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Abstract
Purpose Off-midline procedures seem to be the best method
of primary wound closure after excision of a pilonidal sinus.
Primary wound closure with a Limberg flap was compared to
secondary wound healing.
Methods From January 2006 to July 2012, 102 patients with
given informed consent (mean age 28 years, men 81 %) who
had excision of a pilonidal sinus in three hospitals in
Switzerland were randomised to group L (Limberg flap,
n=51) or to group E (excision only, n=51). Primary endpoint
was duration of incapacity for work. Follow-upwas at 3 weeks
and at 1 year postoperative (95 % follow-up).
Results Both groups were comparable with regard to patient
characteristics. The median (range) operation time was 60
(30–80)min in group L vs. 30 (10–75)min in group E
(p<0.001). No significant differences were found in postop-
erative pain and painkiller intake; pain, percentage of patients
at work and overall satisfaction at 3 weeks postoperative; and
overall duration of incapacity for work and overall satisfaction
at 1-year follow-up. The complication rate was 49 % in group
L vs. 12 % in group E (p<0.001). Complications in group L
were seroma (6 %), wound dehiscence (45 %), skin necrosis
(10%), hematoma (6%), infection (4%) and recurrent disease

(13 %). Complications in group E were recurrent disease
(6 %) and wound healing disorder (6 %).
Conclusions After excision of a pilonidal sinus, primary
wound closure with a Limberg flap has no advantage over
secondary wound healing. The main reason for this conclu-
sion is the relatively high complication rate of primary wound
closure with a Limberg flap.
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Introduction

The incidence of pilonidal sinus disease has risen in the past
decades [1], and the currently estimated incidence in the
general population is 26 per 100,000 per year [2, 3]. The
prevalence of pilonidal sinus disease can be up to 88 per
1000 in high-risk groups such as in young Turkish soldiers
[4]. The socioeconomic burden of pilonidal sinus disease is
high as, first, mainly young people between 20 and 30 years of
age are at risk [5]; second, treatment takes weeks to months
[2]; and third, reported overall recurrence rates at 20 years
follow-up reach 34 % [6].

The optimal therapy for pilonidal sinus disease is still under
debate [2], and a wide variation of different surgical tech-
niques is still in use [7]. No clear benefit has been shown for
secondary wound healing compared to surgical closure [2]. If
surgical closure is chosen, off-midline closure with flap pro-
cedures, such as the Limberg flap procedure [8, 9], or the
Karydakis procedure [10], is recommended [2, 11–13]. Al-
though one randomised controlled study with n=49 patients
comparing the Limberg flap procedure to secondary wound
healing showed results in favour of the Limberg flap proce-
dure [14], another randomised study with n=140 patients
comparing the Limberg flap procedure to unroofing and
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marsupialisation showed results rather in favour of secondary
wound healing [15]. Thus, there is not enough evidence to
recommend the Limberg flap procedure instead of secondary
wound healing for pilonidal sinus disease [2].

For these reasons, we aimed to compare primary wound
closure with a Limberg flap to secondary wound healing with-
out vacuum wound dressing after excision of a pilonidal sinus.

Patients and methods

Ethics and insurance

The regional ethics committees (Ethics Committee of Basel
(EKBB Nr. 234/05), Aargau and Valais) approved this
multicentre randomised controlled study. All patients were
insured for adverse outcomes (Axa-Winterthur Versicherung
AG, policy number 14.024.750/ZNW). Further, the study was
registered at clinicaltrials.gov (NCT 01889394).

Study endpoints

The primary endpoint was the duration of incapacity for work.
Secondary endpoints were perioperative pain, pain at 3 weeks
postoperative, complication rate, recurrence rate at 1 year and
patient satisfaction at 1 year.

Biometrics and statistics

HA hypothesis A difference between the duration of incapac-
ity for work is expected between the patients with the Limberg
flap procedure and those with excision only as treatment for
pilonidal sinus disease.

The biometry was done with the assumption that the rate of
incapacity for work after 3 weeks would be 50% for the group
with the Limberg flap, compared to 65 % for excision only.
This assumption was based on the varying reported median
duration of incapacity for work between 1 and 5 weeks post-
operatively [16, 17]. The type I and II error was 0.05 and 0.20,
respectively. The estimated sample size was n=100. In order
to compensate for study dropouts, the chosen final sample size
was n=102.

Results were expressed as mean and standard deviation or
median and range. For statistical computing, Stata 10.0 for
Windows was used. For statistical analysis, the two-sided
Fisher’s exact test was used for categorical data and the
Wilcoxon rank-sum test was used for numerical data. p values
below 0.05 were considered to be significant.

