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ABSTRACT
Cranioplasty is a surgical procedure used to reconstruct the calvaria, usually
following decompressive hemicraniectomy performed for severe head trauma,
malignant stroke, hemorrhage, or medically refractory intracranial
hypertension. Advances in surgical techniques have enabled preservation of
autologous bone flaps, although cranioplasty—regardless of material—remains
associated with complications such as infection, seizures, poor cosmesis,
hydrocephalus, extra-axial fluid collections, and bone resorption. Failures may
arise from implant fabrication issues or surgical technique, and no material is
completely risk-free.
This study aimed to compare outcomes between subcutaneously preserved
autologous bone flaps and polymethyl methacrylate (PMMA) implants. The
rationale stemmed from increasing rates of decompressive hemicraniectomies
for trauma, infarction, tumors, and venous thrombosis, creating a growing need
for reliable cranioplasty materials. A quasi-experimental study design was
used, enrolling eligible patients from Neurosurgery Unit II based on surgeon
preference. Cranioplasty was performed within four months after resolution of
cerebral swelling. Statistical analysis was conducted using SPSS version 27,
employing independent t-tests for quantitative variables and chi-square tests for
categorical outcomes, with significance set at p ≤ 0.05.
The study population had a mean age of 35.72 ± 9.91 years (range 15–62
years). Group A (autologous bone flap) and Group B (PMMA implant) showed
similar age and gender distribution. Postoperative outcomes—including
infection, cosmesis, hematoma, and revision rates—were monitored over a six-
month period.
Revision surgery was more common in the autologous bone group: 17.78% vs.
8.89% at one month, 13.33% vs. 4.44% at three months, and 6.67% vs. 0% at
six months. Infection rates also favored PMMA, with Group A demonstrating
higher infection frequencies at every follow-up (6.67% vs. 2.22% at first
month; 6.67% vs. 0% at three months; 4.44% vs. 0% at six months). Cosmetic
complications were low in both groups, though slightly higher in Group A
during early follow-up.
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INTRODUCTION:
Cranioplasty is the surgical reconstruction
of cranial defects using either autologous
bone or synthetic implants. Autologous bone
is generally preferred for large calvarial
defects due to its biocompatibility, perfect
anatomical contour, and cost-effectiveness,
although biomaterials such as titanium,
porous hydroxyapatite, PMMA, PEEK, and
porous polyethylene are commonly used
depending on factors such as patient age,
defect size, donor site availability, prior
graft resorption, or infection risk (Fahradyan
et al., 2020).
Decompressive hemicraniectomy is
performed as a life-saving intervention in
critically ill patients with severe traumatic
brain injury, malignant stroke, hemorrhage,
or refractory intracranial hypertension.
Because the procedure carries significant
morbidity and mortality, cranioplasty is
delayed until neurological recovery and
resolution of cerebral edema. Cranioplasty
improves neurological function, cerebral
perfusion, CSF dynamics, and symptoms of
the trephine syndrome, making it essential
for restoring protection, contour, and brain
physiology. However, it is also associated
with complications such as infection,
seizures, hydrocephalus, fluid collections,
and bone resorption (Dowlati et al., 2022;
Ernst et al., 2018).
Although autologous bone flaps can be
stored via cryopreservation or subcutaneous
implantation—with comparable outcomes—
subcutaneous storage may increase the risk
of hematoma or infection at the secondary
surgical site and may ultimately require
synthetic reconstruction (Dowlati et al.,
2022). As the use of decompressive
craniectomy increases for various
pathologies, the demand for cranioplasty has
grown accordingly (Policicchio et al., 2020).
The history of cranioplasty dates back to
antiquity, including early reports by
Fallopius and Petronius and the first
recorded bone graft by Van Meekeren in
1668 (Aciduman & Belen, 2007).
Custom-designed PMMA implants have
demonstrated advantages—including shorter

