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Abstract: Cranial defects can be caused by injury, infection, or tumor invasion. Large defects should be reconstructed to protect
the brain and normalize the cerebral hemodynamics. The conventional method is to cover the defect with bone cement. Custom-made
implants designed for the individual patient are now available. We report our experience with one such product in patients with large
cranial defects (>7.6 cm in diameter). A CT scan with 2 mm slices and a three-dimensional reconstruction were obtained from the
patient. This information was dispatched to the company and used as a template to form the implant. The cranial implant was received
within four weeks. From 2005 to 2010, custom-made cranial implants were used in 13 patients with large cranial defects. In 10 of the
13 patients, secondary deep infection was the cause of the cranial defect. All the implants fitted well or very well to the defect. No
infections were seen after implantation; however, one patient was reoperated on for an epidural hematoma. A custom-made cranial
implant is considerably more expensive than an implant made of bone cement, but ensures that the defect is optimally covered. The use
of custom-made implants is straightforward and timesaving, and they provide an excellent medical and cosmetic result.
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Introduction

A cranial bone defect can occur after injury, infection,
and tumor invasion or when autogenous bone is
unsuited for replacement after a decompressive
craniectomy due to brain infarction or hemorrhage.
Bony defects smaller than 3 ¢cm in diameter do not
need reconstruction unless they are located in visible
areas on the forehead or they cause discomfort when
direct pressure is applied. Defects between 3 cm and
5 cm may need treatment primarily for cosmetic
reasons because of visible and pulsating deepening.
Defects larger than 5 cm represent an increased risk
for brain injury from direct trauma and may disturb
cerebral hemodynamics. Several studies have shown
that replacement of large bone flaps normalizes
intracranial pressure and the cerebrospinal fluid
balance, and clinical improvement has been
observed.'"?

Cranial defects have traditionally been repaired
with metal plates or bone cement, sometimes enforced
with stainless steel grids. The disadvantage of the
conventional method is that perfect fit and curvature
can be difficult to obtain in large reconstructions,
especially when the defect involves the craniofacial
junction. Prefabricated custom-made cranial implants
in different composite materials have become
available over the past few decades, as described by
Karvounis et al in 1970.* These are tailored to the
specific defect of the individual patient.>”

At the Department of Neurosurgery, Oslo Univer-
sity Hospital Rikshospitalet, we have begun using
such an implant (Medpore biomaterial customized
implant. Porex Surgical, Inc. 15 Dart Road, Newnan,
GA 30265-1017 USA) to reconstruct large bony skull
defects when the patient’s own bone is not avail-
able. Medpor is a porous biocompatible polyethylene
material with a structure that allows rapid fibro-vas-
cular growth and incorporation of the patient’s own
tissue.® The method and our experience with 13 surgi-
cal patients are presented here.

Methods

Thirteen patients with large cranial bone defects
were fitted with custom-made cranial implants at
the Department of Neurosurgery, Oslo University
Hospital Rikshospitalet during the period 2005—
2010. All patients during this period needing a cranial
substitute for their large bone defect were selected

to participate in our study. Patients who received a
cranioplasty with autologous cryopreserved bone
were excluded. The cause of the cranial defect was
bone infection in 10 patients. Six of the infections
occurred after replacement of the patient’s own bone
flap following decompressive hemicraniectomy, and
four developed a secondary deep infection after
craniotomy. Before undergoing cranioplasty, the
patients were treated with antibiotics for at least
8 weeks. In one patient, the bone was spontaneously
resorbed after primary craniotomy. One patient
underwent decompressive craniectomy abroad,
and was repatriated without the bone flap. In the
last patient, replacement of the bone flap after
hemicraniectomy was impossible due to persistent
brain swelling. The operation was discontinued and
the bone flap discarded due to the increased risk
of infection from resterilization. None of the skull
defects in our patients were due to trauma or tumor
invasion.

Patients with large cranial defects were investigated
using a computerized tomography (CT) scan with
thin slices (<2 mm) and a three-dimensional
reconstruction (Fig. 1). This information was
forwarded to the company that produces the implant
using measurements from the CT scan (Fig. 2).

