzer (China), with a
measurement range from 30 to 300 mg/L and higher. The
10-year risk of fatal and non-fatal cardiovascular events was
assessed using the SCORE2 scale.

All patients included in the study were randomly divided
into two groups using the envelope method. Both groups
received dual combination antihypertensive therapy with
statins (ACEI+CA+statin). Group 1 (n=46) received an FDC
combination or “polypill” combining lisinopril/amlodipine/
rosuvastatin in a single tablet. Group 2 (n=46) received the
combination of perindopril/amlodipine and rosuvastatin in
separate forms. Treatment was initiated with starting doses
of drugs that were titrated every two weeks to achieve target
values of BP and blood lipid levels (<140 mmHg), DBP
(<90 mmHg), LDL-C (<100-70 mg/dL), non-high-density
lipoprotein cholesterol (non-HDL-C<100-85 mg/dL), and
triglycerides TG (<150 mg/dL). A reduction in SBP, DBP, and
SCORE?2 risk of 10% or more, as well as a 50% reduction in
LDL-C from baseline levels, was also assessed.

The drugs were prescribed in therapeutic doses:
perindopril (4-8 mg/day), lisinopril (10-20 mg/day),
amlodipine (5-10 mg/day), and rosuvastatin (initial dose
10 mg/day). In the event of side effects, a corresponding
questionnaire was completed, indicating the reasons for the
patient’s exclusion from the study. All patients were examined
before and after a 6-month course of pharmacotherapy.

Statistical analysis was performed using the statistical
software «Statistica» (v10.0, StatSoft, USA). Baseline
characteristics were summarized as frequencies and
percentages for categorical variables and as meantstandard
deviation (SD) for continuous variables. The Mann-Whitney
U test was used to compare the differences between the two
independent groups, and the Wilcoxon test (W) was used
to compare the mean values of dependent samples. Group
comparisons for categorical variables were performed using
a chi-square test. The probability value of P<0.05 was
considered statistically significant.

Results

In the event of side effects, a corresponding questionnaire
was completed, indicating the reasons for the patient’s
exclusion from the study. All patients were examined before
and after a 6-month course of pharmacotherapy.

At the initial stage of the study, patients in both groups
did not differ in gender and age, BP level and markers of
target organ damage. According to the average values of SBP
(162.46+11.31 mmHg) and DBP (96.11£10.18), the patients
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were characterized by AH Grade 2. Both groups had a very
high CVR, according to the SCORE?2 scale (Table 1).

Table 1.

Clinical characteristics of the study patients.

Indicators Or:]:e;;ll G;Sigl P-value CII;S‘Z%Z
Age, yrs 53.66+9.69 |52.06+9.40 |0.2926|56.33+7.84
Women, n (%) |33 (35%) |30 (65%) 0.8279(29 (63%)
Men, n (%) 59 (64%) 16 (34%) 0.8279 |17 (36%)
AH duration, yrs |9.23+£7.17 [8.71£5.92 0.7948 | 12.5+8.28
SBP, mmHg 162.46+11.31| 165.82+12.54 | 0.3788 | 161.8+£9.89
DBP, mmHg 96.11+10.1899.23+10.61 {0.1400 |96.43+£9.21
MBP, mmHg 119.13+9.40(122.19+£10.25/0.3421 | 118.22+7.78
BMI, kg/m? 30.79+£5.39 |30.81+5.50 [0.4413 |31.45+5.34
LVH 46 (50%) 19 (41%) 0.1444 |27 (58%)
Atherogenic index |4.34+1.43  [4.63£1.39 0.9362 [4.23+1.43
PWV, m/s 10.82+3.20 |11.59+£3.25 |0.1187 |10.63+3.0
SCORE2, score |18.13+8.46 |17.73+8.25 |0.7263 |21.8+8.75

Against a background of 6-month treatment, a significant
improvement in the office BP indicators were revealed in both
groups, regardless of the treatment regimen (Table 2). However,
the reduction percentage in SBP and DBP was significantly
more pronounced in Group 1 than in Group 2, although the
differences were not statistically significant. Achievement of
the target levels of SBP and DBP was recorded in 91% and
97% of patients in Group 1 and in 76% and 76% in Group
2 (P<0.001 in both cases), and simultaneous achievement of
target levels of SBP and DBP - in 91% of patients in Group 1
and 50% of patients in Group 2 (P=0.0000).

Table 2.
The efficacy of 6-month therapy in study groups.
. Overall Group 1 Group 2
Indicators h=92 =46 P, =46
162.46+11.31| 165.82+12.54 161.8+9.89
SBP. mmHg 1176 14+10.44| 121.23+5.23 | %3788 |i31.04212.0
P, 0.0001 0.0000 0.0000
96.11£10.18 | 99.23+10.61 96.43+9.21
DBP, mmHg | %5530:4.42 | 78.54:3.05 | 1400 | §1.836+4.96
P, 0.0001 0.0000 0.0000
119.134£9.40 | 122.19+10.25 118.22+47.78
MBP, mmHg| 557851637 | 93.37+4.62 | *3**! |9826+6.97
P, 0.0001 0.0003 0.0006
A% SBP -22.00£8.29 | -26.53+5.72 | 0.1615 |-15.87+8.36
A% DBP -15.73+£9.28 | -20.17+£7.26 | 0.2713 |-13.5549.79
A% MBP -18.74+£7.92 | -23.18+5.64 | 0.4413 [-14.67+8.13
Achieving target BP levels
SBP 81 (88%) 42 (91%) | 0.0003 | 26 (76%)
DBP 82 (89%) 45 (97%) | 0.0000 | 26 (76%)
SBPand DBP| 81 (88%) 42 (91%) | 0.0000 | 23 (50%)

The numerator shows the results before treatment. the denominator
shows the results after 6 months of therapy. P, is for Group 1 vs.
Group 2 before treatment; P, is for Group

treatment.

I s, Group 2 after
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The diurnal BP profile also improved significantly during
treatment. According to ABPM data, both groups demonstrated a
significant decrease in the average 24-h, daytime, and nighttime
SBP and DBP, with significant benefits in Group 1 for 24-hour
DBP, daytime DBP, and nighttime DBP (P=0.0101, P=0.0226,
and P=0.0120, respectively). In addition, the reduction in
variability of daily SBP was also more pronounced in Group
1 (P=0.0248). A significant decrease in daytime/nighttime
SBP load and DBP load was noted in both groups, but it was
more pronounced in Group 1 (Table 3), with the achievement
of standard values, which is associated with the possibility of
protecting target organs.

Table 3 (continued).
The diurnal BP profile during 6-month therapy in study groups.
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Table 3.
The diurnal BP profile during 6-month therapy in study groups.
Indicators Overall Group 1 P, Group 2
24-hour SBP, 142.29+11.24 | 143.91£13.0(0.3523| 139.7549.0
mmHg 121.63+12.07 | 120.76+7.51 [0.3523 | 125.82+14.5
P, 0.0000 0.0001 0.0045
24-hour DBP, 86.894+9.29 |88.15£10.50(0.2005| 83.06+7.80
mmHg 70.45+£9.37 | 71.10£7.62 [0.0101| 75.73+9.32
P, 0.0000 0.0001 0.0001
Daytime SBP, 144.19+12.18 [ 146.63£13.90.0784| 140.06+9.72
mmHg 124.01+11.98 | 120.9745.59|0.1141{127.26+15.26
P, 0.0000 0.0001 0.0001
Daytime DBP, | 89.08+10.08 |90.86+11.56(0.0910| 84.12+8.07
mmHg 73.70+£9.49 |71.91+10.61|0.0226|78.23£10.01
P, 0.0000 0.0001 0.0001
Nighttime SBP, | 135.78+13.10 | 136.5+14.03 |0.8650{137.12+12.20
mmHg 115.82+13.93 | 116.82+7.97[0.7565|119.71+17.13
P, 0.0000 0.0001 0.0001
Nighttime DBP, | 80.65+9.10 |81.32+9.04 |0.6030| 79.87+9.22
mmHg 65.44+9.26 | 65.17+7.12{0.0120{70.08+10.03
P, 0.0000 0.0001 0.0001
Daily SBPV, 16.43+£3.79 | 17.06+4.0 |0.3897| 16.65+3.50
mmHg 11.4342.23 | 11.92+2.26 {0.0248| 13.01+2.32
P, 0.0000 0.0002 0.2743
Daily DBPYV, 13.3743.27 | 13.76£2.96 |0.5892| 13.37+3.55
mmHg 9.38+2.15 | 9.58+2.11 [0.3867| 9.19+2.19
P, 0.0005 0.0045 0.0014
Daytime SBPV, | 16.2244.12 | 17.1044.07 {0.2420| 16.01+4.02
mmHg 10.5742.66 | 10.91£2.57 |0.6491| 11.18+3.08
P, 0.0001 0.0001 0.0018
Daytime DBPV, | 12.5543.49 | 12.91+3.44 |0.7278| 12.84+3.55
mmHg 8.6742.61 | 8.87+2.88 [0.4763| 8.48+2.32
P, 0.0005 0.0055 0.0014
Nighttime SBPV, | 14.03+5.32 | 14.66+5.39 |0.4354| 14.6345.23
mmHg 8.3242.66 | 8.27+2.48 |0.1235| 9.154+2.93
P, 0.0001 0.0000 0.0034
Nighttime DBPV, | 11.33+4.67 | 11.20+4.23 |0.6527| 10.7345.11
mmHg 7.14+2.71 | 7.53+2.47 |0.3141| 8.11£3.00
P, 0.0001 0.0000 0.0153

The numerator shows the results before treatment. The denominator
shows the results after 6 months of therapy. Pl is for Group I vs.
Group 2; P2 is for before treatment and after 6 months of therapy
inside each group. SBPV, SBP variability; DBPV, DBP variability;

Indicators Overall Group 1 P, Group 2
Daytime 56.82+26.39 |62.80+25.84|0.0323 | 47.01£25.83
SBP load,% | 27.66+28.42 | 23.23+6.4 | 0.0057 | 31.91+£38.80
P, 0.0001 0.0001 0.0003
Daytime 46.43427.18 [49.84+29.04 | 0.2670 | 37.37+25.03
DBP load,% | 22.204+25.17 | 17.73£10.84 | 0.0198 | 26.97+33.52
P, 0.0001 0.0001 0.0004
Nighttime 79.16+£22.51 | 79.584+21.11 | 0.8728 | 83.18+24.05
SBP load,% | 30.81+£29.78 |23.56+£14.98| 0.9442 | 38.06+38.23
P, 0.0001 0.0001 0.0001
Nighttime 50.12+3041 |52.10428.17 | 0.4839 | 48.75+32.68
DBP load,% | 28.64+28.34 [26.73+11.84 | 0.0045 | 30.54+38.42
P, 0.0001 0.0001 0.0039

The numerator shows the results before treatment. The denominator
shows the results after 6 months of therapy. P1 is for Group I vs.
Group 2; P2 is for before treatment and after 6 months of therapy
inside each group.

One of the important markers of vascular damage in
hypertension is indicators of central BP and PWV. In both
groups, 6-month therapy led to a significant decrease in SBPc,
DBPc, PPc, and PWV. At the same time, the AA parameter
significantly decreased only in Group 1 (Figure 1).
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Figure 1. Parameters of central hemodynamic and vascular
stiffness before and after 6-month therapy in the study groups.

Against the background of 6-month therapy in both
groups, no adverse impact on metabolic parameters, including
glucose, uric acid, and creatinine, as well as liver enzyme
levels, was observed, indicating the metabolic neutrality of
the therapy (Figure 2).

In general, positive dynamics of lipid profile parameters
were shown in both groups. However, it should be noted that
in Group 1, the levels of TC, LDL-C, non-HDL-C, TG, and Al,
as well as the level of ApoB, were reduced more significantly
than in Group 2. In addition, a significant increase in HDL-C
was observed in Group 1 compared to Group 2 (53.3+12.0 mg/
dL and 44.144.5 mg/dL after treatment, P<0.0001). Despite a



Sh. S. Fayzullaeva et al. / International Journal of Biomedicine 15(3) (2025) 461-468 465

significant decrease in CVR, according to the SCORE2 scale
in both groups, the most pronounced results and target levels
were recorded in Group 1: from 18.7+8.2 points to 9.1+5.9
points in Group 1 (P=0.0001) and from 19.8+8.7 to 14.3+8.0
points in Group 2 (P=0.0093) (Figure 3).
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Figure 2. Metabolic parameters before and after 6-month
therapy in the study groups.
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Figure 3. Lipid profile parameters and SCORE2 scores
before and after 6-month therapy in the study groups.

Overall, patients in both groups achieved their target
lipid profile values. However, patients in Group 1 achieved
all target lipid profile values, and accordingly, their SCORE2
scores were significantly more reliable than those in Group
2 (Figure 4). The target TC level was achieved in 69% and
45% of patients in Groups | and 2, respectively (P=0.0203). In
Group 1, the target level of TG was achieved in 71% of patients,
compared to 39% in Group 2 (P=0.0016). Achievement of
non-HDL-C levels was recorded in 41% of patients in Group
1 and 17% in Group 2 (P=0.0117), and LDL-C levels in 80%
and 26%, respectively (P=0.0000). Achievement of the target
Al was detected in 78% of patients in Group 1 and 41% of
patients in Group 2 (P=0.0003), and target ApoB in 86%
versus 65%, respectively (P=0.0145). Target score levels on
the SCORE2 scale were observed in 84% of patients in Group
1 and 43% in Group 2 (P=0.0000).
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Figure 4. Achievement of target lipid profile parameters after
6-month therapy in study groups.

Discussion

When considering the specific effects of antihypertensive
drugs in the context of their combined use, we should again
turn to the results of the ASCOT study,'®1® which demonstrates
a new approach to the strategy of modern antihypertensive
therapy. The ASCOT study included more than 19,000 patients,
which allowed a new assessment of the effect of “new” classes
of antihypertensive drugs, such as CCB and ACEI, in reducing
CVR. The effectiveness of antihypertensive therapy in the
ASCOT-BPLA study?®>demonstrated that the combination of
amlodipine with perindopril is significantly superior to the
combination of atenolol and a diuretic (bendroflumethiazide)
in reducing CVR. It showed a reduction in the risk of
coronary events by 13%, fatal and nonfatal stroke by 23%,
cardiovascular mortality by 24%, new cases of renal failure by
15% and cases of diabetes mellitus by 30%.

Previous studies have demonstrated significant benefits
of combination therapy over monotherapy in the treatment of
hypertension. According to a meta-analysis by Wald and Law,2
combination drugs reduce BP and the risk of cardiovascular
complications better than monotherapy. In particular, the
combination of ACEI with CCB has proven to be particularly
effective in lowering BP in high-risk patients.?22 Moreover, in
low- and middle-income countries, combination therapy also
demonstrates high efficacy, despite challenges related to drug
availability and treatment adherence.®

The high efficiency of the combination of CCB with
ACEl s due to several factors. Firstly, CCB has a pronounced
arterial vasodilation effect, and secondly, ACEI neutralize
the effects of the the renin-angiotensin-aldosterone system
(RAAS). The combined use of CCB and ACEI neutralizes
counter-regulatory mechanisms that can reduce the
effectiveness of therapy. ACEI suppresses the activity of
the RAAS and the sympathetic adrenergic system, which is
triggered as a result of CCB’s vasodilating action. In turn,
the negative sodium balance caused by CCB is eliminated
due to the action of ACEI. In addition, the combination
of these drugs significantly reduces the incidence of side
effects. For example, a side effect of CCB, such as ankle
swelling, is reduced substantially when used in conjunction
with ACEL It has also been demonstrated that the use of
CCB reduces the incidence of dry cough, a common side
effect of ACEL. 22
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The efficacy of the combined effect on BP and
dyslipidemia was confirmed in the ASCOT-LLA study, where
the addition of 10 mg atorvastatin to antihypertensive therapy
resulted in an additional 36% reduction in the risk of nonfatal
myocardial infarction and CHD death and a 29% reduction
in the risk of all cardiovascular events.2 Moreover, there is
evidence that the addition of a statin enhances antihypertensive
therapy.222

It is worth noting that ACEI and CCB are metabolically
neutral antihypertensive drugs, which makes their combination
particularly attractive for patients with lipid, carbohydrate,
and purine metabolism disorders. The efficacy and safety of
the drugs included in the polypill were studied in by Konyi et
al.,’” which used an FDC of lisinopril and amlodipine (5/10
mg, 5/20 mg, and 10/20 mg) with the addition of rosuvastatin
(10 or 20 mg). The study included 2241 patients with AH
Grades 1-2, hypercholesterolemia, and high or very high
CVR associated with diabetes mellitus, metabolic syndrome,
and lower extremity arterial disease.

The results of our study show that the polypill,
combining perindopril, amlodipine, and rosuvastatin,
demonstrates a more pronounced reduction in BP than
separate therapy. These data are consistent with the findings
of the study by Cicero et al.,* who also noted the high
effectiveness of FDC in controlling blood pressure. Moreover,
the improvement in lipid profile observed in our patients
is consistent with the data of Cequier et al.,*® who showed
that FDCs are effective not only in reducing BP but also in
improving lipid metabolism.

Conclusion

Two ACEI/CCB/statin therapy regimens, including
polypill combining lisinopril, amlodipine, rosuvastatin,
and a free combination of perindopril, amlodipine, and
rosuvastatin, demonstrated high antihypertensive, lipid-
lowering efficacy, and metabolic neutrality in high-risk AH
patients. Both treatment regimens allowed many patients
to achieve the target blood pressure; however, in Group 1,
the number of patients who achieved target blood pressure
levels was greater than in Group 2. In addition to achieving
the target blood pressure levels, a significant decrease in
SBPc and DBPc, as well as PWV and aortic augmentation in
Group 1, indicates a reduction in vascular stiffness. At the
same time, a significant decrease in the blood levels of TC,
LDL-C, TG, and atherogenic index in Group 1 confirms the
lipid-lowering efficacy of the polypill treatment regimen. A
significant increase in the HDL-C level in Group 1 indicated
the superiority of the polypill over the combination of
perindopril and amlodipine plus rosuvastatin in separate
forms. It was also found that the SCORE2 score decreased
significantly in Group 1, reaching the normal range. At
the same time, both treatment regimens showed high
antihypertensive and organoprotective efficacy.

The polypill therapy demonstrated superiority over
the separate regimen, resulting in a greater reduction in BP
and an improvement in lipid profile. These results highlight
the importance of choosing the right treatment regimen for

patients with high cardiovascular risk and indicate the efficacy
of polypills in this patient group.
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Abstract

Background: The COVID-19 pandemic accelerated the paradigm of drug repurposing, leading to the rapid identification of new
uses for existing therapeutics under urgent clinical need. This success story has ignited a broader movement towards leveraging
repurposing strategies for relapsed, refractory, and traditionally difficult-to-treat diseases, specifically cancers. Chronic myeloid
leukemia (CML), although treatable in the chronic phase (CP), is usually fatal in the blast crisis phase (BC-CML), exemplifying
a pressing challenge to oncology, where standard tyrosine kinase inhibitor (TKI) therapies often fail, resulting in poor survival
outcomes.

Methods and Results: In a multi-institutional cohort of 141 CML patients, we performed WES across disease phases (123 CP-
CML, 6 AP-CML, 12 BC-CML). Mutational landscapes were interrogated using the Al-driven PanDrugs2 platform to identify
druggable targets and repurposable FDA-approved anti-leukemic therapies. A 54% surge in mutational burden was observed
transitioning from AP-CML to BC-CM, revealing 67 recurrent pan-leukemic gene mutations. Notably, actionable alterations were
found in NPM1, DNMT3A4, PML, AKTI, CBL, JAK2, TET2, IDH1, and BCL2, with therapeutic opportunities using existing agents
such as venetoclax, ivosidenib, decitabine, and azacitidine. Emerging vulnerabilities, including RPTOR and BCR mutations,
suggest further avenues for mTOR and BTK inhibitor applications beyond traditional TKI paradigms.

Conclusions: Our integrated genomic and Al-guided approach demonstrates the transformative potential of drug repurposing
for BC-CML, highlighting immediate actionable options where conventional therapies fail. This strategy not only offers hope
for patients with BC-CML but also paves a visionary path toward precision medicine frameworks for relapsed, refractory,
and otherwise intractable cancers in the post-pandemic clinical era. Prospective multi-omics studies and tailored clinical trials
are urgently warranted to expand these opportunities across the oncology landscape.(International Journal of Biomedicine.
2025;15(3):469-482.)
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Introduction

The COVID-19 pandemic accelerated global drug
repurposing efforts, with anticancer agents such as imatinib
investigated for antiviral efficacy.! TKIs, the cornerstone of
CML therapy, demonstrated antiviral potential against SARS-
CoV-2.2 Furthermore, the management of CML patients
during the pandemic highlighted the critical need for flexible,
rapid therapeutic strategies.

Chronic myeloid leukemia (CML) is a malignancy of
myeloid lineage in hematopoiesis.! It occurs when clonal
hematopoietic stem cells multiply abnormally, resulting in the
overproduction of non-functional cells, or blasts, especially
granulocytes, in the bone marrow and peripheral circulation.?
The Philadelphia chromosome, resulting from a reciprocal
translocation between the BCR gene on chromosome 22 and
the ABL gene on chromosome 9, is a defining characteristic
of this disease and was discovered in 1959 by David A.
Hungerford and Peter C. Nowell, the Nobel Prize winners for
this discovery. This genetic abnormality leads to the creation

of BCR-ABL fusion oncogenes that result in the constitutive
expression of the tyrosine kinase BCR-ABL on hematopoietic
stem cells, which culminates in the continued proliferation
and development of leukemic stem cells.2 CML occurs in 1 to
2 of every 100,000 individuals around the world, making up
around 15% of new adult leukemia cases.* CML is a triphasic
disease that begins with the indolent chronic phase (CP-CML).
This phase is characterized by a significant increase in myeloid
precursors and mature cells. The overall survival rate of CP-
CML patients results in life expectancy comparable to that of
the general population, at least in technologically advanced
countries, due to the introduction of tyrosine kinase inhibitors
(TKIs) and ber-abl fusion oncoprotein inhibitors in the last three
decades.* However, a fraction of CML patients progress to the
accelerated phase (AP) and finally the blast crisis (BC), the
latter of which has an overall survival rate of 3 to 18 months.?
The BC-CML is characterized by an acute and rapid increase in
the number of primitive hematopoietic cells in the bone marrow
and blood, as well as treatment failure, anti-leukemic therapy
resistance, relapses, and eventually death within a few months.
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This makes treating BC-CML one of the most challenging
tasks in cancer medicine in the 21st century. As a result, it is
extremely important to discover new pharmacological targets
and treatments for BC-CML.12

BC-CML usually looks like either acute myeloid
leukemia (AML) or acute lymphoid leukemia (ALL), which
is called the myeloid blast crisis (M-BC) or lymphoid blast
crisis (L-BC), respectively. Targeted therapies, including
drugs and inhibitors for specific gene mutations in AML and
ALL, have been developed and approved by the FDA, and
are now used in routine clinical practice for personalized
treatment of patients with these genetic alterations.™®
However, it is still unclear whether the same genes linked
with AML and ALL are responsible for myeloid and
lymphoid blast crises, respectively.*? If this is the case, it
would provide the chance to treat MBC-CML and LBC-CML
patients with FDA-approved medications developed against
AML-/ALL-lineage genes. Therefore, the goal of this study
was to investigate pan-leukemia gene mutations, particularly
AML and ALL lineage, in patients with BC-CML and to
create a database of FDA-approved treatments effective
against these AML- and ALL-specific gene mutations. This
database would include drugs that have the potential to be
used for treating BC-CML.

Materials and Methods

Study Populations

This study recruited 141 CML patients from two centers:
Hayatabad Medical Complex (HMC), Peshawar, Pakistan, and
King Abdulaziz Hospital Al-Ahsa, Saudi Arabia (from January
2012 to June 2022). Imatinib mesylate (IM) was administered
to all patients as the first-line treatment. Those who developed
resistance to IM were then treated with second-generation
TKIs. Of 141 participants, 123 age/gender-matched CP-CML
patients served as controls, and 18 AP-CML patients served as
the Experimental Group 1. Also, 12 of 18 AP-CML patients
who progressed to BC-CML during the study were included
in Experimental Group 2. The European Leukemia Net (ELN)
recommendations from 2013 and later ELN-2020 were used
for all clinical classification and treatment response criteria.2!t
Regarding categorization of CML patients into CP-, AP- and
BC-CML, CML patients were classified as CP if the percentage
of blast cells in their blood was less than 5%, the percentage of
basophils was between 15% and 19%, the percentage of blasts
and promyelocytes was less than 30%, and there were no blast
cells in extramedullary locations.? For AP, the percentage of
blasts was taken as 15%-29%, the presence of promyelocytes
and blasts as more than 30% in the blood or the bone marrow,
the platelet count low (100x10%L), the presence of basophils
20% or greater, and Ph+ cells with chromosomal anomalies.?
To categorize a patient as BC-CML, the presence of 30% or
more of blasts in either the blood or the bone marrow and in
extramedullary locations was considered a basic criterion.2!t
Standards for evaluating treatment response in CML were
adopted from ELN-2013 and ELN-2020.212 Adverse events
were classified using standard nomenclature version 4.03.2

Sample Handling

Peripheral blood samples (3-5 mL) were obtained
from study participants in the BD Vacutainer® EDTA Tube
(Becton Dickinson, USA). The samples were collected during
the biweekly visits of the CML patients to the outpatient
department of the medical oncology units of participating
centers. These clinical specimens were preserved at —70°C
for subsequent analysis. Before the extraction of DNA, both
the patient samples and the reagents utilized in the extraction
process were acclimatized to room temperature, specifically
within the range of 15 to 25 °C. The process of DNA
extraction encompassed multiple stages. The QIAamp DNA
blood mini kit was (Qiagen, Hilden, Germany) utilized for
DNA extraction, according to the manufacturer’s instructions.
The procedure entailed the amalgamation of 200 pL of the
blood specimen, 200 pL of Buffer AL, and 20 puL of QIAGEN
Protease within a tube. After being vortexed, the resulting
mixture underwent incubation for 10 minutes at a temperature
of 56°C. Two hundred microliters of ethanol were introduced,
followed by a subsequent vortexing of the mix. The resulting
solution was then carefully transferred to a QIlAamp Mini
spin column, from which the extract was extracted post-
centrifugation. Subsequently, the flow-through was eliminated
after incorporating Buffer AW 1 and subsequent centrifugation.
This procedure was reiterated with Buffer AW2 to guarantee
the complete removal of all buffers, after which the column
underwent centrifugation. The DNA was eluted by applying
distilled water or incorporating Buffer AE, followed by
incubation and centrifugation processes. Absorbance was
assessed at 260 nm to ascertain the concentration of DNA.
A concentration exhibiting a ratio of 1.7 to 1.9 at A260/
A280 was deemed to possess purity. The DNA was quantified
by utilizing a Nanodrop Spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA). The DNA was diluted
to 70-80 ng/uL concentrations and 40 ng/uL for use in WES
and Sanger Sequencing, respectively. Until additional testing
was conducted, the DNA was preserved at —80°C.

Genetic Analysis

Next-Generation Sequencing (NGS) was conducted
on experimental (AP- & BC-) CML samples alongside an
equivalent number of CP-CML samples serving as controls.
After DNA extraction, exome-capturing arrays were employed
to capture the extracted material.* The SureSelectXT V6-Post
Capture Exome kit (©Agilent Technologies, Santa Clara,
California, USA) was used to construct the library and enhance
the exomes after DNA capture. The SureSelect kit included
approximately 99% of the reference sequences database and
comprised 214,405 exons with splice sites.)* Subsequent
to DNA fragmentation, the tagmentation of the resulting
fragments was conducted, accompanied by amplification
and purification processes, which were facilitated through
magnetic beads. Oligonucleotides were employed to
delineate the specified regions. The enriched libraries were
amplified through PCR, and subsequently quantified with a
Qubit fluorometer. The 2100 Agilent Bioanalyzer (OAgilent
Technologies, Santa Clara, California, USA) was configured
to ascertain the dispersion of library sizes. The Illumina
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NextSeq500 sequencer (Illumina Inc., San Diego, CA, USA)
facilitated the process of cluster generation and comprehensive
exome sequencing by depositing quantifiable DNA libraries
into the flow cell.2

The BCL2FASTQ (Illumina Inc., San Diego, CA, USA)
was employed to convert the BCL files into FASTQ files.
The BWA Aligner (Illumina Inc., San Diego, CA, USA) was
utilized to align the FASTQ data to the human genome using
the BWA-MEM algorithm. The annotation and filtration of
genomic variants identified by the Genome Analysis Toolkit
(GATK) were conducted utilizing Illumina Variant Studio
(Illumina Inc., San Diego, CA, USA).2

Validation

To ascertain a common biomarker associated with
the proliferation of CML, an analysis of mutated genes was
conducted across all patients in the advanced phase of the
disease. Strategies for filtration that focused on identifying
rare variants while omitting intron and synonymous variants
were employed to refine the Excel file containing NGS data.
Moreover, all variants with established predictions were
excluded, whether classified as benign (B) or tolerant (T).
Certain variants were designated as B when they exhibited
a frequency of 70% or greater for B, whereas others were
categorized as T when T’s frequency reached 70% or more.'¢
Likewise, variables exhibiting a population frequency
exceeding 0.005 in the dbSNP and Exome Sequencing Project
(ESP) database were discarded.

Consequently, the variant calling process was confined
to variants exhibiting intermediate to high protein effects
and splice variants, culminating in approximately 124 rare
variants. Furthermore, in-depth data analysis was conducted to
explore unique gene mutations found in AP-CML patients that
is absent in CP-CML patients and healthy controls, indicating
the potential involvement of these mutations in disease
progression.!> Data generated through NGS can be accessed
via the NCBI repository, where it has been submitted under the
SRA accession number PRINA734750, available at https://
www.ncbi.nlm.nih.gov/sra/PRINA734750. For identifying
druggable mutations within pan-leukemic genes associated
with myeloid and lymphoid lineages, particularly those
related to AML and ALL, we meticulously filtered for genes
that have been previously documented as mutated in AML
and ALL, as well as other types of leukemias, lymphomas,
and hematological malignancies. To achieve this objective,
we compiled a comprehensive list of genes that exhibit
mutations in AML and ALL, drawing upon the extensive
literature available in PubMed.”*2 The genes identified in
this compilation, which are uniquely mutated in AP-CML
and BC-CML while absent in CP-CML or healthy controls
(sourced from genomic databases), were meticulously sorted
and prepared for subsequent analysis.

PanDrug Platform

To explore the druggability of pan-leukemic genes
associated with BC-CML, online artificial intelligence (AI)
tools were employed. We utilized genes uniquely mutated in
AP-CML and BC-CML, while not mutated in CP-CML or

healthy controls. To achieve this objective, we used an online
resource called PanDrugs2 (www.pandrugs.com).? The
druggability assessment was conducted by inquiring about
the gene names within the PanDrugs2 database. A gene was
deemed druggable if an FDA-approved medication existed
targeting it for treating AML, ALL, or other hematological
malignancies.

Statistical analysis

We employed the methods reported previously by
our group.?? In accordance with the normality assessment,
absolute values and percentages were presented for categorical
variables, while the mean and a suitable measure of variation
were provided for continuous variables. The chi-square test
or Fisher’s exact test was employed for categorical data to
compare two groups. For continuous data, a two-sample
independent test or Mann—Whitney U test was utilized. The
analysis of variance for groups of three or more was conducted
using either ANOVA or the Kruskal-Wallis test. To evaluate
the survival outcome, Kaplan-Meier survival analysis curves
were constructed.? A log-rank test was employed to conduct
the group comparison. The data analysis was conducted
utilizing SAS/STAT software version 9.4, developed by SAS
Institute Inc., located in Cary, NC, USA. The R package was
used for statistical computing.!6-17:2L

Results

Clinical Features of CML patients

Of'the 141 patients diagnosed with CML, 4.3% (n=6) were
AP-CML, and 8.5% (n=12) were BC-CML. The study subjects
comprised 86 (61.0%) males and 55(39.0%) females, with amale-
to-female ratio of 1.6:1. The mean age of all patients was 36.4,
ranging from 9 to 67 years. Laboratory results demonstrated that
79.4% (n=112) of patients developed anemia, whereas 56.0%
(n=79) developed leukocytosis (>50x10°/L). Splenomegaly
was seen in 71.6% (n=101) of patients. Furthermore, a
comparison between different phases of CML patients showed
that leukocytosis was significantly increased in the advanced
phase of CML compared to CP-CML cases (P=0.0184) (Table
1). Regarding clinical assessment, a significant relationship was
seen between hepatomegaly and advanced-phase CML patients
(P=0.0014). Although splenomegaly was observed in all phases,
it was significantly associated with the advanced-phase CML,
as all AP-CML and BC-CML patients developed splenomegaly,
compared to only 67.5% (n1=83) of CP-CML patients (P=0.0014).
Furthermore, the size of the spleen significantly increased with
the disease’s progression.

Clinical Outcome of CML Patients in Three Phases of the
Disease

After using IM as the first-line treatment for all patients,
20(14.2%) patients were either intolerant or did not respond to
the drug, even after increasing the dose. These 20 patients were
treated with nilotinib (NI) as second-line therapy, 12 (60%) of
whom were CP-CML, 2 (10%) were AP-CML, and 6 (30%)
were BC-CML patients. Of the BC-CML patients receiving



A. AlGarni et al. / International Journal of Biomedicine 15(3) (2025) 469-482 473

NI (n=6), 4 (66.7%) were non-responders to the second-line
treatment. All BC-CML patients were treated as Philadelphia-
positive acute leukemia patients. There was a significantly high
mortality rate of 75% (9/12) for BC-CML patients compared
to CP-CML patients, who had a comparatively very low
mortality rate of 8.1% (10/123), with one death not related to
cancer. In addition, the overall survival rates for CP-CML and
AP-CML patients were 91.9% (113/123) and 100% (18/18),
respectively, whereas BC-CML patients had a survival rate of
25% (3/12) (Table 1). Our data shows the limited effectiveness
of current treatment modalities to treat BC-CML, which thus
necessitates a hunt for new drug targets and novel treatments.
It also highlights the need to find early biomarkers for CML
progression that could be targeted to prevent progression.

Table 1.

Comparison between demographics and clinical characteristics in
different phases of CML.

Patient groups

Characteristics CP-CML |AP-CML |[BC-CML |P-value

n (%) n (%) n (%)
No. of patients 123 (87.2)|18* (4.3) [12* (8.5)
Mean (range) 35.5(9-67) [35.6 (27-43)[38.1 (29-50)
Male 74 (60.2) [12 (66.67)[8 (66.7) | <oc-
Female 49 (39.8) |6(33.33) |4(333) |
Ratio: Male: Female 1.5-1 2:1 2:1
Hemoglobin: (g/dL)
<12 69 (56.1) |15 (83.3) [9 (75) 0.0642
>12 14(11.4) [3316.7) [3(25) 0.2609
WBC count (x10%L), Mean[313.7  [315 325
<50 20 (16.3) |3 (20) 2(16.7) [0.8276
>50 64 (52.0) [15(80) [10(83.3) |0.0184
Platelets (x10°/L)
<450 75 (61.0) |12 (66.7) [10(83.3) [0.2528
>45() 33(26.8) [6(33.3) [2(16.7) [0.8722
Imatinib
Yes 82 (66.7) |12 (66.7) |7(58.3) 0.7260
Nilotinib as 2nd Line
Yes [41 (33.3) [12 (66.7) [8 (66.7) [0.0065
Hydroxyurea
Yes 82 (66.7) [9(50)  [10(83.3) [0.9967
Interferon
Yes [41 33.3) [0 (0) [0 (0) [0.0038
Chemotherapy
Yes [o [o [9 (75%) [0.0000
Splenomegaly
No 40 (32.5) [0 (0) 0(0) 0.0014
Yes 83 (67.5) |18 (100) |12 (100) |
<5cm 43.2) |0 0(0)
5-8cm 9(73) 33167 [3(25 0.5051
>8cm 70 (56.9) |15 (83.3) 19 (75)
Hepatomegaly
Yes [35 (28.5) [12 (66.7) [8 (66.7) [0.0014
Anemia
Yes [97 (78.9) [15(83.3) [9(75)  [0.9807
Pregnant
Yes [432) o) [0 (0) [0.2090
Survival Status
Confirmed deaths 108.1) [0(0) 905 |5 001
Alive at last follow-up |13 (91.9)]18 (100) [3(25) :

*12 out of 18 AP-CML patients progressed to BC-CML during the
study course.

Whole Exome Sequencing

As no specific biomarkers exist for CML disease
progression or for early detection of the patient group at risk
of disease progression, and as most of the BC-CML patients
specifically showed resistance to all drugs, indicating the
non-availability of effective medications for BC-CML,
advanced-phase CML patient samples were subjected
to WES to find out druggable mutations. WES detected
numerous variants in the above-mentioned study subjects.
We included genes mutated only in advanced phases of
CML patients, i.e., in AP-CML and BC-CML, but not in
CP-CML patients and healthy control DNA sequences
taken from genomic databases. The total number of variants
shared by our advanced-phase CML was 4175 (Figure 1).

The mutated genes with the highest variant frequency
in both AP-CML and BC-CML patients, in addition to
the ABL gene, were RPTOR (7.3%), followed by BRCA1/
BRCA2 (7.0%), BCR (6.0%), STABI (4.6%), NF1 (4.4%),
ACINI (4.4%), EGFR (3.9%), NDRG2 (3.7%), ERG (3.3%)
and MYH1I (3.1%).

Total: 4175 variants

5129
ERG: 138 MYHI11; 129

NDRG2; 154

EGFR; 161
ACIN1; 183

NF1; 185

STABI; 192
Other genes; 2187

BCR; 249

BRCA1/2; 292

RPTOR; 305

Figure 1. Mutations shared by advanced phase CML patients
(AP-CML + BC-CML).

The number of variants and their frequencies in each gene
were compared between AP-CML and BC-CML (Figure 2).
CP-CML patients had only 114 mutations. AP-CML samples
had 1644 variants (14.4 times higher than CP-CML), whereas
BC-CML samples had 2531 variants (22.2 times higher than
CP-CML), with a 54% gain in mutations from AP-CML to
BC-CML (P=0.0000) (Figure 2). The gain of mutation from
AP-CML to BC-CML in the genes with the highest variant
frequency was also significantly high, with the highest increase
percentage of 79.3% observed in EGFR (a membrane receptor
gene), followed by BRCA1/BRCA2 (72.9%), ACINI (69.1%),
NFI1 (60.6%), STABI (59.5%), MYHI1I (58.0%), RPTOR
(56.3%), ERG (46.4%), NDRG?2 (36.9%) and BCR (26.4%).
Moreover, the low-frequency genes significantly increased
from 866 variants in AP-CML to 1321 variants in BC-CML
(P=0.0000) (Figure 2).
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Figure 2. A comparison of the variants’ percentage increase
from AP-CML to BC-CML in the highest variant frequency genes
found in our study subjects.

Druggability of Pan-Leukemic Mutations of BC-CML and
Drug Repurposing

This study centers on genes amenable to pharmacological
intervention, irrespective of the frequency of their variants. A gene
is deemed druggable if any pharmacological agent associated
with this gene has been identified for treating AML in the
pandrugs2 database and relevant literature, whether as a targeted
therapy or as part of chemotherapy. Among the 64 mutated genes
identified in our BC-CML patients, 9 were druggable genes that
have received FDA approval for use in AML or ALL patients.
The variant frequencies of these druggable genes were notably
low within our BC-CML patient samples. The gene exhibiting
the highest variant frequencies among those amenable to
pharmacological intervention, alongside mutations in the ABL
gene, was NPM1(1.98%), succeeded by DNMT3A4 (1.86%), PML
(1.82%), AKTI (1.62%), CBL (1.30%), JAK2 (0.71%), TET2
(0.59%), IDH1 (0.32%), and BCL2 (0.20%) (Figure 3). Despite
the low variant frequencies of these genes among our study
subjects, the observed variants exhibited a notable percentage
increase from AP-CML to BC-CML, underscoring their critical

involvement in disease progression (Figure 4).
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Most of these genes were associated with FDA-approved
targeted therapies for treating AML patients broadly, except
for IDHI, which had an FDA-approved drug specifically for
patients with IDH1-positive AML (Table 2). The medications
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sanctioned by the FDA include venetoclax, bortezomib,
doxorubicin, mitoxantrone, tretinoin, quizartinib, decitabine,
azacitidine, arsenic trioxide, and ivosidenib. BCL2 emerged
as the most important gene associated with FDA-approved
pharmacological interventions for treating ALL patients,
specifically venetoclax, doxorubicin, and vincristine (Table
2). Pharmaceuticals sanctioned by the FDA for various forms
of leukemia are classified based on their genetic interaction
mechanisms, including drugs that directly target specific gene

mutations found in leukemia cells (Table 3).
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Figure 4. Variants in the druggable hgenes that have FDA-approved

drugs to treat AML or ALL, along wit

AP-CML to BC-CML patients in our study subjects.

Table 2.

their percentage increase from

List of the most significant druggable mutations in BC-CML with
available FDA-approved drugs.

Gene  |Drug FDA approved [Clinical trial | Act
IAML (combined
iwith azacitidine,
decitabine, or low-
% &
VENETOCLAX dose ¢ bine) CML DT
& CLL with 17p
deletion
BCL2 IDOXORUBICIN |AML & ALL IBCL2-AML BM
IMITOXANTRONE|AML IBCL2-AML BM
TRETINOIN
(ATRA) APL BCL2-AML  |BM
IALL & lymphoid
I'VINCRISTINE BC-CML, IBCL2-ALL BM
IBORTEZOMIB* MM and MCL |- DT
CBL QUIZARTINIB [FLT- AML CBL-AML BM
GATA2 BORTEZOMIB* MM and MCL |CML BM
CMML (combined
IDECITABINE with cedazuridine) [DNMT3A-AML | DT
DNMT3A4 & AML
IAZACITIDINE |AML IDNMT3A-AML |BM
FGFR3 |QUIZARTINIB |FLT- AML CBL-AML BM
IVOSIDENIB IDH1-AML CML DT
IDH1 IDHI-ALL
IAZACITIDINE* |AML (combined with |BM
'VENETOCLAX)
JAK2  |PACRITINIB Myelofibrosis |- DT
IAML (combined
with az?lcitidine,
NPMI [VENETOCLAX* (decitabine orlowsypyyy sy gy
dose cytarabine)
& CLL with 17p
deletion

* Effective against more than one type of mutation. DT, direct target;
BM, biomarker:
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Table 2 (continued).

List of the most significant druggable mutations in BC-CML with
available FDA-approved drugs.

Gene |Drug FDA approved Clinical trial | Act
ARSENIC
TRIOXIDE + PML-RARA-
PML | TRETINOIN  |APL - DT
(ATRA)
CMML
DECITABINE  |(combined | rprs ovip | BM
with cedazuridine)
TET2 & AML
AZACITIDINE* |AML TET2-CML | BM
ARSENIC
AKTI TRIOXIDE APL AKTI1-APL | DT

* Effective against more than one type of mutation.
DT, direct target; BM, biomarker

Table 3.

FDA-approved drugs, anti-leukemic targeted therapies that can
directly target BC-CML mutations.

Dru Disease for which FDA- Gene targets
g approval granted (PanDrugs2)

2 BCL2, BCR, EZH2,
VENETOCLAX AML IDH], and NPM]1

23 BCL2, PDK4, PML,
TRETINOIN APL and RARA

BCL2, FGFR3, and
BORTEZOMIB MM and MCL # GATA?
ZANUBRUTINIB CLL and SLL % EGFR and JAK2
IVOSIDENIB IDHI+ AML % IDHI
TAZEMETOSTAT  |EZH2+-Follicular | 17
ymphoma %

RUXOLITINIB Myelofibrosis 2 JAK2, MPL
PACRITINIB Myelofibrosis 2 JAK2
ARSENIC TRIOXIDE| APL 3¢ AKTI, PML

23 BCL2, PDK4, PML,
TRETINOIN (ATRA) |APL and RARA

In summary, notable genetic alterations were identified
in patients who had progressed to the advanced stages of
CML. The laboratory findings and clinical characteristics
linked to the progression of CML included anemia,
leukocytosis, splenomegaly, and hepatomegaly. Patients
with BC-CML exhibited more variants within their mutated
genes, demonstrated suboptimal treatment responses, and
experienced diminished overall survival rates. The genes
exhibiting the highest variant frequencies in the advanced
stages of CML were found to overlap with those associated
with AML/ALL lineages (pan-leukemic genes). Many genes
are amenable to pharmacological intervention using drugs
already approved by the FDA and EMA for treating different
hematological malignancies harboring target mutations.
Both FDA- and EMA-approved and investigational drugs
currently undergoing clinical trials, targeting these specific
gene mutations, represent promising avenues for personalized

therapeutic strategies in the context of BC-CML, particularly
in the TKI and post-TKI landscape.

Discussion

An extensive investigation was conducted on the clinical
characteristics and pan-leukemic gene mutations in advanced-
phase CML patients to gain a profound understanding of the
biology, genetics, and potential precision medicine of severe
and fatal clinical manifestations (blast crisis) of this treatable
cancer.*® Our study revealed a noteworthy association between
BC-CML and hepatomegaly (P=0.0014), while splenomegaly
exhibited significance in AP-CML (P=0.0014). The mean
hemoglobin level, WBC count, platelet count, hepatomegaly,
splenomegaly, and survival status of patients in the advanced
phase of CML exhibited significant differences from those in
the CP of CML. Nevertheless, the limitations of these clinical
parameters in the early identification of patients susceptible
to CML progression and in the pursuit of novel therapeutic
agents for challenging BC-CML cases underscore the
necessity for comprehensive genetic analysis. Such analysis
is crucial for uncovering molecular biomarkers indicative of
early progression and identifying druggable gene mutations
beyond BCR-ABL.3! The WES employed in our study was
utilized to identify druggable gene mutations, representing
one of the most effective methodologies for this objective.

Currently, five TKIs, namely imatinib, dasatinib,
nilotinib, bosutinib, and ponatinib, are commercially available
and have received approval for the treatment of CML by both
the FDA and the EMA, while another TKI called asciminib is
on the verge of approval very soon.232 These approvals come
with specific recommendations that consider various factors,
including the stage of CML at diagnosis, dosage, BCR-ABL
mutations, and reimbursement considerations. However,
it is noteworthy that approximately 20%-30% of patients
encounter resistance to these inhibitors, which can lead to
treatment failure and disease relapse, ultimately resulting in
BC-CML. Furthermore, considering the availability of all first-,
second-, third-, and fourth-generation TKIs, the median overall
survival and failure-free survival for BC-CML are recorded
at 23.8 months and 5 months, respectively.>**3*Furthermore,
certain TKIs have demonstrated the potential to induce liver
complications, including hepatotoxicity and hepatomegaly, a
phenomenon also observed in our cohort of patients receiving
TKI treatment.?* This underscores the imperative to identify
supplementary drug targets and ensure the availability of
alternative pharmacological options for treating BC-CML. This
may be accomplished by repurposing existing drugs currently
utilized in the clinical management of AML and ALL, given
that BC-CML presents as either M-BC-CML or L-BC-CML.%

Consequently, we have curated a selection of genes
previously identified in AML and ALL to evaluate their
potential for drug targeting, given that numerous gene
mutations in these conditions are currently recognized as
targets for FDA and EMA-approved therapies, in addition to
various experimental drugs.

Around 80% of BC-CML patients are classified as M-BC,
whereas 20% fall under L-BC, with B cells demonstrating a
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greater prevalence than T cells.** Nevertheless, individuals
diagnosed with L-BC exhibit more favorable outcomes
than those with M-BC. The assessment of NGS panels to
identify frequently mutated lymphoid or myeloid genes
may be contemplated; however, it continues to be regarded
as an experimental methodology in CML. Nonetheless,
integrated therapeutic approaches have been implemented
for myeloid instead of lymphoid BC-CML, drawing upon
treatment strategies for AML and ALL, respectively.
Recent small, single-arm studies have reported on M-BC,
indicating that the combination of a second-generation TKI
or ponatinib with decitabine or azacytidine yields complete
cytogenetic response rates ranging from 33% to 43%,
alongside a median overall survival of 13.8 to 27.4 months.*
Strati et al.*® assessed the efficacy of imatinib (400-800 mg
daily) and dasatinib (50-140mg daily) in conjunction with
hyperfractionated cyclophosphamide, vincristine, adriamycin,
and dexamethasone (hyperCVAD) in a cohort of 42 patients.
The rates of complete cytogenetic response (CCyR) and
complete hematologic response (CHR) were found to be 90%
and 58%, respectively. In a more measured approach, Rea et
al.*” assessed the combination of IM 800 mg with vincristine
and dexamethasone in a cohort of 13 patients with lymphoid
blast phase. Among the 12 patients assessed, 11(91.7%)
attained a complete hematologic response, while 4(33.3%)
reached complete cytogenetic response.

The results from our WES revealed that the genes
exhibiting the highest variant frequencies in BC-CML
samples were RPTOR (7.3%), followed closely by BRCA1/
BRCA2 (7.0%), BCR (6.0%), STABI (4.6%), NFI (4.4%),
ACINI (4.4%), EGFR (3.9%), NDRG2 (3.7%), ERG (3.3%),
and MYHI1I (3.1%). The gene with the highest frequency of
variants that drugs can target was NPM1 (1.98%), followed
closely by DNMT34 (1.86%), PML (1.82%), AKTI (1.62%),
CBL (1.30%), JAK2 (0.71%), TET2 (0.59%), IDHI (0.32%),
and BCL2 (0.20%). The genes associated with AML lineage
have been linked to nine FDA-approved drugs, whereas
those related to ALL lineage are associated with only one
FDA-approved drug. This is logical, as both AML and
CML originate from the myeloid lineage, sharing a greater
number of gene mutations than does ALL. Furthermore,
ivosidenib received FDA approval for treating AML patients
harboring IDH1 mutations, establishing its status as a targeted
therapeutic agent. While all other FDA-approved medications
identified in this study are indicated for treating AML/ALL
irrespective of a specific gene mutation, they are classified as
targeted therapies due to their mechanisms of action, which
involve the targeting of genes. This suggests that IVO and
other FDA-approved medications for AML and ALL should
be regarded as targeted therapies for CML patients exhibiting
these gene mutations.

The FDA has sanctioned a range of pharmacological
agents for the treatment of gene mutations associated with
AML and ALL (venetoclax [VEN], bortezomib, ivosidenib
[IVO], azacitidine [AZA], decitabine [DEC], doxorubicin
[DOX], mitoxantrone [MIT], vincristine [VIN], quizartinib
[QUI], arsenic trioxide [ATO], all-trans retinoic acid
[ATRA], and pacritinib [PAC]), which are also relevant to

our BC-CML patients. Arsenic trioxide (ATO) and all-trans
retinoic acid (ATRA) have obtained FDA approval for their
application in treating acute promyelocytic leukemia. 23 A
study conducted in China has indicated that increased levels
of ATO successfully sustain ERK phosphorylation, which in
turn activates CDKN1A expression and results in apoptosis.
Conversely, therapies utilizing reduced doses of ATO lead
to an elevation in AKT1 expression, suppressing CDKNI1A
promoter activity and diminishing apoptosis. Consequently,
ATO exhibits its therapeutic efficacy primarily at elevated
doses.®® Furthermore, patients with CML who demonstrate
gain-of-function mutations in AK7/ may show a positive
response to standard doses of ATO, given that their AKT!/
expression profiles resemble those seen with low-dose ATO
treatments. In the interim, ATRA has demonstrated promise
in inhibiting BCL2 and MCLI, indicating its potential as a
targeted therapeutic approach for CML patients with BCL2
mutations.?-Moreover, the FDA has sanctioned a combined
treatment approach of ATRA and ATO specifically for patients
with acute promyelocytic leukemia who possess the PML-
RARA fusion. This fusion protein serves as a direct target for
the combination of drugs that have demonstrated significant
rates of complete remission, improved overall survival,
enduring and profound molecular responses, and a minimal
relapse risk.2! As a result, patients with CML exhibiting PML
alterations could derive substantial advantages from either
combination therapy or monotherapy utilizing ATRA or ATO.
VEN has received FDA approval as a targeted therapy that
specifically inhibits BCL2 in individuals diagnosed with
AML and those exhibiting chromosome 17p deletions in
CLL.%%4! Furthermore, the integration of dasatinib and VEN
has demonstrated both safety and efficacy in managing CP-
CML, attaining response rates comparable to those seen
with dasatinib monotherapy.*? This underscores the possible
significance of VEN in managing CML patients presenting
BCL?2 variants, particularly those who may show resistance
to TKIs. Patients with AML exhibiting NPMI mutations have
demonstrated notable sensitivity to VEN.% Furthermore, VEN
has shown significant effectiveness when used alongside
HMAs or chemotherapy in treating /DH/-mutated AML, and
it has successfully managed relapse in ALL associated with an
IDHI mutation.**

The results indicate that VEN may provide advantages
for CML patients possessing IDHI, NPM1, or BCL2 variants.
Another drug targeting /DH1 that has received FDA approval
is IVO, which is indicated for patients with relapsed or
refractory AML.2 The FDA has approved AZA to be utilized
as a maintenance therapy for adult patients with AML who
are unable to pursue additional intensive curative treatments
and have achieved complete remission, regardless of whether
they have experienced incomplete blood count recovery
following intensive induction chemotherapy.® AZA has
proven effective when utilized alongside targeted therapies
like VEN, which focus on variants in BCL2 and IDHI % A
separate study indicated that elderly AML patients or those
deemed unfit for intensive chemotherapy, when treated with
VEN in conjunction with HMAs like AZA, have not only
demonstrated improved overall survival but have also set a new
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standard of care, exceeding the results achieved with HMAs
alone.*ZMoreover, the FDA has sanctioned the combination
of AZA and IVO for the treatment of newly diagnosed /DH -
mutated AML patients, encompassing those who are elderly or
present with comorbidities.? Furthermore, the incorporation
of AZA into chemotherapy protocols has resulted in prolonged
survival for AML patients possessing the distinct DNMT3A4
variant, R882. This observation indicates its potential role as a
biomarker for AZA efficacy in chemotherapy, independent of
additional targeted treatments.*® AZA’s extensive applicability
and established efficacy highlights its significant therapeutic
influence in the management of leukemia, as well as its potential
as a targeted treatment for CML patients harboring mutations in
DNMT3A4, IDHI, or BCL2, whether utilized as a monotherapy
or in conjunction with other pharmacological agents. DEC
is an HMA and DNMT inhibitor that has been granted FDA
approval for use in conjunction with VEN to address newly
diagnosed AML patients who are either elderly or unsuitable
for intensive therapy.” Moreover, HMAs have demonstrated
efficacy in individuals possessing TET? variants.* DOX,
belonging to the anthracycline class of chemotherapeutic
agents, has received FDA approval to treat various cancers,
including ALL and AML.®® The concentration of the drug
exhibited an inverse relationship with the expression of a
BCL?2 variant throughout treatment. Notably, DOX exhibits a
selective ability to induce apoptosis in relapsed AML cells,
which can be partially ascribed to its targeted inhibition of
the BCL2 variant.>! Mitoxantrone (MIT) has received FDA
approval for the treatment of adult AML.3 Investigations
have demonstrated that MIT induces programmed cell death
in AML cells, alongside a significant reduction of BCL2.32
The findings suggest that MIT may specifically focus on
mutated BCL2, indicating its potential application in treating
CML patients exhibiting BCL2 variants. VIN has received
FDA approval to treat a range of malignancies, encompassing
ALL, B-cell ALL, and lymphoid BC-CML.** Moreover, an
experimental investigation has revealed that VIN significantly
diminishes BCL2 protein levels in human ALL cells. The
effect is further amplified when VIN is combined with Huaier
aqueous extract.

In addition, quizartinib (QUI) is an FDA-approved
FLT3 inhibitor designated for patients with FLT3-positive
AML.*¢ Loss-of-function variants in CBL correlate with
a phenotype characterized by either hyperactivation or
heightened sensitivity of FLT3. Research indicates that QUI
significantly suppresses cell proliferation in wild-type FLT3
cells; a phenomenon linked to the diminished activity of cCBL
E3 ligase resulting from the loss-of-function variant in CBL.*
The results indicate that CBL mutations may function as a
biomarker for the effectiveness of FLT3 inhibitors, presenting a
potentially advantageous therapeutic strategy for CML patients
harboring CBL variants. Pacritinib (PAC) is a tyrosine kinase
inhibitor that demonstrates comparable effectiveness against
both FLT3 and JAK?2, and it has received FDA approval for
the management of myelofibrosis.? Studies indicate that PAC
effectively inhibits the phosphorylation of /RAK/ in AML
cells, resulting in diminished viability and survival in AML
cell lines with diverse mutations. Moreover, IRAK [ has been

identified as being overexpressed in chronic myelomonocytic
leukemia (CMML). The administration of PAC demonstrates
independent efficacy in primary CMML cells, and it has
enhanced effects when combined with AZA. Furthermore,
PAC extensively inhibits kinase-signaling pathways involved
in tumor progression, including the driver mutations associated
with J4K2. Exhibiting clinical tolerability and efficacy in
conditions such as chronic myeloproliferative diseases, PAC
distinguishes itself through its limited myelosuppressive and
immunosuppressive characteristics in contrast to other JAK2
inhibitors that similarly influence JAK! signaling.® These
attributes highlight PAC’s potential for incorporation into
current treatment protocols for CML.

Nevertheless, the RPTOR gene was a highly mutated
gene in our AP- and BC-CML patients, underscoring its
critical role as a drug target for precision medicine in BC-
CML. RPTOR constitutes a component of the mTOR pathway,
which is subject to modulation by mTOR inhibitors.?! The
mTOR inhibitors that have received FDA approval include
the rapamycin derivatives temsirolimus, everolimus, and
ridaforolimus; however, their use is not indicated for blood
cancer.” Reports indicate that temsirolimus and everolimus
exert an inhibitory effect on mTORC2 in AML cells by
activating the AKT signaling pathway. Furthermore, it has
been noted that additional clinical studies involving patients
with hematologic malignancies who were administered these
medications yielded analogous outcomes.® The findings
indicate that mTOR inhibitors may serve as a targeted
therapeutic approach for leukemia patients exhibiting
mutations in AKTI, AKT2, and RPTOR. Moreover, an
experimental investigation has demonstrated that everolimus
proved effective in addressing TKI-resistant CML cells, with
a synergistic effect noted when combined with imatinib.3
A further investigation revealed that ponatinib-resistant
CML cells might acquire resistance via mechanisms that are
not reliant on BCR-ABL, predominantly by activating the
mTOR pathway. mTOR inhibitors have been recognized as
potent agents in combating these resistant cells, facilitating
the process of autophagy. Furthermore, it has been observed
that the suppression of autophagy could amplify the cytotoxic
effects of mTOR inhibitors in these cells. The combination
of hydroxychloroquine, an autophagy inhibitor, markedly
diminished cell viability in vitro and enhanced survival in vivo
when compared to treatment with the mTOR inhibitor alone.®
The findings highlight the significance of mTOR inhibitors in
managing TKI-resistant CML, particularly for patients with
RPTOR variants, which were notably mutated among our study
subjects. This observation advocates for further investigation
into combination therapies that could potentially augment the
effectiveness of current treatment modalities.

