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Analysis of the Factors Affecting Surgical Site Infection and 
Bone Flap Resorption after Cranioplasty with Autologous 
Cryopreserved Bone: The Importance of Temporalis Muscle 
Preservation

ABSTRACT

After decompressive craniectomy, cranioplasty is necessary to 
remove physical and psychological burdens for patients due 
to skull defects, protect brain tissue and restore intracranial 
pressure (18). The use of autologous cryopreserved bone in 
cranioplasty can help avoid an immune response when using 
artificial patch material. Autologous cryopreserved bone 
is often preferred to artificial patch material because it is 

█    InTRODuCTIOn

Decompressive craniectomy is a standard and important 
surgical method for refractory intracranial hypertension 
patients with conditions such as malignant cerebral 

edema, brain herniation due to cerebral infarction, intracranial 
hemorrhage and severe traumatic brain injury (9,21,27). 

AIm: A decompressive craniectomy is a potentially life-saving surgical procedure for raised intracranial pressure. Once it has been 
performed, patients are obliged to undergo a second procedure with cranioplasty. The aim of this study was to investigate the 
outcomes and associated complications after delayed cranioplasty using autologous, cryopreserved bone. 
mATERIAl and mEThODS: This retrospective study included 57 consecutive patients treated with cranioplasty with autologous 
cryopreserved bone for various conditions causing increased intracranial pressure due to brain swelling. The incidence and risk 
factor of surgical site infection (SSI) and bone flap resorption was analyzed. 
RESulTS: The SSI rate was 12.3% and the bone flap resorption rate was 24.0%. There were statistically significant differences in 
SSI rate in relation to time from craniectomy to cranioplasty (p=0.002) and previous temporalis muscle resection (p=0.021). These 
factors were also independently associated with surgical site infection (time from craniectomy to cranioplasty: OR 0.901, 95% 
CI 0.826–0.982, p=0.018; previous temporalis muscle resection: OR 11.607, 95% CI 1.155–116.590, p=0.037). There was also a 
statistically significant difference in the bone flap resorption rate in relation to previous temporalis muscle resection (p=0.001). This 
factor was associated with bone flap resorption (OR 11.667, 95% CI 2.276–59.798, p=0.003).
COnCluSIOn: The risk of these complications particularly increased after previous temporalis muscle resection. Based on this 
finding, we believe that preservation of the temporalis muscle may help decrease postoperative complications after autologous 
cranioplasty.
KEywORDS: Bone resorption, Cranioplasty, Cryopreservation, Decompressive craniectomy, Surgical site infection
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perfectly matched to the bony defect and reduces healthcare 
costs (12,18,28).

Despite these advantages, complication rates for cranioplasty 
with autologous cryopreserved bone are known to be higher 
than complication rates for other neurosurgical surgeries. In 
particular, surgical site infection (SSI) and bone flap resorption 
are the most feared complications that require surgical 
removal of the implanted bone (25).

This retrospective study was conducted to identify complica-
tions after cranioplasty with autologous cryopreserved bone 
and to search for possible risk factors associated with the de-
velopment of SSI and bone flap resorption.

█    mATERIAl and mEThODS
Patient Population

This retrospective study included 57 patients treated with 
cranioplasty with autologous cryopreserved bone from May 
2006 to October 2014 for various conditions causing increased 
intracranial pressure due to brain swelling. We excluded 
patients who underwent decompressive craniectomy at 
another hospital or cranioplasty combined with another 
operation, as well as patients with a SSI after craniectomy 
and traumatic brain injury with an open dirty wound at the 
scalp. Medical records and radiologic imaging studies were 
reviewed and clinical data were collected. 

Analysis factors were age, gender, medical co-morbidities 
(diabetes mellitus, smoking), causes of craniectomy, the time 
from craniectomy to cranioplasty, operation time, bilateral 
cranioplasty and previous temporalis muscle resection.

