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Abstract

Undermining is thought to improve wound outcomes; however, randomized controlled data regarding its efficacy are lacking
in humans. The objective of this randomized clinical trial was to determine whether undermining low to moderate tension
wounds improves scar cosmesis compared to wound closure without undermining. Fifty-four patients, 18 years or older,
undergoing primary linear closure of a cutaneous defect with predicted postoperative closure length of >3 cm on any ana-
tomic site were screened. Four patients were excluded, 50 patients were enrolled, and 48 patients were seen in follow-up.
Wounds were divided in half and one side was randomized to receive either no undermining or 2 cm of undermining. The
other side received the unselected intervention. Three months, patients and 2 masked observers evaluated each scar using
the Patient and Observer Scar Assessment Scale (POSAS). A total of 50 patients [mean (SD) age, 67.6 (11.5) years; 31
(64.6%) male; 48 (100%) white] were enrolled in the study. The mean (SD) sum of the POSAS observer component scores
was 12.0 (6.05) for the undermined side and 11.1 (4.68) for the non-undermined side (P =.60). No statistically significant
difference was found in the mean (SD) sum of the patient component for the POSAS score between the undermined side
[15.9 (9.07)] and the non-undermined side [13.33 (6.20)] at 3 months. For wounds under low to moderate perceived tension,
no statistically significant differences in scar outcome or total complications were noted between undermined wound halves
and non-undermined halves.

Trail Registry: Clinical trials.gov Identifier NCT02289859. https://clinicaltrials.gov/ct2/show/NCT02289859.
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Introduction

Surgical undermining is a popular technique used in cutane-
ous surgery, often to decrease tension during wound closure.
Various undermining techniques exist, from electrosurgical
methods to blunt and sharp undermining using cold steel
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instruments, the latter of which is used more frequently in
dermatologic surgery [1].

Peripheral undermining of the sides and tips of fusiform
wounds can push the skin away in a horizontal plane and
minimize vertical tissue protrusions at the ends [2]. It has
also been theorized that the plate-like scar created as a result
of undermining all quadrants of a wound allows for even scar
contracture, minimizing scar spread and standing cone for-
mation [1]. Undermining is an effective way to separate the
skin bordering a wound bed from the fibrous bands adjacent
to underlying subcutaneous tissue that may limit its move-
ment [1, 3]. Adequate tissue laxity is vital for wound closure
in order to reduce the risk of ischemic necrosis, spreading
scars and suture trauma [4]. Despite its many purported ben-
efits, undermining can also cause decreased dermal perfu-
sion and resulting necrosis or poor flap viability, hematomas,
traumatic alopecia, sensory and motor nerve damage and
poor wound cosmesis [1, 5-7].

Though undermining is widely used, randomized con-
trolled data determining whether this surgical maneuver
improves outcomes are limited. Studies in animal models
have demonstrated benefits of undermining on reducing
wound tension, but the focus has been more on wound bio-
mechanics, rather than scar appearance [3, 5, 8, 9]. In one
human study, undermining was shown to improve cosmetic
result of circular wounds that were allowed to heal by sec-
ondary intention. However, to our knowledge, there are no
randomized controlled studies assessing the effects of under-
mining on primary linear closure of cutaneous defects [10].

Given that the use of undermining for high-tension
wounds is seen as a necessity by most authorities, we
sought to investigate its utility in wounds of low to moder-
ate tension, a subset of patients where more clinical equi-
poise exists. In order to control for confounders including,
age, gender, race, and location, a split wound trial was
undertaken.

Methods
Study design

This prospective, 2-arm, randomized, evaluator-blinded
registered (Clinicaltrials.gov identifier: NCT02289859)
clinical trial took place at the University of California,
Davis outpatient academic dermatology clinic. Patients
were continuously enrolled between October 2014 and
November 2014 with follow-up completion in February
2015. Ethical approval was obtained through the Univer-
sity of California, Davis Institutional Review Board before
study commencement, and all patients provided verbal and
written consent to enrollment. To minimize the number
of uncontrolled variables, a split scar model was used, in
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congruence with past studies that have looked at cuticular
suturing techniques [11-13].