The BCR (B-cell antigen receptor) gene has also been
found to be a highly mutated gene in our advanced-phase
CML patients in this study. The signaling of BCR plays a
crucial role in the progression of CLL. Alterations in the BCR
gene can influence the signaling pathway, thereby promoting
the proliferation and survival of CLL cells. An essential
element in this pathway is Bruton’s Tyrosine Kinase (BTK),
whose inhibition interferes with BCR signaling, diminishing
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the growth and viability of CLL cells. Consequently, BTK
has become a pivotal focus for innovative treatments in CLL
and various B-cell-associated conditions. At present, multiple
generations of BTK inhibitors are available. Ibrutinib, as
the inaugural BTK inhibitor, has profoundly transformed
the therapeutic landscape for CLL, attaining unprecedented
response and survival rates. Second-generation BTK
inhibitors, including acalabrutinib and zanubrutinib, provide
enhanced specificity for BTK, thereby reducing side effects.
Furthermore, the novel BTK inhibitor, pirtobrutinib, has
been formulated to enhance efficacy and tackle the resistance
observed with earlier BTK inhibitors, and it has recently
received FDA approval for CLL.2 It is prudent to consider
the application of these inhibitors for treating BC-CML with
BCR variants, especially when used in conjunction with TKIs,
as the presence of variants in BCR may contribute to TKI
resistance in patients with BC-CML.

Gilteritinib and midostaurin are FDA-approved FLT3
inhibitors utilized in the treatment of AML. These agents are
employed in a range of therapeutic protocols, demonstrating
efficacy in both newly diagnosed FLT3-mutated AML and in
instances of relapse or refractory cases.® Quizartinib (QUI)
represents an additional FLT3 inhibitor that has received FDA
approval for patients with FLT3-positive AML.** Moreover,
loss-of-function variants in CBL correlate with a phenotype
characterized by either hyperactivation or heightened sensitivity
of FLT3. Research indicates that QUI significantly hampers cell
proliferation in wild-type FLT3 cells, a phenomenon linked to
diminished cCBL E3 ligase activity resulting from the loss-of-
function variant in CBL.*” A study has illustrated the importance
of NPM1 in AML patients as a noteworthy positive prognostic
indicator in assessing the response to midostaurin. ¢ The findings
indicate that CBL and NPMI mutations may function as a
biomarker for the effectiveness of FLT3 inhibitors, presenting a
potentially advantageous therapeutic strategy for CML patients
harboring CBL or NPM1 variants.

Moreover, Xiang et al.®® discovered that pyrvinium,
an FDA-approved medication for pinworm infections,
demonstrates efficacy in treating BC-CML patients. The
mechanism of action varies according to the specific type of
cancer being addressed. Pyrvinium demonstrates an inhibitory
effect on mitochondrial respiration in the context of CML, and
its combination with dasatinib enhances apoptosis, thereby
improving therapeutic outcomes for patients exhibiting
resistance to TKI treatment. Nevertheless, it has yet to receive
approval for patients with CML.

Status of Drug Repurposing in Evidence-Based Cancer
Treatment

Despite the existence of numerous treatment protocols,
these interventions often lead to the emergence of drug resistance
in malignant cells, thereby diminishing the effectiveness of
anticancer agents. This underscores the pressing necessity
for innovative therapies to address the challenge of drug
resistance. Nonetheless, developing a new drug approved for
clinical use is a protracted endeavor, typically spanning 10 to
15 years and incurring costs ranging from 1 to 2 billion dollars.
This intricate process commences with the design phase and

progresses through various stages until safety and efficacy are
established.®® Furthermore, clinical evaluations are essential to
ascertain appropriate dosing and effectiveness, and the shift to
clinical application necessitates adherence to various regulatory
and commercial stipulations. In addressing this challenge,
drug repurposing is employed, wherein existing medications
are utilized for alternative therapeutic applications that extend
beyond their original indications. In contrast to the conventional
de novo drug development approach, drug repurposing presents
numerous benefits, such as improved efficiency, decreased time
and financial expenditures, and a lower likelihood of failure.
Furthermore, it leverages established understanding of drug
mechanisms, thus enhancing the efficacy of clinical translation.®

In recent years, notable advancements in computational
resources have enabled a methodical approach to drug
repurposing. These resources employ diverse information
sources, including electronic health records, genome-wide
association analyses, gene expression profiles, pathway
mappings, compound structures, target binding assays, and
phenotypic profiling data. Furthermore, there has been a
recent emphasis on computational repurposing methodologies,
especially those centered around machine learning algorithms.
Moreover, databases are meticulously crafted to facilitate in-
silico drug repurposing, such as the Drug Repurposing Hub,
repoDB, pandrugs, PathSurveyor, and RepurposeDB.%
Consequently, our findings present a pragmatic approach to
integrating genomics and multi-omics technologies alongside
existing computational resources, facilitating the discovery
of novel biomarkers, drug targets, and therapeutic options
for various clinical manifestations with limited treatment
modalities, such as BC-CML .22

Future Perspective

Our integrative genomics and Al-guided drug
repurposing approach for BC-CML highlights a paradigm
shift beyond traditional cancer therapeutics. By uncovering
actionable, druggable mutations already targeted by approved
therapies,®2 our strategy provides a highly pragmatic
blueprint for precision medicine, especially for relapsed,
refractory, and untreatable malignancies. As the success
of drug repurposing during the COVID-19 pandemic has
shown,®87  harnessing existing pharmacological arsenals
through advanced multi-omics and Al technologies™ can
dramatically accelerate treatment innovation, offering hope
for many patient populations historically considered beyond
therapeutic reach. Our current study builds upon our earlier
propositions advocating Al-assisted drug repositioning as a
pragmatic route to precision oncology post-COVID-19.2

Building upon our findings identifying actionable
mutations in myeloid/lymphoid lineage genes of BC-CML,
practical oncology clinics can now immediately apply targeted
repurposing strategies to manage otherwise untreatable cases.
FDA-approved agents such as venetoclax, ivosidenib, and
decitabine, traditionally used for AML and other hematologic
malignancies, can be stratified based on mutational profiling
at diagnosis or relapse. Integrating Al-guided drug-matching
platforms into routine workflows will enable oncologists to
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select patient-specific therapies rather than relying solely
on TKIs, which often fail in the blast phase. By 2026 and
beyond, precision repurposing will likely be incorporated
into standard clinical practice guidelines for advanced-phase
CML, supported by the evolving paradigm of molecular
reclassification in clinical trial designs” and predictive
oncology models.”® Advances in biomarker-driven therapies
and personalized molecular-targeted strategies will further
catalyze this transformation.”” Our approach complements
emerging international frameworks for repositioning strategies
in aggressive leukemias, potentially reshaping future NCCN
and ESMO guidelines.”®

Conclusions

In our study, significant numbers of druggable
mutations in genes associated with the AML/ALL lineage
are identified in BC-CML patients when employing highly
sensitive NGS techniques. The NGA technique, boasting
coverage of 100X or greater, facilitates the identification of
druggable gene mutations within AML-/ALL-lineage genes
across nearly all BC-CML patients. Many drugs target these
AML-/ALL-lineage gene mutations, and many are currently
undergoing active trials or have already secured FDA
approval. Consequently, our research offers valuable guidance
for repurposing existing pharmaceuticals and exploring
innovative therapeutic alternatives, thereby facilitating a more
personalized approach to treatment for patients with BC-
CML. Extensive, large-scale, and prospective investigations
concerning druggable pan-cancer genes are essential to yield
comprehensive insights into the molecular oncogenesis of
BC-CML. Such studies are crucial for identifying novel
biomarkers, drug targets, and therapeutic alternatives for this
severe clinical presentation in CML.
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Abstract

Background: Stomach adenocarcinoma (STAD) is the fifth most common malignant tumor worldwide in terms of both incidence
and mortality. Treatment and prognosis face great challenges. We aimed to identify potential therapeutic targets or prognostic
genes by analyzing STAD RNA-seq and clinical data, as well as ferroptosis-related genes.

Methods and Results: RNA-seq and clinical data of STAD were downloaded from the Cancer Genome Atlas (TCGA) database,
and ferroptosis-related gene data were downloaded from the FerrDb V2 website. Bioinformatics and statistical analyses were
performed using R software, and statistical significance was set at P<0.05.

We screened 1384 differentially expressed genes (DEGs) between STAD and normal tissues, including 24 ferroptosis-related
DEGs. Among these 24 genes, we further screened four hub genes related to survival prognosis: NOX2, PRKAA2, FABP4, and
PDK4. Through single-gene survival analysis and Cox regression analysis, and by constructing a prognostic model, we found that
STAD patients with low expression of NOX2, PRKAA2, FABP4, and PDK4 had significantly longer survival times; the difference
was statistically significant (P<0.05).

Conclusion: We identified four ferroptosis-related DEGs in STAD that are associated with prognosis. These four genes have the
potential to become targets for STAD treatment.(International Journal of Biomedicine. 2025;15(3):483-489.)
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Introduction

Stomach adenocarcinoma (STAD) is a malignant
tumor originating from gastric mucosal epithelial cells. The
pathological types of STAD vary. In 1965, P. LAUREN
classified STAD into intestinal and diffuse types according
to whether the tumor had intestinal metaplasia.l According

to the Sth Edition of the World Health Organization (WHO)
classification system in 2019, the most common pathological
types of STAD include tubular, papillary, poorly cohesive,
mucinous, and mixed adenocarcinomas.? According to data
released in 2024 by the International Agency for Research
on Cancer (IARC), there are 968,350 new cases of STAD
worldwide, accounting for 4.9% of all new cases of 36 cancers,
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and 659,853 deaths, accounting for 6.8% of the deaths of 36
cancers. Morbidity and mortality rates are ranked fifth in the
world.? Although the incidence rate of STAD is relatively low
compared to lung cancer, which has an incidence rate of 11.7%,
it is still the fifth largest cause of cancer-related deaths in the
world.#? The incidence of STAD is associated with various
factors, including Helicobacter pylori infection, genetic
factors, environmental factors, dietary factors, and others. The
choice of treatment strategies for patients with STAD is closely
related to their clinical stage. For non-metastatic STAD,
combination therapy, such as perioperative chemotherapy or
postoperative chemotherapy plus chemoradiation, is usually
the preferred option, and palliative treatment is typically
employed for metastatic and unresectable STAD.¢ Although
the incidence of STAD has declined over the past fifty years,
its global 5-year survival rate remains at only about 25-30%,
7 making it a significant global health burden due to its poor
prognosis. In addition, studies have shown that the incidence
of STAD is increasing in younger age groups.** Therefore, the
diagnosis, treatment and prognosis of STAD in the world are
still facing severe challenges.

Ferroptosis is an iron-dependent, non-apoptotic form of
cell death proposed by Dr. Brent R. Stockwell of Columbia
University in 2012.8 Ferroptosis is an iron-dependent,
regulated, unique mode of cell death.? It is mediated by lipid
peroxidation, resulting in a large accumulation of intracellular
reactive oxygen species (ROS), which eventually leads to cell
death.?Numerous studies have indicated that tumor suppression
or growth is associated with ferroptosis. For example, Ma
et al. found that CD8+ T cells with up-regulated CD36
expression promoted ferroptosis by ingestion of excessive
polyunsaturated fatty acids (PUFAs), thus causing them to
lose their ability to regulate tumors and promoting tumor
growth.”® Wang et al.!! suggested that in the immunotherapy of
tumors, activated CD8+T cells secrete [FNyto downregulate
the expression of two subunits of the glutamate cysteine efflux
system xc—, SLC3A2, and SLC7A11, thereby promoting lipid
peroxidation in tumor cells, ultimately leading to ferroptosis
and inhibiting tumor growth. Ferroptosis may also serve as
an effective therapeutic target for the treatment of pancreatic
cancer, lung cancer, and liver cancer.!213 These studies have
shown that the pathological process of tumors is closely
related to ferroptosis.

STAD cells can evade ferroptosis by up-regulating GPX4,
thereby promoting tumor progression; however, knocking
out GPX4 or inhibiting ferroptosis resistance with drugs can
significantly suppress tumor growth and delay the progression
of metastasis.** The microprotein HCP5-132aa encoded by
HCP5 enhances the interaction between YBX/ and ELAVLI,
maintains SLC7A11 levels, and thereby inhibits ferroptosis to
promote the proliferation and metastasis of STAD cells.** These
studies indicate that the investigation of ferroptosis-related
genes in STAD can not only uncover potential new therapeutic
targets but also serve as prognostic markers. Therefore, the
discovery of additional ferroptosis-related genes in STAD
could provide significant benefits for both clinical practice and
patients with this cancer. In this study, we aimed to perform
bioinformatics analysis on the RNA-seq profiles and clinical

data of STAD samples downloaded from the Cancer Genome
Atlas (TCGA) database to identify ferroptosis-related genes
associated with the survival prognosis of STAD patients. This
study may provide a reference for the prognostic evaluation
of patients with STAD or the search for therapeutic targets in
clinical practice.

Materials and Methods

Data Acquisition and Processing

RNA-seq profiles and clinical data of 379 STAD
samples and 34 normal tissue samples were downloaded from
the TCGA website (https://portal.gdc.cancer.gov) on August
31, 2024. The GTF annotation file was then used to convert
the Ensemble gene ID to a gene symbol. We downloaded 717
ferroptosis-related genes from the FerrDb V2 website (http://
www.zhounan.org/ferrdb/current/), including 369 driver and
348 suppressor genes. R software (R4.4.0 version) and online
websites were used for data analysis.

Identification of Significantly Differentially Expressed Genes

R software was used to pre-process the sample data, and
the “Limma” R package was used to screen for DEGs. The
cut-off values were determined according to the parameters
P<0.01 and false discovery rate < 0.01. The absolute value of
log2FC > 2 and adjusted P-value <0.01 was used to screen for
significant DEGs. Visualization of DEGs using volcano plots.
We then took the intersection of DEGs and ferroptosis-related
genes to screen for ferroptosis-related DEGs. The intersection
genes were visualized using a Venn diagram.

Functional Enrichment Analysis of Ferroptosis-Related
DEGs

The ferroptosis-related DEGs were visualized using
heatmaps, and the Kyoto Encyclopedia of Genes and Genomes
(KEGGQG) pathway analysis was performed using R software.
Gene Ontology (GO) functional enrichment analysis of
ferroptosis-related DEGs, including biological process (BP),
cellular component (CC), and molecular function (MF), was
performed using the Wei Sheng Xin online website (https://
www.bioinformatics.com.cn). Statistical significance was set
at P<0.05.

Protein-Protein Interaction (PPI) Network Analysis and
Screening of Hub Genes

The PPI network was predicted using the Search Tool
for the Retrieval of Interacting Genes (STRING: http://string-
db.org, Version12.0), and the Cytoscape software (Version
3.10.2) was used to screen hub genes. Here, we selected the
top ten genes in the node scores as hub genes.

Single-Gene Survival Analysis, Cox Regression Analysis,
and Constructing Prognostic Models

We performed single-gene survival analysis on hub
genes, and statistical significance was set at P<0.05. We then
selected genes with statistical significance for Cox regression
analysis using the Wei Sheng Xin online website (https://
www.bioinformatics.com.cn) to create a forest map. The
key genes selected were utilized to perform risk scoring and
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construct a prognostic model using R software. Receiver
operating characteristic (ROC) curves were plotted to assess
the model’s predictive accuracy for 1-year, 3-year, and 5-year
survival rates. Additionally, Kaplan-Meier (K-M) curves were
generated to compare survival differences between high-risk
and low-risk groups.
Statistical analysis

All statistical analyses were performed using R software
or specialized online tools: R software was employed for
DEGs screening and single-gene survival analysis, whereas
functional enrichment analysis and Cox regression analysis
were conducted using the online platform Wei Sheng Xin. P<
0.05 was considered statistically significant.

Results

Differentially Expressed Genes

After standardized processing of microarray data results,
we used the Limma package to screen 1384 DEGs, including
503 up-regulated genes and 881 down-regulated genes (Figure
1). Subsequently, we intersected the 1,384 differentially
expressed genes with 717 ferroptosis-associated genes that
we had downloaded, resulting in the identification of 25
ferroptosis-related DEGs. These genes encompassed five up-
regulated driver genes, seven up-regulated suppressor genes,
two down-regulated driver genes, and 11 down-regulated
suppressor genes. Notably, among the down-regulated genes,
PRKAA?2 emerged as an overlapping gene between driver and
suppressor categories. Based on the FerrDb score and further
KEGG pathway analysis, PRKAA2 was classified as a down-
regulated driver gene (Table 1).
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Figure 1. Differentially expressed genes.

Ultimately, we curated a list of 24 ferroptosis-related
DEGs and visualized their expression profiles using a heatmap
(Figure 2).

Table 1.
Ferroptosis-related DEGs.
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Figure 2. Ferroptosis-related DEGs.

Functional Enrichment Analysis of Ferroptosis-Related
DEGs

Functional enrichment analysis was performed on
the 24 ferroptosis-related DEGs. Through KEGG pathway
analysis, we found that ferroptosis-related DEGs were mainly
enriched in the chemical carcinogenesis reactive oxygen
species pathway (Figure 3), including up-regulated and down-
regulated genes. GO analysis results showed that the changes
in BP of ferroptosis-related DEGs were significantly enriched
in the fatty acid metabolic process, monocarboxylic acid
biosynthetic process, cellular ketone metabolic process, fatty
acid biosynthetic process, response to fatty acids, carboxylic
acid biosynthetic process, organic acid biosynthetic process,
response to oxygen levels, and prostanoid metabolic process.
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Figure 3. KEGG pathway analysis of ferroptosis-related DEGs.

Changes in CC were significantly enriched in the NADPH
oxidase complex, oxidoreductase complex, intercellularbridge,
messenger ribonucleoprotein complex, telomere cap complex,
nuclear telomere cap complex, chromosome, telomeric
repeat region, invadopodium, pericentric heterochromatin,
and telomerase holoenzyme complex. Changes in MF were
significantly enriched in oxidoreductase activity(acting on
NAD(P)H), bile acid binding, monocarboxylic acid binding,

Up driver DEG Up suppressor DEG

Down driver DEG Down suppressor DEG

HELLS, RRM?2,
KIF204, ETV4, TERT,

LINC01833

NOXI, NOX4, MYB,
IDOI1, HOTAIR

Gene names

GDF1I5,

AKRICI, AKRIC2, FNDC5,
BEXI, ASAH2, FABP4, SOX2,
PDK4, ADIPOQ, GSTM1

PRKAA2, CPEBI




486 Q. Liu et al. / International Journal of Biomedicine 15(3) (2025) 483-489

alditol: NADP+ 1-oxidoreductase activity, superoxide-
generating NAD(P)H oxidase activity, carboxylic acid
binding, organic acid binding, oxidoreductase activity(acting
on NAD(P)H, oxygen as an acceptor), alcohol dehydrogenase
(NADP+) activity and oxidoreductase activity(acting on the
CH-CH group of donors, NAD or NADP as an acceptor)
(Figure 4).
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Figure 4. GO vresults of three ontologies of
ferroptosis-related DEGs.

PPI Network Analysis and Hub Genes

We have constructed a PPI network comprising 24
ferroptosis-related DEGs wusing the STRING database.
Subsequently, we employed Cytoscape software to identify
the top 10 key ferroptosis-related DEGs based on their node
scores. These key genes include ADIPOQ, PDK4, FABP4,
NOX4, HELLS, KIF204, RRM2, FNDC5, PRKAA2, and
NOXI (Figure 5).

Figure 5. PPI network and hub genes of ferroptosis-related DEGs.

Single-Gene Survival Analysis, Cox Regression Analysis,
and Prognostic Models

By conducting single-gene survival analysis on the
10 key genes, we have ultimately pinpointed four genes
that are statistically significant: FABP4, NOX4, PDK4, and
PRKAA2 (P<0.05) (Figure 6). We further performed Cox
regression analysis on these four hub genes and found that
their Hazard Ratios were all < 1 (Figure 7). We constructed
a prognostic model using these four key genes and plotted
ROC curves. The area under the curve (AUC) values for 1-,
3-, and 5-year survival predictions were 0.587, 0.652, and
0.729, respectively. The sensitivity and specificity for 1-year

prediction reached 0.53 and 0.63, 0.59 and 0.71 for 3-year,
and 0.55 and 0.92 for 5-year predictions. K-M curve analysis
demonstrated significantly longer survival time in the low-risk
group compared to the high-risk group (P=0.0053) (Figure 8) .

Figure 6. Single-gene survival analysis of FABP4, NOX4,

PDK4 and PRKAA2.
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Figure 7. Cox regression analysis of NOX4, PDKA4,
PRKAA2, and FABP4 genes.
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Figure 8. (a). ROC curves and AUC values for predicting
1-year, 3-year, and 5-year survival rates; (b). Survival
analysis of high-risk and low-risk groups.

Discussion

STAD, a common and aggressive malignancy of the
digestive system, holds the fifth position globally in both
incidence and mortality rates. The diagnosis, treatment,
and prognosis of this disease are fraught with significant
challenges. As such, one of the most effective strategies in
managing STAD lies in the identification of appropriate and
efficacious therapeutic targets. In the past decade, ferroptosis
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has been a widely studied mode of cell death. We investigated
the ferroptosis-related DEGs in STAD tissues. NOX4, as
a ferroptosis driver gene,'® is highly expressed in STAD
tissues, which is consistent with previous studies.”® In our
study, despite the high expression of the NOX4 gene in STAD
tissues, survival analysis revealed that patients in the high-
expression group had significantly shorter survival times
than those in the low-expression group, with the difference
being statistically significant (P=0.013). NOX4, as a member
of the Nicotinamide Adenine Dinucleotide Phosphate
(NADPH) Oxidases family, primarily functions to produce
ROS. These ROS participate in a multitude of physiological
and pathological processes within cells, encompassing signal
transduction, angiogenesis, immune responses, and cell death,
thereby influencing cellular metabolism, proliferation, and
apoptosis.”? In STAD, elevated NOX4 expression may enhance
the sensitivity of tumor cells to ferroptosis and facilitate its
onset.22 However, in our study, high NOX4 expression did not
lead to prolonged patient survival. On the contrary, patients
in the high NOX4 expression group had significantly shorter
survival times compared to those in the low expression group.
This outcome is attributed to the fact that heightened NOX4
expression ultimately drives the progression and aggravation
of STAD by modulating tumor cell metabolism, proliferation,
and migration,2# which is consistent with the findings of Gao
et al.®2

FABP4 and PDK4, as ferroptosis suppressor genes,
exhibit lower expression levels in STAD tissues. Furthermore,
patients in the low-expression groups of FABP4 and PDK4
have longer survival times compared to those in the high-
expression groups, with statistically significant differences
(P-values of 0.0035 and 0.023, respectively). FABP4 is a
fatty acid-binding protein primarily expressed in adipocytes
and macrophages. It regulates fatty acid metabolism and
participates in systemic metabolic regulation through various
lipid signaling pathways, being implicated in multiple
diseases.**% FABP4, produced by tumor endothelial cells
and adipocytes in the tumor microenvironment, can induce
an increase in lipid droplets within tumor cells, leading to
resistance to oxidative stress and thereby avoiding the onset
of ferroptosis, further contributing to tumor progression.*
Therefore, patients with STAD who have low expression of
FABP4 have a longer survival period. The study by Guo et al.
demonstrated that increased expression of £4 BP4 predicts poor
prognosis in STAD,* which is consistent with our research
findings. PDK4, as a ferroptosis suppressor gene, inhibits
ferroptosis by blocking pyruvate dehydrogenase-mediated
oxidation of pyruvate into the tricarboxylic acid cycle and
subsequent fatty acid synthesis.?® In both in vitro experiments
and high-fat diet-induced diabetic mouse models, inhibiting
PDK4 enhances the antitumor activity of system xc-inhibitors,
thereby suppressing tumor growth.2 Therefore, patients with
low PDK4 expression have a longer survival time compared to
those with high expression.

However, the other hub gene, PRKAA2, that we
identified caused confusion during our analysis. In the data
downloaded from the FerrDb V2 website, PRKAA2 serves as
both a driver and suppressor gene for ferroptosis. Its FerrDb

score for the driver gene was 2, while its FerrDb score for
the suppressor gene was 1. We conducted KEGG pathway
analysis on PRKAA2 through the DAVID website and found
that its tumor-related pathways mainly included the PI3K-
Akt signaling pathway, mTOR signaling pathway, Apelin
signaling pathway, FoxO signaling pathway, and AMPK
signaling pathway. The first three pathways mainly promote
tumor growth through various complex mechanisms.?32 The
FoxO signaling pathway initiates apoptosis by participating
in oxidative stress-related pathways, thereby inhibiting tumor
cell growth.**3 However, the direct role of PRKAA?2 in these
four pathways is not clear, but it acts indirectly through the
AMPK signaling pathway. The mechanism of action of the
AMPK signaling pathway is complex. It can inhibit the growth
of tumor cells by suppressing the mTOR signaling pathway.*
DAVID pathway analysis showed that it can also synthesize
eNOS through phosphorylation, catalyze the production of
nitric oxide from L-arginine, and ultimately produce ROS,
leading to cell death. On the other hand, AMPK can also act as
an oncogene to promote the proliferation of tumor cells. 3732
The protein encoded by PRKAA? is the catalytic subunit a2 of
AMPK,*® which participates in various regulatory mechanisms
in the AMPK signaling pathway, including the promotion of
ferroptosis.?! Therefore, in this study, we classified PRKAA2
as a ferroptosis driver gene. According to our single-gene Cox
regression analysis, the risk ratio of the PRKAA2 gene with
low expression in STAD tissue was less than 1. We speculate
that the tumor-promoting effect of the AMPK signaling
pathway in STAD is greater than its inhibitory effect, and the
PRKAA?2 single-gene survival analysis results showed that
patients with low expression had a longer survival period, and
the difference was statistically significant (P<0.01). Therefore,
we believe that high expression of PRKAA42 promotes tumor
growth, whereas patients with low expression of PRKAA2 in
gastric adenocarcinoma tissues have a longer survival time
compared to those with high expression.

However, the prognostic model we constructed using
these four key genes yielded AUC values of only 0.587 and
0.652 for 1-year and 3-year predictions, respectively, with low
sensitivity and specificity. This indicates that our prognostic
model has limited ability to identify and exclude events early
on. Nevertheless, the 5-year AUC value was 0.729, with
sensitivity and specificity of 0.55 and 0.92, respectively. This
suggests that our model has a certain predictive power for
S-year survival, although it may have insufficient ability to
identify true positives, leading to missed diagnoses, it excels
at excluding low-risk patients.

We have identified four ferroptosis-related DEGs
associated with the prognosis of STAD, making them
potential prognostic markers or therapeutic targets. However,
this study lacks support from in vitro and in vivo experimental
results, which is a limitation of our research. We will further
validate our findings in subsequent experimental studies.
Another limitation of this study is the low sensitivity of the
prognostic model for 5-year survival, which results in a higher
rate of missed diagnoses among high-risk patients. Therefore,
a comprehensive judgment needs to be made in conjunction
with other biomarkers.
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Conclusion

After analyzing RNA-seq and clinical data obtained
from the TCGA database, we have pinpointed four ferroptosis-
related DEGs—NOX2, PRKAA2, FABP4, and PDK4—that
are differentially expressed and correlated with the survival
prognosis of STAD patients. Notably, patients with low
expression levels ofthese four genes demonstrated significantly
prolonged survival times, with statistical significance (P<0.05).
Consequently, these genes hold promise as biomarkers or
novel therapeutic targets for the prognosis and treatment of
STAD, paving the way for innovative therapeutic strategies
for patients afflicted with this malignancy.
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Abstract

Background: Sinonasal squamous cell carcinoma is a rare malignancy with a poor prognosis. This study explores the expression
of microRNA-198 and X-linked inhibitor of apoptosis protein (XIAP), two molecules implicated in cancer progression, and
analyzes their association with clinical features and survival outcomes in patients with sinonasal squamous cell carcinoma.
Materials and Methods: The outcomes of 31 sinonasal squamous cell carcinoma patients at Dr. Sardjito General Hospital,
Yogyakarta, between 2017 and 2022 were retrospectively analyzed. Survival analysis was performed using Kaplan-Meier curves,
and differences between survival curves were assessed using the log-rank test.

miR-198 and XIAP were both upregulated in sinonasal squamous cell carcinoma, with a positive correlation between their levels.
However, their expressions showed no significant association with clinical features or survival outcomes, indicating limited
prognostic value in this patient population.

Conclusions: Despite the upregulation of miR-198 and XIAP in sinonasal squamous cell carcinoma, their expression levels did not
significantly impact patient survival or correlate with clinical features. These findings suggest that additional molecular factors are
involved in the progression of sinonasal squamous cell carcinoma.(International Journal of Biomedicine. 2025;15(3):490-494.)
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Introduction

The prevalence of malignant tumors in the nasal cavity
and paranasal sinuses is indeed rare. Sinonasal carcinoma
(SNC) represents only three to five percent of all head and
neck area malignancies and 1% of all tumors. Squamous
cell carcinoma is the most common subtype, followed by
intestinal and non-intestinal adenocarcinoma.! In the Czech
Republic, the incidence of SNC in 2015 was 0.69/100,000,
with a mortality rate of 0.44/100,000. SNC tends to occur

more frequently in older individuals and is more common in
men than women.? Despite aggressive treatment, the overall
survival rate of SNC patients remains quite poor, with only
50% of patients surviving for five years.?

The manifestation of SNC is linked to various risk
factors, including smoking, professional exposure to cancer-
causing substances, and infection with high-risk human
papillomavirus (HPV).#¢ Studies have shown that HPV-
positive patients tend to have a more favorable prognosis
compared to those with HPV-negative tumors.” Early disease
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symptoms typically include rhinorrhea, epistaxis, epiphora,
and nasal obstruction. However, in advanced cases, tumors
can lead to symptoms such as blurred vision, diplopia, or
proptosis.t

MicroRNAs are a group of single-stranded, non-
protein-coding ribonucleic acids (RNAs) that typically range
from 19 to 25 nucleotides in length. They regulate genes
by binding to the three’-untranslated regions of their target
genes.? MicroRNAs are molecules that play a significant
role in the development and progression of cancer; they are
believed to have tumor suppressor potential. Previous studies
have shown that microRNAs are commonly downregulated in
cancers such as lung cancer, colorectal cancer, hepatocellular
carcinoma, pancreatic cancer, ovarian cancer, gastric cancer,
and prostate cancer.!>!®* However, microRNA-198 (miR-198)
is upregulated in retinoblastoma and squamous cell carcinoma
of the tongue, suggesting that miR-198 may not always behave
as a tumor suppressor in all cases. The expression profiles of
miR-198 can serve as prognostic biomarkers for predicting
patient survival and response to treatment.’”!? To date, no
study has investigated the expression patterns of miR-198 in
sinonasal squamous cell carcinoma (SNSCC).

Another protein currently under discussion for its
prognostic significance is XIAP, which stands for X-linked
inhibitor of apoptosis protein. XIAP belongs to the inhibitor
of apoptosis (IAP) family of proteins and plays a critical role
in regulating programmed cell death, or apoptosis.2>The XIAP
protein activates nuclear factor-kappaB (NF-kB) and promotes
cell survival. The anti-apoptotic nature of IAP proteins has led
researchers to speculate that they might enhance cell viability,
potentially promoting tumor development and resistance to
anti-cancer treatments. We hypothesize that a high level of
IAP proteins may be associated with the rapid progression and
poor prognosis of sinonasal carcinoma.?!

Previous studies have identified significant correlations
between XIAP and miR-198 and clinical outcomes. These
findings suggest that analyzing these factors could yield
valuable predictive information about the response to treatment
and overall survival for carcinoma patients. This study aims to
investigate the prognostic significance of XIAP and miR-198
in patients with sinonasal squamous cell carcinoma.

Materials and Methods

This retrospective study examined medical records and
pathological reports of individuals newly diagnosed with
SNSCC who were admitted to Dr. Sardjito General Hospital in
Yogyakarta, Indonesia, between 2017 and 2022. Patients with
incomplete records or a prior history of cancer were excluded
from the analysis. The study received approval from our
institutional review board (No. KE/FK/0063/EC/2023), and
written informed consent was obtained from all patients. All
specimens were handled and anonymized, following ethical
and legal standards.

The Quick-RNA™ Miniprep Kit was employed to
isolate total RNA, including small and miRNAs, from
cellular and tissue samples. The resulting RNA lacked
deoxyribonucleic acid (DNA) contaminants, making it

suitable for downstream applications such as Next-Gen
sequencing and real-time quantitative polymerase chain
reaction (RT-qPCR). Initially, the kit components, including
RNA lysis buffer and deoxyribonuclease I (DNase I),
were prepared by adding ethanol to the RNA wash buffer
and reconstituting the lyophilized DNase I. Subsequently,
samples were prepared by thawing and mixing them in
the RNA lysis buffer, followed by appropriate processing
of cells or tissues. The final step of total RNA purification
involved the utilization of Spin-Away™ Filters and Zymo-
Spin™ IIICG Columns, along with several washing steps,
including DNase I treatment for the removal of DNA. The
cycle threshold (CT) values were recorded, and the relative
amount of miR-198 to U6 was calculated using the equation
2-ACT, where ACT = (CTmiR-198 — CTU6).

All statistical analyses were conducted using the SPSS
29.0 software package. The significance of differences between
groups was assessed using Student’s t-test and the chi-square
test. Survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test. A P-value less
than 0.05 was considered statistically significant.

Results

The study detected the expression of miR-198 and
XIAP in all 31 specimens and found that both were directly
proportional. However, miR-198 exhibited slightly higher
expression levels than XIAP. These findings suggest that in
SNSCC, both miR-198 and XIAP are upregulated (Figure 1).
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100

— X |AP  s—Mir198

Fig. 1. miR-198 and XIAP expression from each sample.

Correlation between miR-198 and XIAP Expression and
Different Clinical Features in SNSCC

We further analyzed the association between miR-198
and XIAP expression levels and the clinical characteristics of
SNSCC. SNSCC samples were classified into two groups: a
low miR-198 expression group (n = 13) and a high miR-198
expression group (n = 18), and a low XIAP expression group
(n = 15) and a high XIAP expression group (n = 16), based
on the median miR-198 and XIAP expression levels of all
SNSCC samples.

The association between clinical characteristics and
the expression level of miR-198 was summarized in Table
1. We did not find any significant correlation between miR-
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198 levels and clinical features in SNSCC, such as patient
gender (P=0.060), age (P=0.141), tumor depth (P=0.688), and
clinical stage (P=0.301). Similarly, no significant correlation
was found between XIAP levels and clinical features, such
as patient gender (P=0.605), age (P=0.106), tumor depth
(P=0.561), and clinical stage (P=0.211).

Table 1.

Correlation between XIAP expression and different clinical
features in SNSCC.

Low XIAP High XIAP
; . P-value
expression expression
Age
>60 8 4
<60 p B 0.106
Gender
Mal 8 10
e 0.605
Female 7 6
Invasion depth
T2 0 1
T3 4 3 0.561
T4 11 12
TNM stage
11
111 0 2 0.211
v 15 13
Table 2.

Correlation between miR-198 expression and different clinical
features in SNSCC.

Low miR-198| High miR-198
; . P-value
expression expression
Age
>60 7 5
<60 p 3 0.141
Gender
M 5 13
ale 0.060
Female 8 5
Invasion depth
T2 0
T3 3 4 0.688
T4 10 13
TNM stage
1I
11T 0 2 0.301
v 13 15

The relationship between miR-198 expression and
several clinical characteristics in patients with SNSCC is
shown in Table 2. There were no statistically significant

differences between the expression of miR-198 and age
(P=0.141), gender type (P=0.060), tumor invasion (P=0.688),
or TNM stage (P=0.301).

Survival Analysis

The follow-up for the group of patients ranged from 4 to
215 weeks. We employed the Kaplan-Meier analysis and the
log-rank test to obtain the p-value for the survival analysis.
The patients were divided into categories for each miR-198
and XIAP based on their expression levels. The survival
analysis results of miR-198 suggested that patients with high
expression had a similar chance of survival compared to those
with lower expression (P=0.363). Similarly, the survival
analysis results of XIAP indicated that the chance of survival
was not affected by the expression level (P=0.883).

Kaplan-Meier survival curves of 31 sinonasal squamous
cell carcinoma patients based on miR-198 expression status.
There is no significant difference in prognosis between
patients in the low-expression group and those in the high-
expression group (P=0.363, log-rank test) (Figure 2).
Kaplan-Meier survival curves of 31 sinonasal squamous cell
carcinoma patients based on XIAP expression status. There is
no significant difference in prognosis between patients in the
low-expression group and those in the high-expression group
(P=0.883, log-rank test) (Figure 3).

Survival Functions
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—ILOW mirl98
—+~HIGH mir198-censored
~—+-LOW mir198-censored

Cum Survival

00 5000 100.00 150.00 200.00 25000
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Fig.2. Kaplan-Meier survival curves of 31 SNSCC patients based
on miR-198 expression status. There is no significant difference in
prognosis between patients in the low expression group and those in
the high expression group (P=0.363, log-rank test).
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Fig.3. Kaplan-Meier survival curves of 31 SNSCC patients based on
XIAP expression status. There is no significant difference in prognosis
between patients in the low expression group and those in the high
expression group (P=0.883, log-rank test).
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Discussion

In the current study, we observed an upregulation of
both miR-198 and XIAP in human SNSCC tissues and noted
a direct correlation between their levels. However, we did not
find a significant correlation between the expression levels
and aggressive clinical characteristics. Furthermore, our
Kaplan-Meier analysis did not reveal any notable differences
between patients with low and high expression levels of
these markers. To the authors’ knowledge, this is the first
study to analyze the expression and clinical significance of
miR-198 and XIAP in SNSCC.

The observed upregulation of miR-198 and XIAP in
SNSCC specimens suggests their potential roles as oncogenic
drivers in SNSCC development.1218202L Preyvious studies have
implicated miR-198 dysregulation in various cancers, where
it exerts its oncogenic effects by targeting tumor suppressor
genes or modulating key signaling pathways.”* Similarly,
XIAP overexpression has been associated with resistance
to apoptosis and chemotherapy in several malignancies,
facilitating tumor survival and progression.2%2 However,
the lack of significant correlation between miR-198/XIAP
expression and clinical features in SNSCC suggests that
multiple factors are involved in the complex interplay of the
carcinoma’s pathogenesis.

The findings in this study indicate that the expression
levels of miR-198 and XIAP do not significantly impact patient
survival in SNSCC. These findings contrast other cancer
types, where abnormal expression of these molecules is linked
to a worse prognosis.l>2 The heterogeneous characteristics of
SNSCC and the influence of other molecular alterations on
patient outcomes may explain this discrepancy. Additionally,
the retrospective design and relatively small sample size of
the study may limit the applicability of the results. Therefore,
larger prospective studies are needed to validate these findings
and provide further insight into the molecular mechanisms
behind the progression of SNSCC.

This study provided new insights into the expression
patterns of miR-198 and XIAP in SNSCC and their potential
implications for clinical management. Although both
molecules were upregulated in SNSCC, their expression
levels did not significantly correlate with clinical features or
patient survival. These results underscored the complexity of
SNSCC biology, highlighting the need for further research
to uncover the underlying molecular mechanisms driving its
progression. Targeting miR-198 and XIAP signaling pathways
could offer effective therapeutic strategies for treating SNSCC,
necessitating further investigation in preclinical and clinical
settings.

The limitation of this study is the sample size; therefore,
further prospective analysis with a larger number of patients is
warranted to validate these conclusions.
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Abstract

Background: Hepatocellular carcinoma (HCC) is a leading cause of cancer mortality worldwide, yet comprehensive epidemiologic
data from Kosovo are lacking. We aimed to characterize trends, demographic distributions, and risk factors of HCC in Kosovo
from 2012 to 2022.

Methods and Results: In this retrospective, population-based cohort study, we analyzed 103 HCC cases diagnosed at the
University Clinical Center of Kosovo. Demographic and clinical data were extracted from hospital registries and supplemented
with national population figures. Over the study period, 77.7% of cases were male, and the highest incidence (36.9%) occurred
in patients aged 60—69 years. Major risk factors included current smoking (57.3%) and regular alcohol consumption (20.4%),
while only 6.8% had documented hepatitis B or C (HBV/HCV) infection, suggesting underdiagnosis. A transient decline in case
detection in 2020 coincided with COVID-19-related healthcare disruptions.

Conclusion: HCC incidence in Kosovo rose gradually over the past decade, with a pronounced male and older-age predominance.
Strengthening viral-hepatitis screening and promoting tobacco- and alcohol-cessation programs are critical to curbing the HCC
burden and improving outcomes.(International Journal of Biomedicine. 2025;15(3):495-499.)
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Introduction

Hepatocellular carcinoma (HCC) is the primary
malignant tumor that most often attacks the liver. In terms
of prevalence, it is the seventh most common cancer in
the world and the second most common cause of cancer
mortality.-HCC is an epithelial tumor originating from
parenchymal cells. Many cases of HCC are preceded by
HBV OR HCV. The highest incidence rates are found in
Asia and Africa.2 Mongolia has the highest incidence rate
at 93.7 per 100,000, while China has the highest number
of cases, due to the world’s largest population (1.4 billion
people).L Globally, HCC is the dominant type of liver cancer,
accounting for about 75% of cases.?2 Incidence rates of
HCC have declined in some high-incidence areas,? but have

increased in most low-incidence regions. Between 1978
and 2012, the incidence of HCC declined in some Asian
countries and Italy, but increased in India, the Americas,
Oceania, and most European countries.>However, in recent
years, the increase in some countries, such as the United
States, has slowed, as rates in some groups have stabilized
or declined.** The prognosis of HCC is poor in all regions of
the world.® As a result, the incidence and mortality rates are
roughly the same. In 2018, the estimated global incidence
rate of liver cancer per 100,000 population was 9.3, while the
corresponding mortality rate was 8.5.17

In addition to the well-established risk factors such
as chronic viral hepatitis, alcohol intake, and tobacco
use, recent research has emphasized the growing role of
metabolic conditions in the development of HCC. Non-
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alcoholic fatty liver disease (NAFLD), which ranges from
simple hepatic steatosis to non-alcoholic steatohepatitis, is
increasingly recognized as a major driver of liver cancer,
even in the absence of cirrhosis. Type 2 diabetes and obesity,
both strongly linked to NAFLD, are on the rise in many low-
and middle-income countries, including Kosovo. Moreover,
unhealthy dietary habits and sedentary lifestyles contribute
to this metabolic shift, yet they are often overlooked in
national health prevention strategies.

The incidence rate of HCC is directly related to age
up to about 75 years, but the average age of diagnosis is
younger.2In the United States, for example, the average age
of diagnosis in men is 60-64 years and in women, 65-69
years.® In Africa, the average age of diagnosis is lower in
countries such as Egypt (58 years) than in other countries
(=46 years).>10

Men have incidence rates 2 to 4 times higher than
women.? In the United States, the incidence rate in men in
2016 was 10.4 per 100,000 population, compared with 2.9 in
women. Gender differences are greater in Europe, but in some
countries, such as Uganda and Colombia, rates between men
and women are similar.2

The purpose of this paper is to provide a summary of
the latest findings regarding the prevalence and risk factors of
HCC and the diagnosis of patients at the University Clinical
Center of Kosovo. The paper focuses on analyzing the increase
in the number of patients diagnosed with HCC, examining
age, gender, and risk factors.

Materials and Methods

This retrospective study included data from the period
2012-2022 of patients diagnosed and treated with HCC in
Kosovo, at the University Clinical Center of Kosovo.

A total of 103 patients diagnosed with and treated for
HCC were included in this study. The variables analyzed were
gender, age, residence, and habits/factors associated with
HCC. Statistical data were provided by the Oncology Clinic
at the University Clinical Center of Kosovo and the Kosovo
Agency of Statistics.

Results

Among 103 HCC patients, 77.67% were male and
22.33% were female (Figure 1). When analyzing the number
of cases diagnosed with liver carcinoma over the years, a trend
towards an increase in new cases was noted. At the same time,
a decrease was reported in 2020; however, it is worth noting
that this occurred during the pandemic, when patients were
either unable or unwilling to undergo diagnostic procedures
(Figure 2).

Regarding the age of diagnosis, the largest number of
diagnosed patients belonged to the age group of 60—69 years
(36.89%, 38 cases: 29 men and 9 women). The age of the
youngest patient diagnosed with HCC was 33 years, while the
oldest was 84 (Figure 3).

Of the 103 patients diagnosed with HCC, 98 were
diagnosed with primary HCC, while 5 cases, after radiological

and histopathological examinations, were found to be
metastatic (Figure 4).

Gender
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M

Fig. 1. Distribution of patients diagnosed with
HCC by gender.
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Fig. 2. Distribution of patients diagnosed with HCC
according to the year of diagnosis.
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Fig. 3. Distribution of patients diagnosed with HCC
according to age groups and gender.
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Fig. 4. Distribution of patients diagnosed with liver
cancer according to the origin of the tumor:
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Infection with the hepatitis B or C virus is considered an
important factor that influences the appearance of liver cancer;
from the analysis of diagnosed patients, 7 were diagnosed with
this infection (Figure 5).

Hepatitis
® No
» Yes

Fig. 5. Ratio of HCC patients previously diagnosed with
Hepatitis B or C virus infection to those who were not
infected.

In addition to HBV and HCV infection, additional
factors contributing to the occurrence of HCC are smoking
and alcohol consumption (Figures 6 and 7). In our study,
57.28% of diagnosed patients were smokers, 20.39% were
alcohol consumers, while 15.53% were consumers of both.

Smoker

= No

B Yes

Fig. 6. Ratio of patients diagnosed with HCC who claim
to be smokers to those who are not.

Consumed alcohol
m No

- Yes

Fig. 7. Ratio of patients diagnosed with HCC who claim
to be alcohol consumers to those who are not.

Regarding the residence of diagnosed patients,
Prishtina had the highest representation among cities at
15.53% (Figure 8). This high frequency correlates with both
the high number of residents in the capital and the quality of
the air.
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Fig. 8. Distribution of patients diagnosed with HCC by
place of residence.

It is important to note that certain well-documented
risk factors—such as obesity, type 2 diabetes, a family
history of liver cancer, and exposure to aflatoxins—
were not consistently recorded in the clinical datasets
analyzed in this study. This limitation highlights a
significant gap in data collection and underscores the
need to strengthen medical documentation practices.
Establishing standardized protocols for recording risk
profiles in patients diagnosed with HCC would improve
the reliability of future research and contribute to more
accurate public-health assessments.

Discussion

Comparison with Neighboring Countries and European
Regions

When compared with the large Albanian series of
648 HCC patients diagnosed between 2000 and 2014, our
Kosovo cohort exhibits very similar demographic patterns
but distinct etiologic and temporal trends. The Albanian study
reported 77.1% male (M/F~3.41) and a mean age of 60.4
years, whereas our data show 77.7% (M/F=3.48) male with
peak incidence in the 60—69 age group, underscoring near-
identical gender and age distributions. However, Albania’s
age-standardized incidence (ASR) almost doubled during its
study period (from 6.6 to 9.3 per 100,000 in successive five-
year intervals), while Kosovo experienced a more gradual
rise from 2012 to 2022 (exact ASR calculation pending).'2In
terms of risk factors, 50.9% of Albanian cases were linked
to HBV infection and 21.8% to combined HBV and alcohol,
compared to our cohort’s lower documented rates of viral
hepatitis but higher prevalences of smoking (57.3%) and
regular alcohol use (20.4%). Finally, underlying cirrhosis
was present in 89.3% of Albanian patients—a figure we could
not systematically capture—highlighting the need in Kosovo
for improved cirrhosis assessment as well as enhanced HBV/
HCV screening alongside ongoing tobacco- and alcohol-
control measures.

Montenegro’s age-standardized liver cancer mortality
remained essentially stable between 1990 and 2018, with
an average annual percent change (AAPC) of +1.4%
overall (P=0.004) and +1.9% in women (P=0.002), but
no significant change in men; mortality was concentrated
in those aged 65-74 (34.9%), 75-84 (26.6%), and 55-64
(25.8%).2 In contrast, our Kosovo study documents a slow
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but steady increase in HCC incidence from 2012 to 2022,
with marked male predominance and peak incidence in
the 60-69 age group. Whereas Montenegro’s sustained
prevention and hepatitis-eradication efforts likely underpin
its plateauing mortality, Kosovo’s rising incidence—coupled
with underdiagnosed HBV/HCV and high tobacco/alcohol
exposure—highlights the urgent need for similar public-
health strategies, including viral-hepatitis elimination and
targeted screening in older men.

The pronounced male predominance in Kosovo (M/
F=3.48) closely mirrors the ratios seen in Southern and
Western Europe (M/F=3.3) yet exceeds those reported in
Northern and Central-Eastern Europe (M/F:2.1-2.6). Like
the broader European trend of rising HCC incidence with
age and a peak in the 60-79-year bracket, our study identified
the highest incidence specifically in the 60-69-year age
group, underscoring its consistency with regional patterns.
Southern Europe (6.7/100 000) has the highest ASR among
European subregions, followed by Western Europe (5.4/100
000). Although we lack an exact Kosovo ASR, our observed
increase approaches the level seen in Central-Eastern Europe
(4.3/100 000).*

Regarding etiologic drivers, our Kosovo cohort exhibited
notably high prevalences of tobacco and alcohol use—57% of
patients were smokers and 20% consumed alcohol regularly—
while chronic HBV/HCV infections appear underdiagnosed.
By contrast, Northern and Central-Eastern Europe generally
report lower rates of viral hepatitis but similarly recognize
tobacco and alcohol as principal risk drivers, suggesting that
bolstering viral-hepatitis screening in Kosovo could further
mitigate the HCC burden alongside ongoing tobacco- and
alcohol-control efforts.!*

Conclusions

e HCC has an increased incidence in Kosovo, with a high
concentration in the 60—-69 age group and a clear male
predominance.

e The main risk factors include smoking, alcohol
consumption, and chronic hepatitis infections, although
the latter remain underreported.

e The COVID-19 pandemic has negatively affected the
early diagnosis of this disease, creating a gap in patient
follow-up.

To improve the situation and reduce the incidence of liver
carcinoma in Kosovo, it is necessary to take concrete actions:
Systematic screening for hepatitis B and C, especially in at-
risk age groups, raising awareness among the population about
the adverse effects of tobacco and alcohol on liver health,
improving health infrastructure to ensure early diagnosis and
adequate treatment for patients.
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Abstract

Background: Despite advancements in diagnostics and the widespread adoption of multimodal therapy for gastric cancer, early
recurrence continues to pose a serious clinical challenge. This study aims to identify clinical, morphological, and perioperative
factors associated with early recurrence (<6 months) of gastric cancer after completion of combined treatment and to develop a
prognostic model for assessing the risk of recurrence.

Methods and Results: This retrospective study included data from 199 patients who underwent gastrectomy with D2 lymph
node dissection in a regional oncology center. A total of 88 patients who completed combined (multimodal) treatment were
included in the final statistical analysis. Clinical and tumor-related characteristics, response to treatment, and surgical parameters
were evaluated. Patients were divided into two groups based on the presence or absence of recurrence within 6 months. Logistic
regression analysis was used to identify independent predictors. Model performance was assessed using ROC analysis.

Among the 88 patients included in the final analysis, disease recurrence was observed in 44 cases (50%). Of these, 21 patients
(47.7%) experienced a recurrence within the first six months following completion of combined treatment. The multivariate
analysis confirmed that poor tumor differentiation (G3) (OR = 6.084; 95% CI: 1.124-32.917) and the presence of lymphovascular
invasion (OR = 9.902; 95% CI: 2.061-47.560) play a significant role in the likelihood of gastric cancer recurrence following the
completion of combined treatment. The prognostic model demonstrated good discriminatory ability, with an AUC of 0.852 (95%
CI: 0.735-0.969), sensitivity of 85.7%, and specificity of 73.9%.

Conclusion: Lymphovascular invasion and poor tumor differentiation may serve as independent risk factors for recurrence within
the first six months following completion of combined treatment for gastric cancer. The developed model may be helpful in
stratifying risk and personalizing postoperative surveillance.(International Journal of Biomedicine. 2025;15(3):500-504.)
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in diagnostics and the widespread adoption of multimodal
therapy, early recurrence continues to pose a serious clinical
challenge. According to published data, more than 70% of
tumor relapses and cancer-related deaths occur within the first

Introduction

Gastric cancer remains one of the most common and
deadly oncological diseases in the Russian Federation, ranking

fifth in incidence and third in cancer-related mortality. 12 Radical
gastrectomy with D2 lymph node dissection is currently
a key component in the multimodal treatment strategy for
patients with stage IB-III disease. Despite advancements

*Corresponding author: Evgeniy A. Toneev, PhD. E-mail: e.toneev@,
inbox.ru

two years following surgery.?

Recurrence after treatment is typically classified as
locoregional, peritoneal, or distant metastatic. The pattern
of recurrence is influenced by both the anatomical location
and the stage of the primary tumor. Although various studies
have examined potential risk factors, a unified system for
predicting recurrence has not yet been established.® Given
the importance of timely detection and the limited number of
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studies specifically focused on early recurrence, identifying
reliable clinical and morphological predictors in the first six
months after completion of combined treatment remains a
pressing task.

This study aims to identify clinical, morphological,
and perioperative factors associated with early recurrence
(<6 months) of gastric cancer after completion of combined
treatment and to develop a prognostic model for assessing the
risk of recurrence.

Materials and Methods

This retrospective study was conducted in the Thoracic
and Abdominal Oncology Surgery Departments at the
Ulyanovsk Regional Oncological Dispensary. The analysis
included data from 199 patients who underwent gastrectomy
with D2 lymph node dissection between January 1, 2018, and
October 1, 2023.

Inclusion criteria

*Histologically confirmed gastric adenocarcinoma

*Gastrectomy with D2 lymph node dissection, including
combined resections when necessary

*Completion of the full perioperative chemotherapy
protocol (8 cycles) using the FLOT regimen (docetaxel 50 mg/
m?, oxaliplatin 85 mg/m?, leucovorin 200 mg/m? administered
intravenously on day 1, followed by a 24-hour infusion of
5-fluorouracil 2600 mg/m? every 14 days)

*HER2-negative tumor status

Exclusion criteria

*Rare histological subtypes of gastric cancer

*In-hospital postoperative mortality

*Synchronous primary malignant tumors

Based on these criteria, 88 patients were included in
the final analysis. During histopathological examination of
surgical specimens, the following parameters were assessed:
Borrmann macroscopic classification, ypT and ypN status,
resection margin involvement, tumor grade, tumor regression
according to the Mandard classification, and presence or
absence of lymphovascular invasion. Staging was performed
according to the 8th edition of the TNM classification (2016).2

During the first year after treatment completion, patients
were followed up every three months. From the second to the
third year, follow-up visits were scheduled every six months,
and annually thereafter. At each follow-up, patients underwent
laboratory and imaging studies. In cases of suspected
recurrence, diagnostic laparoscopy with biopsy of suspicious
lesions was performed.

Statistical analysis

All statistical analyses were performed using StatTech
v. 4.4.1 (Stattech LLC, Russia). The distribution of continuous
variables was assessed using the Shapiro—Wilk test (n<50) or
the Kolmogorov—Smirnov test (n>50). Normally distributed
variables were reported as mean + standard deviation and
95% confidence intervals (CI). Non-normally distributed
data were presented as median and interquartile range (Q1-
Q3). Categorical variables were described using absolute
numbers and percentages. Between-group comparisons of

normally distributed continuous variables were performed
using Student’s t-test. The Mann—Whitney U test was used
for nonparametric comparisons. Pearson’s chi-square test
was applied for analysis of contingency tables; for relative
measures, odds ratios (OR) with 95% CI were calculated.
Survival analysis was carried out using the Kaplan—Meier
method, and differences between groups were evaluated
with the log-rank test. Cox proportional hazards regression
was used to assess the impact of independent predictors on
recurrence risk over time. A P-value of less than 0.05 was
considered statistically significant.

Results

Among the 88 patients included in the final analysis,
disease recurrence was observed in 44 cases (50%). Of these,
21 patients (47.7%) experienced a recurrence within the first
six months following completion of combined treatment.A
statistically significant difference between the groups was
observed only for obesity (P=0.039), suggesting the overall
comparability of the cohorts in terms of demographic and
comorbid profiles (Table 1).

Table 1.

Clinical characteristics of the study groups depending on the
disease recurrence within the first 6 months.

No Early
Variable Category| Recurrence | Recurrence | P-value
(n=167) (n=21)
Sex, n (%) Female | 21 (31.3%) | 10 (47.6%) 0173
Male |46 (68.7%) | 11(52.4%) |

Age, years (M £ SD) 62.6+7 61.7+8.5 0.617

BMI, M = SD 25.87+4,15 27.08+5.39 | 0.283
Charlson comorbidity index, . .
Mo LIOR] 4 (4;5) 4 (4;5) 1.000
No | 58(86.6%) | 14 (66.7%)
Obesity, n (%) 0.039
Yes | 9(13.4%) | 7(33.3%)
Diabetes mellivus, | No_| 56 (836%) | 1781.0%) |
n (%) Yes | 11(164%) | 4 (19%)
Coronary heart No |53(19.1%)| 16(62%) | -
disease, n (%) Yes | 14(20.9%) | 5 (23.8%)
None |29 (43.3%) | 5(23.8%)
Arterial hypertension) Gade 1| 7(104%) | 3(143%) |
n (%) Grade 11| 19 (28.4%) | 7 (33.3%)
Grade I11| 12 (17.9%) | 6 (28.6%)
None |44 (65.7%) | 16 (76.2%)
g({/"oﬁnc heart failure, | .o 1 | 14 (20.9%) | 3 (14.3%) | 0.665
Class 11| 9(13.4%) | 2(9.5%)

Left ventricular ejection

fraction (%), Mo 1IOR] 63.6 [58:66]| 63.7[62;66] | 0.320

Pulmonary artery pressure 13.8 13.7 0.899

(mmHg), Me [IQR] [12.1;15.5] | [13.1;14.1]
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Comparative analysis of oncological parameters
between the study groups identified the following statistically
significant factors: tumor stage, ypT category, lymphovascular
invasion, tumor differentiation grade, and tumor regression
grade according to the Mandard scale (Table 2).