operative time, reduced intraoperative
bleeding, ease of application, and good
cosmetic outcomes—with infection rates
lower than intraoperatively molded PMMA
and comparable to autologous bone (Lee et
al., 2009). Successful cranioplasty requires
careful consideration of multiple factors:
patient condition, wound status, cause of
craniectomy, implant material, and timing
(Sahoo et al., 2021). Early cranioplasty (<90
days) may increase the risk of
hydrocephalus, particularly in trauma cases
(Malcolm et al., 2016).
Studies comparing autologous bone with
synthetic implants show mixed outcomes.
Autologous grafts are commonly used for
small-to-medium defects but are limited by
risks of infection and bone resorption. A
retrospective review by Dowlati et al. (2022)
found that although autologous bone was
more cost-effective, it had higher resorption
and reoperation rates when stored
subcutaneously, suggesting cryopreservation
as a better alternative. Other research
indicates that titanium hardware in pediatric
patients may extrude over time (Mullens et
al., 2018).
Sahoo et al. (2020) identified multiple
causes of cranioplasty failure, reinforcing
the need for surgical expertise and careful
patient selection. Vince et al. (2018)
observed no significant difference in overall
complications between autologous bone and
PMMA implants, though PMMA carried a
higher risk of epidural and subdural
hematomas. A study by Moles et al. (2017)
comparing autologous and hydroxyapatite
implants showed better cosmetic results in
the hydroxyapatite group but highlighted
prosthesis fragility and uncertain long-term
Osseo integration.
Large clinical series also demonstrate
variability in cosmetic and neurological
outcomes. Satapathy et al. (2019) found that
55.6% of patients achieved good symmetry,
while others experienced contour
deformities, seizures, or infection; rushed
surgical technique was suggested as a
contributing factor. Similarly, Rosinski et al.
(2019) showed that both cryopreservation
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and subcutaneous bone storage were viable
methods with similar complication rates,
though cryopreservation may slightly reduce
overall morbidity. Alkhaibary et al. (2019)
found that blood glucose levels and defect
size were significant risk factors for surgical
site infection, but subcutaneous storage
itself did not increase infection risk.
Overall, the literature demonstrates that both
autologous and synthetic implants carry
benefits and limitations. Autologous bone
remains biocompatible and anatomically
ideal but is prone to resorption and infection,
particularly when stored subcutaneously.
Synthetic implants—especially PMMA—
offer reliability, ease of use, and favorable
cosmetic outcomes, though they may be
associated with hematoma formation.
Across all materials, poor contouring,
inadequate implant shaping, and bone
resorption can lead to unsatisfactory
cosmetic results and the need for revision
surgery (Satapathy et al., 2019).
RATIONALE:
As the decompressive hemicraniectomy has
increased because of trauma, infarction,
tumor surgeries and venous thrombosis, so
need for cranioplasty has also increased. In
doing so a procedure with proper graft need
to be devised to prevent burden on hospital
and give patient benefit, therefore the aim of
this study is to compare subcutaneously
preserved autologous bone flaps versus
PMMA implant for cranioplasty, which can
help us improve treatment protocol and
better care for the patients. Comparing to
parent article novelty is shown below.

Parent article
(Dowlati et al., 2022)

Current article

Decompressive
hemicraniectomy and
cranioplasty using
subcutaneously
preserved autologous
bone flaps versus synthetic implants: perioperative outcomes and cost
Analysis

Outcome comparison
of subcutaneously
preserved autologous
bone flaps versus
PMMA implant for
cranioplasty

