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Abstract
Introduction: Anterior cranial fossa (ACF) defects still remains a reconstructive challenge to 
neurosurgeons due to the difficult location, inaccessibility, and unfavorable vascular anatomy. 
Usual reconstructive methods reported complications such as recurrent cerebrospinal fluid leak due 
to bone resorption and tissue breakdown. This is mainly due to the avascularity of the bone graft 
and inability to provide bony structural support for the skull base. An ideal reconstructive modality 
should provide a rigid bony support to prevent brain herniation as well as ensure a water tight 
barrier between sinonasal tract and intracranial compartment. Methodology: Hence, we thought of 
a novel technique of taking the outer table of the primary craniotomy flap with its intact myofascial 
pedicle and moulded it with multiple osteotomies (moulded osteomyofascial pedicled split (MOPS) 
craniotomy flap) to fit into uneven ACF defects. Advantages of our flap include (1) It is a pedicled 
vascularized bone flap. (2) It is taken from primary craniotomy flap; hence, no separate craniotomy 
is required. (3) The inner table is intact and leaves no secondary calvarial bone defect on the 
donor site. (4) Osteoplastic flap is moulded to fit into the defect, thus providing good contour. 
Results: MOPS flap was used in five patients with ACF defects due to varied etiologies such as 
encephalocele defect, frontal mucocele, skull base meningioma, and complex naso ethmoid fracture. 
Age of the patients included in the study varied from 21 to 60 years. Male:female ratio was 4:1. ACF 
defects were reconstructed using MOPS flap in all cases. There were no postoperative complications 
and 1-month postoperative computerized tomography scan showed no evidence of bone resorption 
with acceptable cosmesis. Conclusion: MOPS craniotomy flap provides a novel, easily mastered, 
and cost‑effective technique with minimal complication in reconstruction of complex ACF defects 
with acceptable esthetic and functional outcome.
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Introduction
Anterior cranial fossa (ACF) defects still 
remain as a reconstructive challenge to 
neurosurgeons despite advances in surgical 
expertise and availability of various 
synthetic graft materials.[1] This is due to 
the difficult anatomy, poor accessibility, 
and the unfavorable surrounding vascular 
anatomy.[2] Reconstructive goals of ACF 
defects are (1) to ensure a watertight barrier 
between sinonasal tract and intracranial 
compartment and (2) to prevent herniation 
of brain through the defect by providing 
bony integrity and a strong durable 
structural support. Currently available 
options for reconstruction of such defects 
include free tensor fascia lata, pericranium, 
autologous free bone graft, etc. Tensor 

fascia lata and pericranium have high rate 
of cerebrospinal fluid (CSF) leak due to lack 
of bony framework to provide a durable 
closure. Autologous-free bone grafts lead to 
bone resorption and thus breakthrough CSF 
leak.[3] Uses of free fat and free muscle 
were also reported in literature; however, 
they have dismal long-term success 
rate. Temporalis-based vascularized split 
calvarial flap taken from the remote site 
requiring additional incisions and exposure 
were reported in literature; however, they 
have the disadvantage of leaving additional 
bony defect and scars at the harvest site.[4] 
They are also placed as a rigid bone into the 
defect and hence lack adequate contouring 
in complex ACF defects.

Hence, we thought of a novel technique 
of moulded osteomyofascial pedicled 
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split craniotomy flap (MOPS) which have the following 
advantages: (1) It is a pedicled vascularized bone 
flap. (2) It is taken from primary craniotomy flap; 
hence, no separate craniotomy or incision is required 
for harvest. (3) The inner table is intact and hence 
there is no secondary calvarial bone defect on the 
donor site. (4) Osteoplastic flap is moulded by multiple 
osteotomies to fit into the defect and thus provide good 
contour and good cosmesis. (5) This procedure leaves no 
cutaneous scars elsewhere in the body other than primary 
operative site. (6) It is cost-effective. (7) It can be used 
in infective cases. (8) Can be used in patients requiring 
postoperative radiation.

Methodology
In our study, we retrospectively evaluated the use of 
this technique in reconstruction of five cases of ACF 
defects of varying etiologies. The cases selected were as 
follows: (1) encephalocele defect with CSF leak, (2) two 
cases of frontal mucocele eroding orbital roof, (3) medial 
sphenoid wing meningioma infiltrating skull base, 
and (4) posttraumatic complex nasoethmoid orbital roof 
fracture with CSF leak. All the cases were done in a 
single tertiary institution during the period from July 2016 
to December 2016 by the primary investigator himself. 
Institutional review board approval was obtained for the 
study as well as for publication. Informed written consent 
was taken from all the patients after explaining the risk and 
benefits of the procedure. Written informed consent was 
also obtained regarding data publication in journal without 
revealing their identity.