All patients had a CT scan the day before planned
surgery to evaluate the intracranial space before
reconstruction of the skull defect. This preoperative
scan was introduced as routine procedure after
a cranioplasty in one of the first patients was
unsuccessful due to persistent brain edema.

Figure 1. Three-dimensional CT reconstruction of a large cranial defect
in a 58-year-old man who underwent a decompressive craniectomy for
an acute subdural hematoma and accompanying brain edema.
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Figure 2. CT-reconstructed cranium, with the implant covering the defect,
to evaluate the shape and congruency of the implant.

Cranioplasty was performed on average 5 months
after the bone defect occurred (range 2.5-9 months).
The scar from the primary surgery was opened and
the bone margins were freed. Using a burr, six to
eight small holes were made in the cranial implant
for suturing the dura to the inside of the implant in
order to avoid postoperative epidural hematoma. The
cranial implant was fixed with three to four metal
plates (CranioFix®, Braun Melsungen AG, Melsungen,
Germany) or titanium miniplates (Lorentz, OrtoMedic
AS, Lysaker, Norway) (Fig. 3). A subcutaneous drain
was removed the day after surgery.

The patients received prophylactic antibiotics
preoperatively (cefalotin 2 g). A CT scan and follow-up
after 3 months was performed for all patients (Fig. 4).

Results
There were eight male and five female patients. The
mean age was 57 years (range 29-75 years). The largest

Figure 3. The cranial implant in place and secured with miniplates
(Lorenz) and three sutures attaching the dura to the implant to prevent
an epidural blood clot.

10.11.2009, 14:42%

n: 10.11.2009, 14:42:15

Figure 4. A cerebral CT shows the deepening according to the bone
defect (A) and the result after the cranioplasty has been performed (B).

average diameter of the bone defect was 12.3 cm
(range 7,6—15,3 cm) (Table 1).

Most of the patients presented with a considerable
deepening corresponding to the cranial defect
(Fig. 4A). In two of the 13 patients, however, the
preoperative CT scan showed persistent brain swelling
or hydrocephalus, and the patients were treated
with lumbar drainage of cerebrospinal fluid before a
cranioplasty was performed. The cranial implant fitted
perfectly in 10 out of 13 patients. The remaining three
implants needed small adjustments to achieve optimal
fitting to the bone margins. The duration of surgery
was on average 121 minutes (range 63—200 minutes).

One patient developed an epidural hematoma that
was reoperated on after a few hours, and the implant
was replaced. No infections were recorded after
cranioplasty.

Discussion

Reconstructing large cranial bone defects has previously
been challenging both technically and cosmetically.
Particularly when the bone defect has involved the
craniofacial junction, the cosmetic result of such a
reconstruction has not always been satisfactory. The
traditional method has been to cover larger defects
with steel mesh secured to the bone margins using
steel wires. This framework acts as a support for bone
cement which is then formed to the defect, as described
by Galicich and Hovind.’ For the last two decades we
have used bone cement (polymethyl-methacrylate)
mounted with metal plates after hardening.

Over the course of the last decade, custom-made
cranial implants tailored to the individual patient have
become available. The implants are made of different
plastic materials, one of which is transparent. Studies
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Table 1. Background data of each patient showing primary disease affecting left or right hemisphere, largest craniectomy
diameter, the reason why cranioplasty with a prefabricated implant was performed, and complications to the cranioplasty
procedure.

