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BFR: Aseptic bone flap resorption
CB: CustomBone® prosthesis
CP: Cranioplasty
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CT: Computed tomography

mGOS: Modified GOS score

PBD: Prosthesis bone density

RFM: Relative fusion at cranioplasty margins
RICH: Refractory intracranial hypertension
RSA: Bone flap relative surface area
SP: Cranioplasty with subcutaneously preserved autologous bone
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ABSTRACT
OBJECTIVE: The CustomBone® (CB) prosthesis is a 3D reconstruction technique allowing custom-made
cranioplasty (CP) possessing osseointegration properties due to its porous hydroxyapatite (HA) composition. This
reconstruction technique has replaced less expensive techniques such as the use of subcutaneously preserved
autologous bone (SP).

RI
PT

The primary objective of this study was to evaluate complication between CB and SP cranioplasty techniques and
the secondary objective was to assess cosmetic results and osseointegration of CPs.

METHODS: Single-centre study on patients undergoing delayed cranioplasty of the craniectomy by a CB or SP
technique between 2007 and 2014. A prospective interview was conducted in order to collect all endpoints,
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completed by a 2-year clinical and radiological follow-up data. Cosmetic results were assessed by a qualitative
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score and osseointegration by measuring the relative fusion at the cranioplasty margins (RFM).

RESULTS: A prospective interview was conducted for 92 patients out of a series of 100 patients undergoing CB or
SP cranioplasty between 2007 and 2014 (CB: n=44; SP: n=48). No significant difference was observed between the
two groups in terms of complication rates. The main complication specific to the CB group was the fracture of the
prosthesis observed in 20.8% patients. A higher rate of good cosmetic results was observed in the CB group (92.5%
vs 74.3%, p=0.031). Finally, 51% of CB prostheses presented no signs of bone fusion.
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CONCLUSIONS: Although the CustomBone® prosthesis is associated with cosmetic advantages, the porous HA
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composition makes it fragile in the short and long term, and effective osseointegration remains uncertain.
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INTRODUCTION
Delayed cranioplasty (CP) following craniectomy for refractory intracranial hypertension (RICH), bone flap
infection, or post-traumatic bone defect, is a technically simple operation, but nevertheless associated with a high
complication rate despite the various techniques and materials available.22
The objectives of cranioplasty are to restore a satisfactory cosmetic appearance and ensure protection of the brain,
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while improving the cerebral haemodynamics5,28 by the use of biocompatible material.31
The standard cranioplasty technique consists of autologous bone flap harvested at the time of craniectomy and
replaced after resolution of the acute phase of the disease. The bone can then be either cryopreserved or, as
performed in our centre, preserved in an abdominal subcutaneous pocket (SP). The specific long-term complication

SC

of this technique is aseptic bone flap resorption (BFR).3,6,16,21 Furthermore, the bone flap cannot always be reused in
the case of infection or marked fragmentation.
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Synthetic materials in the form of cement (e.g.: poly-methyl-methacrylate) modelled intraoperatively by the
surgeon achieve variable cosmetic results for the repair of large bone defects, and their biocompatibility remains
uncertain.31

The CustomBone® (CB) prosthesis is a new 3D reconstruction technique allowing custom-made CP. Its porous
hydroxyapatite (HA) composition is designed to ensure osteoinduction and osseointegration with a biocompatibility
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similar to that of autologous bone.25

These various properties have not yet been the subject of detailed independent evaluation apart from small
series.2,9,13, As this prosthesis has been commonly used in our centre for several years and has replaced the less
expensive subcutaneously preserved autologous bone (SP) technique,13 the results of this prosthesis therefore need

EP

to be evaluated.

The primary objective of this single-centre study was to evaluate the total complication rate between the CB and SP
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cranioplasty techniques and the secondary objective was to assess specific complications, cosmetic results and
osseointegration of CPs.

