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Background: Large cranial defects represent reconstructive chal-
lenges. Polyetheretherketone (PEEK) implants are preoperatively
tailored to the exact size of the defect and exhibit an excellent
combination of strength, durability, and environmental resistance.
This study presents our experience with patient-specific PEEK
implants with computer modeling.
Methods: A retrospective chart review was conducted on all patients
who underwent cranioplasty treated by a PEEK implant between
2007 and 2012. Analysis of the preoperative and perioperative data as
well as outcome analysis was performed.
Results: A total of 11 patients were included. Mean age was 46 years.
The indication for cranioplasty was bone flap infection and subse-
quent removal in 8 patients, traumatic bone loss in 2 patients, and
acquired defect due to cancer resection in 1 patient. The mean time to
PEEK cranioplasty since the patient’s last operation was 16 months.
The mean defect size was 74 cm2. The mean surgical blood loss was
124 mL. The mean length of stay was 3 days. Complications included
1 postoperative bleeding that required reoperation, but the PEEK
implant was successfully salvaged. The mean time to follow-up was
6 months.
Conclusions: Use of patient-specific PEEK implants is a good alter-
native for alloplastic cranioplasty. It is associated with low morbidity
as reported in our series, with additional advantages including
strength, stiffness, durability, and inertness. It would be beneficial
to assess the longer-term outcomes; however, it appears at first glance
that PEEK implants show great promise in calvarial reconstruction.
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arge defects of the craniofacial skeleton are usually the result of
L trauma, decompressive craniectomies, oncologic resections, and
bone flap loss due to infection. Cranioplasty of such defects provides
a combination of cerebral protection and aesthetic improvement.
Reconstruction of large calvarial defects remains a challenge for
craniofacial surgeons. These defects may result in cosmetic, func-
tional, and psychological consequences.1 The 7 proposed character-
istics of an ideal cranioplasty material are that it (1) is available, (2) is
biocompatible, (3) reproduces skull contour, (4) provides cerebral
protection, (5) has osteogenic potential, (6) is compatible with
imaging, and (7) avoids donor-site problems.2–4 In the past, materials
such as gold, silver, and plant materials were used for restoration of
cranial defects.5 At present, the most commonly used materials are
autologous bone, titanium mesh (TM), porous polyethylene, methyl-
methacrylate (MMA), and hydroxyapatite cements. Nonautologous
materials for reconstruction include bone allograft and alloplastic
implants. Bone allograft carries the risks of disease transmission.6

Alloplastic implants can be complicated by infection, exposure,
fragmentation, growth restriction, and lifelong risks secondary to
lack of incorporation, vascular ingrowth, and remodeling, but have
the additional advantage of no donor-site morbidity. Recently, com-
puter-designed implants have gained popularity, with the use of tita-
nium, porous polyethylene, and hard-tissue-replacement patient-
matched implants.7–9 Polyetheretherketone (PEEK) is a semicrystal-
line polyaromatic linear polymer that first became available for use in
medical implants in 1998,10,11 with early efforts focused on the
development of spinal and hip replacement implants. Polyetherether-
ketone has been shown to exhibit a combination of strength, dura-
bility, stiffness, and resistance extending its use in aerospace and
automotive industries. The advantages of PEEK, which are mainly
the elasticity and strength thresholds that closely approximate cortical
bone, make it a valuable alternative for the reconstruction of calvarial
defects.11 The use of PEEK custom-made implants in craniofacial
reconstruction is described in the literature, but the reports are
limited.12 In 2007, Scolozzi et al1 described for the first time the
use of a patient-specific PEEK implant in craniofacial surgery in the
treatment of a failed reconstruction of a fronto-orbital defect.

The purpose of this study was to present our cranioplasty
experience with patient-specific PEEK implants.

METHODS
The study included a retrospective review of 11 consecutive patients
who underwent cranioplasty with a PEEK patient-specific implant
by the same plastic surgeon (S.C.L) and neurosurgeon (I.F-E)
between 2007 and 2012. The decision to proceed with PEEK
cranioplasty was based on the complexity of the defect after review
of the radiologic data.

Informed consent was obtained from the institutional review
board for a retrospective review of surgical results. A preoperative
high-resolution computed tomography (CT) (1-mm-thick slices) was
obtained for each patient for design of the PEEK implant (Synthes
CMF, West Chester, PA). The images were delivered to the manu-
facturer (Synthes Maxillofacial). The implant was 3 mm thick.

