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A B S T R A C T

Calvaria defects in children present a reconstructive challenge. When autogenous bone is not available, synthetic
materials can be used; however, they present many drawbacks limiting their use in infants. Children, especially
under the age of two, represent an incomparable limitation and they are infrequently reported in literature. The
reconstructive strategies presented in the last decades are different without a clear consensus about the best
procedure and material for a specific range of age. We report our experience with resorbable mesh cranioplasty
using a polylactic acid / polyglycolic acid resorbable mesh plate with bone matrix in a 3-month old child who
previously underwent decompressive craniectomy. This reconstructive strategy failed, and the patient was
scheduled for a second procedure. After the case presentation, the literature is reviewed and discussed focusing
on infants and young children.

1. Introduction

Dealing with cranial repair in paediatric population, especially after
brain injury, is still a challenge. Cranioplasty in children is blamed for
several unsolved problems and complications associated with the un-
derlying pathologies, age-related factors and specific materials used for
bony reconstruction [1–7]. Beyond cosmetic and protective purposes,
cranioplasty is recommended also for physiological reasons [8]. Despite
recent studies have shown an increased risk of resorption requiring
surgical revision in 21.7% to 54.4% of the cases, the use of autologous
bone flap is still universally accepted as the first choice in children
[1,3,5,7,9], restraining the use of synthetic implants in cranioplasty
revision [3]. Bone flap resorption occurs more frequently in post-trau-
matic cranial repair and it is correlated with the size of the defect [1,5],
the extent of dural opening/duraplasty [5], in patients under the age of
7, in the presence of impaired CSF circulation [3,5,7], in case of com-
minute skull fractures, underlying brain contusions [3] and delayed
cranioplasty [9]. All the risks are summarized in Table 1. In fact, the
growth of the skull is very rapid in the first year of age and the growing
brain reaches the 80% of its volume during the first 2 years, creating a
tensile strain in the overlying dural layer and bone. This closed

interaction between growing brain, dura mater and neurocranium, to-
gether with osteogenic factors produced by the dural layer itself, are the
main responsibles for cranial osteogenesis [10,11]. A perturbation in
this mechanism, such as after a decompressive craniectomy, could
hinder autologous bone cranioplasty integration, promoting its re-
sorption [2,12].

When autologous bone flap is not available, or in case of cranio-
plasty revision, synthetic materials can be used; however, they present
many drawbacks limiting their use in infants. Before the age of 3, the
diploic space is not reliably present and the skull is thin, prohibiting the
use of split calvaria and limiting the implantations of custom prosthesis.
Moreover, the majority of the materials is rigid and non-growing and
most of them lack of osteointegration leading to various long-term
complications (e.g. fracture, extrusion, infection, dislocation)
[6,13,14].

Children under the age of one, who underwent cranioplasty after
decompressive craniectomy, are infrequent in literature and few cases
are reported so far [1,2,5], making the choice among materials and
reconstructive techniques even more difficult.

We report the case of our youngest patient, a 3 months-old boy, who
underwent cranioplasty after decompressive craniectomy. The
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reconstruction technique is described and afterwards we discuss its
outcome and the current literature.

2. Materials and methods

2.1. Clinical history

This 42 days-old boy was admitted to the Paediatric Emergency
Department for a traumatic brain injury. He fell from his mother’s arms
while on the stairs. Four hours after the trauma he was GCS 13. The CT
scan showed an acute left fronto-parietal subdural hematoma asso-
ciated with a parietal fracture and a diastasis of the coronal suture. The
patient underwent urgent craniectomy and evacuation of the subdural
hematoma. During surgery, because of the brain swelling, we per-
formed a wide decompressive craniectomy and duraplasty (October
2017). Post-operatively he presented a right leg myoclonus, a mild right
upper limb paresis and a subgaleal fluid collection on the craniectomy
site. He was discharged ten days after surgery. A follow-up MRI, per-
formed 3 weeks later, showed the resolution of the brain herniation and
disclosed a persistent pseudomeningocele on the site of craniectomy
(Fig. 1). We planned accordingly an early surgical intervention for dural
repair and cranioplasty, which was postponed by 2 weeks due to a re-
spiratory tract infection (December 2017).

2.2. Surgical technique

The patient was positioned in supine position with the head turned
to the right side, underpinned by a smooth head-holder. After opening

the skin flap, we exposed the pseudomeningocele composed of scar
tissue and dural patch, we drained it therefore, we resected its walls
displaying the underlying gliotic cerebral cortex.

2.2.1. Dural reconstruction
The cerebral cortex was carefully dissected from the bony edges and

we broadened the craniectomy exposing healthy dural tissue all around.
After that, a collagen matrix duraplasy (DuraGen- Integra® Integra
LifeSciences) was placed meticulously under it. Moreover, we
strengthened the dural layer reconstruction using a vascularized patch
of autologous pericranial tissue, placed above the collagen matrix
duraplasty, sutured and glued with fibrin glue.

