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Abstract

Purpose. The purpose of this study was to evaluate

changes in the mandibular canal and

ramus morphology before and after a sagittal split ramus osteotomy (SSRO).
Subjects and Methods. The subjects were 30 patients (60 sides) with mandibular
prognathism who had undergone bilateral SSRO setback surgery. The mandibular canal
position and ramus morphology were measured at the three horizontal planes under the
mandibular foramen level (level A), 1cm lower (level B) of level A and 2cm lower (level C)
of level A preoperatively and 1 year postoperatively by computed tomography (CT).
Results. Postoperative ramus width, lateral distance, lateral marrow distance and canal
length were significantly larger than the pre-operative values, at the foramen, 1cm lower
and 2 cm lower levels. The mandibular canal completely contacted the lateral cortex
without lateral bone marrow in 6 sides (10%) in level A and B, and 4 sides (6.7%) in level
C

pre-operatively and 6 sides (10%) in level C post-operatively.

Conclusion. This study suggested that postoperative mandibular canal position was located
more posteriorly and the postoperative lateral bone marrow became thicker compared to the
pre-operative state.
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Introduction

Sagittal split ramus osteotomy (SSRO) is the most common surgical method for
correcting jaw deformities. However, osteoperative hypoesthesia after mandibular
orthognathic surgery is a known complication, caused by direct or indirect intraoperative
damage to the inferior alveolar nerve.1 The incidence of this postoperative trigeminal nerve
hypoesthesia is reported to be highest among patients undergoing sagittal splitting ramus
osteotomy (SSRO).2 The induction of neural impairment is thought to be influenced by
multiple causal factors, including fixation methods,3-5 patient’s age,6,
8

7

postoperative

9, 10

swelling, and surgical procedures, particularly a bad split.

With regards to the effect of a fixation method, Lemke at al.11 reported that rigid fixation
resulted in more anesthesia in the mental nerve distribution than wire fixation when tested
with brush stroke direction. Fujioka at al.12 also reported that mono-cortical osteosynthesis
caused less damage to the inferior alveolar nerve. Some surgeons have suggested that
compressive forces can occur when fixing the 2 mandibular segments together, resulting in
the nerve being sandwiched. Takeuchi at al.13 reported that in SSRO setback cases, the
distance between the mental foramen and the mandibular ramus always decreased, and that
this change may cause trigeminal nerve hypoesthesia by compression of the nerve trunk
due to posterior shifting of the proximal segments. There is evidence that wire fixation and
mono-cortical fixation is less likely to cause direct trauma and has no risk of compressing
the segments.11 However, the results of our previous study suggested that mono-cortical or
bi-cortical fixation methods did not influence the recovery period from hypoesthesia.14
Although it still unclear what factors affect the incidence of lower lip hypoesthesia
after SSRO, it is very important to know the relationship between the mandibular bone and
inferior alveolar canal to avoid direct damage to the inferior alveolar nerve preoperatively.
The post-operative change in the location of the inferior mandibular canal and bone healing
and regeneration is also important. There are some studies regarding the location of the
mandibular canal in mandibular prognathism before SSRO, however no report has
described any postoperative change in the relationship between the mandibular canal and

ramus morphology.
The purpose of this study was to evaluate the change in the mandibular canal and
ramus morphology before and after sagittal split ramus osteotomy (SSRO).

Patients and Methods
Patients

The 30 Japanese adults (men: 4, women: 26) in this study presented with jaw deformities
diagnosed as mandibular prognathism. At the time of orthognathic surgery, the patients
ranged in age from 16 to 42 years, with a mean age of 25.8 years (standard deviation, 7.6
years). Informed consent was obtained from the patients and the study was approved by
Kanazawa University Hospital. 26 of 30 patients were diagnosed as mandibular
prognathism and the remaining 4 patients were diagnosed as mandibular prognathism with
maxillary retrognathia.

