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Abstract
Background Increasing use of decompressive craniectomies
has led to a corresponding number of cranioplasties performed
to replace the subsequent bone defect created. We aimed to
evaluate the morbidity associated with cranioplasty using an
autologous bone flap sterilised in an autoclave.
Methods We retrospectively analysed data from 149 patients
who underwent cranioplasty following decompressive
craniectomy during the time period January 1998 to Decem-
ber 2012. Autologous bone flaps were sterilised in an auto-
clave and stored in a refrigerator at a temperature of 8 degrees
above zero until cranioplasty was performed. Complications
were registered and patient data were analysed in order to
identify risk factors for surgical site infection and bone flap
resorption after cranioplasty. Only the patients with a follow-
up period of>24 months were included in the analysis of bone
flap resorption (110 patients).
Results Surgical side infection occurred in only five patients
(3.3%), whereas bone flap resorption developed in 22 patients
(20%). The multivariate analysis of the presented data identi-
fied the operating time of>120 min (p=0.0277; OR, 16.877;

95%CI, 1.364–208.906) and the presence of diabetes mellitus
(p=0.0016; OR, 54.261; 95%CI, 4.529–650.083) as indepen-
dent risk factors of development of infection and the presence
of ventriculo-peritoneal (VP) shunt (p<0.0001; OR, 35.564;
95% CI, 9.962–126.960) as independent risk factor of devel-
opment of the bone flap resorption.
Conclusions Reimplantation of the autoclaved autologous
bone flap following decompressive craniectomy is a simple
and cheep alternative to other techniques and is available to
any institution that provides autoclaving sterilisation services.
This method is associated with a low rate of surgical site in-
fection, but with a significant rate of the bone flap resorption.
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Introduction

Raised intracranial pressure (ICP) occurs in several brain dis-
orders and is increasingly treated with decompressive
craniectomy. The use of this procedure brings with it a corre-
sponding number of cranioplasties performed to replace the
subsequent bone defect created. Replacing the cranium is not
only a cosmetic and protective measure but it also has curative
effects. Cranioplasty can improve the alteration of cerebral
blood flow, cerebrospinal fluid dynamics and clinically appar-
ent neurological abnormalities. Cranioplasty may serve to
treat the syndrome of the trephined or syndrome of the sinking
skin flap, which have long been recognised [2, 10, 11, 18].

Various materials have been used to repair cranial defects
(methyl methacrylate, titanium, hydroxyapatite, alumina ce-
ramics, polyetheretherketone, polyethylene), nevertheless an
autologous bone flap is often preferred to allograft due to its
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perfect match to the bone defect and its low cost [3, 8, 12, 21,
30, 31, 37–40] . Conventional methods of preserving the au-
tologous bone flap involve subcutaneous implantation or
cryopreservation [45]. Alternatively, the bone flap can be
sterilised in an autoclave or using ethylene oxide and storage
at operating room temperature [9, 22, 23, 26–28, 32]. The
objectives of the study here presented were to identify the rate
of complications (particularly two of the most serious compli-
cations—bone flap resorption and surgical site infection) fol-
lowing cranioplasty with an autologous bone flap sterilised in
an autoclave in a large case series.

Materials and method

Data collection

We identified 187 patients who underwent cranioplasty with
an autoclaved bone flap following decompressive
hemicraniectomy for various indications during a 15-year pe-
riod (1 January 1998 to 31 December 2012) at the Neurosur-
gical Department, Faculty Hospital Pilsen, Czech Republic. Of
these, 38 patients were excluded because they were lost to
follow-up. One patient underwent cranioplasty bilaterally after
bilateral decompressive hemicraniectomy. Thus, we retrospec-
tively reviewed a cohort of 149 patients who had undergone
150 cranioplasties and had a follow-up period of>6 months.
Only the patients with a follow-up period of>24 months were
included in the analysis of bone flap resorption (110 patients).

All patients underwent cranioplasty with an autologous
bone flap sterilised in an autoclave. Study approval was
granted by the institutional review/ethics board.

Abstracted data included age, sex, indications for
craniectomy, time between craniectomy and cranioplasty
(days), operative time (minutes), method of bone flap fixation
(sutures, miniplates), side of cranioplasty, medical comorbid-
ities (diabetes mellitus, chronic obstructive pulmonary dis-
ease, in-hospital infection), prophylactic antibiotic treatment,
subcutaneous drainage after cranioplasty and follow-up.