2.2.2. Cranioplasty
In order to neutralize the pulsatile effect of the dura, preventing the

recurrence of the pseudomeningocele and CSF collection and to restore
the cranial vault, we supplemented the dura reconstruction with a rigid
cranioplasty. Considering the age of the patient (3 months old at the
time of surgery) the size of the defect (25 cm2) and the thickness of his
bone (3.35 mm), we opted for an amorphous copolymer resorbable
mesh plate (85:15 L-Lactide-co-glycolide, RapidSorb® Mesh Plate-
DePuy Synthes, 100 × 100 mm, 0.5 mm thick) tailored and moulded in
situ, fixed with resorbable screws (Fig. 2). The scalp was then closed
with resorbable sutures without placing a drain and the patient was
treated with a preoperative and 3-days postoperative course of cepha-
losporin antibiotics.

3. Results

Postoperative MRI performed 48-hours after surgery disclosed the
presence of subcutaneous serous fluid collection, which was subse-
quently aspirated without further recurrences. Therefore, the patient
had a regular postoperative course without other complications and the
clinical examination demonstrated a good overall shape at discharge
(Fig. 3A and B).

Follow-up MRI performed 3 months after the cranioplasty showed
the resolution of the pseudomeningocele and the absence of delayed
intracranial complications (Fig. 3C and D). At six months follow-up, the
patient presented an almost complete resolution of the distal paresis, a
better axial tone and he was free from seizures without antiepileptic
drugs. As far as the cranioplasty is concerned, he presented signs of
mesh resorption and peripheral ossification. At last follow-up,
18 m months after surgery, he was still free from seizures and he did not
show any deficit. Unfortunately, the clinical examination revealed the

Table 1
Risk factors identified for autologous bone flap resorption after decompressive craniectomy.

Author, year No. of pts Age range Size of defect % Resorption Risk factors

Grant et al., 2004 40 4 m-19 y 14–147 cm2, mean 99.4 cm2 50% Skull defect > 75 cm2

Frassanito et al., 2012 3 1 m-11 m NR 100% Specific age-related factor advocated:
Minor bony reserve
Pushing force of the growing brain
Loss of dural layer
Impaired CSF dynamics

Piedra et al., 2012 61 <18 y NR 42% in delayed cranioplasty group 12% in early
cranioplasty group

Late cranioplasty (> 6 weeks)

Bowers et al., 2013 54 Mean 6.2 y NR 50% Underlying contusion
Comminuted skull fracture
Permanent VP shunt
Age < 2.5 y

Martin et al., 2014 27 1 m-17 y NR 54.4% Young age (< 7 y)
Size of skull defect
Permanent shunt placement
Extent of dural opening/duraplasty

Rocque et al., 2018 240 <18 y NR 21.7% Young age
External ventricular drain, lumbar shunt

m: months; y: years; NR: not reported; CSF: cerebrospinal fluid.

Fig. 1. Axial (A) and coronal (B) T1-weighted MR images depict the persistence
of a pseudomeningocele at 1 month after surgery. Movement artefacts partially
affected the images quality.
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persistence of the bony defect warranting a second surgery. We decided
to plan a customized hydroxyapatite (HA) implant after the age of
2 year, according to the product IFU.

4. Discussion

Cranial repair after traumatic brain injury in young children seems
to be a minefield riddled of pitfalls and fallacies. It is as a matter of fact

still a challenge for surgeons and the protagonist of a fierce controversy
in literature without clear guidelines to select a proper material for
cranioplasty at this age [6,13,14]. For these reasons, this issue deserves
a systematic and thorough discussion.

4.1. The unique feature of children: the cranial growth

The most rapid skull expansion occurs during the first year of age
and the cranial indexes of children older than 3 years of age are similar
to those of the adults [15–17]. Moreover, the two sexes show clear
regional variations in the pattern of skull base growth during the first
5 years of life [18]. This process of cranial bone development is de-
termined and directed by a complex signalling pathway, together with
mechanical forces. The rapid development of the brain during the first
two years of age generates a tensile strain in the overlying dura and
bone, inducing the dura mater to proliferate and to release osteogenic
growth factor promoting the differentiations of the osteoblasts. The
interactions between brain, dura mater and neurocranium and espe-
cially the role of dura mater seem to be essential for the osteogenesis
[10,11]. The calvarial healing is consequently most robust in this first
period and Hou et al. concluded that children under the age of one
should not receive any cranial repair, identifying the best age for cra-
nioplasty with the age of 3 and older [17]. A disruption of this me-
chanism, as in the case of decompressive craniectomy, could promote
bony resorption and an ineffective osteointegration of synthetic mate-
rials [2,12]. In fact, children have specific physiological and anatomical
features making them different from adult population, requiring pecu-
liar consideration when planning cranial repair.

