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ABSTRACT

AIM: To evaluate the relationship between the surgical techniques, the waiting time for surgery, postoperative distance between 
the graft-bone margin and the percentage of bone resorption, we analyzed patients who underwent cranioplasty. Cranioplasty is a 
necessary surgery to preserve brain tissue and provide an appropriate microenvironment.   
MATERIAL and METHODS: In this study, patients who underwent autologous bone grafting after decompressive craniectomy 
by the Neurosurgery Clinic of University of Health Sciences Ankara Training and Research Hospital between 2018 and 2021 were 
examined.   
RESULTS: Thirty-nine patients who underwent autologous cranioplasty following decompressive craniectomy were included in the 
study. The average expected time for cranioplasty surgery following decompressive craniectomy was 16.97±13.478 weeks (min:2 
max:62 weeks). The expected time between decompressive craniectomy and cranioplasty surgeries and resorption rates were 
compared. The resorption rate was above 30% in 7 of 10 patients with 24 weeks or more between craniectomy and cranioplasty, 
and less than 30% in 17 of 25 patients in surgeries less than 24 weeks (p=0.04). Following cranioplasty surgery, the distance 
between the graft-bone margin and the resorption rates were also compared. In this analysis, statistically significant differences 
were detected between the distance between the graft-bone border and the resorption rates. Resorption rates increased in 15 of 
19 patients with a postcranioplasty distance of 1 mm or more (p<0.00001).
CONCLUSION: Early cranioplasty surgery is important in order to reduce complications that may occur after craniectomy. In 
addition, it is important to keep the defect area small in size during craniectomy surgery and to keep the cutting edge thinner when 
the bone graft is taken, in order to reduce the development of bone graft resorption.
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█   INTRODUCTION

Decompressive craniectomy is a surgical intervention 
frequently used to treat pathologies of elevated intra-
cranial pressure (28). It is the standard surgical treat-

ment for cerebral infarction, intracranial hemorrhage, and ma-
lignant brain edema and brain herniation that result from se-
vere traumatic brain injuries (4,10,13,25-27,32). Following de-
compressive craniectomy, cranioplasty is usually performed 
for cosmetic improvement and to prevent the development of 
Trephine Syndrome.

Various materials can be used to repair cranial defects. The 
traditional and most commonly used material is an autolo-
gous bone graft in conjunction with the repositioning of the 
native bone flap (6). Complications that may develop after 
cranioplasty, such as those following ventriculoperitoneal 
shunt surgery, are important (18). The complication rate fol-
lowing cranioplasty can be high as 34% (11), and the postop-
erative complications include infection, hematoma formation, 
hydrocephalus, seizures, and bone resorption (6). The rate 
of post-cranioplasty bone resorption varies (2–32%) in adult 
patients and can be affected by various factors such as the 
native bone flap condition, retention techniques, time-to-bone 
flap repositioning, and patient characteristics (15,22).

Cranioplasty is necessary in patients following decompressive 
craniectomy to preserve brain tissue and provide an 
appropriate microenvironment, benefiting the patient both 
functionally and cosmetically. Currently, a cranial defect of >3 
cm is an indication for cranioplasty (1). Following craniectomy, 
repairing the defect with the patient’s own bone is effective in 
several ways, if the conditions are favorable (e.g., the ability 
to adequately close the defect and provide the necessary 
protection). The bone flap is stored in the subcutaneous 
area of the abdomen following decompressive craniectomy 
(5,17,21), which is reportedly economically and technically 
convenient, safe, and preferred in terms of avoiding the risk 
of infection (5,19,24).

In this study, we evaluated the patients in whom a bone flap 
was stored in the suprafascial area of the abdomen following 
decompression, the surgical technique used in autologous 
cranioplasty, the interval between decompression and cra-
nioplasty, and the relationship between the post-cranioplasty 
graft-bone border distance and the percentage of bone re-
sorption. The results obtained in this study, its comparison 
to results of previous studies, and our recommendations are 
shared in the present study.

