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ABSTRACT

AIM: To investigate the outcomes of the simultaneous closure of bilateral cranial defects using custom-made three-dimensional 
(3D) titanium implants.   
MATERIAL and METHODS: Demographic data of 26 patients with bilateral cranial defects who underwent cranioplasty using the 
3D custom-made titanium implants in our clinic between 2017 and 2022 were retrospectively reviewed. Data on the area of cranium 
defect, the time interval between last cranial surgery and cranioplasty, postoperative complications, etiology of the cranium defect, 
and hospitalization of the patient were statistically evaluated.
RESULTS: The incidence of bilateral cranioplasty was 19.11%. The gender distribution of patients was 4 (15.4%) female and 22 
(84.6%) male, with a mean age of 29.08 ± 14.65 years. The mean defect area was 35.0 ± 19.03 and 29.24 ± 22.51 cm2 on the right 
and left sides, respectively. The etiology of the cranium defect was gunshot wounds in 12 patients, and 14 patients had a history of 
trauma-related injuries such as falls and vehicle accidents. Eight patients had a history of failed cranioplasty with autologous bone. 
Postoperative complications were wound dehiscence in two patients and diffuse cerebral edema in one patient. No mortality was 
recorded.  
CONCLUSION: The custom-made cranioplasty is feasible for simultaneous closure of bilateral cranial defects. Many complications 
can be prevented by careful preoperative evaluation before surgery and an appropriate implant selection for the patient.
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farctions (29,34). Cranioplasty is a common surgical proce-
dure to close the cranial bone defect that occurs after craniec-
tomy (25). It is performed to provide mechanical protection of 
the brain parenchyma from external impacts to regulate the 
cerebrospinal fluid (CSF) dynamics and brain perfusion by 

█   INTRODUCTION

Decompressive craniectomy is inferior to head traumas, 
brain tumors, displaced bone fractures, cranial bone 
tumors, infections, or brain edema after cerebral in-
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stabilizing intracranial pressure and to solve the patient’s aes-
thetic challenges (1,5,28,30). The cranial defect may be uni-
lateral or bilateral depending on the etiology of craniectomy 
and usually closed by autologous bones. Synthetic materials, 
such as titanium, hydroxyapatite (HA), polymethylmethacry-
late (PMMA), polyetheretherketone (PEEK), carbon fiber-re-
inforced epoxy resin, and bioactive glass are used in small 
or inappropriate bone grafts and cranioplasty for a long time 
(1,8,12,25,28,30,34). Various materials and techniques have 
advantages and disadvantages (34). Therefore, in the selec-
tion of suitable materials and techniques, particular criteria 
should be determined, such as biocompatibility (not initiating 
an allergic reaction against the patient and integrated with 
the cranium), not forming a medium for microorganisms that 
may cause infections, providing sufficient mechanical protec-
tion for the brain, not disrupting skin perfusion, not resorbing 
over time, not conducting heat, and being economically easily 
available (1,26,30-32).

In this study, patients who had bilateral cranial defects and 
underwent cranioplasty surgery with custom-made titanium 
implants produced with three-dimensional (3D) printers 
were clinically evaluated. We compared our results with the 
literature.

█   MATERIAL and METHODS
Local ethics committee approval was obtained for our study 
(071/14/2020/318). Because of the retrospective nature of the 
study, patient consent was not required.

Study Design, Inclusion Criteria

We retrospectively evaluated the patients who underwent 
bilateral cranioplasty surgery with personalized titanium 
material produced with 3D printers between 2017 and 2022 in 
our clinic. We included patients who had bone defects on both 
sides of their cranium and were covered with personalized 
titanium material produced with 3D printers in the same 
surgery. Patients with unilateral or bilateral cranium defects 
who underwent cranioplasty at different times were excluded. 
In our study, demographic data such as gender and age of the 
patient, etiology of the cranium defect, area of cranium defect, 
the time interval between last cranial surgery and cranioplasty, 
history of cranioplasty surgery, cranioplasty material used 
in previous cranioplasty surgery, the reason for repeat 
cranioplasty, duration of hospitalization, postoperative follow-
up time, postoperative complications, and postoperative 
complication surgery were evaluated.

