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Abstract: Cranioplasty, one of the oldest surgical procedures used to repair cranial defects, has undergone many 
revolutionary changes over time to find the ideal material to improve patient outcome. The surgical challenge in repairing 
large calvarial defects is known to craniofacial surgeons. Ongoing researches on various cranioplasty materials continue 
with the help of recent technology. Stem cell experiments and development of morphogenic proteins are expected to 
take the lead in future. With the aid of Computer Aided Designing technology, all currently used alloplastic materials can 
be custom made for even large skull defect. We present a case of young female patient following trauma underwent 
craniotomy and complicated with bone graft loss. Patient initially underwent cranioplasty using a PMMA implant, inspite 
of its excellent tensile strength was not proven to be effective it sustained fracture and got exposed. A customized 
osteomesh of polycaprolactone (PCL) with a titanium scaffold with bone morphogenic protein (BMP) was impregnated 
with stem cells was used in cranioplasty. This aided in osseoinduction, which was later proved by imaging. Empirically, 
there has been no ideal material for cranioplasty; however, materials that are strong, resistant to infection, radiolucent, 
inexpensive, and able to reincorporate with a patient's craniotomy defect will offer the greatest advantages for such 
patients and hence PCL with such qualities proves to be a good alternative. 

Keywords: Cranioplasty, Composite graft, Osteomesh, Stem cells. 

1. INTRODUCTION 

Large defects of the skull may result from congenital 
deformities, trauma, or decompressive craniectomies, 

resulting from infection. In addition to the aesthetic 
deformities, large defects in the skull may expose a 

a. 
However, restoration and recovery of a skull defect 
continue to be a challenge to craniofacial surgeons and 
neurosurgeons. Many operative techniques and implant 
materials are being used to reconstruct the framework 
of the skull. 

2. CASE REPORT 

A 13-year old female was involved in a road traffic 
accident in which both her parents were killed. She was 
brought to casualty with severe head injury GCS 6/15. 
A plain Computer tomography of brain showed a large 
Fronto temporo parietal acute subdural hematoma 
(Figure 1). Patient underwent a right decompressive 
craniotomy and hematoma evacuation (Figure 2). Due 
to severe brain edema the bone flap was banked in 
abdomen. Patient made significant recovery over 6 
weeks, the banked bone flap was replaced back with a 
resultant cranial defect measuring 4X2 cm inferiorly 
(Figure 3). After about three, month patient developed 
ulceration over the scalp with discharge and bone 
exposure. Further investigation reveled osteomyelitic 
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changes in the bone flap, the bone was debrided and 
patient was administered a course of antibiotics (Figure 
4). After six weeks the cranial defect was reconstructed 
with titanium reinforced poly methyl metha acrylate 
implant (Figure 5). After about three months the flap 
edge started to breakdown and the implant was 
exposed. A decision was made to remove the infected 
implant and wound closed primarily (Figure 6). A tissue 
expander place over the vertex and scalp skin expanded 
over month time. A custom-made polycaprolactone 
scaffold with titanium reinforcement was ordered. A 3 D 
printed skull model was made to demonstrate the defect 
(Figure 7) and help design the Osteomesh (Figure 8). 
 

 

Figure 1: CT Brain showing FTP acute Subduaral hematoma. 
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Figure 2: CT brain following SDH evacuation. 

 

Figure 3: 3D CT Showing replaced bone flap with inferior 
defect. 

 

Figure 4: Osteomyelitis of Bone flap. 

 

Figure 5: Defect reconstructed with Titanium reinforced 
PMMA implant. 

 

Figure 6: 3 D CT showing defect after implant removal. 

 

Figure 7: 3D printed skull model showing the defect. 
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Figure 8: Custom made Osteomesh. 

