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Abstract

Background: Scar formation is a normal part of the proliferative phase in wound healing where collagen is remo-
delled to better approximate normal skin. When collagen is not effectively redistributed, excessive scarring may
occur. Recently, COjq laser has emerged as an adjunct in improving scar quality via remodelling and redistribution
of dermal collagen fibres. Due to the paucity of literature related to its use in the hands and upper extremities, we
created a study to examine its effects on hypertrophic scars focused on the hands and upper extremities.

Methods: Patients treated with COy laser for hypertrophic scars of the hand and upper extremity were included.
The Vancouver Scar Scale (VSS) and Patient and Observer Scar Assessment Scale (POSAS) were used to assess the
progression of scar quality. Unpaired t-tests were performed to determine statistical difference between pre- and
post-treatment scores on each scale. Pearson correlation coefficients were used to understand the relationship
between number of treatments and scar quality.

Results: Of the 90 patients enrolled, 54 patients completed serial scar assessment forms. All patient and observer-
reported POSAS domains showed improvement (P<0.05) apart from Iiching. All VSS domains showed improve-
ment (P<0.05). There was moderate correlation between overall patientreported opinion of scar quality and
Discoloration, Stiffness and Thickness, and strong correlation between overall patient opinion and Irregularity (r=
0.715). All observer-reported domains were strongly correlated (r=7.56-8.74) with overall observer opinion of
scar quality.

Conclusion: The results of this study may further substantiate COs laser as a treatment modality for excessive scar-

ring in a variety of surgical subspecialties.
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Scars, Burns & Healing

Lay Summary

trophic scars in the upper extremity.

Introduction

Normal wound healing occurs in three stages:
inflammation; proliferation; and maturation
(remodelling).! After surgery, trauma or severe
burns, scar formation begins in the proliferative
stage as part of the natural healing process.”
While some degree of scarring is inevitable, exces-
sive scarring can lead to contracture and/or adhe-
sion to surrounding tissues. In these cases,
suboptimal outcomes may be attributed to a
variety of complications including the following:
poor cosmesis; itching; pain; decreased tissue plia-
bility; and limited range of motion.” Hypertrophic
scar formation requires a tissue insult that has
penetrated deep enough into the dermis to
damage dermal appendages, hair follicles and
sebaceous glands within the reticular layer. These
structures are surrounded by and networked with
the basal cells involved in keratlnocyte regenera-
tion and re-epithelialisation.” In the proliferative
healing phase, fibroblasts initiate extracellular
matrix (ECM) formatlon which is largely com-
posed of collagen.* After proliferation, new colla-
gen becomes Cross- -linked and organised into
parallel bundles.* Excessive scarring occurs when
this remodelling process fails to adequately redis-
tribute collagen across a closed wound.”

Efforts to combat functional deficits caused by
scarring include the following: early mobilisation;
splinting; intralesional corticosteroid or anti-
neoplastic injections; fat graftmg, surgical contrac-
ture release; and lasering.>® Fractionated CO
laser ablation entails the application of a
10,600-nm laser calibrated to the appropriate scar
depth. While the exact mechanism is still being
investigated, it is known that this wavelength effect-
ively targets water molecules found extensively in
dermal collagen.” The microperforations applied
to the skin create columns of tissue vaporisation

Complex trauma and burns that impact the skin sometimes result in abnormal healing of the skin called,
“hypertrophic scarring”. In our study we assessed how using focused COy laser therapy impacts patients
and health care provider assessment of wound progression. Our results were based upon patient reported
and healthcare provider observations based upon two standardized forms the Vancouver Scar Scale (VSS)
and the Patient and Observer Scar Assessment Scale (POSAS). What we found is that after CO9 Laser
Therapy, our 64 patients with 77 treated scars received on average almost 3 treatments and these treatments
helped them with physical function and improved aesthetic appearance of their scars. The health care pro-
viders also found that the treatments improved functional and aesthetic end points. Overall, our study helps
substantiate the body of evidence that using COy laser therapy improves aesthetics and function of hyper-

within the disorganised collagen scar.® This
releases a substantial amount of tension and
creates a controlled, localised environment for
scar remodelling, effectively reducing scar density
and reorganising collagen in a network that more
closely approximates preinjury architecture.*”’