Randomisation

In the main participating centre, a randomisation list was
created by a computer-based method with the same number

of patients in both groups. From this list, sealed non-
transparent envelopes were created and numbered sequential-
ly. The randomisation list was closed away.

The randomisation in the second participating centre was
done by phone call to the main centre with the same
randomisation envelopes. The third participating centre, join-
ing the study in the year 2009, had a lucky dip system with 15
tickets for the Limberg flap procedure and 15 tickets for the
excision only procedure.

Patient recruitment and inclusion/exclusion criteria

Oral and written informed consent was obtained from each
patient willing to participate in this study. To permit primary
wound closure and to prevent recurrences, apparent abscesses
were treated with incision and antibiotic therapy for intended
12 to 14 days (median of 13 days) until the elective definitive
surgical treatment was done [6]. If the general practitioner had
already done a relieving incision before the first presentation
in hospital, the interval to definitive surgical treatment was
assessed as well.

Just prior to scheduled elective surgery, the responsible
surgeon checked the inclusion and exclusion criteria. The only
inclusion criterion was the unequivocal finding of pilonidal
sinus disease. Exclusion criteria were age <18 years, lack of
informed consent, florid abscess at the time of the elective
surgery, pregnancy, immunosuppression, dermatological dis-
eases and prior local flap procedures.

Eligible patients with written informed consent were then
randomised.

Surgical technique

Patients were positioned in the prone jack-knife position, and
the buttocks were drawn to the side by an adhesive tape.
Single-shot antibiotic prophylaxis with cefuroxime 1.5 g was
administered intravenously, although this step is debatable
[18]. The surgery was planned by doing a draft of the excision
(± Limberg flap) on the skin. The pores were filled with
methylene blue and all the coloured tissue was completely
removed, suggesting radical excision of the pilonidal sinus.

In the case of randomisation for excision only, the shape of
the resulting cavity was only adapted to the extent of the
disease; however, the excision was done down to the presacral
fascia. After haemostasis, the wound was covered with sterile
gauze.

In the case of randomisation for the Limberg flap proce-
dure, a rhomboid excision was done, followed by primary
wound closure with the classical Limberg flap procedure as
demonstrated in Fig. 1. Some surgeons tailored a round edge
at the tip of the Limberg flap, while others tailored a sharp
edge as shown in Fig. 1.
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The flap included the skin and the subcutaneous tissue
without the fascia of the gluteus muscle. The subcutaneous
tissue was sutured with absorbable polyfil sutures
(polyglactine) and the skin was sutured with monofil non-
absorbable sutures (polypropylene or nylon). It was up to the
responsible surgeon to decide the necessity of wound drainage
(drainage rate 49 %) despite lack of evidence [19]. Patients
with the Limberg flap procedure had prolonged antibiotic
therapy prescribed postoperatively (amoxicillin and
clavulanic acid 2× 1 g per day or cefuroxime 500 mg 2× 1 g
per day for 7 days postoperative) [20].

Each specimen was sent to the pathology department for
histological examination.

All patients were kept in the hospital for at least 24 h.
Before discharge, every patient had instructions about optimal
wound care by the surgeons and by the nurse staff. If neces-
sary, home visiting nurse services provided optimal wound
care, and all patients had regular visits at their general practi-
tioner. For optimal treatment, patients with wound breakdown
after the Limberg flap procedure or wound healing disorder
after the excision only procedure had regular visits in the
consultation hours of the attending surgeons in hospital.

Assessment of baseline data

Before surgery, presence of recurrence, localization and num-
ber of pores and the distance between the most caudal porus
and the anus were assessed. Questionable risk factors for
unfavourable postoperative outcome such as obesity and
smoking with lack of evidence were not assessed [21].

During surgery, presence of pus, the dimensions, and the
volume of the cavity after excision were assessed. The volume
of the cavity was measured by filling it with sterile saline
solution. After surgery, presence of wound tension, presence
of drainage and the operation time were assessed. The pathol-
ogy reports were analysed for the dimensions of the specimen,
the completeness of resection, the presence of abscess and of
granulocytes, inclusion of hair and the confirmation of
diagnosis.

Assessment of outcomes

At discharge, the pain score and the need for painkiller med-
ication were assessed.

The patient’s general practitioner defined the length of the
incapacity for work. Students or unemployed patients defined
the time point when they were able to do their usual daily
activities themselves.

The first follow-up at 3 weeks postoperative by an attend-
ing surgeon was done by interview and clinical examination
using a standardised form. The following factors were
assessed at 3 weeks: duration of incapacity for work, pain
intensity on a graduated scale from 0 to 10 (no pain to worst
pain), complications (wound dehiscence, infection, necrosis,
hematoma, other) and patient satisfaction on a graduated scale
from 0 to 10 (not satisfied at all to completely satisfied).