METHODS

Study population and procedure
All patients undergoing delayed CB or SP cranioplasty following craniectomy between 2007 and 2014 at Nantes
University Hospital, coded LAMMA009 according to the French Primary Healthcare Insurance Fund, were
included by a prospective interview designed to record the endpoints, completed by retrospective preoperative and
2-year follow-up clinical and radiological data. The choice of cranioplasty type was left to the surgeon’s decision.
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All computed tomography (CT) examinations were reviewed by an independent neuroradiologist (Carestream
PACS® software). In subjects with severe cognitive impairment or subjects under guardianship or minors, the
interview was conducted with a legal representative. All subjects gave their oral consent after being provided with
written information. This protocol was approved by the Nantes University Hospital Ethics Committee, reference

Endpoints
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RC16_0418.

The primary endpoint was the development of any complications of the initial cranioplasty, either intraoperatively
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or during follow-up until the time of the prospective interview.

The following specific complications were recorded: symptomatic extradural haematoma; postoperative
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intracerebral haematoma; operative site infection confirmed by bacteriological samples; delayed wound healing
requiring local wound care or a surgical procedure; CP mobilization; CP fracture; failure of CP placement
(breakage, resorption, infection, poorly adapted); subcutaneous pocket complications; BFR diagnosed on follow-up
CT scan more than one year after cranioplasty by the presence of zones of osseolysis of the inner or outer tables,
measuring more than one centimetre in diameter in the absence of signs of infection. The relative surface area of
the bone flap compared to the craniectomy was expressed as a percentage (RSA).
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The subjective cosmetic result was evaluated by a qualitative score assessed by the patient or legal representative
during the interview as follows: very satisfied, fairly satisfied (classified as good results), moderately satisfied, or
dissatisfied with the cosmetic result (classified as poor results). Only patients in whom the initial CP was still in

EP

place at the time of the interview were evaluated.

Osseointegration was evaluated by the relative perimeter of fusion between the CP and bone, expressed as a
percentage of relative fusion at the margins of the cranioplasty (RFM). Fusion was defined by resolution of the low
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density zone observed on the postoperative CT scan and the appearance of a bone density image on the last followup CT scan (Figure 1). Osseointegration in the CustomBone® prosthesis was evaluated on the last follow-up CT
scan by measuring density in Hounsfield Units (HU) of a zone of interest on a 1.3 mm thick transverse section of
the periphery of the flap (PBD) (Figure 2). Only initial CPs not complicated by reoperation, infection or
mobilization were evaluated.

Technical aspects
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Each cranioplasty was performed via the previous cranial incision and was closed over a drain. For SP
cranioplasties, the bone flap was explanted from the abdominal subcutaneous pocket and immediately replaced in
the skull and fixed using non-resorbable suture material (28/42) or a metallic fixation device (14/42).
The CustomBone® prosthesis is composed of hydroxyapatite (Ca10(PO4)6(OH)2; Ca/P = 1.67) with a total porosity
of 60% to 70%, comprising macropores (> 100 µm in diameter) interconnected with micropores (5-10 µm in
diameter) manufactured by Fin-Ceramica Faenza (s.r.l. Italy) and distributed by Codman (Issy-les-Moulineaux,
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France; Johnson & Johnson). Prior to placement of the custom-made prosthesis based on the CT scan of the
patient’s skull, the bone margins were eroded in order to promote new bone formation and osseointegration.

SC

Finally, the prosthesis is fixed by non-resorbable suture material (as required by the manufacturer).

Statistical analysis
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Statistical analyses were performed with SPSS for Windows V17.0 software (SPSS, Chicago, IL, U.S.A). Discrete
variables are expressed as number and percentage in the sample size. Continuous variables are expressed as the
mean ± standard deviation. Associations between the various groups of parameters or groups of patients were
analysed by Chi-square test or Fisher’s exact test for sample sizes less than 30. Continuous variables with a normal
distribution were compared by Student’s test. Finally, the Cox proportional hazards model was used for
multivariate analysis. Gender, initial and final mGOS scores, ASA score, history, cosmetic results, the various
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complications, and the type of cranioplasty were matched with categorical variables; age, operating time, time to
CP, clinical and radiological follow-up, surface area of the CP, fusion (RFM), as continuous variables. All p-values
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less than 0.05 were considered to be significant.

