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Abstract

Background: Cranioplasty isasurgical procedure used to
treat bony defects or calvarial skull deformities. Till now, there
has been little consensus on the standard-of-care for implant
materials used in the procedure. Implant materials should have
proper mechanical strength to protect the brain and support
bone growth. The perfect implant material should be individu-
alized to the contours of the defect to ensure a proper cosmetic
result for each patient.

Aim of Study: The paper aimed to assess the use of Poly Me-
thyl Methacrylate and the prefabricated customized 3D printed
PEEK implantsin the repair of skull bony defects assessing the
biocompatibility features, cosmetic results and post-operative
complications.

Patients and Methods: This study was carried out on Thirty
patients with post traumatic and post neurosurgical procedures
skull defects randomly divided into 2 groups operated upon
by cranioplasty with Poly Methyl Methacrylate or 3D printed
PEEK implants at Cairo University Hospitals.

Results: Prefabricated customized 3D printed PEEK im-
plants showed better outcome regarding cosmetic outcome and
lower incidence of postoperative complications.

Conclusion: 3D prefabricated PEEK implants showed sev-
eral advantages compared to Poly Methyl Methacrylate asit is
more malleable and therefore easier to place at areas of skull
convexities and orbital walls and decrease the incidence of post
operative complications.
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Introduction

THE most common causes causing calvarial skull
defects include traumatic depressed fractures of the
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skull, decompressive craniectomies, tumor infiltra-
tion of skull bones, congenital deformitiesand in-
flammatory lesions[1].

Indications for cranioplasty procedure include
mainly brain protection, aesthetic reasons, and man-
agement of trephine syndrome. Epilepsy manage-
ment has been debatable indication since the forties.
Studies have shown that cranioplasty has an impor-
tant role in improving cerebral blood flow and cere-
bral metabolism|[2].

There are several techniques for repair of the
cranial vault defects that can be broadly divided ac-
cording to the graft used into autologous bone crani-
oplasty and alograft cranioplasty. The ideal implant
material for cranioplasty should show biocompat-
ibility features like tissue tolerance, simplicity of
design, ease of sterilization, low heat conductivity,
radiolucency, light weight, resistance to infections,
no dilatability with heat, low cost and ready to
use. There are also many techniques have been de-
scribed to achieve the best result after cranioplasty
procedures3].

Patients and M ethods

This retrospective cohort comparative study
carried out on fifty patients with post traumatic and
post neurosurgical procedures skull defects operated
upon at Cairo University Hospitals by cranioplasty.

The study was conducted at Cairo University
hospitalsin Egypt from June 2024 — April 2025.

Ethical approval and consent to participate:

All procedures performed in the study involving
human participants were in accordance with the eth-
ical standards of the institution and approved by the
Ethics Committee of Cairo University.
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Satistical analysis:

» Microsoft excel 2013 will be used for data en-
try and the statistical package for social science
(SPSS version 24) will be used for data analysis.

* Arithmetic mean and standard deviation will be
used for summary of normal quantitative data,
median and interquartile range will be used for
summary of abnormal quantitative data, and fre-
guencies will be used for qualitative data.

« Bivariate relationship will be displayed in cross
tabulations and comparison of proportions will be
performed using the chi-square and Fisher’s exact
tests where appropriate.

« t-independent will be used to compare normally
distributed quantitative data and Mann-Whitney
for skewed data.

« p-vaue will be calculated to assess stetistical sig-
nificance, avalue less than 0.05 will be consid-
ered statistically significant.

Methodology in details:

Thirty patients with post traumatic and post neu-
rosurgical procedures skull defects operated upon at
Cairo University Hospitals by cranioplasty during
the period from June 2024 to April 2025.

All 50 patients were subjected to thorough his-
tory taking, clinical examination and radiological
examination and divided into 2 groups:

- Group (A): 25 patients using Poly Methyl Meth-
acrylate construct for cranioplasty.

- Group (B): 25 patients using 3D printed PEEK
molds cranioplasty.

Preoperative full neurological examination was
done, adequate radiol ogical assessment with CT
scan of the brain with 3D reconstruction for the
skull was done as the main imaging criteriafor as-
sessing primary deformity, underlying parenchymal
injuries and to assess post-operative reconstruction.

1- Clinical history was taken. The etiology of the
skull defect was determined from the history
given by the patient.

2- Pre and post-operative General and neurological
examinations were done on al patients. The gen-
eral examination includes examination of the de-
fect to determine site and size of the defect and
to detect any postoperative complications.

3- A preoperative and post-operative CT with 3D
reconstruction was done when available for most
of the patients.

Intra-operative technique:
* General anesthesia.

* Position according to site of previous craniectomy.