Patient eligibility and a priori power analysis

Patients were eligible if they were 18 years or older, able
to give informed consent, and undergoing primary linear
closure of cutaneous defect with predicted postoperative
closure length of greater than 3 cm on any anatomic site.
Wounds more than 3 cm in diameter or on the scalp were
excluded as we sought only to study outcomes in low to
moderate tension closures. An a priori power analysis with
90% power and an alpha of 0.05 indicated that 50 patients
would need to be enrolled to detect a 3-point difference in
the POSAS scale, assuming a standard deviation (SD) of
6 (pmid 25,619,206) and an attrition rate of 20%.

Randomization, allocation, concealment,
and interventions

The surgical wounds were divided in half and labeled as “A”
and “B,” with “A” always superior relative to the patient or
on the left side from the surgeon’s perspective and “B” the
opposite of “A.” A randomization list was generated before
study recruitment from the website random.org. This list
was then transferred in an excel file and uploaded onto the
randomization module of a web-based study data capture
system (REDCap) [14] by a clinic staff member uninvolved
in recruitment, intervention, and assessment. One side was
randomized to receive no undermining and the other side to
receive 2 cm of undermining. Undermining was performed
using the sharp technique which allows better control of the
plane of dissection than blunt undermining.!All undermin-
ing was performed in the superficial subcutaneous plane, to
minimize chances of motor nerve damage. [1] The size of
the suture material and placement interval for wound clo-
sure was determined by the individual surgeon but was kept
the same for both sides of the wound. Wound closure was
accomplished in standard bilayered fashion with buried ver-
tical mattress sutures using polyglactin 910 for deep sutures
and 5-0 fast absorbing gut for cuticular sutures. After sutur-
ing was completed, white petrolatum ointment was applied
to the entire length of the wound, followed by a sterile
pressure dressing. Wound care instructions were given in
verbal and written format. Patients were instructed to avoid
strenuous activity for one week, to change their dressings
daily, and to apply petrolatum ointment using a cotton-tipped
applicator to the entire wound daily for 1 week or until the
wound was fully healed. Follow-up arrangements were made
for 3 months for study purposes and routine patient care.
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Assessments

The primary outcome of cosmetic appearance of the
scar, as determined by the sum of the components of the
observer portion of the Patient and Observer Scar Assess-
ment Scale (POSAS), was evaluated 3 months after sur-
gery. Assessments of surgical scars at 3 months are at least
moderately correlated with those at 12 months, and differ-
ences in interventions tend to diminish with time. [15-17]
Thus, if no difference in outcomes is seen at 3 months, it
is unlikely any will be seen at a later timepoint. Second-
ary outcomes included the sum of the components of the
patient POSAS assessments, scar width (measured at 1 cm
from the midpoint of the scar for both halves), and com-
plication rates.

The POSAS [15] is a validated outcome instrument
for assessing outcomes of scars. The POSAS is based on
a 10-point scoring system with 1 representing normal-
appearing skin and 10 representing the worst scar imagina-
ble. The total score ranges from 6 to 60 with a lower score
representing more normal appearing skin on the scale. The
POSAS has been validated when 2 independent observers
are used [18] and has been used in numerous surgical stud-
ies [12, 13, 17, 19-25]. The scar outcome was evaluated
in person by the patient and 2 blinded observers who were
not present during the intervention.

The REDCap* electronic web-based data capture tool,
hosted by The University of California Davis Medical
Center, was used to capture and manage study data.

Statistical analysis

Data were examined based on an intention-to-treat analy-
sis. Summary statistics were used to describe the baseline
demographic and clinical characteristics of the patient
population. Pairwise comparisons were used at 3 months
after the procedure to analyze the differences between the
use of undermining and no undermining of wounds in
investigator scar assessment, patient scar assessment, and
surgical complications.

The Wilcoxon matched-pairs signed-rank test was used
to determine the equality of matched pairs of observations
for surgical outcome variables, which were binary. The
null hypothesis of this test is that both distributions are
the same. For the continuous outcomes of investigator-
assessed and patient-assessed scar appearance and symp-
toms, a paired ¢ test was used to compare the differences
between portions of the wound which were undermined
versus those that were not undermined. All results achiev-
ing P <0.05 (two-tailed) were considered statistically sig-
nificant. The analyses were performed with STATA/MP 13
(College Station, Texas).

