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ABSTRACT
Cranial defects secondary to trauma, surgery or pathological causes, result in large cranial imperfection, which affects the appearance of the 
patient as well as results in sinking flap syndrome. Rehabilitation of such a defect can be done using prosthetic options like custom-made 
polymethyl methacrylate (PMMA) cranial prosthesis or surgical options like outer table calvarial graft segments. It is usually observed that 
the conventional moulage impression of the defective site is the most difficult task. The accuracy of the prosthesis is affected by conventional 
moulage impression, a moulage cast of the defect and techniques of fabricating wax pattern. Orthodox method is to mark the tentative outline 
of the defect and make a conventional moulage impression of the site. However, this is an arbitrary method which offers challenges to accurate 
replication of the borders of the defect. Recently, medical imaging and digital modeling in dentistry have paved the way for digital dental practice 
and additive manufacturing replacing most manual or subtractive procedures. The use of computerized tomography scan to obtain a 3 D digital 
image of cranial defect for fabricating a replica with rapid prototyping has markedly improved the accuracy at the margin of the defect/prosthesis 
interface, resulting in a better fit and optimal contour lending itself to the improved esthetic outcome. It is a more reliable method of fabricating a 
cranial implant prosthesis, which requires minimum adjustment when the patient is on the OT table. These case reports compare rehabilitation 
of cranial defect with custom-made PMMA cranial prosthesis using the conventional methods as well as rapid prototyping technique. It is seen 
that the rapid prototyping method is expensive but accurate and gives a better esthetic outcome.
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INTRODUCTION
Defects involving the maxillofacial structures are always a 
challenge for the patient and the doctor.[1] Surgeons struggle 
to minimize the defect to reduce physical and esthetic effects 
of the surgery and the Prosthodontist pursues to rehabilitate 
the defect with the prosthetic options.

Cranial defects may occur secondary to surgery usually to 
correct a pathology, infection, or due to trauma.[2‑4] This 
usually results in a large defect in the cranial vault when 
more than one bone of the vault is involved. Such defects 
transform the closed cranial vault into an open compartment 
and a series of changes follow. Atmospheric pressure and 
gravity directly affect the intracranial contents resulting 
in neurological, cognitive, sensorimotor, and neurological 
symptoms, which are collectively called sinking skin flap 
syndrome.[4‑6] Moreover, the large osseous defects cause an 
unesthetic appearance which eventually affects patient’s 

quality of life.[7] Hence, the prosthetic aim of rehabilitation 
is restoring the protective barrier for the underlying cerebral 
tissue, restore cerebral blood flow and improve the esthetic 
appearance[8] Since 3000BC, cranioplasty was part of 
neurosurgical procedures and various materials were tried 
and tested for the same, which included coconut shells, 
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Figure 1: Preoperative frontal view of the defect
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bone grafts, metals, and biosynthetic materials.[9,10] In recent 
times two most commonly used alloplastic materials include 
titanium and polymethyl methacrylate (PMMA). However, 
fabricating a customized alloplastic graft is a challenge due 
to the cruciality of the site and the complexity of the defect 
site. Hence, preoperative fabrication of graft has numerous 
advantages and benefits.

The biggest challenges in fabricating a cranial graft are the 
identification of bony borders of the defect. Conventionally, 
moulage impression of the defect site is made to acquire 
a moulage cast of the defect, which is comparatively 
inaccurate as the defect is marked by direct palpation of 
the defect’s edge and recorded from the surface. In recent 
times, computerized tomography (CT) scans have been 
used to create a 3D replica of the defect. The present case 
series includes four cases, in which rehabilitation of large 
craniofacial defect was performed. The cranial prosthesis 
used to rehabilitate these defects were fabricated using 
different techniques and a combination of materials. All the 
cases showed excellent esthetic outcomes and subsequently 
favorable neurological results.

