
Abdelwahed et al. 
Egyptian Journal of Neurosurgery           (2023) 38:56  
https://doi.org/10.1186/s41984-023-00239-4

RESEARCH

Computer‑guided cranioplasty using 
ultra‑high molecular weight polyethylene 
patient‑specific implants: a case series
Mariam S. K. Abdelwahed1*   , Mamdouh S. Ahmed1, Ahmed S. Kamel Abdelwahed2 and Mohamed M. Aziz3 

Abstract 

Introduction  Cranioplasty is the surgical correction of a cranial defect. Three-dimensional software designs have 
allowed patient-specific single-step cranial reconstruction for neuroprotection and cosmesis. Ultra-high molecular 
weight polyethylene for partial or total bone replacement has been recently introduced as a promising material 
for cranioplasty. The objectives of this study are to evaluate the complications and esthetic results concerning the use 
of ultra-high molecular weight polyethylene patient-specific implants in craniectomy patients.

Methods  We report a series of nine patients with cranial defects from a previous craniectomy, or patients eligible 
for simultaneous craniectomy and cranioplasty via computer designed ultra-high molecular weight polyethylene 
patient-specific implants. We have analyzed the complications and cosmetic outcomes over a course of six months.

Results  None of the cases developed infection, extra/subdural hematoma, cerebrospinal fluid leak, or implant failure. 
Three cases had postoperative sequalae: The first patient had mild postoperative seroma which subsided after medi-
cal therapy and compression, the second showed wound breakdown due to tumor metastasis and recurrence 
but did not necessitate implant removal, while the third sequela was a subgaleal hematoma which was aspirated, 
and the patient healed uneventfully afterward. Esthetic results were highly satisfactory in 75% of the patients (good 
patient acceptance without touch-ups).

Conclusion  Ultra-high molecular weight polyethylene is in all respects suitable for primary and secondary cranio-
plasty, combined with computer-aided manufacturing–computer-aided design techniques, excellent esthetic 
and functional results were achieved. However, proper preoperative planning is important, and we recommend 
further prospective studies with larger number of patients followed up for longer periods for better assessment.
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Introduction
Cranioplasty, as a procedure, carries functional and 
esthetic importance, and a consensus is still to bend 
a consensus is still to be reached among the profession 

regarding what constitutes an ideal graft material [1–5]. 
The standard of care in Egypt, to this date, is still titanium 
meshes and polymethyl methacrylate (PMMA) recon-
struction through intraoperative free hand adaptation.

Three-dimensional software designs coupled with syn-
thetic new materials allowed patient-specific single-step 
cranial reconstruction for neuroprotection and cosmesis. 
Ultra-high molecular weight polyethylene (UHMWP), 
a biocompatible semicrystalline polymer and the gold 
standard for prosthetic joints [6, 7], was recently intro-
duced for cosmetic neuroprotection of cranial defects 
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[8, 9]. Due to its excellent mechanical and physical 
properties.

The International Standards Organization (ISO) 
defines UHMWP as having a molecular weight of at 
least 1 million g/mole and a degree of polymerization 
of 36,000 [10]. In addition to having the highest fracture 
resistance known in the market [11], it exhibits direct 
bonding to bone [12], lubricity, low cytotoxicity [13] and 
is light in weight which, fit the biological and mechani-
cal requirements for its use as a prosthetic cranioplasty 
implant. This study aims to report our experience with 
computer-guided UHMWP patient-specific implants 
(PSI) regarding overall complication rates and cosmetic 
patient satisfaction.

Materials and methods
After receiving institutional review board approval from 
the Ethics committee of scientific research, Faculty of 
Dentistry-Cairo University, this study has included nine 
patients with cranial defects from a previous craniec-
tomy, or patients eligible for simultaneous craniectomy 
and cranioplasty and excluded patients showing any signs 
of active infection, hydrocephalus or were unfit for gen-
eral anesthesia between 2020 and 2022 in Nasser Insti-
tute Hospital for Research and Treatment, Cairo, Egypt.

