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Abstract

Background: The natural evolution of facial scars has not been well described. Identifying factors
that correlate with optimal scar healing may help patients and physicians during the perioperative
period.

Methods: A retrospective study of 108 facial skin cancer patient scars was performed. The Patient and
Observer Scar Assessment Scale (POSAS) was used to grade scars at two time points (1 week and 3 months
postoperatively). Paired two-tailed t-tests identified differences in scar ratings between the time points.
Analysis of variance (ANOVA) explored whether POSAS scores differed by anatomic site or reconstruction
type. Receiver operating characteristic analysis was performed to identify if 1-week scar appearance corre-
lated with scar appearance at 3 months.

Results: Between 1 week and 3 months the total POSAS score improved by 36.3% and overall opinion of
the scar improved by 38.6% (p<0.001). Facial cosmetic units differed in their 1-week and 3-month scores
and all anatomic sites demonstrated significant improvement between time points. Differential scoring
occurred among reconstruction types. Scar appearance at 1 week was able to predict overall scar appear-
ance at the 3-month visit (area under the curve=0.7732).

Conclusions: Early scar appearance predicts later scar appearance, and scars will improve by nearly 40%
3 months after surgery. These data can be used to assist with perioperative counseling and expectation
management.
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Introduction
Skin cancer patients’ expectations for scarring differ
across diverse social, emotional, and cosmetic domains.!
Concerns about facial scars are elevated before skin can-
cer surgery2 and peak 1-2 weeks after surgery.3 By 3
months after surgery, patients are often more satisfied
with their scars.®> Making scars less noticeable as quickly
as possible may relieve patient anxiety.*

Setting realistic expectations affects patient percep-
tions of outcomes.”® Patients are more likely to be sat-
isfied with their care when preoperative expectations are
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achieved.”” Conversely, patients are more likely to lit-
igate and be dissatisfied with care when surgery does not
meet their expectations.lo

One strategy to set realistic expectations is to address
common patient misconceptions. For example, since
80% of Mohs micrographic surgery (MMS) patients ex-
pect scars to be less than half of their actual final length,""
surgeons can realign expectations by emphasizing the an-
ticipated length of scar before surgery. Another strategy
to set expectations is to explain how the appearance of
the scar will change after surgery. However, few studies
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KEY POINTS

o Question: s there a way to quantify facial scar improvement
and identify if scar appearance at 1 week predicts scar appear-
ance at 3 months, the time period where patient postoperative
anxiety is highest?

e Findings: Patients can be reassured that facial scars im-
prove nearly 40% between 1 week and 3 months after surgery.
Scars that that begin healing well 1 week after surgery are
more likely to heal with the highest aesthetic results at
3 months.

e Meaning: These findings may improve the informed consent
process before surgery, allow surgeons to set realistic expec-
tations for scar healing, and assist with reconstructive
decision-making.

have rigorously assessed the maturation of facial scars
after surgery,'? so surgeons have limited objective data
to counsel patients about scar evolution.

This study compared scar appearance 1 week and 3
months after MMS and reconstruction of facial skin can-
cers. The primary objectives of this study were to (1)
quantify the improvement of scars between the 1-week
and 3-month office visits, and (2) determine whether 1-
week scar appearance could predict the scar appearance
at 3 months. These data will help surgeons to counsel pa-
tients at the peak of anxiety 1-2 weeks after surgery and
set realistic expectations about 3-month scar appearance.

Methods

Study design

We conducted a retrospective study of scar appearance in
consecutive skin cancer patients at a single outpatient
surgical facility. Protocol and ethics were approved by
the Institutional Review Board (IRB) of the University
of Pennsylvania.

Participants

Adult patients treated for facial skin cancer with MMS at
the Hospital of the University of Pennsylvania (Division
of Dermatologic Surgery) from August 2015 to February
2016 were eligible. Patients were excluded if they did not
have clinical photographs from their follow-up visits, if
wounds were reconstructed with multiple methods, or if
scars were treated with a postoperative intervention
(e.g., laser, scar revision).

Protocol

Patient charts were reviewed for demographics, skin
cancer diagnosis and location, and method of recon-
struction. Tumor locations were divided into five facial
cosmetic units: periorbital, forehead/temple, cheek,
nose, and perioral. Reconstructions were divided into
four subgroups: linear repair, local flap (e.g., advance-

ment, transposition), staged interpolation flap (e.g., par-
amedian forehead flap) and skin graft (e.g., full- or
split-thickness).