Demonstration of surgical technique

All cases were done under general anesthesia after 
obtaining informed written consent. The patient was 
positioned supine with neck extended and head end 

elevation [Figure 1a]. Classical bicoronal skin incision 
was put in all cases and subgaleal flap was raised up 
to supraorbital ridge. Craniotomy flap was marked. 
Depending on the size and side of ACF defect, the 
outer table of the ipsilateral primary craniotomy flap 
with its intact temporalis-based myofascial pedicle was 
planned [Figure 1b].Two burr holes were placed in the line 
of craniotomy and using a craniotome the bone in between 
the burr holes were cut [Figure 1c].Using drill with small 
drill bit, multiple holes were made in diploic space without 
breaking the inner table [Figure 1d].The bone flap was 
then split through the diploic space using an osteotome, 
and outer table was detached without breaking the inner 
table [Figure 2a and b] with the intact temporalis-based 
myofascial pedicle [Figure 2b-d]. The myofascial pedicle 
was further elevated preserving the deep temporal arteries 
supplying the muscles [Figure 2b-d].The split outer table 
was osteotomized into many pieces with special care 
to avoid injury to the pericranium [Figures 2c and 3a]. 
These osteotomies will help in moulding the bone flap to 
fit snuggly into the ACF [Figure 3b]. The flap was then 
placed safely to the side, and the craniotomy for accessing 
the skull base defect was completed. The flap is taken to 
the ACF defect through the anterior frontal most burr hole 
without twist and kink [Figure 3c and d]. The composite 
flap was then placed in the ACF defect, and tissue glue 
is used to attach it strongly to skull base [Figure 3b].
The primary craniotomy flap with intact inner table is 
replaced so that there is no residual bony defect in the 
area of harvest [Figure 3d]. The donor area resurfaced 
with bone dust obtained during craniotomy burr hole, to 
achieve better cosmesis [Figure 3d] and skin flap sutured 
back. Schematic representation of the procedure is shown 
in [Figure 4a-e].

Figure 2: (a-c) Outer table is osteotomised and pedicle of moulded 
osteomyofascial pedicled split craniotomy flap lengthened to obtain 
sufficient arc of rotation. (d) Moulded osteomyofascial pedicled split 
craniotomy flap and craniotomy flap with pedicle shown separately
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Figure 1: (a) Patient positioning. (b) Fashioning the adequate-sized moulded 
osteomyofascial pedicled split craniotomy flap with intact pericranium and 
myofascial pedicle. (c) Multiples holes are made in diploic space using drill 
without breaking inner table. (d) Flap was raised using osteotome
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Representative cases

Case 1

A 26-year-old male presented with frontonasal 
encephalocele with CSF leak through the left nostril. 
Computerized tomography (CT) scan showed a large 
defect in cribriform plate and ethmoids [Figure 5a-c]. 
Ligation and repair of encephalocele [Figure 5d] 
was done, and ACF defect reconstructed using 
MOPS flap. There was no postoperative complication 
and 1-month postoperative CT showed new bone 
formation without any evidence of bone resorption 

[Figure 6a1, a2, b1, b2, c1, c2]. Postoperative photograph 
showed good cosmesis [Figure 7a and b].

Case 2

A 24-year-old male presented with frontal mucocele. 
CT showed destruction of roof of orbit and destruction 
of inner table of frontal sinus and posterior ethmoids 
[Figure 8a and b]. Orbital roof reconstruction along 

