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Introduction
Both sagittal split ramus osteotomy (SSRO) and intraoral vertical 

ramus osteotomy (IVRO) are common surgical treatments for the 
mandible in patients with jaw deformities. Although SSRO has a wider 
indication than IVRO, SSRO has several disadvantages, including 
neurosensory disturbance (NSD) of the inferior alveolar nerve (IAN) 
[1,2]. While the incidence of NSD of the IAN after IVRO is 0 to 35% 
[1,3], that after SSRO is 9 to 85% [1,3,4]. In addition, several reports 
showed that the incidence of NSD of IAN was 99 to 100% immediately 
after SSRO [3,5,6], and 1 to 66% of the disturbances persisted 
permanently [5,7]. This permanent NSD not only irritates patients but 
also decreases patients’ quality of life (QOL) [8].

NSD of IAN after surgery can be caused by stretching of or injury 
to the IAN and by segmental movement after osteotomy [1,9]. Several 
risk factors, which are associated with damage to the IAN, have been 
previously reported; these include bleeding [10], lingual working space 
of the mandibular ramus [10], width of the mandibular ramus [11-13], 
inappropriate splitting [14], gender [5], age [9,15], running site of the 
IAN [16,17], osteosynthesis method after split [1,4], and location of the 
mandibular and mental foramina [10]. However, there are few reports 
that describe methods that clearly reduce the risk of this complication. 
Some reports described undefined strategies such as splitting carefully 
with sufficient pre-surgical assessment [12,18]. 

In some institutions, a non-sharp-edged cement spatula has been 
used for osteotomy instead of an osteotome or a chisel to reduce the 
risk of IAN damage because of its own shape and ability. However, 
here is no report which described the incidence of NSD of IAN after 
SSRO using the spatula. The incidence of NSD of IAN was evaluated 
depending on the IAN pathway after SSRO by using a non-sharp-
edged cement spatula in this study. 

Materials and Methods
A non-sharp-edged cement spatula (Task Inc., Tokyo, Japan) 

(Figure 1) was used instead of an osteotome or a chisel during splitting 
of the mandibular ramus in all cases. The spatula is made of stainless 
steel, and the tip of the spatula is not sharp, but is flexible and is 4 cm 
long and 0.3 mm thick. The opposite end is flat and is convenient for 
malletting.

Patients

Sixty-four patients were diagnosed with jaw deformity and 
underwent short lingual osteotomy (SLO) [19], which is a modified 
SSRO, for the mandible with a non-sharp-edged cement spatula at the 
Department of Oral and Maxillofacial Surgery of University Hospital. 
Since the combination of SSRO and genioplasty has been reported 
to increase the incidence of NSD of the IAN [2], the patients who 
underwent genioplasty simultaneously with SLO were excluded from 

this study. Eighteen in 64 patients in whom the mandibular canal wall 
was in contact with the lateral cortical bone of the ramus at least on 
one side in axial sections of their preoperative computed tomography 
(CT) images, were included in this study. The anatomical relationship 
between the canal wall and the lateral cortical bone was divided into 
the following 3 groups according to a previous report [13] (Figure 2): 
a) non-contact group in which a bone marrow space between the canal 
wall and the lateral cortical bone was observed in the any axial CT 
images; b) contact group in which the canal wall was in contact with 
the lateral cortical bone in any axial CT images; and c) fusion group in 
which the canal wall made a groove in the lateral cortical bone in any 
axial CT images. 
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Figure 1: A cement spatula. The tip is thin and flexible and its edge is not 
sharp. The opposite end of this tool is flat and is convenient for malletting.

