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ABSTRACT

BACKGROUND: Traumatic brain injury (TBI) is one of the common reasons for decompressive craniectomy (DC). The man-
agement of DC must include cranioplasty procedures. Although both procedures may cause several complications, postoperative
outcomes are of greater concern for patients. The timing of cranioplasty (CP) and the type of CP material are the main parameters
evaluated retrospectively in this report in terms of their impact on postoperative complications and cosmetic results.

METHODS: A total of 47 patients who underwent autologous cranioplasty (n=22) or custom-made titanium cranioplasty (n=25)
due to TBI between January 2017 and January 2024 in our department were retrospectively analyzed. The groups were compared in
terms of demographic characteristics, complication rates, and operative parameters. Cosmetic results and one-year mortality rates
were also reported. The Odom criteria were used for the assessment of cosmetic results.

RESULTS: Baseline characteristics and overall complication rates did not differ significantly between the groups. Blood loss was sig-
nificantly lower in titanium cranioplasty compared to autologous cranioplasty (126.2+47.9 mlvs. 215.5£35.6 ml, p<0.001). The highest
complication rate was observed in cranioplasties performed 3—6 months after DC. In the early period (<3 months), autologous grafts
were associated with significantly more complications than titanium (5/7 vs. 0/7, p=0.021). Cosmetic outcomes were significantly bet-
ter with titanium, while timing had no effect on cosmetic results. One-year mortality rates were similar between the groups.

CONCLUSION: The timing of cranioplasty and the type of cranioplasty material may influence postoperative outcomes in patients
with TBI. Titanium plates could be a preferable option for early cranioplasty if autologous bone cannot be used for reconstruction,
whereas late cranioplasty appears to be associated with fewer complications overall. Further studies are needed to support these
findings.

Keywords: 3D implant; titanium; cranioplasty; traumatic brain injury; decompressive craniectomy.

INTRODUCTION worldwide. TBI is most commonly associated with motor

vehicle accidents and falls, but it can also occur in the con-
Traumatic brain injury (TBI) refers to injury of the cerebral text of large-scale disasters such as earthquakes or explosions
parenchyma and can result from several types of head trauma.  during military operations. Other risk factors include mining

't is one of the major causes of morbidity and mortality  accidents, construction site incidents, and infrastructure col-
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lapses.B! Due to the risk of complications, decompressive cra-
niectomy (DC) is often performed in emergency situations
to reduce intracranial pressure (ICP) caused by TBI, making
a cranioplasty procedure after DC necessary.[*”! DC involves
removal of the affected portion of the skull. If the removed
portion of the skull is intact, it can be stored in the patient’s
anterior abdominal wall or frozen and preserved under sterile
conditions at -80°C.548 Otherwise, allogenic materials such
as titanium can be used to reconstruct the calvarial defect.
Custom-made titanium implants offer well-established bio-
compatibility, good cosmetic outcomes, and low infection
rates.”'% Nevertheless, autologous bone grafts are the most
commonly used option, with bone resorption being the most
frequent complication, often leading to increased infection
rates and the need for revision cranioplasty.'"!

In this study, we analyzed patients with TBl who underwent
DC followed by cranioplasty. A retrospective evaluation was
conducted to assess the impact of using autologous bone and
titanium plates for cranioplasty on patient outcomes and com-
plication rates.

MATERIALS AND METHODS

Patient Population

A total of 47 patients with TBI who were admitted to our
department between January 2017 and January 2024 were
included in this study. All patients were divided into two
groups according to the type of cranioplasty material used:
the autologous cranioplasty (AC) group (n=22) and the
custom-made titanium cranioplasty (TC) group (n=25). The
decision to perform DC was based on clinical and radiologi-
cal criteria. Clinically, DC was considered in patients with
refractory intracranial hypertension, unresponsive pupils, or
rapid neurological deterioration. Radiologically, indications
included significant midline shift (>5 mm), cerebral edema,
space-occupying lesions, or signs of herniation. The decision
was made by the attending neurosurgeon in the context of
each patient’s overall clinical status.