Figure 5: (a) Preoperative coronal computerized tomography showing 
defect in anterior cranial fossa with encephalocele. (b) Preoperative 
axial computerized tomography showing ethmoid defect with 
encephalocele (orange arrow). (c) Preoperative sagittal magnetic resonance 
imaging showing defect in orbital roof (thick black arrow indicates the 
defect). (d) Bifrontal craniotomy showing the anterior cranial fossa defect 
with traversing encephalocele sac
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Figure 3: (a) “Split osteotomised” outer table bone flap with intact 
pericranium and wide myofascial pedicle. (b) moulded osteomyofascial 
pedicled split craniotomy flap rotated and placed to cover anterior 
cranial fossa defect. (c) Craniotomy flap replaced showing donor 
area. (d) Secondary defect resurfaced with bone dust obtained during 
craniotomy burr hole for better cosmesis. The pedicle of moulded 
osteomyofascial pedicled split craniotomy flap is rotated into anterior 
cranial fossa through key burr hole
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Figure 4: (a-e) Schematic representation of moulded osteomyofascial 
pedicled split craniotomy flap
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Figure 6: (a1) immediate postoperative coronal computerized tomography 
showing cribriform plate defect reconstructed with moulded osteomyofascial 
pedicled split craniotomy flap (thick yellow arrow showing the moulded 
osteomyofascial pedicled split craniotomy flap). (a2) One-month 
postoperative computerized tomography showing intact bone flap with 
new bone formation (thin yellow arrow). (b1) Immediate postoperative 
axial computerized tomography showing reconstructed anterior cranial 
fossa (thick red arrow indicates moulded osteomyofascial pedicled 
split craniotomy flap). (b2) One‑month postoperative axial computerized 
tomography showing bone flap with new bone formation (thin red arrow 
shows new bone formation). (c1) Immediate postop sagittal computerized 
tomography showing reconstructed anterior cranial fossa with moulded 
osteomyofascial pedicled split craniotomy flap (thick white arrow shows 
moulded osteomyofascial pedicled split craniotomy flap. (c2) One month 
postoperative sagittal computerized tomography showing intact bone 
flap without osteolysis (thin white arrow shows moulded osteomyofascial 
pedicled split craniotomy flap)
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with repair of inner table of frontal sinus done using 
our technique [Figure 8c].One-month postoperative CT 
showed good bony support with new bone formation 
[Figure 9a1, a2, b1, b2, c1, c2].

Case 3

A 21-year-old male presented with posttraumatic optic 
neuropathy with CSF leak. CT showed fracture involving 
the frontal sinus, ethmoids, extending to sphenoid 
bone [Figure 10a1 and b1]. Craniotomy with optic nerve 
decompression and reconstruction of ACF done using 
MOPS flap. Postoperative CT showed good reconstruction 
of defect [Figure 10 a2, b2, c] with acceptable cosmesis.

Case 4

A 41-year-old female presented with medial sphenoid 
wing meningioma infiltrating orbital roof and posterior 
ethmoids [Figure 11a-c]. Fronto-orbito-zygomatic 
osteotomy with reconstruction using MOPS flap was 
done [Figure 11d and e]. Postoperative period was 
uneventful, and the patient was discharged on day 7 with 
no complication. Postoperative CT showed good repair 
[Figure 12a and b] with acceptable cosmesis.

Figure 7: (a and b) Postoperative photograph showing good cosmetic 
outcome

ba

Figure 9: (a1) Immediate postoperrative axial computerized tomography 
showing posterior wall of frontal sinus reconstructed with moulded 
osteomyofascial pedicled split craniotomy flap (thick yellow arrow showing 
the moulded osteomyofascial pedicled split craniotomy flap). (a2) One‑month 
postoperative computerized tomography showing intact bone flap without 
osteolysis. (b1) Immediate postoperative sagittal computerized tomography 
showing reconstructed orbital roof and posterior frontal sinus wall (thick 
red arrow indicate moulded osteomyofascial pedicled split craniotomy 
flap). (b2) One month postoperative sagittal computerized tomography 
showing bone flap with no osteolysis (thin red arrow shows new bone 
formation). (c1) Immediate postoperative computerized tomography 
showing reconstructed orbital roof (thick white arrow showing moulded 
osteomyofascial pedicled split craniotomy flap). (c2) One month postoperative 
computerized tomography (thin white arrow showing new bone formation)
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Figure 10: (a1) Preoperative axial computerized tomography showing 
anterior cranial fossa defect in patient who presented with traumatic 
cerebrospinal fluid rhinorrhea and optic nerve compression (thick yellow 
arrow showing fracture). (a2) Immediate postoperative axial computerized 
tomography showing good coverage of defect. (b1) Coronal computerized 
tomography showing the fracture of orbital roof. (b2) Immediate 
postoperative coronal computerized tomography showing good coverage 
of defect (thin red arrow showing moulded osteomyofascial pedicled split 
craniotomy flap). (c) Postoperative high axial computerized tomography 
showing the donor area with intact inner table

