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Abstract

Background: Cranioplasty is awell-known neurosurgical
technique used for repairing cranial defects. It is performed to
protect the brain, restore its appearance, and reverse the atered
cerebral physiology. There is an ongoing debate on the best ma-
terial and timing for cranioplasty in pediatric patients.

Aim of Study: The present study aimed to evaluate the re-
sults of cranioplasty with various materials in pediatric patients.

Patients and Methods: A retrospective study was conduct-
ed at asingle center on pediatric patients who had undergone
cranioplasty with any material from January 2020 to December
2021. A total of 54 consecutive cranioplastiesin 46 patients
were studied. Data on the patient’ s gender, age, cause of skull
defect, implant type, number of cranioplasties done per patient,
cosmetic outcome, wound healing, complications, and compli-
cations management were documented. The follow-up interval
ranged from 24-36 months.

Results: The cranioplasty procedure did not result in any
mortality. Six (30%) out of 20 patients with autologous graft
cranioplasty developed complications; Two cases experienced
complications of subcutaneous surgical emphysema at the site
where the rib graft was taken, while four cases had graft resorp-
tion and required a second surgery using titanium mesh. Six
(17.6%) out of 34 cases of synthetic graft cranioplasty devel-
oped complications; Two cases of infection in acrylic cranio-
plasty were successfully treated with antibiotics, and four cases
of acrylic cranioplasty underwent cracking and fragmentation
into pieces then reoperated using titanium mesh.

Conclusion: Pediatric patients have a higher incidence of
experiencing spontaneous resorption with autologous bone
grafts. Patients above 5 years can safely undergo cranioplasty
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using synthetic material. Acrylic cranioplasty provides a safe
and effective option for centers with limited facilities, but the
long-term efficacy of acrylic material should be studied in a
more comprehensive study.
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Introduction

ARCHEOLOGICAL findings show cranioplas-
ty has been practiced since 7000 BC, with awide
range of non-biological and biological materials
like bone flaps, cork, and metals used for recon-
struction to offer neuroprotection [1]. Meekeren was
the first to report a successful cranioplasty using a
bone graft. in 1668, using a portion of the cranium
from a deceased dog. Nonetheless, it wasn’t until
1821 that the initial autologous bone graft cranio-
plasty was documented and attributed to Walther,
who substituted the bone plug after the trephination
procedure[1,2,3].

Craniectomy is frequently done in adult and
pediatric patients who have traumatic brain injury
(TBI) and elevated intracranial pressure (ICP) that
does not respond to medical treatment [4].

Most skull defects are due to trauma, infection,
tumors, elective removal, growing fractures, bone
disorders, and congenital malformations. Loss of
the cranium results in aesthetic and functional de-
ficiencies. Without the cranium, atmospheric pres-
sure directly affects the scalp and dura, leading to

Abbreviations:

ICP: Intracranial pressure

TBI : Traumatic brain injury

CT : Computerized tomography

MRI: Magnetic resonance angiography.
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the closing of the subarachnoid space and lower-
ing brain perfusion pressure. Consequently, some
patients develop “ syndrome of the trephined”, a
condition marked by intense headache, dizziness,
excessive fatigability, weak memory, irritability, ep-
ilepsy, discomfort, and psychiatric issues [5,6] .

The goa of the cranioplasty procedureisto cre-
ate along-lasting, secure, structural repair of the
skull, which isthen covered by healthy skin. This
aims to reduce the psychological issues of patients,
enhance their quality of life, and promote better
social adjustment [7,8]. The replacement of the cra-
nium serves not only as a cosmetic and protective
procedure but also has the potential to restore the
changed physiological condition that arises after
craniectomy. It can also reverse the atered physi-
ological state, irregularities in cerebral blood flow,
dynamics of cerebrospinal fluid, and observable
neurological abnormalities [9,10,11] .