Cranial plate computer‑aided design (CAD) 
and computer‑aided manufacturing (CAM)
Preoperative high-resolution multislice computed 
tomography (CT) 1.0-mm-thick slices were obtained 
for each patient, and the digital imaging and communi-
cation in medicine (DICOM) files were analyzed using 
specialized medical software. The maxillofacial surgeon 
then rebuilt the affected side and designed the pros-
thesis through mirror imaging of the intact side with 
a chamfer to avoid any sinking into the skull. The final 
project, after being reviewed by the neurosurgeoNasser 

institute hospital for research and treatment,n, gets 
converted to a standard tessellation language (STL) file 
and is exported to the computerized numerical control 
(CNC) milling company. Finally, the maxillofacial sur-
geon checks the printed prosthesis against the defect 
template, orients, and prefixes the titanium microplates 
oriented to it before it gets double packed and sterilized 
at 121º immediately before surgery Fig. 1. When simul-
taneous resection and reconstruction were planned 
during a single-stage surgery, the maxillofacial surgeon 
did virtual preoperative resection on the 3D model 
upon consent by the neurosurgeon for proper safety 
margin assessment on the 2D imaging and printed 
a prefabricated custom-made cutting guide in resin 
material, as shown in Fig. 2a.

Intraoperative procedure
With subjects under general anesthesia, different cra-
nial skin flaps were chosen on an individual patient 
basis. The cranial defect area with circumferential 
sound bone borders was exposed by incising the peri-
cranium around the defect, as shown in Fig.  3. In 
resection cases, the margins defined in the presurgi-
cal planning were outlined with the help of resection 
template, as shown in Fig. 2d. Shrinking of the pericra-
nium and dura into the confines of the defect was done 
with resorbable sutures. The UHMWP PSIs were then 
checked for fit, and when necessary, adjustments were 
carried out using an acrylic Egg shape cutting bur. Vic-
ryl tuck-up suturing of the dura was occasionally done 
to prevent extradural collections, as shown in Figs.  2f 
and 5c. Finally, fixation of the UHMWP PSI to the sur-
rounding bone was done with titanium microplates and 
screws—a subgaleal suction drain emplaced as needed 
before closure in layers and crepe bandage wrapped for 
compression, as shown in Fig. 3.

Fig. 1  a Prebending and fixing of microplates on the defect model. b Double packing the cranial plate prior to sterilization
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Postoperative care
All patients were maintained under double antibiotic 
coverage for a minimum of 10 days postoperatively, 

together with appropriate analgesia and anticonvul-
sant medication. The hemovac drain and compression 
bandage were removed within 24–48 h. Patients were 

Fig. 2  A case of recurrent meningioma with resection template and reconstruction

Fig. 3  A case with delayed cranioplasty after traumatic bone comminution
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then advised to apply antimicrobial cream for the first 
3 days, followed by healing and anti-inflammatory oint-
ments until staples/suture removal after 14 days.

Postoperative analysis
Follow-up protocol of all patients was done immedi-
ately postoperative, at three months, and again at six 
months. Primary assessment for the overall complica-
tions (infection, wound breakdown, hematoma, and 
CSF leakage) or implant failure requiring reoperation 
through clinical examination and imaging, while sec-
ondary assessment for patient or family satisfaction 
with the cranioplasty through a five-point Likert scale, 
Table 1.

Results
Demographics
Over the course of two years, 9 patients (8 males and 1 
female; mean age 35.3 years) underwent cranial recon-
struction using UHMWP patient-specific cranial plates 
due to defects arising from trauma—5 patients, as shown 
in Fig.  4, and various benign and malignant tumors—4 
cases, as shown in Fig. 5. All procedures were performed 
under general anesthesia. The defect was in the parietal 
area in 33.3% of cases, while the rest represented equally 
in the frontoparietal, the temporoparietal and in the fron-
totemporoparietal areas with 22.2%. One of the patients 
received radiotherapy prior and chemotherapy after, 
while two patients had chemo- and radiotherapy sessions 
after, respectively. Results are summarized in Table 2.

Timing of cranioplasty
Eight patients had staged procedures, two of which 
patients had titanium meshes fitted before the UHMWP 
was finally implanted and two had their native bone left 
after hematoma evacuation in compound depressed 
fracture cases. The remaining three patients received no 
reconstruction attempts after their initial craniectomy 
procedures. The mean time interval between the ini-
tial craniectomy and final UHMWP cranioplasty was 16 
months (range 7–60 months). One patient underwent a 

Table 1  Scale of satisfaction with esthetic result

Satisfaction Score

Dissatisfied 1

Little satisfied 2

Neutral 3

Satisfactory 4

Highly satisfied 5

Fig. 4  A case of post traumatic compound depressed fracture with synthetic reconstruction
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single-stage immediate resection—reconstruction of his 
osteomylitic necrotic infiltrated by a scalp squamous cell 
carcinoma (SCC).

