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Cranioplasty Using Autologous Bone versus Porous
Polyethylene versus Custom-Made Titanium Mesh :
A Retrospective Review of 108 Patients
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Objective : The purpose of this study was to compare the cosmetic outcome and complications after cranioplasty (CP) due to three
different implant materials, and analyze the mean implant survival and cumulative survival rate based on these results.

Methods : We reviewed 108 patients retrospectively who underwent CP between January 2014 and November 2016. Autologous
bone (AB; 45 patients) and synthetic materials with porous polyethylene (PP; 32 patients) and custom-made 3-dimensional printed
titanium mesh (CT; 31 patients) were used as implants.

Results : Regardless of implanted materials, more than 89.8% of the CP patients were satisfied with the cosmetic outcome. No
statistically significant difference was observed among the three groups. The overall postoperative complication rates of each
group were 31.1% in the AB group, 15.6% in the PP group and 3.2% in the CT group. The CT group showed lower complication
rates compared with AB and PP groups (y’-test : AB vs. PP, p=0.34; AB vs. CT, p=0.00; PP vs. CT, p=0.03). The AB and PP groups
demonstrated a higher post-CP infection rate (11.1% and 6.3%) than the CT group (3.2%). However, no significant difference in the
incidence of post-CP infection was observed among the three groups. The PP and CT groups demonstrated a higher mean implant
survival time and cumulative survival rate than the AB group at the last follow-up (p<0.05).

Conclusion : In comparison with AB and PP, cranioplasty with CT shows benefits in terms of lower post-CP complication, less
intraoperative bleeding loss, shorter operation time and in-hospital stay. The PP and CT groups showed higher implant survival
time and cumulative survival rate compared with the AB group.
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INTRODUCTION emic stroke, subarachnoid hemorrhage (SAH), severe intra-
cranial infection and intracranial tumor"'*""****_ Patients

In the last 2 decades, decompressive craniectomy (DC) who underwent DC recovered from the neurocritical condi-
played an important role in saving neurocritical patients such tion and subsequent cranioplasty (CP) were needed to recon-
as those sustaining severe traumatic brain injury (TBI), isch- struct the skull defect. The main goals of CP include biome-
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chanical protection of the brain as well as cosmetic effect. In
addition, it normalizes the intracranial pressure, thus restoring
the cerebrospinal fluid dynamics to promote cerebral metabo-

8,18,29 .
%2 In many cases, CP was performed using autologous

lism
bone (AB), which was obtained at the time of DC. AB is inexpen-
sive and biocompatible, without any risk of disease transmission
and perfectly fits the skull defect. However, it is often excluded
because AB is associated with a high failure rate due to infection

9,13,16,22, .
) Several materials have been

or bone flap resorption (BFR)
designed to replace AB. Materials including polymethyl-methac-
rylate, hydroxylapatite, and porous polyethylene (PP) have been
introduced as implant materials for CP. These materials are mal-
leable substitutes and require intraoperative molding resulting in
increased operation time. Additionally, depending on the sur-
geon’s dexterity, it may result in poor cosmetic outcomes in pa-
tients with large defects. Therefore, prefabrication of customized
cranioplastic implants has been used to compensate the disad-
vantages of these malleable materials. The use of prefabricated
implants tailored to the patient's defect leads to favorable cosmetic
effects as well as shortens the operation time. Custom-made 3-di-
mensional printed titanium mesh (CT) is a commonly used im-
plant for CP. Titanium is characterized by strength, high biocom-
patibility, lack of corrosion, biological inertness and satisfactory

- 5,19,32,33)
COSIMESIS

" and long-term outcome of patients who under-
went CP with titanium mesh is more favorable compared with
patients treated with CP using AB™.

The aim of this retrospective study was to compare the clin-
ical outcome and complications related to three different im-
plant materials. In addition, we analyzed the mean implant
survival time and cumulative survival rate associated with the

implant materials.