SSI was defined as a surgical wound site that exhibited focal 
erythema, pus-like discharge or wound rupture (4). Bone flap 
resorption was defined as a remnant thickness of the bone 
flap edge that was less than 50% compared to the thickness 
on a brain computed tomography (CT) scan taken immediately 
after cranioplasty and follow-up brain CT (Figure 1A, B). The 
brain CT data were recorded by two neurosurgeons.

Storage method

After decompressive craniectomy, the soft tissue attached to 
the bone flap was completely removed, sufficiently irrigated 
with normal saline and then packed in two layers of sterile 
plastic bags. The bone flaps were stored in our bone bank at 
a temperature of -70°C within 30 minutes. 

Cranioplasty Procedure

On the day of the cranioplasty, the bone flap was taken out 
of the bone bank at the beginning of the operation. The bone 
flap was soaked in a betadine solution for 30 minutes prior to 
implantation. 

A skin incision was made at the previous scar, and the 
temporalis muscle was carefully dissected from the dura, 
avoiding any cerebrospinal fluid leak. The periosteum was 
cut open and separated at the edge of the bone window to 
completely expose the bone window edge. The bone was 
then put into place and fixed to the skull using a skull lock 
or titanium plating system. The temporalis muscle was re-
attached to the temporal bone. In cases where the muscle 
was adherent and difficult to release from the dura, the bone 
flap was replaced over the muscle. Four different surgeons 
with varying levels of experience performed the cranioplasty 
procedures on the patients in this study. 

A postoperative subcutaneous drainage catheter was inserted 
and prophylactic antibiotics were applied preoperatively and 
postoperatively in all patients.

Statistical Analysis

Candidate risk factors were compared between the SSI 
and non-SSI groups, and the bone flap resorption and non-
bone flap resorption groups with the Mann-Whitney U-test 
for continuous variables and Pearson’s Chi-square test for 
categorical variables. Independent associations between risk 
factors and clinical outcomes were analyzed using binary 
logistic regression, and odds ratios (ORs), and their 95% 
confidence intervals (CIs) were calculated. All results were 
expressed as mean ± standard deviation (SD). The threshold 
for statistical significance was set at p<0.05. Analyses were 

Figure 1: Changes in graft 
side bone thickness. Serial CT 
scans taken immediately after 
cranioplasty (A) and follow 
up brain CT scans (B) show 
changes in graft side bone 
thickness.
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performed using the IBM Statistical Package for the Social 
Sciences, version 18.0 (SPSS Inc., Chicago, IL, USA).

█    RESulTS
Basic data

Mean patient age was 43.1±15.0 years and there were 40 
(70.2%) men and 17 (29.8%) women. Forty patients (70.2%) 
had a history of smoking and five patients (8.8%) had diabetes 
mellitus. Thirty-six patients (63.2%) had decompressive 
craniectomy for trauma, 7 (12.3%) had cerebral infarctions, 
10 (17.6%) had subarachnoid hemorrhages, 3 (5.3%) had 
intracerebral hemorrhages and 1 (1.6%) had a tumor. The 
mean time from craniectomy to cranioplasty was 135.7±80.1 
days and the mean operative time was 160±46.8 minutes. 
Five patients (8.8%) underwent bilateral cranioplasty. Thirteen 
patients (24.6%) had resection of the temporalis muscle 
during the craniectomy. These basic data are summarized 
in Table I. Patients were followed for a median of 43 months 
(range 2-108 months).

Incidence of SSI

SSI developed in 7 (12.3%) out of 57 patients. In these cases, 
we performed an additional surgery for bone flap removal. 

Among these patients, one culture was negative. Of the 6 
other patients, 4 were infected with Staphylococcus aureus (S. 
aureus) and one patient each was infected with Pseudomonas 
aeruginosa (P. aeruginosa) and Klebsiella oxytoca (K. oxytoca).

