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Abstract
Background: Since Langer’s first foray into studying cutaneous lines, although people have studied skin lines across the 

body, there has not been a study that elucidates changes to skin structure of elastin and collagen at different load levels. This study 
set out to look at whether incisional lines and excisional lines have different biodynamics and have to be considered differently.

Materials and Methods: For this study, we used a two-photon microscopic camera using optimal wavelengths to detect 
collagen and elastin. Measurements were taken in 5 patients at the center of the excisional wound (high-load) and at the ends of 
the wound (tapered end of the ellipse) where effectively the wound is an incisional wound.

Results: Wounds were observed after they were surgically closed. When incisional wounds were observed, where there was 
minimal tension (<1.5N force) we found that, in each case, elastin stretched and collagen buckled, revealing mostly elastin. Where 
larger defects were created after excisions (as in the figure where a skin cancer had been removed, where forces to close wounds 
were typically greater than 2N), we noted that the image revealed mostly collagen, suggesting that the reverse had occurred (i.e. 
collagen stretched and elastin buckled).

Conclusion: This difference between tension loads on skin and the interplay between collagen and elastin has never before 
been elucidated for incisional and excisional wounds, and in the author’s view has great research interest for a cutaneous surgeon 
seeking to identify the best skin lines to utilize to minimize scarring. (International Journal of Biomedicine. 2017;7(2):111-114.)
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Introduction
Elastin, as the name indicates, makes skin elastic – 

providing the organ with the ability to stretch and recoil.(1) 

Collagen in skin responds to mechanical forces by altering 
its molecular structure and generates biochemical signals to 
influence wound healing and tissue remodeling.(2) Levels of 
collagen and elastin change with the depth of the dermis and 
age – and in the lower dermis a significant difference between 
young and old has been noted for elastin with varying collagen/
elastin ratios.(3) Since Langer’s seminal work in 1861, his 
‘cleavage lines of skin’ ended up de facto surgical lines, even 

for most surgical excisions of skin lesions.(4,5) It has already 
been suggested by others that in the trunk and limbs, Langer’s 
lines predominantly align with elastin fibers.(6) 

After Langer marked out cleavage lines by using a 
round-tipped cutting instrument and noting the direction the 
clefts elongated, Kocher, in 1892, suggested that these lines 
be used for surgical procedures.(7) It has been noted in recent 
times that incisions placed at right angles to the direction 
of skin cleavage lines had a higher risk of hematoma and 
tension, and thereby a higher risk of hypertrophic scarring.
(8)  But the mechanisms of wound tension, especially when 
defects are created due to removal of skin lesions, have been 
poorly understood. Biomechanical studies have shown that 
skin behaves elastically only at low-load levels. For example, 
on the feet, due to weight-bearing tissues, where the load 
increases skin reveals increased viscoelastic behavior (i.e. 
strain becomes a function of load and time).(9) While it is well 
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known that skin is anisotropic, it also exhibits orthotropy 
(i.e. a degree of symmetry with regard to two normal planes, 
especially in regions of the body close to bone).(10) One of the 
theories has been that this is due to a preferential orientation 
of collagen fibers.(11) 

 Incisions made along the long-axis of Langer’s 
skin cleavage lines are essentially lines in the direction of 
minimum skin extensibility, and in areas like the calf 76% of 
elastin fibers aligned themselves along Langer’s lines.(12) Yet, 
we also know from other studies that in the superficial dermis, 
collagen fibers are not oriented along cleavage lines and it is the 
reticular dermis that determines skin anisotropy.(13) However, 
the precise roles of elastin and collagen during skin stretch or 
load for excisional surgery are unknown. In this article, the 
author studies differences between incisional and excisional 
skin wounds to try and understand whether the roles of elastin 
and collagen under low- and high-tension loads differ.

Materials and Methods
For this study, we used a two-photon microscopic camera 

using optimal wavelengths to detect collagen and elastin. 
Previous studies have detected collagen and elastin in skin using 
fluorescence imaging using specific emission wavelengths: for 
collagen (lambda c)  at 380nm, and for elastin 450 nm, using 
excitation wavelengths (lambda e)  of 340 nm, and 380 nm, 
respectively.(14) Therefore, these parameters were used as a 
guide in planning for this study. The study was undertaken in 
5 patients (age range 25–74) who were undergoing cutaneous 
surgery for skin cancer. Measurements were taken at the center 
of the excisional wound (high-load) and at the ends of the 
wound (tapered end of the ellipse) where effectively the wound 
is an incisional wound. Using a two-photon microscopic 
camera (developed in-house in conjunction with Shenzhen 
Do3think Technology Co., Ltd), measurements were taken of 
incisional and excisional sites in each case (Fig.1).