A day prior to surgery the bone marrow was harvested 
from iliac crest and stem cells extract prepared. The 
patient was taken up for reconstruction skin flaps de- 
signed and expander removed (Figure 10). The os- 
teomesh was impregnated with Stem cells. The bone 
edges were freshened (Figure 9) and the Osteomesh 
was fixed to surrounding bone the titanium anchors 
(Figure 10). Pericranial flaps were elevated (Figure 11) 
from either side of defect and sutured over the Osteo- 
mesh (Figure 12). Skin was closed in layers. Post-
operative 3D CT showed good approximation of mesh 
and defect (Figure 13). During the post-operative period 
patient developed collection below the flap, which 
settled conservatively. Further post-operative course 
was uneventful. At 6 weeks the cranial deformity was 
well corrected (Figure 14). At 18 months follow-up the 
CT scan shows maintenance of contour and areas of 
bone growth into the mesh (Figure 16). The patient is 
pleased with the reconstruction (Figure 15). 

 

Figure 9: Bone defect edges freshened. 

 

Figure 10: Osteomesh fitted to defect and fixed. 

 

Figure 11: Elevation of pericranial flaps. 

 

Figure 12: Pericranial flaps sutured over Osteomesh. 

3. DISCUSSION 

Cranioplasty is the surgical techniques to repair 
cranial defects to achieve both cosmetic and functional 
results. The history of cranioplasty dates back to over 
7000 B.C [1]. In the 19th century, the use of bone from 
different donor sites, such as ribs or tibia, gained wide 
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Figure 13: 3D CT showing well aligned Osteomesh over 
defect. 

 

Figure 14: 6 weeks follow-up deformity corrected. 

 

Figure 15: 18 months follow-up well concealed scars. 

 

Figure 16: 18 months follow-up CT showing new bone forma- 
tion over Osteomesh. 

popularity. Further advances in alloplastic material gave 
wider variety for skull implants. Although many different 
methods had been described, there is still no consen- 
sus on which method is better (Table 1). The aim of 
cranioplasty is not only a cosmetic correction, the repair 
of cranial defects gives relief to psychologically and 
increases the social performances. Also the incidence 
of epilepsy is shown to be decreased after cranioplasty 
[2]. Contraindications for cranioplasty are the presence 
of hydrocephalus, infection, and brain swelling. 

An ideal cranioplasty material must have the follow- 
ing features [3]: 

 It must fit the cranial defect and achieve com- 
plete closure 

 Radiolucency 

 Resistance to infections 

 Not dilated with heat 

 Strong to biomechanical processes 

 Easy to shape 

 Not expensive 

 Ready to use 

Bone grafts have the advantage of being genetically 
identical and less prone to infection; they also preserve 
the protein matrix in which bone minerals remain stable 
and have fewer late resorption and other complications 
[4] Other factors favoring the use of autogenous bone 
are no foreign body reaction, easy to contour grafts, 
and in some cases, such as the rib graft, the donor 
area shows signs of regeneration [5]. Nevertheless, the 
use of autogenous bone has its own drawbacks. The 
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harvesting procedure prolongs the operative time, the 
harvest area requires time to heal, and there is a 
limited supply of bone available. There are also other 
considerations, such as the increased surgical complex- 
i
graft, graft warpage, and resorption [6]. There is a 
correlation between the original size of the defect and 
the failure rates in skull grafting, defects larger than 75 
cm2 have a failure rate of around 60%, whereas those 
smaller than 75 cm2 are associated with no failure. 

The first case of bone transplantation was demon- 
strated by Söhr, in which he used only the external 

tabula of cranium without periosteum [7,8]. Although 
the use of external tabula is a considerable way of 
cranioplasty, the use of internal tabula is rather new [9]. 
Split-thickness skull cranioplasty are biocompatible, 
which are easy to harvest and with less infection and 
deformity. For this reason, it is considered as a good 
option for cases with high risk of infection [10]. In 
pediatric patients with growing cranium, split-thickness 
skull grafts showed integration and cooperated with the 
remolding skull, in contrast to nonbiologic materials, 
which resulted in restricted growth of the skull and 
deformities [11]. 

