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Abstract

Background: We describe two different techniquesin re-
construction of calvaria skull defects and to compare outcomes
of using titanium mesh versus hand-made bone cement implant.

Aim of Sudy: The aim of this study is to describe two dif-
ferent types of technique in reconstruction of calvarial skull de-
fects and to compare outcomes of using titanium mesh versus
hand-made bone cement implant.

Patients and Methods: The present study is a comparative
study that was done for 30 patients who underwent cranioplasty
in Cairo and Bani suef university hospitals, between January
2019 and December 2020. The patients were divided in two
groups 15 in each, group A in which patients operated upon by
cranioplasty with titanium mesh and group B in which patients
operated upon by cranioplasty using handmade bone cement.
In this study, The patient was then followed for three monthsin
the outpatient clinic with the first visit 14 days from discharge,
one month later then at the end of the three months to determine
the cosmetic outcome and the patient satisfaction and also to
make sure that no complications occurred “ wound dehiscence,
exposure of implant, infection, overlying skin maceration or
inflammatory signs, seizures, CSF leak, epidural or subdural
haemorrhage.

Results: As regards cosmetic outcome, there is statistically
insignificant difference between both study groups and analysis
of results showed that bone cement had slightly better cosmetic
outcome. Asregards duration of surgery, there is statistically
significant difference between both study groups and analysis
of results showed that bone cement cranioplasty had shorter
operative period. As regards complication rate, thereis statis-
tically insignificant difference between both study groups and
analysis of results showed that bone cement had higher rate of
post-operative infection.
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Conclusion: When comparing both materials we found that
the results were statistically significant as the duration of sur-
gery (bone cement had shorter operative time). Other results
showed statistically insignificant differences as cosmetic out-
come (bone cement had dlightly better cosmetic outcome) and
post-operative complications (bone cement had higher rate of
post-operative infection).
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Introduction

CRANIOPLASTY isareconstructive procedure
used to restore skull anatomy and repair skull de-
fects. Optimal skull reconstruction is a challenge for
neurosurgeons, and the strategy used to achieve the
best result remains atopic of debate[1].

The most common causes leading to calvari-
al skull defects include depressed fractures of the
skull, decompressive craniectomies (DC), tumor in-
filtration of calvarial bones, congenital deformities
and inflammatory lesions and primary bone tumors

[2].

Cranioplasty provides protection to the underly-
ing brain and is performed for both functional and
aesthetic reasons. It isimportant for cosmesis as
well as for neurologic recovery and relief of symp-
toms due to craniotomy defect such as described
in syndrome of the trephined (which was first de-
scribed in the French literature during World War 1,
and consisted of: Headache and sometimes pul satile
pain, amnesia, inability to concentrate and insom-
nia) [3].

The material most used for reconstruction has
been the patient’ s own bone that has been stored in
arefrigerated sterile container or in an abdominal
pocket at the time of craniectomy. The rationale
for thisis that autologous bone fulfills many of the
requirements of an ideal reconstructive material.
However, it has been demonstrated that the use of
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autologous bone is associated with a high failure
rate due to infection and bony resorption. When this
occurs, the original bone flap often must be discard-
ed, and consideration must be given to alternative
aloplastic material [4].

Many characteristics have been suggested to de-
scribe the ideal aloplastic material for cranioplasty:
Biocompatibility features such as tissue tolerance,
simplicity of manufacture, ease of sterilization, low
thermal conductivity, radiolucency, light weight, re-
sistance to infections, no expandability with heat,
low cost and ready to use. There are also many tech-
niques that have been described to achieve the best
result after cranioplastic procedures|5].

Patients and M ethods

Thisis arandomized comparative study con-
ducted in Cairo University Hospitals and Bani suef
University Hospitals, in the department of neurosur-
gery. All patients were reviewed for detailed history,
clinical examination, and investigations. The oper-
ations were performed on those who had skull bony
defect of different causes e.g. post traumatic, post
infectious and post tumor resection.

This study is designed to include 2 groups.
Group A includes 15 patients with cranioplasty us-
ing titanium mesh while Group B includes 15 pa-
tients with cranioplasty using handmade bone ce-
ment implants with total number of 30 patients of
both groups. Inclusion criteriawere patients with
residual calvarial skull defects which need cranial
reconstruction with no specific gender. Exclusion
criteriawere Immuno-compromised patients, Cases
with history of graft failure or rejection, Recipient
site with residual disease, History of recent local in-
fection, Patients planned for radiotherapy, Patients
under age 10 years old.

All patients were subjected to thorough history
taking and clinical examination with special atten-
tion to age, gender, neurological deficitsinclude his-
tory of seizures weakness, sensory changes, history
of chronicillness, steroid therapy or radiation thera-
py, and special habits e.g. smoking, alcoholism.