CASE REPORT

Case 1
A 37‑year‑old male patient was referred from the Department 
of Neurosurgery for fabrication of cranial prosthesis 
for fronto‑parito‑tempero‑occipial defect of the left 
side [Figure 1]. History revealed that the patient had a 
fall and craniotomy was performed 14 months before the 
initial consultation. This case was managed following a 
conventional technique. The patient was asked to shave 
his head so that the complete extent of the defect could 
be visualized. Then the bony margins of the defect were 
gently palpated and marked using indelible pencil (APSARA 
Violet/Lilac indelible pencil). First, the inner margin of the 
defect was marked and then the outer margin was marked. 
The area in between the marks represented the extent 
to which the bevel of the final prosthesis could extend. 
For the conventional moulage impression, a cardboard 
was cut out to fit the vault to limit the flow of impression 
material. Then conventional moulage impression was made 
using irreversible hydrocolloid with altered water powder 
ratio to have a more fluid mix (50% more water than for 
intra‑oral impression). Conventional moulage impression 
was poured and dental stone cast obtained which had 
marking of the defect. Scoring of the margins was done 
within the boundaries of the two markings and additional 
plaster added to restore the contour of the vault [Figure 2]. 
Then, multi‑utility wax was adapted and contoured keeping 

the unilateral side as reference. The thickness of the wax 
pattern was kept at approx. 3 mm and when near‑perfect 
contour was achieved, a wax trial was done to evaluate 
future esthetics [Figure 3]. The wax pattern was invested in a 
special flask in a conventional way. Dewaxing was done and 
clear heat cure PMMA was packed and cured in conventional 
manner. Polymerized clear PMMA prosthesis was retrieved, 
finished, and polished. Holes were drilled at 2 mm distance 
from each other and prosthesis was sterilized. The prosthesis 
was surgically secured at the defect site using mini plates and 
screws [Figure 4]. Prosthesis rehabilitated the near‑original 
contour of the vault and thus restored the esthetics of the 
patient [Figure 5].

Case 2
A 25‑year‑old male patient was referred from the Department 
of Neurosurgery with defect in the fronto‑parito‑temporal 
region secondary to trauma that happened 01 year before 
being seen for a consultation. Since the patient was young 
and the defect was in the frontal region, it was planned 
to reinforce the PMMA cranial prosthesis. The patient 
was asked to shave his head and the bony margins of 
the defect were marked and the conventional moulage 
impression was made in irreversible hydrocolloid reinforced 
with plaster [Figure 6]. Cast was poured in dental stone 
and scored. Then, wax pattern was fabricated as per the 
contralateral contour and tried. Then to reinforce the 
prosthesis, prefabricated titanium mess was contoured to 
the shape of wax pattern. Wax pattern was invested and 
dewaxed conventionally. Then, once the mold was available 
for packing, auto polymerizing clear PMMA was used to 
stabilize the contoured titanium mess. Heat polymerizing 
clear acrylic was packed in the rest of the mold and processed 
conventionally. The polymerized prosthesis was finished, 
polished and then holes were drilled into the finished cranial 
prosthesis [Figure 7]. It was sterilized and screwed in placed 



Figure 2: Final cast and wax pattern

Figure 3: Wax patter trial

Figure 5: Final result after 3 weeks

Figure 6: Preoperative view of case II Figure 7: Final prosthesis with titanium mess incorporated
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with mini‑screws and plate surgically. The patient was seen 6 
months postoperative and was noted to have an acceptable 
rehabilitation of the defect [Figure 8]. However, the only 
drawback was the scar mark on the forehead.

Case 3
A 18‑year‑old female patient was referred from the 
Department of Neurosurgery for fabrication of cranial 
prosthesis. The patient was diagnosed with eosinophilic 
granuloma of the frontal bone of the left side 4 years before 
the consultation and operated for the same. Reconstruction 

of the defect was done with Biopore or (High‑Density Porous 
Polyethylene) at the time of initial surgery. Since the Biopore 
has shape memory, the graft was ill‑contoured, it affected 
the appearance of the patient. Since the graft obscured the 
margins of the defect, hence it was not possible to make 

Figure 4: (a) Processing of polymethyl methacrylate prosthesis 
conventionally. (b) Finished prosthesis and surgical placement of prosthesis
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Figure 10: 3D Model with defect and Wax pattern fabricated on 3D model
Figure 11: Intra operative view (Biopore implant removed and polymethyl 
methacrylate implant secured in place)