Perioperative and postoperative complications were re-
corded. Patient data were analysed in a search for predictive
factors of surgical side infection and postoperative bone flap
resorption. Bone flap resorption was evaluated with physical
examinations and computed tomography (CT). CT was per-
formed in patients with suspected resorption arising from the
physical examinations.

Bone flap sterilisation and preservation

The bone flap removed during the initial decompressive
hemicraniectomy was cleaned of any remaining soft tissue
and boiled for 30 min in distilled water. The flap was then
sterilised in a one-stage cycle (for 20 min at 121 °C) by using

a steam autoclave (HS 6620 DR-II; Getinge Sterilization,
Getinge Sweden). The bone flap, hermetically sealed in dou-
ble sterilisation bags (Steriking; Wipack, Nastola, Finland)
and labelled with the patient’s identification, was stored in a
refrigerator at 8 °C. When the time between sterilisation and
cranioplasty exceed 3 months the bone flap was autoclaved
again immediately before cranioplasty.

Cranioplasty procedure

The sterilised bone flap was moved to the main operating table
and placed in sterile gentamycin/NaCl solution. The skin was
cut corresponding to the previous incision and dissected from
the cranium, dura and from the temporal muscle. The temporal
muscle was carefully dissected as a separate layer from the
dura and the duraplasty, avoiding any cerebrospinal fluid
(CSF) leak. The bone margins encasing the craniectomy de-
fect were exposed and the bone flap was fixed using titanium
miniplates and screws or nylon sutures. The galea was stitched
together with the dura through several burr holes due to the
superior revascularisation and revitalisation of the bone flap
and as a prevention of subgaleal haematoma.

The temporal muscle was reattached to the bone flap with
sutures with the use of small burr holes. In all cases a subgaleal
drain was left in place for 24 h. All patients received a preop-
erative injection of cephalosporine antibiotics, which were
discontinued at the time of the removal of the drain catheter.

Statistical analysis

Statistical analysis was performed using SW SAS (SAS Insti-
tute, Cary, NC, USA).

The descriptive statistics such as frequency, mean, standard
deviation, variance, median, interquartile range, minimum,
maximum were computed for investigated groups and sub-
groups. The non-parametric test (Wilcoxon two-sample test)
was used for comparisons of the differences in investigated
parameters such as age, operating time between given groups
(bone flap resorption, surgical site infection). To evaluate the
influence of the examined parameters on given outcome (bone
flap resorption, surgical site infection) the univariate tests (chi-
squared test or Fisher’s exact test) and the odds ratio+95%
confidence interval were computed. Multivariate analysis was
performed usingmultivariate stepwise logistic regression. Sta-
tistical significance was determined at a level of 5%.

Results

Demographic and perioperative data are summarised in
Table 1. Indications for hemicraniectomy followed by
cranioplasty included trauma (73%), ischaemic stroke
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(17%), subarachnoid haemorrhage (7%) and intracerebral
haemorrhage (3%). The mean time period (SD) between
craniectomy and cranioplasty was 46 days (35.6), the mean
operative time (SD) was 98 min (19.3). The bone flap was
fixated during the operation with sutures (66%) or with
miniplates (44%). Prophylactic antibiotics and subgaleal
drainage were used in all patients. Ventriculo-peritoneal
(VP) shunt had 14.7% of patients. Medical comorbidities were
detected in 45.3% of patients. The follow-up period was a
median of 11 months (range, 6–60) for all patients. The me-
dian follow-up period for bone flap resorption was 32 months
(range, 24–60).

Complications are shown in Table 2. Complications includ-
ed wound infection (5), bone flap resorption (22), wound de-
hiscence (1), removal of the bone flap because of brain oede-
ma (1), extradural haematoma (3), subdural hydroma (5) and
seizures (13).

Bone flap resorption was the most common complication
(20%, 22/110). Four of the 22 patients with resorption
underwent secondary cranioplasty using polymethyl-
methacrylate (PMMA). The multivariate analysis of the pre-
sented data identified the presence of VP shunt (p<0.0001;
OR, 35.564; 95% CI, 9.962–126.960) as an independent risk
factor for the development of resorption.