Clinical findings include assessment of general
condition of the patient, assessment of surgical fit-
ness and neurological examination: Motor function
(power, superficial & deep reflexes), sensory affec-
tion (anaesthesia with sensory level or hypoesthesia).

Radiological investigationsinclude CT brain
and skull with 3d reconstruction.

Patients were assigned into two groups.

e Group (1): 15 patients in which their skull defect
was surgically reconstructed by titanium mesh
cranioplasty.

» Group (2): 15 patients in which their skull defect
was surgically reconstructed using hand-made
bone cement implant.

Postoperative medical treatment includes antibi-
otics, analgesics, gastric protecting drugs, 1V fluids
and neurotropic drugs.

Early follow-up includes post-operative neuro-
logical status, radiological evaluation of the graft
used for cranioplasty. Later follow-up after 2 weeks
was done for assessment of the wound and the cos-
metic appearance of the patient then after 1 month
and at the end of 3 months duration.

Results

In al patients, the etiology of the skull defect
was post-traumatic defect in the form of compound
depressed fracturein all of them (21 cases). Eight
cases had post tumor excision skull defects (four
cases were post osteoma excision and four cases
post meningioma excision). One case of decom-
pressive craniectomy following ASDH evacuation.

Table (1): Different aetiologies of cranial defects.

. Number of
0,
Etiology patients % Percent
Trauma (Depressed fractures) 21 70.0
Post Tumors Excision 8 26.7
Decompressive Craniectomy 1 33
Total 30 100

Table (2): Different etiologies between both groups.

Post
Post Post Tumor decom-
Group Traumatic & Excision & pressive
its % its % craniectomy
& its%

Group A 11 cases (73.34%) 4 cases (26.7%) O cases (0.0%)
Group B 10 cases (66.7%) 4 cases (26.7%) 1 case (6.66%0)

p-vaue 0.592

Regarding the site of the defect, 13 cases (43.3%)
had frontal defects, 12 cases (40.0%) presented with
parietal defects, 4 cases (13.3) presented with fron-
to-parietal defects and one case (3.3%) presented
with occipital defect.

Table (3): Sites of skull defects.

Frequency Percent
Frontal 13 433
Parietal 12 40.0
Occipital 1 33
Fronto-parietal 4 133
Total 30 100.0
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Fig. (1): Pie chart showing different sites of skull defect.

Outcome of the patients:

Method of assessment of post-operative cosmet-
ic outcome.

Table (4): How to assess clinical and patient’ s outcome.

Assessment Clinical Patient
Excellent - Acceptable cosmet- - Satisfied with
(complete success)  ic appearanceeven  appearance

on close inspection

Good - Minor cosmetic - Minor cosmetic
(partial success) failure only noted problem only
on closeinspection  noted on close
inspection
Satisfactory - Satisfied but cos- - Satisfied with
metically notice- appearance but
able not ideal
Fair - Cosmetically poor - Unhappy with
(partial failure) result: may need appearance; may
revision but could want revision
be left but possibly
could be | eft
Poor - Cosmetically poor - Unhappy with
(completefailure) result and require appearance and

revision wants revision

As shown in the table below: 18 cases (60.0%)
had excellent outcome, 7 cases (23.3%) had good
outcome and 5 cases (16.7%) had fair outcome.

Table (5): Outcome of patients.
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Fig. (2): Pie chart showing cosmetic outcome of both groups.

Table (6): Different outcomes between both groups.

Group Excellent Good Fair

Group A 8 cases (53.3%) 4 cases (26.7%) 3 cases (20%)
Group B 10 cases (66.7%) 3 cases (20%) 2 case (13.3%)

p-value 0.754

Outcome Number Percent
Excellent 18 cases 60.0
Good 7 cases 23.3
Fair 5 cases 16.7

Regarding the cosmetic outcome: In group A, 8
patients (53.3%) had excellent outcome, 4 patients
(26.7%) had good outcome while 3 patients (20%)
had fair outcome.

In group B, 10 patients (66.7%) had excellent
outcomes, 3 patients (20%) had good outcome
while 2 patients (13.3%) had fair outcome.

There was an insignificant statistical difference
(p-vaue =0.754) between the two groups.

By comparing the outcome of both groups, sta-
tistics showed dlightly better cosmetic outcome
(good and excellent) 86.7% in group B than group
(A) 80%.

Regarding the complications encountered in the
thirty patients during the hospital stay period and
the 3 month follow-up period, there were no com-
plications encountered in 20 cases (66.7%). Three
cases (10%) devel oped exposure of the implant;
al of them were managed by implant removal af-
ter failure of conservative management. Four cas-
es (13.3%) developed infection, all of them failed
to be conservatively managed and needed implant
removal. Three cases (10%) developed seroma that
had been followed up in outpatient clinic till it had
subsided within 1.5 month without any need for
hospital readmission.
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Fig. (3): Bar Chart for complications.