RESULTS

AC
C

Study population characteristics (Table 1)

One hundred patients were operated on delayed SP or CB cranioplasty repair of craniectomy between 2007 and
2014. Ninety-two patients were included after the prospective interview: SP (n=44) or CB (n=48). At the time of
the interview, 79 (85.9%) patients still had the initial CP. The study population was composed of 75% men with a
mean age of 38 years [range: 12-70]. Indications for craniectomy were RICH in 81 patients (88.0%), following
head injury in 43 cases, malignant ischaemic stroke in 28 cases, subarachnoid haemorrhage in 9 cases and brain
tumour in 1 case. The other indications were depressed skull fracture (n=6) or infection (n=5). A
frontotemporoparietal cranioplasty was performed in 83 patients (90.2%) with a mean surface area of 87.2 cm2
[range: 10-145].
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The duration of follow-up was significantly different (p<0.001) between the SP and CB groups (clinical follow-up:
64.4 ± 27.2 months vs 33.7 16.9 months; radiological follow-up: 48.2 ± 32.6 months vs 25.7 ± 18.7 months). Five
patients died (status epilepticus, recurrent stroke, decannulation, heart disease, road accident). The mGOS score
improved by at least 1 point compared to the pre-cranioplasty score in 38 patients (45.7%).
The time to CP was significantly shorter in the SP group (3.8 ± 52.1 months) than in the CB group (6.2 ± 4.0
months) (p<0.001). Finally, the operating time was shorter in the CB group than in the SP group: 74.2 ± 21.1

correlated with the development of complications.

SC

Complications (Table 2)
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minutes versus 96.5 ± 39.4 minutes, respectively (p<0.01). Neither the time to CP nor the operating time were

The number of patients experiencing at least one complication was not significantly different between the SP group
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(n=24; 54.5%) and the CB group (n=21; 43.7%) (p=0.300). The number of patients requiring reoperation was also
not significantly different between the two groups: 10 (22.7%) and 10 (20.8%), respectively (p=0.825). The
indications for reoperation were CP infection (n=8), extradural haematoma (n=4), scar revision (n=4), BFR (n=4),
CB fracture (n=3) and mobilization (n=2).

The main complication observed in the SP group was BFR in 45.7% of cases, four of whom were reoperated on.
BFR was present at the time of explantation from the subcutaneous pocket in only two cases. The mean surface
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area of the bone flap in the presence of BFR represented an average of 67.9% (±12.3) of the craniectomy surface
area at a mean follow-up of 43.3 months versus 81.9% (±15.6) on the postoperative CT scan (p<0.01). No
correlation was observed between age, RSA, time to CP or radiological follow-up. Three patients presented a
complication in the subcutaneous pocket related to haematoma, surgical site infection and disabling new bone

cases.
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formation. Three SP bone flaps could not be used for cranioplasty due to infection in 1 case and resorption in 2
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The main complication observed in the CB group was prosthesis fracture in 10 patients (20.8%), while no cases
were observed in the SP group. Six cases of CB fracture were discovered incidentally during follow-up with no
history of head injury reported by the patient or the family. Three cases of CB fracture occurred following a head
injury, due to a road accident for one patient and a fall for two patients. One fracture occurred intraoperatively
during drilling of the prosthesis (not recommended by the manufacturer). The mean time to CB fracture was 13.9 ±
18.0 months. No fracture was impacted or complicated by extradural or intracerebral haemorrhage. Three patients
with fractured prostheses were reoperated. One fracture healed spontaneously during radiological follow-up.
Six patients (12.5%) in the CB group developed an infectious complication of the CP site versus two patients
(4.5%) in the SP group, including one at the CP site and one another in the subcutaneous pocket. This difference
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was not significant (p=0.176). Except for one case of late infection occurring at 54 months following a skin lesion,
all infectious complications occurred during the first six months.
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Cosmetic results (Table 3)
Seventy-five patients with their initial CP or their family were interviewed, i.e. 82% of the initial population.
Subjective cosmetic results were significantly better in the CB group, with a “good result” in 92.5% (n=37) of cases
versus 74.3% (n=26) in the SP group (p=0.031). Age, surface area, time to CP, final mGOS score, duration of
follow-up, and the person interviewed by telephone (patient or family) were not correlated with the cosmetic result.