The decision to perform cranioplasty in the early (<3 months),
intermediate (3—6 months), or late (>6 months) period was
based on clinical stability, neurological recovery, absence of
infection, soft tissue condition, and logistical factors such as
implant availability and surgical prioritization. Patients with
satisfactory wound healing and stable general condition were
considered for early cranioplasty, whereas those requiring
further recovery or delayed implant production were sched-
uled for later procedures.

Patients were included in the study if they met the following
criteria:

|. Underwent DC due to TBI;

2. Subsequently underwent cranioplasty (with autologous
bone or a titanium plate) at the same center;

3. Were 218 years of age.

Ulus Travma Acil Cerrahi Derg, December 2025, Vol. 31, No. |12

Patients were excluded if they met any of the following cri-
teria:

I. Had a history of craniectomy due to tumors, vascular mal-
formations, infections, or congenital cranial defects;

2. Underwent bilateral DC;
3. Had missing or incomplete clinical or imaging data;

4. Underwent revision cranioplasty with only data available
from the revision surgery.

Baseline characteristics such as sex, age, chronic diseases (hy-
pertension, diabetes mellitus), presence of scalp deformity,
and preoperative Glasgow Coma Scale (GCS) score; opera-
tive parameters such as operation time, blood loss, cranial
defect area (CDA), DC region (DCR), use of a ventriculo-
peritoneal (VP) shunt, and the time interval between DC and
cranioplasty; and postoperative outcomes such as length of
hospital stay, presence of postoperative complications, and
one-year mortality rate were recorded. The Odom criteria
(excellent, good, fair, or poor) were used to evaluate postop-
erative cosmetic satisfaction.

All patients underwent cranial computed tomography (CT) at
the time of admission and both before and after the cranio-
plasty procedures. The CDA were defined in a three-dimen-
sional (3D) environment using CT images obtained before
and after cranioplasty.

Surgical planning and the production of titanium plates were
performed at the Medical Design and Production Center of
our institution. CT data were transferred via the Digital Imag-
ing and Communications in Medicine (DICOM) interface and
processed using the Mimics Innovation Suite (Materialise, Bel-
gium) to design the implant in a 3D environment. The titanium
plate was produced using selective laser melting (M2 Wallet,
Concept Laser, Germany) with medical-grade Ti6Al4V (grade
23 ELI). A patient-specific skull model was also created to as-
sess the fit prior to sterilization and surgical use.

This study was approved by the Ethics Committee for Non-
Interventional Scientific Research of Giilhane Training and
Research Hospital (Date: 24.01.2024, No: 2024/23) and was
conducted in accordance with the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
guidelines.l'? All patients or their families provided informed
consent for cranial surgery. Consent for the use of patients’
images was obtained directly from the patients. The study
was conducted in accordance with the Declaration of Hel-
sinki.

Cranioplasty Procedures

Autologous cranioplasty was performed for patients with
preserved bone grafts, while custom-made TC was used for
those without. Hemostasis was achieved at each stage of the
procedure. A Hemovac drain was placed at an appropriate
distance at the end of the operation, and the layers were
closed anatomically. The operation was completed without
complications.
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Autologous Cranioplasty

The patient was placed in the supine position. The CDA and
the autologous bone graft, which had been stored in the an-
terior abdominal wall, the lateral thigh region, or frozen and
stored under sterile conditions during the previous surgery,
were prepared. After skin disinfection, the surgical field was
isolated with sterile covers. The skin and subcutaneous tis-
sue were incised along the previous incision, taking the defect
margins into account. The scalp was separated from the dura
using a scalpel, dissector, and surgical scissors. The borders
of the CDA and the intact bone were clearly identified. The
autologous bone grafts were then carefully retrieved from
the previous storage site through the skin and subcutaneous
tissue. The dura was attached to the bone graft at specific
points using silk suspension sutures. The bone graft was fixed
to the intact bone tissue with mini plates and screws (Fig. I).