Surgical Preparation and Technique

Planning and designing processes were made in Gülhane 
Medical Design and Manufacturing Center. Using the DICOM 
data of the cranial computerized tomography (CT) (Figure 1), 
a 1/1 scale plastic model of the patient’s cranium and the 
cranial implant to close the cranium defect was designed and 
developed using the special designing software programs 
(Mimics and 3-matics, Materialize Mimics Innovation Suite, 
Belgium). Features such as the suitability of the skin and 
brain tissue are taken into consideration by the designing 
engineers. The plastic models were manufactured using a 

Figure 1: A) Three-dimensional (3D) images of cranium defects were created in the virtual environment by using radiological images.         
B) 3D image of implants that cover the cranium defects were created in the virtual environment.
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3D plastic printer (ZCorp, Zprinter 650). The cranial implant 
was manufactured using a metal 3D printer that uses selective 
laser melting technology (M2 Cusing, Concept Laser GmBH 
Lichtenfels, Germany) and medical Ti-alloy Rematitan (Ti6Al4V, 
Grade 23 [ELI)). The 3D image of the patient’s cranium and the 
plan of the implant to close the cranium defect were created 
in a virtual environment (Figure 1). The titanium implant with 
2.4-mm diameter holes was produced following the 3D model 

(Figure 2). A preoperative skin evaluation of the patient was 
performed (Figure 3). After the antiseptic procedures, the 
patient was given a position that would provide access to 
the defect area on both sides or access to the area on the 
side of the large defect. The previous skin incisions were used 
to reach the defect area. The incision was enlarged when 
necessary. When the titanium implant was fully inserted into 
the defect area, the dura was suspended with 5.0 silk sutures 

Figure 2: Plastic models were 
produced according to the three-
dimensional (3D) images in the 
virtual environment.

Figure 3: A) Before surgery; photographs of the patient showing the cranium defects were taken from all angles. B) After surgery; 
photographs of the patient showing the cranium defects were taken from all angles. (The patient consented to the publication of his 
image.)
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Regardless of the side of the cranium defect areas, there is 
no statistically significant difference among gender and age, 
etiology of the cranium defect, history of cranioplasty surgery, 
postoperative complications, and complication surgery.

There is a statistically significant relationship between the time 
interval between last cranial surgery and cranioplasty and the 
cause of the cranium defect. This period is longer in patients 
with gunshot wounds than the others (Table III).

█   DISCUSSION
Bilateral cranial defects are challenging for neurosurgeons and 
differ from unilateral defects, in which the area of the defect 
is larger, the atmospheric pressure on the brain is higher, and 
the presence of two different operating sites for cranioplasty 
increases the risk of infection. Cosmetic outcomes may not 
be as satisfactory as unilateral defects because the degree 

to prevent epidural hematoma. In patients with defects in the 
temporal region, the temporal muscle was suspended to the 
implant with 2.0 vicryl sutures. The titanium implant was fixed 
to the cranium with titanium mini-screws (Figure 4). A positive 
pressure subgaleal drain was placed to prevent epidural 
hematoma.

Postsurgical Follow-up

A CT scan was performed after the 6th hour postoperatively to 
evaluate the position of the implant after surgery and to reveal 
any postoperative bleeding. Drains were removed within 
48 hours unless otherwise noted. For infection prophylaxis, 
intravenous ceftriaxone treatment was continued in the first 
72 hours postoperatively, three doses a day. At the next time 
interval, prophylaxis was carried on with oral amoxicillin–
clavulanic acid preparations. Sutures were then removed at 
the end of the second postoperative week.

Statistical Analysis

The IBM SPSS Version 25.0 statistical package program (IBM 
Corp., Armonk, NY) was used for data analysis in our study.

