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INTRODUCTION
The deep circumflex iliac artery (DCIA) flap provides 

a strong cortical bone with a reliable vascular source and 
is widely used for reconstruction of the mandible, where 
solid bone is required to withstand the normal forces of 
mastication and for osseointegration.1 However, its clini-
cal application is limited by donor site complications.2–4 
Here we described a new technique of using 3-dimen-
sionally (3D) printed patient-specific devices for man-
dibular reconstruction with DCIA flap and simultaneous 
dental implants, and for donor site restoration after har-
vesting. This technique has merit not only in improving 
accuracy of reconstruction and implantation, but also in 

restoring donor site contour, thus reducing postoperative 
complications.

SURGICAL TECHNIQUE

Pre-surgical Planning
A 61-year-old male patient was diagnosed with left 

mandibular ameloblastoma. Preoperative computed 
tomography (CT) scans of the maxillofacial area and 
pelvis were performed, and the data were imported for 
3D model reconstruction and virtual surgery in Proplan 
CMF 3.0 software (Materialise, Leuven, Belgium). The 
chief surgeon designed the margins of bony resection 
considering the physical examination information and 
preoperative imaging. The prosthodontist designed the 
dental bridge in proper occlusion according to the pre-
existing dentition. To achieve good quality cortical bone 
for dental implants, a contralateral DCIA flap was used to 
reconstruct the mandibular defect with the iliac crest for 
repairing mandibular alveoli. After fine adjustments, 2 
dental implants were planned on ideal positions.
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The virtual surgical planning data were imported 
into the Materialise 3-Matic 13.0 (Materialise, Leuven, 
Belgium). The patient-specific devices (Fig. 1), including 
mandibular cutting guides, DCIA harvesting and dental 
implant guide, surgical plate, and iliac prosthesis, were 
custom-designed based on the patient’s mandible and 
iliac crest. The iliac prosthesis, composed of an empty 
girder titanium framework allowing the reinsertion of the 
abdominal muscles, and sleeve-like structures at the border 
increasing the retention and resistance, was designed to 
accurately restore the defect of the iliac crest. The patient-
specific titanium devices were designed as the approach 
we described in a previous study,5 and then printed with 
grade 2 pure titanium using the selective laser melting 
technology (Fig. 2).

Intraoperative Steps
The mandibular reconstruction was done using the 

“jaw-in-a-day” method.6 The harvesting of the DCIA flap 
was performed as the classic procedure. The planned 
donor bone size was 8.8 cm × 3.5 cm. The osteotomy was 
done according to the DCIA harvesting and dental implant 
guide. Next, 2 dental implants were inserted with a torque 
of 40 N/cm and placed in the iliac crest as planned. Then 
the  iliac bone was cut into 2 segments and fixed by the 
3D-printed patient-specific titanium plate. After division 
of the pedicle, the bone-plate-implants complex was trans-
ferred as 1 piece to the recipient site, precisely directed by 
those pre-drilled screw holes in the mandibular stumps, 
without further plate bending or flap manipulation. 
Prefabricated acrylic bridge pontic 34-36 was adapted to 
the temporary abutments, and occlusion was checked 

satisfactorily. Meanwhile the customized titanium prosthe-
sis was inserted into the defect at the iliac crest, fixed by 
mini screws on external surface.

POSTOPERATIVE CARE
One-month postoperative CT imaging data were 

acquired, and the accuracy of reconstruction was mea-
sured by the same methods as we previously reported.7

RESULTS
The total operative time was 487 min, ischemic time 

79 min, and the intraoperative blood loss was 1700 ml. 
Intraoperative photographs are shown in Supplemental 
Digital Content 1, and preoperative and postoperative 

Fig. 1. The virtual design of patient-specific devices, including mandibular cutting guides (top left), 
DCIA harvesting and dental implant guide (top right), surgical plate (bottom left), and iliac prosthesis 
(bottom right).