█    MATERIAL and METHODS
The data of 121 patients who underwent decompressive 
craniectomy at the Neurosurgery Clinic, whose records are 
maintained at SBU Ankara Training and Research Hospital, 
between 2018 and 2021 were examined. The study was 
approved by the Ethics Committee of SBU Ankara Training 
and Research Hospital (No: E-93471371-514.99-890; 
16/02/2022).

Inclusion Criteria

The following patients were included:

1.  Patients who underwent frontotemporoparietal craniecto-
my at our clinic

2.  Patients in whom the bone flap was placed under the skin 
in the abdomen during the craniectomy

3.  Those who had undergone autologous cranioplasty at our 
clinic during the follow-up period

4. Patients with adequate follow-up and radiological exam-
inations following craniectomy and cranioplasty

Exclusion Criteria

The following patients were excluded,

1. Patients in whom the craniectomy did not cover the 
frontotemporoparietal area

2.  Patients in whom the bone flap was sacrificed following 
removal during craniectomy because it could not be stored 
in the abdomen subcutaneously or could not be reused in 
the future

3.  Patients with insufficient follow-up data or radiological 
examination data following craniectomy and cranioplasty

4.  Patients who have undergone bilateral decompressive 
craniectomy

Surgery and Follow-Up

In our study, craniectomy covering the frontotemporoparietal 
region was performed for acute subdural hematoma, paren-
chymal hematoma, ischemic and/or hemorrhagic, cerebro-
vascular accident (CVA) and intracranial tumor. In some of 
the patients, the skin and temporal muscle were stripped and 
flipped anteriorly in the form of a flap, and the musculocutane-
ous flap was inverted as one unit. In other patients, the tempo-
ral muscle was preserved without dissection. A durotomy was 
performed in all the patients during surgery. The excised bone 
was embedded in the suprafacial area of the prepared abdo-
men during the same procedure. A non-contrast control brain 
CT was obtained postoperatively in all the patients following 
the stabilization of their vitals.

During cranioplasty, once the bone flaps were deemed 
to be favorable for the procedure, the bony margins were 
established using the previous cranial skin incision. The bone 
graft was appropriately placed, and a drain was placed in the 
epidural space. The patients were administered the required 
daily dose of antibiotics. Postoperatively, the patients were 
evaluated with a control brain CT.

The patients were followed up after cranioplasty. Early (<40 
weeks) and late (>40 weeks) non-contrast control brain CT 
scans were obtained in all the patients.

Radiological Evaluation

The CT scans of the patients within the first 24 h following 
frontotemporoparietal craniectomy, within the first 24 h 
following cranioplasty, and in the early (<40 weeks) and late 
(>40 weeks) periods following cranioplasty were examined. CT 
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sections were obtained using the single- and/or multi-detector 
(helical/multi-slice) technique, with a maximum thickness of 
1.3 mm. The sagittal, coronal, and axial section views that 
were obtained in the bone window format were evaluated 
and used to reconstruct a 3D model. The post-craniectomy 
bone defect (cm²), fragmentation of the resected bone flap, 
shortest distance between the cranioplasty bone graft and 
the surrounding bone, and percentage of bone resorption on 
the early and late CT scans were measured. The craniectomy 
defect (cm²) was calculated by measuring the anteroposterior 
(AP) and superoinferior (SI) diameters on the 3D reconstructed 
model of the non-contrast brain CT scans. These diameters 
were then multiplied by the number of π and divided by four.

To calculate the post-cranioplasty graft distance, the cross-
section was aligned in a way that the lateral ventricles and 
foramen of Monro were visible in the same axial sections of the 
non-contrast brain CT scans. The shortest distance between 
the bone graft and the adjacent bone border was measured 
in the bone window in the anterior craniectomy region. This 
was taken as the reference because the bone graft is fixed by 
leaning anteriorly in cranioplasty.

