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Abstract 
Background: Pilonidal disease is a chronic inflammatory disease of the sa-
crococcygeal region that mainly affects young people. Its incidence is 26 cases 
per 100,000 persons. Although many techniques have been described, there is 
no consensus on the treatment of pilonidal sinus disease (PSD). Materials 
and Methods: This study included 30 patients with PSD who were treated 
between May 2014 and September 2017. All cases underwent excision and 
flap reconstruction. The operative time, postoperative complications, the 
length of hospital stay, painless sitting and walking time, patient satisfaction 
and recurrence were evaluated prospectively. Results: The results of this 
prospective, randomized and comparative study are based on experience of a 
single surgical centre. All patients were followed up 18 months after discharge 
from the hospital. There is a difference in surgery durations (minutes) be-
tween the two groups (33.86 ± 2.89 min. in “keystone” flap vs. 41.26 ± 4.19 in 
the “rhombic” flap group) (p = 0.001). There were no significant differences 
in the length of hospital stay, painless sitting and walking time or patient sa-
tisfaction. The total complication rate was 66.6% after rhomboid flap com-
pared with 6.6% after keystone flap. There was no flap necrosis. Conclusions: 
Both of these methods have shown to be successful in treatment of PSD. The 
KPIF is associated with the advantages of very simple design, abundant blood 
supply from the perforator vessels and lower rate of complication. 
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1. Introduction 

Pilonidal sinus disease is a common and acquired entity of young adults and has 
an estimated incidence of 26/100,000 in the general population [1] [2]. It is seen 
more commonly in men than in women (male:female ratio 3 - 4:1) [3]. It usually 
affects the skin overlying the natal cleft at the sacrococcygeal area [4] and was 
first described by Anderson in 1847 [5]. Several short- and long-term outcomes 
have been published comparing different methods of treatments in PSD. Most of 
these studies compare Limberg rhomboid flap with other surgical or non-surgical 
techniques. There are no studies within the literature comparing rhomboid flap 
versus keystone perforator island flap (KPIF) although KPIF has been widely 
used in clinical practice since it was introduced. The aim of the present study 
was to compare the short-term results of the management of sacrococcygeal PSD 
with the keystone flap vs. the rhomboid flap (Limberg or Dufourmentel) in a 
randomized controlled trial as regards recurrence and complications rates, oper-
ative time, duration of hospital stay, time to walk without pain, time to sitting on 
toilet without pain, duration of the incapacity to work and cosmetic satisfaction 
of the patients. 

2. Materials and Methods 

2.1. Patients 

Between May 2014 and September 2017, we included a series of 30 patients, 
prospectively and consecutively, which randomly divided into two groups. Fif-
teen patients (group 1) undergone elliptical excision and keystone perforator 
island flap (KPIF) and others 15 (group 2) undergone a rhomboid excision and 
the rhomboid flap to cover loss of substances after pilonidal cyst excision. The 
nature of surgical procedures was explained to the patients and informed con-
sent had been obtained. Both surgical procedures were performed by the same 
surgeons. The surgeries were performed under spinal anesthesia and the patients 
were placed in the prone jack-knife position. All patients received a single intra-
venous dose of 2 g Sulcef (Cefoperazone sodium 500 mg + Sulbactam sodium 
500 mg, Novartis India Ltd.) with 30 min. before surgery. Hair of the sacral and 
gluteal regions was shaved a few days preoperatively, and rectal cleansing with 
enemas was performed the night before the operations. The buttocks were sepa-
rated with adhesive tape to allow wide exposure of the operative field. In the case 
of the keystone perforator island flap (KPIF), the parasacral perforators were 
identified and marked on the skin, using an acoustic Doppler technique, for 
safety only, although this is not absolutely necessary because the integument 
covering this region has plenty of perforators and vascular connections from 
lumbar and gluteal arteries. The skin was prepared with 10% povidone-iodine 
solution. In both techniques, methylene blue was injected in the pilonidal sinus-
es to guide the excision [6]. Dissection and hemostasis were performed by using 
electrocautery. 
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2.2. Randomization 

Patients were randomly assigned to undergo surgery with either the rhomboid 
flap or the keystone perforator island flap. Randomization was performed by 
using a sealed envelope that contained a paper with “Rhomboid flap” or “Keys-
tone flap” which were opened before surgery.  