Table (7): Table of complications.

Complication Number Percent
Exposure (implant removed) 3 10
Infection (implant removed) 4 133
Seroma (conservative) 3 10

No complications 20 66.7

Table (8): Comparison between complications that had oc-
curred in both groups.

Complication Group A Group B p-value
Exposure 2 (13.3%) 1 (6.7%) 0.601
Infection 1(6.7%) 3 (20%)

Seroma 1 (6.7%) 2 (13.3%)

Total 4 (26.7%) 6 (40%)

Regarding the complications encountered, 2
cases (13.3%) developed exposure of the implant, 1
case developed infection (6.7%), 1 case developed
seroma (6.7%) and 3 cases (20%) needed to be re-
moved in group A, while in group B only one case
(6.7%) had implant exposure, 3 cases developed in-
fection (20%), 2 cases (13.3%) developed seroma
and 4 cases (26.7%) needed to be removed, with
statistical insignificant difference (p-value=0.601).

In group A, mean/SD of duration of operation
was 46.67+4.791, while in group B, mean/SD of du-
ration of operation was 36.13+5.410.

Table (9): Table of Operative Duration in minutes in Both

Groups.
Group Mean Standard deviation p-value
Group A 46.67 4.791 <0.001
Group B 36.13 5.410

There was dtatistically significant difference
with p-value <0.001 between study groups as re-
gards duration of operation with shorter duration in
group B.
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Fig. (4): Bar chart representing duration of operation in minutes
inall study cases.

In group A, mean/SD of duration between cra-
niectomy and cranioplasty is (44.80+58.767), while
in group B, mean/SD of duration between craniec-
tomy and cranioplasty is (23.27+40.019).

Table (10): Timeinterval between craniectomy and cranioplas-
ty in both groups.

Group Mean Standard deviation p-value
Group A 44.80 58.767 0.252
Group B 23.27 40.019

There was statistically insignificant differ-
ence with p-value 0.252 between study groups as
regards Time interval between craniectomy and
cranioplasty.

Discussion

Cranioplasty is areconstructive procedure used
to restore skull anatomy and repair skull defects.
Optimal skull reconstruction is a challenge for neu-
rosurgeons, and the strategy used to achieve the best
result remains a topic of debate.

In this study, cranioplasty was mainly aimed
to restore cosmetic appearance and cerebral pro-
tection. So, our aim here is to describe two differ-
ent procedures of reconstruction of calvarial skull
defects by using titanium mesh versus hand-made
bone cement implants and to compare outcomes of
them.

Regarding the gender of patientsincluded in this
study, 20 of our patients (66.7%) were males and the
remaining 10 patients (33.3%) were females. The
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male prevalence had also been noted in the study
done by Staffa et al., with predominance of men
with a percentage of 64.4%. And a study by Honey-
bul et al., which included 45 male patients (64.2%)
of total 70 patients. This predominance may be ex-
plained by high percentage of traumatic etiology
in our study which accounts for (70%) of cranial
defectsin this study that goes with the above-men-
tioned study by Staffaet al., Traumatic causes were
either dueto fight or road traffic accident that are
mostly related to males more than females.

In our study, other causes that led to removal of
skull bones resulting in cranial defects include ne-
oplasmsin 8 patients (26.7%) and acute subdural
hematomain one patient (3.3%).

This disagrees with a study by Jonkergouw et
al., who showed that the most common indication
for the primary craniectomy was stroke (39%), fol-
lowed by trauma (34%), tumor resection (21%) and
infection (5%). Also, thereis Andrea Mareiraet al.,
who listed post-tumor resection to be the most com-
mon cause of the defect.

In the present study, we found that the most com-
mon site of cranial defects was the frontal region
(43.3%), followed by the parietal region (40.0%),
fronto-parietal defects (13.3%) and occipital region
(3.3%). This agrees with the findings made by An-
dreaMareiraet a., (53.2% of total cases) and Al-
exander VanGool et al., (46.7% of total cases) who
found that the most common site was the frontal
region. Moreira-Gonzalez et a ., also found that the
main site of cranioplasty in his study was the frontal
region in (53.2%) of cases.

As regards the Duration between craniectomy
and cranioplasty operation, patientsin group A of
this study had mean duration of 44.8 months, while
in group B, the mean duration was 23.27 months,
with no statistically significant difference (with
p-vaue >0.05). Jonkergouw €t al., demonstrated
that delayed cranioplasty tends to predispose to
an increased risk of complications in comparison
to immediate cranioplasty. One explanation could
point towards the more difficult tissue dissection
due to the formation of adhesions between the dura
and subcutaneous tissues.