Table 1:  

Material  Advantage Disadvantage 

Outer table skull [8] Easy to harvest  

Inner table Skull [9] Less deformity and infection risk Higher dural damage risk 

Tibia [12]  Difficult harvesting 
Cranial contour not obtained 

Ribs [13]  Complications like pneumothorax, chest deformities 

Scapula  Difficulty harvesting prone position 

Sternum [14]  High resorption rates 

Ilium [15] Similar contour High complications hemorrhage bowel perforation nerve 
injuries high resorption rate 

Autogenous Banked cranium [16]  Abdominal scarring, resorption 

Allograft cadaveric cranium [17]  Infection, resorption 

Xenograft scapula of cows and 
cranium of dogs [18] 

 Infection, resorption 

Celluloid [19]  High rate of fluid collection and extrusion. 

Methyl methacrylate [20]  Easy to shape, lighter in weight, radiates 
less heat, and radiolucent 

Extothermic reaction brain damage, fracturing of implant, 
extrusion, infection, smooth surface characteristics that 
prevent tissue ingrowth 

Hydroxyapatite [21] Less tissue reaction, high 
osteointegration 

High fracture rate 

 Silicone [22] Less tissue reaction Soft consistency 

Polyethylene mesh [23] Less tissue reaction 
Less prone to infection due to vascular 
ingrowth 

Infection and exposure, non rigid. 

Chorale [24] Bone integration Less durable 

Alluminium [10] 
Silver  
Gold [1] 

 High infection rate 
Skin discoloration 
Expensive  

Tantalum [25]  High cost  
Headaches, high heat conduction 

Stainless steel titanium [26] Less reactive 
Less infection 

High exposure rate 

Lead and platinum [27] Easily mouldable Lead toxicity 
High cost 

Vitallium and ticonium [28] Least corrosive 
Least tissue reaction 
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An ideal osteogenic biomaterial should have the 
following characteristics (i) support the attachment and 
migration of osteoblasts throughout the biomaterial 
(i.e., be osteoconductive), (ii) induce the differentiation 
of osteoprogenitor cells into osteoblasts or promote 
osteoblast activity (i.e., be osteoinductive), and (iii) inte- 
grate with the newly formed bone and retaining similar 
mechanical properties as normal bone (i.e., exhibit 
osteointegration). 

Using autogenous stem cells for bone regeneration 
is a promising techniqueas shown by Yamada et al. 
[29]. Mesenchymal stem cells derived from bone marrow 
had been used experimentally to increase bone re- 
generation. However, harvesting adult stem cells from 
bone marrow may only yield low numbers of stem cells 
[30]. Newer techniques of stems cells of stromal 
vascular fraction from adipose tissue by liposuction are 
easier alternatives. 

3.1. Newer Materials 

Bioglass 45S5 (SiO2 45 wt%, CaO 24.5 wt%, Na2O 
24.5 wt%, P2O5 6 wt%) in granules form when mixed 
with dextran resembles putty that is easily moldable. 

better stability, thus enhancing the handling character- 
istics of the material [31]. 

NovaBone (Porex Surgical, Inc), a synthetic parti- 
culate bioactive glass composed of 45% silicone diox- 
ide, 45% sodium oxide, 5% calcium, and 5% phos- 
phate, stimulate the production of the new bone by 
bioactive composites within the biomaterial [32]. 

