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Mandibular defects can range from isolated 
segmental defects to large areas of exten-
sive bone loss involving the entire jaw. 

These defects are often congenital, although they 
can also result from trauma, infection, or resec-
tion of a benign or malignant tumor.

Bifocal distraction osteogenesis is one of the 
methods that has been shown to be reliable for 
reconstructing missing segments of bone, and sev-
eral experimental and clinical studies have been 
reported.1–16 With this method, a bone segment, 
termed a “transport disk,” is moved across a conti-
nuity defect until it reaches the opposite side of the 
defect and joins to bone. Because most mandibular 
defects are composite defects, transport distraction 
osteogenesis is often an excellent treatment option, 
because both hard and soft tissues can be recon-
structed. Thus, we speculate that nerve regeneration 

with bifocal distraction osteogenesis will improve 
sensation in the alveolar ridge and gingiva to nor-
mal with inferior alveolar nerve regeneration. In 
the present study, we regenerated inferior alveolar 
nerve by mandibular bifocal distraction osteogene-
sis and evaluated its function electrophysiologically.

MATERIALS AND METHODS

Animals
Transport distraction osteogenesis procedures 

were performed in 12 beagle dogs (age, 9 to 14 
months; weight, 8 to 11 kg). The right side of the 
mandible in each animal was used as the opera-
tive side, with the other side used as the control 
(nonoperative) side. The animals were housed 
in separate cages and given solid food (Oriental 
Yeast Co., Tokyo, Japan) and water ad libitum. 
All experimental protocols were reviewed and 
approved by the Intramural Animal Care and Use 
Committee of Osaka University Graduate School 
of Dentistry before the experiments.
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Background: Bifocal distraction osteogenesis has been shown to be a reliable 
method for reconstructing missing bone segments. However, there are no re-
ports regarding inferior alveolar nerve regeneration during bifocal distraction. 
In the present study, the authors evaluated the function of inferior alveolar 
nerve regenerated by bifocal distraction after segmental resection in the man-
dibles of dogs.
Methods: Using a bifocal distraction osteogenesis method, the authors pro-
duced a 10-mm mandibular defect and distracted the transport disk at a rate 
of 1 mm/day. The regenerated inferior alveolar nerve was evaluated by elec-
trophysiologic analysis that was performed on all dogs after euthanasia at 3, 6, 
and 12 months after the first operation.
Results: At 6 and 12 months, stable evoked potential measurements were ob-
tained from the nerves throughout the study on electrophysiologic analyses.
Conclusions: The authors’ results indicate that the inferior alveolar nerve re-
generated by bifocal distraction osteogenesis functioned electrophysiologically 
at 6 months after the first operation. Although our research is still at the 
stage of animal experiments, future application in humans is considered to be 
 possible. (Plast. Reconstr. Surg. 132: 877, 2013.)
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Surgical Procedures
The procedures were performed under gen-

eral anesthesia using an intramuscular injection 
of medetomidine (0.02 mg/kg) and midazolam 
(0.3 mg/kg), with an intraperitoneal injection of 
sodium pentobarbital (25 mg/kg) given 15 min-
utes later. The animals had one hemimandible 
rendered edentulous, whereas the canine and 
incisor teeth were preserved.

A skin incision was made along the inferior 
border of the mandible, extending from the angle 
to the level of the canine tooth in each dog. An 
eight-hole titanium reconstruction plate (Thread-
Lock System; KLS Martin, Jacksonville, Fla.) was 
premolded and applied to the inferior aspect of 
the mandibular body. Two mesh distractor plates 
(ThreadLock Transport Distractor; KLS Martin) 
were also applied to the mandibular body, and an 
osteotomy line was formed. One of the mesh plates 
was placed proximally, inferior to the reconstruc-
tion plate, whereas the other was placed just next 
to the distal part of the bone of the previous plate 
that was to become the transport segment. At this 
time, the plate was removed and a critical-size 

mandibular defect including the inferior alveo-
lar nerve was created by excising 10 mm of bone 
with a reciprocating saw at a point 15 mm mesial 
from the mental foramen. A third osteotomy was 
performed proximally to create a transport bone 
segment (the transport disk) of approximately 
10 mm. Great care was taken to elevate the peri-
osteum on the lingual aspect of the mandible and 
protect it while cutting the bone, avoiding the 
inferior alveolar nerve. The inferior alveolar nerve 
was not cut at the mesial site, because the trans-
port disk was to be transported along with central 
connection of the nerve. The reconstruction plate 
and distractor were reapplied, and the transport 
disk was fixed to one of the mesh plates of the 
distractor (Fig. 1, above). The lengthening device 
of the distractor was exposed from the  inferior 
border of the mandible to outside the oral cavity.

