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ABSTRACT

AIM: To present one-step customized cranioplasty for intraosseous meningiomas.

CASE DESCRIPTION: The authors report the case of a 54-year-old woman with a consequent frontal intraosseous meningioma
invading the superior sagittal sinus. The patient only suffered from local pain and cosmetic damage. A complete resection was
scheduled with a one-step reconstruction of the frontal bone by a polyetheretherketone (PEEK) specific implant. This implant was
computer-assisted designed and manufactured and verified by the surgeon before the intervention. During surgery, the resection was
guided by a computer designed resection template and by the classic neuronavigation system. Cranioplasty has been considered
optimal intraoperatively by surgeons. The patient, a few weeks after surgery, underwent a subcutaneous fluid collection, rapidly
resolutive with a circumferential pressure bandage. Six months after surgery, the patient considered the surgery a success with a
very good cosmetic result and a total regression of her local pain.

CONCLUSION: One-step computer-assisted cranioplasty is a safe and effective procedure for large skull defects. PEEK specific
implant for cranioplasty offer advantages compared to other materials that will be discussed under the scope of the one-step
reconstruction.

KEYWORDS: Cranioplasty, Osseous meningioma, One-step reconstruction, CAD/CAM, PEEK

ABBREVIATIONS: CAD/CAM: Computer-assisted design / Computer assisted manufacturing, PEEK: Polyetheretherketone,
PMMA: Polymethylmethacrylate, PSI: Patient specific implant, SSS: Superior sagittal sinus

B INTRODUCTION

ntraosseous meningioma or “osteomeningioma” are rare
Ientities representing less than 1% of all meningiomas (12).
Calvarial intraosseous meningioma is the most frequent
(6), and is rarely revealed by neurological deficits, but often
by skull deformations, leading to an unsightly appearance for
patients. Most often these lesions are benign but resection

can sometimes be extensive. As a consequence, cranioplasty
with good cosmetic results can be challenging for the surgical
team. Historically, many techniques with different materials
have been used for cranioplasty, including autologous bone,
titanium mesh, porous polyethylene, polymethylmethacrylate
(PMMA) or hydroxyapatite (10,15). Polyetheretherketone
(PEEK) implants are now widely used for cranioplasty (1), cra-
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niofacial defects repair (4), or others parts of skeleton recon-
struction (8). PEEK prosthesis advantages are radiolucency,
chemical inertness, robustness and comfort. It does not create
artifacts on imaging and does not conduct temperature (10).

The recent advances in the era of computer-assisted design
and computer-assisted manufacturing (CAD/CAM) prosthesis
allow surgeons to consider the resection of large intraosseous
meningioma with one-step reconstruction with a patient-
specific implant (PSI) designed using a preoperative three
dimensional computerized tomography (3D CT) scan.

This report describes the case of a woman suffering from
frontal intraosseous meningioma treated by surgical resection

Figure 1: Photographic illustration of the cosmetic aspect of the
frontal intraosseous meningioma in this 54-year-old woman.
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using a 3D printed resection template modelled on the 3D
printed skull of the patient with a one-step reconstruction of
the skull defect using a computer-assisted designed PEEK
PSI.

The patient gave us her written consent for using her personal
data for this report.

B CASE REPORT
History

A 54-year-old patient consulted the neurosurgical unit for a
slowly growing “bump” that began several years ago. There
were no neurological elements in the medical history or
physical examination. The patient’s complaint was centered
on frontal pain due to the mass effect on the scalp and the
cosmetic damage due to the tumor (Figure 1). The scalp in
the vicinity of the tumor was normal. All further investigations
ruled out metastases, primary malignant tumor or a Paget
disease.

Initial Imaging

A nonenhanced head CT-scan showed major hyperostosis
originating from the frontal bone. In the coronal plane, the
largest measure revealed a width of 77.7 mm. The gadolinium-
enhanced 3 tesla 3D T1 MRl revealed a dural part invading the
superior sagittal sinus (SSS) in its anterior part (Figure 2A-E).

Figure 2: A) Gado-T1
MRI, sagittal plane.