There were no statistically significant associations between 
SSI and age, gender, medical co-morbidity (diabetes mellitus, 
smoking), causes of craniectomy, operation time and bilateral 
craniectomy. However, there were statistically significant 
associations between SSI and time from craniectomy to 
cranioplasty (p=0.002, Mann-Whitney U test) and previous 
temporalis muscle resection (p=0.021, Pearson’s Chi-square 
test) (Table I).

Univariate analysis revealed that, among the candidate factors, 
a decreased interval time from craniectomy to cranioplasty (OR 
0.926, 95% CI 0.868–0.989, p=0.022) and previous temporalis 
muscle resection (OR 6.074, 95% CI 1.153–32.001, p=0.033) 
were statistically correlated with patients who had SSI (Table 
II). These factors were also independently associated with SSI 
(time from craniectomy to cranioplasty: OR 0.901, 95% CI 
0.826–0.982, p=0.018; previous temporalis muscle resection: 
OR 11.607, 95% CI 1.155–116.590, p=0.037) (Table III).

Table I: Characteristics of Cranioplasty Patients with or without Surgical Site Infections

All n=57 SSI n=7 non-SSI n=50 p value

Age (years), mean (SD) 43.1 (15.0) 30.0 (20.4) 45.0 (13.3) 0.107 1)

Male gender (%) 40 (70.2) 3 (42.9) 37 (74.0) 0.092 2)

Smoking (%) 25 (43.9) 1 (14.3) 24 (48.0) 0.092 2)

Diabetes (%) 5 (8.8) 1 (14.3) 4 (8.0) 0.582 2)

Causes of craniectomy

SDH (%) 23 (40.4) 3 (42.9) 20 (40.0)

EDH (%) 5 (8.8) 0 (0) 5 (10.0)

T.ICH (%) 4 (7.0) 0 (0) 4 (8.0)

H. contusion (%) 4 (7.0) 0 (0) 4 (8.0)

Infarction (%) 7 (12.3) 1 (14.3) 6 (12.0)

aSAH (%) 10 (17.6) 2 (28.6) 8 (16.0)

ICH (%) 3 (5.3) 0 (0) 3 (6.0)

Tumor (%) 1 (1.6) 1 (14.3) 0 (0)

Time from craniectomy to cranioplasty in days (SD) 135.7 (80.1) 85.1 (14.0) 142.7 (83.0) 0.002 1)

OP time in minutes (SD) 160 (46.8) 146.9 (48.1) 161.5 (46.8) 0.467 1)

Bilateral (SD) 5 (8.8) 2 (28.6) 3 (6.0) 0.091 2)

Previous temporalis muscle resection (SD) 13 (22.8) 4 (57.1) 9 (18.0) 0.021 2)

SSI: Surgical site infection, SDH: Subdural hematoma, EDH: Epidural hematoma, T.ICH: Traumatic intracranial hematoma, H. contusion: 
Hemorrhagic contusion, aSAH: Aneurysmal subarachnoid hemorrhage, ICH: Intracranial hematoma, OP: Operation.
1) Mann-Whitney U-test.
2) Pearson’s Chi-square test.
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bone flap resorption and age, gender, medical comorbidity 
(diabetes mellitus, smoking), causes of craniectomy, the time 
from craniectomy to cranioplasty, operation time and bilateral 
craniectomy. However, there was a statistically significant 
association between bone flap resorption rate and previous 
temporalis muscle resection (p=0.001, Pearson’s Chi-square 
test) (Table IV).

Incidence of Bone Flap Resorption

We did not include patients in the bone flap resorption cohort 
for whom bone flap removal was caused by surgical site 
infection. Bone flap resorption was observed in 12 (24.0%) 
out of 50 patients. 