Overall complications
Postoperative nonsurgical sequelae were observed in 
three patients. The first patient had a nonoperative ser-
oma where the neurosurgeon decided to treat it conserv-
atively with dehydrating measures and mild compression 
until the next consultation. The collection resolved and 
the patient was free of symptoms 15.5 months after the 
intervention.

The second sequela was observed in the scalp SCC 
patient. This 60-year-old patient had a very lengthy 
operation involving three specialties, namely the neuro-
surgery and maxillofacial surgery teams for the cranial 
resection and reconstruction, respectively, and the plastic 
surgery team for the soft tissue reconstruction through 
an anterolateral thigh free flap. Postoperatively, the 
patient suffered dehiscence and cutaneous necrosis of the 
distal margin of the flap which was suspected of tumor 
cell infiltration. Shortly after the patient was investigated 
and distant metastasis was observed. However, this did 
not necessitate plate removal and the patient was referred 
to chemotherapy before revisional soft tissue surgery.

The third and final sequela was a subgaleal hematoma 
(SGH) that was aspirated (≈ 60 cc) locally and the scalp 
swelling subsided. However, the swelling recurred within 
a few days and the SGH was aspirated once more (≈ 80 

cc), and the scalp was fixed by compression with an elas-
tic bandage on the patient’s head. The absorbed liquid 
from the hematoma was a sanguineous exudate. With 
a follow-up of six months, this patient has not had any 
recurrent collections, as shown in Fig. 6.

Cranial plate infection was defined as an infection of 
the flap transplanted during the cranioplasty procedure, 
that if, necessitated surgical removal of the infected 
flap would be termed as implant failure. None of our 
patients developed focal inflammatory signs, such as 
local swelling, redness, pus and/or low-grade fever and 
subsequently none required removal of the implant. Fur-
thermore, no extra/subdural hematoma or CSF leakage 
were noted in this study. The mean follow-up period was 
12.3 months (range 6–19 months).

Cosmetic assessment
Esthetic patient satisfaction results were evaluated in 
eight out of the nine patients, taking into consideration 
the psychological burden of carcinoma recurrence on 
the 60-year-old patient. Results were highly satisfactory 
in six patients (75%), as in Figs. 4e and 5d, satisfactory in 
two patients (25%), and unsatisfactory in no patients. The 
average satisfaction score was 4.7 (range 4–5), as in Fig. 7.

Discussion
Synthetic cranial reconstruction for significant skull 
defects remains a challenge for the neuro and craniofacial 
surgery teams alike. Most procedures are second-stage 

Fig. 5  A case of delayed cranioplasty post craniectomy for a lymphoma patient
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surgeries for trauma or refractory intracranial hyper-
tension cases. The shift toward synthetic alternatives, 
despite the native bone having several advantages, is 
primarily due to the risk of aseptic bone-flap resorption 
(ABFR) [14].

An ideal cranioplasty material must fit the cranial 
defect and achieve complete closure, exhibit minimal 
radiographic artifacts, is resistant to infection and break-
age, and still comes at a low cost. Methyl methacrylate 
is sturdy and inexpensive but undergoes an exothermic 
reaction that can cause neuro hazards [1]. Titanium is 
readily available but is quite difficult to shape, causes 
radiographic artifacts, and exhibits high dehiscence 
with thin skin biotypes [15]. However titanium meshes 
can be coupled with other synthetic materials, such as 

porous polyethylene, to strengthen the prosthesis [16]. 
Polyetheretherketone (PEEK) is currently famous for 
being translucent, nonmagnetic, and having lower rates 
of graft failure; however, it still holds a risk of postopera-
tive inflammatory complications, which is of exceedingly 
high cost, and most studies promoting it are retrospec-
tive and observational [16–19]. The ideal material has 
yet to be discovered, but with its unique microstructure, 
ultra-high molecular weight polyethylene UHMWP has 
recently been paving its way as a solid reconstruction 
option for neuroprotection offering advantages like radi-
olucency, chemical inertness, robustness, and comfort. It 
does not create artifacts on imaging and does not con-
duct temperature. Apart from one case series in Hun-
gary on 21 patients and another in Tokyo, Japan, on 18 

Fig. 6  Subgaleal hematoma collection
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Fig. 7  Bar graph showing the results for patients’ satisfaction. Among 8 patients who responded to the questionnaire, 6 were highly satisfied and 2 
satisfied
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patients, UHMWP hasn’t been used as a cranioplasty 
material in any part of the world.

