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ABSTRACT
AIm: Failed cranioplasty attempts may lead to numerous complications in a broad spectrum including cosmetic problems, infection,
neurological deterioration and even death. Selection of the most appropriate surgical technique for second and further surgical
attempts for these patients still remains a debate. We aimed to share our experience and technical pitfalls on management of failed
cranioplasty, particularly for patients with large cranial defects.
MaterIal and Methods: A retrospective data analysis of cranioplasty cases in our series was performed including the time
period between 2002 and 2012. Patients required recurrent cranioplasty were analyzed in detail.
Results: Totally, 101 patients underwent cranioplasty for bony defect. Of 101 patients, eleven required a revision surgery due
to infection or spontaneous resorption of the bone flap. All patients underwent revision cranioplasty with pre-surgical plaster cast
mold technique modified from previous studies and/or tissue expansion technique. Polymethyl-metacrylate (PMMA) was used as
substitute for reconstructions. Mean follow-up was 36 months. Two out of eleven cases (18.1%) developed major complications,
which led to further revision. At the end, a satisfactory reconstruction was achieved for all patients.
ConclusIon: Our modified molded plaster cast technique is a safe and cost-effective approach for the revision of failed
cranioplasty. We believe that the tissue expanding techniques have also great contribution to achieve successful results.
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█

INTRODUCTION

D

ecompressive craniectomy (DC) has been previously
described for the acute management of traumatic brain
injury (1), ischemic stroke (30), subarachnoid hemorrhage (16), intracranial infections (7), dural sinus thrombosis
(12), inflammatory conditions (4) and tumors (2) to decrease
intracranial pressure when life-threatening. Vital importance
of DC in neurological emergencies has been well understood
and established over the past two decades (10,19). Although
this procedure is a very helpful tool in management of acute
patients, may also lead to further requirement for reconstruction and complications.
Patients survived from the above mentioned acute neurologic
states require reconstruction of the cranial vault following

a convalescence period (17). This cranioplasty procedure
intends to achieve two goals; one is the cosmetic improvement
and the other is the functional improvement (31). Cranioplasty
is one of the world’s most ancient surgical procedures. The
earliest known case has been identified in Peru, where a skull
was unearthed with a thin gold plate covering the trepanation
hole. Various autografts, allografts and xenografts have been
used over the years in attempt to restore cranial vault following
trepanation or trauma (3).
Decompressive craniectomy has potential complications
which effect long-term outcome (18,36). A very important but
mostly unconsidered complication is the neurological dysfunction that can occur due to the absence of bone flap and
distortion of the brain under retracted scalp. This may lead
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to well-described entities “syndrome of the trephined” and
“sinking scalp flap syndrome” (13,14). Cranial reconstruction
can improve neurologic dysfunction via re-establishment of
the cerebrospinal fluid and the cerebral blood flow dynamics
(11,34). Another rational for cranioplasty is the direct exposure
of the underlying cerebral tissue to trauma. Without a bone
shield, underlying cerebral tissue remains vulnerable to external traumas and may be damaged more easily (20).
Besides, the cranioplasty procedure has its own risks. Most
prominent potential complications of cranioplasty either with
autologous graft or allograft are; seizure, subdural effusion,
spontaneous resorption of the autogenous flap, cerebral
swelling and infection. These complications may require removal of the cranioplasty material and further attempts to reconstruct the bone defect afterwards.

is severely damaged or if the previous incision edges are
distinctly separated from each other.
Patient’s head was positioned laterally on a silicone headrest
under general anesthesia leaving craniectomy defect up.
Scalp was prepared with povidon-iodine solution and
draped properly. A 4 cm long oblique incision was made
4-5 cm posterior and superior to the posterior border of
craniectomy incision line, and then the galea was dissected
from periosteum. A tissue expander prefilled with 20 ml saline
and its pump was placed underneath scalp and propelled to
vertex. The procedure was completed following skin closure.
Patients were assessed weekly in outpatient clinic for threemonths and the pump was filled with additional 20 ml saline
on each visit (Figure 1).