Figure 9: Preoperative frontal view of defect with disfigure implants
Figure 8: Final result after 6 months
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conventional moulage impression of the defect [Figure 9]. 
To overcome the limitation, it was planned to fabricate a 3D 
replica of the defect. A CT scan of the defect was obtained 
with slice thickness of 1 mm and it was used to reconstruct a 
3D image of the defect. Then, the dicom data was converted 
to STL format and 3D printing was done [Figure 10]. The 
complete vault was printed in polylactic acid. Using this 
3D printed model, wax pattern was fabricated as per the 
contralateral side. Since the pattern was fabricated on the 3D 
model, hence it did not require a trial. The wax pattern was 
invested and processed in a conventional way. The graft made 
in clear heat cure PMMA was finished and polished before 
drilling holes into it. During the surgical phase, the existing 
Biopore graft was removed and PMMA graft screwed in place 
with mini plates and screws [Figure 11]. The patient was 
reviewed after 3 wks to observe a favorable profile of graft 
and an esthetic outcome of the case [Figure 12].

Case 4
A 74‑year‑old bedridden female patient was referred from 
the Department of Neurosurgery for the fabrication of the 

cranial plate. The patient was operated for decompression 
craniotomy 6 months before initial consultation and had 
severe edema of the affected side. On examination, the defect 
was fronto temporo parito occipital. On palpation, there was 
edematous swelling on the site obscuring the bony margins. 
Since the margins could not be clearly defined and the patient 
was bedridden, hence a conventional moulage impression 
technique of the defect could not be carried out. A 3D printed 
model was planned for the case and CT scan of the defect was 
performed with slice thickness of 1 mm. The data was used to 
fabricate a 3D digital replica of the defect [Figure 13]. The data 
were then used to fabricate a model using stereolithographic 
technique using polylactic acid. A digital model of restoration 
of the defect was also attempted using the digital mirroring 
technique of the contralateral side. This restoration was 
then 3D printed using the same technique [Figure 14]. The 
model and reconstruction of the defect were then combined 
to observe the contour of the complete vault. Needed 
modification required were then carried using multi‑utility 
wax. The pattern was invested directly and processed 



Figure 12: Postoperative frontal view

Figure 14: Digital model of restoration of the defect and 3D printer model 
of restoration
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conventionally in heat‑cured clear PMMA. PMMA graft was 
retrieved from mold, finished, and polished before drilling 
of holes in it. The graft was surgically screwed in place using 
titanium plates and mini‑screws. The patient was evaluated 
after 3 wks for a favorable outcome of the graft and esthetic 
contour of the vault. The patient was reviewed after 6 months 
to find improvement of motor functions and the patient was 
able to walk with support.

DISCUSSION

Material for cranial graft
Cranioplasty as a procedure, dates back to as far back 
as 3000BC, where Incan civilization showed evidence of 

this procedure using metals, shells, and other in organic 
materials.[11] Since then many materials and techniques 
have been employed, tried and developed to effectively 
perform this procedure. Causes of cranial defects may vary 
from tumor surgeries to decompression craniotomy. The 
full‑thickness flap that is removed is kept in the abdominal 
pocket to preserve it but many times, it is either infected 
or not preserved properly.[12] In such cases, a need for 
cranioplasty with grafts other than the original bone flap 
arises. For such conditions, there are various materials and 
methods to perform cranioplasty, which include allografts 
and alloplasts. Alloplasts commonly used for cranial implant 
include titanium and polymethylmethacrylate.[13‑17] Both 
these popularly used materials in cranioplasty procedures 
have advantages and disadvantages. PMMA has been used 
in cranioplasty since World War II when the sudden need of 
cranioplasty increased. Acrylic as the material is easier to 
shape, has poor thermal conduction and is lightweight with 
excellent plasticity and radiolucency making it the material 
of choice. Moreover, PMMA can also be modified easily at the 
time of surgery and hence has shown to have better esthetic 
outcomes.[18,19] Titanium on the other hand, as a material for 
cranioplasty has also shown considerable advantages, like it 
being lightweight, exceptionally strong, cover large defects, 
and inert. However, titanium comes with few inherent 
disadvantages as it is costly, interferes with MRI/radiographic 
evaluation and difficult to adjust intraoperatively.[20‑22] Another 
option is to use a customized PMMA implant impregnated 
with titanium mesh which imparts rigidity and stability 
to it. In addition, the titanium mesh is malleable, thin, 
biocompatible and does not interfere in MRI due to its no 
ferromagnetic property thus making long‑term follow‑up of 
the patient easy. However, it increases the cost of the graft 
as compared to using PMMA alone.[23]