High-resolution photographs of the surgical scars
were taken with a Canon Rebel T31 (Melville, NY) at
18 megapixels and stored in the patients’ medical re-
cords (Mirror; Canfield Scientific, Inc. ©). The clinical
photographs were taken at scheduled 1- to 2-week and
3-month postoperative visits using a standardized pro-
tocol that included a frontal view and a profile view.
The 3-month photos for staged flap patients occurred
3 months after flap division. Photos of each patient
were downloaded to a digital slideshow (PowerPoint;
Microsoft ©) and randomized, using Excel’s (Micro-
soft) random number generator. The photographs were
cropped to allow each facial profile (frontal, oblique,
and lateral) to fit in a 11.4 cm (width) X 12.7 cm (height)
rectangle. Photos were cropped such that the entire fore-
head to chin was included. Open eyes were covered to
minimize identifiable features and paired arrows were
added to point toward the ends of each scar line (Fig. 1).

Measures

Randomized photos of the scars were graded by four cli-
nicians with an adapted Patient and Observer Scar
Assessment Scale v.2 (POSAS),13’14 a validated measure
of postsurgical scar quality. The observer component of
the POSAS consists of seven discrete items: vascularity,
pigmentation, thickness, relief, surface area, pliability,
and overall opinion. Pliability was omitted due to the in-
ability to assess this characteristic through photographs.'*
Definitions of the remaining items are shown as follows:

e Vascularity: the presence of vessels in scar tissue
assessed by the amount of redness

e Pigmentation: brownish coloration of the scar by
pigment (melanin)

e Thickness or depth: the average height of the scar,
compared with surrounding normal skin

e Relief: the extent to which surface irregularities are
present

e Surface area: the visible absolute area of the scar

e Overall opinion: general impression of the scar.

Each item was graded on a 1-10 scale, with 1 repre-
senting ‘‘normal skin’’ and 10 representing the ‘‘worst
imaginable scar.”” The “‘total score’” sums each individ-
ual scar characteristic and ranges from 5 (best possible
scar) to 50 (worst possible scar). “Overall opinion”
about scar appearance was graded separately on a scale
from 1 (best possible scar) to 10 (worst possible scar).

Four clinicians independently graded the scar for each
slide using this adapted observer portion of the POSAS,
and scores for the four clinicians were averaged for
each item in the POSAS. Inter-rater reliability was calcu-
lated (Appendix Table A2). Each patient follow-up slide
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to be evaluated (1 week or 3 months) had front and profile
views for that particular time point so that 108 patients
generated 216 slides. The slides were randomly ordered
to mitigate clinician recency grading bias.

Surgical technique and wound care
All patient wounds were full thickness to the adipose
layer, muscle, or periosteum, and no defects had bony
deficits. Patients had their defect repaired by Mohs sur-
geons with >7 years of experience. Clinical judgment
was used to decide which repair option would likely
heal “‘the best’” for the given defect and consistent surgi-
cal technique for undermining and suturing has been pre-
viously described.'>'® For all defects on the forehead,
temple, cheeks, lip, chin, and some nasal defects, dermal
sutures were placed with 3-0 or 4-0 monofilament poly-
glyconate. Dermal sutures for periocular skin and some
nasal defects were placed with 5-0 monofilament poligle-
caprone. Clinical circumstances and anatomic locations
dictated whether 5-0 or 6-0 polypropylene or 5-0 or 6-0
fast-absorbing gut sutures were placed for cuticular sutures.
Postoperatively, all patients with linear repairs and
flaps were instructed to keep their pressure dressing in
place for 24 h. Skin grafts were bolstered in place for 1
week. Once the bandage was removed, the area was to
be washed gently everyday with soap and water, and
then a thin coat of Vaseline was applied to area and cov-
ered with nonadherent gauze and tape. After 1 week of
light bandaging, patients were allowed to continue daily
cleansing and Vaseline application without a bandage.

Statistical analysis

All data analyses were performed with STATA version 14
(StataCorp 2015). Descriptive statistics were calculated for
the patients’ pertinent sociodemographic factors, the scar’s
anatomic location, and the reconstruction type.