█   RESULTS
A total of 136 patients underwent cranioplasty between 2017 
and 2022, and 26 (19.11%) of them had bilateral cranium 
defects. Twenty-two (84.6%) patients were men, and four 
were women (Table I). The mean age was 29.08 ± 14.65 
(9–64) years. The mean cranium defect area was 35.0 ± 
19.03 (15.01–84.32) and (12.46–77.73) cm2 on the right and 
left sides, respectively, with a total of 63.62 ± 39.41 (32.65–
161.87) cm2 on both sides (Table II). The etiology of the 
cranium defect was gunshot wounds in 12 patients. Fourteen 
patients had a history of trauma-related injuries such as falls 
and vehicle accidents. Eight patients (30.8%) had a history 
of failed cranioplasty with autologous bone. Postoperative 
complications developed in three (11.5%) patients. Wound 
dehiscence was observed in two patients. While one of the 
patients recovered with wound dressing follow-ups without 
surgery, the other patient underwent wound revision surgery. 
Diffuse cerebral edema was revealed in one patient at the 8th 
hour postoperatively. The patient’s implants were removed.

Figure 4: The picture shows the condition of the implants after they are placed. (The patient consented to the publication of his image.)

Table I: Demographics and Operative Characteristics

Patients’ Groups Frequency

Sex
Male
Female 

22 (84.6%)
4 (15.4%)

Cause of Cranium Defect
Firegun Injury
Traumatic Fracture

12 (46.2%)
14 (53.8%)

Postoperative Complications
None
Opening The Incision Site
Diffuse Brain Edema

23 (88.5%)
2 (7.7%)
1 (3.9%)

Previous Cranioplasty Surgery
None
Autological Bone Flap

18 (69.2%)
8 (30.8%)

Reason of Repeat Cranioplasty Surgery
None
Osteomyelitis
Bone Resorption

18 (69.2%)
4 (15.4%)
4 (15.4%)
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fails to meet the patient’s cosmetic expectations. Although 
patient-specific implants produced in 3D printers are more 
expensive and poorly accessible, patient satisfaction is very 
high after surgery (2,9,15,16,22,26).

The most common problem of surgeons in cranioplasty 
surgeries is the decrease in volume and quality of the skin 
covering the defect that occurs due to multiple cranial 
surgeries (17). The risk of this problem increases directly 
proportional to the size of the cranium defect area (14,17). 
Because our study is limited to bilateral cranium defects and 
skin reserve, we performed our preoperative skin evaluation 
very carefully.

Cranioplasty surgery can improve the patient’s neurological 
functions and cognitive status by regulating cerebral blood 
flow and CSF circulation (3,5,23,24). We did not observe 
any changes in the neurological functions of our patients; 
however, in the patient evaluation questionnaires we 
conducted after surgery, we found an improvement in the 
cognitive status of the patients and a significant decrease in 
their aesthetic challenges. The effect of cranioplasty surgery 
on seizures is controversial. While there are opinions stating 
that seizures will decrease by regulating cerebral blood flow 
after cranioplasty surgery, there are also opinions stating that 
cranioplasty causes seizures like all other cranial interventions 
(3,18,23,24,27). In the long-term follow-up of our patients, we 
observed that the antiepileptic treatment was terminated or 
the amount of antiepileptic drug used was reduced.

There are different viewpoints on the timing of cranioplasty 
surgery (3,18). Morton et al. reported in their study that the risk 
of infection was highest in the first 2 weeks after craniectomy, 
the risk of hydrocephalus was highest in the first 3 months, 

of skin contracture on bilateral cranial defects may be a 
challenge for closure of the skin after the insertion of implants. 
Classical reconstruction techniques such as mirror imaging 
of the healthy and unaffected cranial side are not suitable 
for bilateral defects with missing midsagittal planes (4,6,33). 
In our study, we used postcraniectomy cranial CT scans (5–
10 mm slices) to generate 3D images of the implant for the 
bilateral cranial defects. Although there are a few cases of 
cranioplasty or case reports, there has been no clinical study 
in the literature evaluating the results of cranioplasty surgery 
for bilateral cranium defects.

