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Effects of lesion size, shape, and resection amount on
the final length of the scar in staged excision: An animal
experiment in pigs

Jinwook Jeong', Minwoo Park?, Background In staged excision procedures, it is difficult to estimate the number of ex-
cisions that will be required and the extent of scar lengthening. The purpose of this
study was to investigate the effects of the size, shape, and resection amount of lesions
on the outcomes of staged excision through an animal experiment.
Reconstructive Surgery, Keimyung Methods In total, 20 ellipses with five different designs (n=4) were evaluated on pig skin.
University School of Medicine, Daegu, The experiment consisted of two groups: group 1 had excisions of the same length,
Korea but with different widths, while group 2 had excisions of the same size, but with differ-
ent amounts of resection. The size of the lesions and the amount of resection were an-
alyzed in terms of the ratio of length (long axis) and width (short axis) (S/L ratio).
Results In the first group, initial ellipses measuring 5x4, 5x3, and 5x2 cm increased in
size to 9.25+0.07 (185%), 8.55+0.07 (171%), and 8.10+0.14 cm (162%), respectively. In the
second group, in which all ellipses measured 5x3 cm, those with a resection amount of
5x1.5, 5x2, and 5x2 cm with a fish fin grew to 8.75+0.15 (175%), 8.55+0.07 (171%), and
8.60+0.17 cm (172%), respectively. In group 1, the larger the S/L ratio, the longer the final
length. In group 2, a greater resection amount was associated with a shorter final length.
Conclusions We believe that the measurements of this study in terms of shape, size,
and excision amount will be reasonable predictive references for staged excision pro-
cedures.
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INTRODUCTION

Single-stage complete excision of a large scar and nevus without
distortion of the normal anatomy is challenging. Therefore, tissue
expansion and other reconstructive options have been adopted to
solve these problems [1]. Staged excision is used to remove large
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lesions in multiple steps under local anesthesia with an interval of
6 to 12 months.

Staged excision, which was first described in plastic surgery in
1915 by Morestin [2], is a well-established technique that remains
important for removing congenital nevi, areas of alopecia, tattoos,
and scars [3]. Staged excision relies on the principle of recruitment
of adjacent normal skin through the stress relaxation property of
skin at each procedure to cover a defect in stages [4]. Many other
treatment options have been proposed, but staged excision is still
the preferred treatment modality for congenital nevi if the lesion
can be excised in three or fewer stages without distorting the adja-
cent structures.

In the surgical treatment of skin lesions, it is very important to
minimize scar lengthening, wound dehiscence, skin necrosis, and
anatomical disfiguration without using a local flap or tissue expan-
sion. Therefore, staged excision is often the reconstructive option
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of choice [5]. Nevertheless, some considerations should be kept in
mind when performing a staged excision, including the number of
excisions, the amount excised at each stage, and the excision pat-
terns. Estimating the scar length after a series of excisions is also
difficult because every lesion is unique in terms of its size, shape,
and location. Previous studies of staged excision did not provide
much information regarding these issues, and textbooks present
the basic principles and technique to a very limited extent [2-5].

To address this gap in the literature, an animal study was per-
formed to investigate these elements in a second-stage procedure
to determine the most effective method for minimizing scar length-
ening. The purpose of this study was to investigate the effects of the
size, shape, and resection amount of lesions on the outcomes of
staged excision through an animal experiment.

METHODS

Animal experiments

Staged excisions were performed on the backs of pigs, the skin of
which has been proven to be similar to that of humans. This study
was carried out in accordance with the regulations outlined by the
Keimyung University Animal Research Ethics Committee. Two fe-
male Yorkshire pigs (3 months old, weighing 40 kg) without skin
disease were used. The environment was maintained from 20°C to
23°C and 65% humidity, with a 12-hour light/dark cycles.

Sedation was performed using an intramuscular injection of 2.2
mg/kg azaperone (Stresnil, Janssen, Beerse, Belgium), and 37 mg/
kg propofol (Diprivan-PFS, AstraZeneca Korea, Seoul, Korea) was
injected into the external ear vein to induce anesthesia. Glucuronic
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Fig. 1. Design of the ellipse and first-stage excision patterns with
the same ratio of excision. (A) Type A: an ellipse measuring 5x4 cm,
from which two-thirds of the area (5x2.66 cm) was excised in the
first-stage excision and a full-thickness skin defect was made. (B)
Type B: an ellipse measuring 5x3 cm with a 5x2 c¢cm first-stage exci-

sion. (C) Type C: an ellipse measuring 5x2 cm with a 5x1.33 c¢m first-
stage excision.

acid chlorohexidine (Microshield; Johnson & Johnson, New Bruns-
wick, NJ, USA) and povidone-iodine were used for sterilization af-
ter shaving the thick hairs with a razor.

