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P
a

n intraoral vertical ramus osteotomy (IVRO), identifica-
ion of the mandibular foramen is critical to safeguard the

andibular nerve.1 However, identification of the mandibular
oramen from a lateral view of the ramus using anatom-
cal landmarks is inaccurate.2,3 Correct positioning of the
steotomy is difficult because of the limited visualisation of
he operation field, particularly in cases with a round-shaped
amus. Although several techniques are available for guid-
ng the bone-cutting line,4,5 definitive standards have yet to
e established. We developed a simple surgical guide using
atient-specific instruments (PSIs) created by 3-dimensional
rinting to avoid the mandibular nerve.

We used this technique for six patients with mandibular
rognathism. We obtained CT image data for the craniofacial
rea of each patient, with a slice thickness of 0.5 mm (Toshiba
lexion, Toshiba). Data were imported into ProPlan CMF
ersion 3.01 software (Materialise) and the image was recon-
tructed as 3-dimensional computer graphics (3DCG). On the

ateral ramus of the 3DCG, we simulated the osteotomy line
osterior to the antilingula, directed superiorly to the sigmoid
otch and inferiorly to the anterogonial notch (Fig. 1). The
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Fig. 1. Osteotomy line on the 3-dimensional computer graphics.

SI was designed with a thickness of 2.0 mm, covering the
nterior side of the mandibular foramen, and fitted by mak-
ng undercuts in the sigmoid notch, anterogonial notch and
nterior margin of the ramus (Fig. 2).

The 3DCG of the PSI was sent to a 3-dimensional printer
Inventor; FLASHFORGE). Glycol-modified polyethylene
erephthalate (Taulman3D guideline; Taulman3D) was used

s a material (Fig. 3).

IVRO was accomplished as described previously1, with
ome modification to identify the osteotomy line. After

blished by Elsevier Ltd. All rights reserved.
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Fig. 2. The patient-specific instrument (PSI) covering the anterior side of
the mandibular foramen, and fitted by making undercuts.
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Fig. 3. The PSI made of glycol-modified polyethylene terephthalate.

etaching surrounding tissue from the lateral ramus, the PSI
as fitted, and the initial point of osteotomy was made exactly

long the posterior rim of the PSI by a securely caught oscil-
ating saw (Fig. 4). After osteotomy of the initial point, the
steotomy was done in the direction of the sigmoid notch and
nterogonial notch. No patients experienced neurosensory
isturbance of the mandibular nerve.

Although the antilingula and mid-waist point of the ramus
re used as anatomical landmarks corresponding to the
andibular foramen,1–3 these points are often difficult to

dentify in the surgical field. Further, these methods using
natomical landmarks can be inaccurate.2,3 The osteotomy

ine used was not based on unreliable anatomical land-

arks, but instead on individual 3-dimensional models of
ach patient. 5
ig. 4. The osteotomy was made along the posterior rim of the PSI by a
scillating saw.

Using the new techniques, no difficulty was encountered
n identifying the osteotomy line. This technique makes bone
utting easier and safer, even for less experienced surgeons.
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