In another study reported by Rish et al., cranio-
plasties taking place 1-6 months after craniectomy
had the highest complication rate (7.9%) and those
performed 12-18 months after craniectomy had the
lowest complication rate (4.5%). The purported ad-
vantage of thiswaiting period includes avoidance
of operating on a potentially contaminated wound.

Regarding duration of operation, we found sta-
tistically significant difference (with p-value <0.05)
between both groups, with shorter duration among
group operated with hand-made bone cement (mean
36.13 minutes) than Titanium mesh (mean 46.67
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minutes). Short operation time saves effort, cost and
decrease incidence of infection.

Because of having a shorter operative time,
bone cement cranioplasty is more suitable for pa-
tients with high-risk anaesthesia than titanium mesh
cranioplasty.

In this study, we reported the patient’ s com-
plications at time of hospital stay “average three
days’. Inour study 1 patient in group A (6.7%) de-
veloped subgaleal collection. Two patients in group
B (13.33%) developed subgaleal and epidural col-
lections. Thisreveaed that there is no statistically
significant difference between both groups (with
p-value >0.05).

We al so assessed patients of both groupsto re-
cord late complications. In group A, which was op-
erated using Titanium Mesh implants, we noticed
that those 2 cases (13.3%) developed implant expo-
sure both had been removed, 1 case (6.7%) devel-
oped infection which needed implant removal after
failure of conservative management. In another
study by Victor Chang et a., involving 212 cases
with different methods of cranioplasty, mostly used
method was autol ogous bone graft over a period of
13 years, infection was reported in 7 cases (18.9%)
out of atotal of 37 patients, had repaired by titanium
mesh.

That disagrees with the complications encoun-
tered in our study 4 cases (26.7%) out of 15. How-
ever, infection occurred only in 1 case (6.7%) and
that agrees with the same study regarding percent-
age of infected cases only.

In group B, 1 patient devel oped exposure of the
implant which needed to be removed, 3 patients
(20%) developed infectionsin all of them conserv-
ative management failed, and implants needed to be
removed. Moreira-Gonzalez et al., reported 7 cases
of infections (9.3%) out of total 75 patients operated
with bone cement flap, and they only had a lower
infection rate in comparison to our results.

Regarding exposure of titanium mesh cases, one
of them occurred 4 months postoperative and the
second occurred 6 months postoperative and both
were removed immediately after exposure while the
bone cement exposed case occurred 5 months post-
operative and removed immediately after exposure.

Regarding the onset of infection in bone cement
cases, they occurred 3,4,6 months postoperative re-
spectively and removal was done 10 days after fail-
ure of conservative management while the only case
of titanium infection occurred 5 months postopera-
tive and removed 10 days after failure of conserva-
tive management.

Cranioplasty aims mainly to restore the cosmet-
ic appearance and provide cerebral protection. To be
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completely successful cosmetically, the cranioplas-
ty material must be unnoticed, even on close inspec-
tion. A minor degree of tempora hollowing was
deemed allowable, asthisisreally a consequence of
theinitial decompression rather than the restorative
material. In addition, there are elements of cosmetic
outcome that are unrelated to the cranioplasty mate-
rial, such as skin thickness, hair length and density,
and the position of the skull defect.

In this study, we found that there is statistical -
ly insignificant difference (with p-value more than
0.05) between both study groups as regards cos-
metic outcome, Analysis of the results showed that
group B has slightly better cosmetic outcome.

Ingroup A, 8 patients (53.3%) showed excel-
lent outcome (accepted cosmetic appearance even
in close inspection), 4 patients (26.7%) showed
good outcome (minor cosmetic failure only noted
on closer inspection) and 3 patients (20%) showed
fair outcome.

Whilein group B, 10 cases (66.7%) showed ex-
cellent outcome, 3 cases (20%) showed good out-
come and 2 cases (13.3) showed fair outcome.

All casesin this study showed either excellent,
good or fair results with absence of complete cos-
metic failure that need mandatory revision.

In our study, there was statistically significant
difference with p-value <0.01 between study groups
as regards duration of operation with shorter dura-
tion among group B.

Conclusion:

Most cranial defects are acquired because of
trauma. Repair of skull defects with either titanium
mesh or Methylmethacrylate cranioplasty isrela-
tively safe, provides an acceptable cosmetic recon-
structive option and contributes to neurological im-
provement in treatment of cranial defects.

Asregards cosmetic outcome, there is statisti-
caly insignificant difference between both study
groups and analysis of results showed that bone ce-
ment had slightly better cosmetic outcome.

Asregards duration of surgery, thereis statis-
tically significant difference between both study
groups and analysis of results showed that bone ce-
ment cranioplasty had shorter operative period.

Asregards complication rate, there is statisti-
cally insignificant difference between both study
groups and analysis of results showed that bone ce-
ment had higher rate of post-operative infection.
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