Model designs

The models were divided into two groups: group 1 had defects with
an elliptical shape, with a length (long axis) of 5 cm, but three dif-
ferent widths (short axis) (4 cm, 3 cm, and 2 cm). In this group, the
first excision was performed with the same ratio (two-thirds of the
original size). The ratio of length (long axis) and width (short axis)
(S/L ratio) was used as a measure of the size and shape. The S/L ra-
tio was calculated using the following formula:

S/L ratio =short axis (width)/long axis (length)

Supposing that the length of the long axis is the same, a larger S/
L ratio would result in a larger size and a rounder shape, and a small-
er S/L ratio would result in a smaller size and a more elliptic shape.
The area of the ellipse can be calculated as ellipse area is A =7 xlong
axis/2 x short axis/2 and the long axis length. If the length of the
long axis remains the same, the area will be proportional to the
short axis. Two-thirds of the original area could be excised in the
first stage by choosing two-thirds of the short axis length as the ex-
cision point. Therefore, the nevi comprised ellipses measuring 5 x4,
5x3, and 5x2 cm, resulting in S/L ratios of 0.8, 0.6, and 0.4, re-
spectively. Therefore, the first excised elliptical areas were 5 x 2.66
cm, 5%2 cm, and 5x1.33 cm, with S/L ratios of 0.53, 0.40, and
0.26, respectively (Fig. 1).

In the second group, elliptical defects were designed with the
same size, 5% 3 cm, but with three different excision areas. The
amounts of the first excised areas were as follows: 5x2 cm, ellipti-
cal; 5% 2 cm, elliptical with two fish fins; and 5x 1.5 cm, elliptical
(Fig. 2). These shaped yielded S/L ratios of 0.4, 0.4 with fish fins,
and 0.3, respectively. The new design was composed of one ellipse

Fig. 2. Design of the ellipse and excision patterns with various amounts
of excision. (A) Type D: an ellipse measuring 5x3 cm and a 5x1.5 cm
first-stage excision. (B) Type E: an ellipse measuring 5x3 cm, from
which an area measuring 5x2 cm with two fish fins was excised in
the first-stage excision and closed.
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and two fish fins on both lateral quarters of the arc of an ellipse di-
agonally. The size of the base of the fish fin was 1 cm, and the height
was designed to be directly under the lesion (Fig. 3). Therefore,
more tissue could be excised, which was expected to reduce the
scar length. The first and second groups had the same ellipse mod-
el (5% 3 cm) as a control, resulting in a total of five different staged
excision models. Since cephalic wounds contract more quickly in
pigs, the defects in each experimental group were placed between
the scapula and the iliac crest [6].

Staged excision

A predesigned excision pattern was drawn on the skin over the
paravertebral muscles of the pigs with a permanent marker. Each
design was set with a spacing of 8 cm to reduce mutual influence.
The first excision was performed with a No. 10 scalpel blade, and
consequently a full-thickness skin defect above the fascia was made.
Subsequently, the area of minimal skin undermining was closed

with Vicryl 2-0 and Nylon 2-0 sutures. The second excision was
performed 2 weeks after the first excision, and all remaining areas
were excised with a fusiform ellipse shape. The vertex angle of both
ends of the fusiform ellipse was consistently 30° in all procedures.
Subsequent treatments included sterile wound dressing and antibi-
otic injections after the procedure. The wounds were treated in the
same way in each animal according to a predefined protocol.

Measurements and statistical analysis

The lengths of the long and short axis were measured with a paper
ruler at the first and second excision preoperatively and postopera-
tively. The S/L ratio was simultaneously calculated. For the statisti-
cal analysis, the t-test (R statistical package, version 3.6.1; R Foun-
dation for Statistical Computing, Vienna, Austria) was used to ana-
lyze differences in length in each group. To explore group-by-group
differences, the Tukey honest significant difference (R statistical
package, version 3.6.1) was used.

Fig. 3. (A] Preoperative design of fish fins (arrows] in the first-stage excision. (B) Postoperative view of the first-stage excision. In the second-
stage excision, the apices were brought closer together perpendicularly (thin arrows), whereas the central portion was stitched diagonally

(thick arrows).

