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Summary Objectives: Although many surgical methods have been described for sacrococcy-
geal pilonidal sinus treatment, the best option is still controversial. We aimed to compare post-
operative outcomes of these different methods in terms of advantages and disadvantages.
Methods: The records of 320 patients undergone surgery for primary or recurrent pilonidal si-
nus between May 2013 and May 2017 were retrospectively analyzed. Demographical data, pre
operative stories, wound site infection, seroma development, wound dehiscence, time of heal-
ing, duration of return to work, and if there is any recurrence of 303 patients included in the
study were recorded. Upon wide local excision, the first surgeon performed marsupialisation
and the lay open technique, second surgeon performed vertical excision and primary closure,
third surgeon performed Limberg flap transposition and fourth surgeon performed Karydakis’
flap transposition.
Results: There was no significant difference between the patients in terms of demographical
characteristics. The duration of surgery was statistically significantly higher in primary closure
method (p Z 0.001). The mean duration of return-to-work was statistically significantly lower
in primary closure method (p Z 0.002). In primary closure method, the recurrence rate was
found to be statistically significantly higher than the other methods (p Z 0.009).
Conclusion: We do not suggest the use of primary closure method in treatment of pilonidal si-
nus. Because of lower rates of recurrence and shorter durations of return to work, the Karyda-
kis and Limberg methods are seen as safer methods when compared to lay-open and
marsupialization method.
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1. Introduction

Pilonidal sinus is an infectious disease prevalently observed
in the natal cleft and sacrococcygeal region. It generally
affects young, working-class males in the age group of
15e30 years1 and has a reported incidence rate of 26/
10.000 people per year.2 Despite the old theories arguing
that pilonidal sinus is congenital, it is currently considered
an acquired condition.3 The causative factors usually
include keratin plugs, presence of dermopathy, hair rem-
nants in the natal cleft and foreign body reactions related
to hair.4 Although various surgical methods have been
described for the treatment of patients with pilonidal sinus
to date, the ideal treatment remains debatable. A widely
accepted method, that decreases complication and recur-
rence rates and provides cosmetically acceptable outcomes
and short recovery period, currently remains unavailable.
However, the commonly used methods include Limberg flap
transposition, Karydakis flap transposition and primary
closure or allowing healing by secondary intention following
the complete excision of the cyst.5 The aim of this study
was to compare the advantages and disadvantages of these
different methods in terms of postoperative outcomes.

2. Methods

2.1. Study patients

The records of 320 patients who were operated for primary
or recurrent pilonidal sinus between May 2013 and May 2017
were retrospectively reviewed. Of these, 17 patients who
missed the scheduled follow-ups were excluded from the
study. The patients were operated by either of four sur-
geons each of who tended to use a different method. The
patients were classified according to surgical methods
used. The demographic data of the 303 patients included in
the study were recorded. Preoperative presence of an
infection or abscess, drain placement during surgery, time
of drain removal and early postoperative complications
were examined. Follow-up was scheduled for all patients as
control visits at 5 and 10 days following discharge; they
were evaluated for the development of wound site infec-
tion or seroma and wound dehiscence. The sutures were
removed on an average of 2 weeks following discharge.
Later, annual follow-ups were continued after 1-, 3- and 6-
month follow-ups. Recovery time, time to return to work
and presence of recurrence within a mean follow-up of
22.3 � 6.4 (13e48) months were recorded.

The patients with preoperative active infection were
operated following the administration of antibiotic treat-
ment, whereas those admitted with acute abscess were
operated 7e10 days after abscess drainage and adminis-
tration of antibiotic treatment. All patients preoperatively
received prophylactic administration of 1 g Cefazolin.
During operations, the patients were positioned in the jack-
knife position, with the gluteus being retracted from both
sides. Upon wide local excision, the first surgeon performed
marsupialisation and the lay open technique, second sur-
geon performed vertical excision and primary closure, third
surgeon performed Limberg flap transposition and fourth
surgeon performed Karydakis’ flap transposition. Drain
placement was performed in all patients who underwent
Limberg flap transposition and primary closure, and drains
were removed when the drainage volume decreased to less
than 20 cc/day. Presence of erythema, local warmth and
drainage of purulent materials were considered the signs of
wound site infection.

2.2. Surgical method

2.2.1. Marsupialisation and lay open technique
En bloc excision of the sinus was performed using a healthy
tissue up to the presacral fascia following the construction
of an elliptical incision encompassing all external orifices.
Mattress sutures were used which passed through the
following in this order: skin, subcutaneous tissue, fascia
and skin. Upon placement of all sutures, the suturing ma-
terial was secured without gaps.

