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Is Polymethylmethacrylate Reliable and Practical in
Full-Thickness Cranial Defect Reconstructions?

Mithat Akan, MD, Mustafa Karaca, MD, Güniz Eker, MD, Hüseyin Karanfil, MD, and Tayfun Aköz, MD

Objective: The study aimed to evaluate the success of poly-
methylmethacrylate cranioplasty combined with various soft tissue
coverage techniques in repairing full-thickness cranial defects, to
compare our results with similar studies published before, and to
describe a simple method of implant premolding.
Methods: A total of 17 patients who had cranial defects due to
various etiologies underwent polymethylmethacrylate cranioplasty.
In 10 patients, the implant premolding method was applied. The soft
tissue coverage was obtained by primary closure, local flaps, or free
flaps.
Results: The follow-up period ranged from 36 hours to 5 years.
Only 1 implant became exposed among the 17 patients. One patient
died 36 hours after the surgery because of myocardial infarction. The
remaining 15 patients had no early or late postoperative complica-
tions. Good contour restoration and stable reconstruction of the
calvarial defects were realized, and a successful combination of
various soft tissue coverage techniques was achieved.
Conclusions: We concluded that polymethylmethacrylate was a
cheap and durable material, useful in full-thickness calvarial defect
reconstructions. It can be combined with any soft tissue coverage
techniques except skin grafting. In most cases, the simple pre-
molding methods are useful for both defect matching and preventing
tissue damage due to exothermic reaction of the material.
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C ranium defects may result from congenital deformities, trauma,
tumor ablations, infections, or decompressive craniectomies. If

left untreated, these defects may cause functional and cosmetic
problems. They often undergo reconstructive cranioplasty, there-
fore, with either autogenous bone or various alloplastic materials.
Although many methods are available for reconstruction, each of
them is associated with a particular set of advantages and dis-
advantages. None of them is considered a perfect reconstructive
solution. Although being the best choice, according to many authors,

autogenous bone grafts have the disadvantages of resorption, donor
site morbidity, and insufficient donor sites.1 Having relatively few
complications, alloplastic materials have the advantage of no donor
site morbidity and easier adaptation.2,3 Although these materials
include many alternatives, polymethylmethacrylate attracts attention
for its biocompatibility, availability, low cost, strength, radiolucency,
and ability to be premolded.4

The aims of this study were to share our experience of using
polymethylmethacrylate for various sizes of cranium defect recon-
structions and to evaluate its reliability and reconstructive success in
full-thickness defects, which may additionally require soft tissue
coverage. The current article also describes a simple method of
implant premolding that shortens the operation time, prevents heat
damage to the vital structures, and, in selected cases, removes the
need for three-dimensional modeling patient-matched implants.

MATERIALS AND METHODS
Between 2003 and 2008, 17 patients (13 males and 4 females,

aged 5Y83 y) with various-sized cranial defects caused by different
etiologies were treated with polymethylmethacrylate cranioplasty. A
preoperative computed tomographic scan was done for all of the
patients and was used for evaluation of the defect or bone invasion of
the tumor in the applicable cases. In 12 patients, various soft tissue
coverage techniques, other than primary closure, were applied ad-
ditionally (Table 1). Postoperatively, the progress of healing, contour
restoration, exposure of implant, radiologic examination, and patient
satisfaction were evaluated.

PREPARATION OF THE IMPLANTS
A thermoplastic silicone splint, which is widely used in hand

surgery, is heated in 60- to 75-C water. When it softens, it is taken
out of the water. Its temperature immediately drops to 35 to 40-C
after 10 seconds. The soft splint is positioned on the patient’s cal-
varium site, which is the symmetrical counterpart of the defect to
be reconstructed. When the splint is hardened, it is taken, and a
newly prepared polymethylmethacrylate mixture is poured into it.
The mixture is plastered and shaped into the mold. When the implant
is readied, cold sterilization is applied (Fig. 1). Intraoperatively, the
excess acrylic is trimmed according to the exposed defect.

This implant preparation technique was applied for 10
patients who had intact symmetrical counterparts of a defect, with a
defect size larger than 4 � 3 cm (Table 1).

SURGICAL TECHNIQUE
Intravenous administration of antibiotics began 1 hour before

the operation. Under general anesthesia, after part preparation, the
previous scar, if any, was excised or incised. In patients who had
calvarial tumor invasion, the incisions were placed in the safe skin
margins, according to the histopathologic diagnosis of the tumors. In
patients who had intact skin, the incisions were hidden in the hair.
After exposing the calvarial defect and ensuring that the dura was
intact, the premolded polymethylmethacrylate implant was placed
into the defect and secured with soft stainless steel wire or other
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appropriate suture material (Fig. 2). In cases of composite defects of
both calvarium and scalp, a local flap, a free flap, or a tissue ex-
pansion procedure was applied for implant coverage (Figs. 3Y5).
Suction drain was applied, and the wound was closed appropriately.
Pressure bandages were applied. Intravenous prophylactic anti-
biotherapy was continued for 7 days.