Table 1. Summary of the experiment and results of the first group

Table 2. Summary of the experiment and results of the second group

First stage (cm) Second stage (cm)

First stage (cm) Second stage (cm)

. Ellipse
Type Design Ellipse - ; Type Design size - -
YP size (cm) Excision After Desian Final Excision After Desian Final
amount  excision 9 length (cm) amount excision 9 length
A 5x4 5.00x2.66 5.98x1.65 8.60x2.20 9.25+0.07, B @ 5x3 5.00x2.00  5.43x1.40 7.25x1.75 8.55+0.07,
(0.8) (0.53) (0.28) (0.26) P<0.05Y (0.6) (0.40) (0.26) (0.24) P<0.01?
B 5x3 5.00x2.00 5.43x1.40 7.25x1.75 8.55+0.07, D @ 5x3 5.00x1.50  5.50x1.53 8.50x2.30 8.75+0.15,
(0.6) (0.40) (0.26) (0.24)  P<0.01? (0.6) (0.30) (0.28) (0.27)  P<0.0717
C 5x2 5.00x1.33 5.05x1.23  6.90x1.60 8.10+0.14, E @ 5x3 5.00x2.00  5.15x1.18  8.37x2.13 8.60+0.17,
= 04 (0200 (024) (023 P<0.05° (0.6) Fish-finshape (0.23]  (0.25)  P<0.017

The values in parentheses indicate the ratio of length (long axis) and width
(short axis).
IStatistically significant.
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The values in parentheses indicate the ratio of length (long axis] and width
(short axis).
Statistically significant.
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RESULTS

In total, 20 ellipses with five different designs (n=4) were created
and there were no specific complications except for re-suturing of
two ellipses measuring 5x4 cm due to wound dehiscence on the
first day postoperatively, which may have resulted from wound
tension. As the pigs grew, two points marked as 5 cm apart became
5.2 cm and 5.3 cm apart, respectively, after 2 weeks. The observed
length differed between after the first excision and 2 weeks later
due to creep and relaxation, as well as growth (Tables 1, 2).

In the first group, with defects of the same length but different
width; the initial 5x4 cm ellipse grew to 9.25+0.07 cm (185% lon-
ger than the original length) after the final excision. The initial
5x 3 cm ellipse increased in size to 8.55+0.07 cm (171%) after the
final excision. The initial 5 x 2 cm ellipse increased in size to 8.10 +
0.14 cm (162%) after the final excision (Table 1). The increase in fi-
nal length was directly proportional to the S/L ratio.

In the second group, with ellipses of the same size and different
amounts of excision, the ellipse with an initial excision of 5x 1.5
cm increased in size to 8.75+0.15 cm (175%) after the final exci-
sion. The ellipse with an initial excision of 5x2 cm grew to 8.55+
0.07 cm (171%) after the final excision (Table 2). Therefore, a larger
first-stage excision resulted in a smaller secondary excision, which
reduced the final length. The fish-fin pattern was lengthened to
8.60+0.17 cm (172%) (Table 2).

In most cases, the differences in length were statistically signifi-
cant. In all types, the differences between the final length (second
measurement) and initial length were statistically significant. Type
C had the smallest average difference between the final length and
initial length, followed by types B, E, D, and A. In other words, on
average, the two dots grew apart the least when the incision meth-
od of type C was used (3.1 cm increase), and the dots grew apart
the most when the incision method in type A was used (4.25 cm
increase).

Analysis of variance revealed that there was a statistically signifi-
cant difference among the five different incision types, with higher
than 99.9% confidence. The difference in the final excision length
between type B and type A was —0.7 cm; in other words, the final
excision length in type B was 0.7 cm shorter than that in type A.
With 95% confidence, the difference between type B and type A was
between 0.2 cm and 1.20 cm. The difference between types A and
B was statistically significant at a 99% level (P.g;<0.01).

DISCUSSION

This study demonstrated that in staged excision procedures, larger
lesions and those with a rounder shape resulted in longer and when
a large amount of tissue was surgically resected in the first stage of
excision the final scar is shorter final length. This result was expect-
ed. However, to the best of our knowledge, no previous papers

have published objective measurements regarding this phenome-
non [2-5]. The primary advantage of this study is that in the skin of
pigs, which most closely resembles human skin [7,8], lesions were
created and resected under specific conditions to obtain objective
measurements.