Variables were
perioperative
outcomes and cost
analysis

Variables of this
study is infection and
Cosmesis

LITERATUREREVIEW
Cranioplasty is a commonly performed
neurosurgical procedure used to reconstruct
cranial defects. Over time, the materials
employed for repairing cranial deformities
have evolved significantly. Cranioplasty
materials are generally classified into
biological and synthetic types. Biological
materials include autologous, allogenic, and
xenogeneic grafts. Autologous cranioplasty
uses the patient’s own cranial bone or bone
harvested from another part of the body.
Advances in computer-assisted design and
three-dimensional printing have improved
synthetic implants, resulting in shorter
recovery times and better cosmetic
outcomes. Early synthetic materials, such as
aluminum, were eventually abandoned after
being found to dissolve, irritate brain tissue,
and induce seizures. Today, methyl
methacrylate (PMMA) is the most widely
used synthetic material in cranioplasty.
Hydroxyapatite, a naturally occurring
component of bone, supports
osteointegration and reduces inflammatory
reactions, while polyetheretherketone
(PEEK) is favored for being lightweight,
nonconductive, and compatible with
imaging techniques.
The most common complication after
cranioplasty is surgical site infection. The
effect of cranioplasty timing on cognitive
recovery remains uncertain, but available
evidence suggests that neurological
outcomes alone should not determine the
timing of surgery. This review summarizes
the evolution, history, materials, and
complications associated with modern
cranioplasty techniques (Alkhaibary et al.,
2020; Binhammer et al., 2020).
Cranioplasty is performed to repair cranial
defects that cause symptoms related to direct
atmospheric pressure on the unprotected
brain, as well as disturbances in
cerebrospinal fluid (CSF) dynamics and
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cerebral blood flow (Jeyaraj, 2015). When
indicated, the procedure helps restore
normal CSF flow, cerebral perfusion, and
reduce cerebral edema. The materials used
for cranial reconstruction—either
autologous or synthetic—determine the
technique and outcomes. This article
provides both a historical overview and a
detailed discussion of materials used in
contemporary cranioplasty (Hassan et al.,
2019).
HYPOTHESIS
Null Hypothesis:
There is difference in outcome between
subcutaneously preserved autologous bone
flaps versus synthetic implant (PMMA) for
cranioplasty in terms of infection and
cosmesis.
Alternate Hypothesis:
There is no difference in outcome between
subcutaneously preserved autologous bone
flaps versus synthetic implant (PMMA) for
cranioplasty in terms of infection and
cosmesis.
MATERIALS ANDMETHODS:
Study design:
Quasi-experimental.
Study settings:
Neurosurgery department unit–II, Punjab
Institute of Neurosciences, Lahore.
Study duration:

12 Months
Sampling technique:
Non-probability, consecutive sampling. All
the patients were distributed into two groups
by surgeon preference.
Sample size:
The sample size of forty-five subjects in
each group was estimated using 80% power
of the study, a 5% level of significance, and
assuming the proportion of infection with
autologous bone flaps to be 8.6% and 28.6%
with synthetic implants (PMMA) for
decompressive craniectomy (Dowlati et. al.,

2020).
P1 = Anticipated proportion of infection

with autologous bone flaps = 8.6%
P2 = Anticipated proportion of infection
with synthetic implants (PMMA) = 28.6%
Z 1-α/2 = Standardized value of Z at 5%
level of significance =
1.96 Z 1-β= Standardized value of Z at 80%
power of study= 0.86
n = calculated sample size for each group = 45
Sample Selection:
Inclusion criteria:
1- Age more than fourteen and less than

sixty-five years of both genders.
2- Post traumatic decompressive

craniectomy with duroplasty.
3- Decompressive craniectomy for

malignant infarct.

4- Bone flap removal after benign tumor
excision.

5- Timing of cranioplasty should be at
least four months.

6- Supratentorial cranioplasty.

7- Glasgow Coma Scale score of more
than 10

Exclusion Criteria:
1- Previous and currently infected surgical
area.

2- Patients with co morbidities like
diabetes mellitus, bleeding disorders.

3- Patient with previous failure implant.
4- Cranioplasty with other synthetic
implants.

5- Immunocompromised patient.
6- Infratentorial cranioplasty.
7- Cranioorbital defect.
8- Defect involving frontal air sinuses.