Hypertrophic, burn, keloid, pigmented and
acne scars have all shown improvement when
treated with CO, laser.* " McGoldrick et al. pub-
lished a two-part review article detailing over 20
years of experience treating a wide variety of
scar types using lasers in co gunctlon with a
variety of other treatments. While they
reported subjective improvement in these scars
and high rates of patient satisfaction, there was
no standardlsed measure of this subjective
improvement.*” Objective assessments provide
valuable clinical data, but fail to account for
patient perceptions which ultimately influence
final satisfaction.'® As treatment modalities
evolved, subjective scar assessment tools have
been developed to allow a more holistic evalu-
ation of scar quality. Given the known effects of
excessive scarring on quality of life and the varia-
bility of patient factors influencing perception of
outcomes, valid patient and observer-reported
outcome measures are needed to address the
full spectrum of scar quality.13

The Vancouver Scar Scale (VSS) was first
described by Sullivan in 1990 and includes four
variables: Vascularlty height/thickness; pliability;
and pigmentation."* While observer scores corre-
lated well with objective measures such as tono-
metry, the VSS lacked a patientreported
component. More recently, the Patient and
Observer Scar Assessment Scale (POSAS) was
developed to include both patient and observer
rankings of various dimensions of scar qualities.'?
Other scales have been created to simplify the
VSS (e.g. Visual Analog Scale with scar ranking),
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Table 2. Demographics.

Demographics

Age (years) Mean = 284 (n = 64) Range = 2-81
Sex Male = 54.7% (n = 35) Female = 43.3% (n = 29)
Scar surface area (cm?) Mean = 3334 (n = 62) Median = 130.6 (n = 62; range = 2.2-
4047.8)
Time from injury to first CO, laser treatment Mean = 12.9 (n = 50; range:
(months) 2.9-49.8)

broaden the scope of assessable scars (e.g.
Manchester Scar Scale) or focus the scale to
address particular injury patterns (e.g. Ston\é
Brook Scar Evaluation Scale) (Table 1).!
However, the VSS and POSAS remain the %old
standard scales for subjective scar evaluation. ~18

The current literature evaluating COq laser
therapy is largely focused on the use of these
treatments for burn scars. Although hands are
involved in as many as 90% of all burns, the litera-
ture lacks studies focused on COs laser therapy
for burn and traumatic scars of the hand and
upper extremity.>® To fill this gap in the litera-
ture, we designed a study to evaluate the efficacy
of this treatment in a hand surgery practice at a
single academic hospital using the VSS and
POSAS to track scar quality progression.

Methods

Patients treated with COy laser for traumatic and/or
burn scars of the hand and upper extremity were
included. The Lumenis® Ultrapulse laser was used
with the following settings in our cohort: 120-
130 m] micropulse energy; 250 Hz pulse rate; 800—
1500 ms duration; 3% density; random pattern;
and 1.3 mm spot size. Spot shape varied depending
on the shape of the scar. The VSS and POSAS were
used to assess the progression of scar quality before
and after laser treatments. Patients and observers
were blinded to previous scores. Patient charts
were reviewed for additional subjective data not cap-
tured on the VSS or POSAS.

Unpaired t-tests were performed to deter-
mine statistical difference between pre- and
post-COy laser treatment scores on each scar
assessment scale. Pearson correlation coefficients
were calculated to assess the relationship between
number of treatments and improvements in scar
quality as well as how individual POSAS variables
may have influenced the overall opinion of both
the patient and observer.

Results

In our cohort, 64 participants with 77 scars com-
pleted pre-laser Patient POSAS forms, and 54
completed multiple, serial scar assessment forms
with a mean of 2.8 treatments and an average
follow-up of 23.3 months from initial treatment.
In total, 44 patients had pre-laser Observer
POSAS and 41 had postlaser Observer POSAS,
while 42 patients had pre-laser VSS forms and
40 had post-laser VSS forms.