MATERIALS AND METHODS

From January 2014 to December 2016, 147 CP procedures
were performed in 118 consecutive patients with three differ-
ent materials. This study was approved by the institutional re-
view board of The Catholic University of Korea (IRB No.
UCI8RESI0122). After institutional review board approval
was obtained, we retrospectively analyzed the medical records
of 108 of these patients, who were followed up for at least 1
year from CP. The mean age was 51 years, ranging from 18 to
83 years. According to the implant material, these patients
were classified into three groups : AB group, PP (Fig. 1) group,
and CT (Fig. 2) group. All surgeries were performed by two
neurosurgeons in our single institution. We reviewed the pa-
rameters including age, sex, indications for DC, site of DC
(unilateral or bilateral), the presence of multiple fractures
within the bone flap, implant material, time interval between
the DC and CP (days), craniectomy size (mm”), intraoperative
blood loss (mL), operative time and duration of hospital stay
(days). Based on the cause of DC, the patients were divided
into two groups : 1) TBI including acute subdural hemorrhage,
epidural hemorrhage and traumatic intracranial hemorrhage
(T-ICH); and 2) cerebrovascular accidents (CVA) including
major infarction, subarachnoid hemorrhage and spontaneous
ICH. Patients who were less than 18 years and underwent DC
at other hospitals were excluded. Patients who underwent DC
due to infection and brain tumor were also excluded because
of the small number of patients. Based on timing, CP was clas-
sified into early CP (<90 days after DC) and late CP (=90 days
after DC). Timing of the CP depends on the surgeon’s decision
according to the patient’s condition. The craniectomy size was

measured on a Picture Archiving and Communication System

Fig. 1. The Medpor (porous polyethylene) implant (A). Post-operative
lateral skull radiograph showing radiolucent Medpor implant (B).
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Fig. 2. The 3D design for printing custom-made titanium implant (A).
Titanium mesh was placed on the defect site with screw fixation (B).



work station (Marosis; Marotech, Seoul, Korea) using its free-
hand region of interest measurement tools. Based on the size,
craniectomy was categorized into large (2100 mm®) and small
(<100 mm®) groups. Based on the number of bone fragments,
the groups were divided into those with 0—1 bone piece and 2
or more bone pieces. The bone flap was obtained at the time
of DC, and was refrigerated below -80°C. Before surgery, bone
biopsy of AB was not performed.

The criteria for the selection of implants were as follows :
1) use of AB for CP in most patients if possible; 2) if AB was
contraindicated because of contamination at the timing of
trauma (e.g., trauma with exposed bone or comminuted frac-
ture), use of synthetic materials; and 3) between two synthetic
materials, selection was made by patients or their guidance with

help of detailed explanation of the two synthetic materials.

Porous polyethylene implant (Medpor, Porex
Surgical, Inc.,, Newnan, GA, USA)

Porous polyethylene is a biocompatible, flexible and con-
tourable material for CP. Porous polyethylene implants pro-
vide strength and protective effect similar to the AB flap. In
contrast to polymethyl-methacrylate, this material is porous
and allows new bone and fibrous tissue infiltration. During

surgery, it requires intraoperative molding.

Custom-made three-dimensional printed tita-
nium mesh (Rain maker, Seoul, Korea)

Digital Imaging and Communications in Medicine (DI-
COM) data were obtained from a high-resolution helical
multi-slice CT scan of the patient’s head (Philips Brilliance
128 Slice CT; Philips Healthcare, Best, The Netherlands). Sub-
sequently, the DICOM data were converted to 3D images, and
a prototype model of the skull and defect was created based
on these images. Once 3D prototype of skull was deemed a
good fit, a prototype mold was created to manufacture the
plate. The titanium plate was 0.6 mm to 10 mm thick, de-
pending on the location. This plate was molded and try-fitted
according to the contour with the skull prototype. The plate

was subjected to steam sterilization before surgery.

Evaluation of clinical outcomes and complica-
tions

The clinical outcome was evaluated by assessing the cos-
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metic outcome after CP. Cosmetic outcomes were obtained
from patients or patient’s caregivers who visited the out-pa-
tient clinic during the follow-up periods. Cosmetic outcome
was categorized into three categories : 1) complete satisfaction,
satisfied with appearance; 2) partial satisfaction, satisfied with
appearance but not ideal (e.g., temporal dimple); and 3) unsat-
isfactory, unsatisfied with appearance or requiring a revision
surgery.

Complications were retrospectively reviewed according to
the medical records of each patient. Complications included
post-CP infection, BFR, wound dehiscence, postoperative
hemorrhage and implant displacement. Post-CP infection was
by confirmed by elevated C-reactive protein and abnormal in-
crease in fluid collection revealed in post-operative enhanced
computed tomography or magnetic resonance scan.

