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INTRODUCTION

Meningomyelocele is the most common form of neural tube 
defect, and is caused by a failure of fusion of the vertebral col-
umn resulting in cystic herniation of meningeal and spinal cord 
tissue [1]. The defects mainly occur in the lumbosacral region. 
Worldwide, the incidence ranges from as low as 0.1 per 1,000 in 
African children to 12.5 per 1,000 among Celtic children [2]. Its 
incidence has decreased due to the enforcement of folic acid 
supplementation, fortification of food, and elective pregnancy 
termination after early detection of the anomaly. This disease 
also imposes a high cost of treatment and burden to the family 
due to the life-long disabilities suffered by affected patients such 
as paraplegia, incontinence, hydrocephalus, and mental retarda-

tion. A mortality rate as high as 35% has been reported [3]. Ear-
ly closure of the defects, usually within the first 48–72 hours of 
life, is recommended to reduce infection-related morbidity and 
mortality [4]. Soft tissue adjacent to the defect is usually suffi-
cient for primary closure after neural repair [5]. However, cover-
age of larger defects requires collaboration with plastic surgeons 
for more complex closure methods [1].

The reconstruction of meningomyelocele defects aims to pro-
vide a well-vascularized watertight closure, protect underlying 
neural tissues, and minimize morbidity [1,2,6,7]. Furthermore, 
the surgery should be quick and easy to perform. The complica-
tion rate related to meningomyelocele closures ranges between 
0% and 22.8%, including infection, wound dehiscence, cerebro-
spinal fluid (CSF) leak, and donor-site morbidity [6-9]. Various 
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methods for meningomyelocele defect closure have been de-
scribed in the literature, including skin grafts, skin flaps with var-
ious techniques (Z-plasty, V-Y advancement, rotational, and 
Limberg), fasciocutaneous flaps with various modifications, 
and musculocutaneous flaps [1,2,6,10-12]. To date, no tech-
nique has been proven superior to others.

The keystone-design perforator island flap (KDPIF) was first 
described by Behan in 1995 [13]. A keystone is defined as an 
apical, curvilinear stone of Roman arches. A flap that follows 
this design is used to cover an elliptical defect and optimizes the 
available tissue surrounding the defect. The flap resembles two 
or three V-Y island flaps and allows an even distribution of ten-
sion along the flap edges after closure [14]. This fasciocutane-
ous flap has a reliable source of vascularization from the perfora-
tor beneath it. This locoregional flap is versatile and can be uti-
lized in various regions of the human body. Our unit has per-
formed KDPIF since 2012 with satisfactory results for soft tis-
sue coverage in the head and neck, scrotum and inguinal area, 
back, and lower extremities. In this study, we assessed the use of 
the KDPIF for meningomyelocele defect reconstruction.

METHODS

Patients
Fourteen patients with meningomyelocele for whom our plastic 
surgery division was consulted from August 2013 to November 
2020 were enrolled. Ethical approval for this study was obtained 
from the institutional review board, and the study was per-
formed in accordance with the principles of the Declaration of 
Helsinki. The patients’ guardians provided written informed 
consent for the publication and the use of their images. The data 
were collected retrospectively by reviewing patients’ medical re-
cords. We retrieved the following data: age at surgery, sex, loca-
tion of the meningomyelocele, size of the defects, type of key-
stone flap, length of surgery, presence of complications, length 
of hospital stay (from the day of surgery until discharge from the 
hospital), and follow-up data. The area of the defect was mea-
sured based on the formula described by Musluman et al. [6]. 
To calculate the area of defects with a circular form, πr2 was 
used, while for elliptical defects, πr1r2 was used (r is the radius of 
a circular defect, and r1 and r2 are the longest and shortest radii 
of an elliptical defect, respectively). 