2.2.2. Primary closure
The sinus was removed as a whole with the healthy tissue
up to the presacral fascia following the construction of an
elliptical incision including all external orifices.A drain was
placed into the cavity, and the subcutaneous tissues were
approximated by placing 2/0 absorbable sutures passing
through the subcutaneous tissue and presacral fascia.
Then, the skin was closed with a 3/0 non-absorbable
suture.

2.2.3. Limberg flap transposition
The tissue was excised up to the presacral fascia following
the construction of a rhomboid incision encompassing all
sinus openings. One end of the incision was extended up to
a similar length. A flap was prepared such as to include the
gluteal muscle fascia. Then, a drain was placed in the
cavity and one end of the drain was transported outside the
skin. Following the stabilisation of the bottom of the flap to
the presacral fascia in the cavity, the subcutaneous tissues
were closed with absorbable suture number 1. Next, the
skin was closed with a 2/0 non-absorbable monofilament
suture.

2.2.4. Karydakis’ flap transposition
An asymmetric and biconcave elliptical incision was con-
structed en compassing the external orifices of the sinus. In
the presence of a secondary cavity or induration on one
side of the ellipse, the incision was moved towards that
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Table 1 General distribution of all patients.

Age Mean � SD
(Min-Max)

24.0 � 6.7
(14e50)

Gender n (%) Male 244 (80.5)
Female 59 (19.5)

BMI Mean � SD
(Min-Max)

25.3 � 3.5
(15.17e44.5)

Primary/Recurrent Primary 270 (89.1)
Recurrent 33 (10.9)

Preoperative
Infection n (%)

Infected 82 (27.1)

Uninfected 221 (72.9)
Primary disease,

n (%)
270 (89.1)

Lay open 46 (17)
Primary closure 44 (16.3)
Limberg Flap 105 (38.9)
Karydakis’ Flap 75 (27.8)

Recurrent disease,
n (%)

33 (10.9)

Lay open 7 (21.2)
Primary closure 11 (33.3)
Limberg Flap 9 (27.7)
Karydakis’ Flap 6 (18.1)

Preoperative
Abscess
Drainage n (%)

22 (7.1)

n: number.

Table 2 General view of all operated patients without
group distinction.

Duration of operation (min),
mean � SD (Min-Max)

35.2 � 8.7 (20e60)

Abscess drainage n (%) 22 (7.3)
Drain n (%) 164 (54.1)
Wound site infection n (%) 47 (15.5)
Wound dehiscence n (%) 4 (1.3)
Seroma n (%) 16 (5.3)
Duration of hospitalization

(days)Mean � SD (Min-
Max)

2.1 � 1.1 (1e7)

Return to work (days)
Mean � SD (Min-Max)

10.7 � 6.5 (1e79)

Recurrence n (%) 13 (4.3)
Time of recurrence

(months)Mean � SD (Min-
Max)

10.8 � 7.7 (3e34)

Duration of follow-up
(months)Mean � SD (Min-
Max)

22.3 � 6.4 (13e48)

n: number.
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side. The vertical length of the incision was maintained at a
minimum of 5 cm, and its medial and lateral edges were
maintained at a 2-cm distance from the centre of the el-
lipse. A flap was prepared through the whole incision in the
medial edge of the incision using a cautery at a 1-cm depth,
maintaining it 2-cm inwards. Then, absorbable sutures
were used in the fatty tissue of the prepared flap, passing
through both surfaces. Later, a series of 2/0 absorbable
suture material and a series of sutures were placed along
the entire flap such as to pass them through the midline of
the presacral fascia. A second line of sutures with 2/
0 absorbable suture material was placed between the
bottom surface of the flap and fat tissue in the lateral to
approximate these two layers. Later, the skin was closed
with a 3/0 non-absorbable suture.

2.3. Statistical analysis

For statistical analyses, SPSS 15.0 for Windows software
package was used. Descriptive statistics are presented as
number and percentage for categorical variables and as
mean, standard deviation and minimum-maximum for nu-
merical variables. Because the numerical variables did not
show normal distribution, comparisons of more than two
groups were performed using KruskaleWallis test. Further,
subgroup comparisons were performed using
ManneWhitney U-test and interpreted with Bonferroni
correction. The rates in the groups were compared with
chi-square test, and Monte Carlo simulation was performed
for multi-span cell tables when Pearson’schi-square as-
sumptions were not met. Statistical alpha significance level
was accepted as p < 0.05.