BFR was defined as the flap with complete lysis through
both sides of the bone flap (Fig. 3). Therefore, revision surgery
was required because cerebral protection was significantly
compromised. BFR was evaluated using computed tomogra-
phy scan with bone setting (W/L 2500/500 HU). Postoperative
hemorrhage was defined as ipsilateral symptomatic hemor-
rhage on immediately postoperative computed tomography
scan after CP warranting reoperation. Wound dehiscence was
defined by the rupture or splitting of a previously closed sur-
gical site, resulting in exposure of the implant.

The mean implant survival time and the cumulative im-
plant survival rate were used to assess the survival rate of re-
maining primary implant during the follow-up periods. Fol-

lowing the diagnosis of post-CP infection, BFR or implant

Fig. 3. Computed tomographic image of bone flap resorption demonstrat-
ing complete lysis of both inner and outer tables in the bilateral skull.
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displacement or revision surgery based on the aforementioned
conditions as the end point, the mean implant survival times
and the cumulative implant survival rates were analyzed using

Kaplan-Meier product-limit method.

Statistical analysis

Quantitative variables were expressed as meantstandard
deviation. One-way analysis of variance (ANOVA) was used
to compare the continuous variables in the three different
groups. Unpaired t-test for continuous variables and chi-
square test for categorical variables were used. The risk factors

for post-CP infection and BFR were analyzed via univariate

Table 1. Characteristics of 108 patients of cranioplasty

analysis. The risk factors for infection and BFR were assessed
using logistic regression analysis. Parameters with p value <0.1
in the univariate analysis were included in the logistic regres-
sion. The mean implant survival time and the cumulative im-
plant survival rate were estimated using the Kaplan-Meier
product-limit method. Confidence interval (CI) for Kaplan-
Meier method was set at 95%. The log-rank test was used to
evaluate differences between survival time curves of the three
different materials. The SPSS software (version 15.0, 2006;
SPSS, Inc., Chicago, 1L, USA) was used, and the probability

value <0.05 indicated statistical significance.

AB group (n=45) PP group (n=32) CT group (n=31) p-value*
Mean age (at the time of cranioplasty) 509+16.7 529+134 511+14.8 073
Sex ratio (M/F) 37/8 10/22 18/13 0.12
Implant size (cm?) 0.5
<100 19 (42.2) 12 (37.5) 9(29.0)
>100 26 (57.8) 20 (62.5) 22(71.0)
Preoperative neurological status (GCS score) 0.62
>13 17 (37.8) 12 (37.5) 13 (41.9)
>9 20 (44.4) 17 (53.1) 15 (48.4)
<8 8 (17.8) 3(94) 309.7)
Reason for primary operation 0.17
Trauma
Subdural hemorrhage 19 (679 7(53.8) 10 (58.8)
Contusion (traumatic hemorrhage) 6(21.4) 4(30.8) 5(294)
Epidural hemorrhage 3(10.7) 2(154) 2(11.8)
Cerebrovascular accident
Subarachnoid hemorrhage 3(17.6) 12 (63.2) 8(57.1)
Spontaneous ICH 9(529) 5(26.3) 2(14.3)
Major infarction 5(29.5) 2(10.5) 4(28.6)
Timing of the cranioplasty 0.09
Early surgery (<90) 30 (66.7) 19 (59.4) 26 (83.9)
Late surgery (=90) 15(33.3) 13 (40.6) 5(16.1)
Site of DC 0.29
Unilateral craniectomy 38 (84.4) 25(78.1) 28(90.3)
Bilateral craniectomy 7 (15.6) 7(219) 3(9.7)
Cost of implant” (dollars) 0 2040 4100
Mean follow up periods (months) 28.8+94 29.1+8.6 26.3£83 038

Values are presented as mean=standard deviation or number (%). *All values were generated by one-way ANOVA or chi-square test. "Presented in US
dollars. AB : autologous bone, PP : porous polyethylene, CT : custom-made 3-dimensional printed titanium mesh, M : male, F : female, GCS : Glasgow

coma scale, ICH :intracranial hemorrhage, DC : decompressive craniectomy
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RESULTS