All animals were allowed to heal for 7 days, after 
which distraction of the transport bone segment 
was begun at a rate of 1 mm/day and required 
approximately 10 days for full advancement. Once 
distraction was completed, the lengthening device 
of the distractor was left in place for 28 days to allow 

Fig. 1. Photographs obtained before and after bifocal distraction. 
(Above) Bone defect before distraction. (Below) Forty-five days after 
distraction was finished, one of the mesh plates was moved for-
ward and new bone formation (arrows) was observed between the  
two plates.
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for consolidation of the newly formed bone (Fig. 1, 
below). Thereafter, the distractor and reconstruc-
tion plate were replaced with a new eight-hole tita-
nium reconstruction plate (ThreadLock System) 
under general anesthesia. At that time, the osseous 
tunnels of each end of the bone were realigned if 
they had a great misalignment.

Electrophysiologic Analysis
To assess the recovery of nerve function, elec-

trophysiologic recordings were obtained under 
general anesthesia provided by an intramuscular 
injection of medetomidine and midazolam, with 
an intraperitoneal injection of sodium pentobarbi-
tal before harvesting nerve samples at 3 (n = 6), 6 
(n = 5), and 12 (n = 1) months after the first opera-
tion. A skin incision was made along the inferior 
border of the mandible extending from the angle 
to the level of the canine tooth in each dog. On the 
control sides, the periosteum was incised and ele-
vated, and the inferior alveolar nerve was exposed 
at the mental foramen (Fig. 2). On the distracted 
side, the reconstruction plate was removed and the 
inferior alveolar nerve was exposed at the mental 
foramen in the same manner. On both sides, the 
digastric, masseter, and internal pterygoid muscles 
were separated from the mandibular bone. Then, 
the inferior alveolar nerve was exposed again at 
the mandibular foramen located on the inner side 
of the mandibular bone.

Stimulation was applied using a bipolar elec-
trode (26-gauge, 37-mm-long, stainless-steel nee-
dle covered with rubber except the apex; Cardinal 
Health, Madison, Wis.) placed across the mental 
foramen. Nerve stimulation was performed using 
an electric stimulator (SEN-8203; Nihon Kohden, 
Tokyo, Japan) and isolator (SS-102J; Nihon 

Kohden). Square-wave pulses with a duration of 
0.1 msec and a frequency of 4 per second were 
delivered to the nerves for a total of 20 repetitions 
for each resulting signal. Stimulus intensity was 
kept stable throughout the study at 4 mA, which 
produced delicate muscle twitching.

After stimulation, evoked potentials were 
recorded in the pterygomandibular space over 
the mandibular foramen using a recording device 
(LEG-1000; Nihon Kohden) and analyzed with 
a personal computer equipped with custom soft-
ware (LEG-1000 QP-100H; Nihon Kohden). The 
recording electrodes were applied using the same 
needles placed across the mandibular foramen. A 
ground electrode was applied into soft tissue in 
the middle of the mandible.

The equipment was set up with a standard gain 
of 10 μV for the recordings, and the sweep speed 
was fixed at 1 msec per division. The signals were 
passed through band-pass filters of 100 to 2000 
Hz, with the automatic artifact reject activated 
during the test. Twenty repetitions were found to 
be sufficient to obtain satisfactory and reproduc-
ible evoked potential responses while monitoring 
the inferior alveolar nerve function.

The percentage change of evoked potential 
amplitude and latency from one point to the next 
was estimated. Using the absolute measurements 
of amplitude and latency, the periods were com-
pared with a paired t test, with p < 0.05 set as the 
level of significance.

RESULTS
At 3 months after the first operation, no evoked 

potential was detectable on electrophysiologic 
examinations. Thereafter, nerves in two dogs at 6 

Fig. 2. Configuration of stimulating and recording electrodes. Stimulation was applied using a 
bipolar electrode placed across the mental foramen. The recording electrodes were applied using 
the same needles placed across the mandibular foramen, and a ground electrode was applied to 
the soft tissue of the middle of the mandible.
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months (n = 6) and in one dog at 12 months (n = 1) 
showed stable evoked potential measurements. 
Typical waveforms of compound action poten-
tials recorded from the inferior alveolar nerve are 
depicted in Figure 3. One of the inferior alveolar 
nerves at 6 months did not clearly show regenera-
tion at the mental foramen. As compared with the 
control, latency was slightly extended and amplitude 
was recovered to 37 percent of that of the control 
at 6 months after the operation (Fig. 4). However, 
latency and amplitude values were not significantly 
different (p > 0.05) compared with the control.