Skull and implant models were made and returned to the sur-
geon for approval. A nonsterile prefabricated PEEK implant was
ion of this article is prohibited.
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FIGURE 1. PEEK implant. FIGURE 3. Conformation of the PEEK implant.
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delivered. An example of a PEEK implant is shown in Figure 1. An
example of intraoperative testing and conformation of the PEEK
implant to the bone defect margins is shown in Figures 2 and 3.
Informed consent regarding the use of PEEK for cranioplasty was
obtained from each patient.

Operation involved a bicoronal approach and elevation of the
scalp from the dura, to expose the underlying calvarial defect until the
bone was visible all around. The implants were secured with a
combination of 1.2- to 1.3-mm plates and 3- to 4-mm screws (Synthes
Maxillofacial). Most of the times, therewas no need for intraoperative
adjustments, but when needed, minimal modifications of the implants
were made with a high-speed burr. All patients had placement of a
subgaleal drain. Scalp closure was performed in layers, and routine
perioperative antibiotics were administered for prophylaxis for as
long as the drains remained in place. All patients were admitted to the
intensive care unit postoperatively, for routine serial neurological
examination and assessment. A routine postoperative CT scan was
obtained before patient discharge.

The medical records of the patients were reviewed for demo-
graphic data (age, sex), preoperative data (indication for operation,
time from the creation of the defect to cranioplasty, anatomical
analysis of the defect [involved bones, laterality, size of the defect]),
intraoperative data [blood loss, surgery duration, number of plates
used], and postoperative data [length of hospital stay and compli-
cations].

RESULTS
Of the group of 11 patients studied, 5 were men, and 6 were women.
Mean age for the study group was 46 years, ranging between 19 and
81 years. The most common indication for cranioplasty was bone flap
infection and subsequent removal (in 8 patients). All of these patients
required initial debridement and removal of the bone flap and
long-term intravenous antibiotics, with eventual cranioplasty. In
the remainder of the group, cranioplasty was performed for traumatic
bone loss (2 patients) and acquired defect due to cancer resection
(1 patient). The mean time to PEEK cranioplasty from the patient’s
last operation was 16 months (range, 6–48 months). The location of
cranioplasty was frontoparietal in 5 patients, frontal in 3 patients,
temporoparietal in 2 patients, and parieto-occipital in 1 patient. Most
of the patients (8 of 11) had a left defect, 2 had a right defect, and 1
had bilateral defects. The mean defect size was 74 cm2 (range,
Copyright © 2015 Mutaz B. Habal, MD. Unautho

FIGURE 2. Bone defect.
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24–270 cm2). The average number of plates used for implant fixation
was 3 (range, 2–4 plates). The mean surgical blood loss was 124 mL
(range, 10–500 mL). The mean length of stay was 3 days (range,
1–6 days) (Table 1).

Only 1 complication (postoperative bleeding) was detected in
the study group. This patient demonstrated expressive aphasia on
postoperative day 1, associated with increased drain output. He was
taken to the operative room, and bleeding was detected from a dural
vein. Bleeding was stopped with identifying the bleeding vein and
bipolar electrocauterization. The cranioplasty with the PEEK
implant was salvaged.

The mean time to follow-up was 6 months (range, 1–12 months).
No complications of wound infection, cerebrospinal fluid leak, or
implant exposure were noted. Overall aesthetic results were satis-
factory in the study group. There were no surgical deaths.

DISCUSSION
Craniofacial defects can result from various conditions such as
trauma, resection of a neoplasm, and removal of an infected bone
flap, leaving part of the brain unprotected. Some resultant defects are
complex because of location or large size. Numerous autogenous and
alloplastic materials can be used in craniofacial reconstruction.
Autologous bone remains favored for calvarial reconstruction in
many cases because of its biocompatibility, relative resistance
to infection, and strength characteristics that match the native
cranial bone.13 Iliac crest, rib, and split calvarium are the most
frequently used donor sites. Main disadvantages are limited avail-
ability, donor-site morbidity, time-consuming harvest and shaping,
potential for graft resorption, and limited ability to perform con-
touring.14 Alloplastic materials on the other hand are readily avail-
able, with unlimited quantity, and have no donor-site morbidity.
However, they may become infected and require additional intrao-
perative time for preparation and contouring. Alloplastic materials
available in the market are MMA, TM, calcium phosphate cements
(CPCs), porous polyethylene, and PEEK. Titanium mesh is a com-
monly used alloplastic material, because of its ease of molding,
biocompatibility, and relative resistance to contamination and
exposure.15 Disadvantages of TM are lack of strength, which may
become a problem for large frontal defects prone to impact forces;
cold and heat conductance; and radiologic scatter on postoperative
rized reproduction of this article is prohibited.