The standard technique of staged excision is a series of elliptical
excisions. Many studies of elliptical excisions have been published,
and most common pattern used is a fusiform ellipse with a vertex
angle of 30° or less and a length-to-width ratio between 3:1 to 4:1
to minimize the formation of dog ears, as these ratios result in a
long scar without the tissues bunching up at the ends [9]. The choice
of a length-to-width ratio depends on the case and the surgeon’s
preference. Tilleman et al. [10] reported a mean length-to-width
ratio of 3.13:1 (S/L ratio=0.32) in 26 non-melanomatous malig-
nant tumor excisions. This ratio, which was selected as a reference
and expressed as a simple S/L ratio, is quite useful because it re-
flects whether nevi have an elliptic or circular shape. A S/L ratio
close to 1 corresponds to a circular ellipse, while a ratio of 0 reflects
a shallow ellipse. Complete excision of an ellipse with an S/L ratio
of 0.34 without a dog ear required lengthening of the long axis,
which maximized the scar length after complete excision. Perform-
ing another repeat excision in a case with a relatively high S/L ratio
reduced the final scar length. Therefore, one of the factors that
contributes to the formation of a longer final scar is the height of
the extrusion of an ellipse. This means that the height of the extru-
sion of the ellipse is proportional to the length of the long axis and
the final scar [11].

In the ellipses measuring 5x4, 5x3 and 5x2 cm, the S/L ratio
changed from 0.8 to 0.28, from 0.6 to 0.26, and from 0.4 to 0.24 af-
ter the first excision, and the final ratios were <0.32. Therefore, a
two-stage excision is sufficient to complete the excision without in-
creasing the long axis and vertical angle (6). This suggests that if
the S/L ratio is >0.32 after the first excision of a lesion, the staged
excision should be repeated before the final stage to minimize final
scar lengthening,

In the model where the ellipses were of the same size, but with a
different amount of excision, the findings for 5x 3 cm ellipses with
a5x2or5x 1.5 cm excision suggest that the first excision amount
has an impact on the final scar length. Every effort should be made
to excise more tissue during the first excision, to the extent that is
possible to approximate the skin approximate without a high level
of tension despite the existence of a dog ear or depression. A de-
pression, dog ear, or widened scar after the first excision can be re-
solved in the final excision, during which the surgeon should focus
on reducing the level of tension and scar length, as well as mini-
mizing the deformity and dog ear to improve the aesthetics. How-
ever, it is important to keep in mind that wound healing should be
satisfactory between surgery.

A modified S-plasty distributes the vectors of tension in two dif-
ferent directions: at the apices and in the central part. The apices
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Fig. 4. Clinical application of the fish-fin design. (A) The position of
the fish fin (arrow) can be changed according to the geometric shape
of the lesion. However, the incision should not be gathered in one
place in the form of a cross. (B) Immediate postoperative view of the
first-stage serial excision. (C) Ten months after the first-stage oper-
ation, the lesion was wider than it was immediately after the opera-
tion. (D) After the third-stage excision, the lesion was completely re-
moved and there was no change in surrounding structures.

are brought closer together perpendicularly, whereas the central
portion is stitched diagonally. The closure of this final part is ac-
complished by applying oblique traction on the edges and distrib-
uting the vector of tension in a different direction from the apices.
This provides a greater inclination of the axis of the suture, and trac-
tion on the suture line can be reduced by approximately one-third
compared to a simple elliptical excision [12]. In addition, the height
of the extrusion is also reduced by approximately 40% [13]. This
inspired us to make a new design, in which two small fish-fin exci-
sions are added on the opposite site of the ellipse. In this experi-
ment, the fish-fin group was expected to show the shortest length
from the geometric point of view, but the results were not signifi-
cantly different from those of type B. The reason for this is that the
length was the shortest immediately after the first operation, but
the effect was lost during the wound healing period before the sec-
ond operation. Therefore, choosing a design that maximizes the
amount of excision is a favorable method in principle, but the un-
derlying procedures may be too complicated to affect wound heal-
ing.
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However, in actual clinical circumstances, the fish-fin shape was
very useful in cases where the lesion was large enough or had a geo-
metric shape for which the fish-fin design could be applied well
(Fig. 4).

The primary limitation of our study is the small number of el-
lipses in each group. However, since this was an animal experiment
involving basic biological research and the standard deviation of
the measurements in each group was small, the measurements in
this study can serve as a reasonable reference for predicting the re-
sults of staged excision.

The main purpose of performing staged excision for a lesion,
such as a nevus, is to eliminate the lesion completely and minimize
the final scar. The S/L ratio was used to estimate the scar lengthen-
ing and the number of excisions. To minimize the length of the fi-
nal scar, the majority of the area should be excised prior to the final
excision and the final excision should be performed with a lower S/
L ratio without tension. We believe that the measurements of this
study in terms of shape, size, and excision amount will serve as rea-
sonable predictive references for staged excision procedures.
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