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Introduction

While cranioplasty following craniectomy is a common neu-
rosurgical procedure, there is no consensus on the choice of
materials for cranioplasty due to the lack of data regarding
long-term outcomes. Thefirst-line treatment for patientswho
visit the clinic with wound dehiscence after previous cranio-
plasty is debridement of the devitalized wound margin, cov-
erageof theprevious implantwith ablood-rich periostealflap,
and reelevation of the local flap minimizing its tension.

However, the results are not always promising, especially
in patients with a history of infection or radiation. Therefore,
proper selection of cranioplasty materials and replacement
of damaged soft tissuewith freeflapswith good blood supply

and strong resistance to infection are essential for the
reconstruction of the relapsing wound, and this can be
challenging.

In this report, we describe a patient who underwent scalp
and skull reconstruction with a three-dimensional (3D)-
printed polycaprolactone (PCL) implant followed by free
latissimus dorsi (LD) musculocutaneous flap coverage for
repeated scalp wound problems that did not resolve after
titanium cranioplasty and serial revision operations.

Case

Informed consent was obtained from the patient for using
the medical photographs, writing, and publication of this
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Abstract Titanium mesh is an alloplastic material widely used for the reconstruction of
moderate-to-large skull defects. Repeated wound problems or infection following
these reconstructions inevitably lead to the replacement of the cranioplasty material.
Among the various alloplastic materials, polycaprolactone implants are usually used for
the coverage of small defects such as burr holes. 1 Herein, we present a case of a large
cranial defect successfully reconstructed with three-dimensional-printed polycapro-
lactone implant and a free latissimus dorsi musculocutaneous flap. Until 1-year follow-
up, the patient showed a favorable esthetic outcome with no complications or wound
relapse.
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case report. A 73-year-old man visited our center following
titanium mesh exposure (►Fig. 1).

Four years earlier, the patient underwent an intra-arterial
thrombectomy for a middle cerebral artery (MCA) territory
infarct. Decompressive craniectomy was performed on the
day after thrombectomy, and a superficial temporal artery—
MCA bypass—was performed. Wound dehiscence occurred
1 month postoperatively, and wound debridement with an
autologous bone graft was performed. The wound was again
disrupted with methicillin-resistant Staphylococcus aureus
(MRSA) growth after 3 weeks, and the patient underwent

debridement and coverage of the scalp wound with a rota-
tion cutaneous flap and full thickness skin graft.

Despite serial debridement and closure with a local flap,
wounddehiscence recurredwithin intervals of a fewmonths.
The patient visited the Department of Neurosurgery at our
hospital 2 years after the first surgery with severe infection,
scalp defect, bone flap infection, and epidural and subdural
abscesses. Removal of the previous bone flap and osteomye-
litic bone with surrounding infected soft tissue was per-
formed, followed by duroplasty.MRSA growthwas observed,
and the patient was discharged 3 months after the surgery
with no surgical complications during which he was admin-
istered intravenous vancomycin and meropenem for
7 weeks.

Seven months later, the patient underwent titanium
cranioplasty, and the wound was stable without signs of
infection. However, the wound was disrupted several times
at intervals of a fewmonths. The defect was of pinhole sized,
and wound culture confirmed no signs of infection. Despite
repeated conservative management with intravenous anti-
biotic administration and debridement with wound closure,
a 3mm�5mmwound dehiscence with titaniummesh plate
exposure was observed. There was no sign of infection, and
the C-reactive protein level was within the normal range.
Removal of the previous plate with replacement of the PCL
implant was planned in the neurosurgery department. Pre-
operative computed tomography (CT) was performed, and
there was no focal sign of abscess or overt infections. Porous
PCL mesh (Osteomesh, Osteopore International, Singapore)
was customized according to this CT scan (►Fig. 2).

Fig. 1 A 3mm� 5mm sized scalp defect with exposure of titanium
mesh. Surrounding scalp shows chronic inflammation and atrophy.

Fig. 2 Rendering of polycaprolactone (PCL) implant with computer-aided design/computer-aided manufacture (CAD/CAM).

Archives of Plastic Surgery Vol. 49 No. 6/2022 © 2022. The Korean Society of Plastic and Reconstructive Surgeons. All rights reserved.

3D-printed PCL Implant and Free LD Flap Cranioplasty Koo et al. 741



Removal of titanium mesh and bone cement was per-
formed by neurosurgeons with fixation of the prepared
Osteomesh using a mini screw. The prefabricated implant
showed excellent bony contact when implanted in the defect
(►Fig. 3). Radical excision of unhealthy scalp tissue with a
previous scar was performed by plastic surgeons, and a free
LD musculocutaneous flap was harvested from the left back.

The left superficial temporal artery and vein were pre-
pared as recipient vessels, and end-to-side anastomosis with
the thoracodorsal artery and end-to-end anastomosis with
the thoracodorsal vein were performed.