4.2. Reconstructive cranioplasty: techniques and materials

4.2.1. Autologous bone
As mentioned above, autologous bone flap is historically the gold

standard in the first attempt at repairing skull defect in children. It has
undoubtedly many advantages, including the use of an autologous
material, which permits to maintain and restore the proper contour and
shape of the skull avoiding foreign non-growing materials and the
possibility to be reintegrated in the growing native bone. Despite these
attractive aspects, the autologous bone flap cranioplasty conceals an
important drawback, such as a high rate of bony resorption warranting
surgical revision. Several single centres and one multicentre studies
analysed the rate of failed osteointegration and the related risk factors
[1–3,5,7,9] (Table 1). Nowadays the rate of autologous bone resorption
requiring second surgery stands between 21.7% and 54.4% of the cases.
These findings polarise the debate about whether a heterologous ma-
terial should be used as a first choice in younger age [5] or only in case
of autologous flap failure [3]. Young age (under 7 years-old) is in fact
among the various risk factors identified for bone resorption. The
highest turnover of bone tissue and the thinness of the calvaria could
probably represent some of the crucial factors promoting bony resorp-
tion (together with the dura mater, cf. previous paragraph) [1]. The use
of autologous bone from donor site (i.e. ribs, iliac crest, split-thickness
calvaria) is burden of site morbidity and, in the case of split-thickness
calvaria, this solution is not feasible in children under the age of 3
[6,14]. Moreover, even if this technique was advocated as the method
of choice in the past decades [19], it seems to have currently been
overtaken by synthetic custom made cranioplasties, which have shown
a higher rate of success in revision surgery [3].

4.2.2. Hydroxyapatite
Hydroxyapatite is a peculiar material reproducing the mineral

component of the bone with a 3D structure, which favours the osteo-
conduction and osteoinduction reducing rejection.

Before the development and the diffusion of the use of customized
HA implants in children, several authors had already used HA cement
alone [20–26] or associated with resorbable [24,27–33] or tantalium

Fig. 2. Intraoperative picture shows the duraplasty with pericranium sutured to
the dura mater reinforced by the resorbable mesh cut and moulded in situ and
fixated by means of resorbable screws.

Fig. 3. Postoperative axial (A) and coronal (B) T1-weighted MR images show
the absence of complications and the correct placement of the mesh (the white
star is placed in the contour of the implant in axial plane A and C, white arrows
indicate the limits of the implant in the coronal plane B and D). Follow-up axial
(C) and coronal (D) T1-weighted MR images performed 3 months after cra-
nioplasty disclose a thinning of the prothesis and an overall good cosmetic
result.
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mesh [34]. Despite good aesthetic results, this material revealed im-
portant drawbacks limiting its use. An unacceptably high rate of in-
fections was described in patients who underwent HA cranioplasty near
sinuses or nasal mucosa, and in case of large defect (> 25 cm2), which
were also found to be more prone to fracture and fragmentation in long-
term follow-up [13,20–22,24,25,35]. These findings indicate the major
contraindications of the use of HA cements and paste. Moreover, the
implant achieves its final strength hours/days after surgery, exposing it
to the risk of fracture by trauma or it can be cracked by the CSF pul-
sation directly transmitted to the dura mater [36]. Furthermore, most of
the series included paediatric and adult patients, with few patients
under 2 years of age, reported without specific considerations, as shown
in Table 2 [20,28,29,34,35].

During the past decade, technical advancement creates a new gen-
eration of HA prothesis, the custom-made HA implants, with the pur-
pose of overcoming the above-mentioned limits and of increasing the
osteoconductive and inductive proprieties by providing structural
modifications. This technique has been adopted in paediatric cranio-
plasty with good outcome [37–42]. An optimal osteointegration of
98–100% with excellent cosmetic result has been reported by Zaccaria
et coll. in 83% of the patients [41]. Beuriat et coll. treated 19 patients
successfully and without any complications and among them we found
the youngest patients treated by customized implant, an 8 month old
child [39]. Furthermore, Frassanito et al confirmed the effectiveness
and safety of this group of implants in children older than 2.5 years of
age. Apart from the time needed for 3D Cranial CT acquisition, images
reconstruction and implant fabrication, which forecloses the use in
emergency surgery, the prothesis are susceptible to fracture following
head trauma in the first period. Furthermore, younger children show a
higher rate of complications compared to the older ones (20.8% to
3.8%) and age-related factors have been advocating to explain this
negative effect [38].

