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Abstract
Pilonidal sinus (PS) disease is a chronic inflammatory disease of the sacrococcygeal region. Although various methods have 
been described for surgical treatment, there is no consensus on the best surgical technique. The aim of this study was to 
present the results of a new advancement flap technique named the “Keystone flap (KSF)” and compared with the Limberg 
flap (LF) technique in pilonidal sinus surgery. A retrospective review was made of 124 consecutive patients surgically treated 
for PS disease with KSF and LF procedures. Baseline characteristics, operation time, volume of excised specimen, dura-
tion of hospitalization, duration of drainage, duration of healing, time to return to work, local complications and recurrence 
were evaluated and compared between the two procedures. Operation time, healing time, and time to return to work were 
significantly shorter in the KSF group. Partial wound dehiscense and prolonged wound healing were more common in the 
LF group. An additional intervention in the operating room was required by 21.1% of the LF group and was a significantly 
lower rate in the KSF group at 7.5%. There was no significant difference between the groups in terms of recurrence. The 
KSF procedure seems promising for treating pilonidal sinus disease, with the advantages of shorter operation, healing, and 
return to work times. It also provides lower partial wound dehiscence and necrosis rates.
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Introduction

Pilonidal sinus (PS) disease is a common chronic inflamma-
tory disease that mostly affects young male adults. It pre-
dominantly occurs in the natal cleft of sacrococcygeal area. 
However, it can also occur in the axilla, neck, suprapubic 
and periumbilical areas [1]. The incidence of the disease is 
26/100,000 [2]. Clinical presentation can vary from asymp-
tomatic pits to chronically draining sinuses [3]. There is no 
consensus on the etiology of the disease, although environ-
mental and congenital factors are thought to play a role [4]. 
The estimated risk factors are male gender, sedentary occu-
pation, family history, nature of hairs and vulnerability of 
the skin [5–7]. Hairs in the sacrococcygeal area penetrate 
the skin after repeated minor trauma and create a foreign 

body reaction which then leads to secondary infection and 
pilonidal abscess [8].

The eradication of all the branches of the sinus tract is the 
basic principle of PS surgery [9]. The ideal surgery should 
result in minimal time off work with low complication and 
recurrence rates [10]. The reconstructive stage is the most 
critical step of surgical treatment. With the intention of 
reducing wound-related complications and recurrence, it is 
important to achieve an off-midline closure with flattening 
of the natal cleft [11].

Due to the various local complications and recurrence, 
debates about ideal surgical treatment method are still 
ongoing and there is no consensus on the ideal PS surgery 
technique. Adaptation to PS surgery of novel flap methods 
used in defect closure may be beneficial in achieving ideal 
surgical results. The Keystone flap (KSF) is a curvilinear 
trapezoid-shaped flap consisting of two conjoined VY island 
flaps which release the longitudinal tension [12]. It is used 
for reconstruction in various parts of the body, especially in 
the extremities and trunk [13–15].
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The aim of the current study was to present the short-term 
results of the KSF technique in PS treatment and to compare 
these with the results of the Limberg flap (LF) technique.

Materials and methods

Patients and study design

A retrospective review was made of the prospectively main-
tained database of all consecutive patients surgically treated 
for PS disease with KSF and LF procedures from January 
2018 to January 2020. The study was designed in accord-
ance with the principles of the Declaration of Helsinki, 
and approval for the study was granted by the Institutional 
Review Board (No: 2021/152).

Inclusion and exclusion criteria

The inclusion criteria for the surgical procedures were 
age ≥ 18 years, at least 1-year follow-up period, and Cruse-
Foord (CF) wound classification < III. Patients with minor 
inflammation findings (CF class III) were included in the 
study after antibiotic treatment. The study exclusion criteria 
were defined as acute abscess formation, CF class IV wound, 
or recurrent PS disease.

Preoperative evaluation and postoperative 
follow‑up

In the first hospital visit, we informed all patients about the 
surgical procedures, gave information about the pre-and 
postoperative periods, and explained the procedures using 
simple drawings. The patients decided on the surgery type 
themselves. Written informed consent forms were obtained 
before the surgery.

Age, gender, body mass index (BMI), smoking, his-
tory of diabetes mellitus (DM), operation time, volume of 
excised specimen (VS), duration of hospitalization, dura-
tion of drainage, duration of healing, and time to return to 
work were obtained from the patient files. Complications 
and recurrence were recorded.