« Prophylactic > generation cephalosporin was
given to al patients, active against staphylo-
coccus species, because the Poly Methyl Meth-
acrylate construct and prefabricated 3D implant
areforeign implants.

« Scalp incisions was designed to be outside the de-
fect, behind the hair line, never parallel to previ-
ousincisions or scars to avoid ischemic necrosis,
and with a broad flap base to accommodate the
vascular supply to the flap or through opening of
the previous scar if coopting to defect, in case of
frontal defects (anterior to the hair line) a bi-coro-
nal scalp incision was done.

* Proper sterilization of the skin using povidone
iodine isto be done. Injection of adrenaline
1:200000 (5 mcg: ml) mixed with 10ml of 0.5%
xylocaine to minimize bleeding from the skin. Af-
ter injection, the wound re-sterilized.

At the end of both procedures closure of the skin
and underlying galea with insertion of sub-galeal
drain.

Operative procedures:
Group (A):
« Manua trial to mold portion from the Poly Me-

thyl Methacrylate to fill the bony gap and creating
contours for cosmetic purpose.

 The construct put in place with trimming its lateral
edges to coop with the healthy bony edges.

Group (B):
« Creating a space between healthy bones and dura.

« Using amanual or electronic drill small holes cre-
ated in healthy bones and adjacent part of prefab-
ricated 3D implant.

* Fixing the healthy bonesto construct using mi-
ni-plates and screws.

Postoperative care:

* Surgical wound care was done using povidone io-
dine daily for 10 days and A.B. (third generation
cephalosporin).

« Stitches were removed for all patients within two
weeks of surgery.

 Drain was left for 48-72 hours following surgery.
Clinical follow-up was done for all patients up to
6 months.

Postoperative assessment of aesthetic outcome
was measured subjectively by the patients' satisfac-
tion on ascale of 1 to 10, 1-3 means fair outcome,
4-7 means good outcome while 8-10 means excel-
lent outcome.

Postoperative assessment of postsurgical com-
plications.
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Results

Age and sex: Regarding age distribution of our
cases, it ranged between (6 and 54 years), $he largest
proportion of cases encountered during ~— — decade
of life 20 cases constituting 40%.

Regarding Sex Difference between both groups,
there was 35 (70%) malesin and 15 femalesin
group statistical insignificant difference between
both groups.

The Etiology of skull defects: 40 cases of skull
defects were post traumatic in the form of com-
pound depressed fracture. Five cases were post-tu-
mor excision and five were from decompressive
craniectomy.

Table (1): Different etiologies of skull defects.
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one of them was managed conservatively by paren-
teral antibiotic for 10 days, the other one was man-
aged by implant removal, 5 cases (10%) developed
seroma that had been followed-up in outpatient
clinic till it subsided within 1.5 month.

Table (3): Table of complications.

Complication Number Percent
Exposure, managed conservatively 3 6
Exposure, removed 2 4
Infection, managed conservatively 1 2
Infection, removed 1 2
Seroma 5 10
No 12 24

Etiology Num_ber of %
patients Percent
Trauma (Depressed fractures) 40 80
Post Tumors Excision 5 10
Decompressive Craniectomy 5 10
Total 50 100

Outcome of the patients regarding cosmetic
appearance: Regarding the cosmetic outcome we
found that it was 12 cases (80%) with good and ex-
cellent outcomes, 3 cases (20%) with fair outcome
in group A, compared to 15 (100%) with good and
excellent outcome in Group B, with statistically sig-
nificant difference (p-value=0.04).

Table (2): Different cosmetic outcomes between both groups.

3 cases (6%) developed exposure of the implant,
3 case developed infection (6%), 3 cases devel oped
seroma (6%) and 2 cases (4%) needed to be reop-
erated in group A, whilein group B only one case
(2%) exposed and needed to be removed, 2 cases
(4%) developed seroma, with statistical significant

Group Excellent Good Fair

Group A 17 cases (68%) 3 cases (12%) 5 cases (20%)
Group B 19 cases (76%) 6 cases (24%) O case (6.66%0)

p-value 0.04 (Significant)

Complications: Regarding the complications en-
countered to the 50 patients during the hospital stay
and the follow-up in the next 6 months, there were
no complications encountered in 38 cases (76%), 5
cases (10%) developed exposure of the implant or
mainly the miniplatesin case of prefabricated im-
plants that had been managed conservatively in 3
cases “proper dressing after trimming of the edges’
and two of them managed by implant removal after
failure of conservative management and appearance
of skin necrosis, 2 cases (4%) developed infection

difference (p-value=0.047).
Table (4): Comparison between complications occurred in both
groups.
Complication . Group A & Qroup B & P
its percentage its percentage vaue
Exposure, 2 (4%) 0
managed
conservatively
Exposure, 1(2%) 1 (2%)
removed
Infection, 2 (4%) 0 0.047
managed (Significant)
conservatively
Infection, 1(2%) 0
removed
Seroma 3 (6%) 2 (4%)
Total 9 (12%) 3 (6%)
Discussion