METHODOLOGY:
After the approval of synopsis, a total of
ninety patients fulfilling the inclusion
criteria were enrolled into the study. Written
and informed consent was taken from each
patient. The demographic information was
recorded on Pro-forma (Annexure I). A
proper history and neurological examination
were conducted. CT brain plain with bone
window was done and baseline
investigations were performed. All the
patients were distributed into two groups (A
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& B) by surgeon preference. Postoperatively,
patients were monitored for implant failure
(infection and cosmesis). All patients were
re- evaluated at OPD on follow up visits (1
month, 3 months, 6 months) for any
complications. All the data was collected
then analyzed and compared.
Surgical Procedure
As my study design is Quasi experimental,
patients were divided into two groups by
surgeon preference, group A patients were
prepared for subcutaneously preserved
autologous bone flap cranioplasty. After
history, examination, baseline and consent
patients were shifted to Operation Theater
and under general anesthesia proper position
were made, firstly previously abdominal
incision was explored, bone preserved in
subcutaneous plane in abdomen was taken
and looked for any sign of infection, if no
sign of infection then was stored in
antiseptic solution and abdominal wound
was closed. After that previous scalp wound
was opened, bone edges exposed and
preserved bone was grafted into the
craniectomy defect. Bone was anchored
using titanium mini plate and screws.
Hemostasis was done followed by wound
closure in layers and then aseptic dressing.
While group B was prepared for
cranioplasty using PMMA implant. After
history, examination, baseline and consent
patients were shifted to operation theater
and under general anesthesia proper position
was made, previous wound was explored
and bone edges was exposed then free hand
modeled synthetic PMMA was prepared by
mixing the liquid monomer (catalyst) with
the powder polymer in a ratio of two parts
powder and one part liquid. This mixture
was constantly stirred until its consistency is
doughy. Then the mixture was taken in
gloved hands and knead until it will no
longer be adherent to the gloves, then it was
molded according to the cranial defect and
placed at the site of defect. Continuous
irrigation with normal saline was done.
Multiple small holes were created in implant
to prevent extradural collection. Then the
implant was fixed with titanium mini plates

and screws followed by subgalea drain
No.14. After hemostasis wound was closed
layer wise followed by aseptic dressing.
Patients were administered intravenous
antibiotic (ceftriaxone 1g B.D). On second
post op day CT brain plain was done and
drain was removed. Patient was discharged
on oral antibiotics (tab. cefixime 400mg
O.D.) for 5 days and oral analgesics. A
structured Performa was used to collect the
basic demographical and clinical data for all
patients’ pre and post operatively. Outcome
(infection and cosmesis) was documented
post- operatively and during follow-up in
both groups.
Data analysis
All the data was entered and analyzed using
SPSS 27 version. Quantitative data like age
was presented by the mean and standard
deviation. Qualitative data, like gender and
complications i.e., infection and cosmesis
was presented by frequency and percentages.
Independent t-test was used to compare the
quantitative variable. The chi- square test
was used to compare the gender distribution,
infection rate, cosmesis and any other
complications between the two groups. A p-
value ≤ 0.05 was considered significant.
RESULTS:
In this study, a total number of 90 (45+45)
cases fulfilling inclusion criteria. The study
was initially, approved from the ethical
committee, Department of Neurosurgery
Unit II, Lahore General Hospital, Lahore.
Patients were divided into two groups by
consultant choice. Group A was comprised
of patients who received autologous bone
flap while Group B was comprised of
patients who received synthetic implant
(polymethylmethacrylate implant) for
cranioplasty. Finally, outcomes of both
procedures were compared in terms of
infection, cosmesis and success rate between
the two groups.
Age distribution:
In this study, 23.33%patients were between
the ages of 15-30years, 44.44% patients
were between the ages of 31-40years and
32.22%patients were between the ages of
41- 62years. The minimum age of the
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patient was 15 years while maximum age of
the patient was 62 years. However, mean
age of patients was 35.72+9.91years (Table
4.1).
The Independent Sample T-Test was used to

determine the statistical significant age
between the Group A and Group B and
results expressed no significant difference
(p= 0.942) between both groups (Table 4.1).

Table 4.1: Frequency of age distribution in Group A and Group B.

Age (in Years) No. of Patients % p-value

15-30 21 23.33%

0.942

31-40 40 44.44%

41-62 29 32.22%

Total 90 100%

Age comparison
The mean age of patients in Group A was
35.67± 9.93 years and the mean age of
patients in Group B was 35.83± 10.03
years (Table 4.2). The independent sample

t-test revealed that the difference between
Group A and Group B (p = 0.945) was not
significant.

Table 4.2: Comparison of mean age between Group A and Group B.

Groups Mean ± SD Minimum Maximum p-value

Group A 35.67± 9.93 15 years 62 years

0.945

Group B 35.83± 10.03 20 years 61 years
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Gender
In Group A 30 (66.67%) patients were male
and 15 (33.33%) patients were female while
in Group B31 (68.89%) patients were male
and 14 (31.11%) patients were female

respectively (Table 4.3). The Chi-square test
was used to compare the gender distribution
in Group A and Group B and results
expressed no significant difference (p=
0.824) between both groups (Table 4.3).