Between January 2014 and November 2016, 108 patients un-
derwent 125 CP with three different materials at our institu-
tion. The CP with AB was conducted at 52 sites in 45 patients;
CP with PP was performed at 39 sites in 32 patients; and CP
with CT was performed at 34 sites in 31 patients. The mean
clinical and radiological follow-up was 28.1£5.1 months
(range, 12—45). The patients included 77 males and 31 females.
The mean age of patients at the time of CP was 51.6+14.9 years
(range, 19-83). The causes of DC were as follows : trauma (58
patients, 53.7%) and CVA (50 patients, 46.3%). The demo-
graphic data of 108 patients are summarized in Table 1, and
the three groups were well matched at baseline. No statistically
significant difference in demographics was observed among

the groups.

Comparison of cosmetic outcomes, operation time,
bleeding loss and hospital stay

The cosmetic outcomes in the AB group including 18 pa-
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tients were completely satisfactory; partially satisfactory in 22
patients, and unsatisfactory in five patients. The correspond-
ing cosmetic outcomes in the PP group were 12, 16, and 4, re-
spectively, and those in the CT group were 15, 14, and 2, re-
spectively. No significant differences were observed between
three groups (x -test : AB vs. PP, p=0.75; AB vs. CT, p=0.35;
PP vs. CT, p=0.56).

Duration of hospitalization and intra-operative parameters
were also evaluated. The CT group demonstrated the shortest
in-hospital stay compared with the other two groups (one-way
ANOVA with post-hoc analysis, p=0.00). Regarding the intra-
operative parameters, patients in the CT group experienced
the shorter operation time and less blood loss among the three
groups (one-way ANOVA with post-hoc analysis, p=0.00 and

p=0.00). Clinical outcomes are summarized in Table 2.

Complications

During the follow-up periods, overall postoperative compli-
cations occurred in 20 (18.5%) of 108 patients (14 patients
[31.1%] in AB group, five patients [15.6%)] in PP group, and

Table 2. Outcomes of the patients who underwent primary cranioplasty according to the materials

AB group (n=45) PP group (n=32) CT group (n=31) p-value*

Time interval from DC to CP (days) 80.7£58.6 87+53.7 74.6161.5 0.84
Postoperative neurologic outcome (GCS) 0.74

>13 19 (42.2) 13 (40.6) 15 (48.4)

>9 18 (40) 16 (50) 14 (45.2)

<8 8(17.8) 3(94) 2(6.4)
Cosmetic outcome 0.5

Completely satisfaction 18 (40) 12 (37.5) 15 (48.4)

Partial satisfaction 22 (489) 16 (50) 14 (45.2)

Unsatisfactory 5010 4(12.5) 2(64)
Postoperative overall complications 14 (31.1) 5(15.6) 1(3.2) 0.00°

Infection 50110 2(6.3) 13.2)

Bone flap resorption 5010 0 0

Wound dehiscence 2(44) 2(6.3) 0

Implant displacement 2(44) 0 0

Postoperative hemorrhage 0 137 0
Mean operation time (minutes) 188.3+£53.0 201.2+£55.5 165.9435.1 0.00'
Blood loss during the operation (mL) 247441222 283.2+195.8 188.7+11.8 0.00'
Average hospital stay (day) 16.7+7.8 15.1+5.8 129436 0.01°

Values are presented as mean+standard deviation or number (%). *All values were generated by one-way ANOVA with post hoc analysis or chi-square
test. 'Statistical significance. AB : autologous bone, PP : porous polyethylene, CT : custom-made 3-dimensional printed titanium mesh
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one patient [3.2%] in CT group). The CT group showed lower
overall complication rates compared with AB and PP groups
(x’-test : AB vs. PP, p=0.34; AB vs. CT, p=0.00; PP vs. CT,

p=0.03). Complications are summarized in Table 2.