Custom-Made Titanium Cranioplasty

The CDA, scalp deformities, and the 3D-printed sample
model of the patient were photographed for documentation.
The patient was placed in the supine position according to
the defect location. After skin cleaning, the surgical field was
isolated with sterile covers. The skin and subcutaneous tis-
sue were incised along the previous incision, taking the defect
margins into account. The scalp was separated from the dura
using a scalpel, dissector; and surgical scissors. The borders of
the CDA and intact bone structures were clearly identified.
The compatibility of the titanium plate with the defect area
was verified. The dura was attached to the titanium plate at

(c) (d)

Kayhan et al. Cranioplasty for traumatic brain injury

specific points using silk suspension sutures. After confirming
that the defect was successfully closed, the titanium plate was
fixed to the intact bone tissue using the predesigned number
and size of mini plates and screws (Fig. 2).

The patient presented in Figure 2 had sustained a traumatic
brain injury during the earthquakes that occurred in south-
eastern Tirkiye on February 6, 2023. A custom-made tita-
nium cranioplasty was performed following decompressive
craniectomy. According to the Odom criteria, the cosmetic
result was classified as “excellent,” and satisfactory functional
recovery was also achieved.

Statistical Analysis

Data normality was assessed using the Shapiro-Wilk test.
The chi-squared (x2) test and Fisher’s exact test were used
to compare categorical variables, while the independent
samples t-test and Mann-Whitney U test were used to com-
pare continuous variables. For normally distributed con-
tinuous variables, descriptive statistics were presented as
meanststandard deviations (SD), whereas categorical vari-
ables were expressed as numbers and percentages. To evalu-
ate the relationship between the timing of cranioplasty and
the presence of complications, both general and stratified
analyses were performed. Pairwise comparisons were con-
ducted to assess the significance between time intervals. A
p value of <0.05 was considered statistically significant. Data
analyses were performed using IBM SPSS Statistics for Win-
dows, Version 25.0 (IBM Corp., Armonk, NY, USA).

)

Figure 1. Autologous cranioplasty. a) 3D images of the patient’s cranial defect area. b) Computed tomography (CT) images showing the
craniectomy site before cranioplasty. ¢) Cranial defect area with previous incision scars. d) Autologous bone graft and defect area. e)
Attachment of the dura to the bone graft using silk suspension sutures. f) Fixation of the bone graft with titanium plates and screws.
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(9)

Figure 2. Titanium cranioplasty. a) Preoperative images of the pa-
tient from anterior and lateral views showing cranial deformity due
to craniectomy. b) Sample kit produced using a 3D printer. ¢) Pre-
operative images of the patient from superior and posterior views
showing previous incision scars and scalp deformities. d) Titanium
plate and cranial defect area. e) Intraoperative demonstration of
the fit between the implant and the defect area. f) Attachment of
the dura to the implant using silk suspension sutures and fixation of
the implant with predesigned plates and screws. g) Postoperative
3D and computed tomography (CT) images showing successful
closure of the defect area.

RESULTS

Baseline Characteristics of Patients

A total of 47 patients with TBI resulting from various trau-
matic events were examined, with a median age of 45 years

(range: 13-86), of whom 24 (51.1%) were female. Twenty-
two (46.8%) patients underwent AC and 25 (53.2%) under-
went TC. No significant differences were found between the
groups in terms of age (49.8+22.5 vs. 46£23.5 years, p=0.55),
sex (female: 50% vs. 52%, p=0.89), hypertension (54.5% vs.
32%, p=0.12), diabetes mellitus (31.8% vs. 24%, p=0.55), pre-
operative GCS score (13.8£2.4 vs. 13.7£2.4, p=0.84), or scalp
deformity (50% vs. 53.2%, p=0.68) (Table I).

Operative Parameters

There were no significant differences between the groups in
terms of operation time (104.0£27.7 min. vs. 104+£27.7 min.,
p=0.80), DCR (54.5% vs. 48%, p=0.65), CDA (46.4x13.1 vs.
49.5£12.4, p=0.41), use of VP shunt (4.6% vs. 8%, p=1.0), or
length of hospital stay (7.3+2.4 days vs. 7.7£2.1 days, p=0.59).
Blood loss was significantly greater in the AC group than in
the TC group (215.5+ 35.6 ml vs. 126.2 £47.9 ml, p<0.001)
(Table 2).

