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Introduction
The cranioplasty procedure is one of the oldest pro-

cedures performed in neurosurgery, and consists of sur-
gically repairing a cranial defect, generally in a delayed 
manner, in order to decrease the risk of graft infections 
[1]. There are various indications for this technique, all 
with the main objective of supporting the underlying 
noble structures, along with restoring shape and aes-
thetics [2]. Contraindications include infections, hydro-
cephalus, and cerebral edema [3].

Cranial defects have various origins: trauma, decom-
pression procedures, tumors, infections, congenital in-
juries or iatrogenesis [4]. In all these cases, where there 
is both a morpho-functional and a psychological alter-
ation, cranioplasty has demonstrated its contribution, 
giving protection to noble structures, restoring aesthet-
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described, including: Methyl methacrylate, hydroxy-
apatite (HA), porous polyethylene, ceramics and poly-
etheretherketone (PEEK), among others [2,3,13].

Polyetheretherketone (PEEK) is a thermoplastic 
polymeric material with high mechanical properties. 
PEEK implants have increased in popularity due to 3D 
design and printing computational technology, which 
allows implants to be manufactured specifically for each 
patient [3]. Some of the advantages of using custom im-
plants are the greater anatomical fit they provide (in-
traoperative adjustment rates close to titanium) and a 
shorter operative time [4]. The purpose of this article is 
to share the report of a case, where the reconstruction 
of a cranial defect was performed using a customized 
PEEK implant, and to analyze its indications, advantag-
es, and clinical results.

ics and function, and reducing undesired neurological 
effects [4,5]. There are several ways to reconstruct 
these defects [6-12], and in all of them it is important 
to evaluate a series of factors, such as the material to 
be used, the costs, the type of surgical procedure to be 
performed, its associated morbidity, and its stability in 
the time [4].

The current treatment of choice is controversial, and 
is related to the type of material to be used, since the 
ideal material for reconstruction of cranial defects does 
not exist [5], so finding one that improves the progno-
sis of treatment has been a constant search [3]. With 
the difficulties associated with the use of autografts, 
interest in alloplastic materials has grown, and a series 
of materials that can reduce the complications associat-
ed with the use of bone grafts have been analyzed and 

 

Figure 1: (A and B) Preoperative frontal view of patient with fronto-temporo-parietal left defect. Consecutive to decompressive 
craniotomy; (C and D) Tridimentional reconstruction of computed tomography (CT) front and lateral view, where previous 
cranioplasty with polymethylmethacrylate and its mismatch due to material contraction are observed; (E) Impression of a 
stereolithographic model to evaluate the defect, design and manufacture of a customized PEEK prosthesis.
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Figure 2: (A) Left hemicoronal approach and cranial defect exposure. Dura mater and suspensory suture are observed; 
(B) Customized PEEK prosthesis installed and fixed with 1.5 mm osteosynthesis plates and screws. There is also a 
reinforcement with titanium mesh; (C and D) Tridimentional reconstruction of control computed tomography (CT) with 
a customized PEEK prosthesis in the correct position (front and side views); (E) Preoperative cranial defect; (F) Cranial 
defect in the immediate post-operative period.

acrylate, which psychologically affected the patient. On 
clinical examination, the sinking in the anterior portion 
of the left temporal fossa is evident, where it is possi-
ble to feel the gap or mismatch between the edges of 
the polymethyl methacrylate prosthesis and the bone 
tissue. Based on the clinical and imaging history ob-
tained, a removal of the polymethyl methacrylate and 
the installation of a customized PEEK prosthesis are 
planned. Pre-operative exams and a craniofacial cone-

Case Report
44-year-old female patient, with a history of cere-

bral aneurysm treated by left fronto-temporo-parietal 
decompressive craniectomy, and a delayed cranioplasty 
with polymethyl methacrylate (Figure 1A and Figure 1B), 
was referred after five years to the Maxillofacial Surgery 
Unit of the Hospital del Salvador (Santiago, Chile), for 
an evaluation and treatment of the residual cranial de-
fect generated by the contraction of polymethyl meth-
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PEEK prosthesis to fix the dura, and then the implant 
was fixed and reinforced with 1.5 mm plates, titanium 
mesh, and screws (©Biomateriales Chile) in the edges of 
the defect. Intraoperative adjustments of the prosthesis 
were not necessary. After hemostasis control, a profuse 
wash with physiological serum and plane closure of the 
approach was performed with Vicryl 3-0 and Prolene 
4-0. No drainage was left during the postoperative pe-
riod. Compression dressings were installed at the end 
of the procedure. A post-operative control tomography 
was requested (Figure 2C and Figure 2D), and the pa-
tient was hospitalized under observation and pharma-
cological treatment for 3 days until discharge. There 
were no complications during the post-operative peri-
od (rejection reactions, infection or implant exposure), 
with a follow-up of 3 years. The final result was aesthet-
ic (improvement of the cranial contour) and functional, 
due to the excellent fit and material properties (Figure 
2E and Figure 2F).

Discussion
Cranial defects generate functional, aesthetic and 

psychological alterations that significantly affect the 
quality of life of patients [5]. The current controversy 
in reconstruction focuses on identifying the best time 
to perform it, and on the type of implant (material) to 
use [1,3]. According to the literature, the ideal material 
should be radiolucent, resistant to infections, non-con-
ductive to temperature, biomechanically resistant, mal-
leable, with good fit, low cost and capable of promoting 
tissue growth on it [3].