The fixation of the bone flap using sutures exhibited a
higher rate of resorption, but this trend was not statistically
significant (p=0.161). Other variables did not influence the
development of resorption.

Surgical site infection developed in 3.3% (5/150). The bone
flap was removed and secondary cranioplasty using PMMA
was later performed in all cases. The pathogens found and
assumed to be responsible for the infection were:
Styphylococcus aureus (3), Escherichia coli (1) and
Peptostreptococcus species (1). The multivariate analysis of
the presented data identified an operating time>120 min (p=
0.0277; OR, 16.877; 95%CI, 1.364–208.906) and the presence
of diabetes mellitus (p=0.0016; OR, 54.261; 95% CI, 4.529–
650.083) as independent risk factors of the development of
infection. No other variables predicted the infection rate.

Epileptic seizures were encountered in 13 patients (8.7%).
No factors predicted a statistically significant rate of seizures.

Wound dehiscence, developed in one case, was associated
with necrosis of the scalp. It was not necessary to remove the
bone flap in this patient.

Three patients (2%) had an extradural haematoma necessi-
tating surgical evacuation.

Fourteen patients (9.4%) died during the analysed follow-
up period. The deaths were attributable to medical causes (five
from pulmonary embolism, three from myocardial infarction,
three from pneumonia, two from ischaemic stroke, two from
sepsis).

Discussion

Despite cranioplasty being a relatively simple procedure, it
has been shown to be associated with a high complication rate

Table 1 Demographic and perioperative data

Variable n=150 (%)

No. of cranioplasty 150 (100%)

No. of patientsa 149 (100%)

Age, mean (SD) 49 (15.8)

Male 107 (72%)

Female 42 (28%)

Indications

Trauma 110 (73%)

Stroke 25 (17%)

Subarachnoid haemorrhage 11 (7%)

Intracerebral haemorrhage 4 (3%)

Time between craniectomy and cranioplasty (days),
mean (SD)

46 (35.6)

Operative time (min), mean (SD) 98 (19.3)

Bone flap fixation

Sutures 99 (66%)

Miniplates 51 (34%)

Side of cranioplasty

Right 88 (59%)

Left 62 (41%)

Prophylactic antibiotics 150 (100%)

Subcutaneous drainage 150 (100%)

VP shunt 22 (14.7%)

Medical comorbidities

Diabetes mellitus 13 (9%)

Chronic obstructive pulmonary disease 2 (1.3%)

In hospital infectionb 53 (35%)

Follow-up (months), median (min-max) 11 (6–60)

Follow-up for resorption (months), median (min-max) 32 (24–60)

SD standard deviation, VP ventriculo-peritoneal
a One patient underwent cranioplasty bilaterally
b Pneumonia, urinary infection, sepsis

Table 2 Rate of complications

Complication n=150 (%)

Surgical side infection 5 (3.3%)

Bone flap resorptiona 22 (20%)

Wound dehiscence 1 (0.7%)

Removal of the bone flap because of brain oedema 1 (0.7%)

Extradural haematoma 3 (2%)

Subdural hydroma 5 (3.3%)

Epileptic seizures 13 (8.7%)

a Evaluated in 110 patients with follow-up period>24 months
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(12–50%) compared with the standard elective craniotomy
(2–5%) [8, 4, 12, 40, 42, 43]. Some clinical studies showed
that the complication rate used to be associated with the use of
materials, the use of techniques for the storage of the bone flap
prior to reconstruction and with the timing of cranioplasty [15,
23, 33, 36, 41].

Many types of materials can be used for cranial reconstruc-
tion, while autologous bone flap replacement, using the pre-
viously removed bone flap, is traditionally performed. Reim-
plantation of the patient’s own bone flap is the preferred meth-
od because of a theoretical decreased risk of immuno-rejec-
tion, its efficacy as a substrate for bone regrowth and
revascularisation, its perfect match to the bone defect and its
low cost [6, 45]. The most frequent preservation techniques
involve cryopreservation and subcutaneous implantation in
the abdominal pocket. However, several alternative methods
of preserving the autologous bone flap were also presented.