Surgery

Of the 30 patients in this study, 26 underwent bilateral SSRO. The other 4 patients
underwent SSRO and a Le Fort I osteotomy; rigid fixation was achieved with min-plates
and monocortical screws. The plates were bent to prevent the proximal segments from
rotating internally. Therefore the gap was created between the osteotomy surfaces on both
sides (Fig.1).15 Elastic was placed to maintain the ideal occlusion without inter-maxillary
fixation. The patients did not receive any physical therapy after surgery. All patients
received orthodontic treatment before and after surgery.

CT measurement

CT was taken for all patients preoperatively and one year after surgery. The patients were
placed in the gantry with the tragacanthal line perpendicular to the ground for CT scanning.

They were instructed to breathe normally and to avoid swallowing during the scanning
process. CT scans were obtained in the radiology department by skilled radiology
technicians using a high-speed, advantage-type CT generator (Light Speed Plus; GE
Healthcare, Milwaukee, WI, USA) with each sequence taken 1.25 mm apart for 3D
reconstruction (120 kV, average 150 mA, 0.7 sec/rotation, helical pitch 0.75). The resulting
images were stored in the attached workstation computer (Advantage workstation version
4.2; GE Healthcare, Milwaukee, WI, USA) and the 3D reconstruction was performed using
the volume rendering method. ExaVision LITE version 1.10 medical imaging software
(Ziosoft, Inc, Tokyo, Japan) was used for 3D morphologic measurements.
The RL line was determined as the line between the most anterior points of the bilateral
auricles. Multi planner reconstruction can be established with the software, so that the
arbitrary plane can be moved parallel to the plane that the RL line was determined (Fig. 2).
Three horizontal planes at the mandibular foramen level (Level A)(Fig. 3), a 1 cm level
under the mandibular foramen (Level B)(Fig. 4) and a 2 cm level under the mandibular
foramen (Level C)(Fig. 5) parallel to the FH plane was identified in the right and left sides,
and ramus area was measured pre- and postoperatively and bilaterally as follows (Fig. 6).

1) Ramus length: the distance between the most anterior point and most posterior point of
ramus.
2) Ramus width: the distance between the most medial point and the cross point between
the lateral outline of the ramus and the line through the most medial point parallel to the RL
line.
3) Anterior length: the distance between the most anterior point of the ramus and the most
anterior point of the mandibular canal.
4) Posterior length: the distance between the most posterior point of the ramus and the most
posterior point of the mandibular canal.
5) Medial distance: the distance between the most medial point of the mandibular canal and
the medial outline of the ramus on the parallel line to the RL line.
6) Lateral distance: the distance between the most lateral point of the mandibular canal and

the lateral outline of the ramus on the parallel to the RL line.
7) Medial marrow distance: the distance between the most medial point on the outer cortex
of the mandibular canal and the most lateral point of the medial cortex of the ramus on the
parallel line to the RL line.
8) Lateral marrow distance: the distance between the most lateral point on the outer cortex
of the mandibular canal and the most medial point of the lateral cortex of the ramus on the
parallel line to the RL line.
9) Canal length: the antero-posterior length of the mandibular canal
10) Canal width: the medio-lateral length of the mandibular canal

All CT images were measured by an author (K.U.). Fifteen patients were selected
calculated using Dahlberg’s formula16:
ME=√∑d2/2n
where d is the difference between 2 registrations of a pair, and n is the number of double
registrations. The random errors did not exceed 0.21 mm for the linear measurements.

Statistical analysis

Data were statistically analyzed with StatView software, version 4.5 (ABACUS
Concepts, Inc., Berkeley, CA, USA) and Dr. SPSSII (SPSS Japan Inc., Tokyo, Japan). The
statistical significance of a difference between pre- and postoperative values was analyzed
by paired t-test. The statistical significance of differences among three levels was analyzed
by Bonferroni/Dunn (Dunn’s procedure as a multiple comparison procedure) test.