Factors affecting post-CP infection

A total of eight cases (7.4%) of post CP-infections were ob-
served among the 108 patients. They include five post CP- in-
fections in the AB group (11.1%), two post CP-infections in

Table 3. Univariate analysis comparing the no-infection and the
infection groups after cranioplasty

No Infection
Clinical parameter infection (n=8) p-value*
(n=100)

Age (years) 043
>60 71(91.0) 7(9.0)
<60 29 (96.7) 133

Sex 0.58
Male 71(92.2) 6(7.8)
Female 29 (93.5) 2(6.5)

Timing of the cranioplasty 0.69
Early surgery (<90) 70 (93.3) 5(6.7)
Late surgery (=90) 30 (90.9) 3090

Location of carniectomy 0.66
Unilateral 83(91.2) 8(8.8)
Bilateral 17 (100.0) 0

Shunt procedure 0.6
Undo 51(879) 7(12.0)
Do 49 (98.0) 1(2.0)

Cause of craniectomy 0.06
Trauma 51 (87.9) 7 (12.1)
Vascular accident 49 (98.0) 1(2.0)

Implants 041
Autologous bone 40 (88.9) 5010

Porous polyethylene 30(93.9) 2(6.3)

Titanium 30(96.8) 1(3.2)
Bone size 0.62
Small (<100 cm’) 37 (92.5) 3(75)
Large (=100 cm’) 63 (92.6) 5 (74)
Postoperative wound dehiscence 0.00"
No 99(95.2) 5(4.8)
Yes 1(25.0) 3(75.0)
Operation time (minutes) 184.6+483 24174556 0.07

*All values were calculated with chi-square test. 'Statistically significant
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the PP group (6.3%), and one post-CP infection in the CT
group (3.2%). All infected implants were removed. Patient
groups without post-CP infection were compared with those
who were diagnosed with post-CP infection (Table 3). Wound
dehiscence (75% vs. 4.8%, x’-test; p=0.00) was a significant
risk factor only for post-CP infection. The type of implants

and timing of the surgery were not associated with a higher

Table 4. Logistical regression analyzing the factor affecting the occurrence
of the post-CP infection

Clinical parameters OR (95% ClI) p-value
Cause of craniectomy 04 (0.08-1.05) 037
Wound dehiscence 1.3 (0.98-1.52) 0.00*
Operation time 0.8 (0.44-1.55) 0.68

*Statistical significance. CP : cranioplasty, OR : odds ratio, Cl : confidence
interval

Table 5. Characteristics of the study group stratified by occurrence of
BFR in univariate analysis

Clinical parameter '(‘ln(;ilz)l; BFR (n=5) p-value*

Age (years) 0.31
>60 30(85.3) 5(14.7)
<60 10 (100.0) 0

Sex 0.64
Male 33(89.2) 4(8.1)
Female 7 (87.5) 1(12.5)

Timing of the cranioplasty 0.69
Early surgery (>90) 24(88.9) 3(11.)
Late surgery (=90) 16 (88.9) 2(1.0)

Cause of craniectomy 0.63
Trauma 25(89.3) 3(10.7)
Vascular accident 15 (88.2) 2(11.8)

Bone size 0.17
Small (<100 cm?) 18 (94.7) 1(53)
Large (=100 cm’) 22 (84.6) 4(154)

Site of the craniectomy 0.58
Unilateral 34 (89.5) 4(10.5)
Bilateral 6 (85.7) 1(14.3)

Number of bone fragment 0.01"
0-1 piece 32 (97.0) 13.0
>) pieces 8(66.7) 4(333)

Values are presented as number (%). *All values were generated by chi-
square test. 'Statistical significance. BFR : bone flap resorption



infection rate after CP. The cause of DC and operation time
trended toward statistical significance (x’-test, p=0.07; un-
paired t-test, p=0.07). Logistic regression analysis demonstrat-
ed that wound dehiscence (p=0.00) was an independent risk
factor for post-CP infections. Patients with wound dehiscence
had a 1.3-fold increased risk of complication (odds ratio [OR],
1.3; 95% CI, 0.9-1.5) compared with patients without wound
dehiscence (Table 4).

BFR
Among the 45 patients included in the AB group, BFR oc-

curred in five patients (11.1%). No implant lysis was observed
in PP and CT groups during the follow-up. We compared the
patient groups without BFR, with those who showed BFR fol-
lowing CP (Table 5). Among the parameters evaluated, multi-
ple skull fractures involving more than two pieces was the
only risk factor for BFR. In a logistic regression analysis with
BER as the dependent variables, multiple skull fracture (OR,
2.3;95% Cl, 2.18-7.51; p=0.00) was associated with a signifi-
cantly higher risk for BER.

