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Abstract. Segmental defect areas in the mandible can change immediately following
osteotomy due to muscular traction, impacting on accurate reconstruction. The
purpose of this article is to introduce a new technique based on virtual surgery
planning to record the position of the bony parts prior to mandibulectomy, for use in
precise mandibular reconstruction after segmental osteotomy. The position
information for the bony parts is transferred to a plate with complementary surface
contact and locating holes with specific directions and angles. This technique was
performed for six patients with segmental defects and the results were compared to
those of six previous patients in whom the technique was not utilized. The design of
the location holes shortened the average operation time from 406 minutes to
349 minutes (P = 0.033) and decreased the average, maximum, and minimum graft
deviation from 1.21 mm to 0.88 mm (P = 0.015), 1.28 mm to 0.99 mm (P = 0.027),
and �1.15 mm to �0.77 mm (P = 0.077), respectively. The design of the locating
holes in multiple plates shortened the time taken for the bony repositioning step and
hence significantly shortened the total operation time. More importantly, it also
increased the reconstructive accuracy.
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The mandible is important for facial ap-
pearance, mastication, and language. Its
bilateral joint, multiple muscles and liga-
ments contribute to its complexity and its
ability to conduct extraordinarily subtle
movements. This complexity increases
the difficulty of precisely reconstructing
bone defects following segmental mandi-
bulectomy, as the spatial relationship of
the bony parts after mandibulectomy is
instantly displaced due to muscular trac-
tion, hence changing the shape of the
defect area1,2.
Conventional treatment methods such

as locking occlusion, pre-bending titanium
ons. Published by Elsevier Ltd. All rights reserved.
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plates3, and surgical navigation can have
issues of low accuracy, are time-consuming,
and can be difficult to master4,5. New meth-
ods to restore the position of the bony parts
have been reported, including virtual surgery
planning (VSP), and these can improve ac-
curacy and efficiency6. However, there are
still some existing problems1,7,8.
This technical note presents a new

VSP-based method to record the position
of the bony parts prior to osteotomy. The
relative position of the bony parts is
transferred to the plate based on comple-
mentary surface contact and locating
holes with specified directions and angles
(Fig. 1A). The surface of the bony parts is
closely fitted with a guide plate, and the
relative position of each part is recorded
by drilling through the plate and the
bone (Fig. 1B). Following osteotomy,
Fig. 1. (A) Schematic diagram showing the po
contact and locating holes. Each segment has at 

relationship of the bony segment, plate, and screw
bone.

Fig. 2. (A) The integrative cutting guide plate wi
the plate before the osteotomy. (B) The reconstru
the displaced bony parts can be restored into th
the positions of the resident parts are
rapidly restored according to the surface
information with the guide plate and the
drill holes are matched between the bone
and the guide plate.
The procedure reported above provides a

fast and accurate method to reconstruct a
bony defect following segmental mandibu-
lectomy. This special pre-surgery design is
easily divided into three steps. First, the
traditional cutting guide is drawn onto the
two edges of the mandibular lesion with
sufficient surgical margins9,10 (Fig. 2A).
Second, the main part of the two pieces
of the cutting plate and the bony graft are
combined into a reconstructive plate that
connects the two bony parts (Fig. 2B). Third
and most importantly, the locating holes on
both the cutting guide and the reconstruc-
tive guide are drawn and arranged in the
sitions of the mandible segments, which are rest
least two locating holes, and these are drilled usin

 channels. The bone position is recorded using the

th two locating holes on each side, as indicated by 

ctive plate has the same locating holes as those in 

e correct relative position in one step using the 
corresponding positions of the mandible,
ensuring that at least two locating holes are
placed on each bony part (Fig. 2).
As shown in Fig. 2A and Fig. 2B, the

locating holes of the cutting guide plate
and the reconstructive plate are in the
same position (as indicated by the yellow
arrow). The locations of the holes can be
confirmed during the software design pro-
cess before the operation.
During the operation, the bony parts can

easily be cut and restored in three steps
(Supplementary Material, Fig. S1). First,
the cutting plate is placed into position and
fixed using screws through the locating
holes. The osteotomy is then performed
with a saw. Second, the reconstructive
plate and the titanium plate are placed
together on the surface of the bony stumps
and fixed with the holes that were
ricted to the plate by complementary surface
g screws (red). (B) Cross-section showing the

 unique channel direction in the plate and in the

the yellow dots. These holes are also used to fix
the cutting guide plate. After mandibulectomy,
drilled holes left in the bone.



1518 Wu et al.

Table 1. Comparisons between the group without locating holes and the group with locating holes.

Groups
Average operation

time (min)

3D systematic deviation (mm)

Average Maximum Minimum

Without locating holes (n = 6;
segmental osteotomy,
reconstruction with iliac crest)

406 1.21 1.28 �1.15

Design with locating holes (n = 6;
segmental osteotomy,
reconstruction with iliac crest)

349 0.88 0.99 �0.77

Comparison (P-valuea) 0.033* 0.015* 0.027* 0.077

3D, three-dimensional.
a The asterisk (*) indicates a P-value of <0.05.
previously drilled during the cutting plate
fixation. Using this method the relative
position of the bony parts is immediately
restored. Third, the titanium plate is
fixed and the reconstructive plate re-
moved, and the microvascular anastomo-
sis can be performed and the graft placed
into its position.
For patients undergoing this surgery,

the deviations were analyzed at
the three-dimensional (3D) level using
Geomagic Qualify 2013 (3D Systems,
Inc., Research Triangle Park, NC, USA).
An example is given in the Supplemen-
tary Material (Fig. S2), which shows
that the deviation of the bony parts on
both sides was 0.47 � 0.7 mm. The
total average deviation after defect re-
construction compared with the virtual
surgery was 0.67 � 0.99 mm. The com-
parison pictures show that the largest
deviation was located in the titanium
plate area.
This ‘pre-plating’ technique is compa-

rable in part to the double-plating tech-
nique reported by Marchetti et al.3, but has
the advantages of just using the outer
cortex of the mandible and not requiring
the destruction of the inside muscular
attachment. Furthermore, it can also be
used in other situations that require ves-
tibular pre-plating, lingual pre-plating, or
the Luhr method3. Additionally, the use of
this design removes the need to restore the
bony parts according to the pre-bent tita-
nium plate. Thus, the titanium plate can be
inserted following restoration and can also
be combined with the reconstructive plate.
As a result, the traditional deviation from
titanium plate-based shaping, such as dis-
placement, distortion, and deformation,
are limited.
In an additional investigation, six seg-

mental mandible defects that were re-
stored with a vascularized iliac bone
flap were compared with previous cases
in which the method of locating holes was
not used. As shown in Table 1, the average
operation time in the ‘locating holes’
group was less than that in the ‘no locating
holes’ group (349 min vs. 406 min,
P = 0.033). Furthermore, the average 3D
systematic deviation was significantly de-
creased from 1.21 mm to 0.88 mm
(P = 0.015); the maximum deviation was
decreased from 1.28 mm to 0.99 mm
(P = 0.027); and the minimum deviation
was decreased from �1.15 mm to
�0.77 mm (P = 0.077).
In conclusion, we have simplified

the complicated process of mandibular
reconstruction into a fast three-step
method through the utilization of the
locating holes design in the integrative
cutting and reconstructive plates.
This method increased the efficiency
and accuracy of jaw reconstruction after
mandibulectomy.
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