The average patient age was 28.4 years (age
range = 2-81 years) and 54.7% of patients were
male. The most common cause of scarring was
thermal burn (45.5%) followed by traumatic
laceration or avulsion (20.8%). Mean scar
surface area was 333.4 cm2, and median surface
area was 130.6 cm? (range = 2.2-4047.8 cm?).
Mean time from initial injury to first COy laser
treatment was 12.6 months (range = 2.9-49.8
months). Mean time from laser treatment to com-
pletion of assessment forms was 3.2 months
(range = 1.1-9.7 months) (Table 2 and Figure 1).

All POSAS patientreported domains had sig-
nificant improvement (P<0.05) with the excep-
tion of Iltching (P=0.242), which still showed
mean improvement (Table 2). All POSAS
observer-reported domains showed significant
improvement (P<0.05). All VSS domains
showed significant improvement (F<0.05)
(Table 3).

Pearson correlation coefficients indicated mod-
erate correlation between overall patientreported
opinion of scar quality and patientreported
Discoloration, Stiffness, Thickness and Irregularity. All
observer-reported domains were strongly correlated
with final overall observer opinion of scar quality
(Table 5). Improvements in patientreported
POSAS Discoloration, Stiffness, Thickness and Overall
Opinion were weakly correlated (r=3.52—4.39)
with improvements in observer-reported POSAS
counterparts (Pigmentation, Pliability, Thickness and
Overall Opinion). Number of treatments was not
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Figure 1. Mechanisms of hypertrophic scar formation.

significantly correlated with overall patient rating of
scars (r=0.012).

At routine follow-up visits, many patients were
asked to report the percent improvement from
pre-laser conditions, whether they would repeat
the treatment if they could go back to pre-
treatment conditions, and if they would recom-
mend this treatment to others in a similar situa-
tion. Of the 34 patients with these subjective
responses, 33 (97.1%) stated they would repeat
the treatment and/or recommend COs laser to
others. Mean patientreported improvement was
53.7% (range = 0%-99%). The strongest
correlation between POSAS dimensions and
patientreported percent improvement was
Discoloration (r=0.318). Photographs of pre- and
postlaser scars can be found in Figures 2—4.

Discussion

Hand surgeons are positioned at the crossroads of
multiple specialties, including general, plastic
and orthopaedic surgery. Given the broad spec-
trum of injuries seen in practice, it is necessary
for hand surgeons to incorporate emerging treat-
ment modalities such as COy laser therapy that
are commonly used in other subspecialties.
The efficacy of COy laser is well documented in

Amputation, 6, 8%

Post-Operative Healing
Response, 4, 5%

Skin Grafting, 3, 4%

G
Friction Burn, 3, 4%

the burn literature.'® As previously mentioned,
the hands are involved in the vast majority of all
burn injuries; however, there are few reports spe-
cific to hand and upper-extremity scars.”'? Given
its ease of use, COy laser is an accessible option
for all subspecialties treating patients with exces-
sive scarring and should be included in scar man-
agement algorithms.

The literature indicates that VSS provides
reliable subjective assessments and has historic-
ally been considered the gold standard due to
its high inter-observer reliability.10 While burns
and traumas are not the only scars treatable by
ablative COs laser, they comprise the bulk of
cases that may benefit from this treatment.
One study of 11 patients with burn scars of the
face, neck and wupper extremities followed
patients who had received 10 treatments over
an average period of five weeks. At six months,
there was a significant improvement in VSS
scores compared to baseline measures. Skin
biopsies taken before and after treatment from
four patients showed newly formed dermal
papilla in the upper dermis, corroborating clin-
ical findings of improved in surface smoothness
and tension.” A recent randomised controlled
trial also demonstrated improvements in burn
scars after COq laser in both VSS and histological
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Table 3. Unpaired t-tests.