Implant survival analysis

The mean implant survival in AB, PP, and CT groups was 35.1

1.0 B T =t e B
o 08—
Ry
E
=
q;’,’ — Autologous bone
= 04 — Porous polyethylene
g Titanium mesh
3 02
00 T T T T \
0 10 20 30 40 50
Follow up time (month)
Number at risk
Autologous bone 45 40 34 26 14 0
Porous polyethylene 32 30 28 23 4 0
Titanium mesh 3 30 30 21 2 0

Fig. 4. Kaplan-Meier plots of the cumulative implant survival rate demon-
strated significantly longer implant survival in patients undergoing CP with
PP and CT compared with those treated with AB conservatively (p< 0.05). CP:
cranioplasty, PP : porous polyethylene, CT : custom-made 3-dimensional
printed titanium mesh, AB : autologous bone.
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2.3 months, 37.6£1.6 months, and 39.7£1.2 months, respectively.
Patients who underwent CP with PP and CT showed significantly
longer implant survival than those treated with AB (AB vs. PP,
p=0.03; AB vs. CT, p=0.00). However, no statistically significant
difference was observed between CT and PP groups (p=0.20).
The cumulative implant survival rates at the last follow-up were
75.3% for AB (95% CI, 63.3% to 97.8%), 93.8% for the PP (95%
CI, 93.8% to 96.9%), and 96.8% in the CT group (95% CI,
96.8%). The CT and PP groups demonstrated higher implant
survival time and cumulative implant survival rate than the AB

group at last follow-up (Fig. 4).

DISCUSSION

The main finding of this study was that, during the follow-
up periods, implanted AB required removal in 26.6% of the
cases because of post-CP infection, BFR and implant displace-
ment (11.1%, 11.1%, and 4.4%, respectively). Survival analysis
of AB, PP, and CT groups showed that the mean implant sur-
vival time and cumulative implant survival rate of AB group
were significantly lower than with the remaining two synthet-
ic implant materials. The primary causes for low implant sur-
vival rate of AB group were post-CP infection and resorption.
AB still remains a gold standard for CP. Nevertheless, AB has
several disadvantages such as high infection rate, BFR and do-
nor site morbidity when using free bone grafts. In order to
overcome these disadvantages, various synthetic materials
were invented. Porous polyethylene has been used in craniofa-
cial reconstruction with proven safety and stability. However,
it requires intraoperative molding and may be result in poor
cosmetic outcome in case of large skull defect. Therefore, a
prefabricated 3D-printed titanium mesh was selected for com-
parison in the present study. The computer-aided design of
customized cranioplastic implants facilitates precise preopera-
tive evaluation and simulation, shortened operation time, re-
duced intra-operative blood loss and results in excellent cos-

. 5,20-22,32,33
metic results’ ).

Cosmetic outcomes and parameters

Regardless of the implanted material, the majority of the
patients (89.8%) were satisfied with the cosmetic results. AB
or CT is user-friendly and perfectly matches the skull defect.

Nevertheless, no significant differences in cosmetic outcomes

J Korean Neurosurg Soc 61 (6) : 737-746 743



J Korean Neurosurg Soc 61 | November 2018

were observed between the three groups. Unsatisfactory cos-
metic outcome is mostly attributed to temporal hollowing re-
sulting in atrophy of frontal and temporalis muscle following
initial DC rather than implant material. Additionally, other
factors of cosmetic outcome unrelated to implant material in-
clude hair length, location of the defect and skin thickness. In
the present study, cosmetic outcome was not associated with
the implant materials and synthetic materials represent an at-
tractive alternative option comparable to AB.

The CT group showed shorter operation time and less
bleeding loss than the other two groups. Theoretically, the pa-
rameters should be similar in AB and CT groups, due to these
implants do not need for intraoperative molding process. It is
assumed that the additional operation time and bleeding are
caused by differences in timing of surgery between the two
groups. In the present study, the number of patients undergo-
ing early CP in CT group was higher than in AB group. The
longer the time interval separating DC from CP, the greater is
the time needed for dissection of scalp from the dura. More-
over, in case of multiple skull fractures in AB group, the addi-
tional operation time corresponds to the time needed for skull
fixation with the screw. The additional bleeding loss in the AB
group is probably related to the timing of surgery and the lon-

ger operation time.