Results

Fifty-four patients were screened and 50 were enrolled to
achieve the recruitment goal of 50 patients (Table 1). Forty-
eight patients (96%) returned for follow-up (Fig. 1). Thirty-
one subjects were male (64.6%) and 100% were white. A
fellowship trained dermatologic surgeon performed the
study intervention in 14 (29.2%) cases, a dermatologic sur-
gery fellow in 15 (31.3%) cases, and a dermatology resident
under direct supervision of a fellowship trained dermato-
logic surgeon in 19 (39.6%) cases. Thirty-three sites were
on the head or neck (66%), with a mean wound length of
5.4 cm (Table 1).

For the primary outcome measure, the mean sum of the
POSAS component scores of the blinded reviewers, there
were no significant differences between the undermined

Table 1 Baseline characteristics of study population and surgical pro-
cedure data

Characteristics Total
Patients/surgical sites, No
Enrolled 50
Completed 48
Mean age, y (SD) 67.6(11.5)
Sex, No. (%)
Male 31(64.6)
Female 17(35.4)
Race, No. (%)
White 48(100)
Procedure type, No. (%)
Mohs 32(75.0)
Excision 16(33.3)
Surgical site, No. (%)
Forehead 5(10.4)
Temple 6(12.5)
Preauricular 4(8.3)
Cheek 6(12.5)
Chin 1(2.1)
Neck 11(22.9)
Chest 1(2.1)
Back 6(12.5)
Shoulder 3(6.3)
Arm 4(8.3)
Leg 12.1)
Wound closure length, mean (SD), cm 5.4(1.5)
Mean follow-up time, mean (SD), months 3.2(0.36)
Surgeon, No. (%)
Attending 14(29.2)
Fellow 15(31.3)
Resident 19(39.6)
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54 Patients screened

4 Excluded
1 No time
1 Not able to follow up
1 Concerned about scar
1 Reason not given
v

50 Patients enrolled

\

2 Lost to follow-up

A4

48 Patients completed follow-up

Fig.1 CONSORT Diagram. Screening, enrollment, and follow-up of
study patients

area [12.0 (SD 6.05)] and the non-undermined area [11.1
(SD 4.68)] (Table 2). There were no significant differences
between the two interventions at 3 months for all of the
subcategory scar outcomes such as vascularity, pigmenta-
tion, thickness, relief, pliability, surface area, and over-
all blinded observer opinion as well as the mean patient
POSAS scores for pain, itching, color, stiffness, thickness,
irregularity, and overall opinion. (Table 2). There was also
no statistically significant difference between the mean
width of the undermined side [1.29 mm (SD 1.11)] and
the mean width of non-undermined side [1.22 mm (SD
1.17)] (P=0.65).

@ Springer

There were no significant differences in complication
rates for either intervention at 3-month follow-up (Table 3).
There were 3 cases of infection on the undermined side
and 2 cases of infection on the non-undermined side. Two
of these sides affected by infection were from one partici-
pant. Another participant experienced a hematoma of the
entire wound. There was also 1 case of bleeding of the
undermined side and 2 cases of suture granuloma noted
of the non-undermined side. Wound dehiscence, seroma,
uneven edges, and wound contour abnormalities were not
observed.

Discussion

For wounds under perceived low to moderate tension, there
was no statistically significant difference in the appear-
ance of scars resulting from primary closure of cutaneous
defects when using undermining versus not undermining the
wound as rated by 2 blinded observers and the participants
of the study. Complications also did not significantly differ
between the two intervention arms.

Undermining is widely considered an important technique
in cutaneous surgery with many espousing its benefits. How-
ever, most data supporting its benefits come from animal
studies. A study in a guinea pig model showed that under-
mining prevented the development of trapdoor deformities
in undermined circular wounds repaired with transposition
flaps versus those which were not undermined [26]. Stud-
ies done in pig models have found that wound undermin-
ing reduces skin tension when compared to imbrication and
intraoperative expansion [5, 8].

The extent of wound undermining may also have vary-
ing effects. Cox et al. found a difference in the effects of
undermining on narrowly and broadly based flaps in pig
models [3]. They demonstrated that as the area of under-
mining is increased, the force of advancing the edge of a
flap in narrowly based flaps decreases, whereas there is an
increase in shearing force for broadly based flaps that is
proportionate to the circumference of the area undermined
[3].