SC

Among the patients of the SP group with BFR, 70.9% reported that they were very satisfied or fairly satisfied with
the cosmetic result versus 77.7% of patients without BFR (p=0.455), while the relative surface area of the bone flap
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represented 71.2 ± 9.7% versus 89.7 ± 7.3% of the craniectomy surface area, respectively (p<0.001).

Osseointegration

Analysis of osseointegration was based on 67 patients with their initial cranioplasty without surgical revision,
mobilization or infection (30 patients in the SP group and 37 patients in the CB group). A significantly greater
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number of patients presented no signs of bone fusion of the CP in the CB group (n=19; 51%) compred to SP group
(n=8; 26.6%) (p<0.01). Twenty-two patients (73.3%) in the SP group presented an RFM of up to 50% versus 11
patients (29.7%) in the CB group (p<0.001). Finally, no patient in the SP group presented an RFM greater than
50% versus 7 patients (18.9%) in the CB group with a maximum RFM of 83%. (p<0.01). Seven (31.8%) of the 22
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SP cranioplasties presenting with signs of bone fusion also presented signs of BFR. In the CB group, no correlation
was observed between RFM and age, craniectomy surface area, time to CP, or duration of radiological follow-up.
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One-half (50%) of the cases of incidental fracture presented an RFM between 8% and 57%, while the other patients
presented no signs of bone fusion.

Analysis of PBD in the CB group did not reveal any significant differences according to RFM between the 0%, 150% and ≥ 51% groups. Nevertheless, prostheses with an RFM greater than 50% tended to have a lower bone
density that the other prostheses: 2069 ± 227.5 HU; 2155 ± 194.6 HU; 1909 ± 163.9 HU, respectively (p=0.058).

DISCUSSION
This study is the first long-term complication, cosmetics results and osseointegration assesment of the CustomBone
prosthesis. It was not revealed any significant difference in terms of complication or reoperation rates between the

8

ALEXIS MOLES ET AL

ACCEPTED MANUSCRIPT
CB prosthesis and the SP cranioplasty techniques. This study certainly comprises a number of biases due to its
partial retrospective design and its lack of power. Since the first implantation in 2009, the CB technique has
gradually and completely replaced the SP technique, what explains the difference in follow-up between both
groups. In France, many centers have adopted this reconstruction technique which guarantees optimal results in
cosmetics with simplified and shortened operating times. Among the prostheses built in 3 dimensions, it remains
the only prosthesis reimbursed by the French Social Security10. Its conception has a cost of 8000 € per patient,
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including an implant and a second one that can be used in case of complication. This unit cost is higher than an
autologous cryopreserved CP estimated at 915 €23 or a SP cranioplasty technique that does not generate any
additional cost.

Cranioplasty remains a surgical procedure associated with a high complication rate and the CB prosthesis is no

SC

exception to this rule. A recent meta-analysis reported complication rates ranging from 3.9 to 45.3% depending on
the endpoints used in the various studies15. Unlike the retrospective post-marketing study based on 2697 patients
with a CustomBone® prosthesis that reported a very low complication rate of 5.7% %,26 we report a much higher
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complication rate of 43.7%. This high rate was confirmed by Lindner et al. in a rare prospective study based on 26
CustomBone® prostheses, with a complication rate of 50% and a reoperation rate of 27%, with a follow-up of 6
months.13