Surgical technique
Neural placode dissection and spinal cord and dural reconstruc-
tion were performed by the pediatric neurosurgery team. The 
surgery was then continued by the plastic surgery team. The 
quality of the adjacent skin and subcutaneous tissue was evalu-

ated and non-viable tissue was excised. The size of the defects 
was measured and the laxity of the surrounding tissue was as-
sessed. The types of keystone flaps used were based on the clas-
sification by Behan [13]: type I, the deep fascia is left intact for 
small defects up to 2 cm; type IIA, the deep fascia along the out-
er curvilinear line is divided to facilitate tissue mobilization and 
defect closure; type IIB, the deep fascia is divided and a skin 
graft is used to cover the secondary defects; type III, two identi-
cal opposing flaps are used to create a double keystone flap; and 
type IV, the flap is rotated and can be raised up to 50% of the 
flap subfascially, with a skin graft that can be applied to cover the 
secondary defects. 

Firstly, we identified the location of perforators using a hand-
held Doppler device. The perforators were marked, and the 
keystone flap was then drawn with the perforators included in 
the middle of the flap. The flap was dissected and elevated in the 
subfascial plane for keystone type II, III, and IV flaps. When we 
used a unilateral keystone flap, the flap width was drawn at a 1:1 
ratio to the defect width. The flap was sutured in various meth-
ods to accommodate complete defect closure, including the 
omega modification of the keystone flap. We recommend plac-
ing the final suture lines passing through the midline of the ver-
tebrae to minimize wound breakdown (Fig. 1). When we de-
cided to use a bilateral flap, the total width of both flaps was 
twice the width of the defect, with each flap width drawn at a 1:1 
ratio to the defect width. The axis of the flap could be cranio-
caudal or laterolateral (Fig. 2). All secondary defects could be 
closed primarily.

RESULTS

Fourteen patients with meningomyelocele underwent defect 
closure with KDPIFs. Nine of the patients were male (64%). 

Fig. 1. The unilateral keystone flap design. The flap width is equal to 
the defect width. The flap can be advanced to the defect using the 
conventional keystone design or modified using the omega design. 
The final suture line is placed passing through the midline.
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Seven meningomyelocele defects were located in the thoraco-
lumbar region (50%), four in the lumbosacral region (29%), 
and three in the lumbar region (21%). The minimum defect 
size was 3 × 3 cm (area, 7.1 cm2) and the maximum defect size 
was 10 × 7 cm (area, 55 cm2) with an average of 22.5 cm2. The 
age of the patients at surgery ranged from 1 day to 13 months 

old. All the defect closures could be accomplished in less than 
120 minutes (range, 45–120 minutes), with an average of 89.6 
minutes. Bilateral keystone flaps required a longer operative 
time (average, 115 minutes) than unilateral keystone flaps (aver-
age, 70.6 minutes) (Table 1). 

Two defects were closed with type IIA keystone flaps. Type III 

Fig. 2. The bilateral keystone flap design. Each flap width is equal to the defect width. (A) The axis of the flap can be laterolateral or (B) cranio-
caudal.

BA

Table 1. Patient characteristics and surgical outcomes

No.
Age at 
surgery 
(day)

Sex Location
Size of 

the defect 
(cm)

Area 
(cm2)

Defect 
width to 

back width 
ratio

Type of KDPIF
Duration 

of surgery 
(min)

Complications
Length of 
hospital 

stay (day)

Final 
outcome

Long-term 
follow-up 

period (mon)

  1 75 M Lumbar 5×3 11.8 0.45 III, laterolateral axis 90 Small wound 
dehiscence

11 Complete 
healing

Died, age 11 

  2 11 M Lumbosacral 5×3 11.8 0.30 IIA 85 Small wound 
dehiscence

10 Complete 
healing

44 

  3 10 F Thoracolumbar 6×6.5 30.6 0.71 Bilateral IV with 
craniocaudal axis

120 Small wound 
dehiscence

30 Complete 
healing

Died, age 18 

  4 5 M Thoracolumbar 6×6 28.3 0.42 Bilateral IV with 
craniocaudal axis

120 Small wound 
dehiscence

11 Complete 
healing

Lost to follow-up

  5 5 F Thoracolumbar 4×4 12.6 0.40 Unilateral IV 75 None 10 Complete 
healing

45 

  6 10 M Thoracolumbar 7×6 33 0.70 III laterolateral axis 
with type IV 
(omega) on 1 side