The study design was in accordance with the guidelines
of the Declaration of Helsinki (Second revision, 2008) and
approved by the local ethics committee (09.05.2018/94-6).

3. Results

Of the included patients, 244 (80.5%) were male and 59
(19.5%) were female, and the mean age was 24.0 � 6.7
(14e50) years. Further, 270 (89.1%) patients were operated
due to primary pilonidal sinus and 33 (10.9%) due to
recurrent pilonidal sinus. Notably, there was no significant
difference among the groups in terms of age and body mass
index. Prior to operations, abscess drainage and anti-
biotherapy were performed in 22 (7.1%) patients, whereas
82 (26.7%) patients received antibiotherapy due to the
presence of an infected sinus. Following total excision, 114
(37.6%) patients underwent Limberg flap transposition, 81
(26.7%) underwent Karydakis’ flap transposition, 55 (18.2%)
underwent primary closure and 53 (17.5%) underwent
marsupialisation and wounds were allowed to heal by sec-
ondary intention (Table 1).

Irrespective of the groups, the mean operative time for
all patients was 35.2 � 8.7 (20e60) min. A drain was
placed in 164 (54.1%) patients, and the mean time to drain
removal was 2.3 � 0.6 (1e6.5) days.The mean length of
hospital stay was 2.1 � 1.11e7 days for all patients,
whereas the mean time to return to work was 10.7 � 6.5
(1e79) days. The patients were followed up for a mean
duration of 22.3 � 6.4 (13e48) months. Wound site
infection was observed in 47 (15.5%) patients, seroma in 16
(5.3%), wound dehiscence in 4 (1.3%) and recurrence in 13
(4.3%) (Table 2).

When the patients were grouped according to surgical
methods, no significant difference was observed among the



Table 3 Evaluation of preoperative characteristics according to repair methods used.

Lay Open Primary Closure Limberg Flap Karydakis Flap P value

Age Mean � SD (Median) 25.5 � 7.8 (24) 23.6 � 5.3 (22) 24.1 � 6.9 (22) 23.1 � 6.2 (22) 0.276
Gender n (%) Male 45 (84.9) 46 (83.6) 96 (84.2) 57 (70.4) 0.063

Female 8 (15.1) 9 (16.4) 18 (15.8) 24 (29.6)
BMI Mean � SD (Median) 26.0 � 3.1 (26.2) 25.6 � 2.9 (26) 25.2 � 3.7 (25) 25.3 � 3.6 (25.1) 0.08
Primary/Recurrent Primary 46 (86.8) 44 (80.0) 105 (92.1) 75 (92.6) 0.07

Recurrent 7 (13.2) 11 (20.0) 9 (7.9) 6 (7.4)
Preoperative infection n (%) Infected 18 (34.0) 15 (27.3) 23 (20.2) 26 (32.1) 0.167

Uninfected 35 (66.0) 40 (72.7) 91 (79.8) 55 (67.9)

n: number.
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groups in terms of demographic data such as age, sex and
BMI. Similarly, presence of preoperative infection was not
significant among the groups. Further, there was no signif-
icant difference among the groups regarding whether
operation was performed due to primary or relapse piloni-
dal sinus (Table 3).

When the patients were grouped according to the
methods used, a significant difference was observed
among the groups in terms of the mean operative time,
drain usage rates and mean time to return to work
(p Z 0.009, <0.001 and 0.009, respectively). The opera-
tive time was significantly longer in the primary closure
group than in the other groups (p Z 0.001). It was believed
that this longer time was due to surgeon-specific factors.
No drain was placed for the lay open and Karydakis’ flap
transposition groups. The rate of drain usage was higher for
the primary closure and Limberg flap transposition groups.
Further, the mean time to return to work was significantly
lower for the primary closure group than for the other
groups (p Z 0.002). While there was no significant differ-
ence in terms of follow-up duration among the groups, the
prevalence of relapse within the follow-up period was
found to be significantly higher in the primary closure
group than in the other groups (p Z 0.009). Notably, there
were no significant differences among the groups in terms
of wound site infection, wound dehiscence and develop-
ment of seroma (Table 4).
Table 4 Characteristics of operation according to pilonidal sinu

Lay-open

Duration of operation (minute)
Mean � SD (Median)

34.3 � 6.4

Drain n (%) 0 (0.0)
Wound site infection n (%) 5 (9.4)
Wound dehiscence n (%) 0 (0.0)
Seroma n (%) 1 (1.9)
Duration of hospitalization (days)
Mean � SD (Median)