B) CT-scan, sagittal
plane. C) Gado-T1 MRI,
coronal plane.

D) CT-scan, coronal
plane. E) CT-scan axial
plane. Yellow arrows
represent the SSS
invasion.



Presurgical Planning

A 3D high resolution CT-scan with a matrix size of 512 x 512
mm with 1.0 mm slice thickness and no interslice gap of the
patient was transferred to the manufacturing company (Stryker
Corporation, Kalamazoo, MI 49002 U.S.A.). A volumetric
segmentation of the meningioma was defined and resection
margins were determined in accordance with the surgeon’s
guidance. A 3D printed skull was created and was used to
elaborate in mirror the resection template (Figure 3A-C). After
evaluation of the defect caused by meningioma resection
and guided by the virtual estimation of the defect created
(Figure 3D), PSI was manufactured to be as cosmetically
suitable as possible with a 5 mm thickness (Figure 3E-F). The
PSI, resection template and 3D printed skull were sterilized
and made available throughout the surgical procedure for
comparison, verification or adjustment with patient and tumor
reality.

Surgical Treatment

Prophylactic antibiotics (intravenous Cefazolin 2000 mg)
were administered 30 min before incision. A coronal scalp
and galeal incision was performed in order to widely expose
the lesion (Figure 4A). With the help of the resection template
(Figure 4B), resection margins defined in the presurgical
planning were outlined with electrical bistoury (Figure 4A).
Using a neuronavigation system (BrainLab; Munich, Germany)
to manage the SSS, five burr holes were performed all around
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the lesion. After dural detachment, holes were connected with
a craniotome and the osseous part of the meningioma was
removed (Figure 4C). Dural invasion was carefully dissected,
then resected controlled by neuronavigation system and the
anterior third part of the SSS was removed after clipping. A
duraplasty was performed with polyesterurethane (Neuro-
patch®, B.Braun Melsungen AG) in a tight fashion. PSI was
placed at the level of the cranial vault defect and spatial
conformation and immediate cosmetic result were checked
before fixation with MatrixNEURO™ (DePuy Synthes
Companies, Switzerland) (Figure 4D). Two dural tenting
sutures were placed in the middle of the plasty to limit the risk
of extradural detachment which could lead to compressive
extradural hematoma. Scalp was closed in a two-layer fashion
with surgical staples for the skin. Blood loss was estimated
around 300 mL and the length of the intervention was 3H35
min.

Postoperative Course

No immediate post-procedure adverse events were
encountered. Patient was free of neurological deficits, and
classic postoperative pain was controlled by first line antalgic
therapy. A control CT-scan with 3D reconstruction was
performed 48 hours after surgery in order to control possible
neurological damages, hematoma and cosmetic results.
The PSI was estimated to be in a good placement and only
a moderate pneumocephalus was described (Figure 5A-F).
Anatomopathology revealed a WHO grade | meningioma.

Figure 3: A) 3D printed
skull, lateral view.

B) 3D printed skull,

frontal view. C) Resection
template applied to the 3D
printed skull. 3D printed
skull acts as a negative
for the creation of the
resection template.
D)Computer-assisted
cranial vault defect
estimation used for
creation of the patient
specific implant (PSI).

E) Virtual aspect of the PSI.
F) 3D printed skull with
the definitive computer-
assisted manufactured PSI
just before application to
the patient. Blue arrows (a
and b) represent margin of
resection.
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Figure 4: A) Application of the resection template in
order to delineate the resection. B) Surgical exposure
of the osseous meningioma. Resection margins are
delineated with an electrical bistoury. C) The removed
frontal osseous meningioma. D) The computer-
assisted manufacturing patient-specific implant placed
and fixed into the cranial vault defect. The numerous
prosthesis holes are used for adequate dural tenting
sutures.

Figure 5:

A) Postoperative
CT-scan (2 days
after), sagittal view.
B) Postoperative
CT-scan, 3D volume
rendering, fronto-
superior view.