Demineralized cortical bone matrix with microper- 
forations can serve as the center for bone neoforma- 
tion. Studies suggest that DBM maybe a reasonable 
alternative to autogenous bone [33]. DBM powder alone 
is placed in the defect thus preventing the ingrowth of 
undesirable soft tissue cells into an osseous defect. At 
the same time permitting the growth of osteogenic cells 
by using barrier membranes, enhances bone repair. 
This technique is known as guided bone regeneration 
[34]. Recently, a demineralized bone paste was made 
available commercially DBX Mineralized bone matrix 1 
(Synthes Maxillofacial, Paoli, PA). Lactosorb (Lorenz 
Surgical, Jacksonville, FL) a bioresorbable polylactic/ 
polyglycolic acid copolymer that has been used 
successfully for cranial vault reconstruction. The DBM 
and Lactosorb composite promoted complete bone 
bridging of a skull defect that was similar to the bone 
bridging seen with autogenous bone. 

Porous β-TCP (Tricalcium phosphate) synthetic can- 
cellous bone void fillers resemble human cancellous 
bone in structure and composition. β-TCPs contain 
approximately 39% calcium and 20% phosphorus by 
weight, similar to natural mineral content in bone. 
Vitoss is a porous, low-density construct prepared by 
lightly fusing particles of β-TCP that average approxi- 
mately 1–2 µm in diameter. Has been used as a bone 
filler in cranioplasty. 

A composite graft can be defined as any combina- 
tion of materials that includes an osteoconductive 
matrix, an osteogenic material, and an osteoinductive 
material, thus fulfilling the three requirements for a 
successful bone graft. Osteoconductive ceramic scaf- 
fold when seeded with bone progenitor cells from bone 
marrow, the composite graft would become osteogenic 
and osteoinductive as well, in effect providing a com- 
petitive alternative to autografts. Osteoprogenitor stem 
cells in bone marrow aspirate and are able to differ- 
entiate into five other cell types (osteoblasts, osteo- 
clasts, adipose cells, chondroblasts, and fibroblasts) 
and modify their morphologic/functional attributes as 
needed [35]. 

Osteomesh is a bioresorbable implant of Polycaprol- 
actone used in craniofacial surgery to repair various 
types of fractures, like the orbital floor fracture and in 
the augmentation or restoration of bony contour in the 
craniofacial skeleton to fill surgical defects. The shape 
is such that it conforms to the defect, thus maximizing 
direct contact with viable host bone. Its unique archi- 
tecture allows rapid saturation with marrow, blood and 
nutrients, thus providing osseoinduction and integra- 
tion. Long-term clinical trials showed significant bone 
regeneration, as the material is slowly resorbed by the 
body and replaced by autologous bone [36,37]. 

3.2. Author’s Surgical Tips for Osteomesh Cranio- 
plasty 

 Use Customised osteomesh implant with a 
titanium scaffold. 

  Pre-surgical adequate scalp skin expansion 
with tissue expanders. 

  Skin incision should be placed far away from 
mesh-bone junction. 

  Freshening of the free bone edges and making 
a grove between outer and inner table for 
proper fit of osteomesh. 

  Soaking the osteomesh flap in bone marrow 
stem cell rich fluid or with platelet rich plasma. 
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  Adequate and snug contact of flap with bone. 

  Anchoring of scaffold with screws to prevent 
micro-motion.  

  Complete covering of osteomesh with pedicled 
pericranial flap. 

  Lax skin closure with drain. 

4. CONCLUSION 

Surgical repair of large calvarial defects still remains 
a controversy, regarding the ideal implant material and 
timing to surgery. The ideal implant material should be 
inexpensive, readily available in sufficient quantities, 
biocompatible, easy to contour, provide rigid support 
and free of any systemic effects. In our study, favour- 
able properties of PCL as an osteomesh with a titanium 
scaffold are translated into its use for reconstruction of 
the calvaria. The application of stem cell therapy 
potentiated with bone morphogenic protein (BMP) for 
osseoinduction has proven to be effective. A complete 
pericranial cover achieved by prior scalp expansion 
aided in vascularity for bone growth. Anchoring of 
scaffold with screws achieved snug contact of flap with 
bone, preventing even micro-motion. The various surg- 
ical techniques applied in this case helped in achieving 
good aesthetic results hence giving an example of 
customization in the field of cranioplasty. 
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