In pediatric patients, the skull is continually
growing and the bone shape is constantly evolving,
which means there are certain limitations on the ma-
terials that can be used for cranial vault reconstruc-
tion. Additionally, athinner scalp and improved
long-term survival rates further limit appropriate
available bone graft options [12]. Cranioplasty ma-
terials used in children should be able to accommo-
date skull growth, have long-term durability, and
exhibit high resistance to late infection [4].

Three main categories of materials used for
cranioplasty: Organic, synthetic-organic, and inor-
ganic [13].

Cranioplasty materials of organic origin consist
of autografts (harvested from the same individual),
alografts (bone grafts from another individual), and
xenografts (taken from another species) [13].

Synthetic-organic materials (* biomaterials’)
are manufactured natural bone minerals or pro-
teins found in the human body. Examples include
hydroxyapatite and bone morphogenic protein [13].
Autologous bone and biomaterials are the two ma-
jor sources of cranial reconstruction in adults and
children.

Inorganic substances do not have biological ac-
tivity. These include methyl methacrylate, silicone,
porous polyethylene, titanium mesh, and bioactive
glass [13].

In recent years the medical practice has beenim-
plemented with modern computer technologies for
manufacturing of individual implants to reconstruct
skull defects based on spiral computed tomography
data [71. Theideal cranioplasty materia should be
radiolucent, infection-resi stant, non-conductive of
temperature, resistant to biomechanical processes,
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malleable to fit defects with complete closure, af-
fordable, and readily available for use [14].

Contraindications for cranioplasty include the
presence of infection, untreated hydrocephalus, and
brain swelling. Cranioplasty complications may dif-
fer and involve autol ogous bone resorption which
is more common in children than adults, infection,
fluid collections, hematomas, and plate failure [15] .

Patients and Methods

This retrospective study was conducted on pa-
tients who underwent cranioplasty in the Depart-
ment of Neurosurgery, Benha University Hospital
in the period between January 2020 and December
2021. 46 patients who underwent atotal of 54 con-
secutive cranioplasty procedures were studied. The
patients' age ranged from 5 to 16 years. There were
14 girls and 32 boys. Data on the patient’ s gender,
age, cause of skull defect, implant type, number of
cranioplasties done per patient, cosmetic outcome,
wound healing, complications, and complications
management were documented. The follow-up in-
terval ranged from 24-36 months.

Acrylic implants were used in 10 cases of bony
destruction with tumors, and in 5 patients with
post-traumatic skull defect. A titanium mesh was
utilized in 4 patients who had wound infection and
needed a craniectomy after undergoing a cranioto-
my for a space-occupying lesion, in 4 patients with
post-traumatic skull defect, in 4 patients with bone
resorption following cranioplasty with rib graft, and
split calvarial graft, and in 4 patients complicated
with acrylic fragmentation. Rib grafts were used
in 4 patients with post-traumatic skull defect and 8
cases following infection. Split calvarial grafts were
used in 8 post-traumatic patients. Own craniotomy
bone flap was used in 3 patients with decompressive
craniectomy.

Technical notes:

Thefirst step in all proceduresis good exposure
of the skull defect, preparation of the dura by free-
ing any dehiscence, repairing any defects, and fash-
ioning dural tackup stitches around the edges of the
skull defect. At the end of the procedure, we use a
subgaleal drain for 48 hours.

For split calvarial bone graft aflap was done,
exposure, preparation, and measurement of the de-
fect area, the designed cranioplasty bone flap was
harvested and split through the diploe with an oscil-
lating saw into two layers with the inner table cov-
ering the donor site, and the outer table covering the
skull defect.

The rib graft was harvested through an in-
framammary skin incision where ghout 5-6¢cm of
the osseous parts of 2 ribs (Usually = ang ©" ribs)
are separated from the chondral part by bone cut-
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ting. The rib was divided into two halves through
its thickness and fixed to the edges of the defect by
sutures.

The bone flap used in 3 patients' craniotomy
procedures was stored in the abdominal subcutane-
ous tissue and later reused to cover the defect.