Surgical site infection was the second most common complication in the CB group (12.5%). Although this
infection rate was higher than that observed in the SP group (4.5%), this difference was not statistically significant.
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Lindner et al. reported a 6-month infection rate of 7.7%, versus 20% for titanium prostheses.13 Surgical site
infection rates were correlated with scar complication rates (2.3% versus 6.3%), confirming the importance of
biocompatibility of the material, as autologous bone remains the gold standard.
The major and specific long-term complication of SP cranioplasty is BFR with a rate of 45.7% after a mean follow-
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up of 48.2 months. The difficulty of assessing this complication is related to the endpoints used to evaluate an
ongoing long-term process. BFR rates ranged from 18% to 31% with follow-ups of 10 to 36 months in series
exclusively comprising cryoconserved autologous bone for which the commonly identified risk factors were bone
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flap fragmentation, storage time and young patients,3,6,21,27 reaching a long-term BFR rate of 81% in a paediatric
series.16 These risk factors for BFR were not observed in our series in view of the small number of paediatric cases
and the absence of bone flap fragmentation. Subcutaneous preservation of the bone flap has been rarely studied, but
a retrospective study did not reveal any significant difference between the two techniques, especially in terms of
infection rates, but reported a lower resorption rate for subcutaneously preserved bone flaps compared to
cryoconserved bone flaps.4 What are the consequences of these complications for the patient? Only 25% of patients
with BFR, were reoperate for cosmetics bad results. This can be explained by the frequent refusal of reoperation in
these patients, as 70.9% of patients reported that they were fairly satisfied or very satisfied with the cosmetic result,
even though the bone flap represented only 71.2% of the craniectomy surface area. These subjective cosmetic
results are obviously influenced by many biases such as temporalis muscle atrophy and the presence or absence of a
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forehead defect in hairless skin. These aspects are highly subjective and related to the patient’s personal history and
the events experienced by these patients and their families. 11
Evaluation of the cosmetic results confirmed the results of a previous study based on a small series of eight patients
with CB,9 with 92.5% of good results in our study, highlighting the importance of 3D modelling of the custommade prosthesis. Nevertheless, the subjective cosmetic results observed in the SP group can be considered to be
relatively good in view of the fact that the bone flap represented an average of 82.4% of the craniectomy surface
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area.

This study demonstrates the fragility of the CB prosthesis. This fragility has been previously described only in
isolated case reports1,24,25,30 or in intraoperatively during cranioplasty, with a fracture rate of 1.7% in the postmarketing study on 2,697 patients, which did not evaluate follow-up CT scans.26 Prosthesis fractures must be
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specifically and systematically investigated on follow-up CT scans with bone window settings, as they may be
masked by the spontaneous high density of the prosthesis, especially as 50% of fractures in our series were
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discovered incidentally during long-term follow-up with no history of trauma. No fracture-related complications
were observed, but these fractures nevertheless raise doubts about the brain protective function of the CB prosthesis
in a population predisposed to falls as a result of neurological deficits and seizures.
The fragility of the CB prosthesis is well known, as the CB prosthesis is intrinsically ten times less resistant to
compression forces than a poly-methyl-methacrylate cement CP and does not possess any elasticity, making it very
brittle.30 The animal study revealed the presence of microfractures visible on radiographs at 12 months.17 This
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primary fragility would be accentuated by poor congruence between the prosthesis and bone, requiring precise
planning of the prosthesis by the surgeon.30 This primary fragility is assumed to resolve over a period of 3 months
to 1 year with acquisition of mechanical resistance as a result of progressive osseointegration of the prosthesis by
the newly formed bone.8,25