Factors affecting post-CP infection

Considering the overall infection rate in cranial procedures
varying between 1% and 2%, the overall infection rate of CP
(eight cases, 7.4%) in this study demonstrated a high infection
rate, consistent with other reports™'”. A recent meta-analysis
reported lack of significant difference in infection rate be-
tween AB and synthetic materials™. In this study, the CT
group showed a lower post-CP infection rate than the AB and
PP groups. We speculated that AB and PP contain a multi-
lobulated and porous structure, which may induce bacterial
proliferation. Additionally, PP required intraoperative mold-
ing, leading to increased operation time. In our study, opera-
tion time showed a trend towards statistical significance in the
incidence of post-CP infection (p=0.07), explaining the higher
infection rate associated with AB and PP compared with CT.

The timing of CP appears to be an important factor under-
lying the post-CP infection and is still disputed™*'****"** n
this study, our results showed that the timing of CP had no ef-
fect on the incidence of post-CP infection (early CP, 6.7% vs.
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late CP, 9.1%; p=0.69). Although we did not statistically con-
firm that early CP had a lower infection rate than late CP, we
were inclined to perform early CP if subsidence of brain ede-
ma was confirmed. Early CP facilitates dissection of the tissue
planes easily with reduced intraoperative bleeding and opera-
tion time. For patients, they can be rehabilitated earlier and
allow an improvement of neurological functions.

In our study, only wound dehiscence was significantly asso-
ciated with post-CP infections, consistent with studies report-
ed by Riordan and colleagues™. CP patients undergo at least
two or more surgical procedures at the same site, resulting in
friable soft tissue, skin retraction, thinning and reduction in

. 25
scalp tensile force™

. Therefore, wound healing may be de-
layed, leading to skin colonization, which increases the risk of
post-CP infections"”. However, due to the small number of
patients (n=108) and a retrospective study may not be precise
in documenting the degree of wound dehiscence. Therefore, it
is difficult to conclude whether the degree of wound dehis-
cence affects the post-CP infection. Conversely, implant infec-
tion during the operation may be a cause of wound dehis-
cence. Sundseth et al.”” recommend tissue augmentation or
tissue expansion of the scalp before CP in pediatric patients to
minimize the chance of wound breakdown. Although, this
study is small, tissue augmentation before CP is a good preop-
erative procedure to reduce the incidence of wound dehis-
cence in specific patients.

BFR

Among adult patients, the reported incidence of BER after
CP varied from 4% to as high as 22% and in pediatric pa-
tients, it was as high as 50%™"*'*'** In this study, five patients
(11.1%) showed BFR suggesting that brain protection is totally
compromised. Schuss et al.”’ reported that BFR is more fre-
quent in patients with multiple bone fractures than in those
without bone fractures. Our study demonstrated that multiple
fractures of bone flap were highly associated with BFR. Multi-
ple bone fractures are a critical factor for poor micro-circula-
tion and may inhibit bone healing. In addition, multiple bone
fractures heal less due to the difficult approximation of the
fragmented bone. These findings suggest that the age of pa-
tients who need DC tend to be young patients because they
are usually exposed to high energy trauma. Therefore, it is
important to select appropriate implant material for CP that is

designed to last a lifetime.



Study limitations

The major limitations of this present study include the ret-
rospective format and nonrandomized patient groups. The
other limitation relates to known or unknown bias such as
different surgical indications and surgical techniques and/or
lateralization of the trauma patients in this area. Our institu-
tion is geographically isolated. Therefore, most patients with
severe head trauma were referred to our center. Unless the pa-
tients moved to another area, any complications related to CP
were included in this study. Therefore, follow-up loss and un-
derreporting of patients’ complication are less likely than in

similar other studies.

CONCLUSION

In comparison with AB and PP group, CT group shows
benefits in terms of post-CP complication rate, intraoperative
bleeding loss, operation time and in-hospital stay. Among the
parameters, wound dehiscence and multiple bone fragments
were associated with post-CP infection and BFR, respectively.

The survival analysis of synthetic implants showed higher
implant survival time and cumulative implant survival rate
compared with the AB group. In order to substantiate these
tindings, a prospective randomized controlled trial will be re-

quired.
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