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Case Report

Correction of facial asymmetry using a patient-specific three-dimensional
printed polycarprolactone/beta tricalcium phosphate scaffold: a case report
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Facial asymmetry is difficult to correct mainly because of the large volume of implant required for reconstruction, which is hard to
estimate. Computer-aided surgical planning using three-dimensional (3D)-printed implants is developing rapidly, with promising
clinical results being reported in reconstructive, orthognathic, and other surgical fields. A 54-year-old male patient presented with facial
asymmetry caused by fibular free flap displacement. This was surgically corrected using a customized, 3D-printed polycarprolactone/
beta tricalcium phosphate scaffold. The implant fit well and was easily fixed to the right mandibular angle area, resulting in an
improvement in the facial contour of the patient. Throughout the follow-up period, the PCL/β-TCP implant was detected using an
ultrasonic device and remained without volumetric change. There was also no wound dehiscence or implant displacement. Thus, a
patient-specific 3D-printed biodegradable scaffold can effectively facilitate surgical correction of facial asymmetry. However, facial
contour sequelae, stability, and resorption must be assessed over a long-term follow-up period.
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Introduction

(3D)-printed implant surgery are developing rapidly [2].
These technologies have produced good clinical results in

Facial asymmetry often develops after reconstructive

reconstructive, orthognathic, and other surgical fields [3-7].

surgery using a vascularized free flap [1]. This kind of

Computer-aided surgical planning allows a patient-specific

asymmetry is difficult to correct because large volumes of

implant to be designed and fabricated with great accuracy

graft materials or implants are required. Furthermore, it is

prior to surgery. Further, it allows the surgical objective to

very difficult to estimate the amount of materials that are

be determined preoperatively. This helps to reduce the op-

required for such reconstruction. So far, computer-aided

erating time and improves surgical results [8].

surgical planning, surgical guiding, and three dimensional

Polycaprolactone (PCL) is a biocompatible and biode-
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gradable synthetic polymer that has excellent mechanical strength and durability compared to other synthetic
polymers, such as polylactic acid and lactic-co-glycolic

Case description
Patient’s history

acid. PCL is a biodegradable material that slowly degrades
over a period of 2–4 years, depending on its molecular

A 54-year-old male patient presented with facial asym-

weight and crystallinity. Further, PCL has rheological and

metry due to displacement of a free vascularized fibular

viscoelastic properties that are superior to those other

flap that performed in January 2015. This patient was diag-

synthetic polymers, therefore, it can be easily used to fab-

nosed ameloblatoma and partial mandibulectomy and fibu-

ricate implants and medical devices. PCL is a US Food and

lar free flap reconstruction was performed. Displacement

Drug Administration (FDA)-approved biomaterial [9]. Many

of the fibular flap occurred gradually, parallel to loosening

researchers and surgeons have continued to use PCL in

of a 2.0 mm miniplate (M3) screw. In January 2016, a den-

bone transplant surgery [10,11]. Beta-tricalcium phosphate

tal implant was placed. However, infection and pathologic

[Ca3(PO4)2] ceramics are biocompatible and osteoconduc-

fracture of the fibular flap occurred in November 2017.

tive materials that contain minerals (i.e., Ca2+ and PO43–)

Further, saucerization was performed, and an anterior iliac

that are naturally found in bone [12]. South Korean re-

bone graft was performed on the fibular flap on February 9,

searchers and surgeons have reported the effect of Polycar-

2018. A patient specific implant was inserted on October

prolactone/beta tricalcium phosphate (PCL/β-TCP) scaffold

17, 2019 (Fig. 1). Written informed consent was obtained

on mandibular reconstruction in canine models [13]. The

from the patient.

purpose of this article was to describe the use of a patientspecific 3D-printed PCL/β-TCP implant and to evaluate

3D customized implant fabrications

the effect of this implant on the surgical correction of facial
A patient-specific implant (BellaPore PSI Plus; T&R Bio-

asymmetry.

fab Co., Ltd., Siheung, Korea) containing biodegradable materials (PCL/β-TCP, 8:2) was fabricated using 3D-printing.
The process was performed at a kMFDS-accredited facility
that had received Good Manufacturing Practice certifica-