Fig. 2. The 3D-printed patient-specific devices.
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photographs of patient’s jaw are shown in Supplemental 
Digital Content 2. (See figure 1, Supplemental Digital 
Content 1, which displays intraoperative photographs: a, 
flap was harvested with the use of DCIA harvesting and 
dental implant guide; b, two dental implants were placed 
through the cortical bone of iliac spine, bone graft was seg-
mented, and 3D-printed surgical plate was fixed, to form 
a “bone-plate-implants complex”; c, the customized iliac 
prosthesis was implanted in the defect to restore the origi-
nal shape of iliac crest; d, mandibular cutting guides were 
placed in the original mandible to guide the osteotomy; 
e, inset of the bone-plate-implants complex; f, intraoral 
photograph of reconstructive mandible. http://links.lww.
com/PRSGO/B669.) (See figure 2, Supplemental Digital 
Content 2, which displays the preoperative (top) and post-
operative (bottom) photographs of patient’s occlusion. 
http://links.lww.com/PRSGO/B670.)

The patient's postoperative recovery was uneventful, 
and the length of hospital stay was 16 days. The patient 
was able to walk with a stick at discharge. The postop-
erative 1-month follow-up radiographic images of recon-
structive mandible and iliac crest are shown in Figure 3 
and Figure 4. The 3D-printed iliac prosthesis adequately 
restored the contour of the iliac crest. During a follow-up 
of 12 months, no reconstruction site or donor site compli-
cations were recorded.

At 1 month postoperative the mean distance devia-
tion of the mandible, bone grafts, dental implants, and 
iliac prosthesis were 1.8 mm, 2.1 mm, 0.9 mm, and 1.2 mm, 
respectively. The intercondylar distance and angulation 
deviation were 0.3 mm and 7.4 degrees, respectively. The 
intergonial distance and angulation deviation were 6.2 mm 
and 5.2 degrees, respectively. Schematic pictures of devia-
tion measurements are shown in Supplemental Digital 
Content 3. (See figure 3, Supplementary Digital Content 
3, which displays the schematic pictures of deviation mea-
surements: a, reconstructive mandible; b, bone graft; c, 
dental implant; d, iliac prosthesis; e, intercondylar distance 
and angulation deviation; f, intergonial distance and angu-
lation deviation. http://links.lww.com/PRSGO/B671.)

DISCUSSION
In this report, we used 3D-printed patient-specific 

devices, including mandibular cutting guide, DCIA har-
vesting and dental implant guide, surgical plate, and iliac 

prosthesis, for DCIA flap harvesting, mandibular recon-
struction and oral rehabilitation, and donor site restora-
tion. The main innovation of our work was using 3D-printed 
patient-specific implants in both donor and recipient sites 
for DCIA flap jaw reconstruction. Although the preliminary 
clinical outcome was satisfactory, long-term follow-up with 
more cases is needed to reach a final conclusion.

Although vascularized iliac crest provides ideal bone 
quality and contour for mandibular reconstruction, 
donor site morbidities, such as chronic pain, abdomi-
nal hernia, and loss of the normal bone profile of the 
hip4 limit its clinical application. Among these, hernia-
tion after harvesting of DCIA flap occurs in 2.8%–8.3 % 
and can proceed to more severe complications such as 
bowel obstruction.2,3 Furthermore, pelvic bone fracture 
may occur after harvesting of DCIA flap or iliac bone 
graft, especially in osteopenic conditions and operations 
including the anterior iliac crest.8 Apparently, an anatom-
ical defect is mainly responsible for these complications. 
To reduce the risk of hernia after DCIA flap harvesting, 
the iliac cortex splitting technique was introduced to har-
vest smaller, thinner bone from the iliac crest,9 and the 
tension-free hernioplasty with various meshes was recom-
mended for hernia repair.10 In our case, the 3D-printed 
patient-specific iliac prosthesis provided an anatomical 
barrier against the herniation, and restored the iliac 
integrity following its original shape to prevent pelvic 
bone fracture. During 1 year of follow-up, no donor site 
complication happened in our case.

CONCLUSIONS
We present our initial experience using 3D-printed 

patient-specific implants for both functional mandibu-
lar reconstruction and DCIA donor site restoration, thus 
improving the versatility of the  DCIA flap in mandibu-
lar reconstruction. Further studies with a larger sample 
size are needed to validate long-term outcomes of this 
technique.
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Fig. 4. Postoperative CT of iliac restoration.
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