3. Surgical Technique 
3.1. Keystone Perforator Island Flap (KPIF) (Figure 1) (Figure 2) 

The keystone perforator island flap (KPIF) was described by Behan in 2003 as a 
curvilinear trapezoidal shaped flap, representing the architectural shape of the 
keystone in Roman arches, relying on randomly fasciocutaneous or musculocu-
taneous perforators. It representing two opposing V-Y flaps joined together, 
with a flap width at a 1:1 ratio to an elliptical defect [7] [8]. Its length is deter-
mined by the size of the wound. An elliptical incision, including the pilonidal 
sinus, was made and a keystone flap was designed adjacent to the wound. The 
KPIF was incised along its sides without leaving a skin bridge intact and dis-
sected down to the deep fasciae which was incised for further advancement, 
without or with minimal undermining to preserve the integrity of the vascular 
perforators [9]. Then, the flap padle was elevated and advanced to cover the de-
fect. When we suture the flap on the defect-side it is very important to avoid 
dead space formation. Wound closure is achieved in a single layer using 1 Dafi-
lon (B|Braun, Aesculap). The donor site was closed primarily. If the flap exceeds 
the 1: 1 ratio then more perforators can be incorporated into its structure thus 
creating a multiperforator advancement flap [8]. 
 

 
Figure 1. Diagram of surgical procedure (A) Dufourmentel flap (rhomboid); 
(B) Limberg flap (rhomboid); (C) Keystone perforator island flap. 
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Figure 2. Keystone perforator island flap-clinical aspect (A) pilonidal sinus 
disease in sacrococcygeal area; (B) post-excisional defect; (C) the design of 
the flap; (D) the island-form and advancement of the flap; (E) postoperative 
clinical photography immediately after the flap inset; (F) aspect at 2 months 
postoperative. 

3.2. Rhomboid Flap (Figure 1) (Figure 3) 

Rhomboid flap was first described by Alexander Limberg in 1946 as a transposi-
tion flap with a random blood supply and it was modified by Dufourmentel in 
1962 [10] [11]. In the Limberg flap, all angles are 60˚ and 120˚ and all sides are 
equal. The Dufourmentel flap has a safer blood supply than the Limberg flap 
because its base is wider [12]. The pilonidal sinus was included in a rhombic 
form and the flap was marked on the skin. Afterwards, the lesion was excised 
down to the presacral fascia under the guidance of methylene blue, and the fas-
ciocutaneous flap was transposed medially to the defect [6]. A 2-layer closure 
was performed. The subcutaneous layers were approximated with 2 - 0 Vicryl 
(polyglactin 910, Ethicone, Johnson & Johnson) interrupted sutures that fix the 
undersurface of the flap to the presacral fascia and avoid tension and obliterate 
the dead space. The skin was closed with 2 - 0 Dafilon (B|Braun, Aesculap) in-
terrupted sutures [13]. In both procedures, the suction drain was placed beneath 
the flap through 1 or 2 separate stab incision.  

3.3. Postoperative Follow-Up 

All patients were followed-up in the outpatient clinic weekly in the first month 
following discharge from the hospital for wound assessment and then every 3 
months to one year. The skin sutures were removed after 14 postoperative days. 
The suction drain was removed when the effluent was less than 20 ml per day. 
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Figure 3. Rhomboid flap-clinical aspect (A) pilonidal sinus disease; 
(B), (C) Dufourmentel (rhomboid) flap; (D) Final result with stable 
coverage six weeks after surgery. 

3.4. Statistical Analyses 

All statistical analyses were performed using IBM SPSS Statistics for Mac. Stu-
dent’s t-test was used to compare continuous variables (quantitative data) be-
tween groups and Chi-squared or Fisher’s exact test was used for categorical va-
riables (qualitative data). The results are presented as mean plus or minus stan-
dard deviation for quantitative data or proportion, as appropriate. A two-sided p 
values of < 0.05 were considered to indicate statistical significance. 

4. Results 

Of the 32 patients enrolled initially, 2 were lost to follow-up within 4 months of 
the procedure and were not included in the study. The remaining 30 patients: 24 
males (80%) and 6 females (20%) were included in this analysis. 

The average age of the included patients was 35.4 years (range: 20 - 50 years) 
in the “keystone” group and 27 years (range: 17 - 48 years) in the “rhombic” 
group. 

Operation time is important for the effectiveness of a surgical technique. It 
was defined as the time from the start of skin incision to the end of the last 
stitch. In terms of operative time, there was a slightly difference between the two 
groups: 33.86 ± 2.89 min. in the “keystone” flap group vs. 41.26 ± 4.19 min. in 
the “rhombic” flap group (p = 0.001) (Table 1). 

The seroma, which is defined as the formation of non-infected serous fluid 
collection beneath the flap, has a formation rate significantly higher in the 
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rhomboid group (3 patients-20%) than in the keystone group (0 patients) (Table 
1). 

No patient in the keystone group had wound infection, but this complication 
occurred in 2 patients (13.3%) in the rhomboid flap group (p = 0.526). These 
two patients were treated with oral antibiotic therapy for 7 days (Table 1). 