Complications and Mortality

Postoperative complications occurred in 19 patients (40.4%)
overall, while resorption was observed only in the AC group
(four patients, 18.2%). All affected patients subsequently
underwent revision cranioplasty with 3D custom-made TC.
Overall, two patients experienced dehiscence (one [4.5%]
in the AC group and one [4%] in the TC group). No surgi-
cal intervention was required for the patient with AC who
developed dehiscence, whereas skin revision was performed
afterwards for the patient with TC. Surgical site infection oc-
curred in three patients overall (two [9.1%] in the AC group
and one [4%] in the TC group). Autologous grafts were re-
moved from these patients, while the patient in the TC group
did not require implant removal. Three patients developed
postoperative hydrocephalus: one (4.5%) in the AC group and
two (8%) in the TC group, and all of them underwent VP
shunt surgery. Postoperative hemorrhage occurred in three
patients (two [9.1%] in the AC group and one [4%] in the TC
group). Two patients with AC had subdural hematomas, and
the patient with TC had an intracerebral hematoma. None of
the patients required surgical intervention for postoperative
hematoma. Seizures occurred in four patients overall (two
[9.1%] in the AC group and two [8%] in the TC group) and

Table I. Baseline characteristics at admission
All Autologous Cranioplasty Titanium Cranioplasty P-value
(n=47) (n=22) (n=25)
Age, years, meantSD 47.8+22.8 49.8+22.5 46+23.5 0.55
Sex, women, n (%) 24 (51.1) Il (50) 13 (52) 0.89
Hypertension, n (%) 20 (42.6) 12 (54.5) 8 (32) 0.12
Diabetes mellitus, n (%) 13 (27.7) 7 (31.8) 6 (24) 0.55
Scalp deformity, n (%) 25 (53.2) Il (50) 14 (56) 0.68
Preoperative GCS, mean+SD 13.7+2.3 13.8+2.4 13.7+2.4 0.84
GCS: Glasgow Coma Scale; SD: Standard deviation.
Ulus Travma Acil Cerrahi Derg, December 2025, Vol. 31, No. 12 1185
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Table 2. Operative parameters and postoperative outcomes
All Autologous Cranioplasty  Titanium Cranioplasty  P-value

(n=47) (n=22) (n=25)
Operation time, min, meanSD 103.1+27.0 104.0+27.7 104.0+27.7 0.80
Blood loss, ml, mean+SD 168.0£61.7 215.5+35.6 126.2+47.9 <0.001
CDA, cm2, mean+SD 48.1£12.7 46.4%13.1 49.5%12.4 0.41
DCR, right, n (%) 24 (51.1) 12 (54.5) 12 (48) 0.65
VP shunt, n (%) 3 (64) | (4.6) 2 (8) 1.0%*
Time interval, n (%) 0.94
Early (<3 months) 14 (29.8) 7 (31.8) 7 (28)
Intermediate (3-6 months) 17 (36.2) 8 (36.4) 9 (36)
Late (>6 months) 16 (34) 7 (31.8) 9 (36)
Length of hospital stay, days, mean+SD 7.5%£2.2 7.3£24 7.7£2.1 0.59
Presence of postoperative complication, n (%) 19 (40.4) 12 (54.5) 7 (28) 0.06
Resorption 4 (8.5) 4(18.2) 0
Dehiscence 2 (4.3) | (4.5) I (4)
Seizure 4 (8.5) 2 (9.1) 2 (8)
Surgical site infection 3 (6.4) 2 (9.1) 1 (4)
Postoperative hemorrhage 3 (6.4) 2 (9.1) 1 (4)
Postoperative hydrocephalus 3 (64) 1 (4.5) 2 (8)
One-year mortality, exitus, n (%) 5(10.6) 3 (13.6) 2 (8) 0.65*
CDA: Cranial defect area; DCR: Decompressive craniectomy region; VP: Ventriculoperitoneal shunt; SD: Standard deviation. *Fisher’s exact test.
Table 3. Comparison of postoperative complications according to time interval and cranioplasty material
Time Interval Autologous Cranioplasty Titanium Cranioplasty P-value