In this study, we aimed to share and discuss our experience
on management of failed cranioplasty and technical pitfalls to
achieve a successful outcome.

MATERIAL and METHODS

█

A retrospective review of patient records was performed.
All patient records were reviewed and categorized for their
age, diagnosis, clinical presentation, aesthetic results and
complications (Table I). All craniectomy defects were involving
either unilateral frontal, temporal, parietal or combination
of these bones. After surgery, all patients were followed
periodically in an outpatient basis and routine radiological
follow-up scans were obtained postoperatively. All eleven
patients were revised with the same technique as described
below.
Surgical technique
Placement of tissue expander
Tissue expanders are only preferred when the skin flap

Figure 1: A decompressive craniectomy patient had a composite
defect involving skin for which tissue expansion was carried out.

Table I: Patient Demographics

No

Age
Initial diagnosis Fail reason
(years)

Follow-up
(year)

Aesthetic outcome Neurological outcome

Complications

1

7

TBI

Infection

5

Excellent

Improved

None

2

34

TBI

Infection

3

Excellent

Improved

None

3

10

CVA

Resorption

3

Good

Improved

Seizure

4

55

TBI

Infection

4

Excellent

Improved

None

5

59

CVA

Infection

2

Good

Improved

Fluid collection

6

10

TBI

Infection

3

Good

Unchanged

None

7

55

Tumor

Infection

5

Good

Improved

Infection (Revision)

8

20

TBI

Infection

2

Excellent

Improved

None

9

18

TBI

Resorption

4

Good

Unchanged

Infection (Revision)

10

30

TBI

Infection

3

Excellent

Improved

None

11

8

CVA

Resorption

2

Excellent

Unchanged

None

TBI: Traumatic brain injury, CVA: Cerebrovascular accident.
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A

A

Figure 2: Plaster
cast widely used in
orthopedic surgery was
prepared as a mold.
a) Lateral view.
b) Top view.

B

B

Figure 3: a) The mixture is placed into the mold. b) Intraoperative
view.

Preparation of the mold
Plaster cast mold was prepared on the day before surgery
in ward. Patient was positioned on a comfortable chair in a
sitting-up straight position. Preoperative photographs from
various viewpoints were taken. Then the patient’s hair was
covered and secured with a transparent adhesive surgical
drape. A plaster cast widely used in orthopedic surgery was
used to construct the mold. The soft plaster layers were
wetted with tap water and placed on the contralateral healthy
side of the craniectomy defect. Only the contralateral side
was covered with plasters. Plaster cast usually hardened in
10-15 minutes and was removed from the head (Figure 2A, B).
Fringed borders were cut and removed using a cast scissor.
Then the mold was sterilized with ethylene oxide.
Revision technique
A detailed written informed consent was obtained from all
patients after explaining the various options for cranioplasty
and possible adverse effects of the implant. All the procedures
were performed under general anesthesia. Prophylactic
antibiotic (cefazoline-sodium, 20 mg/kg intravenous) was
administered to all patients. Patient was placed in lateral

decubitus position on surgical table contralateral to the
craniectomy defect. Head was positioned on a silicone
headrest with clear expose to the craniectomy defect and
tissue expander. After disinfection of surgical site and draping,
previous decompressive craniectomy incision line was
used to expose the area required for cranioplasty, thus the
suture line did not lie on the implant. Tissue expander was
removed through the same incision and the scalp covering
the craniectomy defect was liberated from dura via blunt and
sharp dissections. In all patients, dural hitch sutures were
placed between the dura and pericranium in order to hold the
dura tightly against the implant, and to prevent accumulation
of fluid or hematoma within the extradural space. Sponges
impregnated with a solution containing adrenaline (1 in 5
lacs dilution) in 500 cc Ringer’s lactate were used to provide
effective hemostasis of the skin flap.
After exposing all borders of the craniectomy defect, a sterile
paper sheet was placed on the dura and cut into shape of
the borderlines. Then it was placed into concave side of
the cast mold, and another layer of transparent drape was
placed over paper sheet to protect the paper from exothermic
reaction. Then the methacrylate was prepared by mixing the
methyl methacrylate monomer (the liquid form) with methyl
methacrylate copolymer (which is in powder form) to obtain
the appropriate consistency. The poly methyl methacrylate
(PMMA) mixture was then poured in plaster cast mold to be
shaped on the paper sheet. In this technique the paper sheet
gave the advantage of obtaining proper contours in twodimensions whereas the plaster cast mold gave the advantage
of obtaining proper 3D reconstruction of PMMA. The PMMA
mixture was kept in the mold in order to avoid burns from
the exothermic reaction that occurs when the monomer is
converted to a polymer during the polymerization process
(5,32) (Figure 3A,B). Borders of the PMMA cranioplasty flap
was then perforated with a high-speed drill and attached to
cranium with either silk 1/0 or nylon 1/0 sutures. The scalp
flap was repositioned and sutured in two layers; initially the
subcutaneous tissue and subsequently the skin with vicryl
and nylon sutures respectively. No drains were used.
█