Table 2.

Oncological characteristics of the study groups.

No Early
Variable Category | Recurrence | Recurrence | P-value
(n=167) (n=21)
Typel | 2(3.5%) | 2(7.7%)
Borrmann Type 2 |17 (29.8%)| 5 (19.2%) <0.001
classification, n (%) | Type 3 34 (59.7%)| 12 (46.2%) |
Type 4 | 4 (7%) 7 (26.9%)
2 13(19.4%)| 1 (4.8%)
Clinical T category 3 48 (71.6%) | 15 (71.4%) 0101
(cT), n (%) 4a 5(7.5%) | 5(23.8%) |
4b 1 (1.5%) 0 (0%)
0 25 (37.3%)| 7(33.3%)
Clinical N category 1 31 (46.3%) | 10 (47.6%) 0346
(eN), n (%) 2 [11(16.4%)| 3 (14.3%) |
3 0 (0%) 1 (4.8%)
I 25 (37.4%)| 2(9.5%)

Clinical stage, n (%) 1T 21 (31.3%)| 4(19%) | 0.004
I |21 (31.3%)| 15 (71.5%)
Tumor size (mm), Me [IQR] 54 [41;70] | 48 [50;72] | 0.763
Retrieved lymph nodes, Me [IQR]| 14 [11;19] | 12 [10;19] | 0.250

0 6 (9%) 0 (0%)
la 8 (11.8%) 0 (0%)
1b 2 (3%) 0 (0%)
ypT category, n (%) 2 17 (25.4%)| 2(9.5%) | 0.041
3 25(37.3%) | 14 (66.7%)
4a 5(7.5%) 1 (4.8%)
4b 4 (6%) 4 (19%)
0 36 (53.7%)| 7(33.4%)
14 (20.9%)| 4 (19%)
ypN category, n (%) 2 12 (17.9%)| 4(19%) | 0.129
3a 4 (6%) 5(23.8%)
3b 1 (1.5%) 1 (4.8%)
Resection margin status, RO 61 (91%) | 19 (90.5%) 1.000
n (%) R1 6(9%) | 2(9.5%)
Lymphovascular No |52 (77.6%)| 8(38.1%) <0.001
invasion, n (%) Yes | 15(22.4%)| 13 (61.9%)
Gl (26 (38.5%)| 0(0%)
Tumor differentiation G2 [31(46.6%)| 2(9.5%) |<0.001

grade, n (%)

G3 |10 (14.9%)| 19 (90.5%)
TRG1 |17 (25.4%)| 0 (0%)
. o TRG212(179%) 00%) |
umor regression grade .

(Mandard), n (%) TRG3 [12(17.9%)| 4 (19%)
TRG4 |18 (26.9%)| 12 (57.2%)

TRGS | 8(11.9%) | 5(23.8%)

Comparative analysis of the main surgical parameters
revealed two statistically significant factors: intraoperative
blood loss and the need for blood transfusion (Table 3).

Table 3.

The main surgical characteristics of patient groups.

No Early
Variable Category | Recurrence | Recurrence |P-value
(n=67) (n=21)
Operative time, 195 200 0.453
min, Me [IQR] [177.5;225]| [180;270] |
Intraoperative blood loss, 300 300 0.421
mL, Me [IQR] [200; 400] | [200; 800] |
Length of hospital stay, 15 18 0.060
days, Me [IQR] [13;17] | ne;21] | *
Perioperative blood No 50 (89.6%) | 14 (66.7%) <0.001
: o .
transfusion, n (%) | yeo | 7104%) | 7(33.3%)
Grade 0-T| 35 (52.3%) |10 (47.6%)
Clavien—-Dindo Grade IT | 29 (43.3%) | 8 (38.1%)
complications, 0.437
n (%) Grade IITA| 1 (1.5%) 2 (9.5%)
Grade I1IB| 2 (3.0%) 1 (4.8%)
Combined No 11 (19.0%) | 3 (11.5%) 0178
; N .
resections, n (%) Yes | 47 (81.0%) | 23 (88.5%)

1t is noteworthy that no grade 4 complications were observed in the
analyzed cohort.

An analysis of overall survival was subsequently
performed based on the presence or absence of recurrence
within the first six months after curative treatment. Differences
in overall survival, assessed using the likelihood ratio test,
were statistically significant (P=0.006) (Figure 1).

= Mo recurrence = & months
—— Recurrence = 6 months

Overall survival, %

000 1000 2000 3000 2000
Overall survival (months)

Figure 1. The overall survival curve depending on
the type of relapse.

Following univariate analysis, a multivariate analysis
was performed, and a prognostic model was developed to
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estimate the probability of recurrence within the first six
months after completion of combined treatment.

The area under the ROC curve (AUC) was 0.852+0.060,
with a 95% CI of 0.735 to 0.969, and the model demonstrated
statistical significance (P<0.001). The optimal cutoff point
of the logistic function (P), corresponding to the highest
Youden index, was 0.513. A positive prediction was made
when the P-value was equal to or greater than this threshold.
The sensitivity and specificity of the model were 85.7% and
73.9%, respectively.

Thus, the multivariate analysis confirmed that poor
tumor differentiation (G3) (OR=6.084; 95% CI: 1.124-32.917)
and the presence of lymphovascular invasion (OR=9.902;
95% CI: 2.061-47.560) play a significant role in the likelihood
of gastric cancer recurrence following the completion of
combined treatment (Table 4).

Table 4.

The data of multivariate analysis for the probability of relapse
detection within 6 months.

Predictor Unadjusted Adjusted

OR (95% CI) |P-value| OR (95% CI) | P-value
Poor differentiation 15.200 9.902
(G3) (3.483 — 66.354) <0.001 (2.061 —47.560) 0.004
Lymphovascular 10.833 6.084
invasion @418 48.521) 0% (1124 32917) 030
Discussion

Advances in modern clinical oncology and surgical
techniques have significantly improved survival rates for
patients undergoing combined treatment for gastric cancer.
However, despite these achievements, several studies report
that 50%—70% of patients experience disease recurrence
after the completion of therapy, which adversely affects long-
term outcomes. A substantial proportion of recurrences occur
within the first two years following treatment.

In the present study, 23.9% of patients developed
recurrence within six months after completing treatment.
Identifying predictors of early recurrence is important for
timely diagnosis and initiation of therapy at an earlier stage. A
large meta-analysis by Pang et al. demonstrated that patients
diagnosed with asymptomatic recurrence after gastrectomy
had better survival than those with symptomatic recurrence,
underscoring the need for further research into early detection
and prediction of relapse.

However, the number of studies focused specifically
on early recurrence predictors remains limited. According
to both domestic and foreign authors, numerous factors have
been proposed to influence recurrence following gastrectomy,
including tumor size and location, depth of invasion, and
lymph node metastasis.* In a large cohort study involving
3,534 patients, pT and pN categories were found to impact
the risk of local recurrence significantly.28 In our analysis, no

statistical association with pN was confirmed, although a trend
was observed for ypT: 66.7% of patients with early recurrence
had tumors classified as ypT3. Histological characteristics of
the tumor and its response to treatment are currently regarded
by many researchers as key factors in early relapse.

In our study, a statistically significant association was
found between poor tumor response on the Mandard scale
and early recurrence. In univariate analysis, 81% of patients
who experienced early recurrence had an unsatisfactory
pathological response, suggesting that tumor biology plays a
substantial role.

The prognostic significance of treatment response has
also been highlighted in other studies. For example, Kang et
al.? reported that for patients with Mandard Grades 45 and
ypNO status, the median survival time was 68.5 and 76.7
months, respectively, whereas those with Mandard Grades 1-2
and ypN3a had median survival times of only 15.6 and 14.5
months. The same authors also emphasized the prognostic
value of lymphovascular invasion, which aligns with our
findings and those of other studies.*'? In our multivariate
analysis, lymphovascular invasion was confirmed as an
independent predictor (OR = 9.902; 95% CI: 2.061-47.560).
While our study did not establish a significant association
between lymph node involvement and recurrence risk, Saito
et al. previously reported such a link.!* The lack of association
in our cohort may reflect high-quality lymphadenectomy and
appropriate selection of surgical candidates.

Jiao et al? suggested that diabetes mellitus may
contribute to early recurrence, although other comorbidities
showed no significant effect. In our study, no statistically
significant associations were found between recurrence and
comorbidities. The observed difference in obesity rates may be
incidental due to the small sample size; its pathophysiological
role remains unclear.

A statistically significant relationship was also found
between early recurrence and both length of hospital stay
and perioperative blood transfusion, likely reflecting more
complex surgical cases. The significantly poorer overall
survival observed in patients with early recurrence further
highlights the clinical relevance of this problem and the need
for effective prediction tools.

One limitation of our study is the relatively small sample
size. Further large-scale multicenter studies are necessary
to identify additional predictive factors and to confirm the
significance of those already established.

Conclusion

Lymphovascular invasion and poor tumor differentiation
may serve as independent risk factors for recurrence within the
first six months following completion of combined treatment
for gastric cancer. The developed model may be helpful in
stratifying risk and personalizing postoperative surveillance.
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Abstract

Background: Over the past decade, multiple prognostic models have been developed to estimate short-term (including in-hospital)
mortality following lobectomy. However, 90-day postoperative mortality is not as widely used as a standard measure for evaluating
outcomes after lobectomy. The objective of this study was to evaluate 90-day mortality following lobectomy with mediastinal
lymphadenectomy for non-small cell lung cancer (NSCLC), and to identify factors independently associated with this outcome.
Methods and Results: This retrospective multicenter study included data from 700 patients who underwent anatomical lobectomy
with systematic mediastinal lymphadenectomy for histologically confirmed NSCLC. A clinically homogeneous cohort was formed
to validate the assessment of intra- and postoperative risk factors associated with 90-day mortality.

Among 700 patients included in the study, the 90-day postoperative mortality rate was 3.7%. Multivariate logistic regression
identified the following independent predictors of 90-day mortality: prolonged air leak (AOR=2.505; 95% CI: 1.115-5.629,
P=0.026), intraoperative blood loss (AOR=1.003; 95% CI: 1.001-1.005, P=0.004), and forced expiratory volume in one second
(AOR=0.965; 95% CI: 0.945-0.985, P=0.001). To assess the relationship between the probability of 90-day postoperative mortality
and the value of the logistic function P, a ROC analysis was performed. The area under the ROC curve (AUC) was 0.719 (95%
CI: 0.606-0.832; P<0.001). The sensitivity and specificity of the resulting predictive model were 65.4% and 77.1%, respectively.
Conclusion: The proposed model incorporating three key clinical variables may serve as a practical tool for postoperative
risk stratification and guiding follow-up strategies in patients undergoing lobectomy for NSCLC.(International Journal of
Biomedicine. 2025;15(3):505-510.)

Keywords: lung cancer * lobectomy ¢ 90-day mortality ¢ predictive model * nomogram

For citation: Slugin AE, Toneev EA, Pushkin SY, Rudenko MS, Cherrnetsov EV, Ognev AS, Nemtseva VV. A Predictive Model
for 90-Day Mortality After Lobectomy in Patients with Non-Small Cell Lung Cancer: A Multicenter Retrospective Study.
International Journal of Biomedicine. 2025;15(3):505-510. doi:10.21103/Article15(3) OA7

Abbreviations

FEV1, forced expiratory volume in one second; IOBL, intraoperative blood loss; NSCLC, non-small cell lung cancer; PAL,
prolonged air leak; TMM, thoracic morbidity and mortality

Introduction remains the standard of care for patients with early-stage lung
malignancies.! Despite significant advancements in thoracic
Lung cancer remains one of the leading causes of cancer- surgical techniques and perioperative management, along

related mortality worldwide. Anatomical pulmonary resection with the growing adoption of minimally invasive approaches,
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postoperative mortality remains a substantial clinical concern.

Traditionally, surgical outcomes have been assessed
using 30-day mortality rates. Over the past decade, multiple
prognostic models have been developed to estimate short-
term (including in-hospital) mortality following lobectomy.
However, 90-day postoperative mortality is not as widely
used as a standard measure for evaluating outcomes after
lobectomy, despite increasing evidence suggesting its clinical
relevance.?*

The objective of this study was to evaluate 90-
day mortality following lobectomy with mediastinal
lymphadenectomy for non-small cell lung cancer (NSCLC),
and to identify factors independently associated with this
outcome.

Materials and Methods

This retrospective multicenter study included data from
700 patients who underwent anatomical lobectomy with
systematic mediastinal lymphadenectomy for histologically
confirmed NSCLC from January 1, 2021 to December 31,
2024. The study was conducted across three thoracic oncology
centers in Russia:

*Ulyanovsk Regional Oncology Dispensary

*Sverdlovsk Regional Oncology Center (Yekaterinburg)

*Tolyatti City Clinical Hospital No. 5
Inclusion criteria

Patients aged >18 years

*Underwent curative (R0) anatomical lobectomy

*Histologically verified NSCLC

*Pathological stage I-I1IB based on the 8th edition of

the TNM classification?
Exclusion criteria

*Incomplete clinical data

*Non-lobectomy resections

ePalliative surgery or R1/R2 resections

A clinically homogeneous cohort was formed to
validate the assessment of intra- and postoperative risk factors
associated with 90-day mortality.

The following variables were extracted from medical
records and surgical reports:

*Demographic and clinical characteristics: age, sex,
smoking history, chronic obstructive pulmonary disease
(COPD), coronary artery disease (CAD), previous myocardial
infarction

eIntraoperative variables: surgical approach
(thoracotomy vs. video-assisted thoracoscopic surgery;
conversions classified as thoracotomy), duration of surgery,
intraoperative blood loss (IOBL) in mL, need for blood
transfusion, presence of pleural adhesions

*Postoperative outcomes: length of drainage, length of
stay, postoperative complications, need for reintervention

Special attention was paid to prolonged air leak (PAL),
defined as persistent air leakage beyond 5 days postoperatively,
in accordance with the European Society of Thoracic Surgeons
guidelines.® Postoperative complications were graded using
the modified thoracic morbidity and mortality (TMM)
classification system.”
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Statistical analysis

All statistical analyses were performed using StatTech
v.4.8.3 (Stattech LLC, Russia). The distribution of continuous
variables was assessed using the Shapiro—Wilk test (n < 50) or
the Kolmogorov—Smirnov test (n > 50). Quantitative variables
were presented as median (Me) and interquartile ranges (IQR
[Q1;Q3]). Categorical variables were described using absolute
numbers and percentage. A non-parametric Mann-Whitney
U test was used to compare the differences between the two
independent groups. The frequencies of categorical variables
were compared using chi-square test or Fisher’s exact test
(2-tail), when appropriate. A multiple logistic regression
analysis was conducted to calculate the unadjusted and
adjusted odds ratios (UOR and AOR) with 95% confidence
intervals (95%CI). A nomogram was constructed using R
statistical software (version 4.4.2), and internal validation was
performed via 1,000 bootstrap resamples. Model performance
was evaluated using the area under the ROC curve (AUC),
calibration plots, and Brier score. A P-value of less than 0.05
was considered statistically significant.

Results

Among 700 patients included in the study, the 90-
day postoperative mortality rate was 3.7%. The baseline
demographic and clinical characteristics of patients who
survived and those who died within 90 days after surgery are
summarized in Table 1. Analysis of clinical and anamnestic
parameters revealed that forced expiratory volume in one
second (FEV1) had a statistically significant impact (P=0.006)
on 90-day postoperative mortality.

Table 1.

Clinical and anamnestic characteristics of the study patients.

. 90-day postoperative mortality
Variable - -
Category Survived Died P-value
(n=674) (n=26)
Male 411 (61.0%)| 20 (76.9%)
Sex 0,149
Female 263 (39.0%) 6 (23.1%)
Age, years (Me, [IQR]) | 66 (60-71) |69.5[62.25;73.5]| 0.118
Yes 98 (14.5%) 5(19.2%)
COPD 0,569
No 576 (85.5%)| 21 (80.8%)
Diabetes Yes 50 (7.4%) 3 (11.5%) 0.438
mellitus No 624 (92.6%)| 23 (88.5%) ’
Smoking Yes 332 (49.3%)| 14 (53.8%) 0.646
history No 342 (50.7%) | 12 (46.2%) ’
Yes 150 (22.3%) 7 (26.9%)
Prior
CAD myocardial| 12 (1.8%) 1 (3.8%) 0,619
infarction
No S511(75.9%)| 18 (69.2%)
LVEF (%), Me [IQR] 62 [58; 66] | 61.5[58.25;66] | 0.924
FEV1 (%), Me [IQR] 87 [75;99] |72.5 [54.5; 94.75]] 0.006

COPD, chronic obstructive pulmonary disease; CAD, coronary

artery disease; LVEF, left ventricular ejection fraction.
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Analysis of the morphological characteristics of the
studied patients revealed that none of the evaluated parameters
had a statistically significant impact on 90-day mortality
(Table 2). The need for blood transfusion in the postoperative
period had a significant impact on 90-day mortality. The
presence of complications, prolonged air leak, extended chest
drainage duration, prolonged hospital stay, and higher TMM
complication grades were all statistically significant predictors
of 90-day mortality following lobectomy (Tables 3 and 4).

Table 2.

Pathomorphological characteristics of the study patients

. 90-day postoperative mortality|
Variable - -
Category| Survived Died P-value
(n=674) (n=26)

IA1 |97 (144%) | 6(23.1%)

IA2 |89 (13.2%) | 4(15.4%)

1A3 38 (5.6%) 1 (3.8%)
Pathological stage, IB [179(26.6%)| 9 (34.6%) 0191

o .

n (%) A | 69 (10.2%) 2(7.7%)

IIB | 94 (13.9%) 1 .(3.8%)

IIA | 95 (14.1%) 1.(3.8%)

111B 13 (1.9%) 2(7.7%)
Tumor size (mm), Me [IQR]| 26 [19; 40] [24.5[17.5;31.5]| 0.516

Table 3.
Surgical parameters of the study patients.

90-day postoperative mortality]
Variable Category | gurvived Died P-value
(n=674) (n=26)

Surgical Thoracotomy|556 (82.5%)| 24 (92.3%) 0,288
approach VATS |118 (17.5%)| 2 (7.7%)

Upper  [378 (56.1%)| 20 (76.9%)
Lobe resected Middle 45 (6.7%) 0 (0.0%) 0.081

Lower |251(37.2%)| 6 (23.1%)

Right 414 (61.4%)| 16 (61.5%)
Side of resection 0.991

Left 260 (38.6%)| 10 (38.5%)

Operative time (min), Me [IQR] | 145 [120;180](162.5 [121.25;180]| 0.178

Blood loss (mL), Me [IQR] [100[62.5;200] 150 [62.5;200] | 0.231
Blood Yes 8 (1.2%) 2 (7.7%) 0050
transfusion No  |666(98.8%)| 24 (92.3%)
Pleural Yes | 70(10.4%) | 4 (15.4%) 0303
adhesions No  [604 (89.6%)| 22 (84.6%)
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Table 4.
Postoperative parameters of the study patients.
90-day postoperative mortality|
Variable Category Survived Died P-value
(n=674) (n=26)
Prolonged air Yes 172 (25.5%)| 13 (50.0%) 00l
leak (PAL) No  [502(74.5%)| 13 (50.0%)
Time to drain removal (days), . .
Me [IQR] 7[5; 11] 10.5[8;22.5] [<0.001
Length of stay (days), . .
Me TIOR] 12[9;17] | 17.5[14;27] |<0.001
0, 0,

Postoperative Yes 86 (12.8%) | 11 (42.3%) 0.001
complications| o 1588 (87.005)| 15 (57.7%)

Grade 0-1 | 465 (69%) 13 (50%)

Grade II  |134 (19.9%)| 4 (15.4%)

Grade IITA | 68 (10.1%) 2(7.7%)
TMM grade | Grade I1IB 1 (0.1%) 2 (7.7%) <0.001

Grade IVA | 5 (0.7%) 3 (11.5%)

Grade IVB | 1 (0.1%) 0 (0.0%)

Grade V 0 (0.0%) 2 (7.7%)

Multivariate logistic regression identified the following
independent predictors of 90-day mortality: PAL (AOR=
2.505; 95% CI: 1.115-5.629), IOBL (AOR=1.003; 95% CI:
1.001-1.005) and forced expiratory volume in one second
FEV1 (AOR=0.965; 95% CI: 0.945-0.985) (Table 5).

Table 5.
The predictor model for the probability of 90-day mortality.

Unadjusted
UOR (95% CI)

2.913 (1.324-6.404)

Adjusted
AOR (95% CI)

2.505 (1.115-5.629)

Predictor

P-value

0.026

P-value

0.008

PAL: Present

Blood loss (mL)[1.003 (1.001-1.005)| 0.006 |{1.003 (1.001-1.005)| 0.004

FEV: (%) 0.964 (0.945-0.983)(< 0.001]0.965 (0.945-0.985)| 0.001

PAL — prolonged air leak; FEV: — forced expiratory volume in one
second

To assess the relationship between the probability of
90-day postoperative mortality and the value of the logistic
function P, a ROC analysis was performed. The area under the
ROC curve (AUC) was 0.719 (95% CI: 0.606—0.832; P<0.001)
(Figure 1) The sensitivity and specificity of the resulting
predictive model were 65.4% and 77.1%, respectively.

Multicollinearity analysis confirmed that the predictors
included in the model were independent of each other. To
validate the nomogram (Figure 2), a bootstrap method with
1,000 resamples was applied to improve the accuracy of the
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estimates. A calibration curve was constructed to assess the
agreement between predicted probabilities and actual outcomes
(Figure 3). The dashed diagonal line represents perfect
agreement between predicted and observed probabilities. The
solid line reflects the actual calibration of the model based on
LOESS smoothing, while the dotted bands indicate the 95%
confidence interval. Vertical tick marks along the axis denote
the distribution of predicted probabilities across the sample.
Internal validation yielded a mean absolute error of 0.008,
indicating acceptable performance of the developed predictive
model.

A TOTZ

Specificity

Figure 1. ROC curve representing the relationship
between the predicted probability of 90-day
postoperative mortality and the actual outcomes.
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Figure 2. Nomogram for predicting 90-day mortality
in patients after lobectomy.
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Figure 3. Calibration curve plot for internal
validation of the 90-day mortality prediction model.

Discussion

Pezzi et al® demonstrated that 90-day mortality
following lung cancer resection nearly doubles that of the 30-
day metric (5.4% vs. 2.8%), being influenced by a variety of
factors, including age, surgical type, and comorbidities. In this
multicenter retrospective study, we investigated predictors of
90-day mortality in patients undergoing lobectomy for NSCLC.
Despite advances in surgical techniques and perioperative
care, early postoperative mortality beyond the conventional
30-day window remains a relevant clinical concern.

Among the key variables associated with 90-day
mortality, a reduced FEV: demonstrated a statistically
significant impact (P=0.006). In our cohort, patients who
died within 90 days had notably lower median FEV: values
than survivors. Similar findings were reported by Soldath et
al.,? where impaired FEV: was linked to decreased long-term
survival and a higher risk of postoperative complications.

PAL was also a significant predictor, occurring in 50%
of deceased patients compared to 25.5% among survivors
(P=0.011). This finding aligns with results from Gooseman
et al.,1® who identified PAL as one of the most common and
clinically relevant complications following anatomical lung
resections, with a strong influence on length of stay and risk
of mortality.

Postoperative complications, including infectious,
thromboembolic, and cardiovascular events, showed a clear
association with 90-day mortality (P<0.001). Patients who
died experienced TMM grade III-V complications more
often, reflecting a more severe postoperative course. These
findings are consistent with results from Ma et al.,'! who
demonstrated that TMM grade is an independent risk factor
for early mortality and can be incorporated into preoperative
risk stratification models.

Additional predictors included the need for blood
transfusion, prolonged chest drainage, and increased hospital
stay. Blood transfusions may reflect both IOBL and severe
postoperative complications. Similar associations were
described by Yao and Wang,2 where transfusions were linked
to higher rates of respiratory complications and delayed
recovery. Prolonged drainage and extended hospitalization
may also result from PAL-related complications.

Interestingly, traditional baseline factors such as age,
sex, COPD, CAD, smoking status, and surgical approach
were not significantly associated with 90-day mortality in our
dataset. This may be attributed to the clinical homogeneity
of the cohort and effective preoperative risk selection, which
could have mitigated the impact of individual baseline
variables. However, in more heterogeneous populations,
these parameters may remain relevant, as demonstrated
by Halldorsson et al.l2 in elderly cancer patients. A recent
systematic review identified 22 models designed to predict
short-term mortality after thoracic surgery, of which only
two focused on 90-day outcomes.!*'® The most recent
model was developed in the UK population, highlighting the
need for locally validated tools tailored to specific patient
cohorts.!Z In addition to univariate analysis, we constructed
a multivariable logistic regression model incorporating
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variables that had statistically significant associations
with 90-day mortality. Prolonged air leak, IOBL, and
FEV: emerged as independent predictors of postoperative
death. Of particular interest is the finding that blood loss
remained significant in the multivariable model (OR=1.003;
95% CI: 1.001-1.005; P=0.004), underscoring the clinical
importance of even moderate increases in intraoperative
bleeding. Yao and Wang!? reached similar conclusions,
demonstrating that IOBL correlates with respiratory
complications and adverse outcomes. Based on this model,
we developed a nomogram to facilitate individualized, 90-
day mortality risk prediction. This graphical tool allows
clinicians to integrate multiple factors and estimate a
patient’s postoperative risk in a simple, interpretable format.
Such tools are particularly valuable in multidisciplinary
cancer centers and can aid in shared decision-making and
tailored perioperative strategies.

However, this study has several limitations. First, the
retrospective design inherently introduces limitations in data
completeness and accuracy. Second, although the multicenter
nature and sample size are strengths, the cohort consisted
exclusively of patients undergoing lobectomy, limiting
generalizability. Third, while the nomogram showed good
calibration and internal performance, it requires external
validation in independent populations. Previous studies
have shown that even well-calibrated models may vary in
predictive accuracy across institutions and regions.'®2° Despite
these limitations, our findings highlight the importance of a
multifactorial approach in assessing postoperative risk. The
proposed model and nomogram provide clinicians with a
practical tool for predicting 90-day mortality and optimizing
postoperative care.

Although PAL did not show a significant association
with 30-day mortality, it emerged as an independent predictor
in our 90-day mortality model (AOR=2.505; P=0.026).
Shen et al.2! reported similar associations between PAL
and increased risk of reintervention, pulmonary infections,
and delayed recovery. The adverse effects of PAL may be
mediated by several mechanisms. Persistent air leak can
prolong the inflammatory response and promote pleural space
colonization, increasing the risk of nosocomial pneumonia
and empyema.?2 Moreover, PAL is often observed in patients
with emphysema and impaired lung function, limiting
physiological reserves and hampering recovery. Finally,
prolonged postoperative courses due to PAL may delay or
preclude adjuvant therapy, particularly in stage II disease,
where timely systemic treatment is critical.2

The proposed model incorporating three key clinical
variables may serve as a practical tool for postoperative risk
stratification and guiding follow-up strategies in patients
undergoing lobectomy for NSCLC.
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Abstract

Background: This study aimed to identify risk indicators for fluid accumulation after ventral hernia repair and to develop a
prognostic model for postoperative fluid collections in the implantation area.

Methods and Results: A retrospective analysis was conducted on the medical records of 214 patients who underwent ventral hernia
repair (VHR). Postoperative complications following surgical intervention were analyzed. In this study, cases of postoperative
fluid collections (POFC) in the area of mesh implantation following VHR with synthetic mesh materials were analyzed. POFC was
operationally defined as sterile, non-infected fluid accumulations detected in the postoperative period by ultrasound examination,
characterized by the absence of clinical signs of inflammation, redness, fever, or infection.

The incidence of persistent POFC in the study cohort was 23(10.7%) out of 214 patients. A univariate analysis of the association
between the presence of POFC and preoperative laboratory parameters showed statistically significant differences between the
study groups for neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), prognostic nutritional index (PNI),
and albumin level. The analysis of the association between postoperative Day 1 laboratory parameters and the development of
POFC showed that among the analyzed laboratory parameters, a statistically significant difference between patients with and
without POFC was identified for total protein level. On postoperative Day 5, statistically significant differences between patients
with and without POFC were observed for hemoglobin and total protein levels, suggesting a potential role of protein metabolism
and blood oxygen transport function in the pathogenesis of persistent fluid collection formation.

A multivariate statistical analysis using binary logistic regression identified significant predictors of POFC development in the
postoperative period: hernia defect diameter (AOR=1.143; 95% CI: 1.042-1.254; P=0.005), NLR (AOR=1.596; 95% CI: 1.235—
2.063; P<0.001), and the presence of ischemic heart disease (AOR=10.275; 95% CI: 2.801-37.675; P<0.001). The prognostic
model demonstrated good discriminatory ability, with an AUC of 0.87 (95% CI: 0.775-0.966; P<0.001), sensitivity of 82.6%, and
specificity of 81.7%.

Conclusion: The results obtained confirm a significant association between the anatomical characteristics of the hernia defect,
the presence of cardiovascular pathology, the systemic inflammatory response, and the risk of persistent postoperative fluid
accumulation. A nomogram based on the obtained logistic regression model was created, enabling the prediction of the likelihood
of developing this complication. (International Journal of Biomedicine. 2025;15(3):511-516.)
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Introduction

Ventral hernia repair (VHR) is an integral part of
abdominal surgery, aimed at restoring the anatomical integrity
of the anterior abdominal wall, eliminating hernia defects,
and preventing recurrences. However, despite advances in
surgical techniques and the introduction of modern alloplastic
materials, the incidence of postoperative complications
remains significant, with no substantial downward trend.!
Among these complications, a particular concern is the
formation of postoperative fluid collections (POFC), which
are pathological accumulations of non-infected lymphatic and
serous fluid.2 The development of POFC is associated with
prolonged hospitalization, an increased rate of infectious
complications, pain syndrome, and a higher risk of hernia
recurrence and the need for reoperation.? Early stratification of
patients based on the risk of complications opens opportunities
to implement preventive measures and to individualize
postoperative follow-up strategies.

Despite several studies addressing risk factors for POFC
following hernia repair, current data remain incomplete, and
prognostic assessment criteria are not sufficiently standardized.
Moreover, there is a notable lack of publications on this topic
in domestic surgical literature.

This study aimed to identify risk indicators for fluid
accumulation after ventral hernia repair and to develop a
prognostic model for postoperative fluid collections in the
implantation area.

Materials and Methods

A retrospective analysis was conducted on the medical
records of patients who underwent VHR at the Department of
Surgery of the E.M. Chuchkalov Ulyanovsk Regional Clinical
Center for Specialized Medical Care (Ulyanovsk, Russia)
between February 1, 2024, and May 1, 2025. Postoperative
complications following surgical intervention were analyzed.
A total of 214 patient records were reviewed according to a
standardized, pre-developed protocol.

Surgical procedures were performed using an approach
that varied depending on patient characteristics, hernia size and
location, and individual anatomical features. Medical records
and clinical data were analyzed according to the standardized
study protocol. Patients who did not meet the inclusion criteria
or had incomplete clinical data were excluded from the study.
The primary indication for hernia repair was the presence of a
ventral hernia. Cases requiring combined surgical procedures
were excluded from this analysis.

Inclusion Criteria

*Patient age > 18 years

*Elective ventral incisional hernia repair using a
synthetic mesh implant

*Availability of complete clinical data in the medical
records, including patient history, laboratory and instrumental
investigation results, and detailed information on the
postoperative course

eLaboratory tests performed preoperatively and on
postoperative days 1 and 5

*Documented presence or absence of postoperative fluid
characteristics during the early postoperative period

Exclusion Criteria

*Absence of key clinical or laboratory data required for
objective statistical analysis

*Surgical procedures involving local tissue repair or
performed as part of an emergency or combined operation that
did not conform to the study protocol

*Presence of an active malignant neoplasm at the time
of surgery

In this study, cases of POFC in the area of mesh
implantation following VHR with synthetic mesh materials
were analyzed. POFC was operationally defined as sterile,
non-infected fluid accumulations detected in the postoperative
period by ultrasound examination, characterized by the
absence of clinical signs of inflammation, redness, fever,
or infection. Regardless of their presumed origin (serous or
lymphatic), these fluid collections were considered a single
clinical category for statistical analysis.

Postoperative  patient management followed a
standardized protocol. Antibacterial therapy, including
antibiotic prophylaxis, was administered in accordance
with the recommendations of the Russian Association
for Antimicrobial Therapy (CKAT).> Wound healing was
monitored daily during dressing changes, with findings
documented in the medical records. In cases of adverse wound
healing, bacterial cultures were routinely obtained to assess
microbial flora and antibiotic sensitivity.

Statistical analysis

All statistical analyses were performed using StatTech
v. 4.8.2 (Stattech LLC, Russia). The distribution of continuous
variables was assessed using the Shapiro—Wilk test (n < 50) or
the Kolmogorov—Smirnov test (n > 50). Normally distributed
variables were reported as mean + standard deviation (SD).
Non-normally distributed data were presented as median (Me)
and interquartile ranges (IQR [Q1;Q3]). Categorical variables
were described using absolute numbers and percentages.
Between-group comparisons of normally distributed continuous
variables were performed using Student’s t-test. The Mann—
Whitney U test was used for nonparametric comparisons.
Group comparisons concerning categorical variables were
performed using chi-square or Fisher’s exact tests. A multiple
logistic regression analysis was conducted to calculate the
unadjusted and adjusted odds ratios (UOR and AOR) with 95%
CI. Survival analysis was carried out using the Kaplan—-Meier
method, and differences between groups were evaluated with
the log-rank test. Cox proportional hazards regression was used
to assess the impact of independent predictors on recurrence
risk over time. A P-value of less than 0.05 was considered
statistically significant.

Results

The study included 63(29.4%) women and 151(70.6%)
men. The incidence of persistent POFC in the study cohort
was 23(10.7%) out of 214 patients. The main clinical,
laboratory and surgical characteristics of the study population
are presented in Tables 1 and 2.
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Table 1.

Clinical characteristics of the study groups.

Indicator Category NEZPI%I;C Prgggj \P-value
61.00 65.00
Age, Me [IQR] [47.00 — 67.50]|[53.50 — 71.507| 0178
Gender, n (%) Female | 54 (28.3 %) 9(39.1 %) 0333
Male 137 (71.7 %) | 14 (60.9 %)
Obesity, n (%) No 113 (59.2%) | 11 (47.8 %) 0372
Yes 78 (40.8 %) | 12(52.2 %)
Diabetes mellitus, No 112(58.6%) | 10(43.5%) 0.186
0,
n (%) Yes 79 (41.4%) | 13 (56.5 %)
THD, n (%) No 116 (60.7 %) | 5(21.7 %) 0.001
Yes 75(39.3%) | 18(78.3 %)
CKD, n (%) No 115 (60.2 %) | 10 (43.5 %) 0178
Yes 76 (39.8 %) | 13 (56.5 %)
IHD, ischemic heart disease; CKD, chronic kidney disease.
Table 2.
Hospital and surgical parameters of the study groups.
Parameter Nﬁzl’l(gl;C PnO:l;g P-value
Hospital stay, Me [IQR] 6.00 16.00 <0001
[4.00; 9.00] |[14.00;20.00] :
L 45.00 55.00
Operation time, Me [IQR] [30.00; 62.50] |[42.50; 65.00] 0.061
Blood loss, Me [IQR] 15.00 20.00 0254
[10.00; 30.00]{[10.00; 30.00]| -
. 8.00 11.00
Defect diameter, Me [IQR] [5.00; 11.00] | [9.20; 15.00] <0.001

Based on the results of the statistical analysis, the
presence of ischemic heart disease was found to have a
significant impact on the development of POFC. In addition,
we analyzed the surgical parameters of the patients. Based on
that analysis, defect diameter was identified as an independent
predictor of persistent POFC.

A univariate analysis of the association between the
presence of POFC and preoperative laboratory parameters was
also conducted. Statistically significant differences between
the study groups were identified in the preoperative laboratory
parameters for neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), prognostic nutritional
index (PNI), and albumin level, suggesting a potential role of
systemic inflammatory response and nutritional status in the
development of persistent POFC (Table 3).

A univariate analysis of the association between
postoperative Day 1 laboratory parameters and the
development of POFC was performed (Table 4). Among the

analyzed laboratory parameters, a statistically significant
difference between patients with and without POFC was
identified for total protein level, suggesting a potential
influence of protein metabolism on the risk of persistent fluid
collection formation. On postoperative Day 5, statistically
significant differences between patients with and without
POFC were observed for hemoglobin and total protein levels,
suggesting a potential role of protein metabolism and blood
oxygen transport function in the pathogenesis of persistent
fluid collection formation (Table 5).

Table 3.

Preoperative laboratory parameters of the study groups.

Indicator Ngj(;I;C 1;255 P-value
Leukocytes, Me [IQR] [6.()%';3;‘.1 4 [6.175';639 6 | 0777
NLR, Me [IQR] [1.217';726.32] [2.639';12.21] <0.001
TLI Me [IQR] [96.9161;7 1?156.22] [92.9191;3 i4587.701 0.870
PNI, Me [IQR] 42.47 41.21 0.033

[40.33; 44.45] | [39.41;41.71]

Hemoglobin, M + SD | 139.23 £20.16 | 147.74+£17.95 | 0.054

68.28 68.60

Total protein, Me [IQR]| 45 78:70 817 | [64.75:70.80]

0.896

42.46 41.20

Albumin, Me [IQR] | 140 3544 447 | [39.40; 41.70]

0.035

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; PNI, prognostic nutritional index.

Table 4.

Laboratory parameters on postoperative Day 1.

. No POFC R
Indicator n=191 n=23

leukocytes, Me [IQR] [7'858;-6110'37] [6'95';5{’1'13] 0.339
NLR, Me [IQR] [2.839';92 55] [2.941';2é.67] 0.415
TLL Me [IOR] 149.46 159.63 0870

[114.45; 195.27]| [137.62; 210.75]

PNL Me [IQR] [38.378;.5359.09] [38.(3)%5359.09] 0.403
Hemoglobin, Me [IQR] [129.16304?16402.00] [(127%25{?28.70] 0.228
Total protein,Me [IQR] [63.(6)(3)522.701 [59.%;862.71] 0.002
Albumin, Me [IQR] 38.36 38.36 0.353

[37.88;38.90] | [37.88;38.90]

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; PNI, prognostic nutritional index.
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Table 5

Laboratory Parameters on Postoperative Day 5.

, No POFC POFC | pooo
Indicator n=191 n=23

Leukocytes, Me [IQR] [21.5(?;@%.80] [20.2301;'91(()).00] 0.419
NLR, Me [IQR] [2.129';536.3 1 [2.22i ;538.84] 0.505
TLL Me [IQR] [129.16%1? 56.59] [126.12‘;?'19 772.64] 0.780
PNL Me [IQR] [33.295;'%27.85] [34.325;";%.85] 0.662
Hemoglobin, [IQR] | 16.1()206;1()3()9.00] [127.10302;10403.00] 0.021
Total protein, Me [IQR] [59.%;2‘31.82] [58.(6)2;2(1).66] 0.016
Albumin, Me [IQR] [33.3325;'2347.66] [33.5’55;%%.66] 0.651

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; PNI, prognostic nutritional index.

A multivariate statistical analysis using binary
logistic regression identified significant predictors of POFC
development in the postoperative period. The following
variables were included as independent predictors in the
model: hernia defect diameter (AOR=1.143; 95% CI:
1.042-1.254; P=0.005), NLR (AOR=1.596; 95% CI:
1.235-2.063; P<0.001), and the presence of ischemic
heart discase (AOR=10.275; 95% CI: 2.801-37.675; P<
0.001) (Table 6). A prognostic model was developed to
estimate the probability of detecting POFC based on these
factors. Figure 1 presents the ROC curve demonstrating the
performance of the prognostic model in identifying cases
(hernia defect diameter, NLR, and the presence of ischemic
heart disease) of persistent POFC in the implantation area.
The area under the ROC curve (AUC) was 0.87 (95%
CI: 0.775-0.966; P<0.001), and the model demonstrated
statistical significance. The sensitivity and specificity of the
model were 82.6% and 81.7%, respectively.

Table 6.
Predictors of POFC development in the postoperative period.

Unadjusted Adjusted
Predictor
OR (95% CI) |[P-value| OR (95% CI) |P-value
THD 5.568 10.275
(1,984~ 15.643)| 2001 |2 801 37.675)|< 0-001
NLR 1.456 1.596
(1.186 — 1.786) | < 00011 (1 23572 63y [ 0-001
Hernia defect
. 1.151 1.143
diameter (1.061 - 1.250) | %001 | (1 042 1,254 | 0-005

Figure 1. ROC curve demonstrating the performance
of the prognostic model in identifying cases (hernia
defect diameter, NLR, and the presence of ischemic
heart disease) of persistent POFC in the implantation
area.

Discussion

The formation of postoperative fluid collections,
including seromas and lymphoceles, represents one of
the most common complications following hernia repair
with mesh implants. These pathological conditions arise
from the combination of several pathogenic mechanisms:
lymphatic capillary injury during tissue dissection, the
creation of significant unfilled spaces (“dead space”), and an
inflammatory response to the presence of a foreign implant.
According to Lindmark et al,® the incidence of seromas
following ventral hernia repair can reach up to 18.7%,
particularly in laparoscopic procedures involving extensive
tissue dissection.

Key pathophysiological mechanisms include increased
vascular wall permeability, activation of inflammatory
mediators, and limited natural drainage during the early
postoperative period.Z Several previously published studies
have highlighted significant risk factors for postoperative
fluid collections, including obesity, large operative volume,
prolonged operative time, larger mesh placement area, the
use of synthetic materials, and the presence of comorbid
diabetes mellitus.® Notably, the study by Kapellas et al.2
demonstrated that extensive tissue dissection and lateral
mesh fixation significantly increase the risk of persistent
fluid collection formation. Clinically, postoperative fluid
collection is associated with prolonged hospitalization,
increased postoperative pain, a higher risk of prosthetic
infection, and the potential need for reoperation.l® In some
cases, persistent fluid collections may lead to late hernia
recurrence and chronic inflammation in the implantation
area.

In this study, the incidence of this postoperative
complication following ventral hernia repair with mesh
implants was 10.7%, which is comparable to the results of
Howard et al.,'t where the adjusted complication rate across
hospitals was 6.2%.

Our statistical analysis revealed that the PNI, which
reflects the patient’s response to surgical intervention,
significantly influences the development of postoperative fluid
collections. Similar findings confirming the impact of PNI on
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infectious complications in abdominal surgery patients were
reported by Benjamin et al.'2

Moreover, it is important to note that red blood cell
count in the preoperative complete blood count, hemoglobin
level on postoperative Day 5, and total protein levels in the
biochemical analysis on postoperative Days 1 and 5 were also
statistically significant factors associated with postoperative
fluid collection development. This correlation is likely due
to their close relationship with PNI as an indicator of the
patient’s overall condition. Similar results were reported by
Sim et al., highlighting the association of these predictors with
postoperative outcomes.'3

Based on our analysis, the presence of ischemic heart
disease, as a systemic vascular condition, was found to
negatively affect microcirculation and tissue healing processes,
thereby potentially increasing the risk of impaired lymphatic
drainage and lymph accumulation in the postoperative area.
These findings are consistent with those of Anastasopoulos et
al.,** who highlighted the association between cardiovascular
pathology and an increased risk of persistent fluid collections
in patients undergoing abdominal wall surgery after organ
transplantation.

The NLR, which reflects the balance between
neutrophilic inflammation and lymphocytic regulation, is a
recognized marker of systemic inflammatory response. In
our study, elevated NLR was significantly associated with an
increased likelihood of postoperative fluid collection in the
implantation area. Similar associations have been reported
by both domestic and international authors, demonstrating
that elevated NLR values predict the development of
postoperative complications, including postoperative fluid
collections.t

We also identified an association between hernia defect
diameter and the risk of postoperative fluid collections. Larger
surgical fields may result in greater lymphatic vessel injury
and impaired drainage.*® This observation is supported by the
findings of Veroux et al., which emphasized that the extent
of anatomical dissection and surgical area correlates with the
probability of lymphatic fluid accumulation.

In the present study, we developed a prognostic model
to estimate the probability of postoperative fluid collections
following ventral hernia repair. Multivariate analysis identified
the presence of ischemic heart disease, elevated NLR, and
increased hernia defect diameter as significant independent
predictors of this complication. All three predictors
demonstrated statistical significance in both unadjusted and
adjusted models. The model exhibited high discriminatory
power, with the determined cutoff probability threshold
(0.143) providing an optimal balance of sensitivity (82.6%)
and specificity (81.7%). This supports the potential application
of the model as a preoperative risk stratification tool.

Thus, the results of our study confirm the importance of
a comprehensive assessment of cardiovascular status, systemic
inflammation, and morphometric characteristics of the hernia
defect in predicting postoperative fluid collections. The use of
this model may contribute to the individualization of surgical
strategies and the implementation of preventive measures in
patients at high risk of complications.

Conclusion

The incidence of postoperative fluid collections in
patients undergoing ventral hernia repair with mesh implants
was 10.7%. The results obtained confirm a significant
association between the anatomical characteristics of the
hernia defect, the presence of cardiovascular pathology, the
systemic inflammatory response, and the risk of persistent
postoperative fluid accumulation. A nomogram based on the
obtained logistic regression model was created, enabling the
prediction of the likelihood of developing this complication.
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Abstract

Background: Nasopharyngeal carcinoma (NPC) is now the fifth leading cause of cancer death in Indonesia, with most cases
diagnosed at advanced stages due to nonspecific early symptoms. This study describes the epidemiological, clinical, and
pathological profiles of NPC in Indonesia.

Methods and Results: This descriptive study used data from the NPC-Indonesia registry between January 2019 and December
2022. It included newly diagnosed NPC patients who visited ENT outpatient clinics and underwent treatment—either single or
multimodality regimens—at 16 participating hospitals. The data was collected from the NPC-Indonesia registry data system.
Whole data was extracted and sorted into excel sheet, only those cases with confirmed diagnosis and treatment of cancer were
analyzed according to age, sex, home province, chief complaint, histopathology subtypes, staging, treatment modality, response
to therapy, and distant metastasis. A total of 545 patients 67.7% male and 32.3% female were recorded. The average age was 48
years, ranging from 4 to 80. The most common chief complaint was a neck lump. Most patients were from West Java and were
presented with advanced-stage disease. The majority had WHO type 3 histology.

Conclusion: Nasopharyngeal carcinoma in Indonesia commonly presents at an advanced stage, likely due to nonspecific early
symptoms. This study is the first large-scale research providing comprehensive NPC data in Indonesia, emphasizing the need for
improved early detection and public health awareness.(International Journal of Biomedicine. 2025;15(3):517-522.)
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Introduction

Nasopharyngeal carcinoma (NPC) is distinctive
among head and neck malignancies based on several aspects,
such as its epidemiology, clinical manifestations, molecular
biomarkers, carcinogenic predisposing factors, as well as
prognostic variables. NPC induces a dismal prognosis and
becomes endemic in some parts of the globe, particularly
Southeast Asia. The mean prevalence of NPC cases in
Indonesia reaches 6.2/100,000, with 13,000 additional cases
reported each year.! Nasopharyngeal carcinoma remains a
global burden. In 2019, the incidence of NPC reached 176,500
cases globally; meanwhile, Indonesia achieved the third
highest mortality rate due to NPC, with 3,220 deaths in 2019
only.2 In contrast to other types of cancers, NPC has a unique
distribution pattern. In 2018, 129,000 new cases and 73,000
mortality cases were announced globally. The geographic
distribution of these cases was highly uneven. Over 70% of
additional cases were detected in East and Southeast Asia,
while in most other regions, the age-standardized incidence
of NPC in both males and females was under 1 per 100,000
person-years. Based on investigations on most populations,
the incidence of NPC was two to three times higher in men
than in women.?* Comparable to other chronic diseases, NPC
presents numerous challenges beyond just treatment. Patients
with NPC frequently experience one or multiple symptoms
affecting the nasal area, ears, cranial nerves, neck lymph
nodes, and distant metastases. It is difficult to establish the
early stage of this carcinoma due to the secluded emergence
of the nasopharynx itself, with indistinct clinical complaints.
Many cases that were then referred to the hospital were
already presented at an advanced stage, primarily because
of the inadequate awareness of the patient and the doctors
at the primary care level. The clinical stage was assessed
using the TNM classification released in the American Joint
Committee of Cancer (AJCC) 8th edition.>*

It is essential to know the description of nasopharyngeal
cancer patients among the Indonesian population, so that it
becomes a reference for early diagnosis to provide appropriate
treatment to those patients.

Materials and Methods

Acretrospective analysis was carried out on all NPC cases
that presented to the 16 affiliated hospitals of this research (Dr.
Soetomo Regional Hospital, Hasan Sadikin Hospital, M. Djamil
Hospital, Pelamonia Hospital, Persahabatan Hospital, Saiful
Anwar Hospital, Unhas Hospital, Wahidin Soedirohusodo
Hospital, Dharmais Cancer Hospital, Gatot Soebroto Army
Hospital, AW Sjahranie Regional Hospital, Arifin Ahmad
Regional Hospital, Provinsi NTB Hospital, Dr. Sardjito Public
Hospital, Sanglah Public Hospital, and Ciptomangunkusumo
National Hospital) from January 2019 to December 2022, who
had completed the therapy course and undergone response
examination. The data was collected from the NPC-Indonesia
registry data system. Whole data was extracted and sorted
into excel sheet, only those cases with confirmed diagnosis
and treatment of cancer were analyzed according to age, sex,

home province, chief complaint, histopathology subtypes,
staging, treatment modality, response to therapy, and distant
metastasis.

As many as 895 cases were extracted from the database
collection, 350 of which were rejected due to incomplete
histopathology reports, treatment information, and response
therapy data. Therefore, the final data included reached 545
cases. Details of the number of patients from each hospital are
outlined in Figure 1.

Statistical analysis was performed using SPSS software,
version 16 (SPSS Inc., Chicago, USA).

Number of Cases (%)
s

e » p & = g

Figure 1. Distribution of NPC cases by hospitals.

Results

Male patients were more predominant than female
ones, at a ratio of 2.1:1, with 369(67.7%) male subjects and
176(32.3%) female subjects. In terms of age, patients were
divided into several age groups with a 10-year gap for each
group. Most patients were found in the age group of 50-60 —
166(30.5%), followed by the age group of 40-50 — 15(28.4%),
the age group of 30-40 — 84(15.4%), the age group of 60-70 —
78(14.3%), the age group of 20-30 — 32(5.9%), the age group
of 70-80 — 19(3.5%), the age group of 10-20 — 9(1.7%), and
only 2(0.4%) patients were in the age group under 10. Overall,
the mean age was 48 years, with the youngest being 4 and the
oldest being 80 years.

Most cases of NPC were from West Java (126/23.1%)
cases, followed by South Sulawesi (92/16.9%), and East Java
(85/15.6%), Bali (50/9.2%), Riau (33/6.1%), East Kalimantan
(30/5.5%), DKI Jakarta (21/ 3.9%), Banten (18/3.3%), DIY
(18/3. %), South Sumatra (13/2.4%), Central Java (11/2%),
Central Sulawesi (10/1.8%), Southeast Sulawesi (10/1.8%),
Jambi (4/0.7%), West Sulawesi (4/0.7%), Lampung (3/0.6%,
West Nusa Tenggara (NTB) (3/0.6%), North Maluku (2/0.4%),
and Papua (2/0.4%). The provinces with the lowest cases of
NPC include Bengkulu, Gorontalo, West Kalimantan, Central
Kalimantan, North Kalimantan, Bangka Belitung, East Nusa
Tenggara (NTT), West Papua, South Sumatra, and North
Sumatra, each of which had only one case (0.2%) (Figure 2).
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Figure 2. Distribution of NPC cases by home provinces.

Most cases emerged with a neck lump, accounting
for up to 53.9% of all cases. The second most common
complaint was nasal congestion, which accounted for 16.9%
of cases. Other symptoms contributed less than 10% each,
such as nosebleeds (8.3%), blood-stained discharge (3.9%),
tinnitus (5.7%), headaches (4.2%), double vision (2%), and
chronic colds (2%), and impaired vision (1.3%); the rest of
the complaints were less than 1% each, including neck pain
(0.6%) and difficulty swallowing (0.4%). Cheek lump, sore
throat, dyspnea, and dysphonia were 0.2% each (Figure 3).
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Figure 3. Complaints and symptoms.

Histopathological subtype analysis revealed that
378(69.4%) cases were WHO type 3, 155(28.4%) were WHO
type 2, and 12(2.2%) were WHO type 1. Notably, 43.5% of
patients presented at stage IVA, followed by stage 111 (27.5%)
and stage IVB (16.9%); 9.4% of patients were stage Il and
only 2.8% stage 1.

Based on the tumor extension, most cases found were
T4 (33%) characterized by the tumor extension intracranially,
spread to the cranial nerves, orbit, hypopharynx, parotid glad
and/or broad soft tissue, surpassing the lateral pterygoid
muscle outer surface. Those cases were followed by T3
(30.5%) characterized by tumor spread to bony structures,
including skull base, pterygoid, cervical vertebrae, and the
paranasal sinuses. T1 (10.6%) and T2 (25.9%) were the two
least common cases in this study. The N classification for the
spreading to surrounding lymph nodes mainly consists of N2
(36%), followed by N3 (29.4%), N1 (21.2%), and NO (13.6%).

The number of MO cases, where there is no distant metastasis,
constituted most cases (83.1%).

The data extracted showed that 92 patients had stage
IVB and experienced remote metastases to other organs, such
as the lung, bones, liver, and brain. Among all NPC stage IVB
patients, the highest incidence of distant metastases was bone
(42/45.6%), followed by lung (22/23.9%), liver (17/18.5%),
and brain (1/1.1%). This study also found distant metastases
to multiple organs, namely 5(5.4%) patients for bone and lung,
4(4.3%) patients for bone and liver, and 1(1.1%) patient for
bone and brain (Figure 4).
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Figure 4. Distant metastases.

Discussion

Nasopharyngeal carcinoma has become endemic in
Southeast Asia. Indonesia has limited clinical evidence
related to this malignancy, as it is the most populous country
in Southeast Asia. A review of national NPC registry data
using a retrospective method was performed to assess the
epidemiological profile of 545 patients with recently diagnosed
NPC undergoing both completed and uncompleted treatments
due to mortality during or after completing treatment. Our
study provided patient demographics in terms of age, male-to-
female ratio, and WHO cancer subtypes, which are consistent
with the typical nasopharyngeal cancer patient demographics
in Southeast Asia.

An epidemiological study of NPC cases in Southeast
Asia conducted by Lao et al.¢ reported 34,681 new NPC cases
in total, with 25,895(74.7%) cases comprised of male patients
and 8,786 of female patients: a ratio of 2.91:1. The study
also showed that among the countries of Southeast Asia, the
three highest incidences of NPC were identified in Indonesia
with 17,992 cases, Vietnam with 6,212 cases, and Philippines
with 2,913 cases with the same order of mortality of 11,204
cases, 4,232 cases and 1,899 cases, respectively. This was
possibly due to the environmental influence, with relatively
harmful predisposing factors associated with development
of carcinogenesis, and a lack of budget allocated for health
cases and public health initiatives, including incomes, health
services, and education within the community. Another study
by Adham et al.® also found the ratio of male-to-female
NPC cases from 1995 to 2005 to be 2.37:1, with the peak



520 S. R. Indrasari et al. / International Journal of Biomedicine 15(3) (2025) 517-522

age incidence of 40-49; as many as >80% of the cases were
within the age group of 41-50. A significant number, 20%,
of NPC cases were contributed by patients under 30 with
no bimodal age distribution. As in our study, the male-to-
female ratio reached 2.1:1, with the mean age of 48, and the
highest incidence was within the age group of 50-60. On the
other hand, only 8% of juvenile cases were identified from
our study. The lack of awareness in young age cases could
cause the difference between these results. Almost all of the
pediatric and adolescent patients as well as their parents or
guardians were neither aware of the early clinical symptoms
of NPC nor even thinking that cancer might occur at their age.
Hence they assumed that such a condition as they endured
was normal or just a glimpse of a disturbance that later would
cause a delay in having a screening or an examination until
the condition became more severe or already at an advanced
stage.>” In a study by Susetiyo et al.? at Dr. Soetomo General
Hospital, the ratio of male to female patients was 2.7:1, with
the peak age group of 41-50. Each gender, lifestyle, and
biological factors were believed to contribute to the difference
in NPC incidence. Males are more prone than females to being
exposed to carcinogenic substances from the workplace or the
habit of smoking; otherwise, females have estrogen, which
tends to protect them from NPC due to its NAG7 repressor
negative regulator activity of tumor growth &2

The NPC-Indonesia registry allowed us to study the
incidence of this disease in several provinces of Indonesia
served by 16 different university hospitals. Based on the
data, we required the distribution of NPC in 29 provinces
in Indonesia. West Java had the highest incidence of NPC,
followed by South Sulawesi and East Java. Our results
differed from those previously reported by Adham et al.,! in
which the highest incidence was found in East Java, based
on the regional data provided by Malang (9.19/100.000) and
Surabaya (7.23/100.000). Nevertheless, as mentioned in the
study, the data acquired for the result was extracted from the
mean regional incidence based on a few cities in Indonesia. In
general, NPC incidence is 5.66/100.000, with approximately
1,000 new NPC findings each month, indicating a prominent
challenge in Indonesia.'®

In our study, the result showed that the most common
presentation of NPC is in the form of a neck lump and nasal
congestion, followed by ear and eye symptoms, as well as throat
and breathing symptoms, as the less common complaints.
Although neck lump was the most common complaint among
the subjects, a previous study by Adham et al.! noted that this
finding suggested an advanced stage of NPC. Mostly, patients
might not notice the early symptoms of NPC, which were
unilateral ear problems in 60.6% of the patients, according to
the previous study. Still, in our study, ear problems, such as
tinnitus and impaired hearing, were some of the less common
symptoms identified from NPC patients. Susetiyo et al.? also
found that the most common clinical symptoms of NPC were
due to nearby metastasis, such as neck masses, followed by
local infiltration symptoms, including ear and nasal complaints.
The neck mass often emerges unilaterally and is painless
unless accompanied by inflammation or infection. This could
be the main trigger for the advanced stage of NPC diagnosis.