DISCUSSION
Although few studies have performed experi-

mental evaluations of regenerated nerves after 
monofocal distraction osteogenesis in animals,17–20 
they found that it produced minimal deleterious 
effects on the inferior alveolar nerve, as shown 
by electrophysiologic and histologic findings. 

However, there are no reports regarding inferior 
alveolar nerve regeneration after bifocal distrac-
tion osteogenesis. The inferior alveolar nerve is 
generally cut during surgery with an electrosurgical 
knife, which blocks the opportunity for regenera-
tion in most cases. We considered that inferior alve-
olar nerve regeneration after segmental resection 
would be possible, if previously reported results of 
monofocal distraction osteogenesis could also be 
obtained with bifocal distraction osteogenesis.

Human peripheral nerves are capable of regen-
erating at a rate of 1 mm/day, and injured periph-
eral nerves sometimes regenerate spontaneously.21 
It is the same with the rate of distraction, which 
was reported as the successfully performed rate 
by Troulis et al.22 In addition, Hu et al. reported 
that a distraction rate of 1 mm/day appears to be 
tolerable and safe for the inferior alveolar nerve, 
whereas more rapid distraction may cause seri-
ous degeneration.19 Thus, in the present study, 
the transport disk was also distracted at a rate 

Fig. 3. Representative waveforms of mandibular nerve action potentials obtained from the 
mandibular foramen after stimulation of the inferior alveolar nerve at the mental foramen. 
(Above, left) At 3 months after the operation, no evoked potential was detectable on electro-
physiologic examinations. (Above, right) Nerves at 6 months and (below, left) at 12 months 
showed stable evoked potential measurements, which continued throughout the remainder 
of the study.
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of 1 mm/day. However, in most cases, when left 
untreated, the ends of a severed nerve do not con-
nect with each other, and the proximal end forms 
a neuroma and the distal part degenerates, which 
may cause paralysis and/or numbness.23,24 In our 
study, the nerves were not connected directly, but 
also touched each other 17 days after being cut. 
Leffert states that, with surgical treatment after 3 
months, the greater the delay in repair, the poorer 
the results,25 meaning that if the bone and nerve 
defect is made longer, and distraction takes longer 
than 3 months until touching the distal end of the 
mandible, the nerve might not be connected to 
the distal side because of degeneration. Thus, the 
limit of the defect length might be 83 mm because 
of the initial delay of 7 days.

According to electrophysiologic examination, 
nerves at 6 months showed stable evoked potential 
measurements and recovery of electrophysiologic 
function. However, latency was slower and ampli-
tude was shorter than on the control side. These 
results indicate a reduction in myelinization and a 
decrease in axons of the regenerated nerve. Several 
studies reported electrophysiologic examination of 
the regeneration of peripheral nerve gaps through a 
polyglycolic acid–collagen tube, and the conduction 
velocities of regenerated nerves were slower than 
those of the normal side.26–29 To evaluate the degree 
of functional recovery, Kiyotani et al. proffered that 
recovery indices were calculated as follows26:

Recovery index =  (Peak latency of the regenerated side)/ 
(Peak latency of the control side).

They also reported that the recovery index of 
regenerated nerves by polyglycolic acid–collagen 
tubes at 3 months was 1.17 to 1.92. If it applies 

to our result, the recovery index of regenerated 
nerves at 6 months would be 1.06. Nakamura et al. 
compared the polyglycolic acid–collagen with 
autograft nerve, and reported that somatosensory-
evoked potentials on the polyglycolic acid–colla-
gen side had a shorter latency and larger peak 
voltage than on the autograft side.27 These results 
cannot be compared with ours simply because of a 
difference in the appraisal method, but our results 
were as good as those previous other results.

Our results indicate that inferior alveolar 
nerve regeneration with bifocal distraction osteo-
genesis was possible in dogs and suggest that our 
technique may be useful for treatment of patients 
with mandible defects. We believe that it is neces-
sary to assess not only the morphology but also 
the functional (electrophysiologic) recovery. 
Thus, we used the dog as an experimental animal 
because it is possible to make appropriate electro-
physiologic evaluations in these animals. Applica-
tion in humans is not anticipated to be difficult, 
although it is important to avoid burning the cut 
end of the inferior alveolar nerve with an electric 
scalpel when making the mandible defect.
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Fig. 4. Latency and amplitude data. These graphs show the average latency and amplitude of control sides  
(n = 12) and operative sides at 6 months (n = 2) and 12 months (n = 1) after surgery. In each sample, 20 repeti-
tions were found to be sufficient to obtain satisfactory and reproducible evoked potential responses while 
monitoring inferior alveolar nerve function. At 6 months after the operation, latency was slightly extended, 
whereas amplitude was recovered to 37 percent of that of the control.
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