Figure 2: The anatomical relationship between the canal wall and the lateral 
cortical bone was divided into three groups according to the axial section of 
the pre-surgical CT images: a) non-contact group in which a bone marrow 
space between the canal wall and the lateral cortical bone was observed; b) 
contact group in which the canal wall was in contact with the lateral cortical 
bone; and c) fusion group in which the canal wall made a groove in the lateral 
cortical bone.
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Surgical procedure

SLO was performed according to a previous report [19] with 
or without Le Fort I osteotomy. All surgeries were performed by 4 
experienced oral and maxillofacial surgeons. When the mandibular 
ramus was split, the cortical bone of the anterior edge was first grooved 
by a sagittal saw. Then, a separator increased the space between the 
segments to determine the IAN. Finally, splitting was completed by 
separating the lateral cortical bone from the bone marrow using a 
non-sharp-edged cement spatula (Figures 3 and 4). Because the tip of 
the spatula is flexible and not sharp, it can be moved posteriorly along 
the lateral cortical bone of the mandibular ramus. Consequently, this 
device does not injure the IAN or the cortical bone. This technique 
enables a secure osteotomy without damaging the IAN. Postoperative 
management was followed by physiological positioning strategy which 
was previously reported [20,21].

Evaluation of the NSD

NSD depends on patients’ subjective experience. Therefore, NSD 
was diagnosed in this study if the patients felt any different sensation 
when their lower lips and mental regions were tested with soft-touch 
with their eyes closed according to a previous report [22]. The duration 
of the NSD was recorded.

Results
The mandibular canal wall was in contact with the lateral cortical 

bone of the ramus at least on one side in axial sections of their 
preoperative CT images in 18 of 64 patients who were included in 
this study. Six of 18 patients were male, and the other 12 were female. 
Their mean age was 20.9 (15 – 34) years old. There was a 0 to 10.5 
mm (mean; 6.3 mm) movement of the proximal segment within 5 mm 
difference between both sides. All surgeries were performed without 
any remarkable events or unsuccessful osteotomies, and the patients 
were discharged from the hospital within 16 days after surgery. No 
severe complications, such as bleeding, were observed during or after 
surgery.

The anatomical relationship between the canal wall and the lateral 
cortical bone in the 18 patients (36 ramus sides) was divided into a) 
non-contact group (9 sides), b) contact group (21 sides) and c) fusion 
group (6 sides) (Table 1). In the non-contact group, the bone marrow 
spaces between the canal wall and the lateral cortical bone were 0.50 to 
1.37 mm (mean; 0.78 mm). 

Table 2 shows the period of NSD in each group. In the entire group, 
NSD disappeared within 1 week after surgery on 11 sides (30.5%), and 
NSD disappeared within 1 month after surgery in 28 sides (77.8%). 
NSD on 8 sides (22.2%) continued more than one month after surgery. 
In the non-contact group (9 sides), NSD on 7 sides disappeared within 
1 week and on 2 sides disappeared within 1 month after surgery. In 
the contact group (21 sides), NSD on 4 sides disappeared less than 1 
week and on 11 sides, disappeared within 1 month. NSD on 3 sides 
disappeared within 3 months. However, NSD on 3 sides persisted for 
more than 3 months. The longest persisting NSD in the contact group 
disappeared 8 months after surgery. In the fusion group, NSD on 4 
side disappeared in less than 1 month and NSD on 1 side disappeared 
within 3 months. On the other hand, NSD on 1 side were protracted. 
Eventually, all NSD disappeared, although the most protracted case 
was one in the fusion group that continued for 8 months after surgery. 

Discussion
The most important risk factor for NSD of the IAN after SSRO is 

anatomical location of the IAN [16,17,23]. The IAN enters the mandible 
from the mandibular foramen and usually runs through the bone 
marrow toward the mental foramen [7]. Most clinicians agreed that 
the risk of NSD of the IAN was increased when the distance from the 
canal wall to the outside of the lateral cortical bone of the mandibular 
ramus was less than 2 mm [13,17,24]. Moreover, when bone marrow 
space between the canal wall to the inside of the lateral cortical bone 
of the mandibular ramus was less than 0.8 mm, the incidence of NSD 
of the IAN was significantly high [17]. On the other hand, the mean 
bone marrow space between the inside of the lateral cortical bone of the 
mandibular ramus to the canal wall was 0.78 mm and NSD of the IAN 

Figure 3: A non-sharp-edged cement spatula was used to separate the 
lateral cortical bone from bone marrow.