C) Control MRI at 2
months, FLAIR, axial
view. D) Control MRI
at 2 months, FLAIR,
sagittal view. E) Early
postoperative aspect,
frontal view. F) Early
postoperative aspect,
lateral view.
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Three weeks later, the patient developed a subcutaneous liquid
collection favorized by surgical dissection without any local or
general inflammatory signs. The surgeon decided to treat it
with a circumferential pressure bandage for 6 weeks until the
next consultation. Collection resolved and the patient was free
of symptoms 3 months after the intervention, particularly the
preoperative pain due to scalp traction. The cosmetic result
was considered excellent by the patient herself. The control
MRI at two months revealed a complete resection (Simpson
grade ) with no particular complications and a total regression
of pneumocephalus (Figure 5A-F).

B DISCUSSION

Cranioplasty for a large cranial defect is still challenging for
cranio-maxillo-facial surgeons and neurosurgeons. Most
procedures are performed secondarily to the craniectomy,
particularly when it is performed for refractory intracranial
hypertension or for infectious reasons. CAD/CAM technology
allows surgeons to perform one-step reconstructions,
especially after large benign tumor resections without skin
invasion, via manufacturing PSI. Many procedures have been
developed until now using different methods of resections.
Some authors described the use of a neuronavigation system
with the fusion of the implant’s virtual design for delineating
accurate margins of resection (4). Others prefer to use a
resection template (14) or the combination of both techniques
(2). CAD/CAM technology can offer the possibility of printing a
stereolithographic model (3D printed skull) and some authors
have developed indirect methods with intermediary steps
consisting of molding, via PMMA, the PSI directly to the 3D
printed model (3,11). With the exceptions of PEEK and PMMA,
the other materials used until now for computer-assisted
allografts have been hydroxyapatite or titanium.

In our experience, PEEK-specific implants are the best
candidates for computer-assisted surgery due to their good
possibility of conformation (they can also be drilled if needed)
and their high mechanical resistance comparable to the
cortical bone (7). Other qualities are their biocompatibility,
comfort for the patient and radiolucency (10). Radiotherapy
can be performed with the PEEK implant (4). Another
important advantage is their thermostability. The PEEK
implant can be sterilized and resterilized if needed, without
deformations. This is of particular interest in the event of
implant infection because they can be re-used after infection
healing (5). Some disadvantages are the cost and the absence
of osteointegration. The cost needs to be balanced with
the reducing operative time or necessity of re-intervention
compared to intraoperative molding procedures or two-step
procedures, respectively. One of the main limitations after the
cost was the presumed infectious risk, but two recent meta-
analyses have declared that PEEK cranioplasties have a lower
infection risk than autologous or PMMA cranioplasties (9,13).

In comparison, titanium mesh offers the same mechanical
resistance, cosmetic results and low infection rates but
it can be deformed in case of trauma and it is a source of
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major radiological artifacts. A recent meta-analysis declared
that titanium mesh presents more implant failure than
PEEK prosthesis (9). Hydroxyapatite’s main weakness is
its fragility, sometimes leading to prosthesis fracture before
osteointegration. Osteointegration is rarely rapid and total in
the adult population compared to children, in our experience.
PMMA is of good interest in small defects but its conformation,
even with the help of a stereolithographic model, can be very
challenging with regards to very large defects, leading to
longer operative time and bleeding loss, which are risk factors
for infection. In 2017, Broeckx et al. described a technique
similar to ours; however, they designed and manufactured
their PMMA-specific implant by themselves, considerably
reducing the cost of the procedure (2). Their approach is
very relevant for moderate defects, but requires a very good
knowledge of CAD/CAM technology as well as availability
of hardware material at one’s institution. In our opinion, the
collaboration of surgeons/engineers is very important and
allows for completion of a complex PSI conformation that
could not be reached alone. We hope that the development
of a one-step reconstruction procedure will decrease the cost
of implants.

B CONCLUSION

A one-step surgical procedure using CAD/CAM technology in
order to produce a patient-specific PEEK implant is a safe and
accurate procedure with good cosmetic results and should
reduce operative time and postoperative adverse events,
particularly infection events. Further prospective investigations
are needed to confirm this and strategies to reduce implant
cost will be of particular interest in the future.
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