Differences in scar appearance at 1 week-3 months.
Both paired parametric and nonparametric two-tailed
tests (paired t-test and paired Wilcoxon signed-rank
test) were used to identify differences between POSAS
scores at 1 week versus 3 months postoperatively. A sig-
nificant difference was determined by p <0.05. Percent-
age change was used to quantify improvement.

As an exploratory analysis, to investigate whether av-
erage POSAS scores differed by the scar’s anatomic loca-
tion or by the reconstruction type at 1 week and 3 months
(p<0.05), parametric (one-way analysis of variance
[ANOVA]) and nonparametric (Kruskal-Wallis) tests
were used. Our sample size was not adequately powered
for a post hoc analysis.

Ability of 1-week scar appearance to predict 3-month
scar appearance. A receiver operating characteristic
(ROC) curve analysis was used to evaluate if overall

opinion scores at 1 week could predict overall opinion
scores at 3 months. We expressed this discriminative
ability as the area under the curve (AUC), which is con-
sidered adequate if the AUC is =0.7."” A dichotomous
outcome is needed for this analysis, so a median-split
method (i.e., determining the median overall opinion
score at 3 months) identified a ‘‘cutoff” POSAS score
for ““optimal” and ‘‘suboptimal’ scars.'®

Two additional exploratory analyses were performed
to assess individual POSAS prediction indicators

(1) One analysis investigated if there was a signifi-
cant (p <0.05) relationship between an individual
POSAS item scored at 1 week versus 3 months
(e.g., does vascularity at 1 week correlate with vascu-
larity at 3 months?). A weak positive correlation was
defined as Pearson’s correlation coefficient r<0.4, a
moderate correlation was defined as r=0.4-0.59,
and a strong correlation was defined as r>0.6."

(2) In addition, we sought to identify whether individ-
ual scar characteristics at 1 week could be used to
predict future scar overall appearance. A multivar-
iable regression was used with individual POSAS
items from the 1-week visit as the predictors and
the 3-month overall opinion score as the outcome
(e.g., does vascularity at 1 week predict overall
opinion score at 3 months?).

Results

Study population

Clinical photographs for the scars of 108 patients at 1
week and 3 months postoperatively were evaluated. No
patients were excluded for postsurgical interventions.
The mean patient age was 63 years (SD=13.7). Patient
and scar characteristics are shown in Table 1.

Table 1. Patient demographics and scar
characteristics, n =108

Patient demographic n (%)
Gender

Male 45 (41.7)

Female 63 (58.3)
Average age 63.0 years + 13.7°
Race

Caucasian 108 (100)
Location within facial subunits

Periorbital 15 (13.3)

Forehead/temple 31 (27.4)

Cheek 19 (16.8)

Nose 28 (25.9)

Perioral 15 (13.9)
Reconstruction procedure

Linear 34 (30.1)

Local flap 44 (38.9)

Staged interpolation flap 16 (14.2)

Skin graft 12 (10.6)

*Value is listed as mean+ SD.
SD, standard deviation.
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Table 2. Overall opinion and total Patient and Observer Scar Assessment Scale scores by anatomic location
and reconstruction type
Overall opinion item Total score
10 (worst) 50 (worst)
1 (best) 5 (best)
3 months, Percentage 1 week, 3 months, Percentage

Characteristic 1 week, mean (SD) mean (SD) improvement (%) mean (SD) mean (SD) improvement (%)
Location of scar

Periorbital® 4.0 (0.9) 2.7 (1.4) 34.6 20.7 (4.8) 14.6 (6.7) 313

Forehead/temple® 5.1 (1.1) 3.3 (1.1) 34.0 25.6 (5.7) 17.8 (5.7) 29.9

Cheek? 5.1 (1.1) 3.2 (1.1) 33.7 26.0 (5.4) 17.1 (5.2) 31.4

Nose® 5.4 (1.2) 2.8 (1.0) 48.6 27.7 (5.2) 14.7 (4.1) 47.0

Perioral® 5.4 (0.9 33 (1.4) 39.7 28.0 (4.5) 16.5 (6.5) 41.1
Reconstruction procedure

Linear® 45 (1.1) 2.7 (1.0) 38.6 23.4 (5.4) 14.9 (5.1) 35.4

Local flap® 5.1(1.2) 2.9 (1.0) 42.7 26.2 (5.7) 15.3 (4.6) 20.9

Staged Interpolation flap® 5.5 (1.0) 3.6 (1.0) 354 28.0 (5.6) 18.4 (4.8) 323

Skin graft® 5.6 (0.7) 4.0 (1.7) 28.6 28.5 (3.9) 20.7 (7.9) 28.2
Average score 5.1 (0.1) 3.1 (0.1) 38.6 26.0 (5.7) 16.3 (5.6) 36.3

p-Values for all paired t-tests and paired Wilcoxon signed-rank test comparing scores at 1 week versus 3 month were <0.01.