With details of commonly used alloplastic materials being 
discussed an important question that remains is which 
material is ideal to use. Various studies describing the use of 
titanium, PMMA, Polyether Ether Ketone, etc., showed that 
PMMA has similar complications as others.[24] Stating this 
PMMA when compared retrospectively showed that PMMA 
as implant materials is as justifiable as autogenous grafts and 
it is a readily available, cost‑effective material.[25] Moreover, 
PMMA grafts have shown favorable esthetic results even for 
large cranial defects.[26] In addition, the use of 3D printing 
for making prefabricated patient‑specific PMMA implants 
has minimized human errors and reducing the chairside 
time resulting in fewer complications and better esthetic 
outcomes.

Method of fabrication
PMMA cranial grafts have gained popularity due to the various 

Figure 13: (a) Digital reconstruction of defect from computerized 
tomography scan data. (b) 3D printing of model and model with defect

ba



Chauhan, et al.: Crannioplasty techniques

141National Journal of Maxillofacial Surgery / Volume 13 / Issue 1 / January-April 2022

advantages and ease of fabrication. However, initially, the 
PMMA grafts were conventionally fabricated over the models 
obtained by making a conventional moulage impression of the 
defect. In this technique, conventional moulage impressions 
were made by arbitrarily marking the margins of the defect over 
the scalp and recorded using appropriate impression material. 
However, due to unavoidable procedural errors involved, the 
outcome is not very reliable. Recently, a more accurate method 
of prefabricating cranial plates directly or through models has 
been followed which includes 3D printing.[27,28] This procedure 
has markedly improved the accuracy as well as reduced the 
surgery cost and time. Studies prove that cranioplasty carried 
out using 3D procedures reduces surgical time by 85% and gives 
a better fit of the implant.[18]

CONCLUSION

Cranial defects have always been associated with challenges 
and unanticipated results. Autografts and allografts have 
been tried extensively with success, but alloplasts have 
been proven to be less complicated and an easy way of 
rehabilitating the defect. PMMA cranioplasty has shown to 
have lesser infections and are easier to fabricate. Reinforcing 
with titanium is also an effective way of improving properties 
at the same time keeping the procedure simple. Conventional 
moulage impression making of the defect is a cost‑effective 
way of fabricating a moulage cast of the defect but a 3D 
printed model is both more accurate and easier to work 
on. A well‑fabricated prosthesis which requires minimum 
adjustment during the surgery and made of material with is 
both bioinert and well accepted by the body is a road map 
to successful rehabilitation. As a maxillofacial Prosthodontist, 
cranioplasty is a challenge but recently medical imaging and 
modeling and digital advances have increased the accuracy 
and made the task comparatively easy.

Finally to sum up
a. A high‑resolution CT scan with the minimum slice 

thickness possible should be used to visualize the defect 
on a digital interface more accurately.

b. It is beneficial to use digital designing and 3D printing 
to directly fabricate patient‑specific implant.

c. When digital designing is not possible (large defect, 
bilateral defects) a 3D printed model of defect made 
using CT scan should be used for accuracy.

d. PMMA with its limitation still proves to be a more 
cost‑effective and feasible option for a patient specific 
implant.

e. Following these simple guidelines precious intraoperative 
time can be saved d as well as a definitive esthetic 
outcome of cranial reconstruction can be obtained.
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