There were no statistically significant associations between 

Table II: Risk Factors for Surgical Site Infection Using Univariate Analysis

Clinical characteristics
univariate study

OR 95% CI for OR p value

Time from craniectomy to cranioplasty in days 0.926 0.868 – 0.989 0.022
Previous temporalis muscle resection 6.074 1.153 – 32.001 0.033

Table III: Risk Factors for Surgical Site Infection Using Multivariate Analysis

Clinical characteristics
multivariate study

OR 95% CI for OR p value

Time from craniectomy to cranioplasty in days 0.901 0.826 – 0.982 0.018
Previous temporalis muscle resection 11.607 1.155 – 116.590 0.037

Table IV: Characteristics of Cranioplasty Patients with or without Bone Flap Resorption

All n=50 Bone resorption 
n=12

no bone 
resorption n=38 p value

Age (years), mean (SD) 45.0 (13.3) 46.6 (17.2) 44.4 (12.0) 0.540 1)

Male sex (%) 37 (74.0) 10 (83.3) 27 (71.1) 0.398 2)

Smoking (%) 24 (48.0) 6 (50.0) 18 (47.4) 0.874 2)

Diabetes (%) 4 (8.0) 1 (8.3) 3 (7.9) 0.961 2)

Causes of craniectomy

SDH (%) 20 (40.0) 4(33.3) 16 (42.1)

EDH (%) 5 (10.0) 2 (16.7) 3 (7.9)

T.ICH (%) 4 (8.0) 2 (16.7) 2 (5.3)

H. contusion (%) 4 (8.0) 1 (8.3) 3 (7.9)

Infarction (%) 6 (12.0) 2 (16.7) 4 (10.5)

aSAH (%) 8 (16.0) 1 (8.3) 7 (18.4)

ICH (%) 3 (6.0) 0 (0) 3 (7.9)

Tumor (%) 0 (0) 0 (0) 0 (0)

Time from craniectomy to cranioplasty in days (SD) 142.7 (83.0) 124.2 (74.3) 148.6 (85.6) 0.149 1)

OP time in minutes (SD) 161.5 (46.8) 167.3 (50.6) 159.7 (46.1) 0.625 1)

Bilateral (SD) 3 (6.0) 2 (16.7) 1 (2.6) 0.185 2)

Previous temporalis muscle resection (SD) 9 (18.0) 6 (50.0) 3 (7.9) 0.001 2)

SDH: subdural hematoma, EDH: epidural hematoma, T.ICH: traumatic intracranial hematoma, H. contusion: hemorrhagic contusion, 
aSAH: aneurysmal subarachnoid hemorrhage, ICH: intracranial hematoma, OP: operation.
1) Mann-Whitney U-test.
2) Pearson’s Chi-square test.
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SSI (average of 31.1 days in the SSI group and 54.9 days in 
the non-SSI group). In contrast, Matsuno et al.(19), reported 
that SSI patients had a significantly longer interval between 
surgeries. The average interval between surgeries was 108.1 
days in patients with SSI and 74.0 days in patients without 
SSI. However, Bender et al.(3), reported that the interval 
between operations did not increase the incidence of other 
complications including postoperative infection. In our study, 
although a limited number of patients were affected, a shorter 
time interval between operations was correlated with a higher 
infection rate. This is thought to be due to an increased risk 
of infection from the interruption of normal wound recovery 
and wound angiogenesis with a short duration between 
craniectomy and cranioplasty (6). 

During decompressive craniectomy, occasionally the tempo-
ralis muscle and fascia occlude the external herniation of the 
edematous brain and interfere with effective decompression. 
Thus, some surgeons may resect the temporalis muscle and 
fascia during decompressive craniectomy (22). This tempora-
lis muscle and fascia resection procedure is sometimes per-
formed at our hospital. However, resection of the temporalis 
muscle requires coagulation of the middle temporal artery 
originating from the superficial temporal artery and anterior 
and posterior temporal arteries originating from the internal 
maxillary artery (15). This process leads to poor vasculariza-
tion of the pericranial flap and may cause wound disruption 
and infection (16). In our study, temporalis muscle resection 
was performed in 22.8% (13/57) of patients and there was 
a statistically significant difference when SSI and non-SSI 
patients were compared (57.1% vs. 18.0%; p=0.021). These 
results suggest that it is better not to perform temporalis 
muscle resection if possible.