To evaluate the resorption rate of the bone graft following 
cranioplasty, the patient’s long-term non-contrast control 
brain CT images were aligned in the same way as that for 
calculating the post-cranioplasty graft distance. A straight line 
was drawn within the lateral ventricle behind the craniectomy 
border and on either side of the line (shown Figure 1). The 
surgical side thickness was compared to that of the non-
surgical side by measuring the temporal bone thickness at the 
border.

Statistical Analysis

All the statistical analyses were performed using SPSS ver-
sion 21. Visual (histogram and probability graphs) and ana-
lytical (Shapiro–Wilk Test) methods were used to assess the 
variables for normal distribution. Descriptive data are present-
ed as mean and standard deviation for normally distributed 
variables, median and interquartile range for non-normally 
distributed variables, and frequency tables for nominal vari-
ables. The groups were compared using the Student’s t-test 
for normally distributed variables and Mann–Whitney U-test 
for non-normally distributed variables. The relationship of 
non-normally distributed continuous variables was analyzed 
using the Spearman Rank Correlation Coefficient, and a p-val-
ue <0.05 was considered significant.

█   RESULTS
Among the 121 patients who underwent decompressive cra-
niectomy at our clinic, 39 underwent autologous cranioplasty 
during the follow-up period and were included in the study [26 
(66.7%) male and 13 (33.3%) female]. The mean age of the 
study participants was 47.31 ± 16.15 years. The patient un-
derwent decompression for the following reasons: parenchy-
mal hematoma (16; 41%), subdural hematoma (12; 30.8%), 
ischemic CVA (9; 23.1%), and intracranial tumors (2; 5.1%). 
Eight (20.5%) of the study participants had a history of head 
trauma at the time of the first admission, while 31 (79.5%) did 
not.

The temporal muscle and skin were lifted together as a 
musculocutaneous flap in 12 (30.8%) patients, and the 
temporal muscle and skin were dissected separately in 27 
(69.2%). Among the bone flaps excised during decompression, 
35 (89.7%) were placed as a single piece and 4 (10.3%) were 
placed as fragments in the abdomen. The demographic and 
pre-cranioplasty characteristics of the patients are listed in 
Table I.

The average interval between decompressive craniectomy and 
cranioplasty was 16.97 ± 13.478 weeks (min: 2 weeks, max: 
62 weeks). The mean bone defect following decompressive 
craniectomy was 92.2 ± 10.7 cm² (min: 73.6 cm², max:110.6 
cm²).

The resorption rates were not assessed in four patients who 
underwent revision surgery. More than 70% of the grafted 
bone thickness was preserved in 20 of the 35 patients, when 
compared to the bone thickness on the nonsurgical side. 
In these patients, the resorption rate was <30%. There was 
no increase in the autologous bone thickness in any of the 
patients (Figure 1).

There was no statistically significant difference in the post-
cranioplasty resorption rates between the patients who 
presented with head trauma at the first admission and those 
who did not [OR There was no significant association between 
the post-cranioplasty resorption rate and the presence of 
head trauma at the first admission] (p=0.962).

Table I: The Demographic and Cranioplasty Characteristics of the 
Patients

n (%)

Gender
Male 26 (66.7)

Female 13 (33.3)

Decompression 
indication

Parenchymal hematoma 16 (41)

Acute Subdural 
Hematoma 12 (30.8)

Ischemic CVA 9 (23.1)

Intracranial tumor 2 (5.1)

Trauma history
Yes 8 (20.5)

No 31 (79.5)

Decompression Side
Right 19 (48.7)

Left 20 (51.3)

Musculocutaneous 
flap

Yes 12 (30.8)

No 27 (69.2)

Fragmented bone
Yes 4 (10.3)

No 35 (89.7)

Revision surgery
Yes 4 (7.7)

No 35 (92.3)
CVA: Cerebrovascular accident.
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There was a statistically significant association between the 
post-cranioplasty resorption rates and the graft-bone border 
distance (Figure 2). The resorption rates increased in 15 of 
the 19 patients with a post-cranioplasty distance of ≥1 mm 
(p<0.00001). The bone thickness on the surgical side was 
<70% of the bone thickness on the non-surgical side (Table II).