In acrylic cranioplasty, the acrylic mixtureis
molded into a plate with a thickness that matches
the skull and is molded to match the defect. Next,
Multiple holes are created in the plate, and they are
positioned before hardening to be manually com-
pressed to fit the edges of the skull. Continuous ir-
rigation with saline containing gentamycin is em-
ployed to prevent the exothermic reaction and to
serve as an antiseptic.

In cranioplasty with titanium mesh, after fixing
the mesh to the skull with screws, we used to stretch
the pericranium with sutures over the edge of the
mesh as we thought that this technique eliminate the
risk of pressure necrosis on the thin, scarred pediat-
ric scalp.

Results

There was no mortality from the cranioplasty
procedure. We had 2 cases of infection with wound
discharge following acrylic cranioplasty but re-
solved with wound toilet and antibiotics. Two cases
of subcutaneous surgical emphysema at the rib graft
donor site were resolved without intervention. Re-
operation was performed using titanium mesh for
four cases of graft resorption. One case of subdural
fluid collection was observed in one patient, treat-
ed conservatively, and resolved during follow-up.
Cosmetic outcome was rated according to feedback
from parents in addition to clinical follow-up.
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Table (1): Summarize the different variables and outcome in

our study.

Variable Number
Median age (years) (5-16)
Sex:

Male 32 (69.6%)

Female 14 (30.4%)
Etiology of bone defect:

Tumor 10

Infection 12

Trauma 24

Resorbed cranioplasty 4

Fragmented acrylic implant 4
Material used in cranioplasty:

Split calvaria graft 8

Rib graft 12

Acrylic 15

Titanium mesh 16

Own craniotomy bone flap 3
Number of cranioplasties:

1 38

2 8

4 (Graft resorption) +
4 (Fragmented acrylic
implant)

Mean follow-up period (24-36) months

Complications:
Infection
Subcutaneous surgical emphysema
Graft resorption
Subdural fluid collection
Fragmentation of acrylic implant

AR bANODN

Cosmetic outcome:
Excellent 32
Good 16
Poor 2

Illustrative Cases

Case (1):

A fifteen-year-old femal e presented with
scalp swelling causing cosmetic disfigurement,
A CT brain with bone window and MRI brain

(A) (B)

revealed adermoid cyst with an underlying skull
defect. The mass was totally excised en block
and immediate acrylic cranioplasty was per-
formed (Fig. 1).

©

Fig. (1): (A) Coronal T2 weighted MRI showing the dermoid cyst and skull defect. (B) Intra-operative image showing the cyst.

(C) The view after appliction of acrylic.
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Case (2):

A six yearsold boy presented with aright frontal
skull defect after a history of trauma, acrylic crani-

(A) (B)
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oplasty was done after molding the acrylic into a

thin plate and creating of multiple holes aiming at
preventing collection and infection (Fig. 2).

©

Fig. (2): (A) The bone window of CT brain axial cuts showing right frontal skull defect. (B) X-ray skull lateral view showing closure
of the defect with acrylic “ the created holesin the acrylic plate are appearant” (C) Post-operative CT after cranioplasty.

Case (3):

A six-year-old boy subjected to a post-trau-
matic skull defect two years ago was treated
with arib graft that was amost completely re-

(A) (B)

()

sorbed six months after surgery with arecur-
rence of the defect. We closed the defect with
titanium mesh with satisfactory results on fol-
low-up (Fig. 3).

©

(E)

Fig. (3): (A) CT brain axia cut showing reconstruction of left parietal skull defect with rib graft. (B) Bone window of CT brain “cor-
onal view” showing recurrence of the skull defect due to resorption of rib graft. (C) CT 3D reconstruction demonstrating the
defect and remaining part of the graft. (D) Intraoperative image showing the titanium mesh in place , note sutures stretching
the perioteom over the edge of the mesh that avoid erosion of the scalp over the mesh edges. (E) Follow-up CT 3D recon-

struction revealing adequate skull reconstruction.
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Case (4):
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A sixteen years old male patient presented with post-traumatic skull defect treated with split calvarial graft

cranioplasty (Fig. 4).