In the study of Martin et al. [26] the previously cryopre-
served bone flap was boiled for 20 min before surgical
reinsertion.

Nagayama et al. [30] described a method of preserving the
autologous bone flap through immersion in amikacin and
cryopreservation at −16 °C in 206 cases.

Shimizu et al. [38] presented excellent results of cryopres-
ervation with 10% dimethylsulphoxide as a cryoprotective
agent in 24 cases.

To decrease the incidence of infection, autoclaving of pre-
viously cryopreserved bone graft before implantation is advo-
cated by some authors [27, 32]. Autoclaving is also recom-
mended in the treatment of infected craniotomies or when the
bone flap comes into contact with the floor [9, 22].

Matsuno at al. [27] cryopreserved autologous bone flap in
100% ethanol at −20 °C and sterilised the flap in an autoclave
before cranioplasty. Bone flap infection was noted in 25.9% of
patients in this study.

Missori et al. [28] and Jho et al. [23] presented the effec-
tiveness of ethylene oxide sterilisation of autologous bone flap
with storage at operating room temperature.

This study presented the preservation technique through
boiling, autoclaving and storing of the bone flap in a refriger-
ator at 8 °C as another simple alternative method available to
any institution with autoclaving sterilisation services. The un-
availability of a safe freezer container in our units was the
main reason for the use of this technique. Despite having
relatively satisfactory experience with this technique during
the past 4 decades we knew that autoclaving used to be asso-
ciated with a significant risk of resorption. This is why we
particularly wanted to identify both resorption and infection
rate along with its predictive factors in this large cohort of
patients.

A surgical side infection (SSI) and bone flap resorption are
two of the most serious complications associated with autol-
ogous cranioplasty. SSI is described particularly in patients

after traumatic brain injury. The reported incidence of SSI
among that population ranged from 0% to 38.5% [7, 19–21,
27, 30, 40]. If the bone flap is deep-frozen there is always the
risk of contamination in a non-sterile environment. Bacteria
can survive long-term freezing and still have considerable
growth activity [32]. Moreover various freezing temperatures
(raging from −16 °C to −84 °C) have been described in the
literature [45]. Hence the subcutaneous pocket may be the
preferred method in these patients because cryopreservation
may have a higher infection rate [20]. By contrast, abdominal
subcutaneous pocketing needs an additional surgical site and
increased surgical time, thereby naturally increasing infection
rates. Nevertheless, the meta-analysis showed that no differ-
ence exists between the infection rates of cryopreservation and
subcutaneous preservation [45]. The infection rate for the
above-mentioned alternative methods of preserving the bone
flap ranged from 0% to 25.9 % [23, 26–28, 30, 32, 38].

In our series of 149 patients, surgical site infection only
developed in five cases (3.3%). The infected bone flap was
removed and secondary cranioplasty, using PMMA, was later
performed in all five patients. None of these patients with
secondary cranioplasty developed infection.

Prolonged operation time>120 min (p=0.0277) was the
significant risk factor of infection in our study, which corre-
sponds well with recently published results [24, 25, 40]. The
multivariate analysis also showed that the presence of diabetes
mellitus significantly increased the risk of SSI (p=0.0016).
The low incidence of infection in our study could also be
related to the prescribing of prophylactic antibiotics in all
cases and the relatively short operating time (mean, 98 min;
range, 55–175).

We did not find any statistically significant relationship
between the timing of cranioplasty and the risk of SSI, which
is in accordance with the meta-analysis published by Yadla
et al. [45]. Neither did we detect any association between the
risk of SSI and the aetiology of hemicraniectomy.

Bone flap resorption is a well known long-term complica-
tion after autologous bone cranioplasty with incidence varying
from 2% to 17% in adults [17, 34, 37]. In paediatric popula-
tions, bone flap resorption is even reported to be as high as
81.8% [26]. In addition to young age, other factors, such as the
presence of multiple fractures of the flap [37], the size of the
flap [13], shunt operation [3] and the storage of the bone graft
[37], have been suggested as possible reasons for the devel-
opment of resorption.