█   DISCUSSION
In this study, we detected a decrease in the autologous 
bone thickness as the interval between the decompressive 
craniectomy and cranioplasty increased. Furthermore, a 
distance of ≥1 mm between the bone and graft was associated 
with an increase in the post-cranioplasty resorption rate.

The indication for performing cranioplasty affects the rate of 
autologous bone graft resorption. Furthermore, bone graft re-
sorption occurs more frequently in patients who have under-
gone decompressive craniectomy for a traumatic brain injury 
than in those who have undergone decompression for other 
causes (6). In a meta-analysis that evaluated the complica-
tions of cranioplasty following decompressive craniectomy for 
a traumatic brain injury, the relative risk of bone graft resorp-
tion increased significantly in patients with a history of trauma 
than in those with other indications for craniectomy (14). Fur-
thermore, patients with bone flap fragmentation following a 
severe traumatic injury are at greater risk of developing bone 
resorption than those without bone flap fragmentation. Dun-
isch et al. reported that fragmentation of the bone graft into 
two or more fragments is a significant predictor of a higher 
probability of bone resorption (8). Furthermore, trauma was 
detected as the indication for primary craniectomy in 89 of the 
254 patients who were followed up to determine the long-term 
complications of cranioplasty. In the present study, the bone 
resorption was 4%, and 7 of the 10 patients had a history of 
trauma. A previous study reported that bone fragmentation is 
a risk factor for resorption (30). In our study, a history of trau-
ma did not affect the resorption rate. The number of patients 
and possibility of multiple fragmentation of the bone graft for 
post-traumatic autologous cranioplasty may have affected the 
study outcome because only patients who underwent autolo-
gous cranioplasty were included in our study (3).

There was no statistically significant difference post-cranio-
plasty resorption rates between patients in whom musculo-
cutaneous flaps were used during decompressive craniec-
tomy and those in whom musculocutaneous flaps were not. 
There was no statistically significant association between the 
post-cranioplasty resorption rate and the use of musculocuta-
neous flaps during decompressive craniectomy (p=0.4).

The association between resorption rates and the interval 
between decompressive craniectomy and cranioplasty was 
assessed. The resorption rate was >30% in 7 of the 10 
patients in whom the surgeries were performed ≥24 weeks 
apart and <30% in 17 of the 25 patients in whom the surgeries 
were performed <24 weeks apart (p=0.04) (Table II).

There was no significant association between the resorption 
rates and the existing bone defect area following decompres-
sive craniectomy (p=0.89). When the defect dimensions are 
evaluated in three subgroups, The resorption rate was <30% 
in 4 of the 11 patients with a defect size of 70–85 cm2, in 7 of 
the 13 patients with a defect of 85–100 cm2, and in 3 of the 11 
patients with a defect of >100 cm2 (p=0.39) (Table II).

Table II: The Factors for Craniectomy-Cranioplasty Surgery

Absorption rate 
over 30% (n)

Absorption rate 
below 30% (n) Total (n) p-value

Time between craniectomy and 
cranioplasty

<24 weeks ago 8 17 25
p=0.04after >24 weeks 7 3 10

Craniectomy defect area

70-85cm2 7 4 11

p=0.3985-100 cm2 6 7 13

≥100 cm2 8 3 11

Post-cranioplasty distance
< 1mm 0 16 16

p<0.00001
>1mm 15 4 19

Figure 1: The comparative measurement of the temporal bone 
thickness in axial sections in non-contrast brain CT during the 
follow-up of the patients after cranioplasty.
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(2). Similarly, in the present study, patients who underwent 
cranioplasty >24 weeks after craniectomy had statistically 
significant resorption rates. This finding is remarkable in that 
complications were not seen when cranioplasty performed 
within 24 weeks.