2.2 � 1.2 (2

Return to work Mean � SD (Median) 11.4 � 4.0
Recurrence n (%) 3 (5.7)
If recurrence occurred (months),Mean � SD (Median) 10.0 � 4.4
Follow-up duration (months)
Mean � SD (Median)

21.8 � 6.8

n: number.
a Statistically significant.
When the groups were classified according to surgery for
relapse or primary pilonidal sinus, there was no significant
difference between the relapse and primary patients in
terms of postoperative complications (Table 5).
4. Discussion

The debate over the treatment of pilonidal sinus remains
unsettled to date. However, maintenance of adequate hy-
giene and removal of the hair in the related region are
accepted as prerequisites for its treatment.6 Wound care
following pilonidal sinus surgery is a difficult process
requiring close monitoring. Various methods have been
described for the treatment of patients with pilonidal sinus,
but high recurrence rates continue to be an important
problem.7 Secondary infections have been implicated as
the cause of early recurrence, whereas an inability to
eliminate the physiopathological process that has caused
the disease has been associated with late recurrence.3 Poor
wound care, an inability to completely remove the cyst or
draining tract, recurrent hair follicle infection and midline
scars are considered the most important causes of recur-
rence.3 Healing with granulation being more susceptible to
hair penetration and flattening of the large natal cleft are
factors that cause recurrence following treatment with the
lay open technique.8
s repair methods.

Primary closure Limberg flap Karidakis flap P value

(30) 39.3 � 11.2 (35) 34.6 � 7.9 (30) 33.7 � 8.4 (30) 0.009a

52 (94.5) 112 (98.2) 0 (0.0) <0.001a

8 (14.5) 23 (20.2) 11 (13.6) 0.301
2 (3.6) 0 (0.0) 2 (2.5) 0.099
1 (1.8) 8 (7.0) 6 (7.4) 0.303

) 2.2 � 1.2 (2) 2.1 � 1.0 (2) 1.9 � 1.1 (2) 0.473

(10) 9.5 � 4.1 (8) 10.5 � 7.0 (9) 11.3 � 8.3 (10) 0.009a

5 (9.1) 3 (2.6) 2 (2.5) 0,01a

(12) 14.8 � 10.9 (12) 7.0 � 4.6 (6) 8.0 � 2.8 (8) e

(21) 22.7 � 6.8 (22) 22.7 � 6.2 (23) 22.0 � 6.1 (22) 0.681



Table 5 Evaluation depending on whether operation was performed due to primary or relapse pilonidal sinus.

Lay-open Primary closure Limberg flap Karidakis flap P value

Wound site infection n (%)
Primary disease 4 (80) 6 (75) 18 (78.2) 8 (72.7) 0.39
Recurrent disease 1 (20) 2 (25) 5 (21.8) 3 (27.3)

Wound dehiscence n (%)
Primary disease 0 (0,0) 2 (100) 0 (0.0) 2 (100) e

Recurrent disease 0 (0) 0 (0)
Seroma n (%)

Primary disease 1 (100) 1 (100) 6 (75) 5 (83.3) 0.33
Recurrent disease 0 (0)) 0 2 (25) 1 (16.7)

Relapse n (%)
Primary disease 2 (66.7) 4 (80) 2 (66.7) 2 (100) 0.34
Recurrent disease 1 (33.3) 1 (20) 1 (33.3) 0 (0)

-: could not be calculated due to inadequate number of patients.
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The most important causes of morbidity during the early
postoperative period include wound site infections,
seroma, wound dehiscence and flap necrosis.9 Their prev-
alence rates vary depending on the surgical method used.
An ideal method should reduce these complications while
providing early recovery, early return to work and good
cosmetic outcomes and have a low recurrence rate. The
patients in the present study underwent Limberg flap
transposition, Karydakis’ flap transposition, primary closure
and marsupialisation followed by allowing wound healing by
secondary intention after performing total excision.

Reportedly, allowing wound healing by secondary
intention is associated with shorter length of hospital stay
and lower rate of recurrence, but no significant difference
has been reported in terms of wound site infection.2,9,10

The disadvantages of this method include prolonged
wound healing and requirement of wound dressing for a
longer period. However, there have also been studies
reporting that postoperative infection is observed more
frequently using the lay open technique than using the
primary closure or other methods involving flap trans-
position.11 In a meta-analysis conducted by McCallum
et al., the time to return to work was reported to be 17
days using the lay open technique.2 Recent studies have
reported a recurrence rate of 1% during a 1-year follow-up
and a rate of 14.3% during a 2-year follow-up.12,13 In our
study, the mean time to return to work was 10 (11.4 � 4.0)
days and the rate of recurrence was 5.7% during a 21-month
follow-up in the patients who underwent marsupialisation
and secondary wound healing.