Pain causes discomfort in patients, which eventually drives
patients to attend an examination.

The reason for this finding in our study is correlated with
our results of TNM classification and staging. Most patients
in our study suffered from T4 stage. They were also aware
that this stage was characterized by the broad extension of the
tumor already taking place, which caused major symptoms
to the patient with some form of metastasis, both regional
and distant. Most regional neck lymph node metastases were
identified at the N2 stage, in which the clinical enlargement was
already significant, compared to N1, hence a very aggravating
symptom endured by almost all patients due to its change in
anatomical appearance. Faisal et al.® evaluated the results of
428 patients in a single institution study and discovered that
T4 and N2 were the most common, with percentages of 63.8%
and 39.7% respectively. Furthermore, the nasopharynx’s
proximity to a dense lymphatic network creates a higher
possibility for poorly differentiated and undifferentiated NPCs
to metastasize than it does for the other squamous cancers of
the head and neck.

Regarding the NPC stage at the time of diagnosis,
43.5% of our cases were at stage IVA. If the advanced stage
versus the early stage were also calculated and compared, it
would result in 87.8% and 12.2%, respectively. The study by
Fles et al.Z may shed light on this finding regarding Indonesian
patients’ health attitudes, since, according to this study, most
patients with NPC have limited knowledge about NPC and
its etiology. Half of the patients have a six-month delay in
diagnosis since the symptom’s onset. It is mainly due to the
patient’s lack of awareness, as well as influences from the
environment, economic situation, and social aspects, including
family, tradition, and religion. Perceived barriers to medical
assistance and healthcare include direct non-medical costs not
covered by health insurance, complex and prolonged insurance
processes, referral systems, and negative past experiences. -

According to the WHO classification, NPC is classified
into three types based on its histopathology, which consists of
keratinizing squamous cell carcinoma (1), non-keratinizing
squamous cell carcinoma (2), and undifferentiated carcinoma
(3). The most abundant type in Southeast Asia is the third
WHO type, which is commonly related to EBV infection.
Unlike type 3, WHO type 1 is mainly found in non-endemic
regions, resulting from tobacco and alcohol consumption.
L12 Qur study also showed WHO type 3 as the most frequent
subtype. Approximately 69.4% of cases were undifferentiated
carcinoma, and only 2.2% were contributed by WHO type 1
NPC. Most previous studies analyzing NPC cases in Indonesia
have also shown that the most common subtype is WHO type
3, consistent with this country being an endemic region of
NPC.'4&1316 The predisposition for NPC development is EBV
infection at a young age, along with chronic viral reactivation
in the epithelial tissue of the nasopharynx caused by local
inflammation. Nearly all the children in the NPC endemic
region become EBV carriers at the age of five. 7

Moreover, NPC tends to have a propensity for distant
metastasis with a higher possibility, unlike the other types of
head and neck cancer. Based on the descending incidence,
metastasis tends to emerge in bones, liver, lungs, and distant
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lymph nodes. In our study, of all 545 patients 92 cases were
found to have distant metastasis. Most patients experienced
single organ metastasis, with the remainder developing
multiple metastases that occurred either simultaneously or
sequentially. An earlier study by Qu et al.’ indicated that bone
metastasis occurred in approximately 64%-67% of cases,
making it the most common site of metastasis, while brain
involvement was the least common among all subtypes of
NPC. According to their findings, 332 out of 2758 patients
(12.0%) had distant metastases, with 325 out of these
332 patients (97.9%) showing metastases in five specific
organs: bone, brain, liver, lung, and distant lymph nodes. In
addition, stage N3 is characterized by the highest incidence of
metastasis involving the five mentioned organs. Based on the
baseline clinicopathological characteristics, distant metastasis
is associated to tumor dimension, lymph node contribution,
and lymph node size. Frequently, it is found in cases where
the tumor was biopsied, but the lymph nodes aren’t removed,
as well as in subjects with T4 and N3 stages.“2 Distant
metastasis is the leading trigger of a reduction in patients’
survival. A study conducted by Yang et al.”? identified that
51.1% patients experienced multiple organ metastasis and
59.6% patients had suffered from more than three remote
metastatic lesions by the time they were diagnosed. In those
cases, bone, liver, and lung were the organs most affected by
metastasis. Meanwhile, in our study, 16.9% showed distant
metastasis at the time of diagnosis, 89.1% of which involved
single organ metastasis, and 10.9% of which included multiple
organs. Bone was the most common organ affected by single
organ metastasis (45.6%), followed by the lungs and liver,
and the least common was the brain. Our study reported
that multiple organ metastasis involving bone and lung was
identified the most.

Conclusion

Our study concluded that NPC cases are more often found
in males than in females, with a ratio of 2.1:1, and frequently
occur within the age group of 50-60, with a mean age of
48. The home province for the highest NPC cases was West
Java, followed by South Sulawesi and East Java. Overall, the
pathologic findings of WHO type 3 with IVA stage, T4 tumor,
and N2 node were the most dominant variable findings in this
study, almost aligning with those identified in the endemic area
of Southeast Asia, specifically in Indonesia. However, NPC
is still one of the most perplexing and easily misdiagnosed
pathologies. Both patients and physicians often neglect many
unspecified early clinical manifestations. Most patients in our
study have already shown local metastasis and local infiltration
symptoms, such as a lump in the neck and nasal congestion,
the two most frequent chief complaints among all subjects.
Bone was the most common metastatic organ in this study in
terms of single organ metastasis, whereas multiple metastases
commonly affect bone and lung as the most common target
organs. The findings of this study should be implemented
as a basis to encourage awareness and early testing for any
suspected case of NPC. Further research is recommended to
be conducted with more sufficient data to enhance follow-up

from several centers involving the entire home provinces in
Indonesia, as well as the use of more accurate and thorough
data entry, so that better and more comprehensive results can
be gained in the future.
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Abstract

The cochlea, a vital structure for hearing, comprising the scala media, scala tympani, and scala vestibuli, separated by Reissner’s
and basilar membranes. The scala media houses the organ of Corti, containing inner and outer hair cells (IHCs and OHCs).
Extensive research has explored OHCs, focusing on their mechanical properties and role in cochlear mechanics. This study
investigates the impact of OHCs on two types of tectorial membrane (TM) slow waves, termed TM wave 1 and TM wave 2,
using modal analysis. The research utilizes a model incorporating the basilar membrane, TM, and OHCs. The study explores how
OHCs influence the propagation characteristics of these waves. Results demonstrate that OHCs affect TM wave 1 minimally,
with distinctions becoming negligible at higher frequencies. In contrast, OHCs significantly influence TM wave 2, especially in
the high-frequency range. The study further explores the frequency-dependent phase and attenuation constants of these waves,
revealing substantial effects of OHCs on TM wave 2 across different frequencies and TM widths.(International Journal of

Biomedicine. 2025;15(3):523-526.)

Keywords: cochlea ¢ outer hair cell « tectorial membrane ¢ modal analysis ¢ propagation characteristics

For citation: Mizuno H, Kitamura T. The Influence of Outer Hair Cells on Tectorial Membrane Waves. International Journal of
Biomedicine. 2025;15(3):523-526. doi:10.21103/Article15(3) _OA10

Abbreviations

IHCs, inner hair cells; OHCs, outer hair cells; TM, tectorial membrane.

Introduction

The cochlea, a snail-shaped structure located in the inner
ear, plays a crucial role in the process of hearing. It has three
fluid-filled sections, namely the scala media, scala tympani,
and scala vestibuli. These three compartments are separated
by Reissner’s membrane and the basilar membrane. The scala
media, also known as the cochlear duct, contains a specialized
structure called the organ of Corti. This complex organ is
situated between the vestibular and tympanic ducts within the
cochlea. The organ of Corti contains rows of outer hair cells
(OHCs) and inner hair cells (IHCs). The IHCs are the primary
sensory organs of the auditory system. They transduce the
vibration of sound into electrical activity in nerve fibers,
which is transmitted to the brain. The OHCs play a central
role in signal amplification. They are directly coupled to the
tectorial membrane (TM) via their hair bundles.

Extensive scientific inquiry has been directed towards
understanding outer hair cells and their role in auditory
processes.® Spector et al.l investigated the passive and

active properties of the cochlear OHC, providing insights
into its mechanical characteristics, including Young’s
moduli, Poisson’s ratios, and bending stiffness. They also
examined the cell’s active behavior, determining coefficients
of active force production and limiting parameters of
the electromotile response. Their findings contribute to
modeling cochlear mechanics at the organ level. Tolomeo
et al? studied mammalian outer hair cells and their
deformation mechanism and investigated the cortical
cytoskeleton’s role in directing cell deformation. They
found that the cortical lattice exhibited differential stiffness,
and the plasma membrane contributed significantly to cell
stiffness. Karavitaki et al.® investigated the role of OHC
somatic motility in cochlear micromechanics and its impact
on hearing sensitivity. Using a cochlear preparation, they
observed significantly greater motion in OHCs, Deiter’s
cells, and Hensen’s cells than in other structures. Dewey
et al.* examined the influence of bundle stiffness and the
attachment of the TM on cochlear vibrations and their
contribution to auditory sensation. Through the study of
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mutant mice with reduced bundle stiffness or detached TM,
the researchers discovered that decreased bundle stiffness
led to a narrowing of tuning and a reduction in the high-
frequency range of vibratory responses.

The previous studies have shown that there are two
types of TM slow waves, which we refer to as TM wave 1
and TM wave 2.7 Figure 1 illustrates the TM displacement
of (a) TM wave 1 and (b) TM wave 2, respectively, when f=
10 kHz. The amplitude and direction of the displacement are
depicted by the vectors. The displacement of TM wave 1 is
primarily located at the limbal attachment zone of TM, while
the displacement of TM wave 2 is concentrated at the tip of the
main body of TM at a high frequency (f= 10 kHz).

This study investigated the influence of OHCs on the
two types of TM waves using modal analysis. We considered
an analysis model composed of the basilar membrane, TM,
and OHCs. The analysis model without the OHCs was also
utilized for comparison. Here, we discuss how the OHCs
affect the propagation characteristics of the two types of TM

waves.
\#‘. : ‘

(a)

(b)

scala vestibuli

rigid boundary

tectorial membrane

+— outer hair cells
+— Deiters’ cells
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Fig. 1. TM displacement of (a) TM wave 1 and
(b) TM wave 2, and (c) analysis model.

Materials and Methods

The organ of Corti sits between the TM and the basilar
membrane, housing three rows of OHCs as shown in Fig.
1(c). This study examined how OHCs affect the waves on
the TM. We used Comsol Multiphysics, a finite element
method-based software, to analyze TM wave properties such
as phase and attenuation constants. Each OHC is supported
by Deiters’ cells and has stereocilia on top. Deiters’ cells
are on the basilar membrane, and stereocilia attach to the
TM above. Both OHCs and Deiters’ cells have a Young’s
modulus of 3 kPa, while stercocilia have a Young’s modulus
of 100 kPa.>The basilar membrane parameters are fixed:
width (w,) = 0.3 mm, thickness (%,) = 5 um, and Young’s
modulus (£,) = 26.5 MPa.l? The Young’s modulus (£,) of
the TM is 50 kPa.Z The limbal attachment zone and the spiral
limbus are firmly fastened, modeled as a rigid boundary (d
=30 um, a = 10 um, b = 50 um). We varied the width (w,)
of TM as a parameter. Here, the ratio between the width (w,)
and thickness (4,) is fixed as w,_ = 34,. The chamber radius
remains constant at » = 0.5 mm. Both the TM and basilar
membrane possess Poisson’s ratio of 0.49 and a density of
1.2x10* kg/m*.112 The fluid possesses a bulk modulus of
2.2x10° Pa, a density of 1.034x10°kg/m?, and a viscosity of
2.8%107 Pa-s.th12

Results and Discussion

Figure 2 displays the frequency characteristics of
phase constants and attenuation constants for TM wave 1
and TM wave 2, including the results of the analysis model
in which the OHCs are excluded. As shown in Fig. 1(a), the
TM wave 1 field concentrates in the limbal attachment zone,
intensifying in the high-frequency range. Consequently, in
the phase characteristics depicted in Fig. 2(a), differences
based on the presence or absence of OHCs are minimal. As
the frequency increases, these distinctions become almost
negligible. In contrast, Fig. 1(b) illustrates the TM wave 2
field focusing on the tip of the TM main body. Thus, in the
phase characteristics of Fig. 2(b), the influence of OHCs
is prominent across all frequency domains, especially in
the high-frequency range where the field concentration is
significant, leading to substantial differences based on the
presence or absence of OHC. Fig. 2(c) makes it evident that
the influence of OHCs on the attenuation constants of TM
wave | is remarkable in the lower frequency region compared
to the phase constants shown in Fig. 2(a). As the frequency
increases, the influence diminishes because the field
concentrates in the limbal attachment zone, as mentioned
above. Conversely, the influence on the attenuation constants
of TM wave 2 becomes more pronounced with increasing
frequency, as shown in Fig. 2(d). This is due to the TM wave
2 field becoming more concentrated at the tip of the TM main
body. In most cases, OHCs have the effect of decreasing
attenuation constants.

The phase and attenuation constants of TM wave 1 and
TM wave 2, dependent on the width (w,) of the TM, are depicted
in Figure 3. Here, the ratio between the width (w,) and thickness
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(h,) is fixed at w_ = 3h,. We chose the acoustic frequencies for
this analysis as /=5 and 10 kHz. Fig. 3(a) shows that when /=
10 kHz, the phase constants of TM wave 1 are hardly affected by
the presence or absence of OHCs, regardless of the TM width.
In contrast, when /= 10 kHz, they are strongly affected for low
frequency, and the influence of OHCs becomes stronger as the
TM width decreases because the field concentration weakens
and spreads to the OHCs due to the lower frequency and the
smaller TM size. Fig. 3(b) illustrates that the influence of OHCs
on the phase constants of TM wave 2 is considerable regardless
of the frequency and the TM width. We can also understand that
OHC:s affect the phase constants of TM wave 2 more strongly
when /=5 kHz. Fig. 3(c) indicates that the influence of OHCs
on the attenuation constants of TM wave 1 is stronger than the
one on the phase constants in any case of the TM width. We
can also understand that the influence becomes stronger as the
TM width decreases. On the other hand, Fig. 3(d) shows that
compared to TM wave 1, the attenuation constants of TM wave
2 are affected more strongly by OHCs, and the dependence on
the TM width decreases.
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I [ F=5 kHz (without OHCs)

== =5 kHz {with OHCs)

= /=10 kHz (without OHCs)
== =10 kHz (with OHCs)
=== f=5 kHz (without OHCs)
== f=5 kHz {with OHCs)

“1o0 120 140 160 150 200 00 120 140 160 150

w [um] w [pam]

(a) (b)

=10 kHz (without OHCs)
s == =10 kHz (with OHCs)
----- 5 kHz (without OHCs)
== f=5 kHiz (with OHCs)

o Npmm]
| Np'mim]

w [pm] w [um]

N & without O1ICs
== with OHCs
x ¥ = w
[[] L4 i
"l\ 5 10 (1] »n "l\ 5 10 (1] »n
NkHz] AkHz]
(a) (b)
= il'll'“"“.”l o = without OHCs
|_= = with OHCs = = with OHCs
¢ 20
Ji : /i 15
} o 5 o [E3 2| "l\ 5 10 [E3 0|
SkHz] AkHz]
(c) (d)
Fig. 2. Frequency characteristics of phase and attenuation
constants.
Note: Phase constant of (a) TM wave 1 and (b) TM wave 2
and attenuation constant of (¢) TM wave 1 and (d) TM wave
2 are shown.
Conclusion

This study investigated the influence of OHCs on the
propagation characteristics of two types of TM waves—TM
wave 1 and TM wave 2—by employing modal analysis using
finite element method-based software.

(©) (d)

Fig. 3. Phase and attenuation constants as a function of
TM width w.

Note: Phase constant of (a) TM wave 1 and (b) TM wave
2 and attenuation constant of (c) TM wave 1 and (d) TM
wave 2 are shown.

For TM wave 1, the concentration in the limbal attachment
zone and the subsequent diminishing influence of OHCs at
higher frequencies suggest a small influence from OHCs.
On the other hand, TM wave 2, with its concentration at the
tip of the TM main body, experiences a more pronounced
impact from OHCs across all frequency domains, especially
in the high-frequency range. The examination of phase and
attenuation constants with varying TM widths indicates
noteworthy trends. The influence of OHCs on TM wave 1
is more pronounced in the attenuation constants than in the
phase constants, particularly at lower frequencies and smaller
TM widths. In contrast, for TM wave 2, the attenuation
constants are affected more strongly by OHCs than by TM
wave 1, and the dependence on TM width decreases. This
research contributes valuable insights into the intricate
interplay between OHCs and TM waves, shedding light on
their roles in cochlear mechanics and hearing sensitivity.
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Abstract

Background: Glaucoma is a progressive optic neuropathy in which increased intraocular pressure (IOP) is a primary risk factor,
leading to vision loss. The present study was initiated to compare the intraocular pressure (IOP)-lowering efficacy of 0.03%
bimatoprost and 0.004% travoprost in patients with unilateral primary open-angle glaucoma (POAG).

Methods and Results: A total of 100 patients with POAG were treated with a single hypotensive agent during a 6-month follow-
up period. The patients were divided into two groups. Group 1 patients (n=50) were treated with 0.03% bimatoprost, and Group 2
patients (n=50) were treated with 0.004% travoprost. We assessed the IOP at baseline, 1 week, 4 weeks, 12 weeks, and 6 months
after treatment.

There were no significant differences between the two treatments at the initial stage. At 1 week and 4 weeks after treatment, the
mean IOP significantly decreased from baseline in both groups. There were no significant differences between the two treatments
at these stages. After 12 weeks of treatment, IOP continued to decrease effectively in both groups; however, 0.03% bimatoprost
provided lower IOP values, and there was a significant difference between groups. In the bimatoprost group, compared to baseline,
the reduction was 30.9%, while in the travoprost group, the reduction was 28.3% (P=0.043). The difference was greater after 6
months: in the bimatoprost group, the reduction was 33.0% compared to baseline, while in the travoprost group, the reduction was
29.7% (P=0.033).

Conclusion: The consistently lower IOP values for 0.03% bimatoprost treatment suggest it may be more effective in lowering IOP
than 0.004% travoprost.(International Journal of Biomedicine. 2025;15(3):527-530.)
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However, in glaucomatous optic neuropathy, the continuous
progression of glaucoma despite a decrease in IOP of > 30%
suggests that vascular, genetic, and other factors play an
important role in the pathogenesis of the disease.

Introduction

Glaucoma is a progressive optic neuropathy in which
increased intraocular pressure (IOP) is a primary risk factor,

leading to vision loss. The treatment of glaucoma aims to
decrease the IOP, which is the only treatable risk factor.

*Corresponding author: Flaka Shoshi, MD, PhD(c). E-mail:
flakashoshi@gmail.com

Lowering IOP reduces the risk of visual field loss
in patients with glaucoma and ocular hypertension. Based
on the findings of the Early Manifest Glaucoma Trial, it is
suggested that every millimeter of IOP lowering corresponds
to a reduction in the risk of glaucomatous progression of
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approximately 10%.! The current treatment paradigm for
patients with glaucoma or ocular hypertension focuses on
reducing the IOP to a target level sufficiently low to preserve
the visual field.?

A primary goal of medical therapy in glaucoma is to
reduce IOP. Due to the significant impact on the reduction
of the IOP, prostaglandin analogues, used once daily, have
become the most commonly used first-line agents in glaucoma
and ocular hypertension.*?

Bimatoprost 0.03% is a potent and highly efficacious
monotherapy that allows many patients to achieve low target
pressures.® Furthermore, several clinical trials have shown
that bimatoprost 0.03% monotherapy lowers the IOP more
effectively than either latanoprost or timolol.2? Bimatoprost
is a prostamide, a synthetic, prostaglandin (PG)-related
molecule, that reduces the IOP by increasing both the
pressure-sensitive (presumed trabecular meshwork) and the
pressure-insensitive (presumed uveoscleral) outflow.!

Travoprost 0.004%, a synthetic prostaglandin, F2a
receptor agonist, lowers the IOP by increasing the uveoscleral
outflow. Many clinical trials have shown that the [OP-lowering
efficacy of travoprost monotherapy is superior to that of
timolol and roughly equivalent to that of latanoprost.'®2Our
study aimed to compare the IOP-lowering efficacy of 0.03%
bimatoprost and 0.004% travoprost in patients with unilateral
primary open-angle glaucoma (POAG).

Materials and Methods

This prospective cohort study was conducted in the
Ophthalmology Department at the University Clinical
Center of Kosovo (Prishtina, Kosovo) from January 2023 to
February 2025. A total of 100 previously untreated patients
with newly diagnosed POAG were initially enrolled in
the study and randomly assigned to one of two groups in
a double-masked fashion. Group 1 patients (n=50) were
treated with 0.03% bimatoprost, and Group 2 patients
(n=50) were treated with 0.004% travoprost.

Medication was administered at 24-hour intervals
(between 20.00 hours and 22.00 hours) every day for 6 months.
No other IOP-reducing therapy was permitted.

Primary open-angle glaucoma was diagnosed according
to the European Glaucoma Society, based on the presence of
typical glaucomatous optic disc damage (asymmetry between
the vertical cup: disc ratios > 0.2, thinning of the neuroretinal
rim, optic disc haemorrhages, parapapillary atrophy) with
glaucomatous visual field loss, open angles, and IOP levels >
21 mmHg.

Data Collection

Eligible patients for the study were patients of both
genders, aged > 18 years, and diagnosed as having unilateral
primary open-angle glaucomawith IOP of 22-36 mmHg
during the pre-study period, who had not received any prior
medical treatment to lower IOP or alter cardiovascular
status (such as adrenergic agents, calcium channel blockers,
carbonic anhydrase inhibitors, angiotensin-converting enzyme
inhibitors and/or angiotensin receptor blockers). All subjects
included in the study did not have any cardiovascular disease,

systemic hypertension, or diabetes mellitus. The exclusion
criteria included any corneal abnormalities or other diseases
that could interfere with accurate IOP measurement with a
Goldmann applanation tonometer.

During the treatment period, scheduled visits were
performed at baseline and at the end of weeks 1, 4, 12, and after
6 months of treatment. IOP was measured with a Goldmann
applanation tonometer.

Statistical analysis was performed using the statistical
software package SPSS version 22.0 (SPSS Inc., Armonk,
NY: IBM Corp). Baseline characteristics were summarized
as frequencies and percentages for categorical variables and
mean (M) + standard deviation (SD) for continuous variables.
The unpaired t-test was used to compare two groups. Group
comparisons concerning categorical variables were performed
using chi-square test. A probability value of P<0.05 was
considered statistically significant.

Results

The demographic characteristics of patients included
in the study are presented in Table 1. In terms of gender,
there were more females in both groups, however, with
no significant difference between the groups (P>0.05). At
baseline, the IOP for both groups were very similar: 26.2+1.9
mmHg in Group 1 and 26.3+1.9 mmHg in Group 1 (P=0.958)
(Table 1).

Table 1.

Comparison of clinical and demographic characteristics between
study groups

Group 1 (n=50) | Group 2 (n=50)
(Bimatoprost) (Travoprost) P-value
Gender n (%)
Male 22 (44.0) 21 (42.0) 0.999
Female 28 (56.0) 29 (58.0)
Age (year)
Mean < SD 64.6 £10.6 70.6 £10.5 0.068
Mean Baseling
IOP (mmHg) 262+19 263+19 0.958
Mean + SD

At 1 week and 4 weeks after treatment, the mean IOP
significantly decreased from baseline in both groups. There
were no significant differences between the two treatments
at these stages. After 12 weeks of treatment, IOP continued
to decrease effectively in both groups; however, 0.03%
bimatoprost provided lower IOP values, and there was a
significant difference between groups. In the bimatoprost
group, compared to baseline, the reduction was 30.9%,
while in the travoprost group, the reduction was 28.3%
(P=0.043). The difference was greater after 6 months: in
the bimatoprost group, the reduction was 33.0% compared
to baseline, while in the travoprost group, the reduction was

29.7% (P=0.033) (Table 2).
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Table 2.
Changes in I0OP during scheduled visits in the study groups.

Group 1 (n=50) | Group 2 (n=50) |
(Bimatoprost) (Travoprost) P-value
Mean (mmHg) and %IOP change from baseline
Mean £ SD (%)
Baseline - -
59+£2.0 5.6+2.0
1 weeks (22.4%) (21.0%) 0.316
7.7+2.1 7.1+£22
4 weeks (29.1%) (26.6%) 0.071
82+2.1 75+24
12 weeks (30.9%) (28.3%) 0.043
8.8+23 79+2.1
6 months (33.0%) (29.7%) 0.038
IOP (mmHg) (Mean + SD)
Baseline 262+ 1.9 26.3+1.9 0.958
1 weeks 204+1.8 20.7+1.8 0.318
4 weeks 18.6+1.8 192+1.6 0.067
12 weeks 18.1+£1.7 18.8+1.5 0.045
6 months 17.5+1.2 184+1.5 0.0006
Discussion

The American Academy of Ophthalmology preferred
practice patterns suggest that reductions of at least 20% from
untreated IOP levels should be targeted as a goal of treatment to
prevent glaucomatous progression.t2 The findings of our study
show that patients treated with bimatoprost 0.03% achieved
higher reductions of this magnitude, compared with patients
treated with travoprost 0.004%. Moreover, almost 40% had a
decrease of at least 30% from baseline. Patients treated with
bimatoprost 0.03% were also more likely to experience better
clinical outcomes compared to those treated with travoprost
0.004%. Due to poor treatment outcomes and the lack of
efficacy, patients in the travoprost group were more likely to
discontinue the treatment.

The primary goal of glaucoma treatment is to reduce IOP
to the target pressure using a minimal number of medications.
The prospective randomized study by Gandolfi et al. and also
other studies confirm previous reports, 41 demonstrating
that additional IOP lowering may be achieved by switching
patients who are inadequately controlled on latanoprost to
another PGA and reinforces the concept that changing therapy
within the PGA class should be considered before adding a
second medication if further IOP lowering is required.

In a study by Cantor et al.,2 there was no significance
between-group differences observed in IOP at baseline, at
09:00, 13:00 or 16:00 h (P=0.741). After 6 months, both drugs

significantly reduced IOP at every time point (P<0.001). After
6 months, the mean IOP reduction at 09:00 h was 7.1 mmHg
(27.9%) with bimatoprost (n=76) and 5.7 mmHg (23.3%)
with travoprost (n=81) (P=0.014). At 13:00 h, the mean IOP
reduction was 5.9 mmHg with bimatoprost (25.3%) and 5.2
mmHg (22.4%) with travoprost (P=0.213). At 16:00 h, the
mean [OP reduction was 5.3 mmHg (22.5%) with bimatoprost
and 4.5 mmHg (18.9%) (P=0.207) with travoprost, similar
to our findings. Our results also show that bimatoprost had a
higher IOP-lowering efficacy.

In a study of the Egyptian population where seventy-
two patients were included in the study, both treatment agents
provided statistically significant IOP reductions from baseline
at all visits (P<0.001); however, bimatoprost provided greater
mean [OP reductions from baseline compared to travoprost at
each visit. Mean IOP reductions were 8.77mmHg (33.39%)
and 8.42mmHg (31.54%) at 2 weeks (P=0.703), and
8.47mmHg (31.61%) and 7.84 mmHg (29.50%) at 6 months
(P=0.536) for bimatoprost and travoprost, respectively. IOP
in the two groups at 2 weeks were <18 mmHg in 20(58.8%)
versus 19(50%) eyes (P=0.603), and <16 mmHg in 12(35%)
versus 12(32%) eyes (P=0.456); and at 6 months <18 mmHg
in 22(65%) versus 14(37%) eyes (P=0.045), and <16 mmHg
in 12(35%) versus 7(18%) eyes (P=0.037) for bimatoprost
and travoprost, respectively.® The data from the literature
aligns with the findings of our study, where the superiority of
bimatoprost in IOP lowering is shown. In terms of safety and
side effects, both agents were proven to be safe. In conclusion,
the consistently lower IOP values for 0.03% bimatoprost
treatment suggest it may be more effective in lowering IOP
than 0.004% travoprost.
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Abstract

Background: Cataract is one of the most common ophthalmic disorders among older adults. Even though phacoemulsification is
the standard method of treatment, with the improvement of surgical techniques and intraocular lens (IOL) models, the expectations
of both patients and physicians have increased. This study aimed to determine the correlation between the pre-existing astigmatism
and postoperative astigmatism after cataract surgery and monofocal IOL implantation.

Methods and Results: This retrospective, observational study included the data of 101 patients who underwent cataract surgery
with phacoemulsification and monofocal IOL implantation over a 12-month period. The data of patients were collected in two
different periods: preoperatively and 2 months postoperatively. All patients underwent a detailed ophthalmic examination with
the slit lamp, and the astigmatism was evaluated using the autokeratoferactometer, and the central corneal thickness (CCT) was
measured using optical coherence tomography. We divided our patients based on the type of cataract (presenile and senile cataract)
and based on the CCT into two groups: Group 1 (n=29): CCT <550 pm and Group 2 (n=72): CCT > 550 pm. In patients of Group 1,
there was a pre-existing astigmatism of 0.66=1.16 dcy; in Group 2, there was a lower pre-existing astigmatism of -0.15+1.09 dcyl;
however, there was no statistically significant difference between the groups (P=0.092). The 2-month postoperative astigmatism
was -0.59+1.11 dcyl in Group 1 and -0.32+ 1.14 dcyl in Group 2, and there was no statistically significant difference between the
groups (P=0.315). Through regression analysis, we obtained a statistically significant correlation (R=0.7972, P<0.0001) between
the pre-existing astigmatism and the 2-month postoperative astigmatism. According to our results, the 2-month postoperative
astigmatism was affected by the pre-existing astigmatism by 63.5%.

Conclusion: there is a statistically significant correlation between a pre-existing astigmatism and a postoperative astigmatism
in patients who undergo cataract surgery and are implanted with monofocal IOLs. Awareness of this correlation by physicians
may help to minimize patients’ postoperative refractive error and produce better postoperative outcomes after cataract surgery.
(International Journal of Biomedicine. 2025;15(3):531-534.)
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Introduction

Cataract, as an ophthalmic disorder, remains one of the
preventable diseases that causes blindness in 50% of patients
in low-income countries. Cataracts are, in most cases, a side
effect of aging;! their treatment with phacoemulsification is
the most appropriate method. With the ongoing developments
in surgical techniques, both surgeons and patients have
much higher expectations for postoperative outcomes.>* The
demand to minimize postoperative refractive error and to
have better postoperative outcomes after cataract surgery is
increasing.* Among refractive errors, postoperative residual
astigmatism may result in reduced unaided distance visual
acuity, which in turn may hinder satisfactory postoperative
results.® Spectacle independence for distance activities is
unlikely unless patients achieve <0.50 diopters of astigmatism
after surgery.® One very important factor that plays a key
role in postoperative astigmatism after cataract surgery is the
pre-existing astigmatism, especially in cases where the IOL
selection is limited to monofocal ones.

This study aimed to determine the correlation between
the pre-existing astigmatism and postoperative astigmatism
after cataract surgery and monofocal IOL implantation.

Materials and Methods

This retrospective, observational study included the
data of 101 patients who underwent cataract surgery with
phacoemulsification and monofocal IOL implantation over a
12-month period. The data were collected over that 12-month
period, and the cases were treated by surgeons with more than
10 years of experience.

The data of patients were collected in two different
periods: preoperatively and 2 months postoperatively. We
divided our patients based on the type of cataract (presenile
and senile cataract) and based on the central corneal thickness
(CCT) into two groups: Group 1: CCT < 550 um and Group
2: CCT =550 pm.

Inclusion criteria: patients of all ages and genders
diagnosed with presenile or senile cataracts, as well as patients
diagnosed with astigmatism before cataract surgery

Exclusion criteria: no history of astigmatism, previous
cataract surgery and refractive eye surgery, and other corneal
diseases.

All patients underwent a detailed ophthalmic
examination with the slit lamp, and the astigmatism was
evaluated using the autokeratoferactometer, and the CCT was
measured using optical coherence tomography.

Statistical analysis was performed using the statistical
software package SPSS version 22.0 (SPSS Inc, Armonk,
NY: IBM Corp). The normality of distribution of continuous
variables was tested by the Kolmogorov-Smirnov test with the
Lilliefors correction and Shapiro-Wilk test. For descriptive
analysis, results are presented as mean + standard deviation
(SD), standard error of the mean (SEM) and range. For data
with normal distribution, inter-group comparisons were
performed using Student’s t-test. Differences of continuous
variables departing from the normal distribution, even after

transformation, were tested by the Mann-Whitney U test.
Group comparisons with respect to categorical variables are
performed using chi-square test or Fisher’s exact test. Linear
regression was used to measure the strength of association
between two parameters using the R-squared value. The
P-value of <0.05 was considered statistically significant.

Results

Out of 101 eyes, 93.1% were diagnosed with senile
cataract, whereas 6.9% were diagnosed with presenile cataract.
Based on the type of cataract and the gender of patients, there
was no statistical significance (P>0.05). (Table 1)

Table 1.
Type of cataract and gender (F/M) of patients

F M Total

Type of cataract
n % n % n %

Presenile cataract 3 6.4 4 7.4 7 6.9

Senile cataract 44 93.6 50 92.6 94 93.1

Total 47 | 100.0 | 54 | 100.0 | 101 | 100.0

Fisher’s exact test P=0.9999

Based on the central corneal thickness, there were 29
patients in Group 1 and 72 patients in Group 2. In patients of
Group 1 (CCT <550 pum), there was a pre-existing astigmatism
of 0.66£1.16 dcy; in Group 2 (CCT > 550 pum), there was a
lower pre-existing astigmatism of -0.15+1.09 dcyl; however,
there was no statistically significant difference between the
groups (P=0.092) (Table 2).

Table 2.

The pre-existing astigmatism.
Astigmatism Group 1 Ciotip 2
{deyl) =29 (CCT<550 um) | n=72 (CCT=550 um)
Before the intervention
Mean + SD -0.66 £ 1.16 -0.15+1.09
SEM 0.215 0.128
Range -2.75t0 1.25 -2.75t0 1.75
Statistics P=0.092

The 2-month postoperative astigmatism was -0.59+ 1.11
deyl in Group 1 and -0.32+ 1.14 dcyl in Group 2, and there
was no statistically significant difference between the groups
(P=0.315) (Table 3). Through regression analysis, we obtained
a statistically significant correlation (R=0.7972, P<0.0001)
between the pre-existing astigmatism and the 2-month
postoperative astigmatism (Table 4). According to our results,
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the 2-month postoperative astigmatism was affected by the
pre-existing astigmatism by 63.5%.

Table 3.

The 2-month postoperative astigmatism.

Group 1 Group 2

Astigmatism

(deyl) n=29 (CCT<550 pm) | n=72 (CCT=550 pm

The 2-month postoperative

Mean £+ SD -0.59 £1.11 -0.32+£1.14
SEM 0.206 0.134
Range -225t0 1.5 -2.25t0 2.50
P-value P=0.315

Table 4.

Regression analysis for pre-existing astigmatism and 2-month
postoperative astigmatism.

R-squared 0.6355

Adjusted R-squared 0.6303

R 0.7972

P-value <0.0001
Discussion

A refractive error after cataract surgery is one of the
main reasons for postoperative patient dissatisfaction. Patients
with cataracts who have pre-existing astigmatism and receive
monofocal intraocular lenses, may require additional refractive
procedures like limbal relaxing incisions, corneal incisions
in the steep meridian, and femtosecond laser-associated
astigmatic keratotomy.? A study by Patil et al2 showed that
the implantation of toric intraocular lenses is the appropriate
choice to avoid postoperative astigmatism in patients with
pre-existing astigmatism. Like other findings reported in
the literature,1! our study shows that postoperative residual
astigmatism is affected by the pre-existing astigmatism by
63.5%. The correlation between pre-existing and postoperative
astigmatism has been documented in the literature; therefore,
the implantation of premium intraocular lenses is recommended
to correct pre-existing astigmatism.!2 The retrospective study
of Schallhorn et al.,22 including 40,289 eyes, showed that the
most accurate method to correct the pre-existing astigmatism is
the implantation of toric lenses. In patients with a pre-existing
astigmatism between 0.75 dcyl and 1.25 dcyl, toric lens
implantation resulted in better refractive outcomes, compared
to the group where pre-existing astigmatism was left untreated.
In our previous study comparing the refractive outcomes after
cataract surgery based on the IOL model implanted, we reported
that 1-month postoperative refractive outcomes were 35% better
in the group treated with premium intraocular lenses.**

Conclusion

Our analysis confirmed that there is a statistically
significant correlation between a pre-existing astigmatism and
a postoperative astigmatism in patients who undergo cataract
surgery and are implanted with monofocal intraocular lenses.
Awareness of this correlation by physicians may help to
minimize patients’ postoperative refractive error and produce
better postoperative outcomes after cataract surgery.

Ethical Considerations

The study was conducted in accordance with ethical
principles of the Declaration of Helsinki (2000; revised
October 2013, Fortaleza, Brazil). The study protocol was
approved by the Ethics Committee of the Kosovo Chamber
of Physicians (Nr. 51/2021 dated 06/10/2021) and the Ethics
Committee of the Faculty of Medicine, University of Prishtina
(Ne 13482 dated 24/12/2021). Written informed consent was
obtained from all the participants.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Hashemi H, Pakzad R, Yekta A, Aghamirsalim M, Pakbin
M, Ramin S, Khabazkhoob M. Global and regional prevalence
of age-related cataract: a comprehensive systematic review
and meta-analysis. Eye (Lond). 2020 Aug;34(8):1357-1370.
doi: 10.1038/s41433-020-0806-3. Epub 2020 Feb 13. PMID:
32055021; PMCID: PMC7376226.

2. Hawker MJ, Madge SN, Baddeley PA, Perry SR.
Refractive expectations of patients having cataract surgery.
J Cataract Refract Surg. 2005 Oct;31(10):1970-5. doi:
10.1016/j.jcrs.2005.03.065. PMID: 16338569.

3. Tielsch JM, Steinberg EP, Cassard SD, Schein OD,
Javitt JC, Legro MW, Bass EB, Sharkey P. Preoperative
functional expectations and postoperative outcomes
among patients undergoing first eye cataract surgery. Arch
Ophthalmol. 1995 Oct;113(10):1312-8. doi: 10.1001/
archopht.1995.01100100100038. PMID: 7575266.

4. Webber KJ, Fylan F, Wood JM, Elliott DB. Experiences
following cataract surgery - patient perspectives. Ophthalmic
Physiol Opt. 2020 Sep;40(5):540-548. doi: 10.1111/
0p0.12709. Epub 2020 Jul 11. PMID: 32654259.

5. Day AC, Dhariwal M, Keith MS, Ender F, Perez
Vives C, Miglio C, Zou L, Anderson DF. Distribution
of preoperative and postoperative astigmatism in a large
population of patients undergoing cataract surgery in the UK.
Br J Ophthalmol. 2019 Jul;103(7):993-1000. doi: 10.1136/
bjophthalmol-2018-312025. Epub 2018 Sep 6. PMID:
30190365; PMCID: PMC6591741.

6. Rubenstein JB, Raciti M. Approaches to corneal
astigmatism in cataract surgery. Curr Opin Ophthalmol. 2013
Jan;24(1):30-4. doi: 10.1097/ICU.0b013e32835ac853.



534 F. Shoshi et al. / International Journal of Biomedicine 15(3) (2025) 531-534

7. Chen X, Zhao M, Shi Y, Yang L, Lu Y, Huang Z. Visual
outcomes and optical quality after implantation of a diffractive
multifocal toric intraocular lens. Indian J Ophthalmol. 2016
Apr;64(4):285-91. doi: 10.4103/0301-4738.182939. PMID:
27221680; PMCID: PMC4901846.

8. Patil MS, Nikose AS, Bharti S. Visual outcome and
refractive status with monofocal toric intraocular lens
implantation to correct astigmatism during cataract surgery.
Indian J Ophthalmol. 2020 Dec;68(12):3016-3019. doi:
10.4103/ijo.1JO 1272 20. PMID: 33229689; PMCID:
PMC7857000.

9. Hashemi H, Khabazkhoob M, Soroush S, Shariati R,
Miraftab M, Yekta A. The location of incision in cataract
surgery and its impact on induced astigmatism. Curr
Opin Ophthalmol. 2016 Jan;27(1):58-64. doi: 10.1097/
1CU.0000000000000223. PMID: 26569524.

10. Yin XL, Ji ZY, Li XX, Liang XM, Ji SX. Surgical
approaches to correct corneal astigmatism at time of
cataract surgery: a mini-review. Int J Ophthalmol. 2024 Jul
18;17(7):1370-1374. doi: 10.18240/ij0.2024.07.23. PMID:
39026920; PMCID: PMC11246944.

11. El-Shehawy A, El-Massry A, El-Shorbagy MS, Atef
M, Sabry M. Correction of pre-existing astigmatism with
phacoemulsification using toric intraocular lens versus
spherical intraocular lens and wave front guided surface

ablation. BMC Ophthalmol. 2022 Mar 12;22(1):114. doi:
10.1186/s12886-022-02347-5. PMID: 35279107; PMCID:
PMC8917725.

12. Icoz M, Yildirim B, Gurturk Icoz SG. Comparison
of different methods of correcting astigmatism in cataract
surgery. Clin Exp Optom. 2024 May;107(4):409-414. doi:
10.1080/08164622.2023.2239816. Epub 2023 Sep 12. PMID:
37699788.

13. Schallhorn SC, Schallhorn JM. Comparison of Surgical
Methods for the Correction of Low Amounts of Corneal
Astigmatism during Cataract Surgery. Ophthalmology.
2025 Jun 16:50161-6420(25)00360-4. doi: 10.1016/j.
ophtha.2025.06.011. Epub ahead of print. PMID: 40532854.
14. Shoshi F, Shoshi F, Xhafa A, Nagy ZZ. Refractive
Outcomes After Cataract Surgery-The Impact of Preoperative
Visual Acuity, the Intraocular Lens Model, and the Surgeon’s
Experience: An Empirical Analysis of Hungarian and
Kosovan Patients. J Clin Med. 2024 Nov 21;13(23):7013.
doi: 10.3390/jem13237013. PMID: 39685470; PMCID:
PMC11642209.

*Corresponding author: Dr. Fitore Shoshi, MD, PhD. Department
of Ophthalmology, University Clinical Center of Kosovo, Prishtina,
Kosovo. E-mail: shoshifitore@gmail.com




International Journal of Biomedicine 15(3) (2025) 535-539

INTERNATIONAL

http://dx.doi.org/10.21103/Articlel 5(3) OAI3 JOURNAL
ORIGINAL ARTICLE OF BIOMEDICINE
Radiology

Sonographic Evaluation of Gallbladder Distension Based on Interval
Fasting Hours: A Prospective Study

Mohammed Alsaadi”

Radiology and Medical Imaging Department, College of Applied Medical Sciences, Prince Sattam Bin
Abdulaziz University, Al-Kharj, Saudi Arabia

Abstract

The primary objective of this study was to systematically investigate the relationship between gallbladder (GB) distension and
fasting duration (FD) by measuring the length and width of the gallbladder.

Methods and Results: A total of 30 healthy adult male volunteers (mean age: 23 + 0.20 years; mean BMI: 23.16 + 1.89 kg/m?)
were recruited through convenience sampling. Participants were stratified into three groups based on their FD: Group A (n=10)
with FD of 8 hours, Group B (n=10) with FD of 6 hours, and Group C (n=10) with FD of 4 hours. Each participant underwent
a standardized GB ultrasound scan, during which the size and characteristics of the GB were measured in both transverse and
longitudinal planes.

Longitudinal GB size increased significantly with FD (P=0.016): 46.84+8.83 mm (4 hours), 54.82+11.93 mm (6 hours), and
59.63+6.37 mm (8 hours). The transverse size showed no significant difference (P=0.193): 19.42+4.60 mm (4 hours), 3.48+5.35
mm (6 hours), and 22.56+5.27 mm (8 hours). GB wall thickness did not differ significantly across the three time points (P=0.766):
0.1440.97 mm (4 hours), 0.22+0.57 mm (6 hours), and 0.42+1.03 mm (8 hours). The GB neck was visualized in 40% of cases at
4 hours and 100% at 6 and 8 hours. Cystic duct visualization showed no significant difference (P=0.585), with rates of 40%, 60%,
and 60% at 4, 6, and 8 hours, respectively.

Conclusion: Fasting for four hours can provide adequate GB visualization in most healthy individuals, with no significant issues
evaluating the wall, cystic duct, or lumen. Prolonged fasting durations may improve the visualization of the GB neck, although
they are not always necessary. Standardizing the fasting duration to four hours may optimize workflow while preserving diagnostic
quality in routine practice.(International Journal of Biomedicine. 2025;15(3):535-539.)
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Introduction

Ultrasound is deemed the first-line investigation for the
initial assessment of the gallbladder (GB) due to its ability
to provide substantial information about anatomy and the
appearance of pathology with high sensitivity.! An essential
prerequisite for optimal sonographic visualization of the GB
is adequate distension, typically achieved through a fasting
period that allows bile to accumulate within the GB lumen.2
A well-distended GB offers enhanced acoustic contrast, more

*Correspondence: Dr. Mohammed Alsaadi, MSc, Ph.D. E-mail:
m.alsaadi@psau.edu.sa

precise visualization of the GB wall, and improved detection
of intraluminal abnormalities such as sludge, gallstones,
polyps, and wall thickening.?

Although current clinical practice generally recommends
fasting 6 to 8 hours before GB sonography, there is significant
variability in the literature regarding the minimum effective
fasting duration (FD) necessary for optimal GB distension.*
Excessively prolonged fasting may lead to dehydration-
related changes or paradoxical contraction due to the influence
of hormones such as cholecystokinin. In contrast, inadequate
fasting may result in suboptimal imaging and the potential
for missed pathology.>® Furthermore, prolonged fasting may
present clinical challenges for specific populations. Diabetic
patients are at risk of hypoglycemia due to delayed meals or
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insulin administration, which can lead to serious complications
during extended fasting.”

Similarly, individuals with chronic illnesses often
require timely morning medications, such as antihypertensives,
antiepileptics, or cardiac drugs, which are usually taken
with food. Delaying these medications to accommodate
long fasting periods for imaging may compromise treatment
adherence and metabolic control.® Therefore, standardizing
a minimum FD that ensures adequate GB distension without
compromising diagnostic accuracy is essential for enhancing
the reliability and efficiency of ultrasound evaluations while
also minimizing potential health risks in vulnerable patient
groups.?

The primary objective of this study was to systematically
investigate the relationship between GB distension and FD
by measuring the length and width of the GB. By evaluating
GB dimensions at various fasting intervals, this study aims
to determine the minimum fasting period necessary for
adequate visualization and diagnostic assessment of the GB.
Addressing this knowledge gap may enhance sonographic
protocols, reduce unnecessary imaging delays, and optimize
the diagnostic efficacy of abdominal ultrasound in clinical
practice.

Materials and Methods

Study Design

This study utilized a prospective observational design to
assess the effect of varying fasting intervals on GB distension
using ultrasound. It was a quantitative investigation conducted
at the ultrasound diagnostic unit. The aim was to observe and
compare sonographic GB distension patterns among healthy
fasting participants for different durations. To reduce bias, all
participants underwent their first ultrasound scan as part of
this study, thereby minimizing the influence of prior imaging
or known clinical conditions. Furthermore, the principal
investigator was blinded to the duration of fasting.

A total of 30 healthy adult volunteers were recruited
through convenience sampling. Participants were stratified
into three groups based on their FD: Group A (n=10) with FD
of 8 hours, Group B (n=10) with FD of 6 hours, and Group
C (n=10) with FD of 4 hours. Each participant underwent a
standardized GB ultrasound scan, during which the size and
characteristics of the GB were measured in both transverse
and longitudinal planes. The inclusion criteria were healthy
adult university faculty members or students, the ability and
willingness to fast as instructed, and the provision of written
informed consent. The exclusion criteria were age under 18,
inability to provide informed consent, history of GB disease or
abdominal surgery. The sample size was determined based on
prior studies detecting a 10% difference in GB size with 80%
power (0=0.05).

Ultrasound Technique and Data Collection

Ultrasound examinations were conducted using a
Hitachi EUB-405 ultrasound system (Hitachi Medical, Tokyo,
Japan), equipped with a 1-5 MHz curvilinear transducer.

Scans were performed in the supine, left lateral decubitus,
and sitting positions to evaluate the GB under various
postural conditions. Each scan was performed by the principal
investigator, who has more than 15 years of experience in
ultrasound. Measurements were taken at the largest visualized
dimensions in both planes.

The following parameters were assessed: GB size in
transverse and longitudinal dimensions, GB wall thickness
in both planes, appearance of the cystic duct, and the
morphology of the GB neck. All scans were conducted in the
morning to minimize circadian variability. Participants were
instructed not to consume food or caloric beverages during
the fasting period. Data collection was completed within one
week to ensure consistency in environmental and procedural
conditions.

Statistical Analysis

Data were analysed using IBM SPSS Statistics
(Version 28). Descriptive statistics (mean = SD) summarised
continuous variables. One-way ANOVA with Tukey’s post-
hoc test compared GB sizes and wall thickness across
fasting groups. Paired t-tests assessed differences in GB
dimensions between body positions. Chi-square or Fisher’s
exact tests evaluated categorical outcomes (neck/cystic duct
visualisation). Effect sizes (eta-squared for ANOVA, Cohen’s
d for t-tests) were calculated. A P-value of <0.05 indicated
statistical significance.

Results

The study included 30 male participants (mean age: 23
+ (0.20 years; mean BMI: 23.16 + 1.89 kg/m?). Longitudinal
GB size increased significantly with FD (F (2,27) =5.12, P =
0.016,7m%>=0.27). Post-hoc tests revealed significant differences
between 4 and 8 hours (P = 0.012, Cohen’s d = 1.36) but not
between 4 and 6 hours (P=0.184) or 6 and 8 hours (P=0.573).
The mean longitudinal sizes were 46.84+8.83 mm (4 hours),
54.82+11.93 mm (6 hours), and 59.63+6.37 mm (8 hours).
The transverse size showed no significant difference (F (2,27)
=1.78, P=0.193, n* = 0.12), with means of 19.42+4.60 mm,
23.48+5.35 mm, and 22.56+5.27 mm, respectively (Table 1,
Figure 1).

Table 1.

GB size (mm) at different fasting durations (longitudinal and
transverse views).

Measurement FD n |{Mean| SD 95% CI P-value

Longitudinal Size| 4 hours | 10{46.84| 8.83 |(40.53, 53.15)

6 hours | 10|54.82|11.93|(46.29, 63.35)

0.016
8 hours [ 10{59.63| 6.37 |(55.07, 64.19)

Transverse Size | 4 hours | 10(19.42|4.60 |(16.13, 22.71)

6 hours | 10(23.48| 5.35 |(19.65, 27.31)

0.193
8 hours [ 10{22.56|5.27 |(18.79, 26.33)
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Figure 1. Longitudinal and transverse GB sizes, annotating
the significant difference between 4 and 8 hours for
longitudinal size.

GB wall thickness did not differ significantly across
the three time points (F (2,27) = 0.27, P = 0.766, n* = 0.02):
0.14+0.97 mm (4 hours), 0.22+0.57 mm (6 hours), and
0.4241.03 mm (8 hours) (Table 2).

Table 2.
GB wall thickness (mm) at different fasting durations.

FD n [Mean| SD 95% CI P-value
4 hours 10 | 0.14 | 097 (-0.55, 0.83)
6 hours 10 | 0.22 | 0.57 (-0.19, 0.63) 0.766
8 hours 10 | 042 | 1.03 (-0.31, 1.15)

GB neck visualization improved significantly with
extended fasting (P = 0.001). The GB neck was visualized in
40% of cases at 4 hours and 100% at 6 and 8 hours. Cystic
duct visualization showed no significant difference (P =
0.585), with rates of 40%, 60%, and 60% at 4, 6, and 8 hours,
respectively (Table 3, Figure 2).
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Figure 2. Visualization rates for the neck and cystic duct,
with an annotation highlighting the significant difference in
neck visualisation and corrected data.

Table 3.

The visualization of GB structures (neck and cystic duct) at
different FD.

Structure |Visualization|4 Hours| 6 Hours | 8 Hours |P-value

Neck Yes |4 (40%) |10 (100%)|10 (100%)

No  |6(60%)| 00%) | 0% | %0
Cystic Duct|  Yes |4 (40%)| 6 (60%) | 6 (60%)

No  |6(60%)]| 4 (40%) | 4 @0%) | %%

Discussion

Inclinicalpractice,ultrasoundremainsone ofthe primary
imaging modalities for evaluating gallbladder anatomy and
pathology due to its safety profile, non-invasiveness, cost-
effectiveness, and high diagnostic sensitivity for detecting
gallstones, cholecystitis, polyps, and neoplasms.t®1
However, the accuracy of sonographic assessment is highly
dependent on appropriate gallbladder distension, which is
best achieved through adequate fasting.l2A fully distended
gallbladder enables better delineation of the gallbladder
wall, more precise visualization of the cystic duct and neck,
and improved acoustic contrast for identifying intraluminal
or mural abnormalities. This underlines the importance of
fasting status as a key pre-analytical variable in the quality
of gallbladder ultrasound examinations. Many ultrasound
departments instruct their patients to come fasting for such
examinations, sometimes for as long as 12 hours, assuming
that the gallbladder would otherwise be contracted and
difficult to assess, and that fasting patients will have less gas
in the duodenum & colon .12

The gallbladder functions as a bile reservoir
during fasting, regulated by the reduced secretion of
cholecystokinin. %> This peptide hormone prompts
gallbladder contractions and the release of bile after meals.
The Society and College of Radiographers and the British
Medical Ultrasound Society state patients should fast
for 6hours before their scan to optimise their ultrasound
scan.l® The conventionally recommended fasting times (a
minimum of two hours after consumption of clear fluid, six
hours after consumption of a light meal, and eight hours
after consumption of fried or fatty food.”Z Nonetheless,
new research challenges the need for this fasting procedure
in healthy individuals without diagnosed biliary issues,
indicating that practical imaging might be possible without
extended fasting.

Furthermore, certain patient groups may not tolerate
prolonged fasting. For instance, diabetic patients might be at
risk of low blood sugar if they fast for too long, and others
may need to take medications with food in the morning £,
Therefore, it is essential to determine the shortest fasting
period necessary to obtain clear, diagnostic images of the
gallbladder, especially for these patients. 1
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Our prospective observational study addressed this
knowledge gap by comparing the gallbladder sonographic
appearance after 4, 6, and 8 hours of fasting in healthy
volunteers. The findings indicate that even a 4-hour
fasting period was generally sufficient for adequate
gallbladder distension, facilitating the visualization of the
lumen, wall, and most surrounding anatomical structures.
Although gallbladder distension was predictably more
pronounced in the 6- and 8-hour groups, the clinical and
sonographic significance of this difference was limited, as
most examinations in the 4-hour group still met diagnostic
standards.

A key observation in our study was that the gallbladder
neck was less frequently and less distinctly visualized
in the four-hour fasting group, and this difference was
statistically significant compared to longer fasting durations.
The gallbladder neck can be a site of clinical importance,
particularly for detecting impacted stones or subtle anatomical
anomalies. Inadequate visualization of this region may result
in missed pathology in symptomatic patients, although this
risk is likely lower in a healthy screening population like
ours.

Conversely, there was no statistically significant
difference among the three fasting groups in terms of
gallbladder wall thickness or cystic duct appearance,
suggesting that these features are less influenced by the
degree of distension. Wall thickness remained within normal
ranges for all participants, confirming that moderate fasting
allows for an accurate assessment of this parameter, which
is essential for diagnosing cholecystitis or gallbladder wall
edema.

Our study contributes to the expanding body of
literature advocating a more flexible approach to fasting
protocols before ultrasound. In clinical settings where patient
safety, comfort, or logistics may necessitate shorter fasting
durations—such as pediatric, geriatric, diabetic, or emergency
cases—our findings support the practicality of scanning after
a 4-hour fast with acceptable diagnostic quality, provided that
clinical suspicion is low and image quality is deemed adequate
by the sonographer.

However, the results of this study should be viewed
with consideration of its limitations. Our sample included
only healthy subjects without any recorded hepatobiliary
diseases, and all scans were performed under controlled
conditions using standardized equipment and skilled
sonographers. Caution is necessary when applying these
results to patients with altered gallbladder function,
including those with diabetes, biliary dyskinesia, or a history
of cholecystitis. Future research involving a more diverse
patient population and objective quality assessments of the
images would strengthen these findings.

Future Recommendations

Larger-scale studies involving various age groups are
highly recommended to validate and apply these findings.
Future research should evaluate the diagnostic impact
of abbreviated fasting periods in symptomatic patients.

Standardized fasting protocols should be developed based on
patient risk profiles and imaging requirements.

Conclusion

This study demonstrates that fasting for four hours
can provide adequate gallbladder visualization in most
healthy individuals, with no significant issues evaluating the
wall, cystic duct, or lumen. However, the visibility of the
neck is slightly diminished. These results suggest revising
fasting guidelines for specific patient groups and enhancing
ultrasound scheduling flexibility while preserving diagnostic
effectiveness.
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Abstract

Background: Cataract surgery is a common and cost-effective procedure aimed at preventing blindness by removing the lens
opacity that obstructs the visualization of the posterior segment of the eye. Visualizing the posterior segment is crucial for
predicting visual outcomes after surgery. This study aimed to determine abnormal sonographic findings in the posterior segment
of the eye globe among cataract patients and the associated risk factors.

Methods and Results: This retrospective study was conducted at Kafaat Medical Center (Makkah Almokaramah city, Saudi
Arabia) from February to May 2025. It included 204 complete patients’ records to determine abnormal sonographic findings in the
posterior segment of the eye globe among cataract patients and the associated risk factors.

All patients were scanned with a Quante Medical ultrasound (USG) scanner for ophthalmology, Model REF-B1, equipped with a
10 MHz probe. The examination focused on the posterior eye segment.

Among 204 patients with dense cataracts (55.4% men and 44.6% women), 56.9% presented with traumatic cataract (TC), while
43.1% had non-traumatic cataract (n-TC). Most of the patients were over age 60(67.6%). Out of 204 patients, 120(58.8%) had
normal findings in the posterior eye segment, 36(17.8%) were found to have posterior vitreous detachment, 30(14.7%) had retinal
detachment, and vitreous hemorrhage was found in 8(3.9%) patients. Other findings, which amounted to 10(5%) cases, were
asteroid hyalosis, vitritis, and posterior staphyloma. Regarding risk factors, most of the patients who had positive findings in the
posterior segments of their eyes were either diabetic or hypertensive. A significant correlation existed between gender and cataract
types; 57.5% of male patients were susceptible to TC. The study also highlighted that age groups of 41-60 years and above were
more susceptible to posterior vitreous detachment, retinal detachment, and vitritis, while the younger age group (21-40) was
susceptible to retinal detachment and posterior staphyloma.