EP

The bone-inducing and osseointegration properties of this porous structure, composed of interconnected HA
macropores and micropores, has been demonstrated in animal long bones.14,18,29 The osseointegration process is
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accompanied by complete long-term resorption of the HA implant, as a result of osteoclast activity in parallel with
new bone formation until complete ossification. The resistance of the implant is therefore decreased by 15 to 30%
during the osseointegration process.29 HA implants, mainly used in orthopaedic surgery and in animal long bone
models, are systematically associated with fixation material in order to ensure stability of the implant and
mechanical resistance of the bone segment. Fractures can therefore occur at the initial phase and during the
osseointegration phase of the CB prosthesis due to the absence of fixation material. A pilot study of long bone
grafts in 3 patients demonstrated incomplete implant resorption at 5 years and the difficulty of imaging assessment
of ostteointegration due to its high density (2000 HU), higher than that of autologous bone (400 to 100 HU).18,20
The animal study of the CB prosthesis has demonstrated a colonization of the pores by bone cells, spreading from
the periphery towards the centre of the implant over a period of 12 months, with only very partial resorption.17 Only
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isolated clinical case reports have described osseointegration limited to partial colonization of the pores,
insufficient to ensure adequate resistance.7-9,17,19,23,24
To date, there is no validated method to assess the osseointegration of the CustomBone® prostheses in a patient.
According to the indirect evaluation which we propose, osseointegration appeared to be somewhat random, as 51%
of prostheses presented no signs of fusion after a mean follow-up of 27.9 months. No risk factors for poor
osseointegration, such as age, surface area, time to CP or radiological follow-up, were identified. In the absence of
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bone fusion, osseointegration of the prosthesis, although difficult to analyse, would nevertheless appear to be
compromised.17 Analysis of PBD did not demonstrate any signs of resorption, apart from a tendency to decreased
the density of prostheses with an RFM greater than 50%. In contrast with animal studies, in which the implant is
placed at the same time as creation of the bone defect, the bone has already consolidated at the time of delayed
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cranioplasty after craniectomy and the bone defect is larger, which could explain the difference in these results. It is
therefore recommended to drill bone as far as the diploë ? However, this can be difficult in view of the risk of
bleeding (extradural haematoma) often observed in the cases of CB13 and the changes induced by adjustment of the
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CB prosthesis to the craniectomy, decreasing its congruence, thereby increasing the risk of fracture and decreasing
bone induction.

CONCLUSIONS
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Despite new materials and new techniques, cranioplasty remains associated with a high complication rate.
Cranioplasty is designed to restore a satisfactory cosmetic appearance, protect the brain and improve cerebral
haemodynamics with the use of biocompatible material. The SP technique is an inexpensive solution, but is often
complicated by bone flap resorption, impacting the cosmetic result. Although the CB prosthesis, due to its 3D
design, provides better cosmetic results at a much higher cost, the present study failed to demonstrate a lower

EP

complication rate or reoperation rate compared to the SP technique. The porous HA composition of the CB
prosthesis, designed to induce osseointegration, makes the prosthesis more fragile not only during the initial phase

AC
C

but also in the long term, independently of the osseointegration process, which may limit its capacity to ensure
protection of the underlying brain. Effective osseointegration of the CB prosthesis remains very uncertain and
difficult to evaluate.

Although custom-made 3D cranioplasty appears to constitute progress in terms of cosmetic results, development of
new CP prostheses must ensure essential objectives (protection, cosmetic, biocompatibility) at a reasonable cost in
view of the complication rate. A prospective health economics study of these prostheses therefore appears to be
essential.
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Figure 1: Measurement of relative bone fusion at cranioplasty margins (RFM), defined by the perimeter of fusion
(§) between the CP and bone expressed as a percentage of the total craniectomy perimeter. Postoperative CT scan
(Left) synchronized with the 31-month follow-up CT scan (Right), 0.6 mm section, in a 19-year-old patient with
RFM of 66%, associated with localized partial resorption of the CustomBone® prosthesis (arrow).
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Figure 2: Measurement of prosthesis bone density (PBD) in Hounsfield units through a 1.3 mm thick transverse
section at the periphery of the CustomBone® prosthesis.
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Table 1: Population characteristics

1
2
3
4
5

CB group
n=48
39.0 (15.1)
38 (79.2%)
21 (43.8%)
9 (18.8%)
2 (4.2%)
0 (-)

8 (18.2%)
23 (52.3%)
9 (20.5%)
2 (4.5%)
0 (-)

10 (20.8%)
22 (45.8%)
12 (25.0%)
1 (2.1%)
1 (2.1%)

Initial mGOS score
1 (2.3%)
12 (27.3%)
27 (61.4%)
1 (2.3%)
0 (-)

Final mGOS score

VPS
Site

11 (25.0%)
15 (34.1%)
14 (31.8%)
1 (2.3%)
2 (4.5%)
2 (4.5%)

TE
D

1
2
3
4
5

0.335
0.783
0.507
0.609
0.293
0.653

0.108

5 (10.4%)
17 (35.4%)
22 (45.8%)
4 (8.3%)
0 (-)