(Yes/No) (Yes/No)
Early (<3 months) 5/2 0/7 0.021
Intermediate (3-6 months) 6/2 5/4 0.620
Late (>6 months) 1/6 2/7 1.000

GCS: Glasgow Coma Scale; SD: Standard deviation.

represented the second most common complication. Time
intervals (early: <3 months; intermediate: 3—-6 months; and
late: >6 months) were compared between the AC and TC
groups. In the AC group, 31.8% of patients underwent early
cranioplasty, 36.4% intermediate, and 31.8% late. Similarly,
in the TC group, 28.0% underwent early cranioplasty, 36.0%
intermediate, and 36.0% late. There was no statistically sig-
nificant difference in the timing distribution between the two
groups (p=0.94). Mortality was observed in 10.6% of patients
overall (13.6% vs. 8%, p=0.65) (Table 2).

When the data were stratified by material and time interval
(Table 3), complications were significantly more frequent in
the AC group during the early period (<3 months) compared

1186

Figure 3. Comparison of cosmetic results between groups. Titani-
um cranioplasty provided significantly better cosmetic results than
autologous cranioplasty.

Ulus Travma Acil Cerrahi Derg, December 2025, Vol. 31, No. |12



Kayhan et al. Cranioplasty for traumatic brain injury

Table 4.

Comparison of postoperative complications according to time interval

Time Interval

Presence of complication Early(<3 months)

Intermediate (3—6 months) Late (>6 months)

(n=14) (n=17) (n=16)
No, n (%) 9 (64.3) 6 (35.3) 13 (81.2)
Yes, n (%) 5@35.7) Il (64.7) 3(18.8)
P-value
Pairwise comparison Early vs. Intermediate 0.21
Intermediate vs. Late 0.02
Table 5. Comparison of cosmetic results and time interval between groups
Autologous Cranioplasty Titanium Cranioplasty P value
Cosmetic result
Poor, n (%) 3(13.6) 0 (0) <0.001
Fair, n (%) 10 (45.5) 0 (0)
Good, n (%) 3 (13.6) 5 (20)
Excellent, n (%) 6 (27.3) 20 (80)
Time interval
<3 months, n (%) 7 (31.8) 7 (28) 0.94
3-6 months, n (%) 8 (36.4) 9 (36)
>6 months, n (%) 7 (31.8) 9 (36)

to the TC group (5/7 vs. 0/7, p=0.021). No significant differ-
ences were observed in the intermediate (3—6 months) or
late (>6 months) periods between the AC and TC groups
(p=0.620 and p=1.000, respectively).

When analyzed independent of material (Table 4), complica-
tion rates varied significantly across time intervals. The inter-
mediate period (3—6 months) had the highest complication
rate (64.7%), followed by the early period (35.7%) and late
period (18.8%). The difference between the intermediate and
late periods was statistically significant (p=0.02), while the
early vs. intermediate comparison did not reach significance
(p=0.21).

Cosmetic Results

According to the Odom criteria, outcomes were rated as
excellent in 26 patients (55.3%), good in eight (17%), fair in
10 (21.3%), and poor in three (6.4%) overall. A significant
difference was observed in cosmetic outcomes according
to the type of cranioplasty material (p<0.001), but not ac-
cording to the time interval between DC and cranioplasty
(p=0.94). Whether surgery was performed before 3 months,
between 3-6 months, or after 6 months did not significantly
affect cosmetic results (p=0.501). Patients who underwent
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TC had better cosmetic outcomes according to the Odom
criteria, whereas those with AC more often had poor results
(Table 5, Fig. 3).