Conclusion: The findings indicate that males are more susceptible to the causes of TC than females of the same age. Detecting
disorders like posterior vitreous detachment, retinal detachment, and vitreous hemorrhage preoperatively enhances surgical
planning and patient counseling, thereby improving patient satisfaction and visual prognosis. B-scan US can serve as an important
diagnostic tool for identifying hidden posterior segment lesions. (International Journal of Biomedicine. 2025;15(3):540-544.)
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Introduction

According to the World Health Organization, an
estimated 1.3 billion people live with visual impairment.
Cataracts are considered the leading cause of blindness
worldwide, accounting for approximately 47.8% of blindness

globally. In Pakistan, the prevalence is even higher, reaching
51.5% of blindness..-Cataract surgery is a common and
cost-effective procedure aimed at preventing blindness by
removing the lens opacity that obstructs the visualization of
the posterior segment of the eye. Visualizing the posterior
segment is crucial for predicting visual outcomes after
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surgery.! Cataract surgery is a cost-effective way to prevent
blindness by reducing the opacity in the lens that blocks the
view of the posterior part of the eye. Proper visualization
is vital for accurately forecasting vision outcomes
following cataract surgery.?2 Media opacity can hinder the
view of pathology in the posterior region of the fundus.
Ultrasonography can detect anomalies in such cases. 4

Traumatic cataract surgery is a potentially difficult
technique. When planning surgery, the surgeon may benefit
from careful ocular imaging using ophthalmic ultrasound
(US), which may provide finer pre-operative data regarding
lens support structures.® B-scan US provides an accurate
image of the intraocular structures and valuable information
about the health of the lens, vitreous, retina, choroid, and
sclera. Sonographic assessment of the posterior eye globe in
patients with opacities is needed to determine the most suitable
surgery. In diagnostic ophthalmology, probes with frequencies
ranging from 8-10M Hz are routinely utilized for posterior
region tests. Advances in ultrasonography have made it easier
to analyze the posterior portion of the eye, even with opaque
media.®?

Ophthalmic US can be used to evaluate a wide range of
diseases, such as suspected intraocular tumors, the location of
foreign bodies in the eye, and conditions related to eye injuries.®
The visual inspection of orbital features is now regarded as
a standard procedure. Along with other orbital features, the
vitreous body and lens can be visualized particularly well by
US. The eye’s cystic structure and superficial position allow
high-frequency transducers to reveal both normal and abnormal
findings of the eye globe.? Proliferative diabetic retinopathy
is one of the most common causes of vitreous hemorrhage.
It appears as gradual changes in the eye’s microvasculature.
Ophthalmic US provides crucial diagnostic information about
ocular illnesses that cannot be obtained through other imaging
techniques.®12

Materials and Methods

This retrospective study was conducted at Kafaat
Medical Center (Makkah Almokaramah city, Saudi Arabia)
from February to May 2025. It included 204 complete patients’
records from different nationalities to determine abnormal
sonographic findings in the posterior segment of the eye
globe among cataract patients and the associated risk factors.
Patients with incomplete medical records were excluded from
the study.

Apre-designed, standardized data-collection checklist
was employed to extract data from the medical records, and it
includes socio-demographic data. Types of cataracts (traumatic
cataract [TC] and non-traumatic cataract [n-TC]) and data
regarding B-mode US findings (retinal detachment, vitreous
hemorrhage, posterior vitreous detachment, asteroid hyalosis,
vitreous opacities and exudates, and posterior staphyloma)
were analyzed. To ensure data quality and reliability, the
researchers verified the accuracy of the extracted data through
random checks.

Equipment for the exam included a Quante Medical US
scanner for ophthalmology, Model REF-B1, with a 10 MHz

probe, USG gel, a transparent plastic film such as Tegaderm,
and sterile petroleum jelly.!*!* Statistical analysis was
performed using the statistical software package SPSS version
26.0 (SPSS Inc., Armonk, NY: IBM Corp).

Results

This retrospective study included a total of 204 patients
with cataracts (55.4% men and 44.6% women). Most of
them were over age 60(67.6%). Among 204 patients, 56.9%
presented with TC, while 43.1% had n-TC (Table 1).

Table 1.

Demographic and baseline characteristics of the study participants.

Characteristics Category Frec%lrgzncy Perioe/?)tage
<20 2 1.0
21-40 26 12.7
Age group (years) 41-60 38 18.6
> 60 138 67.6
Total 204 100.0
Male 113 55.4
Gender Female 91 44.6
Total 204 100.0
Traumatic 116 56.9
Cataract types | Non-traumatic 88 43.1
Total 204 100.0

Out of 204 patients with dense cataracts, 120(58.8%)
had normal findings in the posterior eye segment, 36(17.8%)
were found to have posterior vitreous detachment, 30(14.7%)
had retinal detachment, vitreous hemorrhage was found in
8(3.9%) patients. Other findings, which amounted to 10(5%)
cases, were asteroid hyalosis, vitritis, and posterior staphyloma
(Table 2).

Table 2.
US findings on the posterior segment of the eye.

US findings Fre(g()ency Perioe/f)l)tage
Normal findings 120 58.8
Posterior vitreous detachment 36 17.8
Retinal detachment 30 14.7
Vitreous hemorrhage 8 3.9
Asteroid hyalosis 4 2.0
Vitritis 4 2.0
Posterior staphyloma 2 1.0
Total 204 100.0
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Regarding risk factors, most of the patients who had
positive findings in the posterior segments of their eyes were
either diabetic or hypertensive. A significant correlation
existed between gender and cataract types; 57.5% of male
patients were susceptible to TC (Tables 3 and 4).

Table 3.
Correlations between risk factors and cataract types. (n=204)
Diabetes Mellitus| Total | Hypertension
Cataract Total Exact Sig.
types Yes No Yes | No (I-sided)
Traumatic 50 66 | 116 | 44 | 72 | 116
Non-traumatic| 48 40 88 | 26 | 62 | 88 8;
Total 98 106 | 204 | 70 | 134 | 134
Table 4.

Correlation between gender and cataract types. (n=204)

Cataract types .
Gender Total JE:;_Z%GS&%
TC n-TC
Male 65 48 113
Female 51 40 91 01
Total 116 88 204

The study also highlighted that age groups of 41-60
years and above were more susceptible to posterior vitreous
detachment, retinal detachment, and vitritis, while the younger
age group (21-40) was susceptible to retinal detachment and
posterior staphyloma (Table 5).

Discussion

Ophthalmic US was crucial for diagnosing various
orbital and ocular disorders, especially when opacification
of the ocular media hindered visualization of the posterior
segment and the identification of related disorders. Patients
with severe cataracts often had impaired vision, complicating
surgeons’ ability to make accurate predictions regarding
their visual outcomes. In these cases, US proved helpful in
evaluating the visual results. US imaging is essential for
giving a precise prognosis after cataract surgery.l2

In our study, among 204 patients with cataracts, 55.4%
were men. In contrast, a previous study by Karim et al.l®
reported equal gender distribution. Mobin et al.'” reported a
higher percentage of males (61.8%) than females (38.2%) with
dense cataracts, and 67.6% of people were in the age group
60 and above, followed by 18.6% in the age group 40-60.
Age over 40 was the most common demographic risk factor
(86.2%). A previous study by Haug et al.¢ revealed “age is the
risk factor for retinal detachment following cataract surgery”
and reported that younger age is associated with an increased
risk of retinal detachment. They also found that a significant
correlation exists between the gender of participants and
cataract types: 56% of male patients were susceptible to
traumatic cataract .

Normal US was found in 58.8% of patients. In
comparison, 41.2% exhibited various posterior segment
pathologies, which is consistent with a previous study by
Karim et al.,!* who reported 67.8% of patients had normal
US findings and 32.2% showed various posterior segment
pathologies. The most common posterior segment pathology
detected in a study by Jacob et al.* was posterior vitreous
detachment in 130(25.5%) eyes.

Our study showed a statistically significant association
between sample age groups and sonographic findings of the
posterior segments of the eye; the age group of 41-60 years and
above were more susceptible to posterior vitreous detachment,
retinal detachment, and vitritis, while the younger age group
of 21-40 were susceptible to retinal detachment and posterior
staphyloma. These results align with a recent study by Karim

Table 5.
Age group US findings crosstab.
Posterior g . . . .
A’ | findngs | imeous | gt | nomorage | hystosis | Vi | staphyioma | 7@ | (Gisided)
Y & detachment g Y phy
<20 0 0 2 0 0 0 2
21-40 12 2 6 0 0 2 22
41-60 24 6 6 0 2 0 38 .000
.005
> 60 84 28 16 4 2 0 142
Total 120 36 30 4 4 2 204
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et al.,® which found that posterior vitreous detachment, retinal
detachment, and vitreous hemorrhage were the most common
pathologies, while asteroid hyalosis and posterior staphyloma
were the least common. In contrast, identifiable posterior
segment abnormalities were noted in nearly one-eighth of
the patients with ocular injuries examined via US. When
combined with vitreous hemorrhage, retinal detachment
was the most frequent US result among patients with ocular
trauma. The fluid in the vitreous cavity travels through
holes or tears in the retina, separating it from the underlying
pigmented retinal epithelium, leading to posterior vitreous
detachment.!® This finding was also consistent with a study
by Qureshi et al.,' which reported that vitreous hemorrhages
were present in 15.49% traumatic cataract patients and 1.91%
in non-traumatic cataract patients.

Mobin et al.” in 2019 studied US results before
cataract surgery in eyes with dense cataracts. Of the 625 eyes,
78(12.5%) had one or more positive US findings. The most
frequent were posterior vitreous detachment (2%) and retinal
detachment (4%), followed by vitreous hemorrhage (0.8%)
and posterior staphyloma (1.6%). A previous study reported
that vitreous hemorrhage was present in 2.5% of cases, which
is higher than our data. This study confirms that US is useful
in assessing both ocular traumatic and non-traumatic lesions,
providing valuable information through clinical examination.
The significance of US in ocular evaluation is demonstrated
by its ability to distinguish between eyes with cataracts and
eyes with ocular abnormalities other than cataracts as the
cause of poor vision.”?

Our study revealed that abnormal US findings were
found more frequently among traumatic cataracts. Regarding
risk factors, most of the patients who had positive findings
in the posterior segments of their eyes were male and either
diabetic or hypertensive. In the study by Kalpana et al.,®
diabetic retinopathy was the most common finding in patients
with cataracts, and post-traumatic retinopathy was more
common in men than in women.

Two-dimensional ultrasonography successfully detects
posterior segment disease in dense cataract patients before
surgery. This instrument impacted surgical techniques and
post-operative visual prognosis.

Study Limitations

Regarding study limitations, the study’s retrospective
nature is associated with potential selection bias, given that the
authors relied on existing medical records for data acquisition.
This may further limit the accuracy of the data and the study
findings. Since the current study was conducted at a single
tertiary center in the western region of Saudi Arabia, the study
population and findings may not represent the entire Saudi
population.

Conclusion

The findings indicate that males are more susceptible
to the causes of traumatic cataract than females of the same
age. Detecting disorders like posterior vitreous detachment,

retinal detachment, and vitreous hemorrhage preoperatively
enhances surgical planning and patient counseling, thereby
improving patient satisfaction and visual prognosis. B-scan
US can serve as an important diagnostic tool for identifying
hidden posterior segment lesions.
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Abstract

Entamoeba gingivalis is an anaerobic protozoan increasingly associated with periodontitis, particularly in individuals with
systemic conditions such as diabetes mellitus. This cross-sectional study investigated the prevalence of E. gingivalis in 160 Thai
patients with periodontitis and analyzed associated risk factors. Microscopy detected the parasite in 15.0% of patients, PCR in
25.6%, and sequencing confirmed the infection in 22.5%, all of which were Subtype 1. Infection was significantly more common
among diabetic patients (41.3%) than non-diabetics (3.8%) (P<0.001). Multivariate analysis identified type 2 diabetes (adjusted
OR =20.77; 95% CI: 5.39-80.09), alcohol use (adjusted OR =3.72; 95% CI: 1.01-13.68), and other underlying diseases (adjusted
OR = 1.49; 95% CI: 1.07-2.06) as independent risk factors. PCR demonstrated superior diagnostic performance compared to
microscopy. These findings support a potential pathogenic role of E. gingivalis in periodontitis, especially among patients with
type 2 diabetes or behavioral risk factors. (International Journal of Biomedicine. 2025;15(3):545-551.)

Keywords: Entamoeba gingivalis * periodontitis ¢ diabetes mellitus ¢ internal transcribed spacer 2 ¢ polymerase chain reaction

For citation: Sritongklang W, La N, Boonsuya A, Arunsan P, Trasaktaweesakul T, Asavaritikrai P, Rattanapitoon NK, Rattanapitoon
SK. Molecular Identification of Entamoeba gingivalis and Its Association with Periodontitis in Diabetic Patients: A PCR-Based
Study Targeting the ITS2 Region. International Journal of Biomedicine. 2025;15(3):545-551. doi:10.21103/Article15(3) OA1S5

Abbreviations
ITS2, internal transcribed spacer 2; PCR, polymerase chain reaction; T2D, type 2 diabetes.

Introduction commensal organism, recent studies suggest that E. gingivalis
may play a pathogenic role in the progression of periodontitis,

Entamoeba gingivalis is an anaerobic protozoan a chronic inflammatory disease affecting the supporting
commonly detected in the periodontal pockets of individuals structures of teeth. Its close phylogenetic relationship to E.
exhibiting poor oral hygiene, periodontal disease, or histolytica, a recognized human pathogen, further emphasizes

compromised immune status.> Historically regarded as a the need to reassess the clinical relevance of E. gingivalis.
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Periodontitis represents one of the most widespread oral health
conditions globally and is strongly associated with systemic
diseases, notably type 2 diabetes (T2D). The bidirectional
relationship between diabetes and periodontitis is well
documented: diabetic individuals are predisposed to increased
periodontal destruction, while severe periodontitis can impair
glycemic control and exacerbate diabetic complications. This
interplay likely reflects shared pathophysiological pathways
involving microbial dysbiosis, altered host immune responses,
and systemic inflammation.

The anaerobic microenvironment created by periodontal
inflammation provides an ideal niche for facultative and
obligate anaerobic organisms, including E. gingivalis. However,
conventional diagnostic approaches, such as light microscopy
and staining, have limited sensitivity and may underestimate
the true prevalence of this protozoan. In contrast, molecular
diagnostic methods, especially PCR targeting the internal
transcribed spacer 2 (ITS2) region, offer enhanced sensitivity
and specificity for detecting E. gingivalis in clinical samples.

Despite these methodological advances, data on the
prevalence of E. gingivalis among periodontitis patients,
particularly those with diabetes, remain scarce, especially
in Southeast Asian populations. Building on prior research,
including the work of Boonsuya et al..® the present study aims
to elucidate the prevalence of E. gingivalis in Thai patients
with periodontitis, both with and without T2D, utilizing
both PCR and conventional microscopy. Furthermore, this
study examined potential associations between E. gingivalis
infection and host factors, including diabetes status and
alcohol consumption. The findings are intended to enhance
epidemiological understanding and inform diagnostic and
therapeutic strategies for managing periodontal disease in
high-risk population groups.

Materials and Methods

Study Design and Population

This cross-sectional analytical study was conducted
between January 2021 and December 2024 in Banmai
Subdistrict, Nakhon Ratchasima Province, Thailand. The
primary objective was to assess the prevalence of Entamoeba
gingivalis among patients with periodontitis and to explore its
associations with systemic conditions, particularly T2D, and
behavioral risk factors. A total of 160 individuals diagnosed
with periodontitis were purposively recruited from a dental
clinic affiliated with a regional public health center. The study
population was divided into two equal groups: 80 patients
with confirmed T2D and 80 patients without T2D, matched as
closely as possible by age and sex.

The inclusion criteria included adults aged 25-100 years
with a diagnosis of periodontitis, as defined by the 2017 World
Workshop classification.” Exclusion criteria were recent
antibiotic use (within the past 3 months), current antifungal
or antiparasitic treatment, pregnancy, immunosuppressive
conditions other than diabetes, and unwillingness to
participate. All participants underwent a comprehensive
periodontal examination. Demographic data and systemic
health information were collected through structured

interviews and reviews of medical records. Behavioral factors
such as smoking and alcohol consumption were assessed
using validated questionnaires.
Sample Collection

Gingival crevicular fluid (GCF) samples were collected
from each participant. Following the isolation of the target
area with cotton rolls and gentle air-drying, sterile absorbent
paper points were inserted into the gingival sulcus for 30
seconds to absorb any remaining fluid. The paper points
were then immediately transferred into individually coded,
sterile microcentrifuge tubes and stored at —80°C until further
analysis.
Parasitological Examination

Initial screening for E. gingivalis was performed using
Gomori’s trichrome staining technique.? Fixed smears of the
GCF were stained and examined under a light microscope at
1000% magnification. Identification was based on classical
morphological features, including amoeboid trophozoites
ranging from 10-35 pm in diameter, with prominent
pseudopodia, a central karyosome, peripheral chromatin,
and cytoplasm containing ingested bacteria. Each slide was
independently evaluated by three experienced parasitologists,
who were blinded to the clinical status of the participants.
DNA Extraction and PCR Test

Genomic DNA was extracted using the QIAamp DNA
Mini Kit® (Qiagen, Germany), following the manufacturer’s
protocol with minor modifications to enhance DNA yield from
paper-point substrates.

Briefly, 400 pL of AL buffer and 20 pL of Proteinase
K were added to each tube containing the sample, followed
by incubation at 56°C for 30 minutes. DNA was subsequently
purified using spin-column centrifugation and eluted in 75 pL
of AE buffer. The extracted DNA was stored at —20°C until
further analysis.

Detection of Entamoeba gingivalis was carried

out wusing conventional polymerase chain reaction
(PCR) targeting the internal transcribed spacer 2
(ITS2) region with species-specific primers: forward

5'-GAATAGGCGCGCATTTCGAACAGG-3" and reverse
5'-TCCCACTAGTAAGGTACTACTC-3'. Each 25 pL PCR
reaction mixture comprised 5 uL of DNA template, 3 pL of
primers (1.5 pL each), 10 uL of PCR master mix (including
MgCl., dNTPs, and Taq DNA polymerase), and 7 pL of
nuclease-free water.

PCR amplification was performed under the following
cycling conditions: an initial denaturation at 95°C for 7.5
minutes; 40 cycles of denaturation at 95°C for 1 minute,
annealing at 55°C for 30 seconds, and extension at 72°C for 30
seconds; followed by a final extension at 72°C for 5 minutes.

PCR products were separated by electrophoresis
on 1.5% agarose gels stained with ethidium bromide and
visualized under ultraviolet illumination. A 100bp molecular
weight ladder (GeneRuler, Roche, Germany), along with
positive and negative controls, was included in each run for
quality assurance.

Subtyping and Sequencing

Samples that tested positive by ITS2-PCR were

subsequently subjected to subtype-specific PCR to
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distinguish between E. gingivalis Subtypes 1 and 2. The
primers used were as follows: for Subtype 1, forward
5'-TACCATACAAGGAATAGCTTT-3' and reverse
5'-GTGAAACAATAGAAGAAGGAAATGG-3'; for Subtype
2, forward 5-GAGACAATCCCAGTTGTTTGTAC-3" and
reverse 5-TACGTCCCTGCCCTTTGTAC-3".

PCR amplification conditions were identical to those
described previously. The resulting PCR products were
purified using the QIAquick Gel Extraction Kit and submitted
for Sanger sequencing.

The obtained sequences were analyzed using the NCBI
BLAST tool to confirm species identity and compared with
reference sequences available in the GenBank database.
Multiple sequence alignment was conducted using ClustalW
in the BioEdit software package to determine the E. gingivalis
subtype and assess genetic similarity.

Statistical Analysis

All statistical analyses were conducted using SPSS
version 20.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize demographic, clinical,
and parasitological data. Group differences in E. gingivalis
prevalence were assessed using Chi-square or Fisher’s exact
test as appropriate. Binary logistic regression was used to
identify independent predictors of E. gingivalis infection.
Variables included in the model were diabetes status,
underlying systemic disease, alcohol consumption, smoking
status, age group, and gender. Results were reported as crude
and adjusted odds ratios (ORs) with 95% confidence intervals
(CIs). The diagnostic performance of microscopy and PCR
was evaluated using sensitivity, specificity, and Cohen’s
kappa coefficient, using sequencing-confirmed infection as
the reference standard. A P-value of <0.05 was considered
statistically significant.

Results

A total of 160 patients diagnosed with periodontitis
were enrolled in the study, comprising 80 patients with T2D
and 80 patients without T2D. The presence of E. gingivalis
was initially investigated through parasitological examination.
Microscopic analysis revealed the parasite in 24 participants,
including 22 diabetic patients and only 2 non-diabetic
individuals.

Subsequent molecular detection via PCR targeting the
ITS2 region identified E. gingivalis DNA in 41 participants
(25.6%), of whom 37 were diabetic and 4 were non-diabetic.
Sequence alignment of the amplified ITS2 region confirmed
infection in 36 cases (22.5%), all of which were classified as
Subtype 1. No cases of Subtype 2 were detected. Demographic
and clinical characteristics of participants in relation to E.
gingivalis infection are summarized in Table 1.

Among the 160 participants, the majority were
female (70.0%), with an age range of 25 to 100 years. The
prevalence of infection was higher in females (24.1%) than in
males (18.8%), although this difference was not statistically
significant (P=0.457). By age group, infection was most
common among participants aged 45-64 years (11.9%),
followed by those aged 65-84 years (9.4%). However, no

statistically significant trend was observed across age groups
(P=0.227). A significant association was identified between
E. gingivalis infection and the presence of underlying
diseases (P=0.000). Patients with hypertension (69.4%) and
hypercholesterolemia (63.6%) demonstrated higher infection
rates than those without comorbidities (14.7%). Diabetes
mellitus emerged as the strongest associated risk factor: 41.3%
of diabetic participants tested positive compared to only 3.8%
of non-diabetics (P<0.001). Alcohol consumption was also
significantly associated with infection. Among participants
who reported alcohol use, 50.0% tested positive for E.
gingivalis, compared to 20.7% of non-drinkers (P=0.031). No
statistically significant association was found with smoking
status (P=0.517).

Table 1.

Demographic and clinical characteristics and prevalence of
Entamoeba gingivalis infection.

. Patients | E- gingivalis infection
Variables o iP-value
n (%) | Yes, n (%) | No, n (%)
Gender
Male 48 (30.00) | 9 (18.75) |39 (81.25)| 0.457
Female 112 (70.00)|27 (24.11)| 85 (75.89)
Age
25-44 years 26 (16.25) | 2(1.25) (24 (15.00)| 0.227
45-64 years 72 (45.00) | 19 (11.88) |53 (33.13)
65-84 years 61 (38.13) | 15(9.38) |46 (28.75)

85-100 years
Underlying diseases
No 102 (63.75)(87 (85.29) | 15 (14.71) | 0.006

1(0.63) | 0(0.00) | 1(0.63)

Hypertension 36 (22.50) |25 (69.44)| 11 (30.56)
Hypercholesterolemia | 11 (6.88) | 7 (63.64) | 4 (36.36)

Other 11 (6.88) | 5(45.45) | 6 (54.55)
Diabetes mellitus

Yes 80 (50.00) {33 (41.25)|47 (58.75)| 0.000
No 80 (50.00) | 3 (3.75) |77 (96.25)
Alcohol use

Yes 10 (6.25) | 5(50.00) | 5(50.00) | 0.031
No 150 (93.75)|31 (20.67)|119 (79.33)
Smoking status

Yes 6 (3.75) |2(33.33) | 4(66.67) | 0.517
No 154 (96.25)(34 (22.08) 120 (77.92)

The diagnostic performance of microscopy and PCR
was evaluated using sequencing-confirmed infection as the
reference standard (Table 2). Microscopy demonstrated a
sensitivity of 66.67% and specificity of 100%, with moderate
agreement (Kappa = 0.593, P<0.001). PCR showed superior
diagnostic accuracy, with 100% sensitivity, 95.96% specificity,
and substantial agreement with sequencing (Kappa = 0.749,
P<0.001. While PCR identified all confirmed infections, a
small number of false positives were detected.
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Table 2.
Detection of Entamoeba gingivalis infection by parasitological and molecular methods.
Periodontitis | Periodontitis e P
Methods with T2D | without T2D g?f,j‘l) Sen;;}l)v ity Spe(co}ﬁ)c“y Ageasure of | povalue
n (%) n (%) o o ° g PP
Microscopy 22 (86.67) 2 (13.33) 24 (15.00) 66.67 100 0.593 0.000
PCR based ITS2 33 (91.67) 3(8.33) 36 (22.50) 100 95.96 0.749 0.000
Subtypel 33 (91.67) 3 (8.33) 36 (22.50)
Subtype 2 0 0 0
Table 3.
Association between Entamoeba gingivalis infection and clinical variables analyzed by binary logistic regression.
Presence of E. gingivalis infection
Variables Patients n (%)
Crude OR 95% CI Adjusted OR 95% CI
Gender
Male 48 (30.00)
1.38 0.59-3.20 1.28 0.49-3.30
Female 112 (70.00)
Age
25-44 years 26 (16.25)
45-64 years 72 (45.00)
2.38 0.67-2.96 0.57 0.26-1.26
65-84 years 61 (38.13)
85-100 years 1(0.63)
Underlying diseases
No 102 (63.75)
Hypertension 36 (22.50)
1.58 1.21-2.07 1.49 1.07-2.06
Cholesterol 11 (6.88)
Other 11 (6.88)
T2D
Yes 80 (50.00)
18.02 5.23-62.05 20.77 5.39-80.09
No 80 (50.00)
Alcohol use
Yes 10 (6.25)
3.84 1.05-14.10 3.72 1.01-13.68
No 150 (93.75)
Smoking
Yes 6(3.75)
1.77 0.31-10.05 1.8 0.31-10.49
No 154 (96.25)

Binary logistic regression was conducted to identify
factors independently associated with E. gingivalis infection
(Table 3). Diabetes mellitus was the most significant
predictor, with an odds ratio (OR) of 20.77 (95% CI:
5.39-80.09, P<0.001), indicating a markedly elevated risk
of infection among diabetic patients. Alcohol consumption
also showed a statistically significant association, with an
OR of 3.72 (95% CI: 1.01-13.68, P=0.047). The presence
of any underlying disease was independently associated

with infection (OR = 1.49; 95% CI: 1.07-2.06, P=0.019),
suggesting a potential compounding effect of comorbid
conditions on susceptibility.

In contrast, gender, age group, and smoking status were
not significantly associated with E. gingivalis infection in the
multivariate model. Although younger participants (25-44
years) initially showed an increased crude OR, this association
reversed after adjustment (OR = 0.57; 95% CI: 0.26-1.26),
reflecting the influence of confounding variables.
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Figure 1. Representative images of periodontal
disease in patients exhibiting severe gingival
inflammation, clinical attachment loss, and increased
probing pocket depths. Black arrows indicate the sites
from which dental plaque samples were collected. (4)
Periodontitis in a patient with T2D, (B) Periodontitis
in a patient without T2D.

Figure 2. Entamoeba gingivalis detected
in a periodontitis patient with diabetes
mellitus, visualized using Gomoris
trichrome staining and observed under
light microscopy.
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Figure 5. Sequence alignment of the amplified Entamoeba
gingivalis ITS2 region. Sequences obtained from PCR
products were aligned using ClustalW in BioEdit software.
The alignment confirms the presence of E. gingivalis by
demonstrating high similarity to reference sequences
retrieved from GenBank. The identified ITS2 sequences
exhibited strong homology with known E. gingivalis strains,
thereby validating the molecular detection method employed
in this study. Conserved regions and sequence variations
within the ITS2 region are highlighted, supporting accurate
pathogen identification.

Discussion

The present study provides important insights into
the prevalence and diagnostic accuracy of E. gingivalis in
Thai patients with periodontitis, with a particular focus on
individuals with T2D. By integrating microscopy, PCR, and
sequencing, this investigation provides robust data on the

burden of E. gingivalis infection and its potential role as an
opportunistic protozoan pathogen in periodontal disease.
The detection rate by PCR was 25.6%, with 22.5% of cases
confirmed by sequencing, highlighting the protozoan’s under-

1500

1000
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300
200
100

Figure 3. Gel electrophoresis of PCR-amplified
products targeting the gene for Entamoeba gingivalis
detection. Red arrows indicate the specific 576 bp
amplicons. M: 100 bp DNA ladder molecular size
marker, positive control: E. gingivalis genomic DNA;
lanes 31-40: positive samples.

Figure 4. Gel electrophoresis of PCR-amplified
products targeting genes for Entamoeba gingivalis
subtype 1 detection. Black arrows indicate the
specific amplicons of 576 bp and ITS2 1412 bp
fragments. M: 100 bp DNA ladder molecular size
marker; positive control: E. gingivalis genomic
DNA.

recognized presence in the oral cavity and underscoring the
microbial complexity in periodontitis pathogenesis.

One of the most striking findings was the significantly
higher prevalence of E. gingivalis infection among diabetic
patients (41.3%) than among non-diabetics (3.8%). This
supports existing hypotheses that systemic conditions,
such as T2D, predispose patients to protozoal colonization.
Hyperglycemia has been shown to impair neutrophil function,
reduce phagocytosis, and disrupt the cytokine environment
in the periodontium, which may facilitate colonization by
opportunistic organisms, including FE. gingivalis. These
findings are consistent with those of Boonsuyaetal.® as
well as studies from the Middle East and South America.21
In addition to T2D, alcohol consumption was independently
associated with infection. Half of the alcohol consuming
participants tested positive for E. gingivalis, a finding that
remained significant in multivariate analysis. Although
underexplored in the literature, it is plausible that alcohol
disrupts the oral microenvironment by decreasing salivary
flow, altering mucosal immunity, and promoting biofilm
dysbiosis, thereby enhancing susceptibility to protozoal
colonization. These mechanisms remain speculative and
warrant further investigation.
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Beyond these factors, our multivariate model revealed
that other underlying diseases—principally hypertension
and  hypercholesterolemia—were  also  independently
associated with E. gingivalis infection (adjusted OR = 1.49;
95% CI: 1.07-2.06). Although direct evidence remains
scarce, numerous studies link cardiometabolic disorders to
heightened periodontal inflammation. Graziani et al.'-reported
an approximately 50% increase in hypertension risk among
patients with moderate to severe periodontitis, while an
umbrella review by Mauri-Obradors et al.2 found consistent
associations between dyslipidemia and periodontal disease
that improve after periodontal therapy. Systemic vascular
dysfunction and chronic low-grade inflammation, characteristic
of these conditions, may compromise gingival microcirculation
and innate immunity, thereby fostering protozoan persistence.
Indirect support arises from immunocompromised cohorts;
in Brazilian HIV-infected patients, Costaetal.? detected
E. gingivalis in 63.4% of individuals, underscoring the role
of systemic immune perturbation—regardless of etiology—in
promoting protozoal carriage. Collectively, these observations
suggest that multisystem comorbidity can have a subtle yet
significant influence on the oral protozoan burden.'%!>

In contrast, no significant associations were observed
between E. gingivalis infection and demographic variables
such as age, gender, or smoking status. Although slightly higher
infection rates were observed among females and participants
aged 45-64 years, the differences were not statistically
significant. Similar trends have been reported in other Southeast
Asian studies, but were also non-significant, suggesting that
behavioral and systemic health factors may play a more decisive
role in infection risk than demographic characteristics.

This study also contributes to the understanding of
diagnostic accuracy for E. gingivalis. Microscopy using
Gomori’s trichrome staining yielded a positivity rate of
15.0%, compared with 25.6% by PCR and 22.5% confirmed
by sequencing. Although microscopy demonstrated excellent
specificity (100%), it had moderate sensitivity (66.7%).
This aligns with prior work highlighting the limitations of
microscopy in detecting oral protozoa.'® ITS2-targeted PCR,
followed by sequencing, enhanced diagnostic precision
and enabled subtyping. All sequence-confirmed cases were
Subtype 1, with no detection of Subtype 2, suggesting a
predominant circulation of Subtype 1 in this Thai population.
Similar subtype patterns have been reported in Iran and
Egypt,'>® implying possible geographic variation.

To our knowledge, this is one of the first Thai studies
to utilize ITS2 sequencing to confirm E. gingivalis infection
in periodontitis patients. Previous local investigations relied
mainly on microscopy or unconfirmed PCR.¢ The molecular
approach presented herein improves prevalence estimates and
provides subtype-level epidemiological insights. The balanced
inclusion of diabetic and non-diabetic participants further
strengthens the comparative analysis, addressing a common
limitation in earlier research.

Clinically, these findings suggest that protozoa, such as
E. gingivalis, may contribute to periodontal inflammation and
tissue destruction alongside bacterial pathogens. E. gingivalis
is known to produce proteolytic enzymes and phagocytose

host cells, causing direct tissue damage.'® Its persistence in

periodontal pockets and ability to evade immune responses
may sustain chronic inflammation and impair treatment
outcomes. While current paradigms emphasize bacterial
etiology, our results advocate for a broader consideration of
eukaryotic pathogens.

Molecular diagnostics, though not yet standard in
clinical dentistry, may enhance early detection, particularly
among high-risk groups such as patients with T2D or multiple
comorbidities. The adjunctive use of antiprotozoal agents
in combination with mechanical debridement warrants
exploration in clinical trials.

Despite its strengths, including molecular confirmation,
subtype analysis, and stratification by systemic risk factors,
this study has limitations. The cross-sectional design
precludes causal inference; thus, E. gingivalis may be a
consequence rather than a driver of disease. Additionally, the
plaque index, oral hygiene practices, and diabetes duration
were not recorded, which may confound the outcomes.
Future longitudinal studies employing comprehensive
microbiological profiling, including 7richomonas tenax and
metagenomic approaches, are needed to elucidate the broader
role of protozoa in periodontal disease.

In conclusion, this study demonstrates a considerable
prevalence of Entamoeba gingivalis infection in Thai
periodontitis patients, particularly those with T2D, alcohol use,
or additional cardiometabolic conditions. The findings highlight
the value of molecular diagnostics in detecting oral protozoa and
underscore the influence of systemic and behavioral factors on
infection risk. As the microbial landscape of periodontal disease
continues to expand, the potential pathogenic role of protozoa
such as E. gingivalis should not be overlooked. Further research
is required to clarify their clinical relevance and therapeutic
implications in periodontal care.
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Abstract

Background: Retention protocols vary widely across regions, yet limited data exist on practices in the Western Balkans. This
study aimed to compare retention strategies among orthodontists in Croatia, North Macedonia, and Kosovo, evaluating influences
such as clinician experience, malocclusion type, and patient factors.

Methods and Results: A questionnaire was distributed to 185 orthodontists in Croatia, 150 in North Macedonia, and 125 in
Kosovo (representing 78%-100% practicing orthodontists) from December 2023 to May 2024, with response rates of 75%, 63%,
and 58%, respectively. Data on appliance preferences, follow-up frequency, and retention protocol were analyzed using Chi-
square and Kruskal-Wallis tests.

The most preferred appliance options were the following: vacuum-formed retainer in Croatia, a combination of fixed and
removable in Kosovo, and an acrylic plate in North Macedonia. Retention choices were primarily experience-driven, though
Kosovar orthodontists prioritized patient age/growth (88%), while Croatians and Macedonians emphasized malocclusion type
(73%-78%). Countries also differed in patient care practices following a procedure. Written instructions were less common in
Kosovo and North Macedonia than in Croatia (11% and 19% vs. 69%; P<0.001). Monitoring by an orthodontist beyond three
years was higher in Kosovo and North Macedonia than in Croatia (92 and 99% vs. 75%; P<0.001).

Conclusion: Significant regional differences in retention practices reflect variations in training traditions, clinical habits, and
socioeconomic factors. These findings underscore the need for clearer, evidence-based retention guidelines to support consistent
and unified clinical practices across regions, ultimately improving long-term patient outcomes. (International Journal of
Biomedicine. 2025;15(3):552-558.)
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Introduction

Retention is the final phase of orthodontic treatment,
yet there is no consensus among orthodontists regarding the
optimal shapes and materials for this stage.! The primary
objective of retention is to preserve the stability of the treatment
results.>Unstable results can lead to relapse, which is the

reappearance of occlusal disorders that had been corrected
through orthodontic treatment.> Research indicates that some
degree of relapse is common among patients after completing
orthodontic treatment.* The choice of retention method depends
on various factors, including the type of malocclusion, growth
patterns, extraction decisions, treatment duration, the clinician’s
experience, and their education, among others. Although
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limited data support specific retention protocols, a review of the
literature has provided valuable insights for both orthodontic
patients and healthcare professionals.$

Current evidence categorizes retainers into two main
groups: removable retainers and fixed bonded retainers
(FBR). The most commonly used removable retainers are the
Hawley retainer and the vacuum-formed retainer (VFR). Both
FBRs and removable retainers are widely accepted within
the orthodontic and dental community, each offering its own
advantages and disadvantages. Numerous randomized clinical
trials have examined the effectiveness of different retainers
and retention strategies.”?

Retention protocols vary by country. In the UK, private
practices favor VFR alongside FBR.X2 In Australia and
New Zealand, orthodontists typically use FBR for the lower
arch and VFR for the upper, while in the Netherlands, fixed
retainers are preferred for both arches.! In the USA, over 58%
of orthodontists favor Hawley retainers for the upper arch,
while 40% prefer FBR for the lower.!2 Another study analyzing
trends from 1986 to 2008 found a growing preference for VFR
and FBR, alongside a decline in Hawley retainer use. During
this period, lifelong retention methods also became more
common.2

The data from Croatia revealed that in 2013 orthodontists
preferred VFR for the maxilla and a combination of fixed and
removable retainers for the mandible.!* Following Croatia’s
earlier survey, we expanded the study to North Macedonia and
Kosovo to gain a broader understanding of regional retention
practices and shared trends. These three Balkan countries share
a common history through the former Yugoslav education
system, which has shaped their orthodontic training and
clinical approaches. Their geographical closeness and cultural
similarities have also contributed to comparable practices in
dental care. Our study aimed to highlight regional orthodontic
preferences in the Western Balkans and how they compare to
global practices, offering a broader perspective on retention
strategies. Additionally, to identify predictive differences in
retention protocols, the orthodontist’s choices were analyzed
based on factors such as sociodemographic characteristics,
clinical experience, education, and sources of knowledge.

Materials and Methods

A cross-sectional survey was conducted over six months
(from December, 2023 to May, 2024). Questionnaires were
distributed via email or in person to 185 orthodontists in
Croatia (representing 85% practicing orthodontists), 150 in
North Macedonia (78%), and 125 in Kosovo (100%). The
survey received responses from 138 orthodontists in Croatia,
95 in North Macedonia, and 73 in Kosovo, resulting in
response rates of 75%, 63%, and 58%, respectively.

Statistical analysis was performed using the statistical
software package SPSS version 20.0 (SPSS Inc, Armonk,
NY: IBM Corp). Baseline characteristics were summarized
as frequencies and percentages. Categorical variables were
analyzed using the chi-square test and Kruskal-Wallis test. The
Z-test for proportions was used as a post hoc test following a
significant chi-square test to identify which specific groups or

categories differ significantly. The probability value of P<0.05
was considered statistically significant.

Results

The ages of practicing orthodontists ranged from 30 to
73 years, with median ages of 46 for Croatian orthodontists,
45 for North Macedonian orthodontists, and 42 for Kosovar
orthodontists. Years of experience were similar across groups,
with a median of 14 years for Croatians, and 12 years for both
North Macedonians and Kosovars. Most orthodontists obtained
their specialist degree in their respective capitals: 90% in
Prishtina (Kosovo), 92% in Skopje (North Macedonia), and
94% in Zagreb (Croatia). There were no significant differences
in work experience between the countries, with both Kosovars
and North Macedonians having a median of 12 years, while
Croatians had a median of 14 years. Kosovars worked with
patients more frequently than Macedonians and Croatians, with
a median of 6 days per week compared to 5 days (P<0.001).

No significant association was found between the
orthodontists’ years of experience or the number of days
worked per week and the duration of retention or the number
of check-ups during the first and subsequent years, a finding
consistent across all three countries.

Most Kosovar orthodontists provided oral information
on retention both at the beginning and end of orthodontic
treatment. Croatian orthodontists, in contrast, more frequently
provided written information at both the start and end of
treatment (P < 0.004). They also gave information more often
on potential complications and precautions, while North
Macedonian orthodontists more frequently recommended
interdental brushes, and Kosovar orthodontists were more
likely to advise the use of toothpicks (Table 1).

Table 1.
Comparison of sex and retention procedures across countries

Variable / Country Croatia | Kosovo NM P

Ratio of female

orthodontist responders 98 (71%) | 45 (62%) | 72 (76%) | 0.134

Giving oral info at the
beginning of ortho
treatment about retention|

Written info

121 (88%)*(73 (100%)" 86 (91%)*| 0.009

44 (32%)° | 8 (11%)° [23 (25%)*| 0.004
89 (65%)° | 24 (33%)° | 57 (60%)*|<0.001
79 (57%) | 32 (44%) | 57 (60%) | 0.086

Retention type info

Retention duration info

Giving oral info at the end
of ortho treatment about
retention

Written info

131 (95%) | 73 (100%)| 89 (94%) | 0.107

95 (69%) | 8 (11%)° |18 (19%)°|<0.001

Info on caution and
problems

Info on interdental brush | 52 (38%)® | 23 (32%)° | 50 (53%)*| 0.013
23 (17%)" | 34 (47%)" | 22 (23%):|<0.001
41 (30%) | 18 (25%) | 32 (34%) | 0.447
33 (24%) | 23 (32%) | 31 (33%) | 0.280

104 (75%)°| 0 |47 (51%)¢]<0.013

Info on toothpick

Info on floss

Info on electric brush

NM, North Macedonia. *- Chi-square test. Countries that share the
same superscript letter do not differ significantly according to the
Z-test for proportions.
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Choices of retention methods varied among the 3
countries. Removable VFR was the most preferred in Croatia
in both jaws (P<0.001), a combination of fixed and removable
retainers in Kosovo (P<0.001), while in Macedonia, VFR was
followed by a removable acrylic plate. Monitoring after 3 years
was less often done by an orthodontist in Croatia than in the
other two countries (P<0.001). Patients monitored themselves
more often in Croatia. Kosovar orthodontists more frequently
checked their patients during retention than others (Table 2).

Table 2.

Comparison of retention appliances and monitoring practices
across countries

Variable / Country Croatia Kosovo NM  |P-value
Maxill lic plat

reé’gﬁgna“y 1CPIALe 3 205 12 (16%)° |38 (40%)¢ | <0.001
Maxilla VFR 109 (79%)| 12 (16%)° [ 50 (53%)¢| <0.001
Maxilla only fixed 2 (1%)° 0 10 (11%)°| <0.001

Maxilla combination | 5 1704y | 49 (67%)" | 18 (20%)* | <0.001

fixed+removable

Mandible acrylic plate a a

retention 2 (1%) 0 27 (28%)°| <0.001
Mandible VFR 91 (66%)* oP 42 (44%)°| <0.001
Mandible only fixed 10 (7%)* | 15 (21%)° |21 (22%)°| 0.002

Mandible combination R .
fixed-+removable 45 (33%)* | 58 (80%)° | 16 (17%)°| <0.001

Retention >3 years —

o Yeats 104 (75%)!| 67 (92%)° |94 (99%)°[ <0.001

Retention >3 years —

dentist monitor 10 (7%)

5(7%) | 1(1%) | 0.088

Retention >3 years —

patient monitor 43 (31%)"

1 (1%)° oP <0.001

Check-ups in retention,
fixed appliance during 80 (58%)* [73 (100%)°[53 (56%)°| <0.001
the first year (>3)

Check-ups in retention,
removable appliance
during the first year (>3)

91 (66%)" |73 (100%)°| 79 (83%)*| <0.001

Check-ups retention

a b a
after firstyear (22) | 43 (31%)" | 55 (75%)° |40 (42%)" | <0.001

Class II div 1 check-up|

a b
retention maxilla >3y 94 (68%) 0

80 (84%)° | <0.001

Class II div 1 check-up

a b
retention mandible >3y 92 (67%) 0

81 (85%)°|<0.001

The original malocclusion and treatment outcome were
reported to be the most important factors influencing the
choice of retention type in Macedonia and Croatia (P<0.001),
while patients’ wishes/motivation, and age/completion of
growth were most important in Kosovo (P<0.001).

Personal experience was identified as the most important
source of information on retention in all 3 countries. Croatian

orthodontists changed their retention protocol less frequently
than their colleagues from other countries (P<0.001). In
contrast, Kosovar orthodontists most often adjusted both
the type of appliance and the retention period (P<0.001)
(Table 3).

Table 3.

Comparison of reasons for choosing retention protocols and
changes across countries

Variable / Country Croatia | Kosovo NM P-value
Retention choice — 14 (7300 13 (18%) | 74 (78%)* | <0.001
malocclusion

Retention choice — | g4 (g104)0| 8 (119) | 55 (58%)* | <0.001

treatment outcome

Retention choice —

oral hygienc 70 (51%)* | 24 (33%)°| 38 (40%)™|  0.034

Retention choice —

perfodontal health | 67 (49%) | 34 (47%) | 38 (40%) | 0.425

Retention choice —

patient’s wish and |49 (36%)" | 55 (75%)"| 29 (31%)* | <0.001
motivation

Retention choice —

age/completition of | 62 (45%)" | 64 (88%)" | 40 (42%)* | <0.001
growth

Retention choice = |41 30000| g0 |30 (32%) | <0.001

myofunctional status

Retention choice —

tooth morphology 13 (9%)

3(4%) | 9(10%) 0.349

Retention choice —

wisdom teeth <0.001

13 (9%)° |23 (32%)° | 22 (23%)°

Retention choice —

info from residency 36 (26%)°

2(3%)° | 55 (58%) | <0.001

Retention choice —

: 85 (62%) | 44 (60%) | 72 (76%) | 0.043
experience

Retention choice —

a b
literature 24 (17%) 0

48 (51%)° | <0.001

Retention choice —

ent 21 (15%)° | 22 (30%)° | 53 (56%)° |  0.001

Retention choice —

<0.001
colleagues

18 (13%)"| 3 (4%)" | 38 (40%)°

Changes made in
any kind of retention| 14 (65%)* | 61 (84%)° | 77 (83%)°
protocol

<0.001

Change in appliance| 54 (1701 | 61 (84%)°| 19 (20%):

type <0.001

Change in retention | 34 3500 | 53 (739) | 20 (21%)* | <0.001

period

Removable retainers are manufactured mainly by lab
technicians and bonded directly by orthodontists in all 3
countries. Most orthodontists agree on the need for general
guidelines on retention (Table 4).
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Table 4.

Comparison of retainer manufacturing practices between countries.

Variable / Country Croatia | Kosovo NM P-value
Removable retainers

manufactured by 23 (17%)* | 12 (16%)* | 1 (1%)* | <0.001
orthodontists

Removable retainers

manufactured by 25 (18%)* | 23 (32%)* 0P <0.001

assistants

Removable retainers
manufactured by
lab technicians

102 (74%)| 38 (52%)" | 94 (99%)® | <0.001

Fixed retainers
manufactured by
orthodontists

121 (88%)] 61 (84%)" |95 (100%)°| <0.001

Fixed retainers
manufactured by
assistants

2 (1%) 0 0 0.574

Fixed retainers
manufactured by
lab technicians

6 (4%) 0 0 0.183

General guidelines

on retention required 122 (84%)) 68 (93%)

90 (95%) | 0.198

When considering  specific  malocclusions  and
orthodontic treatments, combined retention was the preferred
approach for open bite, spacing, and rotation cases across all
three countries. In extraction cases, Croatian orthodontists
more often chose removable retainers for the maxilla and
combined retention for the mandible, while their North
Macedonian and Kosovar counterparts preferred a combined
approach for both arches. For impaction cases, Croatians
primarily used removable retainers for both arches, whereas
orthodontists from North Macedonia and Kosovo favored a
combination of fixed and removable retainers. In expansion
cases, Croatians predominantly selected removable retainers,
Kosovars leaned toward a combined approach, and North
Macedonians showed an equal preference for both combined
and removable retainers (Table 5).

Discussion

This study provides valuable insights into retention
protocols among orthodontists in Croatia, North Macedonia,
and Kosovo, highlighting regional similarities and differences
in clinical practices. Personal experience was the primary
source of information on retention across all three countries.
Variations were observed in the choice of appliances, retention
duration, and follow-up protocols. The findings revealed
significant variations between the three countries, highlighting
differences in clinical preferences, educational influences, and
retention practices.

Surveys on retention practices from different countries
have reported response rates ranging widely, from as low as
18%1 to as high as 91%.1¢ With a response rate of 75% for
Croatia, 58% in Kosovo, and 63% in North Macedonia, the
return rate in this study can be considered relatively high,
minimizing the likelihood of non-responder bias.

Table 5.

Comparison of retainer use in specific malocclusions and treatment
protocols across countries.

\Variable / Country Croatia | Kosovo NM  |P-value
Extraction maxilla
Fixed retainer 11 (8%)* | 5(7%)* |21 (22%)°| 0.001

69 (50%)*| 6 (8%)" |27 (28%)" | <0.001
58 (42%) | 62 (85%) | 47 (50%) | <0.001

Removable retainers
Combination

Spacing maxilla
Fixed retainer
Removable
Combination

18 (13%)|  0° |33 (35%)° | <0.001
29 (21%) | 8 (11%) |20 (21%) | 0.159
97 (70%)* | 65 (89%)° | 43 (45%)° | <0.001

Expansion maxilla
Fixed retainer
Removable retainer

10 (7%) 0 6 (6%) | 0.068
75 (54%)*| 9 (12%)° | 48 (51%)* | <0.001

Combined 55 (40%)* | 64 (88%)° |41 (43%)* | <0.001
Lateral expansion maxilla

Fixed retainer 7 (5%) 0 5(5%) | 0.141
Removable 91 (66%)*| 9 (12%)° |49 (52%)° | <0.001
Combined 41 (30%)* | 64 (88%)° | 42 (44%)° | <0.001

Impacted canine
Fixed 13 (9%)* oP 29 (31%)° | <0.001
Removable 73 (53%)a| 9 (12%)b |28 (30%)c| <0.001
Combined 53 (38%)" | 64 (88%)° [ 39 (41%)* | <0.001

Rotated maxilla
Fixed 14 (10%)* o° 27 (28%)° | <0.001
Removable 54 (39%) | 18 (25%) | 27 (28%) | 0.063
Combined 71 (51%)*| 55 (75%)° | 43 (45%)* | 0.065

Open bite maxilla
Fixed 22 (16%)* oP 15 (16%)*| 0.001
Removable 56 (41%) | 32 (44%) | 36 (38%) | 0.739
Combined 66 (48%) | 41 (56%) | 45 (47%) | 0.445

Extraction mandible
Fixed 16 (12%)*| 3 (4%)* |23 (24%)"| 0.001
Removable 58 (42%)*| 18 (25%)° | 26 (27%)°| 0.013
Combined 60 (44%)" | 52 (71%)° | 46 (48%)* | <0.001

Spacing mandible

Fixed 19 (14%) | 1 (1%)° |35 (37%) | <0.001
Removable 26 (19%) | 23 (32%) | 18 (19%) | 0.075
Combined 92 (67%) | 49 (67%) | 42 (44%) | <0.001
Expansion frontal
mandible 1309%)e | o0 |[10(11%)| 0.019
Fixed retair 64 (46%)° | 18 (25%)°| 39 (41%)*| 0.008
. 58 (42%)| 55 (75%)° | 47 (50%)* | <0.001
Combined

Expansion lateral

mandible 1309%) | 00 | 9(10%) | 0.024
Pixed e 77 (56%)° | 18 (25%)° | 41 (43%)* | <0.001
Removabl 45 (33%)°| 55 (75%)°| 45 (48%): | <0.001
Impacted canine mandible

Fixed 15(11%)| 00 |29 (31%):| <0.001
Removable 67 (49%)° | 18 (25%)° | 22 (23%)° | <0.001
Combined 54 (39%)°| 55 (75%)° | 43 (45%)* | <0.001

Rotated teeth mandible
Fixed 14 (10%)* o° 34 (36%)°| <0.001
Removable 44 (32%) | 18 (25%) | 19 (20%) | 0.229

Combined 73 (53%)*| 55 (75%)° | 41 (43%)*| 0.001
Open bite mandible

Fixed 24 (17%)° | 0° |22 (23%)[<0.001

Removable 55 (40%) | 32 (44%) | 34 (36%) | 0.569

Combined 61 (44%) | 41 (56%) | 39 (41%) | 0.126
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Orthodontists in Kosovo demonstrated more working
days with patients and a tendency for more frequent check-ups
during both the first year and subsequent years of retention,
compared to their Croatian and Macedonian counterparts.
The higher frequency of patient visits and follow-ups among
Kosovar orthodontists may reflect economic factors as well
as differences in healthcare accessibility, patient compliance,
and private practice dynamics, which influence retention
protocols. While in North Macedonia orthodontists were more
likely to rely exclusively on acrylic removable retainers, in
Croatia the preferred choice was VFR; orthodontists in Kosovo
predominantly opted for a combination of fixed and removable
retainers in both arches. These differences suggest that education
and clinical training, along with patient-specific factors, strongly
influence the choice of retention appliances, as seen in similar
surveys conducted in other countries. The findings of this study
align with trends observed in previous surveys, highlighting
differences in retention practices across various regions. While
VFR remains the most commonly used choice for both jaws
in Croatia and acrylic plate in North Macedonia, Kosovo
orthodontists strongly support a combination of both fixed
retainers and VFR. This variation in retainer preferences may
stem from differences in educational training, clinical traditions,
and patient compliance across the three countries. The strong
preference for a combination of FBR and VFR among Kosovar
orthodontists could indicate a more conservative approach to
preventing relapse, possibly influenced by concerns over patient
adherence to removable retainers alone. In contrast, Croatian
orthodontists may favor VFR due to its ease of fabrication and
patient acceptance, while the preference for acrylic plates in
North Macedonia could reflect established national practices
and training influences. Additionally, economic factors and
the availability of orthodontic materials may also play a role
in shaping these preferences. Studies in Australia and New
Zealand have shown a preference for removable retainers in the
maxilla, with FBRs used in less than 20% of cases.! In contrast,
Dutch orthodontists report using fixed retention in the maxilla
for approximately 62% of patients, sometimes in combination
with removable retainers.'® Similarly, about 50% of Norwegian
orthodontists  apply FBR in the mandible, while in the maxilla,
FBR is often supplemented with removable options. In the U.S.,
the use of FBR in the maxilla is even less common, reported in
only 2.4%—11% of patients.'>13

Factors such as malocclusion and age also influenced
retention decisions. In Croatia and North Macedonia,
orthodontists reported that original malocclusion and
treatment outcome were the primary determinants for selecting
retention appliances, while in Kosovo, patient age and growth
completion were more significant. This aligns with findings
from other studies, where the pre-treatment situation, original
malocclusion, and patient-specific characteristics often dictate
retention choices.’” Malocclusion, such as tooth rotations, is
identified as the most likely to relapse after treatment and
determines the retention protocol.!#

The role of clinical experience also emerged as a
notable factor, with 75% of Macedonian and 60% of Kosovar
orthodontists citing it as the main guideline of their retention
protocols. This was quite different from a study from Croatia,

where the clinical experience of the orthodontist influenced the
protocol in only 39%.'4 A similar study reveals that an increase
in expertise was associated with more frequent recalls.!? Fear
of relapse influences several decisions, both for clinicians
and patients. These concerns drive clinicians to decisions for
prolonged or even lifetime retention. While in Kosovo and
North Macedonia, 92% to 99% of orthodontists monitor the
retention phase up to 3 years and rarely rely on general dentists
or patients’ self-awareness, in Croatia, orthodontists have less
frequent visits than in the other two countries, but after 3
years, patients monitor themselves more than in Kosovo or
North Macedonia. On the other hand, our findings revealed
that very few orthodontists in the Balkan region support
lifetime retention.!®? On the contrary, the majority of Swiss
orthodontists promote lifetime retention. This gives rise to
the concern of numerous follow-ups throughout the lifetime.
Whether or not to favor lifetime retention might depend on
each country’s health regulations or financial agreements
between orthodontists and patients, or general dentists and
patients. Considering the complications related to stability
and periodontal implications, the need for lifelong follow-
up by a general dentist instead of an orthodontist could be a
drawback. Side effects reported of bonded retainers include
torque changes like the x effect, breakages, and bond failures,
among others.22* Further research on periodontal implications
has identified multiple factors to consider when planning for
longer retention and identifying responsible parties to address
these issues.22

In our study, fixed retainers were usually produced
directly by orthodontists and removable retainers by lab
technicians, which was a similar finding in all countries.
Combined retention was the preferred option in both maxilla
and mandible in the majority of malocclusions and orthodontic
treatments. However, Croatian orthodontists more often chose
only a removable retainer for the maxilla in extraction cases
and impaction, while a combination of both removable and
fixed retainers was the choice of North Macedonian and
Kosovar orthodontists. For expansion cases, Croatian and
North Macedonian orthodontists more often chose removable
retainers, while Kosovar orthodontists still preferred a
combination of both. Similarly, in the Netherlands, the
majority of orthodontists positioned bonded retainers in both
the upper and lower arches, except for situations in which the
upper arch had extraction cases or expansion was performed
during treatment, in which case a removable retainer was
used.1®

Our findings indicate that written retention guidelines
are rarely provided by orthodontists in Kosovo (11%), North
Macedonia (25%), and Croatia (32%), despite the well-
known challenges of ensuring long-term stability and patient
compliance. This may be due to a preference for verbal
explanations or the absence of standardized written retention
guidelines across these regions. Additionally, the absence
of standardized written retention protocols, time constraints
in clinical practice, and cultural and educational differences
may also play a role. In Kosovo, verbal communication
is traditionally preferred over written documentation,
particularly in healthcare settings, which could contribute
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to this trend. Given that written instructions enhance patient
recall and adherence, integrating them alongside verbal
explanations could improve retention outcomes, warranting
further research and standardized guidelines. Furthermore,
studies have shown that written instructions can enhance
patient adherence and serve as a useful reference for long-term
follow-up.2® Therefore, the results of this study emphasize the
need for standardized guidelines for retention practices. High-
quality randomized clinical trials could provide evidence-
based insights, helping orthodontists adopt the most effective
retention strategies for different clinical scenarios.