Postoperative complications were categorized as either 
major or minor [16]. Major complications were defined as 
return to the operating room (OR) (for surgical drainage 
or revision), a need for negative pressure wound therapy, 
and prolonged wound healing (failure of wound healing at 
12 weeks follow-up). Minor complications were defined as 
seroma, hematoma, wound site infection (managed with oral 
antibiotics) and partial wound dehiscence (cuticular disrup-
tion). The term recurrence was used when symptoms of the 
disease recurred some time after complete wound healing 
[17].

The wound was classified according to the Cruse-Foord 
classification before the surgery [18, 19]. The volume of 
the excised specimen (VS) was measured with a gradu-
ated cylinder as described by Alptekin et al. [9]. Operation 
time was defined as the time between the first incision and 
the last skin suture. Hospital stay was recorded as the time 
between the day of surgery to the day of discharge. Healing 
time was defined as the interval between the date of surgery 
and removal of the sutures. For patients with wound-related 
complications, it was accepted as the time until the wound 
was completely healed. Time to return to work was defined 
as the time from surgery until the return to employment or 
leisure.

Drains were removed when drainage decreased 
to < 20 ml/day. The patients were advised to avoid force-
ful squating and pressure on the operated site for 2 weeks. 
The sutures were removed on the tenth postoperative day in 
patients without local wound problems.

Surgical technique

Before the operation, gluteal and sacral regions were shaved 
and prophylactic antibiotic (cefazolin 1 g) was administired. 
All operations were performed under spinal anesthesia in the 
jack-knife position. The gluteal skin was retracted towards 
both sides using adhesive bandages to expose the intergluteal 
sulcus. Closed-suction drainage was used in patients with a 
volume of excised specimen > 25 cc.

The KSF was designed according to its original descrip-
tion [12]. After marking the area to be excised including 
the pilonidal sinus, the KSF was designed as a curvilin-
ear trapezoidal shape with 1:1 ratio width to the expected 
defect (Fig. 1). The excision of all the sinus tracts and fistula 
borders was carried out deep to the postsacral fascia. The 

Fig. 1   Design of the Keystone flap procedure
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borders of the flap were incised and dissected down to the 
deep fascia with minimal undermining of the flap to pre-
serve the vascular perforators. Then, the flap was advanced 
to cover the defect without leaving any deadspace and was 
sutured to the defect side. The donor site was closed primar-
ily. The wound was closed in two layers as subcutaneous 
deep tissue and skin with absorbable (2/0 polyglactin) and 
non-absorbable (2/0 polypropylene) sutures, respectively 
(Fig. 2).

The LF procedure was performed as described by Mentes 
et al. [20]. The excision area including all the pilonidal 
sinus tracts was marked as a rhomboid form and the flap 
was designed though the right- or left-side gluteus maximus 
(Fig. 3). The skin incision was deepened to the postsacral 
fascia in the midline and the gluteus maximus fascia in the 
flap area. The rhomboid-shaped tissue was removed en bloc. 
The flap was fully mobilized and transposed medially to fill 
the defect. The subcutaneous tissue was drawn together with 
absorbable (2/0 polyglactin) sutures. The skin was closed 
with non-absorbable (2/0 polypropylene) interrupted sutures 
(Fig. 4).

Statistical analyses

Data obtained in the study were analyzed statistically using 
Statistical Package for the Social Sciences software (SPSS; 
version 15.0; SPSS Inc., Chicago, Illinois, USA). Continu-
ous variables were presented as mean ± standard deviation 
(SD) values and categorical variables were presented as 
number (n) and percentage (%). Normally distributed con-
tinuous variables were compared using the Student’s t test 
and non-normally distributed continuous variables using the 
Mann–Whitney U test. Categorical variables were compared 

using the Chi-square test. A value of p < 0.05 was considered 
statistically significant.

Results

Between the specified dates, 141 consecutive pilonidal 
sinus patients underwent KSF or LF procedures. A total 
of 17 patients were excluded due to loss of follow-up and 

Fig. 2   Postoperative view of the Keystone flap procedure

Fig. 3   Design of the Limberg flap procedure

Fig. 4   Postoperative view of the Limberg flap procedure
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exclusion criteria. Therefore, evaluation was made of 124 
patients. The mean follow-up period was 17.6 months (range 
13–22  months). The overall follow-up rate was 86.4%. 
According to the type of surgery, 53 patients were included 
in the KSF group and 71 patients in the LF group. Of these 
patients, 7 (5.65%) were female and 117 (94.35%) were male 
and the mean age was 25.33 ± 6.72 years. There was no sta-
tistically significant difference between the groups in terms 
of baseline characteristics and preoperative wound classifi-
cation (Table 1). 