DISCUSSION

Traumatic brain injury remains one of the most common
causes of mortality and morbidity worldwide. Although
most TBls are associated with motor vehicle accidents, falls,
and assaults, large-scale disasters such as earthquakes may
also cause TBI, particularly due to building collapses and en-
trapment under debris.I'*'*l However, in clinical practice, the
etiology of TBI does not significantly alter the surgical ap-
proach once DC is required. The increase in ICP resulting
from TBI is a condition that needs to be alleviated by DC as
a last-line of intervention./”!>!”1 Once the increased ICP has
been relieved, cranioplasty procedures must be performed
to restore skull integrity.*”!” Cranioplasty following DC can
help facilitate the hydrodynamics of cerebrospinal fluid (CSF)
and cerebral blood flow (CBF), thereby improving neurologi-
cal status.1*8!7]

Both DC and cranioplasty procedures are inevitably asso-
ciated with complications, which may depend on the time
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interval between DC and cranioplasty.®'"25] Tomar et al.[
reported postoperative complications in 7 of 3| patients
(22.6%) who underwent AC. The overall complication rates
were reported as 18.75% and 26.66% for early (<3 months)
and late (>3 months) cranioplasty, respectively, with no sta-
tistically significant difference. Resorption occurred in only
two patients, both in the late cranioplasty group. A system-
atic review revealed an increased risk of postoperative hydro-
cephalus following early cranioplasty (<3 months), although
early intervention has been suggested to improve CSF hydro-
dynamics and clinical recovery.>?1 Early cranioplasty is often
considered for patients with neurological deterioration due
to loss of skull integrity, such as in sinking skin flap syndrome
(SSFS). This condition results from an imbalance of atmo-
spheric pressure and impaired cerebrospinal fluid dynamics
and is particularly associated with postural neurological defi-
cits and cognitive slowing.?**! None of the patients in this
study had this condition.

Schuss et al.l¥! reported that among 243 patients who un-
derwent AC after DC, early cranioplasty (<2 months) was
associated with a significantly higher overall complication rate
than late cranioplasty (>2 months) (25.9% vs. 14.2%). Fifty
percent of the early cranioplasty patients in that study had
TBI, which may explain the higher complication rate observed
in the early period. According to a multicenter study,! early
cranioplasty was associated with an increased risk of postop-
erative hydrocephalus and a significant risk of postoperative
seizures, in contrast to the findings of Ozoner et al.,””? who
reported that late cranioplasty carries a risk of postoperative
hydrocephalus in TBI patients (80% vs. 20%).

We conducted this study in patients with TBI, and postop-
erative complications were observed in 40.4% of cases (19
out of 47 patients). We did not find any significant differ-
ences in terms of complication rates between the AC and
TC groups. While the overall complication rate was highest
in the 3—6-month group, the late cranioplasty (>6 months)
group had the lowest rate, regardless of the type of cranio-
plasty material. These findings indicate that late cranioplasty
may be a safer option for patients with TBI. In contrast, some
studies have reported that the optimal timeframe for cranio-
plasty following DC is 3-6 months.*?! Cerebral recovery af-
ter severe to mild TBI occurs most rapidly within this period.
2829 Altering this timeframe may negatively affect postopera-
tive recovery and increase the incidence of complications. In
the current literature, rare but life-threatening events such as
paradoxical herniation have also been reported, particularly in
cases of late cranioplasty, where the skull defect fails to pro-
tect the brain from external pressure gradients.®”! Although
we did not observe such cases in our series, this complication
highlights the critical importance of individualized timing de-
cisions based on radiological and clinical findings rather than
rigid temporal protocols.