The rates of wound dehiscence in group 1 was 6.66% (1 patient and in group 2 
were 20% (3 patients). All of these patients healed by second intention without 
requiring additional surgical procedures (Table 1). 

The duration of hospital stay is defined as the number of days from the opera-
tion day until the day of discharge. 

The average length of hospital stay for the “rhombic” group was longer than 
“keystone” group (4 ± 1.98 days versus 2.33 ± 0.487 days, p = 0.003), suture dis-
ruption and infections are likely to increase the duration of hospitalization 
(Table 2). 

There were no statistically significant differences between the two groups re-
garding time to walk pain-free (in days): 9.06 ± 1.48 in group 1 and 9.60 ± 1.45  
 
Table 1. The distribution of complications within the 2 groups. 

Complication 
Total  

(n = 30) 
Group 1 
(n = 15) 

Group 2 
(n = 15) P value 

Minor complications 9 (30) 1 (6.66) 8 (53.33)  

Seroma 3 (10) 0 3 (20) 0.224 

Wound dehiscence 4 (13.33) 1 (6.66) 3 (20) 0.598 

Wound infection 2 (6.66) 0 2 (13.33) 0.483 

Major complications     

Total or partial flap necrosis - - -  

Recurrence 2 (6.66) 0 2 (13.33) 0.483 

Values are presented as number and (%). 

 
Table 2. Patients VAS score, time to walking pain-free and time to sitting on toilet with-
out pain, incapacity for work (days) and hospital stay (days). 

Parameters 
Group 1  
(n = 15) 

Group 2  
(n = 15) 

P value 

VAS score 7.13 ± 1.18* 7.0 ± 1.0* 0.742 

Time to walking pain-free 9.06 ± 1.48* 9.60 ± 1.45* 0.329 

Time to sitting on toilet without pain 10.26 ± 1.03* 11.8 ± 2.17* 0.032 

Incapacity for work (days) 21.93 ± 1.94* 23.4 ± 3.83* 0.017 

Hospital stay (days) 2.33 ± 0.487* 4 ± 1.98* 0.003 

*mean. 
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in group 2, (p = 0.329) and slight difference as for time to sitting on toilet with-
out pain (in days), 10.26 ± 1.03 and 11.8 ± 2.17, respectively (p = 0.032) (Table 
2). 

Recurrent disease occurred in 2 patients (13.3%) who undergone rhomboid 
flap (group 2) in the 11th and 14th postoperative months. No patients had re-
currence in the “keystone” group (group 1). All cases were followed up for 18 
months. 

Time away from work was defined as the date on which patient returned to 
employment from the date of surgery. The postoperative duration of incapacity 
for work (days) was longer in the “rhomboid” group than in the “keystone” 
group (23.4 ± 3.83 days vs. 21.93 ± 1.94 days) (p = 0.017) (Table 2). 

The visual analogue scale (VAS) score from 1 - 10 (0 for “very bad” to 10 for 
“very good”) was used in order to assess the cosmetic satisfaction of the patients. 

The cosmetic satisfaction was determined at the end of the third postoperative 
month by asking patients to describe their satisfaction with the operation scar 
due to pilonidal sinus disease. 

The VAS score for satisfaction with the cosmetic appearance of the scars in 
“keystone” group was 7.13 ± 1.18, whereas it was 7.0 ± 1.0 in the “rhomboid” 
group (p = 0.742) (Table 2).  

No patients developed flap necrosis in the two groups. 
There were no donor site complications.  

5. Discussion 

The etiopathogenesis of SPD is still under debate, based on two principal theo-
ries: ‘‘congenital’’ theory (the absence of coalescence of the primitive ectoderm) 
and ‘‘acquired’’ theory (the hair follicle has the primordial role) [14]. 

The ideal surgical procedure for sacrococcygeal PSD should be simple and 
quick, should not require a long hospital stay, should have low recurrences rate 
and postoperative complications, low cost and high patient satisfaction [15] [16]. 

Many surgical procedures for SPD have been developed, but none of them ful-
fill all of these features. All of surgical techniques have advantages and disad-
vantages.  

Excision of the cyst is not technically difficult but how to cover the surgical 
defect after excision of sacrococcygeal pilonidal sinus may be sometimes a di-
lemma. 

Of all the surgical procedures, the local flaps fill the defect, avoid a midline 
scar, provide tension free closure and can flatten the natal cleft and thereby offer 
advantages over direct closure techniques [17]. 

The rhomboid flap is one of the most common surgical techniques used in 
PSD forasmuch is easy to design, raise and inset. 