RESULTS

Eleven out of 101 patients required a revision cranioplasty
surgery in our series. Seven were male and four were female.
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Four patients were in pediatric age. Mean age of patients at
surgery was 28.5 years (7-59 years). Underlying pathologies
led to DC were traumatic brain injury in seven, cerebrovascular
accidents in three and tumor in one patient. The leading
reason for a revision was infection in eight patients and
spontaneous resorption of the autologous graft in three. S.
aureus was found responsible in two cases and S. epidermidis
was in one. No microorganisms were detected in the other
cases despite clinical infection. The average follow-up period
was 36 months.
Patients with a spontaneously resorbed bone graft were revised
at a single stage. Nonetheless, the patients with infected
grafts underwent an initial graft removal procedure. Then, the
revision surgery was performed following normalization of
infection markers.
Two patients had skin problems, which required additional
tissue expansion before reconstruction of the cranial vault.
All defects were located unilaterally at the fronto-parietotemporal region involving at least one bone. The defect size
was larger than 120 cm² in all patients.
Two of eleven patients (18.1%) required a further revision
due to infection on follow-ups. These two patients were also
revised with the same technique and final outcomes were
good. Minor complications were subgaleal fluid collection
which spontaneously resolved in one case and epileptic
seizure controlled with mono-therapy in another case. All
patients achieved a satisfactory and cosmetically good
reconstruction at the end (Figure 4A-C).
█