120 Small wound 
dehiscence

42 Complete 
healing

Died, age 5 

  7 113 M Lumbar 7.7×6 36.3 0.50 Unilateral IV 105 None 7 Complete 
healing

24 

  8 16 M Thoracolumbar 7×6 33 0.70 Bilateral IV with 
laterolateral axis

120 Necrosis in the 
marginal 
suture site of 
the flap

70 Complete 
healing

Died, age 15 

  9 7 M Lumbosacral 4×4 12.6 0.29 IIA 90 None 20 Complete 
healing

18 

10 369 M Thoracolumbar 10×7 55 0.70 Bilateral IV with 
laterolateral axis

120 None 10 Complete 
healing

6 

11 1 F Lumbar 3×3 7.1 0.44 Unilateral IV 60 None 18 Complete 
healing

10 

12 1 F Lumbosacral 3.5×4 11 0.45 Unilateral IV 60 None 12 Complete 
healing

2 

13 35 M Lumbosacral 3.5×6 16 0.60 Unilateral IV 45 None 14 Complete 
healing

2 

14 20 F Thoracolumbar 4×5 15.7 0.56 Unilateral IV 45 None 9 Complete 
healing

2 

KDPIF, keystone-design perforator island flap; M, male; F, female.
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flaps were used to cover two defects. Six defects were closed 
with unilateral type IV keystone flaps (Figs. 3, 4) and four de-
fects were closed with bilateral type IV flaps with a craniocaudal 
axis or laterolateral axis (Fig. 5). Smaller defects ( < 15 cm2) 
tended to be closed with type II keystone flaps and larger de-
fects ( > 30 cm2) were more often closed with bilateral type IV 
keystone flaps.

There were no major postoperative complications that re-
quired immediate revision surgery (e.g., flap loss or CSF leak). 
Six patients suffered from minor complications. Five patients 
had small areas of wound dehiscence (less than 2 cm long), 
mainly in the midline region where the tension was highest. 
One patient had a small area of necrosis in the medial marginal 
suture site of the flap (Fig. 6). All cases of wound dehiscence 
and flap necrosis healed secondarily without compromising the 
neural structure underneath. Five out of six minor complica-

Fig. 3. A case of patient 5. Thoracolumbar meningomyelocele reconstruction with a keystone-design perforator island flap. (A) The design of 
the keystone flap can be made from either side or bilaterally. (B) A unilateral type IV keystone flap from the right side of the defect was used, 
with the final suture lines passing through the midline of vertebrae. (C) Long-term follow-up at 45 months with no complications. 

A B C

Fig. 4. A case of patient 13. A modified keystone flap design. (A) Design of a unilateral keystone flap. (B) Omega modification of a type IV key-
stone flap. (C) At 2 months of follow-up with no complications.

A B C

Fig. 5. Various types of keystone-design perforator island flaps. (A) 
Bilateral keystone flap with laterolateral axis. (B) Craniocaudal axis.

A B
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tions occurred in the cases where bilateral flaps were used. Two 
patients had a hospital stay of more than a month due to respira-
tory and cardiac problems. The longer hospital stays were not 
associated with the wound healing of the flap or dehiscence of 
the flap. At a long-term follow-up evaluation, all patients had 
complete wound healing, while four patients died due to associ-
ated diseases (ventriculoperitoneal shunt infection, respiratory 
and cardiac problems).

DISCUSSION

The aim of meningomyelocele reconstruction is to prevent as-
cending infection of the central nervous system and provide du-
rable skin and soft tissue coverage of the defect with minimal 
morbidity [1-3]. Most meningomyelocele defects can be closed 
primarily. However, the repair of larger defects may be challeng-
ing due to inadequate soft tissue coverage and tension at the 
wound closure site [15]. Several studies have reported compli-
cations related to defect closure such as flap loss, dehiscence, 
CSF leaks, dural exposure, hydrocephalus, and sepsis, with rates 
ranging between 0% and 22.8% [3,6,7]. Our study showed that 
six out of 14 patients showed only minor complications, such as 
small wound dehiscence and small areas of flap necrosis. Never-
theless, all patients showed complete wound healing without re-
vision surgery.