The patient was discharged on postoperative day 25 with
a viable flap and no other complications. At the 1-year
follow-up, there were no wound-related complications,
and favorable cosmetic outcomes were achieved with resto-
ration of the natural bony contour and minimal flap bulki-
ness and sagging (►Fig. 4). CT at 2 months and 1 year
postoperatively showed some degree of osseointegration
around the implant (►Fig. 5).

Discussion

Recent advancements in computer-aided design/computer-
aided manufacturing (CAD/CAM) allow various cranioplasty
materials, including titanium, tofit each patient’s skull defect
precisely.2 Although titanium cranioplasty has excellent
short-term outcomes, a previous study reported that the
retention rate for titanium mesh plates continued to de-
crease, reaching 46.8% at 4 years of follow-up, while non-
titanium alloplastic cranioplasties remained stable (76.0%).3

Risk factors for titanium mesh exposure, such as preopera-
tive radiotherapy, free flap coverage, and soft tissue atrophy,
have been suggested.4

Alloplastic biodegradable materials are introduced as
alternatives, supported by their biodegradable nature and
evidence of successful osteoconduction. Polycaprolactone is
an Food and Drug Administration (FDA)-approved polymer
and is rapidly gaining popularity with its indication for
small-to-moderate-sized defects such as burr-hole or orbital

wall fractures.1 As a burr-hole cover, PCL showed 60%
stiffness when compared with normal bone in vivo and
showed successful integration into the surrounding bony
tissue after 2 years.1

With regard to large calvarial defect, reconstruction with
PCL is rare, while cranioplasty, utilizing other alloplastic
materials, such as polymethylmethacrylate (PMMA), is well
described in the literature. One case using custom-made
Osteomesh of PCL with a titanium scaffold embedded with
bone morphogenic protein (BMP) for a large calvarial defect
after failure of previous cranioplasty using PMMA implant
was reported, showing new bone formation over the Osteo-
mesh at 18 months of follow-up.5 However, we do not know
whether the sustained rigidity in this case was achieved by
the rigidity of the PCL implant itself or by reinforcement of
the titanium scaffold.

In patients with plate exposure after titanium mesh
cranioplasty, restriction of an unabsorbable foreign body is
essential, and free flap can release the tension and prevent
infection through improved soft tissue insufficiency and
blood flow.6 The patient in our case presented with a small
scalp defect. However, previous efforts to maintain titanium
mesh plates had failed, and the surrounding scalp was
atrophied and unhealthy. Local recruitment of vascular-
compromised tissue was not possible, and titanium mesh
plate removal was essential. In this situation, we decided to
perform PCL cranioplasty with immediate reconstruction
using a free LD musculocutaneous flap.

To the best of our knowledge, this is the first case utilizing
3D-customized PCL implants and a free LD musculocutane-
ous flap to treat intractable scalp wounds. Despite previous
studies reporting successful integration of alloplastic mate-
rials with free flap coverage of composite cranial defects, PCL
could be a better option for an alloplastic material in
combination with a free flap due to its easy availability,
cost efficacy, and suitability for modification.7–9

In our case, application of PCL to free LD flap was conve-
nient and effective for following reasons. First, PCL implant is
well anchored to surrounding bone stump which prevented

Fig. 3 Intraoperative image of 3D-customized polycaprolactone implant (A) outer surface, (B) precise fitting of implant to defect site. 3D, three-
dimensional.
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malposition of the implant. Follow-up CT at 1 year showed
successful osseointegrationwhich was possible due to excel-
lent fit of the implant to the defect with almost no dead
space. From previous study, application of PCL membrane

showed bone neoformation, not only at the bone stump but
also at the center of the defect in vivo.10 This osseointegra-
tion is well achieved in unmodified PCL scaffold even when
compared with nanostructured porous PCL scaffold.11

Fig. 4 Medical photo taken at outpatient clinic. (A) 2-month visit and (B) 1-year visit. Restoration of normal lateral head contour is seen with
minimal flap sagging.

Fig. 5 Postoperative computed tomography at (A) 2 months and (B) 1 year. Successful osseointegration achieved.
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\Second, the attachment of the LD muscle to the PCL
implant seemed sufficient, resulting in a favorable soft tissue
contour with minimal flap sagging. We believe that this is
achieved through the porous structure and rough surface
comparedwith the titaniummesh plate. This is supported by
a previous study including an in vivo analysis of PCL matrix
placed subcutaneously above the LD muscle in a rat model,
showing favorable biocompatibility at the histological
level.12

Third, PCL is expected to be osteoinductive through further
utilization of biological additives such as BMP2 or bone
marrow-derived mesenchymal stem cells.13 In-vivo experi-
ments showed that BMP2-adsorbed PCL scaffold showed
larger regenerated bone volume regeneration,14 and there is
a case report of successful calvarial reconstruction with stem
cell-impregnated PCL Osteomesh in combination with a local
flap.5 Osteogenic inorganic material, such as hydroxyapatite,
couldbeusedasanadditive;hydroxyapatite/polycaprolactone
nanoparticles showed superior osteogenecity compared with
hydroxyapatite nanoparticles.15 The application of these in-
novative ideas in our case could improve the clinical outcomes
of the neuroplastic surgery.
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