The mean hospital stay, duration of drainage and VS did 
not show any significant difference between the groups. 
The mean operation time was significantly shorter in the 
KSF group than in the LF group (35.86 ± 8.29 min and 
45.31 ± 6.19 min, respectively) (p < 0.01). The mean healing 
time was 17.35 ± 3.35 days in the LF group, and significantly 
shorter in the KSF group at 11.90 ± 3.69 days (p < 0.01). 
The mean time to return work was significantly shorter in 
the KSF group (14.50 ± 9.95 days in the KSF group and 
18.45 ± 4.87 days in the LF group) (p < 0.01). The postop-
erative outcomes are shown in Table 2. 

Negative pressure wound therapy was required by two 
patients in the LF group and by not patients in the KSF 
group. Prolonged wound healing was significantly more 
common in the LF group. It was observed in 12 (16.9%) 
patients in the LF group and 2 (3.8%) patients in the KSF 
group (p = 0.02).

An additional intervention in the OR was required by 15 
(21.1%) patients in the LF group, and at the significantly 
lower rate of 4 (7.5%) patients in the KSF group (p = 0.03). 
Of these patients in the LF group, revision surgery was 
applied to eight patients due to complete flap dehiscence, 
and due to necrosis in two, and abscess drainage was applied 

to five patients. In the KSF group, abscess drainage was 
applied to two patients and revision due to complete flap 
dehiscence to two patients. No flap necrosis occurred in the 
KSF group.

A significant difference was determined between the 
groups in respect of partial wound dehiscence. It was 
observed in 5 (9.4%) patients in the KSF group and 17 
(23.9%) patients in the LF group (p = 0.03). All these 
patients were healed with daily dressings without any addi-
tional intervention. No significant difference was determined 
between the groups in respect of other minor complications 
such as seroma, hematoma and wound infection. The groups 
did not differ significantly with regard to recurrence of dis-
ease (p = 0.73). The overall major–minor complication and 
recurrence rates are shown in Table 3.

Table 1   Baseline characteristics of the patients

KSF Keystone Flap, LF Limberg Flap, BMI Body mass index
a Independent-sample t test
b Chi-square test
c Data expressed as mean ± standard deviation
d n (%)
p < 0.05 considered as significant

KSF
(n = 53)

LF
(n = 71)

p

Agec—(years) 26.52 ± 8.44 24.21 ± 7.53 0.51a

Gender—(female/male) 3/50 4/67 0.43b

BMIc—(kg/m2) 25.48 ± 4.61 26.13 ± 3.92 0.79a

Smokingd 15 (28.3) 21 (29.6) 0.87b

Cruse-Foord wound classificationd 0.76b

 I 18 (33.96) 28 (39.43)
 II 22 (41.50) 26 (36.61)
 III 13 (24.52) 17 (23.94)

Table 2   Postoperative outcomes

Data expressed as mean ± standard deviation
KSF Keystone Flap, LF Limberg Flap, VS volume of excised speci-
men
* Independent-sample t test
p < 0.05 considered as significant and marked in bold

KSF
(n = 53)

LF
(n = 71)

p*

VS (cc) 28.65 ± 5.25 26.14 ± 6.21 0.76
Operation time (min) 35.86 ± 8.29 45.31 ± 6.19  < 0.01
Hospital stay (days) 2.21 ± 0.84 2.42 ± 0.65 0.72
Duration of drainage (days) 4.31 ± 0.19 4.55 ± 0.25 0.84
Healing time (days) 11.90 ± 3.69 17.35 ± 3.35  < 0.01
Time to return work (days) 14.50 ± 3.95 18.45 ± 4.87  < 0.01

Table 3   Complications and recurrence

Data expressed as n (%)
KSF Keystone flap, LF Limberg flap
* Chi-square test
p < 0.05 considered as significant and marked in bold

KSF
(n = 53)

LF
(n = 71)

p*

Major complications
 Return to the operating room 4 (7.5) 15 (21.1) 0.03
 Negative pressure wound therapy – 2 (2.8) 0.21
 Prolonged wound healing 2 (3.8) 12 (16.9) 0.02

Minor complications
 Seroma 4 (7.5) 5 (7) 0.91
 Hematoma 1 (1.9) 1 (1.4) 0.83
 Wound site infection 3 (5.7) 4 (5.6) 0.99
 Partial wound dehiscence 5 (9.4) 17 (23.9) 0.03

Recurrence 1 (1.9) 2 (2.8) 0.73
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Discussion

The results of this study demonstrated that KSF can be 
seen as an effective procedure in PS surgery. When com-
pared with the LF procedure, it results in lower wound 
dehiscence and necrosis rates, and shorter operation time, 
healing time, and return to work time.