M
AN
U

1
2
3
4
5

p (α=5%)

RI
PT

Age (SD)
Male
Smoking
Chronic alcoholism
Diabetes
Immunosuppression
ASA score

SP group
n=44
37.0 (14.1)
31 (70.5%)
18 (40.9%)
6 (13.6%)
1 (2.3%)
1 (2.3%)

SC

Number of patients

13 (27.1%)
17 (35.4%)
15 (31.3%)
0 (-)
3 (6.3%)
7 (14.6%)

0.737

0.161
0.359

AC
C

EP

Fronto-Temporo-Parietal
41 (93.2%)
42 (87.5%)
Temporo-Parietal
1 (2.3%)
1 (2.1%)
Frontal
0 (-)
4 (8.3%)
Bilateral
2 (4.5%)
1 (2.1%)
89.5 (26)
86.3 (33.5)
0.780
Mean area (cm2) (SD)
Mean time (months) (SD) to CP
3.8 (2.1)
6.2 (4.0)
< 0.001*
Mean operating time (minutes) (SD)
96.5 (39.4)
74.2 (21.1)
< 0.01*
Number of patients with the initial CP
37 (84.1%)
42 (87.5%)
0.639
Mean clinical follow-up (months) (SD)
64.4 (27.2)
33.7 (16.9)
< 0.001*
Mean radiological follow-up (months) (SD)
48.2 (32.6)
25.7 (18.7)
< 0.001*
ASA score (American Society of Anesthesiology); CP (Cranioplasty); mGOS (Modified Glasgow
Outcome Score); SD (standard deviation); VPS (ventriculoperitoneal shunt); * Student t test.
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Table 2: Complications
SP group
CB group
p (α=5%)
n=44
n=48
Total
24 (54.5%)
21 (43.7%)
0.300
Reoperation
10 (22.7%)
10 (20.8%)
0.825
EDH
1 (2.3%)
3 (6.3%)
0.350
ICH
2 (4.5%)
2 (4.2%)
0.929
Scar
1 (2.3%)
3 (6.3%)
0.350
Infection
2 (4.5%)
6 (12.5%)
0.176
Mobilization
4 (9.1%)
3 (6.3%)
0.607
Placement failure
3 (6.8%)
2 (4.2%)
0.575
< 0.01†
Fracture
0 (-)
10 (20.8%)
Resorption
16/35‡ (45.7%)
0 (-)
< 0.0001†
Pocket*
3 (6.8%)
EDH (extradural haematoma); HIC (intracerebral haematoma);
*Subcutaneous pocket complication (SP group); † Chi2 test; ‡
Cranioplasty not complicated by osteitis with CT scan more than one
year of follow-up.
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Table 3: Cosmetic results
SP group
n=35

CB group
n=40

p (α=5%)

AC
C

EP

TE
D

M
AN
U

SC

People interviewed
0,712
Patient
25 (71,4%) 28 (70,0%
Family
10 (28,6%) 12 (30,0%)
Good result (VS+FS)
26 (74,3%) 37 (92,5%)
0,031*
VS
13 (37,1%) 25 (62,5%)
0,028*
FS
13 (37,1%) 12 (30,0%)
Poor result (MS+DS)
9 (25,7%)
3 (7,5%)
MS
6 (17,1%)
2 (5,0%)
DS
3 8,6%)
1 (2,5%)
Results of initial cranioplasties not complicated by infection or
reoperation. DS (Dissatisfied) ; FS (Fairly Satisfied); MS
(Moderately Satisfied) ; VS (Very Satisfied). * Chi2 test.
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Highlights

The complication rate was not significantly different between the two groups.

RI
PT

The main complication observed in the SP group was BFR in 45% of cases.

The main complication observed in the CB group was prosthesis fracture in 20%.

SC

Subjective cosmetic results were significantly better in the CB group.

AC
C

EP

TE
D

M
AN
U

51% of CustomBone® prosthesis presented no signs of bone fusion after 2 years follow up.
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