Patient-reported

Pre-treatment POSAS (n=64)

Post-treatment POSAS (n =54) P value (<0.05)

Pain 3.97+2.84 239+1.59 <0.001
ltching 4.05+2.89 3.69+2.27 0.242
Discoloration 6.52+3.11 5.63+2.25 0.037
Stiffness 6.97 +2.59 5.64+237 0.002
Thickness 727 +2.52 5.48 +2.40 <0.001
Irregularity 719283 574+245 0.002
Overall opinion 7.08 +£2.61 6.02+2.19 0.008
Observer-reported Pre-treatment POSAS (n=44) Post-treatment POSAS (n=41) P value (<0.05)
Vascularity 4.88 +2.01 343+1.26 <0.001
Pigmentation 5.60+1.94 4.02+1.39 <0.001
Thickness 558+2.12 4.05+1.69 <0.001
Relief 529+2.04 3.68 +1.21 <0.001
Pliability 547 +£1.74 3.88+148 <0.001
Surface area 555+158 4.10+145 <0.001
Overall opinion 5.56 +1.83 3.85+1.28 <0.001

Values are given as mean = SD.

parameters.”’ A large database study including
295 patients assessed the impact of burn scar
severity (measured by the VSS) on increases in
time to healing (TTH) Investigators found
that a VSS score increase of 0.11 points (P<
0.001) was associated with an additional day of
TTH, irrespective of differences in total burn
surface area or surgical intervention. These find-
ings suggest that VSS scores are a valid indicator
of burn scar severity."

While the VSS has demonstrated clinical
utility, it lacks a patientreported component,

Table 4. Pre- and post-treatment VSS results.

and the POSAS has recently gained popularity
by addressing this shortcoming.'” In practice,
functional outcomes such as range of motion
and return of sensation are often the primary
concern of surgeons managing excessive scarring.
Unfortunately, the impact of scars reaches
beyond functional deficits and is known to
affect patients’ social and psychological well-
being.**** Given these additional considerations,
patient perceptions are now considered an essen-
tial Component of any scar assessment algo-
rithm.** While some reports have shown only

Pre-treatment VSS (n =42)

Post-treatment VSS (n =40) P value (<0.05)

Pigmentation 1.77 +£0.56 145+0.83 0.020
Vascularity 238 +1.31 1.34+0.88 <0.001
Pliability 2.68 +0.82 1.89+0.87 <0.001
Height 140 +£0.58 1.12+0.56 0.018
Total score 8.18 £2.40 579+2.18 <0.001

Values are given as mean =+ SD.
VSS, Vancouver Scar Scale.
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Table 5. Pearson correlation coefficients (r) for each scar assessment domain in relation to overall scar opinion score.

Patient POSAS overall opinion (post treatment;

n=>50)

Observer POSAS overall opinion (post
treatment; n =36)

Pain r=0.120 Vascularity r=0.756
Itching r=-0.040 Pigmentation r=0.801
Discoloration r=0.534 Thickness r=0.819
Stiffness r=0.615 Relief r=0.786
Thickness r=0.530 Pliability r=0.874
Irregularity r=0.715 Surface area r=0.778

low correlation between subjective assessment
using POSAS and objective assessment usmg spec-
trophotometer and ultrasonography, patient
perception may be given priority in assessing
parameters that do not cause functional impair-
ment. Patient opinions of cosmesis can deter-
mine, to some degree, the psychosocial impact
of scars.?>%* Ultlmately, the goal of any scar treat-
ment is to improve patients’ quality of life.

One study tracked the progress of 10 patients
with hypertrophic burn scars treated by COs laser
over the course of six months after treatment.'®
VSS and POSAS scores showed significant
improvement, as did the quality of life rating mea-
sured by the Dermatology Life Quality Index
(DLQI) A separate study followed 47 burn
patients with at least one laser treatment cycle.'®
Patients were then evaluated using the POSAS,
VSS and Burn Specific Health Scale Brief
(BSHS-B) to measure quality of life after burn

injury and lasering. Ultrasound measurements
were used to objectively measure scar thickness.
After an average of 55 days after treatment,
average scar thickness decreased from 2.4 to
1.9 mm (P<0.001). Mean VSS dropped from
7 to 6 (P<0.001) and mean overall patient-
reported POSAS score improved from 9 to 5
(P<0.001). Quality of life scores also improved
significantly (median 120 to 135; P<0.001), and
improvements following treatment were equallg
significant across all levels of scar maturation.
These studies show that improvements in
POSAS and VSS scores after treatment with CO»
laser are indicative of improved quality of life.
Results from our cohort support the existing
body of literature demonstrating the efficacy of
COq laser therapy as shown by significant improve-
ments in all but one POSAS domain. Of note, our
data suggests that patients’ overall opinion of their
scar is influenced more by functional and aesthetic