There are no fixed criteria that guide surgeons regarding the 
technique used for defect closure. One study suggested that de-
fects larger than 20–25 cm2 required further reconstruction by 
plastic surgeons [16]. Another study by Ozcelik et al. [17] stat-
ed that cases with tissue deficits more than 18 cm2 require more 
complex reconstruction. At our institution, the plastic surgery 

unit was consulted for patients with defects as small as 7.1 cm2 
to larger defects (55 cm2) for defect reconstruction using KD-
PIFs.

The authors used KDPIFs for meningomyelocele defect clo-
sure because this one-stage procedure provided stable coverage 
using tissue adjacent to the defects, which gave a “like-to-like” 
effect and maintained sensibility with no to minimal donor 
morbidity. Other advantages included the short operative time 
and the simple technique of flap design and elevation. The deci-
sion of which type of keystone flap to use was based on intraop-
erative findings. This included the size of the defect, the size and 
quality of adjacent tissue (the infant’s size), the laxity of the skin, 
and the presence of an associated bone deformity such as ky-
phosis. Smaller defects ( < 15 cm2) tended to be closed with 
type II keystone flaps and larger defects ( > 30 cm2) were more 
often closed with bilateral type IV keystone flaps. If bilateral 
flaps are used, the axis of the flap can be either laterolateral or 
craniocaudal, depending on the laxity of the skin surrounding 
the defects. The total flap width of bilateral flaps is larger than 
unilateral flaps to accommodate flap mobility reduce skin ten-
sion. However, bilateral flaps still have a weak point on the cen-
ter where the marginal areas of the flap meet. This can lead to 
tension and wound breakdown. Because of the higher chance of 
developing complications at the suture site, we recommend the 
use of unilateral KDPIFs and their modifications.

Eight previous studies have discussed the use of KDPIFs for 
meningomyelocele defect closure [15,18-24]. All of those stud-
ies also demonstrated satisfactory experiences in using KDPIFs 
for meningomyelocele closure. The studies by Gutman et al. 
[15], Park et al. [19], Jamjoom et al. [20], Mrad et al. [21], and 
Gomez and Barrera [22] reported no complications after defect 

Fig. 6. A case of patient 7. (A) Large meningomyelocele defect reconstruction. (B) A type III keystone flap design was used, with omega modifi-
cation on one side. (C) Wound dehiscence was noted at the marginal suture site of the flap, with eventual complete healing by secondary in-
tention at 2 months postoperatively.

A B C
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closure using keystone flaps in between one and five patients. 
Donaldson et al. [18] reported that two out of six patients had 
wound complications after surgery. Both Formentin et al. [23] 
and Hifny and Hamdan [24] reported that one patient out of 
seven had complications. To our knowledge, our study is the 
largest clinical case series of keystone flaps for meningomyelo-
cele defect closure with 14 patients with no major complication 
such as CSF leaks. All previous studies mainly used type III key-
stone flaps. Hifny and Hamdan [24] used type II keystone flaps 
in two patients and Gomez and Barrera [22] used type IV key-
stone flaps in two patients. In our study, we presented various 
types of keystone flaps to close defects with different sizes, and 
we proposed an algorithm for the reconstruction of meningo-
myelocele defects using keystone flaps based on the size of the 
defects and the proportion of the width of the defect to the 
width of the patient’s back (Fig. 7).

In our series, only two patients underwent surgery within the 
first 24 hours of life. However, three patients underwent surgery 
at a very late age (75, 113, and 369 days). Delayed closure may 
be associated with an increased incidence of meningitis. The 
surgical repair of the sacs is different from early closure because 
they are epithelialized and may have undergone changes due to 
previous infections [2]. Based on our experience, tissue laxity in 
older children may be diminished due to the presence of scar-
ring and fibrosis; therefore, tissue mobilization is limited com-
pared to younger patients. For this reason, when designing the 
keystone flap, a wider flap or a double keystone flap may be re-
quired to close a relatively small defect. One of our patients with 

an age of 75 days and defect size of 11.6 cm2 underwent closure 
with a type III KDPIF. 