Case Age Sex Primary disease Location Size (mm) Reason for cranioplasty Complication
1 65 F SAH R 138 Infection None

2 29 M SAH R 149 Infection None

3 45 M MCA inf. L 132 Infection None

4 55 F SAH L 115 Infection None

5 54 F SAH L 153 Bone resorption None

6 58 M Meningeoma R 103 Infection Epidural

hematoma

7 76 M Meningeoma L 104 Infection None

8 39 M MCA inf. L 130 Infection None

9 50 M Meningeoma R 129 Infection None

10 38 M MCA inf. R 136 Own cranium unsuitable None

11 58 M ASDH L 137 Own cranium missing None

12 34 F Meningeoma L 114 Infection None

13 75 F Meningeoma L 76 Infection None

Notes: Own cranium unsuitable = failure to replace the patient’s bone graft. Own cranium missing = primary operation performed abroad and the removed
cranium after hemicraniectomy was not sent with the patient back to Norway.
Abbreviations: ASDH, acute subdural hematoma; f, female; I, left; M, male; MCA inf., middle cerebral artery infarction; SAH, subarachnoid hemorrhage;

r, right.

have shown that customized fabricated patient-
matched implants make it simpler to reconstruct the
curvature of the skull.”''? We ordered the implants
for all our patients from the same manufacturer (Porex
Surgical, Inc.).

The main cause of cranial defects in our patient
population was secondary deep infection. In six
patients, the infection occurred after their own
bone flap was replaced following decompressive
craniectomy. The bone flaps were preserved in a
freezer at—80 °C. Therisk of infection after craniotomy
is approximately 4%,"”'® and keeping a bone flap
sterilized in a freezer constitutes no major increased
risk of infection after replacement (3.9%-5.1%).'""
Although some authors have treated bacteriologically
contaminated free bone flaps successfully without
discarding the flaps,*?! the usual procedure when
infection occurs is to remove the original bone
flap and replace it with allograft at a delayed
cranioplasty.'s!%-222>

The results from the use of custom-made cranial
implants have so far been encouraging. The delivery
of the ordered cranial implants has been reliable, with
time-to-delivery an average of 4 weeks (no more
than 6 weeks). All the implants have fitted well or
perfectly to the cranial defects of the patients. The
procedure saved time and made it simpler to
reconstruct large cranial defects. All kinds of

implants and foreign objects represent an increased
risk of infection. It has not been shown, however, that
prefabricated cranial implants represent a higher risk
of infection than replacement of autogenous bone
flaps.”2® No infection was seen in our 13 patients. It
is unlikely that prefabricated implants represent an
enhanced risk of infection compared to a cranioplasty
using cement that requires a prolonged manipulation
of foreign material in the operating field. Moreover,
using a prefabricated implant means that the toxic gas
produced during the mixing and hardening of cement
in the operating theatre is avoided.

The only complication encountered was a
postoperative epidural hematoma in one patient. The
patient was reoperated on and the hematoma evacuated
within a few hours. During a craniotomy the dura is
sutured to the bone margins of the craniotomy in addition
to the underside of the bone flap to prevent an epidural
blood accumulation. In the patient who developed an
epidural hematoma the dura was secured to the bone
flap in three places, but the sutures were torn.

The use of implants and the resulting costs in
neurosurgery have increased almost exponentially in
recent years. This increase is mostly due to expensive
stimulators for movement disorders and epilepsy, drug
pumps for spasticity and pain, and fixating devices
for the spine. The cost of a conventional cranioplasty
made of cement is approximately €300, whereas
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the cost of a prefabricated cranial implant is around
€5000, depending on the size of the implant. There is
no need for additional special equipment.

By using prefabricated cranial implants, the
operating time in our study seemed to be reduced
in accordance with the findings of others.”>* The
savings from the reduced load on the operating staff
compensates for some of the extra implant costs.?*?’
The trend in neurosurgery and other surgical spe-
cialties is towards the increasing use of advanced
technical equipment and implants to replace, stim-
ulate, or fixate the normal tissue to improve func-
tion. When introducing new methods, however, we
have to show moderation and prevent the rejection
of well-proven methods that work satisfactorily in
most situations. The challenge in the near future
will be to make our voices heard and ensure that the
increasing need for various implants is mirrored in
budget planning.

Conclusion

Computer-aided design of prefabricated cranial
implants is a time-saving method to reconstruct large
cranial defects. The method ensures that the defect
is optimally covered and provides a cosmetically
acceptable result. The increased implant cost can,
therefore, be justified in selected cases.
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