Some authors consider primary midline closure following
excision as a method that must be discontinued due to its
considerably high recurrence rate and increased rate of
wound complications,13 but there are authors supporting its
use in recent studies.14 The rate of recurrence is reported
to range from 4% to 28% using the primary closure meth-
od.14e16 The rates for wound site infection, wound dehis-
cence and seroma are reported to be 9%e20%, 2.5%e16.9%
and 0%e2%, respectively; the mean time to return to work
was reported to be 8.5e14 days.2,17e20 The recurrence rate
was 9.1%, rate of wound site infection was 14.5%, rate of
wound dehiscence was 3.6%, rate of seroma formation was
1.8% and mean time to return to work was 8 (9.5 � 4.1) days
in the patients who underwent primary closure.

The Karydakis’ method involves reliving the pressure by a
lateral shift of the midline. The objective is to flatten the
natal cleft, thus decreasing hair collection and mechanical
irritation, and to decrease the possibility of recurrence.6,21

Karydakis reported a recurrence rate of 1%, complication
rate of 8% and mean hospitalisation time of 3 days.6 How-
ever, some authors have reported a recurrence rate of 1.5%e
4.6% and complication rate of 6%e10%.16,22 In a recent meta-
analysis by Stauffer et al. who evaluated recurrences, the
rate of recurrence was reported to be 1.5% during a 12-
month follow-up, 2.4% during a 24-month follow-up and
10.2% during a 60-month follow-up (13). Bali et al. reported a
wound site infection rate of 23.4%, seroma rate of 11.7%,
wound dehiscence rate of 5.8% and recurrence rate of 0%. In
the same study, the mean time to return to work was re-
ported to be 17 days.23 In the current study patients, the
rate of recurrence during a 22-month follow-up was 2.5%.
Wound site infection occurred in 13.6% patients, wound
dehiscence occurred in 2.5% patients and seroma formation
occurred in 7.4% patients. The mean length of hospital stay
was 2 (1.9 � 1.1) days, whereas the mean time to return to
work was 10 (11.3 � 8.3) days.

The objective of the Limberg flap repair is to decrease
the tension by flattening the natal cleft as in Karydakis’ flap
transposition. It is one of the most frequently used recon-
structive methods. Although there are reports recom-
mending the closure of defects using Limberg flap
transposition due to its low recurrence and complication
rates,23e26 there are reports arguing that the off-midline
methods are not superior to each another.9,27 Some au-
thors even support the use of Karydakis flap repair rather
than Limberg flap repair.28 The recurrence rate of Limberg
flap transposition was reported to be 0.8%e
4.8%,19,25,26,29,30 whereas the wound site complication rate
was reported to be 4.2%e20.8%.19,28,31 The mean length of
hospital stay was reported to be 3.7e5.3 days and mean
time to return to work was reported to be 7e8 days in the
literature.7e17 In the present study, the recurrence rate
was found to be 2.6% during a mean follow-up of 23
(22.7 � 6.2) months. The rate of wound site infection was
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20.2% and that of seroma formation was 7%, whereas wound
dehiscence did not occur in any of the patients. The mean
length of hospital stay was 2 (2.1 � 1.0) days and mean time
to return to work was 9 (10.5 � 7) days.

Evaluation of surgical methods in terms of their recur-
rence rates is closely related to the duration of the surgical
follow-up period. The recurrence rates associated with the
surgical method increases with increasing duration of
follow-up.13 The mean duration of follow-up being 22
months for the current patients is a limitation of the study.
However, the presence of a few studies in the literature
comparing four different methods performed by four
different surgeons can be regarded as an advantage of this
study. During follow-ups, the rate of recurrence was
significantly higher among the patients who underwent
primary closure following extensive excision than among
the other patients (p Z 0.009). Notably, there were no
significant differences in terms of wound site infection,
wound dehiscence and seroma formation. Moreover, the
operative time was significantly longer with the primary
closure method than with the other methods (p Z 0.001),
and mean time to return to work was significantly shorter
(p Z 0.002).
5. Conclusion

The authors of the present manuscript, considering the
current study findings, do not recommend the use of pri-
mary closure method in the treatment of patients with
pilonidal sinus. It appears that the Karydakis’ and Limberg
flap transposition methods are safer methods than primary
closure, considering lower rates of recurrence and shorter
time to return to work associated with these two methods.
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