Subgroup analysis revealed that early cranioplasty using au-
tologous bone was associated with significantly higher com-
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plication rates compared to titanium implants. Given this
increased risk, TC appears to be a safer and more reliable op-
tion in early cranioplasty scenarios. Nevertheless, autologous
bone grafts should still be considered the first-line material
due to their biocompatibility and cost-effectiveness, particu-
larly when the graft is well preserved and structurally intact.
However, if the autologous bone is compromised-for exam-
ple, due to improper preservation, fragmentation, infection,
or substantial resorption-the use of custom-made titanium
implants represents a highly viable and preferable alternative.
This approach not only reduces complication rates but also
offers enhanced structural integrity and superior cosmetic
outcomes, particularly in patients with TBI, in whom tissue
healing may be impaired due to skin breakdown and damage
to the bone itself. DC has also been shown to impair wound
healing in TBI patients, which may influence the choice of
cranioplasty material.’*?! Therefore, alternative cranioplasty
materials such as titanium should be considered. Previous
studies have reported surgical site infection rates of up to
10% in autologous cranioplasty and 4-8% in titanium-based
cranioplasty, which is consistent with our findings.['%!!32:34
Notably, the relatively small sample size of our study may
limit the generalizability of these results.

Yeap et al.’ reported that the most common etiologic factor
for bone resorption is trauma. The cranioplasty procedure
itself can lead to complications such as loss of skin quality,
deterioration of the skin's blood supply, and reopening of the
incision line due to scar tissue formation at the surgical site.
[29353¢] Consequently, with advancements in software technol-
ogy and 3D printing, the use of 3D custom-made titanium
implants has become increasingly feasible. First, a 3D tem-
plate is designed based on the patient's CT images using spe-
cialized software and then produced with a 3D printer. The
3D template assists the surgeon in assessing the compatibility
between the defect area and the titanium implant, helping to
avoid unnecessary costs and additional intraoperative shaping
of the implant. However, this process involves specific costs
and requires expertise at each stage, from production to sur-
gery, which can be considered a limitation in daily neurosurgi-
cal procedures.

Another problem encountered in cranioplasty surgeries is
the reduction in the volume and quality of the skin covering
the defect, which increases in direct proportion to the size of
the CDA.B® In this study, there was no significant difference
in CDA between the AC and TC groups. Therefore, CDA
was not a significant parameter influencing the postoperative
complication rate in this study.

In a randomized controlled triall'! comparing custom-made
titanium and AC, the one-year mortality rates did not differ
from our findings. When the follow-up period was extended
to two Years, it was reported that the use of titanium instead
of autologous bone reduced the need for revision cranioplas-
ty. The one-year mortality rate observed in our study was
not statistically significant.
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We used the Odom criteria to evaluate patients’ cosmetic
satisfaction. Compared with the AC group, the TC group
demonstrated significantly better outcomes, whereas the AC
group showed mostly poor results. For the reconstruction
of skull defects, 3D custom-made titanium implants provide
well-established cranial symmetry and optimal aesthetic out-
comes.[?193537] The effectiveness of this approach has been
demonstrated by its ability to produce favorable cosmetic
results, reduce infection rates, and minimize the need for
subsequent cranioplasty procedures. This may be because
titanium inhibits the colonization of microorganisms, as it
does not provide a nutrient medium for them compared with
other materials and cannot form a biofilm layer due to its
perforated structure.l'!!223433] Following TBI, increased ce-
rebral vulnerability, resulting from ongoing edema, disrupted
autoregulation, and impaired brain compliance—may reduce
the safety of using autologous bone.[3® The restoration of
cerebral and scalp functions may take time; therefore, cus-
tom-made titanium implants can be considered the most
preferable alloplastic material. Moreover, we did not find any
significant association between cosmetic outcomes and the
time interval between DC and cranioplasty; however, the use
of titanium as a cranioplasty material was associated with sig-
nificantly better cosmetic results.

Limitations

This study has several limitations. First, we did not include
other alloplastic materials used in cranioplasty for compari-
son. Second, the sample size of our study is relatively small
compared with that of several other studies, which could lead
to some complexity in determining statistical significance.
Third, this is a retrospective, single-center study; therefore,
patient selection bias, institutional preferences, and surgi-
cal experiences may limit the generalizability of the findings.
Lastly, cosmetic outcomes were evaluated using the Odom
criteria, which are inherently subjective and may vary depend-
ing on the evaluator’s perspective.