Autoclaving bone flaps has previously been reported as a
factor associated with resorption [1, 3, 16, 31]. Hallfeldt
et al. [14] investigated the effects of different sterilisation
techniques (gamma irradiation, ethylene oxide, ethanol,
autoclaving) on osteoinductive properties of partially
demineralised bone matrix. They found that only
sterilisation by autoclaving showed no satisfactory new
bone formation. Osawa et al. [32] evaluated the effect of
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freezing and autoclaving on bone morphology. While fro-
zen bone showed similar microscopic features to normal
fresh bone, in the autoclaved bone osteocytes were
destroyed. Although the bone flap is devitalised after
autoclaving, it is always the calcium apatite plate with a
natural structure which should induce bone formation [32,
35, 44]. Bone flap incorporation and remodelling after
c r an iop l a s ty i s a ch i eved by revascu l a r i s a t i on ,
osteoconduction, resorption and osteogenesis [35].

Bone flap resorption was the most common complication
in our study. It occurred in 22 patients (20%). It has become
clear that autoclaving in combination with boiling significant-
ly lessens the osteogenic potential of the flap and hence in-
creases the risk of bone resorption. Furthermore, in cases of
late cranioplasty (more than 3 months after craniectomy) the
bone flap was resterilised before the operation.

In addition to the sterilisation procedure there are other
factors which could influence the development of bone re-
sorption in our patients. Several burr holes in the bone flap,
through which we stitch galea with the dura due to the im-
proved revascularisation and prevention of extradural collec-
tion, weakens the flap and hence probably raises the risk of
resorption.

A higher rate of resorption in bone flaps larger than 75 cm2

than in smaller bone flaps was described by Grant et al. [13].
Al l our pat ien ts were decompressed wi th large
hemicraniectomy (around 150 cm2), which may also partially
explain the high resorption rate.

Revascularisation and osteoblast penetration into the
reimplanted bone flap occur from the adjacent bone edges
[35]. Therefore the direct contiguity between the edge of the
craniotomy and the bone flap and firm fixation of the bone
flap seem to be important factors [35]. The fixation of the bone
flap by sutures (less firm fixation than with the use of
miniplates) which was used in 66% of patients exhibited a
trend towards a higher rate of resorption. Nevertheless it was
not statistically significant (p=0.161).

The multivariate analysis of our series identified the pres-
ence of VP shunt (p<0.0001) as independent predictors of the
development of resorption. The presence of permanent CSF
shunt is associated with higher rates of bone flap resorption,
particularly in a paediatric population [5, 26]. Shunt place-
ment reduces ICP fluctuations and therefore negatively influ-
ences skull growth and may well contribute to resorption [5,
26]. Other variables, including the timing of cranioplasty and
trauma patients, did not predict the development of bone flap
resorption in this study.

Despite resorption occurring in 22 patients, it was only
significant enough in four cases for it to be necessary to re-
move the bone flap and perform a secondary cranioplasty.

Schuss et al. [37] found that 60% of bone resorption after
cranioplasty developed within the 1st year and no develop-
ment was observed in patients with a follow-up period of over

5 years. Hence the follow-up period for resorption was deter-
mined from 24 to 60 months in our study.

Our study has several limitations. The data analysis was
retrospective, so there may be all the anticipated deficiencies
of a retrospective analysis including the loss of patient infor-
mation and poor follow-up. These results represent only a
single-centre experience. Despite the long time period
(15 years) of the present study our surgical approach was
standardised. This fact, in combination with the large number
of patients, may outweigh some of these drawbacks.

Our complication rate of 38.7% reflects a significant level
of morbidity associated with cranioplasty and is consistent
with findings from other published series [8, 4, 12, 42]. It
demonstrates the risks of this seemingly routine procedure.
Therefore, when evaluating the need to perform decom-
pressive craniectomy, the neurosurgeon should be aware that
the patient is not only subject to the risk of the initial operation
but also the risk of subsequent cranioplasty. The high compli-
cation rate of cranioplasty is one of the main reasons for
performing osteoplastic decompressive craniotomy (hinge de-
compressive craniotomy) in our institution [29].

Conclusions

Reimplantation of the autoclaved autologous bone flap fol-
lowing decompressive craniectomy is a simple and cheep al-
ternative to other techniques which is available to a majority
of institutions. This method is associated with a low rate of
surgical site infection, however with a significant rate of bone
flap resorption. The overall complication rate was high in the
present study, but comparable to other cranioplasty methods.
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