Patel et al. [10] recommended placing a linear skin suture in 
the midline during myelomeningocele repair because patients 
often require additional surgery involving the posterior trunk. 
On the contrary, we encourage positioning the final skin suture 
across the midline to avoid overlapping between the skin clo-
sure line and dural closure line. We postulate that there is a high-
er chance of wound breakdown if sutures are placed in the mid-
line. If the dural repair is not patent, then the CSF can leak 
through the skin, increasing the risk of meningitis.

In terms of operative time, our study showed comparable re-
sults to previous research on meningomyelocele defect closure. 
Ulusoy et al. [25] reported 10 cases of meningomyelocele de-
fect closures using bilateral modified V-Y closures with an aver-
age operative time of 51.7 minutes. Sharma et al. [26] reported 
closures using direct repair, Limberg flaps, double rotation flaps, 
triple rotation flaps, and local transposition flaps with average 
operative times of 43.25, 59.55, 65, 90, and 57.5 minutes respec-
tively. Among 28 patients who underwent rotation/advance-
ment flap closures, Gursoy et al. [27] noted an average operative 
time of 86.25 minutes for single flaps, 115.45 minutes for dou-
ble flaps, and 170.38 minutes for four-flap closures. In previous 
studies using keystone flap closures for meningomyelocele, Gut-
man et al. [15], Donaldson et al. [18], Park et al. [19], Hifny 
and Hamdan [24] reported average operative times of 223, 236, 
225, and 86 minutes, respectively. Our study showed an average 
of 89.6 minutes, with 70.6 minutes on average for unilateral key-

Fig. 7. Meningomyelocele defect reconstruction using keystone flaps.

Meningomyelocele defect

Defect size 15−30 cm2

or 
defect width: back width

0.40−0.69

Type III or unilateral type IV
keystone flap

Tension-free skin closure 
avoiding midline suture above dural closure 

similar skin quality of color and contour
less operative time

Defect size >30 cm2

or 
defect width: back width

>0.69

Bilateral type IV keystone flap

Defect size <15 cm2

or 
defect width: back width

<0.40

Type II keystone flap
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stone flaps and 115 minutes for bilateral keystone flaps.
This series demonstrated that KDPIFs were successfully im-

plemented as locoregional fasciocutaneous flaps in the recon-
struction of large meningomyelocele defects. Previous studies 
have described that this flap provided adequate tissue bulk, had 
reliable vascularization, and great versatility [16]. More compli-
cated modalities, such as musculocutaneous flaps, may not be 
needed. Musculocutaneous flaps are associated with higher 
blood loss, longer operative time, and donor-site morbidity 
[6,7]. One study pointed out that the latissimus dorsi muscle 
should be preserved because it plays a vital role in supporting 
the body for patients with paraplegia. Furthermore, harvesting a 
muscle flap from the gluteal region may create a large scar that 
initiates future pressure wounds because many patients have 
neurological deficits that limit mobilization [6]. 

The overall outcomes of KDPIFs for meningomyelocele de-
fect closure were satisfactory. The strengths of our study includ-
ed the number of patients, the utilization of several types of key-
stone flap designs, the relatively long follow-up period, and the 
proposed algorithm of reconstruction. A major limitation of our 
study is the lack of a control group comparing keystone flaps 
with other methods or other types of flaps for meningomyelo-
cele defect closure. 

In conclusion, our study demonstrates that the KDPIF is a re-
liable, easy, and fast technique to cover challenging large menin-
gomyelocele defects with a high success rate. This procedure of-
fers several distinct advantages over other techniques in closing 
meningomyelocele defects: (1) any large defect at the thoracal, 
lumbar, and sacral region can be closed; (2) the fasciocutaneous 
flap provides good vascularization; (3) this flap requires no de-
layed procedures (i.e., it is a one-stage operation); (4) many 
modifications on the axis of movement of the flaps can be 
made; and (5) unilateral KDPIFs result in faster operative times 
with fewer complications.
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