The second follow-up at 1 year postoperative was done by
phone call by the study doctor and not by the attending
surgeon who did the operation.

The following factors were assessed at 1 year: duration of
incapacity for work, complications, recurrent disease and
patient satisfaction on a graduated scale from 0 to 10 (not
satisfied at all to completely satisfied). Recurrent disease was
defined as necessity for re-operation for pilonidal sinus dis-
ease and/or presence of oozing in the sacrococcygeal region.
In cases of ambiguity, the patient was seen in the consultation
hour.

This study adheres to the Consort 2010 checklist of infor-
mation to include when reporting a randomised trial [22].

Results

Between January 2006 to July 2012, n=105 patients gave
their informed consent and were recruited for the study in
three hospitals in Switzerland. One patient refused participa-
tion after giving informed consent, one patient had a derma-
tological disorder not mentioned before he was recruited for
the study and one patient turned out to have pilonidal sinus in
combination with transsphincteric anal fistulation. Thus, n=
102 patients who had planned excision of a pilonidal sinus
were included and randomised to primary wound closure with
a Limberg flap (n=51) or to excision only with secondary
wound healing (n=51). Five patients were lost to follow-up
(follow-up 95 %); we lost touch with four patients and one
patient died. The number of patients that could be analysed
was n=48 in the group with the Limberg flap procedure and
n=49 in the group with excision only. An overview of the
study methodology is shown in the CONSORT diagram in
Fig. 2.

Both groups are comparable regarding baseline data as
demonstrated in Table 1. In the group of patients with a

Fig. 1 Principle of the Limberg flap; the tip of the flap "A" is transposed
to point "B"
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Limberg flap, intraoperative wound drainage was performed
in 49 % and wound tension was present in 10 %. The signif-
icant difference (p<0.001) in operation time between the two
groups is shown in Fig. 3.

The histological examination showed the presence of an
abscess in 43 %, the presence of a granulocytic infiltrate in
54 % and inclusion of hair in the sinus in 59 % of the patients.
Pilonidal sinus disease could be histologically confirmed in
96 % of the patients.

The short-term results (at discharge and at 3 weeks post-
operative) are shown in Table 2. The overall complication
rates at 1 year postoperative were 49 % in the patients with a
Limberg flap vs. 12 % in the patients with excision only
(p<0.001). The specific complications are shown in Table 3.

At 1-year follow-up, there was no significant difference be-
tween the two groups in mean patient satisfaction (9.2 in the
group of patients with a Limberg flap vs. 8.3 in the group of
patients with secondary wound healing, p=0.97) and in dura-
tion of incapacity for work (p=0.52) as shown in the Kaplan-
Meier curves in Fig. 4.

Discussion

We aimed to compare primary wound closure with a Limberg
flap to secondary wound healing after excision of a pilonidal
sinus. In contrast to the literature [2, 14], the results of this
multicentre randomised controlled study show no advantage

Fig. 2 CONSORT diagram of
the study

Table 1 Baseline data of the
randomised patients

a Two-sided Fisher’s exact test
bWilcoxon rank-sum test

Limberg flap
(n=51)

Excision only
(n=51)

p value

Median age (range) 26 (18–25)years 24 (18–52)years 0.14b

Male gender 84 % (n=43) 78 % (n=40) 0.61a

Incision prior to operation 51 % (n=26) 57 % (n=29) 0.69a

Median interval between incision and definitive
surgical treatment

13 days 13 days 0.71b

Recurrent disease 8 % (n=4) 18 % (n=9) 0.24a

Pores not located in the midline 41 % (n=21) 27 % (n=14) 0.21a

Median distance between pores and anus (range) 5 (2–10)cm 6 (3–9)cm 0.65b

Median wound volume (range) 30 (5–162)ml 30 (3–150)ml 0.83b

Median number of pores (range) 1 (0–3+) 2.0 (0–3+) 0.037b
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of the Limberg flap procedure if compared to secondary
wound healing. This is a relevant finding because the socio-
economic burden of pilonidal sinus disease is high and the
optimal surgical therapy is still under debate.

The main reason for the lack of advantage of the Limberg
flap procedure compared to excision only seems to be the
rather high complication rate in this study compared to the
literature [23, 24]. Apart from postoperative complications,
there certainly are several external factors influencing the
incapacity for work, such as economic and psychological
factors. However, as this study is a randomised controlled
study, it is unlikely that these factors are not evenly distributed
in the two groups.