The treatment choice for cases of PS disease usually 
depends on the clinical presentation. While successful 
treatment can be achieved with a conservative approach 
such as shaving the hair or local phenol application in 
simple cases, complex cases may require wide excision 
with extensive reconstructive flap procedures [21].

The success of the surgical treatment is based on a short 
operation time and duration of hospitalization, early return 
to work, low recurrence rate and few complications [1, 21, 
22]. However, most surgical procedures fail to meet all 
these goals together.

Prolonged operation time has been found to be a risk 
factor for surgical site infection (SSI) in PS surgery [9]. 
In the present study, the mean operation time for the LF 
procedure was 45.31 ± 6.19 min, which was compatible 
with the literature [11, 23, 24]. In the KSF group, the mean 
operation time was significantly shorter than in the LF 
group, presumably because of the relatively straightfor-
ward design in which extensive mobilization and trans-
position are not required. However, the mean SSI rate did 
not show any significant difference between the groups.

One of the parameters that patients consider when 
deciding on the surgical technique for PS disease is the 
time to return work after surgery [25]. A shorter healing 
time and return to work provides better quality of life after 
surgery [22]. In the present study, healing time and time to 
return to work were significantly shorter in the KSF group.

In flap procedures, postoperative complications and 
recurrence are closely related with proper closure of the 
resultant defect following the excision of the diseased tis-
sue [7]. Off-midline closure techniques in particular have 
been suggested to be able to obtain the desired outcomes 
[26, 27]. LF technique is one of the most preferred off-
midline surgical procedures for sacrococcygeal PS disease. 
It has been in use for a long time, with reported complica-
tion and recurrence rates of up to 16% and 5%, respec-
tively [17]. However this procedure has the disadvantage 
that the scar crosses the natal cleft allowing for increased 
susceptibility to infection, local complications and recur-
rence [11].

In the present study, there was a significantly lesser 
need for additional intervention in the OR in the KSF 
group and no flap necrosis occurred in this group. In 
the LF group, necrosis was observed at the upper apex 
of the rhomboid defect in two patients. Revision was not 

successful in these patients and secondary wound healing 
was required. Negative pressure wound therapy was used 
in these patients to promote wound healing.

Necrosis and flap dehiscence are closely related with ten-
sion on the flap in PS surgery. Excessive tension may result 
in inadequate flap perfusion and necrosis [28]. The lack of 
necrosis and lower rate of complete wound dehiscence in 
the KSF procedure may be explained by the design of the 
flap. In this procedure, the tension on the flap is effectively 
reduced and re-distributed equally [29], thereby facilitating 
the healing process. Consistent with this, prolonged wound 
healing was also significantly lower in the KSF group.

The use of a prophylactic drain in PS surgery is still con-
troversial. Although there is a traditional opinion that the 
use of a prophylactic drain reduces complications such as 
seroma and hematoma [24, 30, 31], some surgeons disagree 
and advocate that the routine usage of a drain is unnecessary 
[32]. Seroma formation, that is, non-infected fluid collection 
beneath the flap, can cause local complications varying from 
delayed wound healing to infection and skin flap necrosis 
[33]. The risk of seroma is closely related to the size of the 
dead space left after the excision of the diseased tissue. In 
our practice, a drain is not routinely placed in cases where 
the VS is < 25 cc in the PS surgery. The VS reflects the size 
of excised tissue and the resulting defect [9]. In the present 
study, there was no significant difference between the groups 
in respect of the mean duration of drainage, seroma, hema-
toma, and VS.

Among the minor complications, only partial wound 
dehiscence showed a difference between the groups. It was 
observed significantly less in the KSF group. All these 
patients obtained full healing with daily dressings without 
any additional intervention.

There were limitations to this study, primarily that it was 
retrospective and the groups were not randomized. However, 
we included all consecutive patients surgically treated for 
PS disease with a flap technique between the study period. 
These limitations should be considered while interpreting 
the study results.

Conclusion

The KSF procedure seems to be an effective alternative to 
the LF procedure in pilonidal sinus surgery, with the advan-
tages of lower partial wound dehiscence and necrosis rates 
and shorter operation, healing, and return to work times.
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