CONCLUSION

Traumatic brain injury can result in unfavorable conditions af-
fecting the patient’s scalp and bone. To ensure optimal man-
agement following DC due to TBI, both the timing of cra-
nioplasty and the choice of cranioplasty material play crucial
roles. Based on the findings of this study, two main consider-
ations can be proposed. First, while autologous bone grafts re-
main the first-line choice, custom-made titanium implants may
serve as a reliable alternative in early cranioplasty when the
graft is not well preserved or carries a high risk of resorption
or fragmentation, owing to their lower complication rates and
superior structural integrity. Second, regardless of the mate-
rial used, late cranioplasty (26 months) appears to be associat-
ed with the lowest overall complication rates. Therefore, both
timing and material selection should be carefully considered
during surgical planning, with individualized decisions tailored
to patient-specific factors. Further large-scale prospective
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studies are warranted to support these observations.
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ORIJINAL CALISMA - 6Z

Travmatik beyin hasarinda dekompresif kraniyektomi sonrasi otolog ve 6zel yapim
titanyum kraniyoplastinin kargilagtirilmasi: 7 yillik klinik deneyim

AMAC: Travmatik beyin hasari (TBH), dekompresif kraniyektominin (DK) en sik uygulanma sebeplerinden biridir. Dekompresif kraniyektominin
yonetimi kraniyoplasti prosedirlerini de igermelidir. Her iki prosediir de gesitli komplikasyonlara sebep olabilse de, kozmetik sonuglar gibi krani-
yoplasti sonrasi postoperatif sonuglar, hastalar igin 6nem arz etmektedir. Kraniyoplastinin zamanlamasi ve kullanilan kraniyoplasti materyali, bu
calismada kozmetik ve postoperatif sonuglar adina retrospektif olarak degerlendirilen esas parametrelerdir.

GEREC VE YONTEM: Ocak 2017 ve Ocak 2024 tarihleri arasinda, travmatik beyin hasari dolayisiyla klinigimizde otolog kraniyoplasti (n=22) ve
ozel yapim titanyum kraniyoplasti (n=25) operasyonlari gegiren toplam 47 hasta retrospektif olarak analiz edildi. Hastalar demografik 6zellikleri,
komplikasyon oranlari ve operasyonel parametreler bazinda karsilastirildi. Kozmetik sonuglar ve | yillik mortalite oranlari da ayrica rapor edildi.
Kozmetik sonuglarin degerlendiriimesinde Odom kriterleri kullanildi.

BULGULAR: Gruplar arasinda, temel 6zellikler ve genel komplikasyon oranlari anlamli farklilik géstermemistir. Kan kaybi titanyum kraniyoplastide
otolog kraniyoplastiye kiyasla anlamli olarak daha diistiktiir (126.2£47.9 ml ve 215.5+35.6 ml, p<0.001). En ylksek komplikasyon orani DK'den
3-6 ay sonra yapilan kraniyoplastilerde gézlenmistir. Erken donemde (<3 ay), otolog greftler titanyumdan, anlamli olarak daha fazla komplikasyonla
iliskilendirilmistir (5/7 ve 0/7, p=0.021). Kozmetik sonuglar titanyum ile anlamli derecede daha iyi iken, zamanlamanin kozmetik sonuglar tizerine
etkisi olmamustir. | yillik mortalite oranlari gruplar arasinda benzerdir.

SONUC: Kraniyoplastinin zamanlamasi ve kraniyoplasti materyali TBH hastalarinda ameliyat sonrasi sonuglari etkileyebilir. Otolog kemik rekons-
triiksiyon igin kullanilamiyorsa, titanyum plaklar erken kraniyoplastide tercih edilebilir bir segcenek olabilirken, geg kraniyoplasti genel olarak daha az
komplikasyonla iligkili goriinmektedir. Bu bulgulari desteklemek icin daha fazla galismaya ihtiyag vardir.

Anahtar sozclikler: Dekompresif kraniyektomi; kraniyoplasti; titanyum; travmatik beyin hasari; 3D implant.
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