Values are listed as mean (SD).

Scar maturation

Paired #-test and paired Wilcoxon signed-rank test
revealed consistent results. Total POSAS score and over-
all opinion of scar appearance significantly improved
from 1 week to 3 months postoperatively (p<0.001).
Table 2 shows the averages for the total POSAS scores
and physicians’ overall opinion for the 1-week versus
3-month postoperative photos. Total POSAS score im-
proved by 36.3% and overall opinion improved by
38.6%. Table 3 demonstrates the percentage improve-
ment for each POSAS item. POSAS scores for each indi-
vidual scar characteristic also improved significantly
from 1 week to 3 months (p<0.001). Surface area im-
proved the least (23.1%), whereas vascularity improved
the most (38.5%).

Scar maturation by anatomic location. Both ANOVA
and the Kruskal-Wallis tests revealed consistent results.
One-week total POSAS scores differed by anatomic loca-
tion (p<0.05). Although our study was not adequately

Table 3. Improvement in Patient and Observer Scar
Assessment Scale scores from 1 week to 3 months

POSAS item 1 week 3 months  Percentage improvement (%)
Vascularity 4.7 29 38.5
Pigmentation 3.8 2.7 29.2
Thickness 39 2.6 32.5
Relief 4.2 2.8 333
Surface area 4.2 3.2 23.1
Total score 25.9 16.2 36.3
Overall opinion 5.1 3.1 38.6

p-Values for all paired t-tests comparing scores at 1 week versus 3
months were <0.001.
POSAS, Patient and Observer Scar Assessment Scale.

powered to perform a post hoc analysis, periorbital
scars demonstrated the best total POSAS score 1-week
post-MMS (Fig. 2A). A significant difference was not ob-
served in 3-month postoperative scar appearance when
comparing anatomic facial subunits. POSAS scores sig-
nificantly improved from 1 week to 3 months postopera-
tively in all five facial subunits (p<0.001). Nasal scars
demonstrated the greatest absolute and relative improve-
ment (46.9%) (Fig. 2A).

Scar maturation by reconstructive type. Total POSAS
scores differed by type of reconstruction at both 1 week
and 3 months postoperatively. Linear closures had the
most favorable POSAS scores, whereas skin grafts had
the worst POSAS score. Local flaps demonstrated the
greatest absolute and relative improvement in total
POSAS scores (Fig. 2B).

Ability of 1-week scar appearance to predict
3-month scar appearance

ROC Analysis: A cutoff score of 3.0 for 3-month physician
overall opinion scores was determined by the median-split
method to represent “‘optimal” (<3) and ‘‘suboptimal”
(=3) scars. Overall opinion score for 1-week postoperative
scar appearance correlated with overall opinion scar for
3-month postoperative scar appearance (AUC=0.7732).
Figure 3 displays the model curve.

Scar characteristics from 1 week to 3 months: Both to-
tal POSAS score and overall opinion scores for 1-week
postoperative scars moderately correlated with their re-
spective scores at 3 months. Scores for individual
POSAS items at 1 week correlated with scores of the
same POSAS item for the 3-month postoperative scars
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FIG. 2. Total POSAS score from 1 week to

3 months for each anatomic location (A) and
reconstruction procedure (B). The first bar
represents total score at 1 week and the second
bar represents total score at 3 months.
Periorbital scars had the best scar appearance at
1 week and 3 months, but this was only
statistically significant at 1 week. Skin graft scars
had the worst scar appearance at 1 week and

3 months. All improvements from 1 week to

3 months were statistically significant (p <0.05).
Nasal scars and scars repaired with a local flap
showed the greatest absolute improvements in
total POSAS score.