The commonly used materials in the repair of cranial bone 
defects are autologous bones, titanium, HA, PMMA, PEEK, 
and bioceramics (1,12,34). Autologous bones with bone flaps 
are preserved after craniectomy, rarely bones that shifted to 
the defect area or are obtained from different parts of the 
body. Although the biocompatibility of autologous bones is 
efficient, resorption of the bone flap due to the insufficient 
blood supply and infection problems because of storage 
conditions are frequently experienced. At present, the 
first option for cranioplasty is the bone flaps hidden after 
craniectomy (7,8,19,30,34). In our study, concealed bone 
flaps were used after craniectomy in eight patients, repeat 
cranioplasty due to osteomyelitis was applied to four patients, 
and bone resorption was done in four patients. Futile bone 
flaps of 18 patients were not stored after craniectomy.

Titanium, HA, PMMA, and PEEK can be used by shaping 
intraoperatively or producing preoperatively as custom-
made in suitable 3D printers (7,19,20,29,34). Biocompatibility, 
responsiveness, durability, and heat insulation of the implants 
vary depending on the material used. Intraoperatively shaped 
implants are inexpensive and accessible; however, it often 

Table II: Demographics and Operative Value

Patients’ Groups Value

Patient’s age ( year) 29.08 ± 14.65 (9 - 64)

Area of cranium defect (cm2)
Right
Left
Total

35.0 ± 19.03 (15.01 - 84.32)
29.24 ± 22.51 (12.46 - 77.73)

63.62 ± 39. 41 (32.65 – 161.87)

Time from last cranial surgery to cranioplasty surgery (month) 17.0 ± 11.68 (3 - 43)

Duration of hospitalization (day) 8.77 ± 7.44 (3 – 30)

Postoperative follow-up time (month) 29.23 ± 14.47 (11 – 60)

Table III: Relationship Between Cause Cranium Defect and Time From Last Cranial Surgery to Cranioplasty Surgery

Cause of Cranium Defect Time from last cranial surgery to cranioplasty surgery (months)

Traumatic Fracture 12.14 ± 5.2

Firegun Injury 16.33 ± 0.67

Data are expressed as mean ± standard deviation. 
Mann-Whitney U Test p=0.35
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hemorrhages. Insufficient bleeding control in the temporal 
muscle in surgeries involving the temporal region may cause 
epidural bleeding (11,29,32). We kept skin elevation limited to 
avoid subdural and intracerebral hemorrhage while performing 
surgery. To avoid epidural bleeding, we suspended the dura 
on the implant using the holes of the implant in several places. 
Another advantage of the perforated implant used in the cases 
of our study is that it prevents hematoma formation in the 
epidural area with a drain in the subgaleal area. Diffuse brain 
edema that occurs in the early period after cranioplasty is rare 
but has a high mortality rate (35). Pathophysiologies such 
as intracranial hypotension, brain parenchyma reperfusion 
damage, hypoxia, autoregulation failure, cerebral ischemia, 
and loss of CSF due to negative pressure drainage play 
an important role in the development of the complications 
(10,13). In one of our patients, who was operated in the 3rd 
month for the recovery of his neurological functions, diffuse 
cerebral edema occurred in the 8th hour after the surgery. The 
implants were removed, and medical treatment was given for 
the edema.

The major limitation of this study is the limited number of 
patients. But technical features of the cases make this study 
more valid and reliable.

█   CONCLUSION
Simultaneous closure of the bilateral cranial defects is 
challenging and poses many technical difficulties with several 
complications. These complications can be overwhelmed by 
careful preoperative evaluation of the patient and selection of 
appropriate implant. Using the 3D printers in the closure of 
bilateral defects, the most suitable implant for the patient’s 
defect can be produced before surgery. These implants 
prevent repeat surgeries, ensuring that the patient is operated 
on in a single session. Therefore, it reduces the risk of 
complications due to repetitive surgeries such as postsurgical 
infection, intracranial hemorrhage, and wound problems.
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