4.2.3. Polymethyl methacrylate
This material has been widely used in children and the common

complications reported in long term studies are infection, extrusion,
migration, fracture, lack of integration and a disagreeable thermal
sensitivity [6,13,19,43–45]. Its use in large defect (> 25 cm2) espe-
cially placed near the sinuses and in presence of irradiated skin carries a
risk of complications over the 80%, requiring a careful patients selec-
tion [43,44]. Moreover, non-customized PMMA cranioplasty should be
avoided in case of large defects and in patients under 5 years of age
because of the increased risk of failure [1,6,44]. Most of these dis-
advantages have been managed and reduced with the introduction of
porous PMMA and custom-made prothesis. Indeed, PMMA can be
moulded freehand directly during surgery (especially for small sized
bony defects) or it can be customized, reducing surgical time, the risk of
diathermal damage and giving an optimal aesthetic result. As far as the
most expensive custom-made prothesis is concerned, the overall treat-
ment cost seems not be increased by the price of a customized implant
[25]. The recent study from the Gaslini Hospital group reported en-
couraging results, as they found a rate long term complications of
16.6% with satisfactory osteointegration and cosmetic results with
customized prothesis, promoting its use also in cranioplasty post-

decompressive craniectomy and in younger patients [45].

4.2.4. Titanium
This material is widely used in adult cranioplasties and, the use in

children is limited to the older ones. In fact, it is a rigid, inert material
which could have deleterious effects in younger children, affecting the
normal growth of the skull [6,13,14]. Williams et coll. reported recently
a series of titanium custom-made cranioplasty in children. His patients
population was older than 6 year-old and only 3 patients were younger
than 8 years, concluding that this material could be used in selected
paediatric patients greater than 5 years of age, as a consequence of the
cranial growth [46].

4.3. Analysis of our case

In our case, the autologous bone was not conserved at the time of
first surgery because of the existing fracture and the subsequent en-
largement of the craniectomy. Brain herniation resolved after 3 weeks
and the cranioplasty was planned 54 days after decompressive cra-
niectomy, just above the limit of 4 weeks defined for early cranioplasty,
postponed by 2 weeks due to a respiratory tract infection.

At that time, the patient was 96 day-old and we discussed in our
multidisciplinary team about the best way to treat the pseudome-
ningocele and to perform the cranioplasty. We decided to avoid the use
of bone paste/cement (both HA or PMMA) because of the area of the
defect (25 cm2), fearing about the aesthetic results and complications
due to possible fragmentations and migration. Our centre has an ex-
cellent experience with customized HA cranioplasty, but this prothesis
was not considered because of the thinness of the bone (3.35 mm), in
fact the minimum thickness of the implant (4 mm) represents a sig-
nificant limitation in (very young children) infants [39] and the specific
product IFU recommend the implant after the age of 2 years. We finally
decided to adopt a resorbable mesh moulded in situ after broadening
the bony edges to expose intact dura mater (both for the duraplasty and
for promoting osteogenesis). We did not supplement the reconstruction
with bone powder or cement because of the thickness of the duraplasty,
worrying about overcoming the bony edges, making it ineffective and
prone to inadequate integration and subcutaneous migration.

After the failure of our first attempt to cranial vault repair, we
decided to plan custom-made HA cranioplasty after the age of two ac-
cording to the IFU and the current practice.

4.4. Take home messages

Ex-post reflections appear always easy and obvious, but this case led
us to up-date the various techniques with their respective pros and
cons, indications and contraindications, highlighting the lack of con-
sensus regarding the materials of choice for cranioplasty in children,
especially in younger group, which remains a burning field for pae-
diatric neurosurgeon.

5. Conclusions

Cranial vault repair in younger children remains a challenge

Table 2
Cases treated with hydroxyapatite cement or paste under the age of two Pts: patients; m: months; NR: not reported.

Author, year No of pts Age (m) Sex Indication for cranioplasty Area of bony defect Follow-up (months) Complications

Matic et al., 2002 1 17 F Previous corrective surgery for craniosynostosis NR NR NR
Durham et al., 2003 1 18 M Trauma 168 cm2 7 None
Eppeley et al., 2003 1 16 NR NR NR NR NR
Cohen et al., 2004 1 11 NR NR NR NR None
Zins et al., 2007 2 12 NR NR >25 cm2 NR No major complications

22 NR NR <25 cm2 NR No major complications

Pts: patients; m: months; NR: not reported.
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without a clear guideline, especially after decompressive craniectomy.
A tailored patient-based approach, according to the single centre ex-
perience, is still the choice in growing-skull age. A multicentric study
could help the paediatric neurosurgical community to better under-
stand the issue, developing recommendations preventing complications
and failures.
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