R

Figure 2. (A) Traumatic scar before initial laser treatment. (B) Six weeks after second administration of CO, laser.
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Figure 3. (A) Burn scar before initial CO, laser treatment. (B) Scar after two laser treatments (five months after initial laser
treatment, one month after second treatment). (C) Scar after three laser treatments (10 months after initial laser treatment, two

months after third treatment).

variables than sensory and pain variables
(Table 4). The weak correlation between improve-
ments in patient versus observer-reported POSAS
domains suggests that patient opinions are distinct
from observer opinions of scars.

The present study is limited by the heterogen-
eity of scar types and severity, making it difficult to
discern which scars may benefit most from laser
therapy. Specifically, time to first laser therapy
was variable among patients who had severe
thermal burns compared with patients who had
reactive scar formation from a recent procedure.
The latter patients received COs laser therapy
earlier in their clinical course compared with
the burn patients. This phenomenon is consistent

with the literature where surgical scars may
receive intervention in as soon as three weeks
compared with burns where first treatment after
a burn occurs at approximately 18 months.'"*’
Another challenge posed to researchers and clin-
icians treating hypertrophic scars is generating
objective photographic imaging to track progres-
sion of scars from visit to visit. Two dimensional
photographs are the most common assessment
tool to evaluate scar progression, but plain photo-
graphs alone may introduce bias due to logistical
constraints and provides inconsistent objective
analysis compared to other means of assessments
(i.e. VSS).?**® Three-dimensional stereophoto-
grammetry does offer some advantages over two-
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A)

Figure 4. (A) Reverse radial forearm flap harvest scar before laser treatment. (B) Harvest site scar after two laser treatments (four
months after initial laser treatment, two months after second treatment).

dimensional imaging in objective scar assessment
because of features such as volume measure-
ments and  inter-operator  reliability.?>*"
However, scar location on a curved surface
creates challenges to generate a consistent and
reproducible volume measurement and may be
challenging for ubiquitous use due to the expert-
ise necessary for consistent re-calibration as well
as angular measurements.’® This imaging techni-
que is also limited by scar size, wherein individual
photos of scars must be summed causing possible
inaccurate measurements and inconsistent data
over the life of a scar that is larger than the
visual field that the camera requires.*

The final and most relevant challenge posed
to any researcher studying hypertrophic scarring
is distinguishing between successful therapeutic
intervention and natural progression of hyper-
trophic scarring. As previously mentioned, early
intervention with laser therapy has demonstrated
better outcomes in specific populations.
However, the question remains as to whether
the natural regression of hypertrophic scars is
the primary mechanism by which the outcome
was achieved given the most common outcome

in hypertrophic scars is resolution within one
year of the initial scar formation.'*'™** Given
the potential for spontaneous improvement, the
present study is limited as we did not compare
laser treatment to outcomes of similar scars that
did not receive COy laser.

Future studies should include a broad range
of scar injury mechanism with sufficient sample
sizes and a control group to adequately
compare laser treatment to non-laser treatment.
Time to first laser treatment should also be evalu-
ated for potential impact on outcomes. The litera-
ture suggests that COy laser therapy benefits are
equivocal independent of scar age in burn
patients but patients undergoing surgical scar
laser therapy within three weeks of the procedure
demonstrated superior results compared with
delayed intervention.’"'®  Another important
consideration for future clinical studies evaluat-
ing hypertrophic scar outcomes should also
include a non-intervention arm given the fact
that the natural course of hypertrophic scars is
complete regression within one year.!"?'™?
Quality of life scales were not used to assess the
psychosocial impact of scar improvements.
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Psychosocial measures, coupled with the VSS and
POSAS, may provide a more complete picture of
scar outcomes.

Our study provides valuable data assessing the
utility of COs laser therapy in treating scars of the
hand and upper extremity. Results of this study
may further substantiate COy laser as a treatment
modality for excessive scarring, particularly in sub-
specialties where it is not already common practice.
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