Figure 4: The inferior alveolar nerve was observed between segments.

Number of patients Number of ramus

Study group 18
Non-contact 9

Contact 21
Fusion 6

Study group: patients who had a canal wall that was in contact with the lateral 
cortical bone of the ramus at least one side.

Table 1: Number of patients and ramus sides.

The period of NSD
Anatomical relationship between the canal wall and 

lateral cortical bone (sides)
Non-contact (9) Contact (21) Fusion (6)

Less than 1 week 7 4 0
Less than 1 month 2 11 4
Less than 3 months 0 3 1
More than 3 months 0 3 1

Table 2: The periods of neurosensory disturbance (NSD) in the lower lip and 
mental region.
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in all cases disappeared relatively early after osteotomy with a non-
sharp-edged cement spatula instead of an osteotome or a chisel with 
sharp edge in the non-contact group in this study. This suggests that 
a non-sharp-edged cement spatula is useful for avoiding NSD of the 
IAN during SSRO even if the IAN run close to the lateral cortical bone.

Yamamoto et al. [16] showed that 25% of the canal (10/30 sides) 
was in contact with the lateral cortical bone of the mandibular ramus 
and NSD occurred in all these cases. Tamáz et al. [23] and Tsuji et al. 
[12] also reported that the canal was in contact with the lateral cortical 
bone of the mandibular ramus with almost the same frequency. In 
this study, 21.1% (27/128 sides) of the ramus was shown to be the 
connection between the canal wall and the lateral cortical bone in 18 
of 52 patients. This incidence was almost same as previous reports. 
NSD of the IAN in 23 of 27 sides disappeared less than 3 months 
after surgery in the contact and fusion groups. In addition, all NSD 
completely disappeared eventually although NSD tended to be more 
protracted in the contact and fusion groups compared with non-
contact group. In this technique, the separator was used to gradually 
increase the space between the segments, and the space was directly 
observed during osteotomy. Therefore, if the IAN existed on the side of 
the lateral cortical bone, the spatula could be used to safely separate the 
IAN from the cortical bone under direct visualization because the tip 
of the spatula was thin, flexible and not sharp. This suggests the efficacy 
of a non-sharp-edged cement spatula for SSRO, although the canal wall 
made a groove in the lateral cortical bone, and the IAN was exposed 
during osteotomy in several cases (Figure 4).

The incidence of NSD of the IAN was significantly increased when 
the distance from the IAN to the lateral cortical bone in the second 
molar region was less than 4.5 mm [11]. Wittwer et al. [18] suggested 
changing the position of the mesial osteotomy depending on the 
anatomical location of the IAN in those cases. The direct injury of the 
IAN during splitting and inappropriate osteotomy was also related 
to NSD of the IAN [15]. When a thin osteotome/chisel was used or 
when only a separator was used without an osteotome/chisel during 
splitting, there was a possibility of injuring the IAN directly [14,24]. 
Inappropriate osteotomy occurred in 4.5% when only a separator was 
used for SSRO. Although SLO may decrease the incidence of NSD [25], 
it is possible that the ramus is split along with the mandibular foramen 
when the curve around the mandibular foramen is severe. Therefore, 
splitting with only a separator may induce an inappropriate osteotomy, 
resulting in an increased incidence of NSD. These findings imply that 
it is necessary to perform a secure osteotomy by protecting the IAN 
to avoid NSD. In our technique, splitting was almost completed using 
a separator and a non-sharp-edged spatula, and the spatula could be 
used to separate the cortical bone and bone marrow along the lateral 
cortical bone. 

Based on our experience, incidence of NSD of IAN was high after 
SSRO if the IAN contacts the lateral cortical bone. However, NSD of 
IAN may be disappeared relatively early although the mandibular canal 
is close to or contacts with lateral cortical bone using the cement spatula 
because of its shape and ability to reduce NSD of the IAN during SSRO. 
This suggested that a non-sharp-edged cement spatula was useful SSRO 
to avoid the incidence of IAN during SSRO.
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