(A) (B)

©

Fig. (4): (A) Pre-operative CT bone window of axial cuts showing the skull defect. (B) Intra-operative image showing splitting of
skull bone into two layers through the diploe. (C) Post-operative CT showing closure of the defect and correction of the

deformity.

Case (5):

A nine-year-old boy presented with skull osteo-
myelitis secondary to scalp abscess, treated with
drainage of the abscess and debridement of the

(A) (B)

infected bone followed by an adequate course of
systemic antibiotics. Six months later, upon fami-
ly request, the patient was subjected to autologous
cranioplasty using arib graft (Fig. 5).

©

Fig. (5): (A) Pre-operative CT showing the defect. (B) Intra-operative imge of the defect with freshening of edges. (C) Image of the

rib grft used for cranioplasty.

Discussion

There needs to be more data regarding the long-
term outcomes of different cranioplasty materialsin
the pediatric cases. It is difficult to reach obvious
conclusions from these studies due to lacking long-
term results, and only small sample sizes were used

[4].

Cranioplasty isasurgical procedure to repair
cranial defects or deformitiesthat are left behind af -
ter aprevious operation or injury. Nowadays there
are many different techniques and materials that can
be used in the repair of cranial defects. Surgeons
preferences for various implant materials for crani-

oplasty differ based on factors like their training,
personal experiences, the traditions of the units
they work in, and the resources available[16]. Some
surgeons prefer using autologous bone grafts while
others prefer synthetic materials, each material has
advantages and disadvantages and until now it is
unclear which material provides the best overall re-
sult. In our study, we present the outcome of cranio-
plasty in pediatric patients using different materials
and techniques.

Choosing the best cranioplasty implant for pedi-
atric patients is difficult because of various patient
factors such as continuous skull growth, bone heal-
ing, tissue reaction, potential implant migration,
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breakage, congenital conditions, and varying infec-
tion risks[17].

Autologous bone grafting is still the method of
choice at many centersin the world acquiring wide-
spread popularity even with progression into the
21t century [18].

Advantages of autologous bone graft include
high biocompatibility, absent risk of disease trans-
mission, easy return of the former cranial contour,
alowed remolding of cranial bone and continuous
growth, easily accepted by the host, reintegrated
into the cranium and cost-efficiency [19].

Disadvantages include donor site morbidity and,
the bone flap resorbs at a high rate, leading to struc-
tural breakdown [14,20] .

Symptomatic bone resorption is described as
adefect that raises concerns about potential brain
damage or creates a cosmetic issue unacceptable
to the family or treating physicians [11]. In our
study; the resorption rate of autologous bone flap
was 8.7%. Reported rates of autologous bone flap
resorption vary in the literature; Grant et al. [11]
reported a 50% resorption rate, Gruber et al. [21]
reported a 33.3% resorption rate, Piedra et al. [22]
found a 29.5% resorption rate, and Posnick et al.
[23] reported 7.4% resorption rate. A recent system-
atic review revealed that the reabsorption ratesin
published studies varied from 30% to 80%, with a
20% graft failure rate, especially when the banked
bone was utilized [1,4,24] .

Predictors of bone flap resorption are young
age, thin skull, large bone defect, an underlying
contusion, and fragmentation of the explanted bone
graft [11,25]. The method of bone flap preservation
was suggested to be arisk factor as the bone ma-
trix may be destroyed by freezing or autoclaving
[26] . Recently, investigators proved alow resorption
rate in frozen autologous bone flaps in contrast to
autoclaving which is not routinely performed [27].
Revision cranioplasty istypically very effectivein
pediatric patients experiencing bone flap resorption.
With higher success rates with custom synthetic
implants than with autol ogous split-thickness bone
grafts[2g].