DISCUSSION

Cranioplasty surgery is associated with an unusual high complication rate in comparison with most other neurosurgical
procedures. We found a 10.8% revision rate in our series including 101 cranioplasty procedures. Revision rate of cranioplasty varies between 5% and 26% in literature (26,27,33). The
most common leading complication is infection, followed by
spontaneous resorption of the bone flap. Other complications
leading a revision surgery are migration or exposure of the
bone flap, skin healing problems and immune reaction against
synthetic materials used for cranioplasty (33,35).
Management of failed cranioplasty may often be problematic
and may require further revisions. However the autograft
bones have potential for spontaneous bone resorption and are
associated with higher infection rates as previously reported,
this does not necessarily imply that the alternative materials
should be routinely preferred (17). Most surgeons prefer the
previously stored cranial bone flap for the initial cranioplasty
attempt due to its biocompatibility, perfect shape and
possible osteo-inductive effects. However, the autologous
graft is no more applicative when a revision cranioplasty is
required (15,29). In case of a failed cranioplasty, surgeon faces
with giving a decision between far-site autologous grafts,
allografts or synthetic implant materials. Far-site autologous
grafts have been widely used successfully in past, but the
main disadvantages are the problems regarding to donor site
and limited sources for large skull defects. Allografts may
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also be used, but the high costs and tissue-compatibility
problems usually restrict their use. There are various synthetic
cranioplasty materials available on market including custom
made - patient specific and handmade materials.
We used autologous bone flaps in all 101 of our initial cranioplasty procedures. Bone flaps were either stored in freezer at
our tissue bank or were implanted underneath the abdominal
fatty tissue during DC procedure. We did not prefer synthetic
materials for initial cranioplasty. Overall rate of revisions due to
infection or spontaneous bone absorption was 10.8%, which
is comparable with literature.
Bone turnover is relatively higher in pediatric age, thus the
spontaneous bone resorption is mostly the leading reason
for revisions (29). Martin et al. have reported zero infection in
their 18 pediatric cranioplasty patients compared with 22.2%
infection rate for adolescents and 12.8% for adults (26). Our
series included four pediatric revisions, in which two were
revised due to infection.
Various possible factors leading to failure of the cranioplasty
have been previously studied. Underlying pathologies
causative for DC or demographic characteristics like age or
sex have not been found associated with failure. The only
significant factors leading to failure have been found to be the
severity of patient’s pre-surgical neurological condition and
prolonged peroperative hospitalization (21,33,35).
There is not a consensus on surgical strategy for revision
cranioplasty. When indicated, the timing of the surgery also
remains a debate especially for patients with infected bone
flap and skin. Studies on initial cranioplasty have not shown
a significant difference on outcome measures between early
and late cranioplasty (35). We performed a bacteriologic study
for our all eight clinically infected patients and revealed Staphylococcus aureus in two, and Staphylococcus epidermidis in
one patient. Bacteriological studies did not show any microorganism in remaining five patients with clinical infection. We
administered appropriate antibiotics for patients with relevant
bacteria and empiric antibiotherapy for remainders. Infection
markers (erythrocyte sedimentation rate, blood leukocyte
count and C-reactive protein levels) were monitored weekly
under antibiotherapy, and patients were considered for revision surgery following normalization of the markers. We did
not prolong pre-surgical interval for revision in patients with
absorbed bone flap.
We used a revised molded cast technique for shaping PMMA
in all revision cranioplasties. Several authors in literature have
previously described molding technique (6,9,25). We used
sterile paper layers to acquire a two-dimensional model of the
defect intraoperatively in combination with prefabricated mold.
This gave the advantage of a better determination of borders
of the synthetic flap and prevention of underlying neural tissue
from heat effect. We also applied tissue expanders before
revision in two patients and benefited a lot. Wound healing
problem due to weakened and strained skin with insufficient
vascular supply is another negative aspect of the revision
cranioplasty. Tissue expanders aided us considerably to
overcome this problem.
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Various cranioplasty techniques including molds, threedimensioned printer assistance or image-guided custom
made synthetic grafts have been described in literature
(8,22,23,28). However the custom made grafts have perfect
match with defect and ease to apply, their cost is significantly
higher compared to PMMA. In a recent study, Lemee et
al. reported that the cost of the custom made grafts are
approximately €8000 per patient (24). This is usually not

A

B

affordable in developing countries and molded PMMA may be
a good option.
In our series, we achieved very good cosmetic and clinical
outcome in all patients. However two of eleven failed cranioplasty patients required a further revision due to recurrent infection, they also healed well at the end. We did not encounter
a chronically failed patient during a mean 36 months follow-

C

Figure 4: A left sided DC patient a) Cranial defect before graft placement b) Two weeks after surgery - perfect surgical/cosmetically
results. c) Two years after surgery - perfect surgical/cosmetically results.
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up. Minor complications (subgaleal fluid collection and transient epilepsy) were encountered in two patients.
Molded cast technique is better preferable in cases with
unilateral large cranial defect located at the upper part of the
calvaria. Inability to determine the thickness of underlying
temporal muscle is the main limitation of this technique.
Because the mold is constructed on healthy contralateral side
of the head, it is not possible to build a precise silhouette of
caudal part of the temporal bone due to the thick temporal
muscle pervading the space between bone and skin.
Thickness of the skin at vertex is negligible, because it is
almost compensated with the paper sheet layers we use
intraoperatively.
█

CONCLUSION

Management of failed cranioplasty is difficult most of the time.
These patients are usually prone to further complications and
revisions. We aimed to share our limited experience with pitfalls
of our surgical technique. We recommend molded plaster cast
technique for a better cosmetic and clinical result especially
when custom-made synthetic grafts are not affordable. Tissue
expander also should be kept in mind, which is very assistive
in patients with problematic skin flap.
█
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