A

B

C

D

E

F

Fig. 1. Patient’s history. (A) Initial visit of the patient (Dec 26, 2014). (B) Partial mandibulectomy and fibular reconstruction (Jan 9, 2015). (C)
Displacement of the fibular flap (Jan 21, 2016). Arrow indicate displacement of the fibular flap. (D) Osteomyelitis and pathologic fractures of the
fibular flap (Nov 13, 2017). (E) Iliac bone graft (Feb 9, 2018). (F) Patient specific 3D PCL/TCP implant (Oct 17, 2019). Arrow indicate the patient
specific 3D PCL/TCP implant. 3D, three dimensional; PCL, polycaprolactone; TCP, tricalcium phosphate.
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designed with completely interconnected 3D pores that

the PCL/β-TCP implant with some modification to fit the
surgical field (Fig. 3). After removing the mini screws, the

were a result of the characteristics of the 3D printing-based

implant was fixed using both the removed mini screws and

fabrication method. In the case in this report, the scaffolds

new micro screws (Fig. 4). Botulinum toxin type A (Meditox,

were fabricated with a reference pore size of 400–600 μm,
which was expected to promote maximal tissue in-growth.

Cheongwon, Korea) was injected into both masseter mus-

Since we did not use seed cells in combination with the

the PCL/β-TCP implant.

tion (T&R Biofab Co., Ltd.). The customized implant was

cles (25 units for each side) to reduce the muscular force on

implantation of the scaffold, the in-growth of cells within
the scaffold only had the potential to occur as a result of

Surgical outcome

the integration of native tissue within the scaffold. In this
patient, the position of the fibular flap was stable, and we

The clinical results of the surgery are shown in Fig. 5.

planned reconstructive surgery to improve facial esthetics

Facial asymmetry improved, and no signs of acute step or

(Fig. 2).

compression of facial appearance or displacement of the
PCL/β-TCP implant were observed. The patient-specific
implant fitted well and was easy to modified to fit the de-

Surgical procedures

fect throughout the surgery (Fig. 3, 4)
The submandibular approach was used to reach the

After a 20-month follow-up period, the patient felt bet-

defect. Afterward, we performed a wide dissection for

ter and was satisfied with the facial esthetics that resulted

implant insertion and tension-free suturing. After the re-

from the surgery (Fig. 5). Further, no foreign body reaction,

construction plate was exposed substantially, we adapted

wound dehiscence, or implant movement was observed.

Front view

Right view

Rear view

Fig. 2. Three-dimensional digital
modeling from patient’s computed tomographic data.

Fig. 3. Modification of the printed
implant intraoperatively. (A) Marking
the excess using the marking pencil.
(B) Reducing the anterior excess using
the scissor. (C) Reducing the lingual
margins using the scissor. (D) Margin
smoothening using the electronic burs.
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Fig. 4. Adaptation and fixation of the
printed implant. (A) Initial adaptation
trial of the implant. (B) Finial position
of the printed implant after implant
modification. (C) Mini screw fixation
on R-late hole. (D) Final fixation using
4 mini screws on R-plate hole and 5
micro screws on lateral upper borders
of the implant.

A

B

C

Fig. 5. Clinical appearances of the
patient. (A) Pre-operative status. (B)
Post-operative 12 months. (C) Postoperative 20 months. Arrow indicate
improved facial profile.

Fig. 6. Radiographic follow-up. (A) Postoperative 1 days. (B) Postoperative 20 months. Arrow indicate the porfile of the patient specific 3D PCL/
TCP implant.
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the second year [17]. In this report, the first step is to decrease molecular weight using hydrolytic degradation without deformation the PCL 2 years after implantation. In the
second step, PCL loses strength gradually and breaks into
pieces (less than 3,000 μm). Tricalcium phosphate (TCP)
is a bone component and is used widely as a bone substitute due to its osteoconductivity, biocompatibilities, and
long shelf life. TCP can also preserve structural stability by
releasing a large amount of calcium and sulfate ions and indispensable inorganic salts for new bone formation [18]. To
improve the osteoconductivities and mechanical properties,
Fig. 7. Ultrasonographic follow up (Alpinion E-CUBE 9; Alpinion,
Seoul, Korea). (A) Postoperative 2 weeks. (B) Postoperative 1 year.
Arrow indicate the 3D PCL/TCP implant.

the PCL/β-TCP complex is developed. In an in vivo study
on this PCL/β-TCP complex implant, PCL/β-TCP implant
was applied within the mandibular defect in a rabbit model
and it showed better osteogenic effects than those of the

Ultrasonographic and radiographic follow-up revealed

PCL-only group. In this experiment, PCL/β-TCP scaffolds

that the positon of the implant was stable with minimal

showed good mechanical stabilities and did not lead to no

volumetric changes during the 20-month follow-up period

other complications [13].