RESULTS
Only 1 implant became exposed among the 17 patients. The

patient had a nonspecific inflammatory ulceration of a long-term
burn scar on her scalp. The implant had to be removed and the
patient had no additional health problems. One patient died 36 hours
after the surgery because of a myocardial infarction. The remaining
15 patients had no early or late postoperative complications and all
of them were satisfied with the results. Good contour restoration and
stable reconstruction of the calvarial defects were achieved.

DISCUSSION
Calvarial defect reconstructions are applied for cerebral pro-

tection, cosmetic necessity, and neurologic recovery.2,5 Although
autogenous bone grafts may represent the best choice for small to

TABLE 1. Patient Demographics

Age Sex Pathology Location
Cranial Defect

Size, cm2
Soft Tissue

Coverage Technique
Premolding of
the Implant

Postoperative
Complication Follow-Up

5 M Trauma Left parietal 7 � 15 Tissue expansion Yes No 5 y
35 M Trauma Right frontal 3.5 � 3.3 Primary closure No No 2 y
42 M Trauma Left frontal 3 � 3 Primary closure No No 2 y
18 M Osteoma Left frontal 3 � 3 Primary closure No No 3 y
73 M Squamous cell

carcinoma
Left parietal 17 � 15 Free flap Yes Exitus 36 h

44 M Marjolin ulcer Sagittal 8 � 6 Rotation flap No No 1.5 y
56 M Squamous cell

carcinoma
Right
frontoparietal

4 � 3 Free flap Yes No 2 y

34 M Marjolin ulcer Sagittal 9 � 7 Rotation flap No No 9 mo
38 M Marjolin ulcer Right

parietoccipital
7 � 6 Free flap Yes No 2 y

27 M Electric burn Right occipital 10 � 8 Free flap Yes No 1.5 y
83 M Marjolin ulcer Left

frontoparietal
16 � 7 Rotation flap Yes No 2 y

71 M Marjolin ulcer Vertex 11 � 7 Rotation and
transposition flaps

Yes No 1 y

55 F Trauma Left frontal 3 � 4 Primary closure No No 20 mo
26 F Nondiagnostic

bone invasion
Vertex 4 � 4 Rotation flap No Implant exposition 2 mo

25 M Trauma Left frontal 6 � 4 Primary closure Yes No 1 y
74 F Squamous cell

carcinoma
Right parietal 7 � 4 Rotation flap Yes No 9 mo

26 F Marjolin ulcer Right parietal 5 � 3 Rotation flap Yes No 1 y

FIGURE 1. Implant premolding. A, A thermoplastic silicone
splint is positioned on the patient’s calvarium site, which
is a symmetrical counterpart of the defect to be reconstructed.
B, When the splint is hardened, it is taken, and newly
prepared polymethylmethacrylate mixture is poured into
it. C, The mixture is plastered into the mold. D, When the
implant is hardened, it is ready for the sterilization.

FIGURE 2. A, A right frontal calvarial defect due to trauma.
The implant was secured with silk sutures (B), and
primary skin closure was obtained (C).
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medium sized defects, they have disadvantages such as donor site
morbidities, resorption, and additional incisions, which may com-
plicate local flap surgery. Thus, alloplastic materials are used more
frequently in calvarial reconstructions because they present rela-
tively few complications.

Alloplastic materials, which are used as implants for cranio-
plasty, include titanium mesh, silicone rubber, polytetrafluoroeth-
ylene, polyethylene, polymethylmethacrylate, and hydroxyapatite
ceramics.6Y10 All of these have the advantages of availability, nonre-
sorbability, ease of implantation, and stable postoperative results.6

Alloplastic implant cranioplasties can also be combined with any soft
tissue reconstruction techniques, except skin grafts, as explained in this
study. Their disadvantages are mostly due to the potential for post-
operative infection.

While being an expensive reconstruction choice, the hy-
droxyapatite group is chemically similar to bone. The porous nature
permits fibrovascular ingrowth and the potential for bony attach-
ment.11 However, it is fragile and lacks impact resistance because of
the brittle nature of hydroxyapatite block forms.7

Among the alloplastic materials, titanium is the most bio-
compatible but it is expensive and fabrication requires advanced
laboratory facilities.12 Polymethylmethacrylate is cheap and durable.
Although it never attaches to the bone and no bony ingrowth occurs
to the implant, it is widely used.13,14 The major disadvantage of this
material is its exothermic reaction, which may damage surrounding
tissues and lead to massive subgaleal exudative fluid and infection,
but this can be avoided by using any of the premolding methods
described in the literature.15