It has gained popularity because it is associated with low complication and 
recurrence rates [15]. 

However, in the rhomboid flap large tissue should be displacements and the 
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flap is usually a random pattern, which limits the size of flap that can be raised. 
As it looks like Arpaci et al. the lower pole of the rhomboid flap can be a weak 
point in terms of recurrence [18]. On the contrary, the keystone flap does not 
require extensive mobilization and it does not require fixation at the sacral fascia 
and thus the operative time is lower than then when we use rhomboid flap 
(33.86 ± 2.89 min vs. 41.26 ± 4.19 in our study). 

In KPIF the wound tension is effectively reduced and redistributed and thus 
the healing process is facilitated [19]. The KPIF has been widely used in clinical 
practice since it was first introduced for the reconstruction of defects located on 
the head and neck, trunk, and extremities. The KPIF can be divided into four 
subtypes: type I the classical flap, in which the flap is superficially disected of 
deep fascia; type IIA requires division of the deep fascia; type IIB that cannot be 
closed without a skin graft due to the tension, type III, which consists of two 
KDPIFs; and type IV that is a rotational keystone flap [7].  

KPIF is a multiperforator advancement flap based on random fasciocutaneous 
or musculocutaneous perforator but in the sacral area, these may be parasacral 
perforators arise from the lateral sacral artery or the internal pudendal artery as 
described Koshima and Ahmadzadeh [20] [21].  

The most important factors to consider when evaluating the results of the sur-
gical treatment are: early complications and delayed relaps [6].  

Ersoy et al. reported wound infection rate after the Limberg flap (8%) [22]. 
Altintoprak et al. had 3.3% (11 patients) rate of infection on 324 patients after 
Limberg flap procedure. In our study, no patients have wound infection after 
KPIF but infection rate in rhomboid flap was 13.3%. 

The main aim of the surgical treatment of pilonidal sinus disease remains 
prevention of recurrence.  

A meta-analysis of more than 100 randomized controlled trials found that the 
recurrence rate at 5 years overall surgical therapies for pilonidal disease was 
20.3% [3] [4] [23].  

Topgül et al. on 200 operated patients reported 2.5% recurrence rate for Lim-
berg flap and Daphan et al. on 147 operated patients noted 4.8% recurrence [24]. 

We had no recurrence with keystone flap but in rhomboid group we had 2 pa-
tients with recurrence at 18 months. 

The hospital stay is also an important criterion in determining the success of a 
surgical technique. 

Mentes et al., in their study, on 353 patients operated, reported 4.51 ± 2.85 
days of hospital stay, Topgül et al., 3.1 days on 200 patients, Erdem et al., 3.5 ± 
1.16 days on 40 patients and Eryilmaz et al., 3 days on 63 patients [24].  

In our study, we operated 30 patients, and the mean length hospital stay was 4 
± 1.98 days for “rhomboid” group and 2.33 ± 0.487 days for “keystone” group. 

In contrast to the direct suture, in the case of cutaneous flaps, the scars are 
larger and, therefore, its can be sometimes unpleasant for the patient. The cos-
metic appearance of the scars may be more important for women than men.  
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Eryilmaz et al., reported that as many as 40% of patients were not pleased with 
the appearance of Limberg flap scars [17] [25]. In our study, the cosmetic ap-
pearance of the scars at the operation site was accepted by the majority of the 
thirty patients. No significant difference was found between patients treated with 
the keystone flap technique and those treated with the rhomboid flap technique. 
This was an issue especially for female patients, that expressed their dissatisfac-
tion with the cosmetic outcome for both procedures. All these results encourage 
to use keystone flap technique in the surgical management of PSD. 

6. Conclusions 

The keystone and rhomboid flaps are useful techniques to close wounds after 
pilonidal cyst and both of them achieve off-midline closure and flattening the 
natal cleft. 

The KPIF, unlike rhombic flap techniques, avoids extensive mobilization of 
tissue and maintains good blood supply with minimal tension. Where a larger 
excision is required, we can use the modified KPIF. 

Although, both of these methods have shown to be successful, the keystone 
flap technique seems to be a safer method. We successfully managed PSD with 
excision and KPIF reconstruction, without recurrence and minimal postopera-
tive complications. In conclusion, we believe that KPIF is a good alternative 
choice in the management of PSD because its elevation is easy, fast, and safe. 

Limitations and Future Work  

The mean follow-up time for patients in this study was 18 months and this 
comprised 30 patients. This period is short for the evaluation of recurrences. A 
larger patient population and a longer follow-up time are required.  

Consent 

All included patients provided their written informed consent, and the study’s 
protocol was approved by the research ethics committee of Emergency County 
Hospital Satu Mare. 
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