Table 4.3: Gender distribution comparison between Group and Group B.

Gender Group A Group B p-value

Male 30 (66.67%) 31 (68.89%)

0.824
Female 15 (33.33%) 14 (31.11%)

Total 45 45

Postoperative Outcome as Cosmesis
The Rostock functional and cosmetic Cranioplasty Score was used to assess cosmesis, and the
results are presented in Table 4.4.
Table4.4: Postoperative Outcome as Cosmesis between Group A and Group B.
Rostoct Score

Group A Group B

p value

Frequency % Frequency %

Scar on Skin 1 2.22% 1 2.22%

Fitting of
cranioplasty

1 2.22% 0 0%
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0.856Symmetry 1 2.22% 1 2.22%

Function 1 2.22% 0 0%

Total 4 8.89% 2 4.44%

4.6 Postoperative outcome at 1stMonth
Postoperative complications outcomes at
fourth week post operation in terms of
infection, cosmesis, hematoma and number
of revisions was monitored and represented
in Table 4.6. Results showed total 08
revisions in group A and 04 revisions in

group B for fourth week post operation
were recorded, respectively. Chi-square test,
results revealed no significant difference in
terms of outcome between group-A and
group-B (Table 4.6).

Table 4.6: Postoperative outcome in group-A and group-Bat 1stMonth.
Group-A Group-B

p-value
No. % No. %

Infection 3 6.67% 1 2.22%

0.367

Cosmesis 3 6.67% 1 2.22%

Hematoma 2 4.44% 2 4.44%

Revision 8 17.78% 4 8.89%

Postoperative outcome at 3rdmonth
Postoperative complications outcomes at 3rd
month post operation in terms of infection,
cosmesis, hematoma and number of
revisions was monitored and represented in
Table 4.7. Results showed total 06 revisions

in group A and 02 revisions in group B
for 3rdmonth post operation were recorded
respectively. Chi-square test, results
revealed no significant difference in terms
of outcome between group-A and group-B
(Table 4.7).
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Table 4.7: Postoperative outcome in group-A and group-Bat 3rdmonth.
Group-A Group-B

p-value
No. % No. %

Infection 3 6.67% 0 0%

0.041

Cosmesis 1 2.22% 1 2.22%

Hematoma 2 4.44% 1 2.22%

Revision 6 13.33% 2 4.44%

Postoperative outcome at 6thmonth
Postoperative complications outcomes at
6thmonth post operation in terms of infection,
cosmesis, hematoma and number of
revisions was monitored and represented in
Table
4.8. Results showed total 03 revisions in

group A and zero revision in group B for
6thmonth post operation were recorded,
respectively. Chi-square test, results
revealed no significant difference in terms
of outcome between group-A and group-B
(Table 4.8).

Table 4.8: Postoperative outcome in group-A and group-Bat 6thmonth.
Group-A Group-B

p-value
No. % No. %

Infection 2 4.44% 0 0%

0.024

Cosmesis 0 0% 0 0%

Hematoma 1 2.22% 0 0%

Revision 3 6.67% 0 0%
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DISCUSSION
Decompressive craniectomy (DC) is a well-
established neurosurgical procedure
performed to reduce critically elevated
intracranial pressure (ICP). Although
lifesaving, reconstruction of the cranial vault
after DC remains challenging and is
associated with considerable postoperative
morbidity. The primary aim of this study
was to compare complication rates between
autologous bone grafts and acrylic (PMMA)
implants. This retrospective analysis
included adult patients who underwent
supratentorial DC followed by cranioplasty
at our institution in 2023–2024. Medical
records, operative notes, imaging studies,
and postoperative follow-up visits were
reviewed. Of the 286 cranioplasties
performed, 221 used autologous bone flaps
and 65 used PMMA implants (Vince et al.,
2019; Li et al., 2012).
A total of 23 surgical revisions were
required during the follow-up period. In the
autologous group, 37.78% of patients
developed complications that necessitated
surgical intervention, compared with
13.33% in the acrylic group. Infection was
the most frequent indication for revision,
accounting for nine cases of impaired
wound healing. Subdural and epidural
hematomas occurred more often in the
autologous group. Implant loosening and
displacement were also documented.
Despite these risks, our findings suggest that
both autologous bone and PMMA implants
remain viable options for adult cranioplasty.
DC is typically performed when
conservative interventions such as sedation,
hyperventilation, osmotherapy, head
elevation, and CSF drainage fail to maintain
ICP or cerebral perfusion pressure (CPP). It
may also be required emergently for large
contusions or subdural hematomas (Li et al.,
2012). DC is supported by several
randomized and prospective studies for
malignant cerebral infarction (Jüttler et al.,
2011) and traumatic brain injury (Chibbaro
et al., 2011). Its indications have broadened
to include cases of encephalitis,
intracerebral hemorrhage, aneurysmal