Quantitative effects of undermining have also been dem-
onstrated in human patients undergoing scalp reduction
surgery for the correction of male pattern baldness [27].
Undermining of scalp flaps in the subgaleal plane at ranges
of 1, 5, and 15 cm laterally in both directions from a lon-
gitudinal incision of a reversed Y scalp incision showed
that the greatest decrease in the tension required for flap
advancement occurred with undermining in the 5 cm range.
Additional undermining did not significantly decrease the
tension required to advance the flap [27].
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Table 2 Observer and patient

. Scar assessment POSAS score mean (SD) P value
POSAS scores and scar width at
3-month follow-up Undermining side No undermining side
Observer POSAS, mean (SD)
Vascularity 2.28(1.60) 2.18(1.27) 0.6634
Pigmentation 1.39(0.78) 1.35(0.60) 0.8924
Thickness 1.93(1.27) 1.66(0.89) 0.1016
Relief 2.19(1.37) 2.05(1.13) 0.5814
Pliability 1.85(1.25) 1.66(0.92) 0.3020
Surface area 2.38(1.46) 2.25(1.18) 0.7039
Total POSAS 12.0(6.05) 11.1(4.68) 0.4205
Overall opinion 2.31(1.19) 2.34(1.19) 0.6005
Patient POSAS, mean (SD)
Pain 1.32(1.14) 1.04(0.29) 0.0964
Itching 1.11(0.37) 1.19(0.61) 0.2093
Color 3.72(2.56) 3.40(2.25) 0.6521
Stiffness 3.72(2.80) 2.83(1.97) 0.0876
Thickness 2.68(1.98) 2.13(1.51) 0.0893
Irregularity 3.51(2.76) 2.74(2.14) 0.0854
Total POSAS 15.88(9.07) 13.33(6.20) 0.0832
Overall impression 3.15(2.45) 2.77(2.00) 0.4663
Scar width®, mean (SD), mm 1.29(1.11) 1.22(1.17) 0.6541

SD standard deviation, POSAS patient observer scar assessment scale

“The scar width was measured 1 cm from midline

Table 3 Complications at 3-month follow-up

Complication Incidence (%) P value
Undermined Non-undermined
side side
Infection 3 2 0.3173
Hematoma =
Other 18 2° 0.5637
“Bleeding

bSpitting suture
“P value could not be calculated when the complication occurred in
the same patient

We have only identified a single study, other than ours,
that addresses the cosmetic effects of undermining in human
subjects [10]. In this randomized clinical trial by Huang
et al. circular wounds less than 2 cm in diameter resulting
from excision of benign lesions were randomized into a non-
undermined group versus wounds which were undermined
at a range of 5, 10, and 15 mm. All wounds were allowed
to heal by secondary intention. There were no statistically
significant differences in the rates of complications between
groups. A statistically significant difference was found in
scar width between the control and 10 mm range undermin-
ing group. Scar appearance as rated by the Visual Assess-
ment of Linear Scars (VALS) tool showed an improvement

as the range of undermining increased, but no statistically
significant difference was found between the 10 and 15 mm
undermining group.

Our results demonstrate findings different to what is com-
monly advocated in the literature. This may be related to the
smaller excisions performed in our study and the resulting
decreased tension that would not necessarily require under-
mining. Not undermining during wound closure may help
decrease operative time as well as the possible adverse effects
of undermining. While undermining may be of more impor-
tance in larger wounds and/or wounds that are under greater
tension, our study does not address this situation.

There were many strengths of this study including a priori
power analysis, true randomization, blinded observer assess-
ment, allocation concealment, use of a validated outcome
instrument, low attrition rate as well as surgeries performed
by physicians with a variety of experience levels. Surgical sites
were also done on various parts of the body.

Limitations of this study include that it was done at a single
center with participants who were primarily elderly Caucasian
males. Additionally, the optimal amount of undermining is
not known. We used 2 cm, but more or less undermining may
have resulted in different outcomes. Clearly, our study does
not address wounds under high tension, where undermining
would theoretically have the most potential benefits. Finally, as
in clinical practice, no scientific method was used to measure
wound tension.

@ Springer
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Fig.2 Clinical images of representative subject outcomes assessed at
3 months. A (Right lateral neck) Side A was undermined. B (Right cheek)
Side A was undermined

@ Springer

Conclusion

There was no significant difference in scar outcome
between undermined side and non-undermined side of
wounds under moderate to low perceived tension. Com-
plication rates were similar for both interventions.
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