With CAD-CAM techniques, we operated on nine 
defects arising from different causes. In eight cases, 
delayed two-stage reconstruction was carried out and in 
one patient an immediate single-stage resection—recon-
struction was achievable. The patients’ preoperative 3D 
CT scans were used for virtual planning of the tumor 
resection or bone fragment extirpation in compound 
depressed fractures and designing the PSIs guided by 
the contralateral intact side as a template. Preoperative 
implant fabrication circumvents excessive intraoperative 
manipulations, and thus reduces operative time. How-
ever, in our experience, intraoperative adjustments to the 
UHMWP implants were moderately required, especially 
in cases where time elapsed between the digital workup 
and the actual operation, or patients with titanium 
meshes previously fitted.

In this study, cranioplasty causes were primarily due to 
traumatic brain injuries (55.6%) followed by meningioma 
and other pathologies (44%). This is similar to the syn-
thetic cranial reconstruction patient population found by 
Brandicourt et al. [20]. As is known, one of the main dis-
advantages of alloplastic materials is that of postopera-
tive complications and eventually implant failure. Within 
a follow-up range of 12.3 months, one patient developed 
a postoperative seroma that was managed conservatively 
without any surgical intervention until it subsided com-
pletely, and the patient’s family were satisfied with the 
results. Alonso-Rodriguez et al. [16] and Jalbert et al. [21] 
also encountered one seroma case each in their PEEK 
cranioplasty studies, which were similarly managed 
conservatively.

As for the wound breakdown witnessed in the scalp 
SCC eroding the underlying bone, this patient required 
composite hard and soft tissue resection—reconstruc-
tion. The bony resection was done using the cutting 
guide as per the digital plan, hard tissue rebuilt with the 
UHMWP PSI and finally an ALT free flap for soft tis-
sue reconstruction in a very lengthy operation involving 
multiple specialties. During follow-up, focal necrosis and 
dehiscence was witnessed around the posterior mar-
gins of the flap which didn’t seem to respond to routine 
maneuvers for months. The patient started chemotherapy 
and suffered recurrence a few months postoperatively.

The SGH patient responded well to the local tap and 
didn’t show any signs of further collection for a period 
of six months. We didn’t encounter any extra/subdural 
hematomas in our patients, and we recommend to 
always design the prosthesis with suture holes to pass 
dural tuck-up stitches whenever possible and to perform 
proper hemostasis before closure to minimize the risk of 
extradural hemorrhage later.

None of our patients during the six-month follow-up 
period developed infection, CSF leak, resorption, or fail-
ure of the implant. This agrees with Vitanovics et al. [22] 
a study utilizing UHMWP in 21 cranial patients and Kob-
ayashi et al. [23] a study on 18 patients in Tokyo, Japan. 
Both these studies also showed zero infection rate with 
none experiencing implant failure or the need for reoper-
ation. This is promising as these complications are com-
mon with other synthetic alternatives including PEEK 
with a 13% infection rate and 12.5% implant removal rate 
among 40 patients [17] while titanium demonstrated 29% 
complication rate in 127 cranioplasties [24].

This is the first study utilizing the use of UHMWP in 
cranioplasty in Egypt and the middle east. However, 
although this study was limited by its small sample size 
(only nine patients), with a mean follow-up period of 
just 12.3 months, our results suggest that the use of 
prefabricated UHMWP implants provides very accept-
able cosmetic results with less complications rates than 
other methods of cranioplasty and we encourage further 
research work on the topic.

Conclusions
UHMWP is a valid alternative to other synthetic cranio-
plasty materials in terms of excellent cosmesis and less 
complication rates with most postoperative sequelae 
being mild and responsive to conservative measures. 
Proper preoperative planning is important, and we rec-
ommend further prospective studies including larger 
sample sizes to evaluate long-term results.
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