Currently, autologous bone grafting is considered 
the “gold standard” for post-craniotomy reconstruc-
tion. However, it is not always possible to use it, since 
in most cases, these reconstructions are performed in 
a delayed manner (as in the case presented), compro-
mising the vitality of the graft [5]. Regarding the size of 
the defect to be reconstructed, the Poukens classifica-
tion describes small defects (10-50 cm2) which can be 
reconstructed with autologous bone graft segments or 
non-personalized titanium meshes. For major defects 
(50-100 cm2), the use of preserved autologous bone (by 
cryopreservation or in abdominal pockets) of calvarial 
bone, or allogenic materials [14] is described.

However, this is related to a series of problems, such 
as the biological and morphological changes experi-
enced by the graft due to loss of vitality, which trans-
lates into unpredictable reabsorptions, and only osteo-
conductive properties [2,3]. Other authors establish 
that for defects greater than 25 cm2, custom implants 
are indicated [15]. The cranial defect of the case pre-
sented in this article had a size greater than 25 cm2, 
for which reason we decided to manufacture a custom 
prosthesis to reconstruct the defect.

Customized and non-customized titanium implants 
have been widely used, however, despite their great 

beam computed tomography (CBCT) are requested. All 
CBCT datasets were acquired using the i-CAT CBCT unit 
(Classic i-CAT scanner, Imaging Sciences International, 
Hatfield, PA, USA). The device was operated at 5 mA and 
120 kV using a high frequency, constant potential, with 
slice thickness of 0.5 mm and a FOV of 25 cm. The pa-
tient was positioned into the device supported by the 
constructed plastic head holder. The chin was inserted 
into the chin holder, and vertical and horizontal laser 
lights on the device used to position the head. Primary 
reconstruction of the data was performed immediately 
after acquisition. The DICOM files were then exported 
to the Mimics software (Materialize, Leuven, Belgium), 
where the bone tissue was isolated to create a three-di-
mensional reconstruction of the skull, in order to more 
fully evaluate the bone defect and the lack of fit of the 
polymethyl methacrylate (Figure 1C and Figure 1D). 
Virtual planning was performed in close collaboration 
with the company Arcomed (Santiago, Chile), and the 
manufacturing process was performed entirely by this 
company. Subsequently, the creation of a stereolitho-
graphic model is coordinated with the laboratory, which 
will be used during the design and manufacture of the 
customized PEEK prosthesis. The shared evaluation 
between the laboratory technician and the surgeon al-
lows defining the contours, extension, terminations and 
screw insertion areas in the prosthesis. Once the design 
is approved, the file with all the data is sent, and with a 
rapid prototyping machine, the patient-specific implant 
is created (Figure 1E). 3D printing files for the designed 
cranial implant were sent as an STL file to the laborato-
ry where all parts were produced using additive manu-
facturing or 3D printing technologies, based on a high 
temperature extrusion system of material filaments. 
The PEEK implant was manufactured using the 3d print-
er MAGIC-HT-MAX (IEMAI 3D, China) through an extru-
sion process at an average temperature of 350 °C with a 
flow rate of 2.2 mg/s using filaments with a diameter of 
1.75 mm and with a thickness of construction layer 0.2 
mm. Finally, the prosthesis is sent to the hospital to be 
sterilized before surgery. Under general anesthesia and 
antibiotic prophylaxis (Cefazolin 2 gr iv), the cranial de-
fect is addressed through the previous hemi coronal ap-
proach. In conjunction with the neurosurgeon, the scar 
tissue was dissected and removed, and adequate hemo-
stasis was performed, completely exposing the defect 
and the polymethyl methacrylate prosthesis, which was 
mobile, only held by some wires. Once the prosthesis 
was removed, the dura was reviewed, finding some 
perforations which were sutured (Figure 2A and Figure 
2B). Due to the size of the prosthesis, it was made in 
parts, which were assembled and fixed with miniplates 
and 1.5 mm screws prior to installation (©Biomateriales 
Chile). Subsequently, the PEEK implant was positioned 
in the defect, verifying that its adaptation is adequate. 
Once the final position was confirmed, suspensory su-
tures were passed through the preformed holes of the 
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prostheses, different studies report infections, post-op-
erative hematomas, fistulas, seromas, dehiscence and 
problems in the healing of operative wounds [1-5]. The 
type of material used would not be a risk factor associ-
ated with infections, however, it has been seen that the 
materials with the largest surface have greater resis-
tance to infections, since they allow active support and 
growth of the tissues towards the interior. Therefore, 
the manufacturing methods and the physical structure 
of these implants can positively influence by reducing 
the risk of infections [2,6,7].

Conclusions
The choice of PEEK as a reconstructive material in 

craniofacial defects has proven to be a safe method. 
Cranioplasty with custom PEEK implants continue to 
give satisfactory results when compared to other types 
of cranial reconstruction. Furthermore, these implants 
have the advantage of being sterilizable, giving the op-
tion of being reused. The high costs of this type of treat-
ment are justified when surgical and hospitalization 
times are shortened, which improves the prognosis of 
treatment.
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