As a known disadvantage of the Limberg flap technique,
the duration of operation was significantly longer in the group
of patients with the Limberg flap procedure compared to the
group of patients with excision only [14]. Most operations
were taught to residents by consultant surgeons; this explains
the rather long duration of the operations in both groups.

This study did not aim to assess the long-term complication
rates of the different surgical techniques, as it is known that
recurrences after surgery for pilonidal sinus disease occur up

to 20 years after surgery [21]. This is whywe decided to do the
latest follow-up by phone call at 1 year after surgery (follow-
up rate 95 %). It could be argued that a follow-up by phone
call might miss or overdiagnose some recurrences. However,
the defined criteria for recurrence used in this study have also
been defined as hard criteria for recurrence by other study
groups for phone call follow-up; thus, we feel that our 1-year
follow-up by phone call is reliable [25].

The complication rate was significantly higher in the group
of patients with the Limberg flap procedure, compared to the
group with excision only. The only postoperative wound
complication in the group with excision only was wound
healing disorder necessitating re-intervention. Such a delay
in healing is known to occur due to infection and/or wound
shapes hindering good drainage [26]. However, in this study,
no routine examinations were done to exclude infection. Mi-
nor complications such as wound bleeding after surgery with
intervention at the bedside were not assessed in this study.

The complications in the group with the Limberg flap
procedure mainly were wound dehiscence and skin necrosis.
It has to be underlined that the follow-up was done by thor-
ough clinical examination by attending surgeons, and the
majority of wound dehiscences were small and at the tip of
the Limberg flap. To avoid this well-known complication,
some use a modified Limberg flap technique placing the lower
pole 1–2 cm lateral to the midline [12, 27], while others
recommend tailoring around edge at the tip of the Limberg
flap, as done by some surgeons in this study [28].

Another technical issue is if the Limberg flap has to include
the fascia of the gluteus muscle [16] or not [28]. As mentioned
in the “Patients and methods” section, we did not include the
fascia of the gluteus muscle. Some wound dehiscences of the
Limberg flap could have probably been avoided bymodifying
the operation technique.

There was no case of flap necrosis, and the skin necrosis
reported was always at the cutting edge. Both complica-
tions probably reflect too much wound tension [29]. Addi-
tional complications in the group with the Limberg flap
procedure were hematoma, seroma and probably consecu-
tive infection [29].

Fig. 3 Difference in operation time

Table 2 Results at discharge from hospital and at 3 weeks postoperative follow-up

Limberg flap (n=48) Excision only (n=49) p value

Mean (SD) pain score at discharge (graduated scale from 0 to 10) 2.4 (1.7) 2.5 (1.7) 0.80b

Intake of more than one pain killer at discharge 35 % (n=17) 31 % (n=15) 0.67a

Mean (SD) pain score at 3 weeks postop (graduated scale from 0 to 10) 2.1 (2.3) 1.9 (2.5) 0.54b

Mean (SD) satisfaction score at 3 weeks postop (graduated scale from 0 to 10) 8.5 (1.7) 8.7 (2.0) 0.37b

Percentage of patients at work at 3 weeks postop 31 % (n=15) 22 % (n=11) 0.37a

SD standard deviation
a Two-sided Fisher’s exact test
bWilcoxon rank-sum test
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There was no significant difference in recurrence rate be-
tween the two groups. As wound complications significantly
influence the long-term recurrence rate [30], it could be antic-
ipated that the long-term recurrence rate in the group with the
Limberg flap procedure will be higher than that in the group
with excision only.

Apparent abscesses were treated with incision and antibi-
otic therapy for median 13 days until the elective definitive
surgical treatment was done. As patients, who were
randomised to the excision only procedure, could have had
their operation without delay, this could be a further argument
for the excision only procedure.

Limitations

The main shortcoming of this study is the rather high number
of patients that refused to participate in the study; thus, a certain
degree of patient selection bias cannot be excluded. Indeed, a
lot of these typically young patients refused to participate
because they did not like to be allocated to a surgical technique
by randomisation. Furthermore, the cosmetic result was an
issue, and after being informed adequately about the pros and
cons of the different techniques, a lot of patients preferred to
choose the surgical technique on their own.

Although a high number of patients refused to participate in
this study, the number of dropouts is very low (3 %) because
randomisation was done just prior to surgery. This supports
the validity of the results of this multicentre randomised
controlled study.

Conclusions

After excision of a pilonidal sinus, primary wound closure
with a Limberg flap has no advantage over secondary wound
healing. The main reason for this conclusion is the relatively
high complication rate of primary wound closure with a
Limberg flap.
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