Replacement of the original bone removed dur-
ing craniectomy isoptimal asit isreadily available,
avoids other graft or foreign materials, guarantees a
low infection rate, and reintegrates well in the ma-
turing skull [16,29]. This bone can be preserved ei-
ther by cryopreservation, autoclaving, or by place-
ment in asubgaleal or subcutaneous abdominal
pocket. Several research studies have confirmed the
effectiveness, minimal infection risk, and affordable
price of storing a cranioplasty flap in the subcutane-
ous pouch of the abdominal wall [30,31,32]. Draw-
backs include difficult storage either due to limit-
ed facilities or in children with reduced abdominal
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subcutaneous tissue and failure of shape matching
especially in delayed cranioplasty due to new bone
formation at the edges of the defect [16].

We used the decompressive craniectomy tech-
nique in 3 traumatic cases who underwent cranio-
plasty using their own craniectomy flap stored in
the abdominal subcutaneous tissue without compli-
cations.

Autogenous split calvarial graft is easily har-
vested from the same operating site, of enhanced
survival, volume avail able with favourable contour
and simplified reconstruction of the donor site re-
ducing morbidity but It is challenging to perform a
calvaria graft in children due to the diploic bone's
limited differentiation [11,29,33] .

The advantages of rib graft include its avail abil-
ity and ability to regenerate (neovascularization, os-
teoclastic activity, and subsequent bone formation),
and minimal blood loss. Splitted rib is easily fixed,
more elastic conforming easily to the calvaria con-
tour [8,34] . Drawbacks of the procedure include ex-
tended surgery time, significant resorption, shape
irregularities, and the need for multiple ribsin cases
of large defects [35,36].

We used autologous bone graft in 20 patients
with 30% reported complications including two cas-
es that experienced complications of subcutaneous
surgical emphysema at the site where the rib graft
was taken resolved spontaneously, while four cases
had graft resorption and required a second surgery
using titanium mesh.

Throughout history, synthetic options like met-
als, ceramics, plastics, and more recently, resorb-
able polymers and biomaterials, have been used
when autograft reconstruction is not possible due to
factors like severe bony fragmentation, bone graft
resorption, infection, and limited donor site options.
[37,38] . The use of synthetic materialsis not ideal
before the age of 5 years because the absence of
growth potential causes them to be unable to adjust
to the devel oping neurocranium [39] .

Methyl methacrylate is the most frequently used
material in cranioplasty because of its advantages
which are low cogt, biologicaly inert, lightweight,
and has no magnetic properties or thermal conduc-
tivity. It is as strong as bone and can be easily mold-
ed during surgery to fit contour defects. Addition-
aly, it does not cause interference with computed
tomography or magnetic resonance imaging studies.
[29,40], but its main disadvantage is the exothermic
reaction that occurs during the polymer setting, po-
tentially causing thermal damage to the underlying
brain tissue. To mitigate this temperature increase,
the surgeon can irrigate the implant with cold saline
asit sets and place layers of wet cotton between the
acrylic and dura. Other reported complications are
infection and breakage [5,36,39] -
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Titanium iswidely used for cranioplasty because
of its strength, good resistance to infection, biocom-
patibility, malleability, good cosmetic results, and
suitability for postoperative imaging techniques
[41,42].

Wound infection is common. We had 2 cases
(4.3%) of infection with wound discharge follow-
ing acrylic cranioplasty but resolved with wound
toilet and antibiotics. Reported rates of infection
vary in the literature; Choi et al. [43] reported 5.3%
of wound infection, Maet al. [44] reported 5.1% of
wound infection in implant material, and Frassanito
et al. [45] reported 5.3% of wound infection (all fol-
lowing cranial implant).

In our study synthetic graft was used in 30 pa-
tients with good cosmetic outcomes Methyl meth-
acrylate was used in 20 patients with satisfactory
cosmases in most of them achieved with 2 reported
wound infection resolved with antibiotics. We used
titanium mesh in 10 patients with no reported com-
plications.

Conclusion:

Pediatric patients have a higher incidence of ex-
periencing spontaneous resorption with autologous
bone grafts. Synthetic materials can be safely uti-
lized in cranioplasty for patients above 5 years. In
centers with limited resources, acrylic cranioplasty
is asafe and effective method, but the long-term
efficacy of acrylic material should be studied in a
more comprehensive study.
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