Bone Flap Resorption

Several authors have reported the risk factors for bone flap 
resorption after cranioplasty with autologous cryopreserved 
bone (1,5,12,13,23). Some studies have reported an increased 
risk of bone flap resorption in very young children (12,23). 
However, in our patient cohort, only 2 of the 50 patients were 
young (15 and 16 years old), and statistical significance was 
not confirmed.

It has also been reported that bone fragmentation or 
cranioplasty performed within 2 months after craniectomy 
was a risk factor for bone flap resorption (10,14,24). Analysis 
of these parameters in our cohort revealed no fragmented 
bone flaps. Also, in our cohort, the mean interval between 
craniectomy and cranioplasty was 124 days, which was 
longer than 2 months. Based on our findings, a short interval 
between craniectomy and cranioplasty did not seem to affect 
bone resorption.

Univariate analysis revealed that previous temporalis muscle 
resection (OR 11.667, 95% CI 2.276–59.798, p=0.003) was 
statistically associated with patients who had bone flap 
resorption (Table V).

█    DISCuSSIOn
In the present study, 7 (12.3%) of 57 patients who underwent 
cranioplasty after decompressive craniectomy underwent 
bone flap removal surgery due to surgical site infection. Except 
for these seven patients, twelve (24.0%) out of 50 patients had 
bone flap resorption. Patients with SSI had a shorter time from 
craniectomy to cranioplasty and had a higher rate of removal 
of the temporalis muscle at the time of craniectomy than 
those who did not have infections. Patients who had bone 
flap resorption included a higher proportion of patients who 
underwent removal of the temporalis muscle than who did not 
have bone flap resorption.

SSI

Surgical site infection is a serious complication that can 
cause serious morbidities for patients. The incidence of 
SSI requiring removal of implanted bone and long-term 
intravenous antibiotic administration has been reported to be 
between 2-20% (2,11,26). At some institutions, the removed 
bone flaps are routinely checked for bacterial contamination 
prior to storage. Chiang et al.(7), found that the frequency of 
SSI did not increase after implanting bone flaps contaminated 
with microorganisms such as P. acnes, coagulase-negative 
Staphylococci, and S. aureus. However, the risk of SSI in 
implanted bone flaps with positive bacterial cultures prior 
to preservation has not been determined. We do not know 
if the bone flaps were contaminated before cryopreservation, 
since bacteriological examination of the bone flap prior to 
preservation has not been implemented as a routine practice 
in our department.

So far, studies to clarify the risk factors for these infections have 
continued. Although various risk factors have been described 
in many reports, the most common risk factor was long 
operation time (16,17,25). However, there were differences in 
the criteria for long operation time in these reports. According 
to Lee et al.(17), the infection rate significantly increased when 
the operation time was longer than 200 minutes. In our study, 
the relationship between operation time and infection rate was 
not significant, possibly due to the limited number of patients.

The relationship between the interval of decompressive 
craniectomy and cranioplasty and SSI has been reported in 
several papers. According to Nagayama et al.(20), there was 
a statistically significant difference between the two groups. 
The interval between surgeries was shorter in patients with 

Table V: Risk Factors for Bone Flap Resorption Using Univariate Analysis

Clinical characteristics
univariate study

OR 95% CI for OR p value

Previous temporalis muscle resection 11.667 2.276 – 59.798 0.003
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█    COnCluSIOn
Postoperative infection and bone flap resorption are the most 
frequent complications associated with the reimplantation 
of autologous cryopreserved bone after decompressive 
craniectomy. The risk of these complications particularly 
increased after previous temporalis muscle resection. Based 
on this finding, we believe that preservation of the temporalis 
muscle may help decrease postoperative complications after 
autologous cranioplasty.
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