b1 b2

a1 a2

c

Figure 8: (a) Preoperative axial computerized tomography showing defect 
in posterior wall of right frontal sinus with mucocele. (b) Preoperative 
coronal computerized tomography showing defect in orbital roof. (c) Frontal 
craniotomy showing the deficient orbital roof and anterior cranial fossa 
defect
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Results
Age of the patients included in the study varied from 
21 to 60 years (mean age 41.4 ± 17.8). Out of the five 
cases included in the study, 4 cases were males and 1 case 
female. One patient had an encephalocele (congenital), 
two patients had postinfectious etiology (one patient 
with frontal pyocele and the second frontal mucocele), 
one patient had meningioma, and one had complex 
nasoethmoid fracture. None of the patients had any 
comorbidities [Table 1]. The defect size was preoperatively 
assessed using CT, and an appropriate sized flap was 
planned. Dimension of the flap ranged from (3.5 x 3 cm) 
of bone and was further fashioned intraoperatively after 
assessing the true defect size following craniotomy and 
exposure. Lack of 3 dimensional reconstructive CT in our 
institution was a drawback. Mean operating time was 3 h 
and 30 min [Table 2]. Mean follow-up was 3.5 months. 
None of the cases had postoperative CSF leak and all had 
evidence of new bone formation without bone resorption 
and acceptable cosmesis.

Discussion
Anterior skull base reconstruction pose challenges due 
to difficult access, complex vascular anatomy, and local 
tissue quality. When there is a complex skull base defect, 
intracranial compartment communicates with exterior 
through the nasal cavity which may lead to life-threatening 
infections. This point towards the importance of ACF 
reconstruction. Limited options for reconstruction were 
the problem in the past. Reconstructive techniques have 
evolved over the past five to six decades to the latest 
vascularized-free tissue transfer.[5] Initial reconstructive 

methods consisted of closure of defect with skin grafting. 
However, this technique had very high rate of postoperative 
CSF leak (71%). Techniques using local flaps such as 
glabellar flap, temporalis flap, and pericranial flap were 
tried. Even though these flaps are mouldable to the ACF 
beneath the supraorbital rim, the main limiting factor 
was inadequate tissue volume to support skull base. The 
long-term results were dismal due to tissue break down 
and CSF leak due to poor maintenance of vascularity. 
Reconstruction by free fascia lata grafts and free fat were 
described in literature.[2] However, they carry high risk of 
failure in infected and previously irradiated sites. In 1970s, 
myocutaneous flap was introduced. Even though it provides 
adequate tissue bulk, the technique went into disrepute due 
to inadequate reach to skull base, necrosis of distal portion, 

Table 2: The mean values of variables addressed in the 
study

Variables (mean values) MOPS flap
Age (years) 41.4±17.8
Sex ratio (male:female) 4:1
Operating time (min) 212±40
Blood loss (ml) 850
Hospital stay (days) 5.8±1.3
Complications 0
Follow-up (months) 3±0.7

Table 1: The profile of patients included in the study
Cases Age Sex Diagnosis Follow‑up
1 24 Male Encephalocele 2 months
2 54 Male Frontal pyocele 4 months
3 60 Male Frontal mucocele 3 months
4 47 Female Meningioma 3 months
5 21 Male Traumatic 3 months

Figure 12: (a) Immediate postoperative computerized tomography 
coronal showing good coverage of orbital defect. (b) Postoperative axial 
computerized tomography showing moulded osteomyofascial pedicled split 
craniotomy flap covering anterior cranial fossa defect (white arrow showing 
moulded osteomyofascial pedicled split craniotomy flap covering the defect)

b

a

Figure 11: (a and b) Preoperative computerized tomography films showing 
the medial sphenoid wing meningioma destroying anterior skull base and 
orbital roof. (c) Preoperative coronal magnetic resonance imaging picture 
showing the orbital part of meningioma (orange arrow shows meningioma). 
(d) Intraoperative picture after Frontoorbito zygomatic craniotomy. (e) Bone 
flap replaced showing donor area. Moulded osteomyofascial pedicled split 
craniotomy flap is fashioned and seated to cover anterior cranial fossa 
defect. The flap is highlighted using grey bracket
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and detachment from primary site due to weight dragging 
the flap. None of the above methods provided a bony 
structural framework for supporting skull base to prevent 
brain herniating. The need for bony reconstruction made 
many Schuller et al.[1] to provide rigid bony support using 
split rib supplemented with vascularized pericranial flap. 
Split calvarial free bone graft was popularized by Tessier 
in 1932.[3] These free bone grafts lack inherent vascularity, 
and hence, they tend to absorb with time leading to CSF 
leak and infections.