TABLE 1. Patient Data

Mean Range

Sex

Male, n¼ 5; female, n¼ 6

Age, years 46 19–81

Time to PEEK cranioplasty, months 16 6–48

Defect size, cm2 74 24–270

Blood loss, mL 124 10–500

Length of stay, days 3 1–6

Follow-up, months 6 1–12
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imaging studies.16 Methylmethacrylate is notable for its strength,
biocompatibility, ease of molding, and radiotransparency,17 but a
major disadvantage of the alloplast is giving of significant amounts of
heat during its curing process. Jaberi et al18 published their series of
acrylic MMA. Their series composed of 70 patients, and they reported
an overall complication rate of 24%, with infection (13%) and
postoperative hematoma (10%) being the 2 most common compli-
cations.18 Depending on the ratios of the mixture of salt powder with
sodium phosphate or saline solution, a number of different types of
CPC are available. Off-the-shelf availability and ease of use are the
main reasons that have made CPC an attractive option for calvarial
reconstruction.19 Prior studies have reported higher incidence of
complications with CPC especially when used to reconstruct larger
defects, irradiated fields, and defects lacking durable tissue cover-
age.20,21 Polyethylene has less resistance to strong impact and is
difficult to remove because of soft tissue ingrowth.22 It is often used
for smaller defects.23 Alloplastic prefabricated implants derived from
CT scan data have become a popular alternative. Advantages of
custom-made implants include decreased operative time because of
the fact that there is no need for bone graft harvesting or extensive
shaping of the cranial reconstruction. The reconstruction is done
before the actual surgical procedure, which mostly consists of fixating
the alloplastic implant in place. Polyetheretherketone is an aromatic
polymer in ether and ketone linkages. It has been used in a range of
industrial applications because of its light weight, stiffness, and
durability.24 Polyetheretherketone custom-made implants are mainly
used as a 2-step reconstruction, although there are reports of 1-step
procedures in the literature.25 Polyetheretherketone implants are
translucent to x-rays and are nonmagnetic, thus not creating artifacts
on CT or magnetic resonance imaging. They are resistant to heat and
ionizing radiation, and they are nonallergenic. They can be repeatedly
sterilized without loss of their mechanical properties. Disadvantages
include the fact that the cost to manufacture the prosthesis can be
significant. Lee et al23 reported outcomes of their 13 PEEK cranio-
plasties, all of which were well tolerated. They have used PEEK
implants for larger defects in their cohort study (P � 0.001),
compared with other alloplast alternatives (TM, MMA, CPC, porous
polyethylene), without increasing complications. In 2014, Ng and
Nawaz reported their patient series for PEEK cranioplasty, specifi-
cally for the temporoparietal region.26 Their only reported compli-
cation was intraoperative cerebrospinal fluid leak in 3 patients, all of
which were reported intraoperatively. No late postoperative compli-
cations were reported. Their reported long operative time was
justified to ensure adequate bony exposure for good implant fixation.

Overall complication rate for calvarial reconstruction, based on
data derived from a mixture of cancer and non-cancer patients,
ranges from 6.9% to 23.6%.13,21,27 Our complication rate is com-
parable to this reported data (9.1 %). In contrary to Ng et al,26 we do
not believe that frontal or occipitoparietal defects are contraindica-
tions for PEEK cranioplasty. We have performed 5 frontoparietal,
1 frontal, and 1 parieto-occipital calvarium reconstructions.

A potential limitation of this study is sample size. Although this
is one of the largest series in the medical literature,23,26 larger series
with longer follow-up are necessary to evaluate the outcomes of
PEEK cranioplasty, with comparison to the other biomaterials.

In conclusion, the use of patient-specific PEEK implants
yielded successful results in our series of craniofacial reconstruc-
tion. They offer a safe alternative with good aesthetic and func-
tional outcomes and represent a promising option for repair of
craniofacial defects.
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