Such diversity in retention strategies underscores
the importance of further research and the potential value
of establishing evidence-based guidelines. By developing
standardized recommendations, orthodontists can make more
informed decisions that ensure long-term stability for their
patients while addressing the variations currently observed in
clinical practice.

Limitation

The study relies on self-reported survey data, which may
introduce recall bias and limit the generalizability of findings
due to potential variations in respondent interpretations and
regional healthcare structures.

Clinical Significance

Understanding regional differences in retention practices
highlights the need for standardized guidelines and improved
patient education, ensuring long-term stability and adherence
to retention protocols across different healthcare settings.

This study highlights how orthodontists in Croatia, North
Macedonia, and Kosovo approach retention differently, with a
mix of clinical habits, training backgrounds, and patient needs
determining their choices. A combination of fixed and removable
retainers was most common, especially in Kosovo, showing a
cautious approach to preventing relapses. While experience
plays a significant role in decision-making, the lack of written
retention guidelines is a shared challenge. These findings point
to a real need for clearer, evidence-based protocols that can help
unify practices and improve long-term outcomes for patients.
Furthermore, it would be beneficial for orthodontic societies
and professional associations to provide practitioners with
updated, research-based information on retention practices to
ensure standardized and optimal patient care.
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Abstract

Background: Conventional diamond bur preparation, air abrasion, and acid etching of hard dental tissues have become an integral
part of modern restorative dentistry. However, their influence on the surface microstructure of anisotropic enamel is poorly
elucidated. This study investigated the effect of acid etching on the micro-roughness of buccal and occlusal enamel surfaces after
traditional treatment with a diamond bur and a subsequent air-abrasion with mixtures based on Al O, or erythritol powders (AFP).
Materials and Results: Eighteen unerupted wisdom teeth extracted for orthodontic reasons were included in the study. Only the
coronal parts of the teeth were used. They were cleaned of pulp tissue fragments, sequentially treated in an ultrasonic bath with an
80% alcohol solution and distilled water, and then randomly divided into 2 groups of 9 samples each. In samples of Group 1, the
ground surfaces were formed on the buccal sides, and in the samples of Group 2, they were made on the occlusal sides. The samples
of each group were divided into subgroups of 3 depending on the type of tooth surface treatment: (1) grinding hard tissues with a
diamond bur only; (2) grinding and an air abrasion using AL,O, powder; (3) grinding and an air abrasion using erythritol-based powder
(AFP). Areas for acid etching were allocated on the surface of each sample. The etching step was performed using a 37% phosphoric
acid gel. Qualitative and quantitative alterations to the enamel surface were registered using SEM and applied software.

Traditional enamel processing with a diamond bur contributed to the formation of the highest roughness value profiles: 9.9+0.7
pum (buccal enamel side) and 9.6+0.8 pm (occlusal enamel side). Acid etching of enamel after diamond bur preparation resulted in
a decrease in roughness values of buccal and occlusal enamel sides down to 5.44+0.4 pm and 5.5+0.4 um, respectively (P=0.000).
The use of AFP and Al O,, followed by acid etching, reduced the roughness values to 5£0.4 pm and 5+0.3 pm (P=0.000),
respectively, and to 4.4+0.7 um and 5.4+0.3 um (P=0.000), respectively.

Conclusion: Air abrasion, followed by acid etching of the enamel, contributed to a significant reduction in the micro-roughness of
surfaces formed by the diamond bur. It was also noted that there was no significant difference in roughness values between buccal
and occlusal enamel after diamond bur preparation, air abrasion with erythritol, and acid etching. The lowest surface roughness of
enamel was observed on buccal sections of tooth slabs after consecutive air abrasion with A1, O, and acid etching.(International
Journal of Biomedicine. 2025;15(3):559-563.)

Keywords: tooth enamel ¢ diamond bur * micro-roughness ¢ air abrasion ¢ acid etching
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and micro-roughness of enamel, which can occur during
various types of tooth treatment, has a significant impact on
gap formation and the longevity of composite fillings.>?

The mineral part of dental enamel, the hardest tissue in

Introduction

Due to the need to achieve a seamless appearance of
direct tooth-colored restorations and reduce the risk of edge

discoloration, which manifests as dark lines, the use of air-
abrasive technologies aims to minimize the likelihood of
associated cosmetic complications. Additionally, the macro-

the body, is more than 95%. This creates favorable conditions
for the formation of a stable, waterproof interface between
the filling and the tooth. However, the brittleness of enamel
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rods and the high chance of microcrack propagation during
grinding with rotary instruments are the main reasons for the
occurrence of cohesive failures caused by shrinkage stress and
the low strength of the hybrid layer to withstand it*¢

Diamond burs and abrasive powders remain the primary
tools and materials for tooth preparation and prophylaxis.
However, each method has its own advantages and drawbacks.
For example, rotary cutting instruments are very effective in the
precise removal of caries-affected tooth tissues and finishing
of cavity margins. However, the quality of grinding depends
on the type of diamond cutter, spindle balance, operator’s
manual skills, orientation of enamel prisms, and much more.
On the other hand, air abrasive methods are less precise than the
traditional bur and abrasive powders.. However, they facilitate
simultaneous cleaning and help to obtain a proper roughness
of tooth adhesive surfaces without any risk of friction and
temperature rise in hard tissues while they are being treated.
Thus, both methods are in demand and complete each other.”?

To improve the quality of adhesive surfaces,
understanding the hierarchical microstructure of tooth enamel
and its anisotropy can be of practical value. The variability in
the mechanical strength of enamel in different regions is mainly
explained by the perpendicular orientation of enamel rods on
the occlusal side and their oblique running on the buccal and
lingual aspects. Thus, in a case of the same algorithm of tooth
preparation, the values of enamel surface roughness in different
parts of a tooth crown may differ significantly.!®

The presence of excessive roughness on the adhesive
surfaces of teeth, characterized by pronounced peak heights,
valley depths, and peak density of the profile, may be the cause
of high shrinkage stress in the composite restorative material
and contribute to the emergence of micro-gaps along the
boundary of the filling-tooth interface. In this regard, one of
the trusted methods for forming a uniform, three-dimensional
surface roughness is etching with acid gels.!-2

A large amount of data has accumulated in the available
databases, indicating the urgent need for acid etching of
enamel, regardless of the adhesive system used. Additionally,
a preliminary air abrasion of a tooth with Al O, particles has
been considered state of the art for many years. However,
the use of soft abrasive powders for treating tooth surfaces
may alter the surface topography of enamel differently, and
consequently, the efficacy of acid etching can be affected.'

Based on this, the study investigated the effect of acid
etching on the average roughness of the buccal and occlusal
enamel surfaces after traditional treatment with a diamond bur
and following air-abrasion with mixtures based on AlO, or
erythritol powders.

Materials and Methods

Eighteen unerupted wisdom teeth extracted for orthodontic
reasons were included in the study. Only the coronal parts of the
teecth were used. They were cleaned of pulp tissue fragments,
sequentially treated in an ultrasonic bath with an 80% alcohol
solution and distilled water, and then randomly divided into 2
groups of 9 samples each. In samples of Group 1, the ground
surfaces were formed on the buccal sides, and in the samples

of Group 2, they were made on the occlusal sides. The grinding
of the surfaces in both groups was performed using diamond
perforated discs under constant water cooling until flat areas of
enamel were formed. Obtained tooth slabs were polished using
sandpaper with a gradual increase in the grain size from 400 to
1200 units, and then were ground again at a speed of 40,000 rpm
using diamond burs (FG 133139, NTI-Kahla GmbH) inserted in
the angled handpiece (1:5 A 200 1, T2 Line, Dentsply Sirona).
After that, the samples of each group were divided into subgroups
of 3 depending on the type of tooth surface treatment.

In subgroup 1A (n=3) and 2A (n=3), the surface treatment
consisted of grinding hard tissues with a diamond bur only;
in subgroup 1B (n=3) and 2B (n=3), grinding was combined
with an air abrasion using AL O, powder; in subgroup 1C
(n=3) and 2C (n=3) erythritol-based powder was used for air-
abrasion. Qualitative and quantitative characteristics of each
enamel profile were assessed in 10 arbitrarily chosen sectors.
The particle size of Al,O, powder was 27 um (KaVo, Biberach,
Germany), and the size of erythritol grit was 14 um (Air-Flow
Plus (AFP), EMS, Nyon, Switzerland). The air-abrasion was
performed with a constant flow of particles at a pressure of 0.25
MPa for an exposure time of 30 seconds. The nozzle was held at
3-5 mm and a 45° angulation of the tool to the surface. After that,
the prepared surfaces were thoroughly washed with an air-water
spray for 30 seconds and dried. To determine the roughness of
the enamel before and after acid etching, the studied surfaces of
each sample were additionally divided into 2 halves. The part
of the surface subjected to acid etching (treated) was designated
by the letter “T.” The etching step was performed using a 37%
phosphoric acid gel (FineEtch 37, Spident Co., Ltd, Korea) with
a 30-second etching time, followed by consecutive rinsing with
water for the same time.

To obtain high-quality surface images, the samples were
coated with a 10 nm layer of gold using a Quorum magnetron
(Q150R ES) sputtering system. Scanning electron microscopy
was performed using a SEM EVO MA 15 microscope (Carl
Zeiss) and applied software.

Statistical analysis was performed using the statistical
software package SPSS v. 21.0. For descriptive analysis, results
are presented as meantstandard deviation. Multiple comparisons
were performed with one-way ANOVA with Tukey’s pairwise
comparisons. Student’s paired t-test was used to compare the
differences between the paired samples. The probability value
of P<0.05 was considered statistically significant.

Results

Analysis of results demonstrated (Table 1) that traditional
enamel processing with a diamond bur was contributing to the
formation of the highest roughness value profiles, characterized
by the presence of zones of brittle fracture and smooth plastic
surfaces, as well as chips of enamel rods on both the buccal and
occlusal sides of teeth (Figure 1a, b). Subsequent acid etching
was effective in removing sheared and torn material from the
surface, leading to partial dissolution of the prism cores and
peripheries (Figure 1 ¢, d). These alterations were accompanied
by a significant decrease in average roughness values in 1AT and
2AT by 1.8 and 1.7 times, respectively (P=0.000 in both cases).
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Table 1.

Ra values of buccal and occlusal enamel treated with different methods.

Roughness | Subgroup | Subgroup | Subgroup | Subgroup | Subgroup | Subgroup
(Ra) 1A (n=30)|2A (n=30)|1B (n=30)|2B (n=30)| 1C (n=30)|2C (n=30)

P-value between subgroups before acid etching

F=610.2513; P =0.0000

Ra (um) P, = 03367;P,, .= 0.000; P, =0.000;P  =0.000;

ftecfgffga“d 9.940.7 | 9.6+0.8 | 34203 | 4904 | 7.920.6 | 7.940.5 [Piaac™ 0-000;P,, ;= 0.000; P,, ,,=0.000; P, = 0.000;
P, .= 0.000; P,__=0.000; P, =0.000;P,  =0.000;
P, =0.000: P, =0.000:P =1000

2B-1C 2B2C 1c2¢

P-value 0.000 0.000 0.000 0.000 0.000 0.000 P-value between subgroups after acid etching

Ra (um)
After acid
etching (T)

54+0.4 | 55404 | 4.4+0.7 | 5403 | 5.0£0.4

5.0+0.3

F=26.5565; P=0.0000

P o= 0.9497;P ,  ,,=0.000;P . =1.000;P ..=0.0067,
P = 0.0067,P,,  ..=0.000;P,, . .=09497P,  .=0.002;
P, o= 0.002; P . .=0.000; P .. ..=0.000;P . =0.000;
P =0.0067; P =0.0067; P =1.000

2BT-1CT 2BT-2CT 1CT2CT

Figure 1. (a) -14; (b) - 24; (c) - IAT: (d) - 2AT.

Air-abrasion of enamel samples with AFP powder was
effective in removing chips from the surfaces, but did not
contribute to the elimination of traces of brittle and smooth
plastic fracture caused by preparation with a diamond
bur (Figure 2 a, b). This type of treatment resulted in less
reduction of linear micro-roughness of buccal and occlusal
enamel surfaces by 1.3 and 1.2 times, respectively.

Consecutive phosphoric acid etching was leading to
the typical surface dissolution of intrarod and interrod spaces
of enamel (Figure 2 c, d) and further decline in roughness
values down to the level of Sum (£=0.000).

Air-abrasion of buccal and occlusal enamel ground
sections with Al,O, powder after traditional surface
treatment with a diamond bur resulted in a significant
decrease in micro-roughness by 2.9 and 1.9 times,

Figure 2. (a) -1C; (b) - 2C; (¢) - ICT; (d) - 2CT.

respectively (P=0.000 in both cases). Visual analysis of
micrographs revealed the complete elimination of traces
of plastic and brittle fracture caused by a diamond bur.
However, there was a lot of chipped material, which was
mainly noted on the buccal surfaces, and a significant
number of microcracks and pits were observed on the
occlusal surface of the enamel (Figure 3 a, b).

Subsequent acid etching contributed to both the
cleaning of chips from enamel surfaces (Figure 3 c, d) and
an increase in roughness values of buccal and occlusal
surfaces by 1.3 and 1.1 times, respectively (P=0.000).
Thus, significant differences were found in roughness (Ra)
values between subgroups 1B and 2B, as well as 1BT and
2BT, of 1.4 and 1.2 times, respectively (P=0.000 in both
cases).
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(c) (d)
Figure 3. (a) -1B; (b) - 2B; (c) - 1BT: (d) - 2BT.

Discussion

Among the primary priorities in treating caries pathology
and tooth restoration, minimal invasiveness and high aesthetics
are of particular concern. The discovery made by Buonocore,
along with the differentiated approach to selecting abrasive
powders for the prophylaxis and treatment of teeth, became the
key to the stability of interfaces and the long-lasting aesthetic
performance of direct composite restorations. !4

However, the specificity of enamel structure is
determined by anisotropy, and different surface treatment
modalities in combination with acid etching can contribute to
the occurrence of various alterations in tooth surfaces.

It has been adopted to categorize the etched patterns of
tooth enamel into 5 types: (1) honeycomb-like pattern with a
predominant dissolution of prism cores; (2) cobblestone-like
pattern with a preferential dissolution of interprism spaces;
(3) a combination of the first and second options; (4) pitted
surface; and (5) smoothed surface patterns.

Visual analysis of SEM images revealed that acid
etching of buccal enamel surfaces after traditional diamond
bur preparation or its combination with air abrasion using an
erythritol-based powder was the reason for the mixed-type
changes of honeycomb- and cobblestone-like patterns. The
same treatment algorithms for the occlusal part of tooth enamel
led to surface alterations with a predominant cobblestone
appearance. Buccal and occlusal enamel surfaces treated with
ALO, powder and etched with an acid were characterized
as pitted, with the most pronounced changes on the occlusal
sides of teeth.

Conclusion

The results of our study established that air abrasion,
followed by acid etching of the enamel, contributed to a

significant reduction in the micro-roughness of surfaces
formed by the diamond bur. It was also noted that there
was no significant difference in roughness values between
buccal and occlusal enamel after diamond bur preparation,
air abrasion with erythritol, and acid etching. A significant
difference was found in average roughness between buccal
and occlusal samples after air abrasion with Al,O, powder,
followed by acid etching. The lowest surface roughness of
enamel was observed on buccal sections of tooth slabs after
consecutive air-abrasion with A1O, and acid etching. In
addition, in these samples, a sharp decrease in the enamel
surface roughness after sandblasting with aluminum oxide
particles was replaced by a slight increase due to the action
of phosphoric acid. Such changes in microroughness differed
from those of other groups and can be explained by the
formation of microcracks and pits on the enamel surface
caused by the narrow stream of Al O, particles.
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Abstract

Zingiber cassumunar Roxb. (Plai), a traditional Thai medicinal plant, is widely recognized for its anti-inflammatory, analgesic,
and antimicrobial properties. However, its clinical use has been limited due to poor solubility, stability, and skin permeability.
This study aimed to develop and evaluate a nanochitosan-coated formulation incorporating Zingiber cassumunar (Plai) extract for
anti-inflammatory applications. The study focuses on characterizing the physicochemical properties of the formulation using gas
chromatography—mass spectrometry (GC-MS), Fourier transform infrared spectroscopy (FTIR), and scanning electron microscopy
(SEM) techniques, as well as assessing its anti-inflammatory efficacy through the albumin denaturation assay.

The nanoparticles were characterized by GC-MS, FTIR, and SEM. GC-MS, and showed enrichment of lipophilic, volatile
compounds like lidocaine, benzyl benzoate, and squalene. FTIR confirmed successful Plai incorporation into the chitosan matrix
with strong molecular interactions. SEM revealed porous, sponge-like structures, supporting high drug-loading efficiency and
potential for controlled release. Anti-inflammatory activity was assessed via BSA protein denaturation assay, revealing that all
formulations, including crude extract, chitosan, and nanochitosan-Plai, exhibited high inhibition across tested concentrations.
Notably, the nanochitosan-Plai formulation showed significantly superior activity at the highest concentration. These findings
suggest that nanochitosan encapsulation significantly enhances the therapeutic efficacy of Plai, supporting its potential development
as an advanced topical delivery system for the targeted management of localized inflammatory conditions.(International Journal
of Biomedicine. 2025;15(3):564-571.)
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Introduction

Zingiber cassumunar Roxb., commonly referred to as
Plai in Thailand, has been extensively used in Thai traditional
medicine for the treatment of a variety of ailments, including
muscle pain, sprains, inflammation, wounds, skin disorders,
asthma, rheumatic conditions, and pain!2 The essential Plai
and rhizome extract of Z. cassumunar are known to exhibit
local anesthetic and analgesic properties,®* as well as potent
anti-inflammatory effects.® Furthermore, antimicrobial studies
have demonstrated that it possesses inhibitory activity against
several bacterial and fungal strains,? reinforcing its value as
a multifunctional herbal remedy. Moreover, Z. cassumunar
has demonstrated a variety of biological activities,* including
anti-inflammatory and analgesic effects, as well as ovicidal,
insecticidal, cytotoxic, and antibacterial properties.®Z It has
also exhibited potential in enzyme inhibition. Recent clinical
studies further support the efficacy and safety of Z. cassumunar
rhizome, particularly in reducing pain .22

The pharmacological efficacy of Z. cassumunar is
largely attributed to its bioactive constituents, particularly
terpinene-4-ol, a-terpinene, and phenylbutenoids such as
(E)-1-(3,4-dimethoxyphenyl)but-1-ene. These compounds
have been shown to exert strong anti-inflammatory
and analgesic effects in preclinical models, including
carrageenan-induced paw edema and acetic acid-induced
vascular permeability assays.l® At the molecular level,
extracts of Z. cassumunar have been reported to modulate
key inflammatory signaling pathways. These phenylbutenoid
compounds act as key bioactive indicators for quantifying
herbal extracts,"-emphasizing their therapeutic value in
managing inflammation and supporting muscle recovery.
The processes of extraction and standardization are essential
in developing effective herbal preparations. Choosing an
optimal extraction technique and an appropriate solvent is
crucial for obtaining the highest yield of active ingredients,
while standardization guarantees the reliability and
consistency of therapeutic outcomes.

Despite these promising bioactivities, the clinical
application of Z. cassumunar remains limited due to poor
solubility, stability, and low skin permeability.? To overcome
these limitations, nanocarrier systems have been explored to
improve the delivery and bioavailability of phytochemicals. 1213

Chitosan, a natural biopolymer derived from chitin,4
has emerged as a promising material for both systemic and
localized drug and vaccine delivery. Its widespread use in
pharmaceutical and biomedical fields is attributed to its
excellent biocompatibility, biodegradability, and intrinsic
bioactivity. Structurally similar to glycosaminoglycans,
chitosan offers low toxicity and structural stability, making it
less harmful to biological systems. Furthermore, it is easily
broken down by enzymatic degradation, which enhances
its safety profile. These properties make chitosan highly
suitable for various therapeutic applications.'>¢ Chitosan-
based nanoparticles, in particular, offer advantages such
as biocompatibility, biodegradability, and mucoadhesive
properties, making them suitable for topical drug delivery
systems.”? Prior studies have shown that encapsulating

herbal extracts,!® including essential oils of Z. cassumunar,
in chitosan nanoparticles enhances their physicochemical
stability and facilitates.

In this study, a nanochitosan-based spray formulation
incorporating Z. cassumunar extract was developed using
the ionic gelation method. The formulation was characterized
using Fourier-transform infrared spectroscopy (FTIR),
gas chromatography—mass spectrometry (GC-MS), and
scanning electron microscopy (SEM) to confirm its chemical
integrity and particle morphology. The anti-inflammatory
efficacy of the formulation was evaluated through albumin
denaturation assays and compared with a standard reference
drug, diclofenac. By integrating traditional herbal medicine
with nanotechnology, this study proposes an innovative and
effective topical therapy that enhances the therapeutic potential
of Z. cassumunar. The findings support the development
of safe, sustainable, and locally sourced alternatives for
managing inflammation-related conditions.

Materials and Methods

Preparation of Chitosan Nanoparticles

Chitosan nanoparticles were prepared using the ionotropic
gelation method. 222 Briefly, 0.25 g of sodium tripolyphosphate
(TPP) (CAS Numbers: 7758-29-4) was dissolved in 250 mL
of deionized water (DI) to serve as the cross-linking agent.
Simultaneously, 0.1 g of chitosan (Lot Numbers: M13001) was
dissolved in 5 mL of 1% acetic acid (CAS Numbers: 64-19-7),
and subsequently diluted with 500 mL of DI water. The chitosan
solution (475 mL) was then mixed with 25 mL of Zingiber
cassumunar (Plai) crude extract (Batch: TS43Z1C21B) under
continuous stirring at 500 rpm and 25°C for 1 hour using a
magnetic stirrer. Following this, 250 mL of the TPP solution was
added dropwise to the chitosan—Plai mixture, and the suspension
was stirred for an additional 24 hours to facilitate nanoparticle
formation. The mixture was left undisturbed to precipitate for 1
week, after which it was subjected to centrifugation at 10,000
rpm for five cycles, with purification conducted between each
cycle to remove unbound components. The resulting product
was stored at —80°C for 3 days, then freeze-dried to obtain the
nanochitosan-Plai formulation in powder form.

Characterization Analysis

Gas Chromatography—Mass
Analysis

The chemical composition of Zingiber cassumunar
(Plai) crude extract was analyzed using GC-MS to identify
its bioactive constituents. The extract was prepared at an
appropriate concentration and subjected to analysis using an
Agilent 7890A gas chromatograph coupled with an Agilent
7000B triple quadrupole mass spectrometer, operated via GC-
QQQ software. Compound identification was performed using
the NIST MS Search 2.0 library. For gas chromatography, the
sample was injected using a liquid autosampler in split mode
at a ratio of 5:1, with an injection volume of 2 puL. The HP-5
capillary column (20 m x 0.18 mm, 0.18 um film thickness)
was used for compound separation. The injection port and
transfer line temperatures were set at 250°C, and helium

Spectrometry (GC-MS)
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served as the carrier gas at a flow rate of 1.0 mL/min. In the
mass spectrometer, ionization was achieved using electron
ionization (EI) at 70eV. The ion source temperature was
maintained at 230°C, and data were acquired in full scan mode
over a mass range of 35-550.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

Fourier transform infrared spectroscopy (FTIR) is an
analytical technique used to identify chemical bonds and
molecular structures by measuring the absorption of infrared
radiation at various wavelengths. In this study, nanochitosan-
Plai samples were characterized using FTIR with a Vertex 70
instrument (Bruker, Switzerland; Serial No. 3099/HYP.1097).
Spectra were recorded at a resolution of 4 cm™, with 64
scans performed for both the sample and the background.
Each analysis was repeated at least three times to ensure
reproducibility. Data acquisition and processing were carried
out using OPUS software.

Characterization using Scanning Electron Microscopy
(SEM) Analysis

The morphology of nanochitosan-Plai nanoparticles was
examined using SEM to assess their surface structure, particle
shape, and distribution. Freeze-dried samples were carefully
mounted on aluminum stubs and sputter-coated with a thin
layer of gold to enhance conductivity. Imaging was performed
using a JEOL JSM-6010LV SEM system, equipped with
Energy Dispersive X-ray Spectroscopy (EDS) for elemental
analysis. SEM micrographs were captured at appropriate
magnifications to reveal the porous, aggregated morphology
and irregular surface features typical of nanochitosan-based
formulations. These morphological insights were critical for
evaluating the physical characteristics and structural stability of
the nanoparticles.

Anti-Inflammatory Activity

The anti-inflammatory activity of the test samples was
evaluated using the Bovine Serum Albumin (BSA) (CAS
Numbers: 9048-46-8) protein denaturation method.2 A 5%
BSA solution (CAS No. 9048-46-8) was prepared in distilled
water. Test samples included Diclofenac sodium (positive
control), chitosan (dissolved in 0.05% acetic acid), Plai crude
extract, and nanochitosan-Plai formulation. Each sample was
prepared at six concentrations: 25, 50, 100, 200, 500, and
1000 pg/mL. For each concentration, 1 mL of the test solution
was mixed with 1 mL of the 5% BSA solution and incubated
at 27°C for 15 minutes. A control solution consisting of BSA
and distilled water (DW) was also prepared. After incubation,
the mixtures were heated at 70°C for 10 minutes to induce
protein denaturation. The samples were then cooled to room
temperature, and the absorbance was measured at 660 nm
using a VICTOR® Nivo™ Multimode Plate Reader (Serial No.
HH35L2020289).

The percentage of protein denaturation inhibition,
indicating anti-inflammatory activity, was calculated using the
following formula:%

%Inhibition = Absorbance of control - Absorbance of sample x 100
Absorbance of control

Statistical analysis

All data are presented as mean + standard deviation
(SD). Statistical comparisons between groups were conducted
using one-way ANOVA. A probability value P< 0.05 was
considered statistically significant.

Results

Gas Chromatography—Mass
Analysis

Spectrometry (GC-MS)

Gas chromatography—mass spectrometry (GC-MS)
analysis was conducted to compare the chemical constituents of
Zingiber cassumunar (Plai) crude extract and the nanochitosan-
Plai formulation. The chromatogram of the crude Plai extract
in Table 1 was dominated by hydrophilic and solvent-derived
compounds, with propylene glycol comprising 69.42% of
the total peak area, followed by 1,3-butanediol (22.80%) and
ethanol, 2-phenoxy- (5.77%). These compounds, often used as
cosolvents in herbal extraction, were accompanied by a diverse
range of minor bioactive compounds, including vanillin,
Zingiberone, B-sesquiphellandrene, and several saturated and
unsaturated fatty acids, such as oleic acid, octadecanoic acid,
and n-hexadecanoic acid.

Notably, DMPBD (detected at RT 25.986, 0.18%)
was also present, which may represent a bioactive aromatic
derivative contributing to the therapeutic profile of Plai. In
contrast, the nanochitosan-Plai formulation in Table 2 exhibited
a distinctly different chemical profile, enriched in hydrophobic
and volatile components. Major peaks included lidocaine
benzyl benzoate (15.35%), phenol, 2,4-bis(1,1-dimethylethyl)-
(9.86%), tetradecane (6.98%), dodecane (6.86%), and benzene,
1,3-bis(1,1-dimethylethyl)- (6.69%). Alkanes such as undecane,
hexadecane, octadecane, and eicosane were also abundant,
along with squalene (2.87%), a compound known for its
emollient and antioxidant activity. Many of these hydrophobic
compounds were not detected in the crude extract, suggesting
that the nanoencapsulation process enhanced the retention or
solubilization of lipophilic constituents. This chemical shift
may be attributed to interactions with the chitosan matrix,
improved compound stability, or differences in extraction and
formulation conditions. The presence of new or more prominent
bioactive compounds in the nanoparticle formulation supports
the potential of nanochitosan-based delivery systems to enhance
the therapeutic efficacy and skin permeability of Plai extract for
topical or transdermal applications.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

FTIR spectrum of the nanochitosan-Plai formulation
revealed the presence of distinct absorption bands indicating
various functional groups. A broad absorption band observed
around 3400 cm™ corresponds to the stretching vibrations of
O-H and N-H groups, confirming the presence of hydroxyl
and amine functionalities from both chitosan and plant-derived
compounds. Peaks near 2920 cm™ and 2850 cm ™ are associated
with aliphatic C—H stretching vibrations. A noticeable band
around 1650 cm™ can be attributed to C=O stretching from
amide I, while a peak near 1580 cm™ suggests N-H bending
(amide II), both of which are characteristic of chitosan (Figire 1).
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Table 1.

Chemical constituents identified in the Zingiber cassumunar (Plai)
crude extract using GC-MS.

Area
RT Area Sum % Name

10.739 1271088634 (69.42 |Propylene Glycol

11.671 |417481384 (22.80 |1,3-Butanediol

12.013 {168629 0.01 |Ethanol, 2,2’-oxybis-

12.532 [485358 0.03  [2-Propanol, 1,1’-oxybis-

12.749 (972462 0.05 |1,3-Pentanediol, 2,2,4-trimethyl-

12.824 (294261 0.02 |2,4-Pentanediol, 3-methyl-

15.208 [105582383 (5.77 |Ethanol, 2-phenoxy-

17.261 (61528 0.00 |n-Decanoic acid

Table 2.

Chemical constituents identified in the nanochitosan-Plai using
GC-MS.

Area
RT Area Sum % Name

10.121 |133871 |3.48 |Decane
10.631 (59535 |1.22  |Octane, 3,3-dimethyl-
11.394 |203810 |4.17 |Undecane, 5,7-dimethyl-

12.278 145782 [2.98 |Undecane
14.072 197856 [2.00 1-Dodecene
14.230 |335476 [6.86 |Dodecane

15222 [326928 [6.69 [Benzene, 1,3-bis(1,1-dimethylethyl)-

17.770 155176 0.01 |Vanillin 17.606 |78302 1.60 1-Tetradecene

18.632 57340 0.00 |Octanoic acid, methyl ester 17.731 |341523 6.98  |Tetradecane

19.013 |80874 0.00 |Benzaldehyde, 3,4-dimethoxy- 19.545 (482228 [9.86  |Phenol, 2,4-bis(1,1-dimethylethyl)-
19.225(375999 0.02 |Tetraethylene glycol 20.782 (278281 [5.69 |Hexadecane

19.672 (120374 0.01 |B-Sesquiphellandrene 23521 |201634 |4.12 |Octadecane

20.296 |894806 0.05 |Dodecanoic acid 26.041 [119315 [2.44 |Eicosane

2-Allyl-1,4-dimethoxy-3-methyl-

20.679 |687543 0.04 b
enzene

21.077|57051 0.00 |Zingiberone

21.246 (3520335 0.19 |Triquinacene, 1,4-bis(methoxy)-

21.575 (70805 0.00 |Decanoic acid, methyl ester

1,4,7,10,13,16,19-Heptaoxa-2-

22.440 (122403 0.01 ;
cycloheneicosanone

Indazol-4-one, 3,6,6-trimethyl-1+
26.139 180801 |1.65 |} halagin-1-yl-1,5,6,7-tetrahydro-
28.717 |74171 1.52  |Docosane

33.284 |750788 |[15.35 |Lidocaine benzyl benzoate
37.444 (140551 |2.87
Total  [3850852

Squalene

23017 1120653 001 Cinnamic acid, 3,4-dimethoxy-, methyl

ester
23.044 (115816 0.01 |Tetradecanoic acid
23.179(327377 0.02 |Hexaethylene glycol

23.685 (758751 0.04 |Triquinacene, 1,4,7-tris(methoxy)-

24.286 (415809 0.02 |Dodecanoic acid, 3-hydroxypropyl ester

24.356|169599 0.01 |Lauric anhydride
24.433 13111723 017 1,2-Dimethoxy-4-(3-methoxy-1-
propenyl)benzene

24.614 (127560 0.01 |2(3H)-Furanone, 3-heptyldihydro-

25.653 (673595 0.04 |n-Hexadecanoic acid

25.743 1336829 0.02 |Dodecanoic acid, 1-methylpropyl ester

25.986 (3363567 |0.18 |DMPBD

26.833 (6440897  [0.35 |13-Hexyloxacyclotridecan-2-one

26.896 (286183 0.02 |Glycerol 1-myristate

28.001 |649561 0.04 |Oleic Acid

28.376 (1546720  |0.08 |Octadecanoic acid

28.497 131795 0.01 Stearic acid, 2-hydroxy-1-methylpropyl

ester
29.739 (125525 0.01 |[Glycerol B-palmitate
30.787 |[468867 0.03 |Heptaethylene glycol

31.172 (1456882  |0.08 |12-Hydroxystearic acid

32.677 [105111 0.01 |Glyceryl 1-monostearate

33.575 (145933 0.01 |[Diisooctyl phthalate

34.790 (653620 0.04 |Octaethylene glycol

38.237(1863599  (0.10
39.898 (1538073  |0.08
40.424 1513850  |0.08

41.738|1232807  (0.07

2-Undecenoic acid, trimethylsilyl ester
4,7-Dimethoxy-2-methyl-1H-indene
4,7-Dimethoxy-2-methyl-1H-indene
1-Methyl-1-(5-tridecyl)oxy-1-

silacyclopentane
42.302 537068 0.03 |Nonaethylene glycol
43.123 |140544 0.01 |Stigmasterol

44.160|338163 0.02 |B-Sitosterol

Total |1830973822|100

Additionally, peaks between 1150 and 1020 cm™ correspond
to C-O-C and C-O stretching vibrations, indicating
saccharide structures and ether linkages. The presence of these
characteristic bands confirms the successful incorporation
of Zingiber cassumunar extract into the chitosan matrix and
suggests potential hydrogen bonding or molecular interactions
between chitosan and bioactive compounds in the extract. The
resulting FTIR spectrum is consistent with the formation of
a stable nanoformulation containing phytochemically active
components.

1
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Fig. 1. FT-IR spectrum and chemical formula of
nanochitosan-Plai.

Scanning Electron Microscopy (SEM) Analysis

Scanning electron microscopy (SEM) analysis was
performed to observe the surface morphology and structural
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characteristics of the nanochitosan-Plai formulation. At low
magnification (Fig. 2 (a), 100x%), the surface displayed randomly
distributed, irregular aggregates with a flaky and rough
texture. The particles were widely scattered and varied in size,
indicating that the formulation was composed of heterogeneous
agglomerates formed during the drying or preparation process.
At high magnification (Fig. 2 (b), 30,000x), the morphology
of the nanoparticles was more distinctly revealed. The image
showed porous, sponge-like structures with uneven surfaces,
characteristic of chitosan-based nanomaterials. The nano-
structured morphology and rough surface suggested increased
surface area, which may enhance drug loading and facilitate
controlled release. These morphological features confirm
that the nanochitosan effectively encapsulated the Zingiber
cassumunar extract, forming a stable nanosystem suitable for
transdermal or topical delivery.

Fig. 2.

Scanning Electron Microscopy (SEM) images of
nanochitosan-Plai formulation at different magnifications:

(a) Low magnification (100x) showing dispersed and irregularly
shaped aggregated particles scattered across the substrate surface.

(b) High magnification (30,000%) revealing porous, rough, and
sponge-like nanostructures with interconnected networks, indicative
of successful encapsulation and nanoscale morphology.

Anti-Inflammatory Activity

The anti-inflammatory activity, as evaluated by the
BSA protein denaturation assay, revealed that all four
tested formulations, Diclofenac (positive control), Zingiber
cassumunar (Plai) extract, chitosan, and the nanochitosan-
Plai formulation, exhibited high levels of inhibition across
all tested concentrations (25-1000 pg/mL), with values
consistently exceeding 90%. This suggests that both the crude
and nanoformulated versions of Plai, as well as chitosan alone,
possess substantial anti-inflammatory potential, likely due to
their bioactive phenolic and terpenoid constituents and, in
the case of chitosan, its inherent bioadhesive and modulatory
properties. Although the inhibition values were numerically
close across groups, a statistically significant difference
(P=0.003) was observed at the highest concentration
(1000 pg/mL), where the nanochitosan-Plai formulation
demonstrated superior inhibition compared to the other
groups. This enhanced effect at higher concentrations may be
attributed to the improved stability, solubility, and sustained
release properties of the nanoformulated system, which likely
increase the bioavailability of the active compounds in Plai.
At lower concentrations (25-500 pg/mL), there were no
significant differences among the groups (P>0.05), indicating

that the anti-inflammatory effect of Plai is already pronounced
even without nanoencapsulation. However, the marginal
improvements seen with the nanochitosan formulation
suggest a trend toward greater efficacy, particularly at higher
doses, as shown in Fig. 3. Overall, the results support that
nanochitosan-Plai retains the potent anti-inflammatory
activity of the crude extract and may offer advantages in terms
of delivery and therapeutic performance, especially when
applied in formulations requiring enhanced stability and skin
penetration, such as transdermal sprays or topical films.

SD=0.150 SD = 0.669 SD = 0207 SD=0.177 SD=0274 SD =0.431

P-value = 0.243 P-valuc = 0.400 P-value = 0,903 P-valuc = 0.558 P-value = 0.944 P-value = 0.003
100,

0.000 ““ ““ ““ “l‘ ‘II‘ ‘li‘
25 50 100 200 500 1000

Concentration (ug/mL)

Inhibition (%)
2 8 & 2 8 2 g 8
2228282 8 8 8

g

mDiclofenac wPlai mChitosan = Nanochitosan-Plai

Fig. 3. Percentage inhibition of anti-inflammation activity for
Diclofenac, Plai extract, Chitosan, and Nanochitosan-Plai
formulations at different concentrations (25—-1000 ug/mL). The
results are expressed as mean inhibition percentages (n = 3)
with standard deviations shown above each group. Statistical
analysis using ANOVA indicates no significant differences
between groups at concentrations of 25-500 ug/mL (P > 0.05),
while a significant difference was observed at 1000 ug/mL (P
= 0.003), where the Nanochitosan-Plai formulation exhibited
the highest anti-inflammatory activity.

The anti-inflammatory activity of the nanochitosan-
Plai formulation was evaluated using the BSA protein
denaturation assay, a well-established model for assessing
the stabilization of protein structures under inflammatory
conditions. All tested groups, including diclofenac (positive
control), Z. cassumunar (Plai) extract, chitosan, and the
nanochitosan-Plai formulation, exhibited high levels of
protein denaturation inhibition (>90%) across all tested
concentrations (25—-1000 pg/mL). These results highlight the
inherent anti-inflammatory potential of both the Plai extract
and chitosan polymer. Interestingly, while the inhibition rates
among groups were closely matched at lower concentrations
(25-500 pg/mL), no statistically significant differences
were found (P>0.05), indicating that the crude extract of
Z. cassumunar already possesses strong anti-inflammatory
activity, consistent with previous reports attributing this
to the presence of active compounds such as terpinene-
4-ol, sabinene, and (E)-1-(3,4-dimethoxyphenyl)but-1-
ene.l® However, at the highest tested concentration (1000
pg/mL), the nanochitosan-Plai formulation significantly
outperformed the other groups (P=0.003), demonstrating
a clear enhancement of bioactivity in a dose-dependent
manner.
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Discussion

In this study, a nanochitosan-based formulation
incorporating Zingiber cassumunar (Plai) extract was
successfully developed using the ionic gelation technique.
The formulation underwent comprehensive characterization
via GC-MS, FTIR, SEM, confirming its chemical composition
and nanoparticulate morphology. Anti-inflammatory potential
was assessed through albumin denaturation assays, with
diclofenac serving as the reference drug. The integration of
traditional herbal medicine with nanotechnology presents a
promising strategy for enhancing topical therapeutic efficacy.
These results underscore the potential of this formulation as
a safe, sustainable, and locally derived anti-inflammatory
agent.

The GC-MS analysis of Zingiber cassumunar (Plai)
crude extract and nanochitosan-Plai formulation revealed
distinct differences in chemical profiles, suggesting that
nanoencapsulation  significantly  influences compound
retention and presentation. In the crude extract, the dominant
components were hydrophilic and solvent-associated
compounds such as propylene glycol (69.42%), 1,3-butanediol
(22.80%), and ethanol, 2-phenoxy- (5.77%), consistent with
carlier studies that reported alcohols and glycols as major
constituents when hydroalcoholic or aqueous extractions
were used.?*2 Minor but therapeutically relevant compounds
such as Zingiberone, p-sesquiphellandrene, vanillin, and
unsaturated fatty acids (e.g., oleic and octadecanoic acids)
were also identified, aligning with previous findings that
Plai contains phenylbutenoids, sesquiterpenes, and aromatic
ketones with anti-inflammatory activity.2

Notably, the nanochitosan-Plai formulation exhibited
a shift toward lipophilic and volatile constituents, such as
lidocaine benzyl benzoate (15.35%), phenol, 2,4-bis(1,1-
dimethylethyl)- (9.86%), and a range of alkanes (e.g.,
tetradecane, hexadecane, and octadecane), which were not
prominent in the crude extract. These findings suggest that
the nanoencapsulation process may selectively retain or
stabilize volatile and hydrophobic compounds, as reported
by similar studies on nanoemulsions and chitosan-based
delivery systems. The appearance of squalene (2.87%), a
known antioxidant and skin-conditioning agent, further
supports the enhanced bioactive profile achieved through
nanoformulation. Moreover, the detection of DMPBD
(0.18%) in the crude extract is in line with previous work
reporting dimethoxyphenyl derivatives as contributors to
Plai’s anti-inflammatory effects.2

Overall, the chemical shift observed between crude
and nanoformulated Plai suggests that chitosan-based
nanoencapsulation not only protects the active phytochemicals
but also potentially enhances the formulation’s stability,
bioavailability, and skin permeability. These results are
consistent with prior research on nanocarrier systems
improving the pharmacological potential of herbal compounds
and highlight the nanochitosan-Plai formulation as a promising
candidate for transdermal or topical therapeutic applications.

Fourier Transform Infrared Spectroscopy (FTIR) was
used to confirm the successful incorporation of Zingiber

cassumunar extract into the chitosan-based nanoparticle
system and to identify possible molecular interactions between
the extract and the polymer matrix. The FTIR spectrum of
chitosan exhibited characteristic peaks at 3430 cm™ (O-H
and N-H stretching), 2920 and 2850 cm™ (C—H stretching),
1650 ecm™ (C=O stretching of amide I), and 1580 cm™ (N-H
bending of amide II), which are consistent with previous
reports describing chitosan’s functional groups.?Z Additionally,
peaks between 1150 and 1020 cm™ corresponded to C-O-C
and C-O stretching vibrations typical of saccharide structures.
The spectrum of crude Z. cassumunar showed strong bands
in the range of 3400-3300 cm™ attributed to O—H stretching
and in the fingerprint region (1000-1500 cm™) related to
phenolic, aromatic, and terpene structures, consistent with
its known phenylbutenoid and sesquiterpene content.®
These phytochemical groups are largely responsible for
Plai’s reported anti-inflammatory, analgesic, and antioxidant
properties.

In the nanochitosan-Plai composite formulation, the
FTIR spectrum retained major absorption bands from both
chitosan and Plai but with shifts in peak positions and changes
in intensity particularly in the amide I (1650 cm™) and C-O
stretching (1020-1100 cm™') regions suggesting strong
hydrogen bonding or electrostatic interactions between the
polymer and the phytoconstituents. Such interactions are
commonly observed in chitosan-based nanocarriers and
have been shown to enhance the chemical stability and
bioavailability of encapsulated herbal compounds.t2 Overall,
the FTIR results confirm the formation of a chemically stable
nanoformulation, wherein the bioactive compounds from Z.
cassumunar were effectively incorporated into the chitosan-
PVA-glycerin matrix. These findings are in agreement with
prior studies demonstrating that chitosan nanoparticles can
successfully encapsulate essential and improve their delivery
characteristics, including controlled release, enhanced skin
permeability, and increased therapeutic potential.?

Morphological analysis using Scanning Electron
Microscopy (SEM) revealed the nanochitosan-Plai particles
to have rough, porous, sponge-like structures at high
magnification (30,000%), a characteristic typical of chitosan-
based nanocarriers. These structural features not only confirm
successful encapsulation but also suggest improved drug-
loading capacity and potential for controlled release. The
irregular aggregates observed at low magnification (100x%)
suggest particle agglomeration during drying, which is
common in spray or solvent evaporation methods. Similar
SEM morphologies have been documented in other studies
involving chitosan nanoparticles and support their utility in
enhancing transdermal drug delivery.®

These findings align with prior studies indicating that
nanoencapsulation can enhance the therapeutic efficacy of
herbal actives by improving their permeability and retention
in biological tissues, especially in transdermal or topical
applications. Therefore, the nanochitosan-Plai formulation not
only maintains but potentially augments the anti-inflammatory
efficacy of crude Plai extract, making it a promising candidate
for next-generation drug delivery systems targeting localized
inflammation.
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Conclusions

In this study, a nanochitosan-based formulation
incorporating Zingiber cassumunar (Plai) extract was
successfully developed using the ionic gelation technique.
Comprehensive characterization using gas chromatography—
mass spectrometry (GC-MS), Fourier-transform infrared
spectroscopy (FTIR), and scanning electron microscopy
(SEM) confirmed the chemical composition and
nanoparticulate morphology of the formulation. The anti-
inflammatory potential was evaluated through the albumin
denaturation assay, with diclofenac used as a reference drug.
GC-MS analysis revealed that nanoencapsulation significantly
altered the chemical profile, enriching the formulation with
lipophilic and volatile constituents such as lidocaine, benzyl
benzoate, squalene, and alkanes, which were either absent
or present in low concentrations in the crude extract. These
findings suggest that the nanocarrier system helps retain and
stabilize bioactive compounds, thereby enhancing therapeutic
potential. FTIR analysis confirmed successful incorporation
of Z. cassumunar extract into the chitosan matrix, as indicated
by the presence of characteristic functional group bands from
both the polymer and the extract. Shifts in peak positions
and intensity suggested hydrogen bonding or electrostatic
interactions, which are commonly associated with improved
chemical stability and bioavailability in nanocarrier systems.
SEM images revealed porous, rough, sponge-like structures
typical of chitosan nanoparticles, supporting efficient drug
loading and controlled release capabilities. The observed
morphological characteristics also indicate potential for
enhanced skin permeation and retention.

Overall, the nanochitosan-Plai formulation not only
retained but potentially enhanced the anti-inflammatory
efficacy of the crude extract, making it a promising candidate
for future transdermal or topical drug delivery systems.
These findings highlight the potential to further develop this
formulation into advanced, natural-based therapeutic products
such as sprays, patches, or medicated films for localized
inflammation management.

Competing Interests

The authors declare that they have no competing
interests.

Sources of Funding

The authors sincerely acknowledge the financial support
provided by Suranaree University of Technology (SUT),
Thailand Science Research and Innovation (TSRI), and the
National Science, Research, and Innovation Fund (NSRF)
(NRIIS number 195617). The authors are also grateful to the
Parasitic Diseases Research Center (PDRC) for providing
the essential laboratory facilities that were crucial for the
successful execution of this study.

*Corresponding author: Chutharat Thanchonnang, PhDc. E-mail:
chutharat.than@gmail.com

References

1. Koontongkaew S, Poachanukoon O, Sireeratawong
S, Dechatiwongse Na Ayudhya T, Khonsung P, Jaijoy
K, Soawakontha R, Chanchai M. Safety Evaluation of
Zingiber cassumunar Roxb. Rhizome Extract: Acute and
Chronic Toxicity Studies in Rats. Int Sch Res Notices. 2014
Nov 16;2014:632608. doi: 10.1155/2014/632608. PMID:
27379341; PMCID: PMC4897215.

2. Chongmelaxme B, Sruamsiri R, Dilokthornsakul P,
Dhippayom T, Kongkaew C, Saokaew S, Chuthaputti A,
Chaiyakunapruk N. Clinical effects of Zingiber cassumunar
(Plai): A systematic review. Complement Ther Med. 2017
Dec;35:70-77. doi: 10.1016/j.ctim.2017.09.009. Epub 2017
Oct 7. PMID: 29154071.

3. Jeenapongsa R, Yoovathaworn K, Sriwatanakul KM,
Pongprayoon U, Sriwatanakul K. Anti-inflammatory activity
of (E)-1-(3,4-dimethoxyphenyl) butadiene from Zingiber
cassumunar Roxb. J Ethnopharmacol. 2003 Aug;87(2-
3):143-8. doi: 10.1016/s0378-8741(03)00098-9. PMID:
12860299.

4. Kato E, Kubo M, Okamoto Y, Matsunaga Y, Kyo H,
Suzuki N, Uebaba K, Fukuyama Y. Safety Assessment of
Bangle (Zingiber purpureum Rosc.) Rhizome Extract: Acute
and Chronic Studies in Rats and Clinical Studies in Human.
ACS Omega. 2018 Nov 30;3(11):15879-15889. doi: 10.1021/
acsomega.8b02485. Epub 2018 Nov 21. PMID: 30556016;
PMCID: PMC6288899.

5. Sinsup P, Teeranachaideekul V, Makarasen A,
Chuenchom L, Prajongtat P, Techasakul S, Yingyuad P,
Dechtrirat D. Zingiber cassumunar Roxb. Essential Oil-
Loaded Electrospun Poly(lactic acid)/Poly(ethylene oxide)
Fiber Blend Membrane for Antibacterial Wound Dressing
Application. Membranes (Basel). 2021 Aug 24;11(9):648. doi:
10.3390/membranes11090648. PMID: 34564465; PMCID:
PMC8470900.

6. Ozaki Y, Kawahara N, Harada M. Anti-inflammatory
effect of Zingiber cassumunar Roxb. and its active principles.
Chem Pharm Bull (Tokyo). 1991 Sep;39(9):2353-6. doi:
10.1248/cpb.39.2353. PMID: 1804548.

7. Anasamy T, Abdul AB, Sukari MA, Abdelwahab
SI, Mohan S, Kamalidehghan B, et al. A phenylbutenoid
dimer, cis-3-(3', 4'-Dimethoxyphenyl)-4-[(E)-3"", 4"'-
dimethoxystyryl] cyclohex-1-ene, exhibits apoptogenic
properties in T-acute lymphoblastic leukemia cells via
induction of p53-independent mitochondrial signalling
pathway. Evidence-Based Complementary and Alternative
Medicine. 2013;2013(1):939810.

8. Tanticharoenwiwat P, Kulalert P, Dechatiwongse Na
Ayudhya T, Koontongkaew S, Jiratchariyakul W, Soawakontha
R, Booncong P, Poachanukoon O. Inhibitory effect of Phlai
capsules on skin test responses among allergic rhinitis patients:
a randomized, three-way crossover study. J Integr Med. 2017
Nov;15(6):462-468. doi: 10.1016/S2095-4964(17)60353-4.
PMID: 29103416.

9. Chongmelaxme B, Sruamsiri R, Dilokthornsakul P,
Dhippayom T, Kongkaew C, Saokaew S, Chuthaputti A,
Chaiyakunapruk N. Clinical effects of Zingiber cassumunar
(Plai): A systematic review. Complement Ther Med. 2017
Dec;35:70-77. doi: 10.1016/j.ctim.2017.09.009. Epub 2017
Oct 7. PMID: 29154071.



N. Wakhuwathapong et al. / International Journal of Biomedicine 15(3) (2025) 564-571 571

10. Ozaki Y, Kawahara N, Harada M. Anti-inflammatory
effect of Zingiber cassumunar Roxb. and its active principles.
Chem Pharm Bull (Tokyo). 1991 Sep;39(9):2353-6. doi:
10.1248/cpb.39.2353. PMID: 1804548.

11. Gundom T, Sukketsiri W, Panichayupakaranant P.
Phytochemical analysis and biological effects of Zingiber
cassumunar extract and three phenylbutenoids: targeting NF-
kB, Akt/MAPK, and caspase-3 pathways. BMC Complement
Med Ther. 2025 May 16;25(1):180. doi: 10.1186/s12906-025-
04907-w. PMID: 40380132; PMCID: PMC12083117.

12. Luesakul U, Puthong S, Sansanaphongpricha K,
Muangsin N. Quaternized chitosan-coated nanoemulsions: A
novel platform for improving the stability, anti-inflammatory,
anti-cancer and transdermal properties of Plai extract.
Carbohydr Polym. 2020 Feb 15;230:115625. doi: 10.1016/j.
carbpol.2019.115625. Epub 2019 Nov 15. PMID: 31887856.
13. Devkota HP, Paudel KR, Hassan MM, Dirar Al, Das
N, Adhikari-Devkota A, et al. Bioactive compounds from
Zingiber montanum and their pharmacological activities with
focus on zerumbone. Applied Sciences. 2021;11(21):10205.
14. Jiménez-Gomez CP, Cecilia JA. Chitosan: A
Natural Biopolymer with a Wide and Varied Range of
Applications. Molecules. 2020 Sep 1;25(17):3981. doi:
10.3390/molecules25173981. PMID: 32882899; PMCID:
PMC7504732.

15. Jiménez-Gémez CP, Cecilia JA. Chitosan: A
Natural Biopolymer with a Wide and Varied Range of
Applications. Molecules. 2020 Sep 1;25(17):3981. doi:
10.3390/molecules25173981. PMID: 32882899; PMCID:
PMC7504732.

16. Naveedunissa S, Meenalotchani R, Manisha M, Ankul
Singh S, Nirenjen S, Anitha K, et al. Advances in chitosan-
based nanocarriers for targeted wound healing therapies: a
review. Carbohydrate Polymer Technologies and Applications.
2025;11:100891.

17. Gonciarz W, Balcerczak E, Brzezinski M, Jelen A,
Pietrzyk-Brzezifiska AJ, Narayanan VHB, Chmiela M.
Chitosan-based formulations for therapeutic applications.
A recent overview. J Biomed Sci. 2025 Jul 8;32(1):62. doi:
10.1186/s12929-025-01161-7. PMID: 40629425; PMCID:
PMC12239286.

18. Negi A, Kesari KK. Chitosan Nanoparticle Encapsulation
of Antibacterial Essential Oils. Micromachines (Basel).
2022 Aug 6;13(8):1265. doi: 10.3390/mi13081265. PMID:
36014186; PMCID: PMC9415589.

19. Chaowalit Monton JS, Natawat Chankana, Apirak
Sakunpak. Applications of Chitosan Nanoparticles and
Microparticles for Herbal Medicinal Drug Delivery Systems.
Thai Science and Technology Journal. 2014:571-81.

20. Hoang NH, Le Thanh T, Sangpueak R, Treekoon J,
Saengchan C, Thepbandit W, Papathoti NK, Kamkaew
A, Buensanteai N. Chitosan Nanoparticles-Based Ionic
Gelation Method: A Promising Candidate for Plant Disecase
Management. Polymers (Basel). 2022 Feb 9;14(4):662.
doi: 10.3390/polym14040662. PMID: 35215574; PMCID:
PMC8876194.

21. Sottiwilaiphong J AD. Nano-biopesticide development of
betel extract-nano chitosan encapsulated for soft rot control
of Chinese cabbage. Thai Journal of Science and Technology.
2018;7(5):516-33.

22. Jaiboonma A, Kaokaen P, Chaicharoenaudomrung
N, Kunhorm P, Janebodin K, Noisa P, Jitprasertwong P.
Cordycepin attenuates Salivary Hypofunction through the
Prevention of Oxidative Stress in Human Submandibular
Gland Cells. Int J Med Sci. 2020 Jul 6;17(12):1733-1743.
doi:  10.7150/ijms.46707. PMID: 32714076; PMCID:
PMC7378660.

23. Padmanabhan P, Jangle S. Evaluation of in-vitro anti-
inflammatory activity of herbal preparation, a combination
of four medicinal plants. International Journal of Basic and
Applied Medical Sciences. 2012;2(1):109-16.

24. Pithayanukul P, Tubprasert J, Wuthi-Udomlert M. In vitro
antimicrobial activity of Zingiber cassumunar (Plai) oil and
a 5% Plai oil gel. Phytother Res. 2007 Feb;21(2):164-9. doi:
10.1002/ptr.2048. PMID: 17128430.

25. Suksaeree J, Charoenchai L, Madaka F, Monton C,
Sakunpak A, Charoonratana T, et al. Zingiber cassumunar
blended patches for skin application: Formulation,
physiochemical properties, and in vitro studies. Asian Journal
of Pharmaceutical Sciences. 2015;10.

26. Singsai K, Charoongchit P, Utsintong M. The comparison
of the oil types in Plai (Zingiber cassumunar) oil extraction
and analysis of the chemical constituents in Plai oil by gas
chromatography-mass spectrometry technique. Naresaun
Phayao J. 2022;15(3):18-2.

27. Kurita K. Chemistry and application of chitin and chitosan.
Polymer Degradation and Stability. 1998;59(1-3):117-20.

28. Panthong A, Kanjanapothi D, Niwatananun V,
Tuntiwachwuttikul P, Reutrakul V. Anti-inflammatory activity
of compounds isolated from Zingiber cassumunar. Planta
Medica. 1990;56(06):655-.

29. Owczarek M, Herczynska L, Sitarek P, Kowalczyk
T, Synowiec E, Sliwinski T, Krucinska 1. Chitosan
Nanoparticles-Preparation, ~Characterization and Their
Combination with Ginkgo biloba Extract in Preliminary /n
Vitro Studies. Molecules. 2023 Jun 23;28(13):4950. doi:
10.3390/molecules28134950. PMID: 37446611; PMCID:
PMC10343372.




International Journal of Biomedicine 15(3) (2025) 572-582 INTERNATIONAL

http://dx.doi.org/10.21103/Articlel15(3) _OA19 JOURNAL
ORIGINAL ARTICLE OF BIOMEDICINE
Biotechnology

Capsaicin Hydrogel Skin Patch: Development, Characterization,
and Safety Evaluation of Cytotoxicity, Anti-Inflammatory Effects,
and Pain-Relief Applications

Chutharat Thanchonnang'??, Alisa Boonsuya?, Phornpitcha Pechdee**, Patpicha Arunsan®’,
Nav La®, Nattawut Keeratibharat’, Nathkapach Kaewpitoon Rattanapitoon®®, Wiwat Nuansing’,
Schawanya Kaewpitoon Rattanapitoon®**

'Translational Medicine program, Institute of Medicine, Suranaree University of Technology,

Nakhon Ratchasima, Thailand

’Parasitic Disease Research Center, Suranaree University of Technology, Nakhon Ratchasima, Thailand
3School of Family Medicine and Community Medicine, Institute of Medicine,

Suranaree University of Technology, Nakhon Ratchasima, Thailand

“Sirindhorn college of Public Health Suphan Buri province, Faculty of Public Health and

Allied Health Sciences, Praboromarajchanok Institute, Nonthaburi, Thailand

SFaculty of Medicine, Vongchavalitkul University, Nakhon Ratchasima, Thailand

SFaculty of Pediatric and Medicine, International University, Phnom Penh, Cambodia

’School of Surgery, Institute of Medicine, Suranaree University of Technology, Nakhon Ratchasima, Thailand
SFMC Medical Center, Nakhon Ratchasima, Thailand

Abstract

Background: Capsaicin, the primary pungent component of Capsicum annuum, exhibits significant anti-inflammatory and
analgesic properties by acting on TRPV1 receptors and modulating COX-2 expression. However, its therapeutic use is limited by
poor solubility, instability, and potential skin irritation. Myofascial Pain Syndrome (MPS), a prevalent musculoskeletal disorder,
presents a need for safer and more effective topical treatments. This study aimed to develop and evaluate capsaicin loaded hydrogel
patches for cytotoxic effects, anti-inflammatory properties, and pain relief.