Under a spectroscope, elastin is similar to collagen 
with an absorption peak around 320 nm and an emission 
peak near 400 nm. Collagen can similarly be viewed, using a 
SHG microscopic camera, where two photons combine from 
the laser field to produce a scattered photon of exactly half 
the wavelength.(15) The study showed that second-harmonic 
generation signals derived from collagen can be spectrally 
isolated from elastin two-photon fluorescence. Two-photon 
fluorescence signals can be further characterized by emission 
maxima at 495 nm and 520 nm, corresponding to elastin and 
cellular contributions, respectively. This method may not be 
strictly fluorescence, but is very useful to visualize collagen 
and elastin separately. Others have also noted that second-
harmonic generation microscopy has emerged as a powerful 
modality for imaging fibrillar collagen in a diverse range of 
tissues, including skin.(16) 

Alongside confocal microscopy, two-photon 
microscopy is now also being used to detect skin cancer, and 
some authors have successfully used this method to monitor 
collagen remodeling in vivo after micro-ablative fractional 
laser resurfacing.(17) 

Results
Wounds were observed after they were surgically 

closed, as shown in the image. When incisional wounds were 
observed, where there was minimal tension (<1.5N force) 
we found that, in each case, elastin stretched and collagen 
buckled, revealing mostly elastin. Where larger defects were 
created after excisions (as in the figure where a skin cancer 
had been removed, where forces to close wounds were 
typically greater than 2N), we noted that the image revealed 
mostly collagen, suggesting that the reverse had occurred (i.e. 
collagen stretched and elastin buckled).

Multi-photon microscopy has found favor as a technique 
to elucidate elastin and collagen in tissues.(18) 

                        Fig. 1. Interplay between collagen and elastin in surgical wounds.
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The main advantage of multi-photon microscopy is based 
on two-photon excited fluorescence (TPEF) and second-
harmonic generation (SHG) imaging, allowing us to observe 
non-fixed, unstained tissue samples. Because collagen in the 
skin dermis can easily produce an SHG signal and elastin is 
more effective in generating TPEF, multi-photon microscopy 
has found widespread applications in dermatology for studying 
and differentiating cutaneous collagen and elastin – in general, 
using this technique the collagen images are color-coded in 
green and elastin images are color-coded in red to increase the 
contrast. (18,19)

The findings were similar and in fact virtually identical 
in all cases. The images demonstrating a typical finding (Fig.1) 
show that for incisional lines (low tension wounds) elastin 
stretches and collagen buckles, and for excisional wounds 
(after removal of skin lesions) it is predominantly collagen 
at play with very little elastin involvement. This not only 
confirms our contention regarding biodynamic excisional skin 
tension (BEST) lines(20) that we must view skin lines differently 
for incisions and excisions, but we see this as the starting point 
for more research into wound, scar and skin dynamics after 
excisional surgery.  This is why this study set out to look at the 
roles of elastin and collagen in surgical wounds when closing 
incisions (inherently low-load) or excisions (higher-loads due 
to larger defects).

Our finding that incisional (low-load) wound closures are 
primarily under the influence of elastin, and excisional wound 
(higher-load) closures depend on collagen has implications for 
research into both wound healing and scar formation. 

Discussion
This difference between tension loads on skin and the 

interplay between collagen and elastin has never before been 
elucidated between incisional and excisional wounds, and in 
the author’s view has great research interest for a cutaneous 
surgeon seeking to identify the best skin lines to utilize to 
minimize scarring. However, until now there has been no 
attempt to differentiate incisional and excisional skin lines.

We contend that therefore we need to view incisional 
and excisional wounds differently and has been mapping 
best excisional skin tension (BEST) lines.(20) Human skin, 
when viewed as a mere physical membrane ends up with skin 
lines and wrinkles because a keratinocyte-stiffened epidermis 
drapes a softer and thicker dermis. Of course, anatomical sites 
like knees and elbows have wrinkles that can be considered 
‘tension’ wrinkles (two-dimensional, due to geometry, pre-
tension and joint action) and in other areas like the forehead, 
muscle action causes ‘compression’ wrinkles (one-dimensional 
due to muscle action only), but in our view, BEST lines for 
surgical excisions may not be along these lines.(21) Add to 
this, other’s findings that in keloid scars the increase of both 
elastin and collagen occurs in deep dermis, whereas a sharp 
decrease of elastin is found in the upper dermis of keloid,(22) 

and we have the beginnings of new insights and research into 
cutaneous surgery and wound healing. 

Keloids are unique to humans with no comparable animal 
models.(3) Researchers have found significant differences in the 

morphology and content of collagen and elastin in the upper 
dermis and deep dermis of keloid tissue. In the upper dermis, 
elastin is not very visible and in the lower dermis, elastin 
is abundant. Given the findings in this study that incisional 
wounds are full of elastin and excisional wounds are filled 
with collagen, further avenues for research into skin lines 
used during surgery and the resultant scars beckon. We also 
know from studies into aging that changes as a function of the 
depth of dermis are significant only for elastin for both young 
and old.(3) The lower dermis is less rich in elastin, and shows  
significant diminution between young and older age groups.(3) 

This also has implications for suture placement in incisional 
and excisional wounds. This study also demonstrates the use 
of multi-photon microscopy for assessing the morphology and 
quantity variations of collagen and elastin in incisional and 
excisional wounds, a technique used by others to study keloid 
scarring,(18) and this study is a starting point for further research 
to understand the basic science behind surgical wounds we 
create, and resultant scar formation – as ultimately, it is the 
latter that patients worry about the most. 
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