Perfect matching of the implant material and the defect is
an issue of concern. Cranial defects can be treated by the use of
hard tissue replacementYpatient-matched implants created from
computed tomographic imaging data.2,16 Although excellent results
can be obtained, the cost for each implant is approximately US
$4000. The method of implant shaping described in this study
removes the need for patient-matched three-dimensional implant

modeling in many patients while it protects the brain from the heat
that is created when the polymethylmethacrylate mixture is first
prepared. The implant can be shaped intraoperatively, but it can also
be premolded, initially, and sterilized before the operation. However,
this implant premolding method creates the mirror image of the
needed implant. Although it is not the exact implant that can be
created by other more complicated methods, the convexity is the
same, and when it is trimmed intraoperatively, the adaptation is
nearly perfect in most sites. This method cannot be used in areas that
do not have symmetrical counterparts or that have complex anatomy
such as in the orbital cavity where mirror image implants will not
work.

Simple prefabricating methods of acrylic methylmethacrylate
implants have been previously discussed in the literature.15,17Y19 For
instance, Maniscalo et al used alginate, poured directly into the
patient’s cranial defect, with the alginate confined by a cardboard
and gummed tape retainer. Another example is the wax elimination
method that is applied by many clinicians.20 The method described
in this study is one of the simplest among other similar premolding
methods.

We used polymethylmethacrylate in various-sized calvarial
defect reconstructions. In our 17 patients, only 1 implant became
exposed because of infection and had to be removed. The patient
was a 26-year-old woman who had a nondiagnostic ulceration of a
previous burn scar with bone invasion. After removal of the exposed
implant, she did not accept cranioplasty, and only soft tissue cov-
erage of the defect was applied. One 73-year-old patient who had
previous cardiac problems was lost because of a myocardial in-
farction. In the remaining 15 patients, the defects were reconstructed
successfully, and satisfactory long-term results were obtained. Our
youngest patient was a 5-year-old boy who had a left parietal cranial
defect of 15� 7 cm due to trauma. Although autogenous bone grafts
should be the first choice in a patient still growing, our patient had a
large defect and it was difficult to obtain a sufficient amount of graft.
Because we were of the opinion that his calvarial growth was close
to adult size, we used polymethylmethacrylate cranioplasty. In his
5-year follow-up, he had no neurologic or cosmetic problems.

Sahoo et al12 also used polymethylmethacrylate implants for
cranial reconstruction in 5 patients. They had to remove the implants
in 4 patients and concluded that the material was a tissue irritant and
had a high risk of tissue necrosis and implant failure. Their results
obviously contradict those presented here. Although there is no
certain reason for this contradiction, their high rate of implant failure
with polymethylmethacrylate may be because their defects were
mostly posttraumatic and may have had a higher risk of infection.

In full-thickness defects of the cranium, soft tissue coverage
of the implant is also needed. With improved techniques in recon-
structive surgery and with the high vascularity of the scalp tissue,
soft tissue reconstructions of the cranial defects are not a concerning

FIGURE 3. A, A left frontoparietal calvarial defect due to
marjolin ulcer resection was reconstructed with a
premolded implant. B and C, The implant was
covered with a local rotation flap of the scalp.

FIGURE 4. A, A left parietal defect due to trauma was
reconstructed with a premolded implant. B and C, Coverage
of the implant was obtained by using the scalp tissue after a
tissue expansion procedure.

FIGURE 5. A, A full-thickness right occipital calvarial
defect due to electrical burn was reconstructed with a
premolded implant. B and C, Coverage of the implant was
obtained by a free anterolateral thigh flap.
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issue. Because an intact periosteum does not exist, skin grafts cannot
be used to cover cranial implants. After implantation of the cra-
nioplasty material, a soft tissue coverage, which has its own vas-
cularity, is needed. As in main reconstructive strategy, primary
closure is the first to be considered. If it is not possible, tissue
expansion or a local flap using high vascular scalp tissue is the next
step. When the local tissues cannot cover the defect, a distant or a
free flap is applied.21 In our cases of full-thickness cranial defects,
we successfully combined all of these soft tissue coverage steps with
the polymethylmethacrylate cranioplasty.

CONCLUSIONS
Alloplastic implants are easier to handle and have relatively

less complications compared with autogenous bone grafts in cra-
nioplasty, especially in large calvarial defects. Among the other
materials, polymethylmethacrylate is cheap and durable. It can also
be combined with various soft tissue coverage techniques such as
local flaps, free flaps, and tissue expansion procedures. The major
disadvantage of this material is its exothermic reaction, which can be
avoided by preparing the implant before placing it into the defect.
Shaping the implant in a thermoplastic silicone splint mold is a
simple method that can be applied rapidly and easily. By using the
premolding methods, heat damage is prevented, and the poly-
methylmethacrylate becomes a safe and successful material for both
split- and full-thickness calvarial defect reconstructions.
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