(Fig. 6, 7). The implant was observed using ultrasonogra-

Various clinical applications of 3D-printed PCL implant

phy, which was particularly useful in monitoring the volu-

have been reported in the management of cleft alveoli,

metric stability of the implant and its rate of degradation.

augmentation rhinoplasty, nasal septal deformity, orbital
wall reconstruction, and complex maxillary defect [11,19-

Discussion

23]. In the case of a cleft alveolus, the PCL scaffold with
human bone marrow cells was found to have a newly re-

In the case described herein, facial asymmetry caused

generated bone volume that was approximately 45% of the

by the displacement of a free vascularized fibular flap was

total defect volume at 6 months after implantation [11]. A

corrected using a patient-specific 3D-printed PCL/β-TCP
(8:2) implant and maintained for 20 months without any

study showed that in augmentation rhinoplasty, among 101

kind of complications, such as wound dehiscence, implant

tained efficacy during the 18-month follow-up period.

extrusion, or foreign body reactions. One of the factors that

Histologic analysis showed tissue infiltration into the pores

led to the displacement of the free flap was the masticatory

of the PCL mesh, and neo-cartilage tissues and collagen

muscular forces of the masseter, pterygoid, and temporalis

around the mesh were observed [19]. In cases of nasal

muscles. Hence, the reconstructive surgeon should consider

septal deformities, a multicenter clinical trial of 20 patients

not only strong fixation but also reducing the muscular

with septal deviations that were managed using 3D-printed

force using botulinum toxin type A injections when plan-

PCL implant, it was found that PCL implant provided prop-

ning mandibular reconstructive surgery [14,15].

er mechanical support and had excellent biocompatibility

patients, 98.0% had no foreign body reactions and main-

PCL is a biocompatible biomaterial approved by the FDA

and surgical manipulability [20]. In an inferomedial orbit

in the USA and is used in various fields as a biomaterial.

implant, five implants showed no extrusions and structural

It has good solubility, has a low melting point (59%–64%),

stabilities during the mean follow-up period of 20.8 (18–27)

and is easy to blend with other biomaterials. Thus, PCL is

months [21]. In the cases of three complex maxillary de-

applied in various biomedical areas, such as drug-delivery

fects, the PCL scaffold was stable in the maxillary defect

systems, medical devices, and tissue engineering [16]. In an

and promoted regeneration of the deficient tissues in 2

in vivo study involving rats, PCL degradation started from

years [22]. In these clinical trials, the PCL scaffolds showed
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stable biocompatibility and structural stability.
In this case report, we used a patient-specific 3D-printed
PCL/β-TCP complex (8:2) applied to the mandibular inferior border and the posterior border with a large volume
that corresponded to the area that is compressed by the
masseter muscles and pterygomasseteric sling. The position
of the implant was found to be stabile after 20 months, and
it also showed volumetric stability. We manipulated this
blended scaffold that had micropore, which were 400–600
μm in size, to facilitate living tissue ingrowth within this
space during the observation period. As the TCP might
have had some osteoconductive effect with the contact
area with the mandible, it improved the long-term stability
of the implant. This case is unique because the implant was
used in the mandibular border, around the area acted upon
by the masticatory muscles. We injected botulinum toxin
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type A within the masseter muscles bilaterally to reduce
the muscular force, which can decrease the pressure to the
implant and prevent its displacement. The material used
is also detectable using an ultrasonographic device, which
was useful for monitoring implant volume and displacement and degradation. Advantages of a PCL/β-TCP implant
include its elasticity and softness. In the operating room, an
implant may need to be modified to improve its fit and stability. Further, the fixation of PCL/β-TCP implants is easy
using micro- and mini-screws.
In conclusion patient-specific 3D PCL/TCP scaffolds
were applied in the mandibular angle and lower and posterior border and showed good volumetric stability after
20 months. This implant is easy to modify intraoperatively
and it is easy to make fixations. Available ultrasonographic
and radiographic follow-up data should be followed-up to
confirm the long-term stability of this blended customized
implant.
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