A study evaluating the complications of early autologous 
cranioplasty determined that the bone graft was not completely 
implanted along the edge of the previous craniectomy site. 
Thus, a gap was formed between the bone graft and skull. 
When this distance was measured using 3D CT imaging, the 
resorption rate was 17% in patients with a cavity size of <2 
mm and 50% in patients with a cavity size of ≥4 mm (31). In a 
retrospective study that examined bone graft resorption-fusion 
rates following cranioplasty, fusion occurred successfully in 
patients with a gap of <1 mm (16). In the present study, the 
resorption rate was >30% in 15 of the 19 patients with a gap 
of ≥1 mm. Furthermore, the bone thickness on the operated 
side was <70% when compared to the bone thickness on the 
non-surgical side (p<0.00001). This shows that the surgical 
instruments used for craniectomy and the surgical technique 
applied should leave a finer gap.

In the present study, all 20 patients with 70% resorption were 
over the age of 18 years. In the study of Badih et al., resorption 
occurred in 3 patients over the age of 18, at 6, 9 and 19 
months (6). In studies conducted in the pediatric age group, 
this time varies between 4.8-13.3 months. Studies show that 
bone resorption is more common in patients who are younger 
than in those who are older (3,12,20). Furthermore, younger 
patients tend to develop bone flap resorption at earlier 
time intervals. Schuss et al. reported that 60% of bone flap 
resorption was detected in patients who were followed up for 
1 year, but not in patients those who were followed up for >5 
years (29). However, age was not a consistent risk factor for 
bone resorption in all the studies.

In the present study, the resorption rate was <30% in 4 of 
the 11 patients with a bone defect of 70–85 cm2, in 7 of the 
13 patients with a bone defect of 85–100 cm2, and in 3 of the 
11 patients with a bone defect of >100 cm2 (p=0.39). Grant 
et al. (12) reported that the incidence of bone resorption was 
significantly associated with an increased skull defect area. 
They reported a resorption rate of 60% resorption if the bone 
graft size was >75 cm2; there was no resorption if the bone graft 
size was <75 cm2. Schoekler et al. evaluated eight patients 
and determined that a defect of >120 cm2 was associated 
with a higher risk of bone graft resorption (29). However, other 
studies did not detect any relationship between the bone flap 
size and an increase in the resorption rates (7,8). Although all 
patients had a large defect in the study by Daou et al., the rate 
of resorption was still low (6). Thus, it remains unclear whether 
the defect size is a risk factor.

The study had some limitations. It was conducted at a single 
center and only patients who underwent autologous bone 
grafting were evaluated. However, a strength of our study was 
that we noted that the instruments used for craniectomy and 
the technique applied are capable of leaving thinner gaps.

The timing of cranioplasty reportedly plays a role in resorption. 
Although waiting 4–6 months prior to performing cranioplasty 
is beneficial, recently, an expert’s opinion suggests that 
early cranioplasty should be considered in patients with 
subcutaneously stored autologous bone grafts because they 
can undergo progressive resorption over time (14). Further, the 
resorption rate can increase in patients with an interval of >1 
year between decompressive craniectomy and cranioplasty 
(9). In a study that evaluated 754 patients, in which 532 
autologous bone cranioplasties were performed at a single 
center, the bone resorption rate was the lowest in patients 
who underwent cranioplasty 15–30 days after decompressive 
craniectomy (23). In another study of 114 patients who 
underwent cranioplasty following decompressive craniectomy 
for a traumatic brain injury, patients in whom cranioplasty was 
performed within 24 weeks had the least complication rate 

Figure 2: The measurement of the distance between the graft-
bone border in the axial section non-contrast brain CT after the 
cranioplasty surgery of the patients.
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█   CONCLUSION
The present study findings support those of literature that 
early cranioplasty after a craniectomy reduces the risk of 
complications. Additionally, the defect produced during 
craniectomy should be small and the gap between the bone 
graft and craniectomy edge should be reduced to decrease 
the risk developing bone graft resorption. Further studies are 
required in this area with larger sample sizes.
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