(p<0.05). Only scar surface area had a strong correlation
(r=0.63), such that suboptimal surface area 1-week post-
MMS strongly correlated with suboptimal surface area at
3 months. Comparatively, vascularity had a weak corre-
lation (r=0.24) (Appendix Table Al shows the correla-
tion coefficients).

Scar characteristics at 1 week as predictors of 3-month
overall scar appearance: When individual POSAS items
were considered, only surface area at 1-week post-
MMS significantly correlated with 3-month overall scar
appearance (p<0.001). Therefore, if scars were notice-
able at 1 week because of extensive surface area, it was
predictable that the overall scar assessment would remain
noticeable 3 months postoperatively.

Physicians’ overall opinion of scar appearance had
high inter-rater reliability for scores of the 1-week post-
operative photos (Cronbach’s «=0.84) and the 3-month
postoperative photos (Cronbach’s o=0.90) follow-up
visits. Similarly, the total score and nearly all items of
the POSAS had high inter-rater reliability (Appendix
Table A2).

Discussion
Patients frequently have peak anxiety about the appear-
ance of scars 1 week after facial surgery. This study dem-
onstrates that surgeons’ assessments of scar appearance
1 week after surgery are predictive of scar appearance
at the third postoperative month. Surgeons can counsel
patients 1 week after surgery to expect improvements
in vascularity, pigmentation, thickness, relief, and sur-
face area. By the third postoperative month, an overall
improvement in scar appearance of nearly 40% can be
expected. Scars with large surface area and reconstruc-
tions with a skin graft show the least improvement be-
tween 1 week and 3 months postoperatively. These data
are useful to set patient expectations and may influence
decisions about reconstructive design.

Although all scars improved in appearance between
1 week and 3 months postoperatively, scars that were
more noticeable at 1 week postoperatively had worse ap-
pearance scores at 3 months postoperatively. By contrast,
scars with the best appearance scores at 1 week had the
best appearance scores at 3 months. These data empha-
size the importance of meticulous surgical technique, del-
icate tissue handling, and strategic reconstruction design
to minimize scar appearance as quickly as possible.'>!®

Certain scar characteristics are more noticeable than
others and improve less with time. Increased surface
area was the most noticeable scar characteristic and
the least likely to improve. Surface area was the only
I-week postoperative characteristic that correlated
with overall scar appearance at 3 months postopera-
tively. This implies that surface area has a strong effect
on early scar outcome. Differences in scar surface area
may explain why skin grafts (large surface area) had the
worst appearance and linear closures (small surface
area) had the best appearance at both time points. Fol-
lowing skin graft patients beyond the 3-month mark
may result in more aesthetic changes because of graft
maturation and contracture. In most patients, scar
width stabilizes and scar color transitions to lighter
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coloring by the fourth month. Scar whiteness is the pre-
dominant color by month 6 and the surface profile of the
scar is stable by month 8. It is in these later months
where rete ridges form and collagen fibers become
thicker and denser.'? Similar to grafts, staged interpola-
tion flaps have increased surface area, but they were
rated with less noticeable scar appearance scores, likely
because of better color and contour match.?°

Our results align with previous reports. Linear repairs
are the most common reconstruction after skin cancer
excision, and they provide reproducibly inconspicuous
scars.?!** Cosmetic unit excision and staged repair with re-
gional flaps frequently offer superior results to grafts.>>~*
These data suggest that surgeons might reduce scar appear-
ance by choosing linear repairs and flaps over grafts, when
feasible, and surgeons may consider partial closure of large
defects to decrease the surface area of the graft.25

Scar vascularity was often noticeable at 1 week, but
it was not a significant determinate of overall scar
appearance 3 months after surgery. These findings are
consistent with known literature that scar erythema is
physiological and can take an average of 7 months to
fade.'? Patients are commonly reassured during peri-
operative counseling that, as inflammation subsides
and buried sutures dissolve, their scars will become
less red. This process is assisted by diligent standardized
wound care early in the postoperative period.26 Our re-
sults may guide clinicians when considering standard
postsurgical scar interventions such as pulsed dye laser
and intralesional triamcinolone.