Methods and Results: A hydrogel patch containing 0.1% capsaicin was fabricated using polyvinyl alcohol (PVA), gelatin, glycerol,
Tween 80, triethanolamine through the freeze—thaw technique. Structural analysis by GC-MS revealed bioactive constituents,
predominantly dodecyl acrylate (45.78%), oleic acid (25.06%), and trans-oleic acid (7.52%), all known for their anti-inflammatory
and skin-permeation-enhancing properties. FTIR confirmed the successful incorporation of capsaicin into the hydrogel matrix with
characteristic shifts in N-H, C=0, and C—N functional groups, while UV-Vis spectroscopy supported capsaicin release over time.
Cytotoxicity testing on human skin fibroblast (HSF) cells demonstrated high cell viability (>90%) at concentrations below 1 mg/
mL, with an ICso of approximately 20 mg/mL, indicating low toxicity at therapeutic doses. The hydrogel exhibited dose-dependent
anti-inflammatory activity. Notably, the anti-inflammatory efficacy was statistically comparable to diclofenac (P = 0.183).
Conclusion: The capsaicin-loaded hydrogel patch showed excellent physicochemical characteristics, structural stability, and
biocompatibility. Its anti-inflammatory efficacy was on a par with standard diclofenac, supporting its potential as a safe and effective
treatment for localized pain and inflammation management with MPS.(International Journal of Biomedicine. 2025;15(3):572-582.)

Keywords: myofascial pain ¢ anti-inflammatory activity ¢ Capsaicin ¢ cytotoxicity

For citation: Thanchonnang C, Boonsuya A, Pechdee P, Arunsan P, la N, Keeratibharat N, Rattanapitoon NK, Nuansing W,
Rattanapitoon SK. Capsaicin Hydrogel Skin Patch: Development, Characterization, and Safety Evaluation of Cytotoxicity,

Anti-Inflammatory Effects, and Pain-Relief Applications. International Journal of Biomedicine. 2025;15(3):572-582.
doi:10.21103/Article15(3) OA19



C. Thanchonnang et al. / International Journal of Biomedicine 15(3) (2025) 572-582 573

Abbreviations

BSA, bovine serum albumin; CHP, Capsaicin hydrogel
patch; DW, distilled water; FTIR, Fourier transform
infrared spectroscopy; MPS, Myofascial Pain Syndrome;
NRS, Numeric Rating Scale; NSAIDs, nonsteroidal anti-
inflammatory drugs; VAS, Visual Analog Scale; UV-vis,
ultraviolet-visible; w/v, weight/volume.

Introduction

Capsicum annuum, a widely cultivated member of the
Solanaceae family, is known for its use in culinary, industrial,
and medicinal applications.! This plant exhibits considerable
diversity in fruit morphology and pungency, contributing to
its global significance as both a spice and a functional food.
The fruit is rich in phytochemicals, notably capsaicinoids
and carotenoids, responsible for its spiciness and coloration.
Capsaicin and dihydrocapsaicin dominate the capsaicinoid
profile, while xanthophylls and carotenes account for the
vibrant pigmentation. Additionally, chili peppers contain
volatile compounds, fatty acids, phenolics, vitamins, and
essential minerals, contributing to their reported bioactivities,
including antimicrobial effects. Despite these findings, further
investigation is needed to elucidate the bioactive compounds
responsible for these therapeutic properties fully.

Capsaicin, the active component in chili peppers, is
well-known for its anti-inflammatory properties. Capsaicin
(8-methyl-N-vanillyl-6-nonenamide), a naturally occurring
protoalkaloid and a neuropeptide-active agent that affects the
transient receptor potential vanilloid-1 receptor (TRPV1),
is used to treat pain disorders, particularly myofascial pain
syndrome,® as well as an anti-inflammatory agent.* These
effects are primarily mediated through its action on the
TRPV1 receptor, which is involved in pain and inflammation
pathways. When capsaicin binds to TRPVI1 receptors, it
initially causes an influx of calcium ions into the nerve cells,
leading to a burning sensation. However, with repeated
application, capsaicin depletes substance P, a neuropeptide
associated with inflammation and pain transmission. This
depletion reduces the sensitivity of nerve fibers to pain and
decreases inflammation.>¢ Marked mechanism is particularly
beneficial in conditions associated with chronic pain, such
as neuropathic pain and arthritis.® Topical capsaicin in low
concentrations (0.025-0.1%) is recognized for its moderate
efficacy in treating certain types of pain, particularly
neuropathic and musculoskeletal pain, as well as conditions
like arthritis. Capsaicin targets the TRPV1 receptors on pain
nerve fibers,” which transmit pain sensations. Capsaicin 0.1%
is minimally absorbed systemically, which reduces the risk
of systemic side effects, making it a safer alternative to oral
pain medications, especially in chronic pain conditions. Its
minimal absorption is part of the reason why it is generally
well-tolerated. Overall, capsaicin 0.1% is safe when used as
directed.

Furthermore, capsaicin’s role in reducing oxidative
stress contributes to its anti-inflammatory and analgesic
effects; capsaicin mitigates oxidative damage, a key driver of

chronic inflammation and pain.? The mechanism of capsaicin
antioxidant action has been studied, and in particular, the
ability of its phenolic structure to provide hydrogen to peroxyl
and alkoxy radicals has been revealed.?

This interaction forms a complex with reduced transition
metals, while the C7-benzyl carbon and methoxy group
enhance its potent antioxidant and free radical scavenging
properties.l® This antioxidant activity reduces inflammation
and helps prevent the sensitization of pain pathways.
Capsaicin also modulates the expression of cyclooxygenase-2
(COX-2),"t an enzyme that plays a significant role in the
inflammatory process and pain signaling. By downregulating
COX-2 expression, capsaicin can decrease both inflammation
and pain.

Myofascial pain syndrome (MPS) is a chronic soft
tissue pain disorder characterized by local and referred
musculoskeletal pain originating from trigger points (TrPs)
within the fascia surrounding skeletal muscles. It is a prevalent
cause of both acute and chronic pain. MPS can manifest
independently, termed primary myofascial pain syndrome.
Traditional treatments include physical therapy, medications,
and trigger point injections.’? However, recent research is
increasingly focused on capsaicin, the active component
of chili peppers, as a potential alternative or adjunctive
therapy, investigating its mechanisms of action and clinical
effectiveness.’* Myofascial pain syndrome is characterized by
muscle pain originating from a trigger point. Despite extensive
research, the pathophysiology of MPS remains incompletely
understood,'*leading to the exploration of various treatment
modalities. Physical treatments include techniques such as
stretch and spray, massage, ischemic compression therapy,
and local heat. Needle-based interventions encompass dry
needling, trigger point injections with local anesthetics, and
botulinum toxin injections. Transcutaneous electric nerve
stimulation (TENS) is also utilized for MPS management.
Supplementary treatments often involve nonsteroidal anti-
inflammatory drugs (NSAIDs), though their efficacy, especially
topically, in treating MPS is unclear. There is no clear evidence
of the effectiveness or relative efficacy of one treatment
compared to another.!* Topical capsaicin is another option,
potentially serving as an adjuvant treatment. The etiology
of trigger points and myofascial pain remains incompletely
elucidated. Nevertheless, studies have demonstrated that
capsaicin can elicit pain and hyperalgesia in human tendon
tissues. Furthermore, it has been observed to enhance trigger
point sensitivity in individuals while concurrently mitigating
associated pain.!* The treatment of MPS should be multimodal,
with the main purpose of managing the underlying disease-
causing pain. Although nonsteroidal anti-inflammatory drugs
(NSAIDs) are commonly used for pain relief, their application
in the treatment of chronic pain disorders is restricted due to
the potential for adverse effects on the gastrointestinal (GI)
tract and the kidneys (GI symptoms, renal injury, nausea and
vomiting, dizziness), and depression.’? Less invasive options
have also been proposed to improve the MPS treatment.

Givencapsaicin’sanalgesic properties,acomprehensive
understanding of its physicochemical properties is necessary
for the development of drug delivery systems that provide
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a safer and more effective treatment option. In this study,
a hydrogel delivery system was designed to enhance the
sustained release of capsaicin, improve its efficacy, and
reduce side effects, with a focus on creating a pain relief patch
that enhances performance. Hydrogels are three-dimensional
crosslinked polymeric matrices characterized by properties
such as swelling and deswelling behaviors, shock absorption,
and low friction coefficients, as documented in the literature.1¢
Hydrogels have garnered considerable attention and are
utilized in various fields, including effluent management,
tissue engineering, drug delivery systems, and biomolecular
filtration.!” Their hydrophilic nature, biodegradability, and
biocompatibility make them valuable synthetic polymers
in the biomedical sector.® Furthermore, capsaicin has
been shown to inhibit the production of pro-inflammatory
cytokines, further contributing to its anti-inflammatory
properties. Using capsaicin in topical formulations, such as
creams and patches, provides a targeted approach to managing
localized inflammation and pain, making it a valuable tool in
treating inflammatory conditions. With the limited stability of
certain patch types, there is a growing interest in developing
novel hydrogel-based patches that incorporate capsaicin
to enhance pain relief. This research, based on laboratory
tests, aims to inform practical applications for patients in the
future. The study evaluates both the safety and efficacy of
the transdermal delivery system to advance its clinical use.

This study aimed to develop and evaluate capsaicin
loaded hydrogel patches for cytotoxic effects, anti-
inflammatory properties, and pain relief.

Materials and Methods

Preparation of Capsaicin Hydrogel Skin Patch

Polyvinyl alcohol (PVA) (CAS 9002-89-5) 1% wi/v
(Molecular weight 13,000-23,000) from Sigma-Aldrich
solution at a concentration of 1% (w/v) by weight and
gelatin (CAS Numbers, 9000-70-8) at 10% w/v were
dissolved in boiling water at 90 °C under magnetic stirring
for approximately 1-2 hours!® until a clear and transparent
solution was obtained. 10 ml of glycerol 99.5% (CAS Number:
56-81-5), 1.25 ml of Tween 80 (CAS Number: 9005-65-6),
and 4 drops of triethanolamine (CAS Number: 102-71-6) in
combination play a significant role in hydrogel preparation,
functioning as a pH adjuster, stabilizer, and emulsifier. The
above components and capsaicin (CAS number: 404-86-4) at
a concentration of 0.1% were added to the prepared solution.
The solution was stirred at room temperature for 45-60
minutes until complete dissolution and uniform consistency
were observed. Once the solution had achieved uniform
consistency, it was left to cool down gradually. Subsequently,
10 ml of the solution was prepared and poured into a Petri
dish. The solution-filled Petri dish was then subjected to the
freeze-thaw process by alternately freezing at -20 °C for 48
hours and thawing at room temperature (25 °C) for 24 hours,
resulting in a well-consolidated hydrogel sheet. The obtained
hydrogel sheet underwent sterilization and examination for
the persistence of capsaicin (Figure 1).

PVA (Polyvinyl alcohol) 1% w/v

| VRV

Gelatin 10% w/v

< Tween 80 1.25 ml
!l‘,‘ Triethanolamine 4 drops
Distilled water 80 ml@ ——1 -
p . tn sl |
s oS
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90 °C for 3 hours
homogenous and crystal-clear solution

Capsaicin 0.1%
Glycerol 10 ml

25°C (room temp.) for 40-60 minutes
homogenous and crystal-clear solution
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Freeze-thaw process
Freeze at -20 °C for 48 h
Thaw at 25 °C for 24 h

Solution 10 ml in the petri dish

Fig. 1. A schematic diagram displays the preparation steps
of the capsaicin hydrogel patch.

Capsaicin Hydrogel Patch Characterization
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

Capsaicin was prepared at an appropriate concentration
and injected into the GC-MS system using an autosampler
in liquid injection mode with an injection volume of 1 pL.2
The sample components were separated using an HP-5
capillary column under predefined conditions. The separated
compounds were then introduced into the mass spectrometer
(MS), where electron ionization (EI) at 70 eV was applied to
generate molecular ions. Mass scanning was conducted over
a range of 35-550 m/z to identify the chemical constituents.
The resulting spectra were analyzed by comparison with
the NIST MS Search 2.0 database to confirm compound
identification.

Investigation of the Physical Properties of Hydrogel Patch
Characterization by UV-Visible Spectroscopy

The selected hydrogel sheets containing capsaicin
were incubated at either 4°C to facilitate slow and controlled
gelation, allowing the gradual formation of the hydrogel
network, or 50°C to promote crosslinking of the hydrogel
structure, thereby enhancing its mechanical strength and
stability with 75% relative humidity for 6 weeks. Physical
characteristics and biocompatibility adherence abilities were
evaluated before and after the testing period, following the
methodology by Simone et al.22 UV-visible spectroscopy,
using a T80+ model from PG Instruments (Spectrum mode)
(Serial Number: 23-1885-01-0190), was conducted in the
laboratory. A sample was employed to assess the drug release
from the hydrogel sheets containing the drug in distilled
water. Quartz cuvettes of 4 ml capacity were utilized for
spectroscopic measurements within the wavelength range of
200-700 nm, with data recorded at 30 or 60-minute intervals
throughout the entire experiment, repeated at least three
times.
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Investigation of the Physical Properties of Hydrogel Patch
Characterization by Fourier Transform Infrared Spectroscopy

The procedure for studying room temperature hydrogel
patch stability for 30 days was conducted following the
method by Ilie et al.,2! and the morphology of the samples was
characterized using Fourier Transform Infrared Spectroscopy
(FTIR) Vertex 70, Bruker Switzerland, (Serial Number: 3099/
HYP.1097) with a resolution of 4, Sample Scan Time: 64,
Background Scan Time: 64. Analysis was repeated at least 3
times using OPUS Software, with the test results recorded and
subjected to further analysis. The physical characteristics of the
prepared patches were evaluated through visual examination
and tactile perception, such as the smoothness of the material
and clarity, to select patch materials with favorable physical
attributes.

Cytotoxicity Assays

Cytotoxicity Testing on Human Skin Fibroblast (HSF) Cells
Using the MTT Assay

HSF cells were seeded at a density of 10,000 cells/well
in a 96-well plate using Dulbecco’s modified Eagle medium
(DMEM) supplemented with 1% FBS and 1% penicillin/
streptomycin. The cells were incubated for 24 hours in a CO-
incubator maintained at 37 °C with 5% CO.. Test samples were
prepared at various concentrations by diluting them in DMEM.
Each concentration (100 uL) was added to the respective
wells, and the cells were further incubated for 24 hours. After
24 hours, 100 pL of MTT solution (0.5 mg/mL) was added to
each well, and the plate was incubated in the dark for 2 hours.
The supernatant was then carefully removed, and the resulting
formazan crystals were dissolved with 100 pL of dimethyl
sulfoxide (DMSO). Absorbance was measured at 570 nm using
a microplate reader. The percentage of cell viability (mg/mL)
was calculated using the following formula: 2

Absorbance of treated cell
Absorbance of control cell

% Cell viability = x100%

Anti-Inflammatory Activity

The anti-inflammatory properties were evaluated using
a modified version of the protocol.2 One milliliter of the
test compounds or diclofenac sodium (positive control) at
varying concentrations 25, 50, 100, 200, 500, and 1000 pg/
mL (conducted in triplicate) was added to 1 mL of an aqueous
solution containing 5% bovine serum albumin (BSA) (CAS
Numbers, 9048-46-8) and incubated for 15 minutes at 27°C.

A mixture of distilled water (DW) and BSA was the
control. The protein denaturation process was initiated by
heating the mixture for 10 minutes at 70 °C.

After cooling at room temperature, the absorbance of
each sample was measured at 660 nm by VICTOR® Nivo™
Multimode Plate Readers (Serial Number: HH35L.2020289).
The percentage inhibition was calculated from optical density
(OD) values by following the formula:2*

Absorbance of control — Absorbance of sample

% Inhibition = x100%

Absorbance of control

Efficacy of Capsaicin Hydrogel Patch for Pain Relief

The research design included a pilot study methodology
to ascertain the adequacy of sample group sizes, as
outlined.®% The determination of sample group size was
calculated with a confidence level of 0.7 and a probability of
0.3, following the methodology.2® The computation resulted in
an estimated sample group size of 3.4 individuals to mitigate
potential dropouts; therefore, it was adjusted to 5 participants.
Participants were aged equal to or greater than 18 years. This
pilot study recorded visual analogue scale (VAS) scores equal
to or greater than 5 out of a maximum of 10 for neck pain
duration and clinical manifestation of MPS.

Pain Reduction Assessment

Participants applied adhesive patches to the affected
shoulder or back for 2 hours per session, twice daily (morning
and evening) for 3 days. Thereafter, volunteers recorded pain
scores using the Visual Analog Scale (VAS) and Numeric
Rating Scale (NRS) (0-10 points) before and after patch
application (a total of 6 times) and noted any adverse skin
reactions that may occur, such as redness, swelling, clear
vesicles, and itching. Volunteers assessed and recorded
their discomfort with the continuous use of the patches. In
addition, skin reactions were assessed before and after patch
use, assessing redness (0-3 points), swelling (0-4 points), the
presence of papules, the presence of wheals, and the presence
of large, clear vesicles.?

Statistical analysis

Statistical analysis was performed using SPSS Statistics
version 29.0 (SPSS Inc., Chicago, IL). The Wilcoxon signed-
rank test was used to compare the differences between the two
dependent groups (for non-parametric data). The probability
value of P<0.05 was considered statistically significant.

Results

Capsaicin Hydrogel Skin Patch

A capsaicin hydrogel skin patch containing 0.1%
capsaicin was developed in the experimentation, as shown
in Figure 1. Capsaicin at a concentration of 0.1% is widely
applied topically for pain relief in various conditions. In
this study, a skin patch was designed with a thickness of
0.5 cm and dimensions of 4x5 cm? The capsaicin hydrogel
patch, including its physical characteristics and optimized
concentration of 0.1% capsaicin, is illustrated. The active
compound remained encapsulated within the hydrogel patch
(Figure 1).

Characterization of Capsaicin Hydrogel Skin Patch
Gas Chromatography—Mass Spectrometry (GC-MS) Analysis

Gas chromatography-mass spectrometry (GC-MS) was
employed to characterize the chemical composition of the
capsaicin. 17 peaks were identified, corresponding to various
fatty acids, esters, alcohols, and hydrocarbons. Compound
identification was performed by matching mass spectral data
with the NIST MS Search 2.0 database. The predominant
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constituent was dodecyl acrylate (RT: 24.096 min), accounting
for 45.78% of the total peak area, followed by oleic acid (RT:
30.558 min; 25.06%) and trans-oleic acid (RT: 35.612 min;
7.52%). Additional major components included 1-dodecanol
(RT: 20.836 min; 6.49%), propanoic acid, decyl ester (RT:
24.178 min; 4.55%), and n-hexadecanoic acid (RT: 27.830
min; 3.21%). Minor components such as nonanamide, elaidic
acid ethyl ester, and octadecanoic acid were also detected,
contributing to the overall chemical complexity of the
capsaicin. Several of these compounds, particularly long-
chain fatty acids and their esters, are recognized for their
bioactive properties, including anti-inflammatory, emollient,
and skin-permeation enhancing effects. The presence of these
compounds suggests that the capsaicin contains multiple
bioactive molecules that may synergistically contribute to the
analgesic and anti-inflammatory activity of the formulated
hydrogel patch, as shown in Table 1.

Table 1.

Chemical constituents identified in the capsaicin crude extract
using GC-MS.

Area
Sum %

5.037 28839 0.20
5.618 |35676 0.25
9.421 | 19960 0.14
14.199 | 15724 0.11
18.392 (34202 0.24
20.836 (930588 [6.49
21.499 (48734 0.34
24.096 [6569297 |45.78
24.178 | 653059 [4.55
27.406 [ 149881 |1.04
27.830 (460111 |3.21
28.315 |94546 0.66
30.558 3595726 |25.06
30.857 | 177826 |1.24
30.940 |388904 |2.71
35.612 | 1079067 |7.52
36.435 166942 0.47
Total | 14349082100

RT Area Name

2-Propenoic acid

Silane, triethylfluoro-

4,4-dimethyl-1,3-Dioxane

Nonanal

n-Decanoic acid

1-Dodecanol

Nonanamide

Dodecyl acrylate

Propanoic acid, decyl ester

3-Chloropropionic acid, dodecyl ester

n-Hexadecanoic acid

Hexadecanoic acid, ethyl ester

Oleic Acid

Octadecanoic acid

Elaidic acid, ethyl ester

Trans-oleic acid

Diisooctyl phthalate

Chemical constituents identified in the capsaicin crude extract using
GC-MS. Each compound was identified based on retention time (RT)
and mass spectral comparison with the NIST MS database. The
relative abundance of each component is expressed as the percentage
of total peak area (Area%s).

UV-Visible Spectrophotometry

The capsaicin hydrogel patches were loaded into
cuvettes, and testing began at minute 0 without changing the
wavelength. Changes began at 30, 60, 90, 120, 150, and 180

minutes. Optimal light absorption measurements of capsaicin
dilution were identified through UV-Visible scan spectrum
readings at 278, 281, 280, 284, 283, and 283 nanometers,
respectively (Figure 2). The absorbance of capsaicin
was measured spectrophotometrically at a wavelength,
demonstrating the peak of the capsaicin spectra.

Absorbance

‘Wavelength (nm)

Fig. 2 The UV-Vis absorption spectrum of capsaicin.

Fourier Transform Infrared Spectroscopy (FTIR)

The stability of the substance at ambient temperature
was evaluated over a 30-day period following the protocol
described by Ilie et al.,2 and its presence was confirmed
using a Vertex 70 FTIR spectrometer in the laboratory.
Analysis of data from hydrogel patch samples and standard
capsaicin samples revealed that FTIR measurement aimed to
identify possible biomolecular substances of capsaicin. The
FTIR spectrum of capsaicin displayed prominent absorption
bands at 3295, 2925, 1633, 1457, 1,360, 1244, 1148, 1078,
994, 930, 847, 758, 572, and 520 cm.".

Clear peaks were observed when testing the FTIR
spectrum of hydrogel patches containing capsaicin. These
peak values slightly shifted to 3303, 1637, 1475, 1244, 1111,
1043, and 992 cm™ in the FTIR spectrum of the hydrogel
patches mixed with capsaicin. The FTIR spectrum of capsaicin
displays peaks corresponding to its characteristic functional
groups. Capsaicin, with the molecular formula C18H27NO3,
is systematically named 8-methyl-N-vanillyl-6-nonenamide.
Its molecular structure comprises key functional groups,
including an amide group, an aromatic vanillyl ring, and a
long hydrocarbon chain. These groups play a significant role
in its chemical and physical properties, which are reflected
in its FTIR absorption spectrum. Characteristics of the
standard capsaicin peaks reveal N-H stretch (3295 cm™),
aliphatic C-H stretch (2925 cm™), C=0 stretch (1633 cm™),
and C-N stretch (Amide II) (1148 cm™). Upon comparison
with hydrogel skin patch samples containing capsaicin, the peak
characteristics in the FTIR spectrum include N-H stretch (3303
cm), C=0O stretch (1637 cm™), and C-N stretch (Amide IT) (1111
cm). While the aliphatic C-H group may exhibit less distinct
peaks, minor variations in peak intensity are noted compared to
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standard capsaicin. These alterations confirm the presence of
capsaicin peaks in the hydrogel patch samples (Figure 3).
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Fig 3. FT-IR spectrum and chemical formula of capsaicin
hydrogel. (Red line - capsaicin hydrogel skin patch, blue
line - standard capsaicin).

Cytotoxicity Assays

The cytotoxic effects of capsaicin solution on human
skin fibroblast (HSF) cells were evaluated using the MTT
assay. Figure 4(A) shows cell viability percentage following
capsaicin treatment at various concentrations (0.0001-10 mg/
mL) for 24 hours. The results are presented as mean + standard
deviation (SD). Capsaicin at 0.0001 to 1 mg/mL concentrations
showed no significant cytotoxic effects, with cell viability
remaining above 90%. However, at 10 mg/mL, a statistically
significant reduction in cell viability (P<0.01) was observed,
indicating cytotoxicity at high concentration. Representative
microscopic images showing morphological changes in HSF
cells treated with capsaicin at selected concentrations are
presented in Figure 4(B). Control: Cells exhibit normal spindle-
shaped morphology with high confluence. Capsaicin 10 mg/
mL: Marked cell shrinkage and reduced density observed,
consistent with significant cytotoxicity. Capsaicin 0.1 mg/
mL: Minor morphological changes with slightly reduced cell
density, indicating mild cytotoxicity. Capsaicin 0.001 mg/mL:
Morphology similar to control, suggesting negligible cytotoxic
effect at this concentration, and morphological changes were
captured under an inverted microscope at 200 um scale.

A HSF cell treatment B

‘Capsaicn 10 mg/m!

g

Capsaicin.1 mg/ml

Percentage of cell viability

Ctrl 0.0001 0.001 0.01 0.1 1 10
The cytotoxic effects of capsaicin solution on HSF

Concentration (mg/ml) cells were evaluated using the MTT assay

Fig. 4. Cytotoxic effects of capsaicin on human skin fibroblast
(HSF) cells assessed by MTT assay.

(4) Percentage of cell viability following treatment with capsaicin
at various concentrations (0.0001-10 mg/mL) for 24 hours. (B)
Representative microscopic images showing morphological changes
in HSF cells treated with capsaicin at selected concentrations.

These findings confirm that capsaicin induces
dose-dependent cytotoxicity in HSF cells, with higher
concentrations compromising cell viability and morphology.
The half-maximal inhibitory concentration (ICs) was
approximately 20 mg/mL, indicating that capsaicin exhibits
cytotoxicity at elevated concentrations. Morphologically,
treated cells maintained normal spindle-shaped appearances
at non-cytotoxic concentrations, while cell shrinkage and
reduced confluence were evident at higher doses, suggesting
compromised cell health.

Anti-Inflammatory Activity

The assessment of anti-inflammatory properties
demonstrated that the capsaicin hydrogel patch exhibited
increased efficacy at all concentrations, with the highest
percentage of inhibition observed at concentrations ranging
from 25 pL to 1000 pL (100%). Figure 5 illustrates the
anti-inflammatory effects of the capsaicin hydrogel patch at
various concentrations compared to the standard diclofenac.
A comparison between diclofenac and the capsaicin hydrogel
patch revealed no statistically significant difference in anti-
inflammatory efficacy (P=0.183).

100
| || ‘ ‘ || ‘ |
0

25 ug/mL. 50 ug/mL. 100 ug/mL. 200 ug/mL 500 ug/mL 1000 ug/mL

Inhibition [%]

wDliclofenac = Hydrogel

Antiei y value at different

Fig. 5. Anti-inflammatory activity of diclofenac and
capsaicin hydrogel patch at various concentrations.

Efficacy

The anti-inflammatory activity of the capsaicin hydrogel
patch was evaluated to assess its potential therapeutic efficacy.
The baseline characteristics of the participants are presented
in Table 2.

Five participants without underlying medical conditions
were included in the study. Participants applied the patch for
60 minutes both day and night at the site of pain. Pretest and
post-test scores were analyzed for mean differences using a
non-parametric test. The results indicated that the mean VAS
score decreased after three days, but this change was not
statistically significant. In contrast, the analysis of pre-test
and post-test NRS scores using the Wilcoxon Signed-Rank
Test revealed a statistically significant difference (P = 0.05) as
shown in Table 3.

Adverse Events

Table 4 presents the adverse events caused by using
the capsaicin hydrogel patch. These events were transient,
resolving within a short duration. Notably, no severe adverse
events were reported.



578 C. Thanchonnang et al. / International Journal of Biomedicine 15(3) (2025) 572-582

Table 2.

Main characteristics of the study participants (mean age of
26.02+4.39 years).

Variable n %
Male 3 60.00
Sex
Female 2 40.00
Students 2 40.00
. Professional Nurses 1 20.00
Occupations
Owner Business 1 20.00
University Staff 1 20.00
1-5 hours 2 40.00
Duration of computer | ¢_10 hours 2 40.00
usage for work
> 11 hours 1 20.00
Nepk, shoulder, and back 2 40.00
pain
Common symptoms
experienced during Numbness, Sweating 2 40.00
prolonged sitting
Blurred vision 1 20.00
Table 3.
Wilcoxon signed ranks test results.
Pre-test — 0 Mean | Sum of 7 P-value
Post-test rank | ranks
Negative Ranks |2 |1.50 |3.00
Positive Ranks [0 [0.00 |0.00
VAS -1.342 | 1.180
Tiles 3
Total 5
Negative Ranks |4 |2.50 |[10.00
Positive Ranks [0 [0.00 |0.00
NRS -1.890 | 0.050
Tiles 1
Total 5

NRS, Numeric Rating Scale; VAS, Visual Analog Scale; Z = Asymp.
Sig. (2-tailed).

Table 4.

Adverse events in volunteers caused by the capsaicin hydrogel
patch (n=5).

Day 1 Day 2 Day 3
Side effects

n % n % n %
Rash 1 20.00 | O 0.00 | 0 0.00
Pruritus 2 40.00 | 2 40.00| 1 20.00
Asymptomatic 2 40.00 | 3 60.00| 4 80.00

Discussion
This  study explored the development and

characterization of a capsaicin hydrogel patch, with particular

focus on its physicochemical properties and therapeutic
effects. The structural and compositional attributes were
analyzed through GC-MS, UV-vis spectroscopy, and FTIR,
offering insights into the patch’s molecular composition and
light absorption behavior. Capsaicin below 1 mg/mL showed
no cytotoxicity on HSF cells, maintaining viability above
90%, while higher concentrations caused dose-dependent
cytotoxicity, with an ICso of approximately 20 mg/mL. The
patch’s anti-inflammatory activity was clinically evaluated
through a pre- and post-test design involving five patients
suffering from muscle pain. Pain levels were measured using
the Visual Analog Scale (VAS) and Numerical Rating Scale
(NRS). Statistical analysis, performed using the Wilcoxon
Signed-Rank test, revealed a significant reduction in pain
scores post-application, demonstrating the potential efficacy
of the capsaicin hydrogel patch in providing symptomatic
relief.

The GC-MS analysis of the capsaicin crude extract in
this study revealed a distinct profile composed primarily of
dodecyl acrylate (45.78%), oleic acid (25.06%), and trans-oleic
acid (7.52%), with additional contributions from 1-dodecanol,
propanoic acid decyl ester, and hexadecanoic acid derivatives.
These findings demonstrate a chemical fingerprint dominated
by fatty acids, fatty acid esters, and long-chain alcohols.
Notably, dodecyl acrylate was the most abundant compound,
accounting for nearly half of the total peak area, indicating its
significant presence in the bioactive matrix.

When compared with the results of Ahmad et al.?
who characterized the volatile composition of 27 different
Capsicum annuum cultivars, several key differences and
similarities emerge. Their study reported a predominance
of alcohols (26.13%), hydrocarbons (18.82%), and esters
(14.97%), with compounds like 1-decanol and docosanoic
acid, docosyl ester as major constituents. While both studies
identified esters and alcohols as major components, the
proportion and dominant compounds differ notably. The
present extract exhibited higher concentrations of fatty acid
esters such as oleic acid ethyl ester and propanoic acid decyl
ester. In contrast, Ahmad et al.2 reported broader chemical
diversity across several classes, including aldehydes,
ketones, and pyrazines.

The discrepancies can likely be attributed to differences
in extraction techniques, geographical source, capsicum
variety, and maturity stage, as highlighted by Ahmad et al.,2
who observed variation in volatile composition based on
cultivar and origin. Furthermore, while their study emphasized
volatile oils contributing to aroma and antimicrobial activity,
capsaicin focuses more on fatty acid-based constituents, which
are known to play roles in skin permeability enhancement,
anti-inflammatory activity, and drug delivery efficiency.

This focused chemical profile may correlate with
the intended functional role of capsaicin, specifically,
enhancing the anti-inflammatory and analgesic properties
of a capsaicin hydrogel patch. Compounds such as oleic
acid and n-hexadecanoic acid have been independently
reported to possess anti-inflammatory properties, suggesting
a potential synergistic effect with capsaicin in the transdermal
formulation.
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In the present study, the capsaicin patches were subjected
to an examination of their physical properties and adherence to
biocompatibility both before and after testing. UV-Vis analysis
was conducted at specific time intervals to assess the light
absorption characteristics of capsaicin dilution. The absence of
data at 0 minutes indicated that no chemical change occurred
at the initial time point. However, changes began manifesting
at 30, 60, 90, 120, 150, and 180 minutes. The UV-Visible scan
spectrum revealed absorbance values suitable for capsaicin
dilution at wavelengths of 278, 281, 280, 284, 283, and 283
nanometers, respectively. Prior research demonstrated that
standard capsaicin exhibits light absorption at 279 nanometers
when exposed to UV radiation.?® Similarly, the previous report
shows capsaicin’s absorption peak at 281 nanometers.? This
study demonstrated that the UV spectrophotometric method
provides clear advantages in terms of simplicity, accuracy, and
sensitivity for analyzing the complex structure of capsaicin.
The standard curve of capsaicin in various solutions displayed
a distinct peak corresponding to capsaicin.

The FTIR spectrum exhibited distinctive peaks
corresponding to  capsaicin  (trans-8-methyl-N-vanillyl-6-
nonenamide) chemical formula (C18H27NO3), indicative
of typical capsaicin characteristics. These findings affirm the
encapsulation of capsaicin within the hydrogel patch, aligning
with previous research that explored FTIR analysis of silver
nanoparticles. The FTIR spectrum of capsaicin displayed
prominent absorption bands (Fig. 1). Clear peaks were observed
when testing the FTIR spectrum of hydrogel patches containing
capsaicin. These peak values slightly shifted to 3303, 1637, 1475,
1244, 1111, 1043, and 992 cm™ in the FTIR spectrum of the
hydrogel patches mixed with capsaicin. In the case of capsaicin-
coated silver nanoparticles, lower maximum absorption points
were identified at 1,653.96 and 1,027.44 cm™'. The FTIR analysis
revealed peak shifts, likely attributed to variations in peak
maxima and interface features associated with the silver metal
surface, as recent documents show.%

The peaks mentioned align well with FTIR spectra
associated with capsaicin, a compound found in 2917-2846
cm™!, corresponding to the aliphatic C—H stretching vibrations,
typically seen in CH> and CHs groups. A peak at 1733 cm™
indicates C=O stretching, which is often seen in ester or
carbonyl groups; a peak at 1460 cm™ represents aromatic
C—C stretching, commonly observed in aromatic rings; a
peak at 1165 cm™ refers to C-O—C stretching, which could
suggest ether linkages or similar oxygen containing groups; a
peak at 720 cm™" is characteristic of C—H and C—C vibrations
related to the aromatic phenyl ring, confirming the aromatic
nature of capsaicin. These FTIR data help establish the
structure of capsaicin in various applications, such as studying
its role in biological systems or determining its presence in
natural products.®! The variation in FTIR absorption between
pure Capsaicin and Capsaicin blended in hydrogel sheets
arises from molecular interactions between capsaicin and the
hydrogel patch. The peak intensities differ slightly between
pure capsaicin and the hydrogel patch containing capsaicin.
For instance, the aliphatic C-H group exhibits reduced peak
clarity, suggesting changes in the local environment of the
capsaicin molecules due to their incorporation into the hydrogel

network. These interactions likely restrict the mobility of
capsaicin, leading to alterations in vibrational energy levels
and, consequently, the infrared (IR) absorption. Despite these
variations, the IR spectrum of the hydrogel patch retains the
characteristic peaks of capsaicin, confirming its presence.
Thus, the IR absorption variations can be attributed to the
molecular interactions between capsaicin and the hydrogel
patch.

The present study evaluated the cytotoxicity of capsaicin
on human skin fibroblast (HSF) cells using the MTT assay,
revealing that concentrations below 1 mg/mL preserved
cell viability above 90%. In contrast, higher concentrations
led to a dose-dependent decline in viability, with an ICso of
approximately 20 mg/mL. These findings are consistent
with earlier research demonstrating that capsaicin exhibits
a concentration-dependent cytotoxic effect on various cell
types. For instance, Sancho et al.*? reported that capsaicin
concentrations above 100 pM (~30 pg/mL) induced apoptotic
cell death in glioma cells, whereas lower concentrations
had minimal impact on cell viability. Notably, the current
findings highlight that HSF cells tolerate capsaicin well at
low concentrations, as evidenced by the retention of normal
spindle-shaped morphology and high confluence, supporting
the potential use of capsaicin in topical applications when used
at sub-cytotoxic levels. Morphological alterations observed at
higher doses, including cell shrinkage and reduced confluence,
align with previous reports indicating that high-dose capsaicin
can disrupt cytoskeletal integrity and induce oxidative
stress.** These observations reinforce the importance of dose
optimization in developing capsaicin-based formulations to
ensure both efficacy and safety.

Overall, the results contribute to the growing body of
evidence supporting the biocompatibility of capsaicin at
low concentrations and underscore the need for careful dose
selection in biomedical applications.

The study demonstrated that the capsaicin hydrogel
patch exhibited enhanced anti-inflammatory efficacy across
all tested concentrations, with maximum inhibition (100%)
observed between 25 pL and 1000 pL. Comparative analysis
with diclofenac showed no statistically significant difference
in anti-inflammatory effects between diclofenac and the
capsaicin hydrogel patch (P>0.05). This study demonstrates
the effectiveness of using low concentrations of capsaicin,
showing significant anti-inflammatory properties. These
findings are consistent with previous studies, which reported
that induced inflammation in treated animals was associated
with a corresponding rise in C-reactive protein levels, pointing
to the inflammation-inducing properties of egg albumin. The
results indicated that capsaicin in both forms of Capsicum
frutescens Linn. [Solanaceae] (CPF) and capsaicin (Fluka
Biotechnika) (CFE) demonstrated anti-inflammatory effects
comparable to diclofenac in the experimental rat model (P<
0.05). It can be concluded that capsaicin possesses both
analgesic and anti-inflammatory properties. The objective of
the study was to determine whether pre-treatment with CPF
and CFE could produce a reduction in inflammation and
inhibition of egg albumin-induced edema similar to diclofenac,
a standard non-steroidal anti-inflammatory agent.** Its anti-
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inflammatory efficacy was on par with standard diclofenac,
supporting its potential as a safe and effective treatment for
localized pain and inflammation management.

Our study showed a significant reduction in pain after
three days according to NRS scores when using a capsaicin
hydrogel patch for 60 minutes twice a day. The topically
applied capsaicin is acknowledged for its analgesic effects.
While studies on its efficacy in MPS presented conflicting
outcomes, there is a notable absence of research examining the
application of capsaicin in elevated concentrations, specifically
in treating peripheral neuropathic pain. Despite the established
association of clinically utilized capsaicin concentrations with
transient pain alleviation, sustained usage is hindered by
adverse effects, notably a burning sensation post-application,
leading to poor adherence. The efficacy of capsaicin has been
linked to concentration-dependent outcomes. Consequently,
individuals with MPS may experience prolonged and enhanced
pain relief by applying concentrated capsaicin.'*3> The
safety of capsaicin patches has been reported, with findings
regarding their pharmacokinetics.* Notably, an assessment of
8% capsaicin patches revealed minimal systemic absorption.?’
Therefore, it is inferred that the 0.1% patch is likely safe
concerning local skin irritation, systemic absorption, and
epidermal nerve fiber degeneration.®® We conducted a small
pilot study using topical capsaicin to treat MPS. Capsaicin
selectively stimulates nociceptive neurons and has been
widely used to study pain-related events. Capsaicin exerts
multiple pharmacological and physiological effects, including
analgesia,® anti-inflammation, and antioxidant effects.®
Therefore, capsaicin may be valuable for pain relief, cancer
prevention, and weight loss in clinical settings.

In addition, capsaicin also has benefits for the
cardiovascular and gastrointestinal systems. The most
studied capsaicinoid for pain relief is capsaicin. It has been
shown that capsaicin was used to reduce the inflammatory
heat and noxious chemical hyperalgesia or pain.*' Despite
the acknowledged potential for a burning sensation with
capsaicin, treatment utilizing the 0.1% patch was as effective.
Nevertheless, this study showed that the mean VAS decreased
after three days and was not statistically significant. However,
the NRS scores decreased statistically significantly. This is
consistent with previous investigations.*? No serious adverse
events were reported. This aligns with the previous study,*
which investigated the efficacy of a 0.1% capsaicin hydrogel
patch for myofascial neck pain in a double-blind randomized
trial. The study developed a hydrogel patch, where participants
were randomly assigned to receive either a 0.1% capsaicin
hydrogel patch or a control hydrogel patch without capsaicin.
All participants were instructed to apply one patch to each side
ofthe neck and shoulder, directly over the areas of greatest pain,
for 12 hours per day over a 4-week period. The results showed
that among the 57 patients, there was a significant reduction
in mean VAS, NDI, and BDI scores at 2 and 4 weeks. No
significant differences were found between the two groups in
the outcome measures. In conclusion, the treatment was found
to be effective.” Capsaicin 0.1% is widely applied topically
for pain relief in osteoarthritis, neuropathic, and muscle pain.**
Its mechanism of action involves desensitizing TRPV1 pain

receptors and reducing the levels of substance P, a neuropeptide
that transmits pain signals to the brain. Capsaicin’s primary
clinical use is for pain management.* Since the early 1980s,
low-concentration capsaicin formulations (0.025%—0.1%)
in creams, lotions, and patches have been available globally
for daily application.?! Notably, topical capsaicin exhibits
minimal drug interactions and can be safely used alongside
other analgesics, with generally mild adverse effects. Studies
demonstrate its safety in pain management.

Conclusion

This study characterized a capsaicin-loaded hydrogel
patch for transdermal application to manage myofascial pain
syndrome (MPS). The hydrogel, composed of polyvinyl
alcohol and gelatin, demonstrated excellent physicochemical
stability and biocompatibility. GC-MS analysis revealed the
presence of several bioactive compounds, including dodecyl
acrylate and oleic acid, known for their anti-inflammatory
and permeation-enhancing properties. FTIR and UV-Vis
spectroscopy confirmed the successful incorporation and
sustained release of capsaicin within the hydrogel matrix.
Cytotoxicity evaluation using the MTT assay on human skin
fibroblasts indicated low toxicity at therapeutic concentrations,
with an ICso of approximately 20 mg/mL. The hydrogel
also exhibited potent anti-inflammatory activity, achieving
complete inhibition of protein denaturation across tested
concentrations, with efficacy statistically comparable to the
standard drug diclofenac (P=0.183). In a pilot clinical trial,
participants reported a significant reduction in pain intensity
as measured by the Numeric Rating Scale (P=0.05), with no
severe adverse effects observed.

Additionally, these findings support the capsaicin
hydrogel patch as a promising, safe, and effective treatment
for localized pain and inflammation, offering a potential
alternative to conventional pharmacological interventions in
treating MPS.
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Abstract

Background: This study aimed to investigate the therapeutic potential of an amino acid combination (AAC) comprising gamma-
aminobutyric acid, B-alanine, glutamine, and ethanolamine-O-sulfate for synergistic effects in type 1 diabetes mellitus (T1DM).
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(STZ)-induced diabetic rats, and diabetic rats treated with AAC. Fasting blood glucose levels and hematological parameters were
monitored. Morphological analysis of blood smears and histopathological examination of the pancreas were performed using
histological (Hematoxylin and Eosin, Giemsa staining) methods. AAC treatment significantly reduced fasting blood glucose levels
and improved hematological parameters, including red and white blood cell counts, which were initially decreased due to STZ-
induced diabetes. AAC treatment mitigated the erythrocyte abnormalities observed in diabetic rats. Histopathological examination
of the pancreas revealed that AAC partially restored the structural integrity of its tissue, resulting in a slight increase in the size
and number of shrunken islets of Langerhans.

Conclusions: AAC exerts a synergistic effect, improving glycemic control, ameliorating hematological aberrations, and promoting
partial regeneration of pancreatic islets in TIDM rats. This study highlights the potential of AAC as a therapeutic agent for
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itself, this leads to numerous long-term secondary
complications, including stroke,! neuropathy,? nephropathy,?

Introduction

Diabetes mellitus (DM) is a common chronic metabolic
disorder characterized by a deficiency of insulin, resulting in
hyperglycemia of a defined degree, with or without glucosuria,
and hyperlipidemia. In addition to the metabolic dysregulation

retinopathy,* ulcers,® and gangrene in the extremities,® as
well as an increased risk of cardiovascular disease leading
to mortality.? It is known that DM weakens the body’s
antioxidant defenses,® which, together with hyperglycemia
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and lipid exchange, causes a decrease in transparency of
the phospholipid membrane of peripheral tissue cells and,
consequently, damage to 3-cells of the islets of Langerhans in
the pancreas.

It is known that, due to chronic decompression of
carbohydrate metabolism in patients with DM, a complex
of metabolic disorders develops, pathologically affecting the
morpho-functional state of peripheral blood cells. Therefore,
nonenzymatic glycosylation of hemoglobin and the erythrocyte
membrane proteins leads to the appearance of abnormal
cell forms in the peripheral blood. Enhanced concentration
of free radicals and undirected proteolysis products in the
patient’s organism with DM destabilizes erythrocyte cell
membranes. Ultimately, the severity of metabolic stress in
diabetes, complicated by angiopathy, leads to a decrease in the
number of erythrocytes circulating in the blood, an increase
in platelet activity, and the development of cell-depressive
immunodeficiency.?

There are two types of DM. Type 1 diabetes mellitus
(TIDM) is characterized by autoimmune destruction of
insulin-producing B cells in the pancreas by CD4+ and CD8+ T
cells and macrophages infiltrating the islets.!® Type 2 diabetes
mellitus (T2DM) is a non-insulin-dependent disease caused
by a metabolic disorder that develops as a result of the tissue
cells’ decreased sensitivity to insulin. The prevalence of DM
tends to increase. The rising incidence of diabetes underscores
the urgent need for effective therapy with multifaceted
mechanisms of lowering blood glucose levels and correcting
compromised physiological oxidative mechanisms.

Physicians currently have two main strategies for
managing patients with TIDM: the first involves preventing
the onset of autoimmunity, while the second focuses on
reversing the effects of existing autoimmunity and promoting
B-cell regeneration. The detection of B-cells in individuals
with long-standing T1DM, despite ongoing autoimmune
activity, suggests that there may be ongoing f3-cell formation.2
Substantial evidence indicates that an increase in B-cell mass
during normal growth and following injury is driven by the
division of existing B-cells and the formation of new B-cells
from ductal or pancreatic progenitor cells.’* This insight has
opened avenues for developing innovative techniques to
enhance B-cell regeneration.

Emerging evidence suggests that amino acids may play
an important role in preventing diabetes and its associated
complications. Gamma-aminobutyric acid (GABA) has been
studied for its potential therapeutic effects in both TIDM and
T2DM. GABA is known for its role in the central nervous
system. Studies have shown that GABA can inhibit the
autoimmune response, thereby preserving insulin production
and potentially reducing the onset of diabetes.'*'>Noteworthy,
the recent publications in the field of experimental diabetes
give evidence about the protective and regenerative effects of
GABA on pancreatic beta cells and demonstrate its potential
in reversing diabetes in diabetic mouse models.'¢

Another amino acid, p-alanine (Ala), a dietary
supplement primarily known for its role in muscle performance,
has not been extensively studied concerning T1DM. However,
there is limited evidence suggesting that Ala could influence

metabolic pathways that are relevant to diabetes. Its role in
synthesizing carnosine is not directly related to TIDM but
could indirectly affect metabolic health, a significant aspect of
managing diabetes. The benefits of B-alanine administration
in combination with increased physical activity in patients
with T2DM led to a reduction in glycemia and a simultaneous
improvement in physical capacity.!?

It has been shown that glutamine (Gln) significantly
affects glucose metabolism and insulin sensitivity, including
nitrogen transport, immune function, and gut health. Research
has demonstrated that GIn can improve insulin sensitivity and
reduce hyperglycemia in TIDM and T2DM models.®+ Its
ability to reduce oxidative stress and support immune function
is also beneficial in managing DM, particularly in reducing
complications associated with the disease.

It is known that ethanolamine-O-sulfate (EOS) increases
GABA levels by inhibiting GABA transaminase. While EOS
is not widely studied in the context of diabetes, the resulting
increase in GABA levels could have protective effects similar
to those observed with direct GABA supplementation.
This could contribute to B-cell preservation and reduced
autoimmune activity in T1DM, though specific studies on EOS
in diabetes are limited. This suggests potential therapeutic
uses for EOS in managing diabetes, particularly through the
modulation of GABAergic pathways.? Studies have shown
that administering both EOS and GIn produced a protective
effect on the amino acids in the brain and the pancreas of rats
with experimental STZ diabetes.2-We also revealed the effect
of the combined administration of the above-mentioned 3
neuroactive amino acid mixture in TIDM.2 In particular, to
create an antidiabetic preparation, Prof. Kamalyan compiled
a mixture that included GABA, Gln, Ala, and EOS. The study
showed the promising therapeutic effects of this mixture on
the function of the pancreas in alloxan-induced diabetic rats 2

Our study explored how combining investigating
compounds (GABA, Ala, Gln, and EOS) might impact TIDM.
Wehave attempted to use them in combination for their probable
synergistic effect, which can enhance therapeutic efficacy by
acting through multiple mechanisms. We hope the amino acid
combination (AAC) is a synergistic pharmacological agent
that acts simultaneously and dynamically.

This study aimed to investigate the therapeutic potential
of AAC comprising gamma-aminobutyric acid, B-alanine,
glutamine, and ethanolamine-O-sulfate for synergistic effects
in TIDM.

Materials and Methods

Animals

The experiments were conducted on 18 albino male rats
weighing 180-240 g. Animals were maintained at a controlled
temperature of 23 = 4 °C with a humidity of 55 + 5% and a
12-hr dark-light cycle. The rats were fed a standard rat chow
and tap water ad libitum. Animal care, regular monitoring
for general health conditions and weight, and all-animal
study experiments were performed based on the IACUC
policies and animal care standards, regulations adopted by the
Armenian Ethical Committee of the Institute of Biochemistry
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named after H. Buniatian, National Academy of Science of
the Republic of Armenia (IRB0001621 - IORG0009782).

Induction of Experimental Diabetes

Streptozotocin (STZ) is a cytotoxic alkylating agent that
induces swift and irreversible necrosis in pancreatic p-cell
islets.* It is primarily used to induce TIDM in experimental
models, especially rodents.

Rats were induced to be diabetic by a single
intraperitoneal injection of 60 mg/kg STZ (Sigma-Aldrich
Co., USA) dissolved in 50 mM sodium citrate buffer, pH
4.5 (2.0 ml/kg body weight).2 The induction of DM was
confirmed after STZ treatment by estimating elevated fasting
blood glucose level (FBGL). Only those rats with FBGL > 13
mmol/L were included in the study.

Experimental Design

In the experiment, 18 normal healthy rats were used.
The animals were weighed and divided into three groups
consisting of 6 rats: Group | (Control): normal healthy rats;
Group 2 (STZ): STZ-induced diabetic rats; and Group 3
(STZ+AAC): STZ-induced diabetic rats treated with AAC.

The diabetes model was induced in 12 animals (Groups
2 and 3) by i/p injection of STZ at a dose of 60 mg/kg. The
animals of the control group were injected with an appropriate
amount of citrate buffer instead of STZ. The level of peripheral
blood glucose (mmol/L) was measured daily in the morning
after overnight fasting by taking a drop of blood from the
proximal ventral tail vein and using a glucometer (Accu-
Chek Active, Roche, Germany). Rats with blood glucose
concentrations over 13 mmol/L were considered to have
T1DM and were used for further experiments. The control
group was selected among intact animals, which had glucose
concentrations in the range of 5.0-5.8 mmol/L.

Treatment of Diabetic Rats with AAC

Pharmacological evaluation of the antidiabetic activity
of the combination of GABA, Ala, GIn, and EOS was carried
out using the STZ-induced diabetes model in rats.

Five days after the injection of STZ (receiving well-
established diabetes) to improve the animals’ health, Group
3 rats were weighed and given i/p injections of AAC solution
(100 mg GABA, 50 mg Glu, 100 mg Ala, 300 mg EOS/2.0
ml/kg) daily for 10 days. An appropriate amount of normal
saline was injected into Group 1 and Group 2 animals for all
consecutive days. Blood glucose was determined each day
during the treatment period.

Histopathological Study

At the end of the treatment, the animals were fasted
overnight, anesthetized by i/p injection of 40-50 mg/kg
Nembutal, and subjected to instant euthanasia, after which
the pancreas of all animal groups and the blood samples were
collected to perform morphological investigations.

The blood samples were collected into EDTA-
containing vacutainer tubes and used immediately to determine
hematological values—white blood cell count (WBCs),
red blood cell count (RBCs), and differential count (DC),

including lymphocytes, monocytes, basophils, neutrophils,
and eosinophils—using an automated hematology analyzer
Uritmedical BH-40.

Standard methods were used to prepare blood smears
using Giemsa histological staining.?® Pancreas of all animal
groups were isolated; samples were fixed in 10% buffered
formalin and embedded in paraffin; 5-10 um sections were
prepared and stained with Hematoxylin-Eosin (H&E).ZZ Blood
smears and the pancreatic tissue specimens were examined/
photographed with a light microscope (Optica B-1000FL-
HBO; Camera- C-P20).

Statistical Analysis

Data were statistically analyzed using SigmaStat
software. All values are presented as mean + standard error
of the mean (SEM). The statistically reliable comparison was
performed by using the Student’s t-test. Statistical significance
was considered at P<0.05.

Results

After a single i/p injection of STZ at a dose of 60
mg/kg, stable hyperglycemia was observed after 5 days. A
nearly 7-fold increase in the fasting blood glucose level in
experimental rats was observed compared to the control. The
animals exhibited the following symptoms: increased water
consumption (more than 120 mL), frequent urination, sudden
weight loss, hair loss, and depression. In Group 3 animals, the
daily treatment of AAC reduced the FBGL by 80%, reaching
the norm on Day 3 (P<0.001), persisting for several days, and
then gradually increased in the following days, to 14% vs.
untreated STZ rats (Fig. 1).

40 T

Control
uSTZ
u STZ+AAC

Glucose level (mmol/L)

1 27 8 9 10 11 12 13 14 15 16 17
Days

Fig.1. Results of daily FBGL measurements in the male
albino rats of the study groups. Data are shown as mean +
SEM. *P<0.05, ** P<0.01, and *** P<0.001 compared to
the STZ group.

Examination of the total number of RBCs, WBCs, DC of
leukocytes of all groups of animals was performed to determine
the percentage of each type of white blood cell present in
the blood. Diabetic rats showed a significant decrease in the
total number of RBCs and WBCs than the normal control
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group rats. Differential count showed that neutrophils and
lymphocytes levels were significantly decreased. An increased
number of monocytes was observed in diabetic rats (Table 1).
Changes in DC eosinophils and basophils were within normal
limits. After 10 days of treatment by AAC, these indicators
gradually return to normal. Blood cell counts appeared to
recover from the STZ-induced decrease observed in the
treatment group, reaching baseline levels like those observed
in the control group. These findings correlate with the positive
effect of AAC on blood glucose levels.

Table 1.

Total number of RBCs, WBCs, and DC of leukocytes of the studied
rat groups.

Control STZ
(n=6) (n=6)

STZ+AAC

m=6) | "R

Parameter

RBC (x10'%/L) | 8.445+0.164 | 6.395+0.086 | 8.868+0.111 |7.8-10.2

WBC (x10°/L) [10.731£0.107| 7.370+0.070 |11.267+0.1179.7-12.9

Neutrophils, %

21.083+0.49

13.067+0.088

16.817+0.111

13-36

Lymphocytes, %

75.000+0.577

58.250+0.167

66.167+0.358

61-86

Monocytes, %

1.233+0.084

6.017+0.060

3.95+0.070

14

0.853+0.015

0.812+0.023

0-2

Eosinophyls, %| 0.730+£0.042

Basophils, % [0.455+0.0226| 0.168+0.012 | 0.352+0.005 | 0.3-0.5

*RR, reference range. Intergroup comparison of all animal groups
showed significant P-values (P<0.05).

Blood cell morphology is a key tool in laboratory
hematology. Deviations from the norm in size, shape, color,
distribution, or presence of inclusion bodies suggest possible
pathological processes. Data from the morpho-functional study
demonstrated that the leukocytes, platelets, and erythrocytes
of the control rats' blood were normal (Fig. 2A). Erythrocytes
were discoid (biconcave), about 7-8 pum in diameter, which
corresponds to the size of the nucleus of a small lymphocyte
and with a central area of pallor, which occupies a third of the
diameter of erythrocytes and well hemoglobinized on the outer
two-thirds of the diameter of the cells without any inclusions.

Of particular interest was the study of the blood
smears of the diabetic untreated rats, which demonstrated
morphological aberrations, shape abnormalities
(poikilocytes), rouleaux formations or agglutinations,
partial destruction (hemolysis) of the erythrocytes under the
influence of STZ (Fig. 2B,C). We observed codocytes, also
known as target cells (with a dark central hemoglobinized
area, surrounded by a white ring, an area of relative pallor,
followed by a dark outer, peripheral second ring containing
a band of hemoglobin;®echinocytes or burr cells (reversible
condition, referred to a form of red blood cell that have an
abnormal cell membrane characterized by many small, evenly

spaced thorny projections);¥ spherocytes (smaller than
normal red blood cells with a lack central pallor, occurring
in the setting of immune-mediated hemolysis or red cell
membrane defect resulting from plasma membrane protein
deficiency).? We also found disruption of the leukocytes’
membrane integrity and morphological abnormalities (Fig.
2C,D), such as neutrophils with hypersegmented nuclei.