subarachnoid hemorrhage, and cerebral
venous thrombosis. TBI research
consistently shows that elevated ICP is a
major predictor of morbidity and mortality,
and DC plays an important role in reducing
it (Bor-Seng-Shu et al., 2012).
Our study found no clear physiological
explanation for why postoperative
hematomas were more frequent in the
autologous bone group. One might expect
the opposite, since autologous bone often
leaves a small gap between the dura and the
graft, whereas PMMA implants can be
molded more precisely to the dural surface.
A possible source of bias arises from the
fact that only hematomas requiring surgical
intervention were recorded, and these may
produce more rapid mass effect.
Previous literature demonstrates variable
complication rates. Lethaus et al. (2014)
reported complications in 48% of
autologous graft recipients, while Wachter
et al. (2013) observed complications in over
one-third of 136 patients. Honeybul and Ho
(2012) reported a 29% failure rate in 156
patients, primarily due to early and late
infections requiring graft removal. However,
definitions of “failure” differ substantially
across studies. Some authors do not consider
wound infection or partial graft loss as
failure (Matsuno et al., 2006). In our series,
any infection requiring surgical revision was
considered significant; 95.7% of such cases
required implant removal.
Bone flap resorption remains an important
issue—particularly in younger patients.
Martin et al. reported an 81.8% resorption
rate in 27 infants, with more than half
requiring revision surgery. Although routine
CT screening was not part of our protocol,
clinically significant bone resorption
prompting revision occurred in 4% of our
autologous cases, suggesting lower rates
among adults (Martin et al., 2014).
Several alloplastic materials, including
PMMA, PEEK, titanium, and calcium
phosphate, are available as CT/CAD-based,
patient-specific implants. These
prefabricated implants, although
substantially more expensive, offer
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advantages such as reduced operative time,
improved cosmetic outcomes, and lower
complication rates (Lethaus et al., 2014; Lee
et al., 2014). Porous PMMA implants
facilitate better integration and healing,
while titanium and PEEK implants provide
excellent structural stability and imaging
compatibility. Despite these benefits,
patient-specific implants remain cost-
prohibitive for many institutions. In our
study, we found no significant difference in
operative time or hospital stay between
autologous bone and patient-specific
implants; however, freehand PMMA
required longer surgical time.
Preserved autologous bone flaps should be
considered mineral scaffolds that support
natural bone regeneration rather than
essential biological grafts (Sultan et al.,
2011). While our findings demonstrate that
both autologous bone and freehand PMMA
implants remain effective reconstructive
options, emerging evidence suggests that
patient-specific implants may eventually
become the preferred standard due to
superior cosmetic and biomechanical
advantages.
As a retrospective study, our analysis has
inherent limitations, including variability in
surgical techniques, non-standardized
definitions of complications, and surgeon-
dependent decision-making without blinding
(Lethaus et al., 2011; Honeybul & Ho,
2012). These factors make comparisons with
other published literature challenging.
CONCLUSION:
This study examines different techniques of
repair about surgical risk with a particular
focus on infectious complications, cosmesis
and hematomas. Cranioplasty carries a
significant risk of postoperative infection,
wound break down, and hematoma
formation, often requiring reoperation in
these instances. Nonetheless, we observed a
higher incidence of postoperative infectious
complications in autologous bone flaps in
comparison to PMMA. The results of
cosmesis and other complications were
better in the PMMA group as compared to
the autologous bone flaps group but that was

not statistically significant. We are
optimistic that this study will pave the way
for future randomized controlled studies that
will assess different modalities, despite the
fact that the PMMA technique has been
demonstrated to be superior to others.
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