Anatomic location also influenced the early assess-
ment of scars. Although our sample size was not ade-

quately powered for a post hoc analysis, descriptive
analysis revealed that periorbital scars were graded the
best at the 1-week visit. Nasal and perioral scars were
graded the worst. Consistent with prior studies, observers
judge a midline and centrofacial asymmetry more criti-
cally than asymmetries on the lateral face.?’ Interest-
ingly, nasal scar assessments improved the greatest
from 1 week to 3 months. Surgeons can use these findings
to reassure patients that nasal scars, although distracting 1
week after surgery, heal predictably well. Three-month
scar appearance did not differ significantly based on loca-
tion, which may suggest that by 3 months the reconstruc-
tion procedure rather than the anatomic site more heavily
impacts aesthetic scores.

Our study is limited by assessing scar appearance
through photography. The POSAS was initially validated
to evaluate scars in person. To account for the inability to
assess tactile information, we removed pliability from
the instrument. Other studies using the POSAS have
evaluated scars by photograph with this methodology
and the validity of POSAS used in conjunction with pho-
tography is confirmed.”®*° The high inter-rater reliabil-
ity for scores of the four clinicians at both time points
further demonstrates the benefits of POSAS use. Addi-
tional limitations include physicians not blinded to
time to accurately mimic clinical practice and not assess-
ing scar appearance beyond 3 months after surgery. Iden-
tifying changes in scar improvements past this time point
would be instructive, as wound remodeling can occur up
to 1 year after surgery and may also influence how the
surface area of skin grafts are perceived. Although this
study examined the influences of anatomic location and
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reconstruction type, our sample size was not sufficient
to power a post hoc analysis. In addition, certain recon-
structive procedures may be more commonly utilized for
specific anatomic locations. A larger study would be re-
quired to perform a multivariable analysis to ensure recon-
struction type was not a confounder to the differences
detected among anatomic sites and vice versa. Our skin
cancer patient cohort was exclusively Caucasian and el-
derly. These results may not be applicable to darker skin
types and younger patients where scarring can be less pre-
dictable. Although patients with complications were not
individually tracked, they were not excluded. Any patients
with wound infection, dehiscence, or ischemia are likely
to have unfavorable POSAS scores at 1 week and later
at 3 months. Finally, this study only evaluated physician’s
perception of scar appearance. Further studies to identify if
patient and observer opinions of scar appearance parallel
that of physicians are underway.

In conclusion, these data provide new concrete evidence
that facial scars reliably improve over 3 months after surgi-
cal reconstruction. Scars that begin healing well 1 week
after surgery are more likely to heal with the highest aes-
thetic results at 3 months. There is a differential improve-
ment among individual scar characteristics and certain
anatomic locations and reconstructive procedures influence
scar outcomes. These findings may improve the informed
consent process before surgery, assist with reconstructive
decision-making, and optimize postoperative patient coun-
seling regarding healing expectations.
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Appendix

Appendix Table Al. Individual POSAS items at 1 week
predict same POSAS items at 3 months

Appendix Table A2. Reliability of physicians’ Patient
and Observer Scar Assessment Scale scar appearance ratings

POSAS item Pearson’s correlation coefficient (r) Cronbach’s alpha 95% Cl
Vascularity 0.24 1 week
Pigmentation 0.36 Vascularity 0.87 0.82-0.91
Thickness 0.30 Pigmentation 0.73 0.64-0.81
Relief 0.53 Thickness 0.56 0.41-0.68
Surface area 0.63 Relief 0.74 0.65-0.81
Total score 0.51 Surface area 0.75 0.67-0.82
Overall opinion 0.52 Total 0.84 0.79-0.88
Overall 0.84 0.78-0.88
p-Values for all correlations were <0.05. A weak positive correlation was 3 1
defined as Pearson’s correlation coefficient r<0..4, a moderate correlation Vascularity 0.90 0.87-0.93
was defined as .r:O.4—0.59, and a strong correlation was defined as r>0.6. Pigmentation 0.85 0.80-0.89
POSAS, Patient and Observer Scar Assessment Scale. Thickness 0.78 0.71-0.84
Relief 0.85 0.81-0.89
Surface area 0.84 0.79-0.89
Total 0.91 0.88-0.93
Overall 0.90 0.87-0.93

All reliability measures were statistically significant at p <0.001.
Comparison of accuracy of patient and physician scar length estimates

before Mohs micrographic surgery for facial skin cancers.
ClI, confidence interval.