Control STZ STZ

STZ+AAC

Fig. 2. Blood cell morphology of the studied rat groups.
Codocytes or target cells (black arrows), rouleaux formations
or agglutinations (white arrows), leucocytes with impaired
membrane integrity and morphological abnormalities (red
arrows), echinocytes or burr cells (black arrowhead). Staining
with Giemsa. Magnification: 1000x.

The observation of the blood smears of the AAC-treated
group showed that RBCs were generally morphologically
normal compared to the blood of the diabetic untreated rats.
An increased number of WBCs, such as small and large
lymphocytes, was also detected.

Histopathological evaluations were carried out through
H&E staining to determine the amount of pancreatic damage
in each experimental group of animals.

Morphological investigation of the specimens showed
that in the normal healthy rats from the control group, the
endocrine part occupied a much smaller area of pancreatic
tissue (Fig. 3A). It was represented by dispersed islets of
Langerhans - clusters of endocrinocytes penetrated by a dense
network of blood capillaries. The islets were predominantly
round and oval and were separated from the acini by a
thin connective tissue layer. Microscopic examination of
pancreatic sections from the untreated diabetic rats revealed
degenerative and necrotic changes, as well as shrinkage of the
pancreatic islets of Langerhans, decreased islet cell density,
marked vacuolization, and a severe reduction in the number of
islet cells, which is typical of TIDM (Fig. 3B). However, the
pancreatic acinar tissues mostly appeared normal. Treatment
with AAC partially restores the morphological structure of
pancreatic tissue and contributes to a slight increase in the size
of wrinkled islets and the number of endocrinocytes (Fig. 3C).
The results of this study show that the use of AAC in diabetes
partially induces the regeneration of the islets, thereby
restoring the functional activity of the pancreas.

s e e S

Fig. 3. Histological image of the pancreas of the studied rat
groups. (A) Control group: well-defined acini structures and
normal islets of Langerhans, (B) STZ-induced diabetic group:
numerous degenerative and necrotic changes in endocrine
parts, (C) AAC-treated group: mild improvement of islets of
Langerhans area. White arrows show islets of Langerhans.
Staining with H&E. Magnification: 400x.
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Discussion

Researchers are actively exploring methods to restore
functional B-cell mass as a strategy for diabetes management.
These approaches aim to stimulate their replication and
regeneration and prevent their damage and death. Potential
strategies include promoting the proliferation of residual
B-cells, encouraging the differentiation of their progenitors,
and inducing the transdifferentiation of non-B-cells into
insulin-producing cells, both within and beyond the pancreas.

Persistent hyperglycemia during DM can induce many
chemical alterations, which are responsible for most of the
clinical complications observed in diabetic patients.

Oxidative stress has been implicated as a primary factor
in the progression of diabetes mellitus.2! Hyperglycemia
increases the generation of free radicals by glucose auto-
oxidation, damaging vital organs.?2 This necessitates a therapy
with multifaceted mechanisms of lowering blood glucose
levels and correcting compromised physiological oxidative
mechanisms.

As confirmed by our current study, the diabetic group
showed an increase in FBGL, suggesting that STZ significantly
destroyed the pancreatic B-cells. The combined use of the
four investigating compounds included in AAC, based on
synergism, has a strongly significant effect on the FBGL. The
latter is because GABA, combined with GABA-ergic amino
acids and EOS, is involved in carbon and protein metabolism
in pancreatic B-cells, partially prevents the destruction of
these cells, and, improving its condition, participates in the
regulation of hormone secretion and the homeostasis of the
islets of Langerhans. However, this effect did not last long,
which is explained by the irreversible effects caused by STZ.
The use of AAC may cause the release of insulin synthesized
by the pancreas. The obtained results correspond with the
literature data. It was shown that GABA induced a significant
increase in insulin secretion from the pancreas of normal rats.
In a diabetic pancreas, GABA evoked an increased insulin
secretion, but the increase was statistically insignificant.
These findings showed that the number of GABA-like
immunoreactive (GABA-LIR) cells is reduced significantly in
diabetes. Moreover, GABA is a strong secretagogue of insulin
from the pancreas of a normal rat.3

Our study showed that in diabetic rats, RBCs and WBCs
counts, DC of neutrophils and lymphocytes were found to be
significantly decreased, while monocytes, on the contrary,
increased. The DC of basophils and neutrophils remained
within normal limits. Several studies support this finding. A
possible explanation would be cell-specific autoantibodies.*
Alteration of neutrophil migration may be another reason.
The rate of neutrophil migration is lower in TIDM than in
T2DM and healthy controls.*> Moreover, neutropenia can
be developed due to neutrophil sequestration in pancreatic
tissue or neutrophil infiltration of the islets of Langerhans.?
Low neutrophil counts are linked with a shortened half-life,
increased turnover, and enhanced clearance by macrophages
during chronic autoimmune inflammation and islet
autoimmunity. Decreased lymphocytes suggest an increase
in apoptosis.?’ Additionally, TIDM is characterized by cell-

mediated autoimmune destruction of B-cells in the pancreas.
This aberrant T-cell activation can destroy immune cells.®®
Activated phagocytosis may be another explanation for
affecting neutrophils.?* Our study revealed an increased
monocyte count in the STZ-induced diabetic group. The
possible reason may be the severity of diabetic ketoacidosis
and evidence of infection. On the other hand, monocytosis may
be a leukemoid reaction rather than a systemic inflammatory
response. Imbalances in hormones, cytokines, and mediators
may also increase monocyte counts.*?

RBC mass also significantly decreased in diabetic
rats compared with non-diabetic controls. Hyperglycemia
may have long-term effects that result in the production of
ROS, which could lead to irreversible glycation of Hb and
RBC membranes. ¥ Moreover, clevated levels of chronic
hyperglycemia-induced proinflammatory cytokines contribute
significantly to insulin resistance and cause anemia. The
increase in interleukin-6 in hyperglycemic individuals has
an anti-erythropoietic effect that may promote the death of
immature RBCs.*2

In addition to quantitative changes in blood cells, we
also found morphological changes in diabetic rats compared
to controls. In particular, a high prevalence of changes in
erythrocyte morphology was observed. It is known that
nonenzymatic glycosylation of proteins in the body induced by
diabetic hyperglycemia is another pathway for implementing
glucose toxicity.® It leads to irreversible structural and
functional modifications of the peripheral blood cells, reduces
the stability of cells, increases their fragility and deformability
(the ability of red blood cells to undergo reversible changes in
size and shape), and also changes their aggregation.*

Increased lipid peroxides may also lead to RBC
membrane damage, hemolysis, and anemia.*> It has been
established that erythrocyte disorders developed as a result
of absolute or relative insulin insufficiency significantly
impede their functioning. Thus, disorders of erythrocyte
morphofunctional state under prolonged hyperglycemia are
more pronounced in the development of its decompensation,
subsequently leading to quantitative and qualitative disorders
of the peripheral link of erythron.

The present study investigated the hematological effects
of AAC in STZ-induced diabetic rats. Blood smears from
the AAC treatment group showed a nearly normal pattern
compared to the blood of diabetic control rats. However,
single morphologically changed RBCs and WBCs were still
seen.

Our investigations show that after 10 days of treatment
by AAC, the blood cell count, DC, and morphological changes
gradually return to normal, which is significantly modulated
with the regulation of glycemic control. Blood cell counts
appeared to recover from the streptozotocin-induced decrease
observed in the treated group, reaching baseline levels like
those observed in the control group. These findings also
correlate with the positive effect of the test substances on
blood glucose levels.

The results of H&E staining of pancreatic tissue samples
in all groups of rats were evaluated, especially considering the
morphology of the islets of Langerhans.
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Microscopic examination of the pancreas in healthy
rats demonstrated well-defined acini structures with normal
islets of Langerhans. In diabetic animals, degenerative and
necrotic changes were observed in the endocrine part, such as
a decrease in the number and marked destruction and atrophy
of the persisted islets of Langerhans, which is why they appear
shrunken.*s Damage to pancreatic B-cells causes the body
not to produce insulin, causing hyperglycemia. On the other
hand, hyperglycemic conditions can result in the formation of
reactive oxygen species (ROS). An increase in ROS that is not
balanced with an increase in endogenous antioxidant enzymes,
for example, SOD, as a body defense mechanism, can cause
oxidative stress and can exacerbate damage to pancreatic
B-cells. In the AAC-treated group, the pattern and percentage
distribution of the islets of Langerhans were similar to that of
diabetic ones. The morphology of the islets of Langerhans,
which are slightly enlarged, indicates a moderate increase in
the regeneration of the islet B-cells.

Our study shows that in DM, administration of a
combined AAC mixture in a relatively short period somewhat
regenerates the islets, but cannot significantly slow down
pancreatic damage. With long-term use, better results can be
expected, which we have planned for the future. It is known that
pancreatic Langerhans f-cells are a group of stable cells that can
proliferate throughout their life to synthesize insulin again.*

In conclusion, the combined action of substances
included in AAC in our experiments had a hypoglycemic
effect. More importantly, the present results were consistent
with the histopathological findings. Interestingly, this study
demonstrated significantly improved hematological changes
in AAC-treated diabetic animals. This study highlights the
potential of AAC as a therapeutic agent for managing T1DM
and its associated complications.
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Abstract

Tumefactive demyelinating lesions (TDLs) are rare, mass-like lesions that present a significant diagnostic challenge, often
mimicking brain tumors on magnetic resonance imaging (MRI). This case report describes a 9-year-old male who presented with
progressive neurological symptoms, including persistent headaches, ataxia, and dysarthria. MRI findings raised concerns for
both demyelinating and neoplastic processes, but a biopsy confirmed the diagnosis of tumefactive multiple sclerosis (TMS). The
patient was successfully treated with high-dose corticosteroids, resulting in marked clinical improvement. This case emphasizes
the importance of differentiating TDLs from neoplasms, particularly in pediatric patients, and highlights the role of biopsy and
advanced imaging techniques in achieving an accurate diagnosis. Long-term follow-up with disease-modifying therapies is crucial
to prevent relapse and progression.(International Journal of Biomedicine. 2025;15(3):590-593.)
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Introduction

Tumefactive demyelinating lesions (TDLs) are a distinct
and diagnostically challenging variant of demyelinating
disecases within the multiple sclerosis (MS) spectrum.
Tumefactive demyelinating lesions typically present as large,
mass-like lesions that mimic neoplasms on magnetic resonance
imaging (MRI) due to their size, ring enhancement, and
associated edema.’? These lesions are relatively uncommon,
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with an estimated prevalence of 1-3 per 1,000 MS patients.
Still, they pose significant diagnostic challenges due to their
resemblance to brain tumors such as gliomas and central
nervous system (CNS) lymphomas.®4

Tumefactive demyelinating lesions are often mistaken
for tumors because of their radiological appearance and mass
effect, making it essential to differentiate them from neoplasms
to avoid inappropriate treatments.?> Although more common
in adults, pediatric cases of TDLs are particularly rare, with
limited literature available on their clinical presentation and
management.t

This case report aims to provide insights into the
diagnostic process, treatment, and follow-up of a child with
tumefactive multiple sclerosis.
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Advanced imaging techniques, such as diffusion-
weighted imaging (DWI) and perfusion-weighted imaging
(PWI), have been increasingly employed to distinguish TDLs
from neoplasms. Yet, biopsy remains the gold standard for
definitive diagnosis.® Treatment typically involves high-dose
corticosteroids, and in cases refractory to corticosteroids,
immunosuppressive therapies such as plasma exchange
(PLEX) or rituximab may be considered.”®

This case report presents a 9-year-old male diagnosed
with a TDL, highlighting the clinical and radiological
complexities involved in distinguishing it from neoplastic
lesions and discussing the role of biopsy and tailored therapy
in ensuring a favorable outcome.

Case Presentation

A 9-year-old male with no significant medical history
presented to the neurology outpatient clinic with a two-month
history of progressively worsening neurological symptoms.
The patient’s symptoms included persistent headaches, ataxia,
and dysarthria. His parents reported that the headaches had
increased in intensity over the past few weeks, becoming
debilitating. There was no history of trauma, infection,
or systemic illness. His family history was negative for
neurological or autoimmune diseases, including multiple
sclerosis or hereditary conditions.

Clinical Findings and Investigations

On neurological examination, the patient exhibited: 1)
Ataxia: A wide-based, unsteady gait consistent with cerebellar
dysfunction, 2) Dysarthria: Speech was slow and slurred,
indicating impaired control of speech muscles, 3) Cranial
Nerves: The cranial nerve examination was normal, with no
evidence of optic neuritis, diplopia, or facial asymmetry, 4)
Motor and Sensory Systems: Muscle strength was normal
in all four limbs, and no sensory deficits were noted, and 5)
Reflexes: Deep tendon reflexes were brisk but symmetrical,
with no clonus or abnormal plantar responses. No signs
of meningeal irritation were observed. The initial blood
workup, including a complete blood count, metabolic panel,
and inflammatory markers (C-reactive protein, erythrocyte
sedimentation rate), was within normal limits.

Neuroimaging was pursued due to the progressive
nature of the patient’s symptoms and the absence of systemic
signs of infection or other causes. Magnetic resonance
imaging (MRI) of the brain revealed two large intra-axial
lesions in the left cerebral hemisphere, primarily affecting
the white matter. T2-weighted imaging (T2WI) showed
that the lesions are hyperintense, suggesting the presence of
edema or demyelination. Fluid-attenuated inversion recovery
(FLAIR) imaging revealed that the lesions exhibit partial
central suppression, indicative of active inflammation and
demyelination. Gadolinium-enhanced T1-weighted imaging
showed that faint, incomplete marginal enhancement was
observed, a pattern characteristic of demyelinating processes
where there is a partial breakdown of the blood-brain barrier.
Diffusion-weighted imaging (DWI) revealed that the lesions
exhibit areas of mild diffusion restriction, which can suggest

tumefactive demyelination or, less likely, a neoplastic process.
As a mass effect, the lesions caused a mild rightward shift of
the midline structures, contributing to the patient’s headaches
and increased intracranial pressure (Figure 1).

Figure 1. A 9-year-old boy presented with headache, ataxia, and
dysarthria for 2 months. Two large intra-axial, mildly expansile
mass-like abnormalities centered within the left cerebral
hemisphere white matter regions, with relative preservation
of the overlying cortex. Imaging: T2WI hyperintensity with
partial central FLAIR suppression, faint incomplete marginal
enhancement, and marginal curvilinear areas of mild diffusion
restriction causing mild rightward midline shift, mild effacement
of left lateral ventricle, and left hemispheric sulcal effacement.
The degree of mass effect is disproportionate to the lesions size.
No optic nerves or spinal cord lesions. The conclusive diagnosis
is tumefactive demyelination lesions.

Differential Diagnosis

Given the patient’s clinical presentation and imaging
findings, the differential diagnosis included: 1) Tumefactive
Demyelinating Lesions (TDLs): These are large demyelinating
plaques often mistaken for neoplasms due to their size and
mass effect, 2) Pediatric Low-Grade Gliomas: Gliomas are
more common in children but typically show more robust and
homogeneous enhancement on imaging, and 3) Primary CNS
Lymphoma: Although rare in children, lymphoma can present
with ring-enhancing lesions, but these lesions tend to have
more pronounced diffusion restriction. Given the uncertainty
of the imaging findings and the potential for serious outcomes,
a stereotactic biopsy of the larger lesion was performed to
establish a definitive diagnosis.

Histopathological Findings

Histopathological  analysis confirmed extensive
demyelination with prominent loss of myelin and relative
preservation of axons. Perivascular lymphocytic infiltration
was observed, consistent with an inflammatory demyelinating
process. There was no evidence of neoplastic cells or infection,
ruling out both neoplastic and infectious etiologies. The final
pathology report confirmed the diagnosis of a tumefactive
demyelinating lesion consistent with tumefactive multiple
sclerosis.

Treatment and Clinical Course

Following the confirmed diagnosis of TDL, the patient
was treated with high-dose intravenous methylprednisolone
(1,000 mg/day) for five days. This was followed by a tapering
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course of oral corticosteroids over the next several weeks.
The patient showed significant clinical improvement, with a
marked reduction in headache severity and gradual resolution
of ataxia and dysarthria.

The patient was discharged with a plan for close
neurological follow-up and regular MRI scans to monitor for
lesion progression or the formation of new lesions. Long-term
management will likely include disease-modifying therapies
to prevent future relapses, and the family was counseled on the
importance of recognizing early signs of relapse.

Discussion

The exact pathophysiology of TDLs remains under
investigation, though they are generally considered part
of the MS spectrum. Studies have demonstrated a shared
underlying autoimmune mechanism between TDLs and other
demyelinating disorders, such as RRMS and neuromyelitis
optica spectrum disorder (NMOSD).22 Demyelination in
TDLs is accompanied by perivascular lymphocytic infiltration
and axonal preservation, as seen in this case. This suggests that
the immune system selectively targets myelin sheaths without
extensive neuronal damage, a hallmark of inflammatory
demyelinating diseases.® There is growing evidence that
environmental factors, including viral infections such as
Epstein-Barr virus (EBV), and genetic predisposition may
contribute to the development of TDLs. The association of
TDLs with certain human leukocyte antigen (HLA) class 11
alleles, such as HLA-DRB1*15, supports the role of genetic
susceptibility in the pathogenesis of these lesions 121

Tumefactive demyelinating lesions are a rare but
important consideration in pediatric patients with mass-
like brain lesions. The radiological appearance of TDLs,
particularly their large size, ring enhancement, and mass
effect, often leads to diagnostic confusion with neoplastic
processes such as gliomas or CNS lymphomas.#¢ This case
highlights the importance of a thorough diagnostic workup,
including advanced imaging techniques and, when necessary,
histopathological confirmation through biopsy.

While advanced MRI techniques such as DWI and
perfusion-weighted imaging (PWI) can help differentiate
TDLs from tumors, the overlap in imaging characteristics often
necessitates a biopsy for definitive diagnosis. In this case, the
biopsy findings of demyelination and lymphocytic infiltration
confirmed the diagnosis of a tumefactive demyelinating lesion,
effectively ruling out malignancy and guiding appropriate
treatment.>12-14

Tumefactive demyelinating lesions are thought to
be part of the MS spectrum, with their pathophysiology
involving acute inflammatory demyelination. The presence
of perivascular lymphocytic infiltration on histopathology
suggests an autoimmune process similar to that seen in
relapsing-remitting MS (RRMS).2 Corticosteroid therapy
is the mainstay of treatment for TDLs, with most patients
responding well to high-dose steroids, as seen in this case.®
For patients who do not respond to corticosteroids, additional
immunosuppressive therapies such as plasma exchange
(PLEX) or rituximab may be necessary.”

The prognosis for patients with TDLs varies, with many
experiencing a monophasic course and complete resolution
of symptoms following treatment. However, some patients
may go on to develop relapsing-remitting multiple sclerosis
(RRMS) or experience recurrent episodes of tumefactive
lesions.!> Studies suggest that up to 30% of patients with
tumefactive demyelinating lesions may progress to RRMS,
emphasizing the importance of long-term follow-up and early
intervention with disease-modifying therapies.>! In this case,
the patient responded well to corticosteroid therapy, with
resolution of his acute neurological symptoms. However,
continued monitoring and preventive measures, such as
immunomodulatory treatments, will be crucial to prevent
future relapses and long-term neurological decline.

While conventional MRI remains the primary diagnostic
tool for detecting CNS demyelination, additional advanced
imaging modalities can be used to further differentiate TDLs
from other lesions. Dynamic susceptibility contrast (DSC)
MRI can help differentiate demyelinating lesions from high-
grade gliomas by evaluating the relative cerebral blood
volume (rCBV). Tumefactive demyelinating lesions typically
have lower rCBV compared to high-grade tumors.® Similarly,
diffusion tensor imaging (DTI) can provide information about
white matter tract disruption, which is more pronounced in
tumors than in demyelinating lesions.*?

Magnetic resonance spectroscopy is another useful tool
for distinguishing TDLs from neoplasms by analyzing the
biochemical composition of the lesion. A lower choline/creatine
ratio is more commonly seen in demyelinating lesions, whereas
a higher ratio is characteristic of neoplastic processes. 121418
Despite these advancements, histopathological examination
remains the gold standard for confirming the diagnosis,
particularly when the imaging findings are ambiguous.

Corticosteroids remain the first-line treatment for TDLs, as
they reduce inflammation and accelerate lesion resolution. This
patient’s favorable response to intravenous methylprednisolone
aligns with the literature, where corticosteroid therapy has
been shown to improve clinical outcomes in most cases.!316
However, in cases where corticosteroids are insufficient, plasma
exchange (PLEX) and other immunosuppressive therapies,
such as rituximab or cyclophosphamide, have been successfully
used.”*Using disease-modifying therapies, such as interferon-
beta or glatiramer acetate, may also reduce the likelihood of
future relapses.!216

The long-term prognosis for TDLs is generally favorable,
especially in patients with a monophasic disease course.
However, in patients who transition to RRMS or experience
recurrent tumefactive episodes, the risk of accumulating
disability increases.>! This highlights the importance of early
diagnosis, appropriate treatment, and long-term follow-up to
monitor potential relapses and initiate preventive therapies
when necessary. 413

Conclusion

Our case demonstrates the diagnostic challenges of
differentiating tumefactive demyelinating lesions from brain
tumors, especially in pediatric patients. Advanced imaging
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techniques and histopathological confirmation are essential
for accurate diagnosis. Early and aggressive treatment with
corticosteroids can lead to significant clinical improvement, as
seen in this case. Long-term follow-up with regular MRI scans
and the use of disease-modifying therapies will be crucial
in preventing future relapses and maintaining the patient’s
neurological health.
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Abstract

We present a rare case of a lumbar dumbbell-shaped schwannoma in a 36-year-old male with persistent lumbar pain and paresthesia.
MRI revealed a contrast-enhancing mass at L3-L4 compressing the right L3 nerve root. A combined posterior and retroperitoneal
approach enabled complete resection. Histopathology confirmed schwannoma with Antoni A/B areas and S-100 positivity.
Postoperatively, the patient had full symptom resolution and no recurrence at three months. This case highlights the importance
of timely diagnosis, imaging, and surgical resection for symptom relief and definitive diagnosis in managing lumbar dumbbell
schwannomas, with adjunct therapies considered for incomplete or inoperable cases. (International Journal of Biomedicine.
2025;15(3):594-597.)
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Introduction

Schwannomas are nerve sheath tumors,! accounting for
25-30% of all primary spinal tumors,? with a predilection for
the cervical and thoracic regions. Lumbar schwannomas are
relatively rare, especially those presented in a “dumbbell”
shape, extending through intervertebral foramen, with both
intraspinal and paraspinal components.2 Depending on the
etiology, schwannomas can be either sporadic or congenital,
as a manifestation of neurofibromatosis.*

Due to their anatomical location and neurologic
symptoms, lumbar dumbbell schwannomas pose significant
diagnostic and therapeutic challenges.?> Lumbar dumbbell
schwannomas may compress adjacent neural structures,
causing radiculopathy, motor impairment, and low back pain,

*Corresponding author: Dr. Lavdim Ymeri: lavdimymeril(@gmail.com

depending on the level of the lesion.® Back pain, numbness
in the lower extremities, weakness, tingling, clumsiness,
difficulty walking, or even urinary incontinence are the main
symptoms of lumbar dumbbell schwannoma.? Advances
in imaging have greatly improved diagnostic accuracy.
Surgical resection remains the cornerstone of treatment for
schwannomas.® However, this surgery is highly challenging
due to the tumor’s proximity to critical neural and vascular
structures, requiring laminectomy to access the tumor and
spinal fusion to maintain spinal stability.?

We present a rare case of a lumbar dumbbell schwannoma,
its diagnostic approach, surgical management, and clinical
outcomes, underscoring the importance of multidisciplinary
collaboration in the proper management of lumbar spinal tumors.
Clinical manifestations were assessed by a comprehensive
neurological examination. Particular attention was paid to
identifying signs indicating compression of nerve roots or spinal
cord damage. Preoperative magnetic resonance imaging (MRI)
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with detailed visualization and definition of the boundaries of
the intradural and extraforaminal components was performed
to assess the size, location, and extent of the schwannoma.
Computed tomography was used to assess bone involvement
and the relationship of the tumor to adjacent structures.

Surgical resection was performed using a microsurgical
approach, including posterior laminectomy for intradural
access and extraforaminal decompression for the paraspinal
component. Intraoperative monitoring ensured the safety of
both neural and vascular functions. In the postoperative period,
the patient was closely monitored for neurological changes
and underwent a course of pain relief and rehabilitation.
Control MRI was performed after 3, 6, and 12 months to assess
relapses or complications. Clinical outcomes were evaluated
through neurological exams, and patient pain, mobility, and
quality of life were measured using the Visual Analog Scale
(VAS) and Japanese Orthopedic Association (JOA) score for
neurological function.

Case Presentation

A 36-year-old male, weighing 84 kg with a height of 176
cm (BMI=27.1 kg/m?), presented with a six-month moderate
right lumbar pain. The patient reported an increase in pain
intensity over the past month, reaching a severity of 8/10 on
the visual analog scale (VAS). The pain was persistent and
resistant to non-steroidal anti-inflammatory therapy. The patient
presented with right lumbar paresthesia, which significantly
affected his daily activities and quality of life. There was no
medical history of surgical interventions. No other significant
comorbidities or family history of similar diseases were
identified. However, the patient was a heavy smoker, smoking
more than 20 cigarettes per day for more than 15 years.

Initial clinical examination, including a detailed
neurological examination, revealed decreased sensation in the
right lumbar region without motor impairment, while reflexes
were preserved bilaterally. To further clarify the source of
pain, an abdominal ultrasound was performed. The ultrasound
revealed a hypoechoic lesion in the area of the right kidney,
which raised concerns about a possible retroperitoneal lesion.
Subsequently, a contrast-enhanced MRI of the lumbar spine
was performed to more accurately characterize the lesion and
its anatomical location. Subsequently, a contrast-enhanced
lumbar MRI was performed to characterize the lesion and its
anatomical localization.

The MRIresultsrevealed awell-defined, heterogeneously
contrast-enhanced mass located at the L3-L4 level on the
right. The lesion had a classic dumbbell shape, extending
through the intervertebral foramen, with intraspinal and
paraspinal components. The intraspinal portion of the tumor
caused significant compression of the right L3 nerve root and
displacement of adjacent neural structures. The paraspinal
component was encapsulated and showed no evidence of
infiltration into surrounding tissues. These imaging features
were highly suggestive of a schwannoma (Figure 1).

We further performed a computed tomography scan
to evaluate bone remodeling, erosion, or widening of the
intervertebral foramen, particularly where the tumor exerts

pressure. Computed tomography findings are presented in
Figure 2.

Fig. 1. On the T1 post-contrast axial (a), sagittal (b), and coronal (c)
Mﬁl sequences, we notice a well-demarcated intraspinal mass, with
mixed hyperintense contrast enhancement and visible hypointense
septations, close to the right neural root, measuring 64x40 mm,
suggestive of a lumbar dumbbell schwannoma. The coronal view
demonstrates its proximity to the spinal canal, highlighting its spatial
relationship to surrounding structures.

Fig. 2. A CT scan reveals an isodense circumscribed mass with
smooth, well-defined margins that extends through the intervertebral
foramen, with both intraspinal and extraforaminal components,
displacing right nerve roots. There were no bone erosions or
remodeling detected.

Surgical intervention was considered necessary to
alleviate the patient’s symptoms while relieving neural
compression and achieving the definitive histological
diagnosis. The patient was informed regarding the risks and
benefits of surgery and agreed to a combined posterior and
retroperitoneal surgical approach to ensure complete resection
of both intraspinal and paraspinal components of the tumor.
The postoperative course was successful. Histopathological
examination of the excised area confirmed the diagnosis
of schwannoma, characterized by the presence of Antoni
A and Antoni B zones, as well as immunohistochemical
positivity for S-100 protein. The neoplasm consisted of
intertwined bundles of spindle-shaped cells with oval nuclei,
eosinophilic cytoplasm, unclear cytoplasmic borders, and
intranuclear vacuoles. In the postoperative period, the patient
noted significant pain relief and complete disappearance of
paresthesia within two weeks following surgery. A follow-
up MRI performed three months postoperatively (Figure 3)
showed no residual tumor, and the patient returned to work
without any neurological deficits.

Fig. 3. Thepost-contrast T1-weighted MRI axial, sagittal, and coronal
images demonstrate complete resection of a spinal schwannoma.
There is no enhancement at the resection site indicating successful
tumor removal, with no signs %f recurrence. The surrounding tissues,
including the nerve roots and spinal cord, appear intact, with no
evidence of pathological enhancement.
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This case highlights the importance of a multidisciplinary
approach in diagnosing and managing lumbar dumbbell
schwannomas. Early and accurate diagnosis of clinical and
imaging features, combined with timely surgical intervention,
can lead to favorable outcomes, even in complex cases like
this one.

Discussion

Schwannomas are often asymptomatic and are
discovered incidentally; in such cases, a conservative
approach, including observation and regular monitoring,
may be appropriate.l2 This strategy includes serial imaging,
especially MRI, to detect any progression in tumor size or the
emergence of symptoms that would necessitate intervention.
This approach is particularly suited for patients with minimal
symptoms, or at high surgical risk.*t

Contrary, the most frequent treatment of lumbar
dumbbell schwannomas is surgical resection, which remains
the cornerstone for both symptomatic relief and definitive
histological diagnosis.> Surgical intervention is typically
indicated when the tumor exerts significant compression on
adjacent neural structures, leading to symptoms such as pain,
paresthesia, or neurological deficits. The surgical approach
involves posterior laminectomy to access the spinal canal,
complemented by anterior decompression if the tumor extends
through the intervertebral foramen.”? In cases with extensive
involvement, a combined anterior-posterior approach may
be necessary to achieve complete tumor excision. Recently,
minimally invasive procedures like microsurgical resection
with laminectomy, endoscopic-assisted and robotic-assisted
surgeries, offer significant advantages by minimizing muscle
dissection, reducing blood loss, and lowering the risk of
postoperative complications, due to smaller incisions, reduced
tissue trauma, and faster recovery times. Yet, open resection,
on the other hand, allows superior visualization and complete
tumor removal. Therefore, the choice between a minimally
invasive procedure and open surgery depends on the tumor’s
size, its complexity in relation to the surrounding tissues, and
location.

Additionally, radiation therapy plays an adjunctive
role, especially in cases where complete surgical resection
is not feasible or residual tumor remains postoperatively.
Schwannomas are generally radiosensitive, and modalities
such as stereotactic radiosurgery offer targeted treatment with
minimal impact on surrounding tissues. Radiation therapy is
also employed as a primary treatment for inoperable cases or
when surgery poses significant risks due to comorbidities.™

Lumbar dumbbell schwannomas generally have a
favorable prognosis, particularly following complete surgical
excision. Recurrence rates are low when resection is complete,
underscoring the importance of meticulous surgical planning
and execution.”* The recurrence risk of spinal dumbbell
schwannomas is generally low following complete resection,
but factors such as incomplete excision, tumor size, and
location can influence this risk. Incomplete resection, often
due to the tumor’s proximity to critical neural or vascular
structures, significantly increases the likelihood of recurrence.

Larger tumors, particularly those in difficult-to-access areas,
also have a higher recurrence rate. To monitor for recurrence,
long-term MRI surveillance is essential, with follow-up
imaging typically starting at three months’ post-surgery, and
continuing at six, 12, and 24 months. Annual MRI may be
performed thereafter if no recurrence is found. Magnetic
resonance imaging (MRI) is preferred for its sensitivity in
detecting soft tissue changes. Regular imaging during the
first two years is crucial, as this is when the risk of recurrence
is highest. Early detection through imaging ensures timely
intervention if necessary.

When diagnosing a retroperitoneal mass located
in close proximity to the spinal cord, it is essential to
carefully consider the differential diagnosis with dumbbell
schwannoma of the lumbar spine. The differential diagnoses
for a lumbar dumbbell schwannoma include a range of
neoplastic, infectious, and inflammatory conditions that
can mimic its presentation in clinical and imaging findings,
including neurofibromas, meningiomas, metastatic lesions,
ependymomas, paragangliomas, abscess or infectious lesions,
lipoma or hemangiomas.!* Schwannomas, neurofibromas,
and metastatic tumors can be distinguished based on their
MRI characteristics. Schwannomas typically present as well-
defined, oval or round masses, often with a “dumbbell” shape
due to extension through the intervertebral foramen. They are
usually hypo- to isointense on T1 and hyperintense on T2,
with homogeneous or heterogeneous contrast enhancement.
Schwannomas are generally encapsulated and cause minimal
peritumoral edema. In contrast, neurofibromas are more ill-
defined and infiltrative, often following the course of the nerve
from which they originate, with heterogeneous signal intensity
on both Tl- and T2-weighted images. On post-contrast
images, neurofibromas exhibit less uniform enhancement and
may show an infiltrative pattern along the nerve roots. While
metastatic tumors are typically irregular, heterogeneous, and
infiltrative, often involving bone, soft tissue, and epidural
space, with central necrosis in larger masses. Thus, while
schwannomas tend to be more localized and well-defined,
neurofibromas and metastatic tumors present with more
aggressive, infiltrative patterns and greater variability in signal
intensity and enhancement.

Therefore, accurate lumbar schwannomas’ diagnosis
relies on correlating clinical presentation with imaging
features, supplemented by histopathological confirmation in
surgical cases. Recognizing these differential diagnoses is
crucial for guiding appropriate management and optimizing
patient outcomes.

The management of these tumors benefits from a
multidisciplinary  approach, involving neurosurgeons,
radiologists, and oncologists to tailor treatment strategies to
individual patient needs. Advances in minimally invasive
surgical techniques and precision radiotherapy have
significantly enhanced the therapeutic landscape, reducing
morbidity and improving quality of life.!¢

In conclusion, the successful management of
lumbar dumbbell schwannomas relies on timely diagnosis,
individualized surgical treatment planning, and a
comprehensive follow-up strategy. Surgical resection remains
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the definitive treatment, augmented by radiation therapy
in select cases. A collaborative, patient-centered approach
ensures optimal results by combining therapeutic efficacy with
preservation of neurological function and overall quality of
life.
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Abstract

Antiphospholipid syndrome (APS) is an autoimmune disorder characterized by venous or arterial thrombosis and/or pregnancy
outcomes in the presence of persistent antiphospholipid antibodies like lupus anticoagulant (LAC), anti-cardiolipin (aCL), and anti-
B2glucoprotein. Antiphospholipid syndrome may occur as a primary disorder or in association with other autoimmune diseases,
especially with systemic lupus erythematosus (SLE). This case reports a 28-year-old woman diagnosed with SLE and APS after her
first thrombotic event, a deep vein thrombosis in the right leg. All SLE patients must be screened for antiphospholipid antibodies,
even when thrombotic events have not occurred, to determine the antiphospholipid antibody profile, which is important for future

thrombotic risk events. (International Journal of Biomedicine. 2025;15(3):598-600.)
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Introduction

Antiphospholipid syndrome (APS) is an autoimmune
disorder characterized by venous or arterial thrombosis
and/or pregnancy outcomes in the presence of persistent
antiphospholipid  antibodies like lupus anticoagulant
(LAC), anti-cardiolipin (aCL), and anti-B2glucoprotein.t
Classification criteria for APS have changed over the years.
Sapporo criteria were first published in 1999 and updated
in 2006 (Sydney criteria). Diagnosis for APS, based on
revised Sapporo criteria, requires at least one clinical and one
laboratory manifestation.2 Clinical criteria comprise arterial/
vascular thrombosis or pregnancy morbidity, while laboratory

*Corresponding author: Ina Toska, E-mail: ina.toska@yahoo.
com

ones include the presence of medium or high titers of IgG and/
or IgM anti-cardiolipin (aCL) antibodies, IgG/IgM anti-beta 2
glycoprotein I antibodies (anti-B2GPI), and/or LAC positive
on two or more occasions at least 12 weeks apart.2

Antiphospholipid syndrome may occur as a primary
disorder, but when it is associated with other autoimmune
diseases, most commonly with systemic lupus erythematosus
(SLE), it is defined as a secondary APS.%2

Systemic lupus erythematosus is an autoimmune discase
that affects connective tissues, leading to chronic inflammatory
illness of skin, joints, kidneys, lymph nodes, and the lining
layers of the blood vessels with increased risk of arterial and
venous thrombotic events.® When SLE was associated with
antiphospholipid antibodies, an increased number of thrombotic
events was observed. The presence of antiphospholipid
antibodies has been described in around 50% of SLE patients,
while around 20% of APS patients have SLE.?
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This case reports a 28-year-old woman diagnosed with
SLE and APS after her first thrombotic event, a deep vein
thrombosis (DVT) in the right leg.

Case Presentation

A 28-year-old female patient experienced her first
thrombotic event at the age of 14: DVT in the right leg, in the
absence of varicose veins or other coagulation disorders, and
did not report using oral contraceptives. She was hospitalized
at Shkodra hospital and was stabilized after treatment with
nadroparin calcium. After leaving the hospital, she was treated
with acenocoumarol with dosing adjusted according to the
INR level.

One year later (January 2012), this patient underwent
several examinations due to her poor health condition. CT was
also performed, resulting in normal findings. Six months later,
this young lady was hospitalized at the University Hospital
Center “Mother Tereza,” (Tirana, Albania) for an accurate
diagnosis. She reported experiencing several symptoms like
fatigue, physical weakness, pain in the hands and feet, stains
in the skin of the abdomen, hair loss, numbness of hands
and feet, and even mouth ulcers. Upon general examination,
the patient was alert and oriented. The skin of the face had a
butterfly-shaped rash over the cheeks and nose. Respiratory
effort appeared slightly labored.

An abdominal ultrasound was performed and resulted in
normal findings, while bone and joint pathology was revealed
by hand x-ray. A series of laboratory examinations, including
cell blood count, biochemical balance, coagulation, and
immunological profiles, were performed (Table 1).

Comparison of laboratory results from January to June
revealed transient thrombocytopenia, reduced hemoglobin
levels, and decreased complement C3 and C4 levels.
Antinuclear antibodies (ANA), extractable nuclear antigen
(ENA) screening, and anti-cardiolipin IgM/IgG were all
positive.

Based on clinical and laboratory evaluation, the
diagnosis was SLE and APS with anti-cardiolipin 1gM/IgG
positive and thrombotic events.

The medical treatment started immediately and included
acenocoumarol, according to the level of INR, plaquenil (400
mg/d), medrol (8 mg/d), and vitamin D (2000 IU/d). The
clinical situation appeared to be stabilized upon the receipt of
the medical protocol.

In 2014, this patient interrupted the treatment with
acenocoumarol, and a clinical complication occurred. She
was admitted to the hospital with difficulty breathing, and
according to laboratory examinations (Table 1) and CT, she
was diagnosed with bilateral pulmonary thromboembolism.
The treatment protocol remained the same, on the condition
that therapy with acenocoumarol, not be interrupted.

In recent years, this patient has reported increased leg
pain and varicose veins. The last CT showed blockage of
the inferior vein cava (IVC), suggesting a post-thrombotic
event occurring there and suggesting the necessity of surgical
intervention. The latest laboratory examination data are also
presented in Table 1.

Table 1.

Summary of laboratory examinations.

Laboratory o1 2012006.2012[2014 2025 |Reference
RBC 473 1436 5.1 5.55 4-5x10%/uL
WBC 49 4.85 12 5.71 5-10x10%/uL
Hb 12.3 10.7 8.8 154 12-16 g/dL
PLT 17 292 498 263 140-400x10°/uL
ALT 92.8 [23.6 21 224 <35U/L

AST 76.8  [23.9 42 27.4 <31 U/L

TPU 24H 271.5 |Negative < 150 mg/24h
Ca 9.96 8.8 9.2-11 md/dL
CRP 5.1 14 1.05 <5 mg/L

CK 35 107 <170 U/L
LDH 301 205 289 <480 U/L

RF 2.7 3.9 21 7.1 <14 TU/mL
FIB 439.1 397 200-400 mg/dL
APTT 79.7 473 36.9 25-35 sec
D-DI 1.8 1.66 < 0.5 ug/mL
C3 73 134 100 90-180 mg/dL
C4 7 11.7 14 10-40 mg/dL
LAC 107.1  |94.5 31.4-43.4 sec
ANA Positive|Positive [Positive [1:160  |<1:80 Negative
DsDNA Positive Negative
ENA SCREEN Positive [Positive <20 Negative
aCL IgM Positive Positive |Negative|<12 U/mL
aCL IgG Positive Positive |>12 U/mL
anti-B2GPI IgG| Positive [>20 RU/ml

RBC, red blood cells; WBC, white blood cells, Hb, hemoglobin; PLT,
platelets; ALT, alanine transaminase; AST, aspartate transaminase;
TPU 24H: proteinuria,; Ca, calcium; CRP, C-reactive protein; CK,
creatin kinase; LDH, lactate dehydrogenase; RF, rheumatoid factor,
FIB, fibrinogen; APTT, activatedy partial thromboplastin time; D-DI,
d-Dimer; C3, C3 complement; C4, C4 complement; LAC, lupus
anticoagulant; ANA, antinuclear antibodies; DsDNA, anti-double
stranded DNA antibodies; ENA Screen, extractable antigen test;
aCL IgM, anti-cardiolipin IgM; aCL IgG, anti-cardiolipin IgG, anti
-B2GPI, antif32-glycoprotein.

Discussion

Antiphospholipid syndrome and systemic lupus
erythematosus are two diseases related to each other due
to the similarities that they have in terms of thrombotic
events and clinical manifestations, including the presence of
antiphospholipid antibodies. When SLE is associated with
APS, it significantly increases the risk of thrombotic events
in comparison with the general population. In SLE patients,
approximately 50% are aPL positive, compared to those with
SLE alone.®

According to recent data and meta-analysis of
venous thromboembolism in SLE, patients with lupus
erythematosus have a 4.38-fold higher relative risk of venous
thromboembolism than the general population. When SLE
coexists with APS, the absolute venous thromboembolism
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risk increases to 63%. For DVT and PE, the risk rises from
1% to ~26% and 22%, respectively, when SLE is associated
with APS.?

All laboratory findings in this patient, including positive
ANA, ENA screen, anti-cardiolipin IgM/IgG, and proteinuria,
confirmed the diagnosis of SLE with APS according to their
respective classification protocols. SLE patients should be
screened for antiphospholipid antibodies to determine their
aPL profile. It is reported that in new SLE patients, double
or triple aPL-positivity increases the risk for future vascular
events.'?

This case is an example of the coexistence of SLE and
APS, which highlights the increased probability of thrombotic
events. A young girl experienced DVT in the right leg at the
age of 14, followed by bilateral pulmonary thromboembolism
and, recently, an obstruction of the IVC, suggesting a post-
thrombotic event occurring there. Although it is a very rare
complication, particularly when the anticoagulation therapy is
insufficient without immunosuppression, some cases of [VC
have been reported in the literature. It is important to emphasize
that our patient was not treated with immunosuppressants, a
fact that could be a possible cause of the current situation.

Currently, in a review of several publications regarding
immunosuppression in APS-positive patients with recurrent
thrombotic events, anticoagulant therapy, hydroxychloroquine,
and rituximab are recommended to reduce the titer of
circulating antiphospholipid antibodies.

One of the cases reports a 14-year-old patient with
active SLE, Evans syndrome, and secondary APS with
acute abdominal pain, resulting in mesenteric vasculitis
and thrombosis of the [IVC.! Initial medical therapy with
fraxiparin, followed by acenocumarol according to INR levels,
showed that it was effective until its discontinuation, which
led to PE, emphasizing the importance of continuing therapy
in patients with SLE/APS with prior thrombotic events.
Immunosuppressive therapy is also recommended, especially
when thromboses persist despite anticoagulation therapy.

Thus, patients with SLE and APS have an increased risk
for thrombotic events. All SLE patients must be screened for
antiphospholipid antibodies, even when thrombotic events
have not occurred, to determine the antiphospholipid antibody
profile, which is important for future thrombotic risk events.
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Abstract

Prepatellar bursitis, often referred to as “Housemaid’s Knee,” is an inflammation of the prepatellar bursa, usually caused by repeated
trauma or extended periods of kneeling. Diagnosing chronic cases can be particularly challenging, especially in older individuals
and when advanced imaging techniques are not advisable. This case report details a 70-year-old man who experienced swelling
in the right front of his knee, difficulty walking, and pain when kneeling for six months. A musculoskeletal (MSK) ultrasound
showed a clearly defined cystic mass measuring 4.8%2.1 ¢cm located in front of the patella, with internal lobulations and cloudy
fluid, indicative of chronic prepatellar bursal effusion. There was no evidence of internal blood flow or solid masses. Additional
observations included irregularities and calcifications at the insertion of the suprapatellar tendon, suggesting chronic degenerative
changes. The bursal sac was surgically removed, and histopathological analysis confirmed chronic prepatellar bursitis. The patient
gradually showed improvement in symptoms and functional recovery after the surgery.

Our case highlights the value of MSK ultrasound in diagnosing chronic prepatellar bursitis, particularly when other imaging
methods are not feasible. Surgical intervention remains an effective treatment for chronic, stubborn cases. Accurate diagnosis
depends on a thorough assessment that combines clinical symptoms, ultrasound findings, and histopathological evidence.
(International Journal of Biomedicine. 2025;15(3):601-604.)
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Introduction

Housemaid’s knee is the name given to inflammation of
the prepatellar bursa, hence, prepatellar bursitis. Housemaid’s
knee is a condition of prepatellar bursitis, which is caused by
inflammation of the bursa (a fluid-filled sac) that is in front
of the patella.! It commonly occurs in people who spend long
periods of time kneeling, and the bursa between the skin and
the kneecap (the prepatellar bursa) is most commonly affected.>*

*Corresponding author: Sara Ali, sarraali@jazanu.edu.sa

Musculoskeletal (MSK) ultrasound demonstrates the tendons,
ligaments, bursa, and muscles, thereby enhancing its diagnostic
accuracy. Its advantages include the ability to apply compression,
perform dynamic assessments, and easily compare with the
contralateral side.* The normal appearance of the prepatellar
bursa is visualized as a fluid-filled anechoic structure lined by
a hyperechoic wall.3 In this article, I will present a case study
on Housemaid’s knee, using MSK ultrasound for diagnosis. The
case will explore the patient’s symptoms, clinical evaluation, and
the role of MSK ultrasound in assessing the knee joint, synovial
thickening, and other pathological changes, and treatment.
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Case Presentation

A 70-year-old male presented to the Tiba Hospital
(Omdurman, Sudan) with complaints of swelling over the
right knee for six months, with a gradual increase in the size
of the swelling and difficulty in walking for six months. The
patient had no history of trauma. The swelling was mildly
compressible and associated with minimal pain or tenderness;
however, he noted increased tenderness during kneeling,
particularly during prayer.

Clinical examination of the right knee revealed globular
swelling in the anterior region. The swelling had a variegated
consistency, described as firm, hard, and cystic in different
locations, and was nonmobile. Due to persistent swelling, the
unusual consistency of the swelling, and the patient’s reported
symptoms, the physician ordered an ultrasound of the right
knee.

Ultrasound revealed a well-defined cystic lesion
measuring 4.8%2.1 cm in the anterior knee, exhibiting
internal lobulations and a turbid collection, consistent with
a chronic prepatellar bursal effusion. No internal vascularity
or solid component was observed. Quadriceps muscle
and tendons were normal. Suprapatellar tendon insertion
showed irregularity with calcifications, suggestive of chronic
degenerative changes. The synovium, patella, patellar tendon,
anterior cruciate ligament (ACL), and medial collateral
ligament (MCL) were all normal. The medial and lateral
menisci were normal, without adjacent osteophytes. Baker’s
cysts were absent in the posterior knee region, and the popliteal
artery and vein were normal. The ultrasound impression was
prepatellar bursitis (Housemaid’s knee) and suprapatellar
calcific tendinopathy.

Further imaging with CT or MRI was considered but
was contraindicated due to the patient’s renal impairment,
which precluded the use of contrast media. Given the persistent
symptoms and ultrasound findings, a decision was made to
proceed with surgical intervention.

Surgical exploration and excision of the bursal sac
were then performed. Histopathological examination of the
excised tissue confirmed a diagnosis of chronic prepatellar
bursitis. Postoperatively, the patient experienced a gradual
improvement in symptoms and a reduction in knee swelling.
Follow-up evaluations revealed satisfactory wound healing
and improved knee function.

Discussion

Prepatellar  bursitis, commonly referred to as
“Housemaid’s knee,” is a prevalent inflammatory condition
affecting the bursa anterior to the kneecap.£This condition is
primarily attributed to trauma, infection, or chronic irritation
and is particularly common among cleaners, plumbers, floor
layers, wrestlers, and other professionals who frequently
engage in kneeling activities.

In this case, a 70-year-old patient presented with
swelling of the right knee, difficulty walking, and mild
tenderness localized to the anterior knee, which is consistent
with the classical manifestations of prepatellar bursitis.

The diagnosis was confirmed based on clinical
examination with MSK ultrasound imaging. Ultrasound is
regarded as the first-line imaging modality for assessing
superficial bursae because it enables dynamic assessment,
image-guided aspiration, accessibility, and cost-effectiveness.
In the current case, high-resolution ultrasonography scan
identified a well-defined, anechoic cystic lesion measuring
4.8x2.1 cm in the front of the knee, featuring internal
lobulations and a cloudy collection, which is indicative of a
chronic prepatellar bursal effusion (Figure 1).

Figure 1. Long-axis ultrasound of the anterior
knee joint presented a well-defined cystic lesion
measuring 4.8x2.1 cm in the anterior knee,
exhibiting internal lobulations and a turbid
collection.

There was no evidence of internal vascularity or
solid components (Figure 2). Quadriceps muscles and
tendons were normal. Insertion of the suprapatellar tendon
showed irregularities with calcifications, suggesting chronic
degenerative changes. The synovium, patella, patellar tendon,
anterior cruciate ligament (ACL), and medial collateral
ligament (MCL) were normal. The medial and lateral menisci
were normal, and no adjacent osteophytes were present. The
posterior knee area showed no signs of Baker’s cyst, and the
popliteal artery and vein were normal. Ultrasound findings
were consistent with prepatellar bursitis and suprapatellar
calcific tendinopathy.

Figure 2. Long-axis Doppler ultrasound of the anterior
knee joint presented a well-defined cystic lesion, exhibiting
internal lobulations and a turbid collection. No internal
vascularity or solid components were identified.

These findings are consistent with a study conducted
by Ivanoski and Vasilevska, which pointed out that a
significant ultrasound sign of bursitis is the swelling of the
bursa, characterized by an increased volume of fluid, which
may sometimes appear anechoic. In other cases, increased
echogenicity is apparent due to debris, blood in acute trauma,
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or puss if an infection appears. Other signs include thickening
of the hyperechoic synovial wall, which can be uniform or
irregular. The latter sign is more often observed in cases of
chronic bursitis.?

To the best of our knowledge, while other imaging
modalities, particularly plain radiography, play a significant
role in ruling out bony involvement or foreign bodies, they are
not sensitive to soft tissue changes (Figure 3).!>However, MRI
offers superior soft tissue resolution (Figures 4 and 5) and may
be particularly useful in chronic or complicated cases, such as
when deep-seated infection or mass-forming lesions.™

Figure 3. Superficial infrapatellar bursitis. An
80-year-old female presented with an anterior knee
swelling. AP (4) and lateral knee x-ray (B) images
show swelling in front of the patella with constant
pain, especially in the sitting position.®

Figure 4. Prepatellar bursitis. A 44-year-old female
presented with anterior knee pain. Axial (4) and coronal (B)
T2W fat-saturated images showing a distended prepatellar
bursa (arrows).”

Figure 5. Superficial infrapatellar bursitis. A 42-year-old
female presented with an anterior knee swelling. Sagittal
proton-density fat-saturated (4) and sagittal gradient-echo
T2W (B) images show a distended superficial infrapatellar
bursa (arrows).

In typical cases, such as ours, the use of MRI is not
necessary, as ultrasound effectively serves both diagnostic
and interventional purposes because ultrasound can be used
for dynamic assessment, allowing real-time evaluation of
movement-related pain and swelling, and is cost-effective and
easily accessible, especially compared to MRI.12

On the other side, bursitis can clinically be misdiagnosed
as joint-, tendon-, or muscle-related pain. Pathological
processes often result from inflammation secondary to
excessive local friction, infection, arthritis, or direct trauma.
In this regard, knowledge of the normal anatomy, pathology,
and imaging characteristics of the bursae is essential.
Differentiation of bursitis from other causes of joint, tendon,
and muscle pain allows for adequate treatment.

Conclusion

This case underscores the necessity of including
prepatellar bursitis in the differential diagnosis of anterior knee
swelling, particularly in older patients with non-traumatic
causes. Ultrasound remains an invaluable diagnostic tool,
especially when other imaging modalities are restricted owing
to patient comorbidities.

Surgical treatment, confirmed by histopathological
evidence, proved effective in managing chronic, stubborn
cases. A thorough understanding of clinical, imaging, and
pathological characteristics is vital for prompt diagnosis and
suitable management.
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Abstract

Tooth extraction is accompanied by vertical reduction of the alveolar ridge as a result of the bone atrophy. In cases involving the
upper jaw, changes in alveolar bone dimensions can also be accompanied by pneumatization of the maxillary sinus. These changes
are even more common after the extraction of the maxillary first and second molars, and especially after the extraction of two or
more teeth in a row in the distal maxillary region. Different techniques and materials are used to provide adequate bone support
for dental implants in these cases. In the presented case, the autogenous bone ring (bone ring technique) transplantation technique,
combined with the immediate placement of the implant during the same surgical session, was applied. (International Journal of

Biomedicine. 2025;15(3):605-607.)
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Introduction

Early extraction of the teeth of the distal region of
the maxilla is often accompanied by a large bone loss, and
as a result, it leads to the reduction of the vertical dimension
of the alveolar ridge. In cases involving the upper jaw,
changes in the dimensions of the alveolar bone can also be
associated with the pneumatization of the maxillary sinus.!?
These changes are more pronounced after the extraction of
the first or second maxillary molar, and especially in cases
of the extraction of two or more teeth in a row in the distal
region. The replacement of an extracted natural tooth with an
osseointegrated implant represents one of the most important
advances in contemporary dentistry.

Various procedures and materials are in use to provide
adequate bone support for dental implants32 In cases with
advanced bone resorption and maxillary sinus pneumatization,®
the autogenous bone ring transplantation technique, combined
with immediate implant placement in the same session, is an
advanced method that significantly reduces the time compared
to other methods.” 1! For the application of this technique, the
specific indication is the thickness of the remaining bone,
which must be under 2 mm. Through this technique, vertical
regeneration is achieved through the autogenous bone.

*Corresponding author: Sinan Arllati. Email: sinanarllati@
gmail.com

The peculiarity of this technique lies in the immediate
placement of the dental implant alongside the bone ring. The
bone ring in this case serves as the primary stabilizer of the
implant, simultaneously acting as a bone deposit to increase
the level of deficient bone.

Case Presentation

During an intraoral examination of a 46-year-old
male patient, it was discovered that tooth #16 was absent,
having been extracted 10 years prior. In the 3D CBCT digital
radiological examination, a low level of the alveolar ridge in
that region with pronounced pneumatization of the maxillary
sinus was found (Figure 1).

Fig. 1. Photo 1. 3D CBVT
digital radiography, analysis
of the bone in the distal part
of the maxilla, in the region
of tooth #16, marked bone
insufficiency is observed in the
alveolar ridge (>2 mm).
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From the anamnestic data, there is no evidence of
any health condition that would contraindicate surgical
intervention. He does not smoke, and biochemical laboratory
tests show normal values. Bone augmentation after raising the
maxillary sinus is performed using an autogenous bone ring
taken from the patient, bone particles in the form of Xenograft
artificial granules, and a self-absorbing collagen membrane
fixed in place with titanium screws, each with a length of 4-6
mm. The surgical technique with an autogenous bone ring
enables the immediate placement of the dental implant by
facilitating vertical augmentation of the alveolar ridge in the
distal region of the upper jaw.

Surgical Intervention

In the lower jaw, in the retromandibular region, a bone
ring is taken, which is pulled through special trephines to collect
the bone, which remains in physiological digestion in order not
to lose organic matter until the moment of augmentation. After
the bone osteotomy in the region of tooth #16, the window
for lateral access to the maxillary sinus was opened, the
membrane (Schneiderian) was carefully raised, and sufficient
space was created for vertical augmentation with autogenous
bone rings. The dental implant was immediately placed and
fixed through the autogenous bone ring. Augmentation was
done with xenograft and autograft in a 50/50% ratio. To secure
the augmenting material, a self-absorbing collagen membrane
was applied (Figures 2-4).

: & 2

Fig. 3. Immediate placement of the dental implant
and its fixation through the autogenous bone ring.

Fig. 4. Augmentation with xenografi (Geistlich Bio-
Oss) and autograft (Bone ring), as well as placement
of a collagen membrane (self-absorbing), to provide
the augmenting material.

Four months after the surgical intervention, a digital
radiological check-up was performed, which revealed that
the bone augmentation and osseointegration of the dental
implant were complete. The bone ring showed very low rates
of resorption, as well as high rates of integration into the
xenograft artificial bone (Figure 5). The physical parameters of
the measurements indicate that the length of the bone ring was
9.3 mm, and the total length was 17.4 mm. The autogenous
bone ring also did not undergo internal resorption during the
time of osseointegration of the implant. From 10 mm at the
time of placement, it was rooted to 9.3 mm of bone height,
which proves a satisfactory regenerative result.

R -

Fig. 5. The vertical level of the alveolar ridge marks a
significant increase from 2.1 mm to 17.4 mm bone height.

Discussion

Alveolar bone augmentation is often necessary
when planning the placement of dental implants. Invasive
augmentation procedures frequently require staged implant
placement, which increases the overall treatment duration.

The innovative approach, which combines ring-shaped
autogenous bone grafts with dental implant placement in a
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single session, has been demonstrated to be efficient and safe
for alveolar ridge augmentation. Autogenous bone ring grafts
are safely stabilized through dental implants. Their dimensions
were determined by the diameter of the dental implant and
the degree of bone atrophy, ensuring adequate stability of
the implant and good biocompatibility with both the alveolar
bone and the implant. The application of this technique results
in less bone resorption compared to other bone regeneration
techniques.

In conclusion, scientific sources demonstrate the
advantages of the autogenous bone ring augmentation
technique for regenerating vertical bone defects in the distal
region of the upper jaw,'! particularly in cases where the
pneumatization of the maxillary sinus is pronounced. This
technique significantly reduces the waiting time for the
patient’s final prosthesis, eliminates the need for multiple
surgical interventions, and utilizes autogenous bone to
compensate for the resorbed vertical dimension over time.
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