In our study, Cranioplasty mainly aimed to re-
store cosmetic appearance and to provide cerebral
protection and functions. Our aim isto describe two
different manufacturing processes in reconstruction
of calvarial skull defects by using hand molded Poly
Methyl Methacrylate construct versus 3D printed
prefabricated PEEK implants and to compare out-
comes of them.
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In our study, 35 of our patients (70%) were males
and the remaining 15 patients (30%) were females.
Staffaet a. [5] found male predominance with a
percentage equal s (64.4%). While Honeybul et al.
[4] found 45 male percentage (64.2%) of total 70
patients while the remaining (35.8%) were females.

The male predominance may be explained by
high percentage of traumatic etiology in our study
which accounts for (80%) of cranial defects.

In our study, Trauma accounts for 40 cases
(80%) were either due to fight or road traffic acci-
dent that mostly related to males more than females,
whilein the study by Staffa et al. [5] found that 60%
of the cases are traumatic cases.

In our study, other non-traumatic causes that
lead to removal of skull bones resulting in cranial
defectsinclude 5 patients (10%) with neoplasms, 5
cases (10%) after decompressive craniectomies.

This disagrees with a study by Jonkergouw et
al. [6] who found that the most common indication
for the primary craniectomy was stroke (39%), fol-
lowed by trauma (34%), tumor resection (21%) and
infection (5%). Also, AndreaMareiraet a. [7] found
post-tumor resection to be the most common cause
of the defect.

In our study, we reported in group A, which was
operated by hand molded Poly Methyl Methacrylate
construct implants, we noticed that that 3 cases
(6%) developed implant exposure that had been
managed conservatively in 2 cases (4%) and one
needed to be removed, three cases (6%) developed
infections two of them managed conservatively and
the other needed implant removal, whilein group B,
1 patients (2%) developed exposure of the implant
which was managed by reoperation to be removad.
In the study by Victor Chang et a. [8] involving 212
cases with different methods of cranioplasty, mostly
used method was autologous bone graft over a pe-
riod of 13 years, infection was reported in 15 cases
of the 15 cases, 7 cases (18.9%) out of atotal of 37
patients, had repaired by Poly Methyl Methacrylate
construct.

In our study, infection occurred only in 3 cases
(6%) in group A, while Rotaru et al. [9] who analyz-
ed custom-made implants on 10 patients and found
that during the recovery period, there were no signs
of infection, plate rejection or wound dehiscence in
any case.

In our study, we found that there is statistically
significant difference (with p-value >0.05) between
both study groups as regards cosmetic subjective
assessment by patients which indicated that group
B has better cosmetic outcome.

Ingroup A, 17 patients (68%) showed excellent,
3 patients (12%) showed good outcome, and 5 pa-

tients (20%) showed fair outcome according to the
patient’s opinion. Whilein group B all cases showed
either excellent or good outcomes postoperatively.

This goesin agreement with Honeybul et al. [4]
who compared autol ogous cranioplasty with cus-
tom-made implants cranioplasty and showed that
(78%) of patientsin custommade implants group
had complete success while (34%) of patientsin au-
tologous cranioplasty group had complete success
with absence of a partial or complete cranioplasty
failure at 12 months of follow-up, while Rotaru et al.
[9] found that the 3D reconstructed CT examination
in his study showed that symmetry was achieved in
all 10 cases and there were no secondary effects on
the cerebral mass or soft tissues.

A dtatistically significant difference (p-value
<0.05) was noted between both study groups as re-
gards cosmetic assessment of implants by patients
with higher percentage of success among group B
using custom-made implants. This difference be-
tween both procedures is due to the accurate nature
of the computer aided custom-made implant that
perfectly fits the original defect and preserves good
skull symmetry.

Limitations of the study:

1- Small sample size as compared to other similar
studies.

2- Limited resources and foundation.

Conclusion:

3D prefabricated PEEK prosthesis showed sev-
eral advantages when compared to Poly Methyl
Methacrylate construct as it is more malleable and
therefore easier to place at areas of skull convexities
and orbital walls, shorten the time of surgery and
decrease the incidence of post-operative complica
tions.

Cases of cranial defect with inflammatory con-
ditions should be well assessed preoperatively to
make sure that there is no overlying condition that
should cause prosthesis failure. Also, in cases where
the defect was following a decompressive cranioto-
my, care must be taken not to perform the cranio-
plasty before complete normalization of the intrac-
ranial pressure.
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