Advances in bone implant technology made available 
exciting alloplastic materials such as titanium, 
hydroxyapetite, porous polyethylene for providing bony 
frame work. Synthetic material such as titanium and bone 
cements were also used.[6,7] The problems of infection, 
implant extrusion made these options unsafe. Alloplastic 
implant may also does not allow natural vascularized tissue 
to grow and cover the defect.[8-10]

Pedicled myocutaneous free flaps, free radial forearm, and 
free anterolateral thigh flap were described previously. 
However, use of free flaps is limited due to difficulties 
with recipient vessel availability, complex regional 
skull base anatomy, caliber, and maintenance of patency 
of vessels.[11,12] In addition, donor site morbidity, two 
surgical fields, long operating time due to microvascular 
anastomosis made their use limited. In addition, these flaps 
did not provide adequate bony support.

Endoscopic nasal reconstruction of anterior skull base 
defects are being tried now but needs a lot of expertise in 
use of endoscope due to steep learning curve. Vascularized 
composite flaps with muscle bone and pericranium 
harvested from the adjacent area have been reported. 
However, this technique required additional incision and 
exposure.[13-15] A composite flap consisting of reverse 
temporalis flap based on superficial temporal artery along 
with split calvarial graft from parietal bone was developed 
as an alternative.[4] This technique had the disadvantage of 
distant donor site morbidity. They are also placed as a rigid 
bone into the defect and hence lack adequate contouring 
in complex ACF defects. Recently, a combination of 
reverse temporalis flap laid over a free split calvarial bone 
graft was developed.[4] However, this was a limited study 
involving five patients and the question of survival of free 
split calvarial bone graft remains.

Hence, an ideal method of ACF reconstruction should 
(1) ensure watertight barrier between sinonasal tract 
and intracranial compartment (2) should be vascularized 
so as to avoid future bone resorption, (3) should be 
properly contoured to provide good esthesis, (4) should 
be autologous to prevent chance of extrusion and infection 
(5) should provide strong rigid bony support preventing 
brain herniation, (6) should be cost-effective (7) easy 
surgical technique and (8) should not require additional 
incision for exposure.

Our technique fulfills all the required criteria for an ideal 
reconstructive method in the following ways (1) the bone 
flap is harvested from the primary osteoplastic bone flap and 
hence require no additional incision or exposure, (2) the flap 
is a pedicled osteomyofascial flap with intact blood supply 
and hence provide a durable bony support, (3) the flap is 
contoured with multiple osteotomies and thus fit snuggly 
into the defect and aid good contouring, (4) it provides rigid 
bony support separating intracranial compartment from 
the exterior, (5) the flap is autologous and hence reduced 
chance of extrusion or infection (6) cost-effective (7) does 
not require additional incisions or scars elsewhere in the 
body, (8) does not require tedious microsurgical procedure, 
and (9) can be used safely in infections and those requiring 
postoperative radiation.

Limitations to this technique are as follows (1) technical 
difficulties in splitting the outer table with intact 
periosteum, (2) more number of cases to be done with 
longterm follow-up for detecting complication of bone 
resorption, and (3) lack of randomized control trial with 
conventional method as control to document statistical 
significance of superiority of the new technique with 
conventional technique. Successful reconstruction was 
achieved in all cases with no serious complications.

Conclusion
MOPS craniotomy flap in reconstruction of ACF 
defect – a pilot study provides a novel, easily mastered, 
and cost‑effective technique with minimal complication in 
reconstruction of complex ACF defects. The purpose of 
the article was to suggest a novel technique in skull base 
reconstruction that could provide results acceptable in 
terms of both functional and esthetic outcome. Although 
more cases with longer follow-up has to be done for 
precise results, we hope this technique has the advantage of 
reconstructing the ACF defect using the same craniotomy 
flap itself without creating any bony defect or scar 
elsewhere other than the primary craniotomy site. Thus, our 
procedure is a cost-effective method utilizing autologous 
vascularized bone for reconstruction of ACF defects with 
good functional and cosmetic outcome.
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