Results

No patient had post-surgical wound infection or dehiscence, bone instability or
non-union, or long-term malocclusion. The mean setback amount was 6.5 ± 3.2 mm on the

right side and 6.7 ± 3.2 mm on the left side. These differences were not significant.

Comparison among three levels

Preoperative ramus width in the lowest level (level C) significantly showed the largest
value than those in the upper levels (level A versus B; P=0.0001, level B versus C;
P=0.0106, level A versus C; P<0.0001). Preoperative anterior length in level A was a
significantly larger value than that in level B (P<0.0001), however preoperative posterior
length in Level A was significantly smaller value than that in level B (P<0.0001) and C
(P<0.0001). Preoperative medial distance in the lowest level (level C) was the largest value
than those in the upper levels (level A versus. B; P<0.0001, level B versus C; P=0.0072,
level A versus C; P<0.0001). Preoperative lateral distance in the lowest level (level C) was
significantly larger value than that in the upper level A (P=0.0003) and level B (P<0.0001).
Preoperative medial marrow distance in level A was significantly smaller value than that in
level B (P< 0.0001) and level C (P=0.0001). With regard to lateral marrow distance, canal
length and canal width, there were no significant differences among the three levels.
Postoperative ramus width in the lowest level (level C) was the largest value
compared to those in the upper levels (level A versus B; P=0.0076, level A versus C;
P=0.0006). Postoperative anterior length in level A was significantly larger value than that
in level B (P<0.0001), however postoperative posterior length in Level A was significantly
smaller value than that in levels B (P<0.0001) and C (P<0.0001). In postoperative lateral
distance, there were no significant differences among the three levels. Postoperative medial
marrow distance in level A was significantly smaller value than that in level B (P= 0.0091)
and level C (P=0.0009). Postoperative lateral marrow distance in level B was significantly
larger value than that in level C (P=0.0101). In postoperative canal length, there was no
significant difference among the three levels. Postoperative canal width in level C was
significantly smaller than that in level A (P<0.0001) and Level B (P=0.0079).

Comparisons between pre and post-operative findings

Postoperative ramus length was significantly smaller than the preoperative one in
level B (P<0.0001). Postoperative ramus width was significantly larger than the
preoperative value in levels A (P<0.0001), B (P<0.0001) and C (P=0.0005). Postoperative
anterior length was significantly larger than the preoperative value in level A (P<0.0001).
Postoperative posterior length was significantly smaller than the preoperative value in level
A (P<0.0001), B (P<0.0001) and C (P<0.0001). In medial distance, there were no
significant differences in all the levels. Postoperative lateral distance was significantly
larger than the preoperative value in levels A (P<0.0001), B (P<0.0001) and C (P=0.0001).
In medial marrow distance, there were no significant differences in all the levels.
Postoperative lateral marrow distance was significantly larger than the preoperative value
in levels A (P<0.0001), B (P<0.0001) and C (P=0.0064). Postoperative canal length was
larger than the preoperative value in levels A (P=0.0071), B (P=0.0331) and C (P=0.0122).
Postoperative canal width was larger than the preoperative value in level A (P=0.0001) and
B (P=0.0211).

Six sides (10%) in levels A and B, and 4 sides (6.7%) in level C showed a lateral
marrow distance of 0, pre-operatively. Six sides (10%) in level C showed a lateral marrow
distance of 0, post-operatively.

Discussion

SSRO is one of the preferred orthognathic surgical procedures. The disadvantages
associated with this procedure, such as causing alveolar nerve damage during the operation,
are generally understood and accepted. However, it was difficult to determine how much
these factors were related to hypoesthesia of the lower lip after SSRO.
With the use of CT, the cross-sectional area has been used frequently as a parameter of
ramus and the mandibular canal.17 Our previous study using horizontal images of CT

showed that the distance between the mandibular canal and the split surface correlated with
TSEP latency recovery.18 In a previous study19, the sagittal split area in the Obwegeser-Dal
Pont group was more prominently displayed than that in the Obwegeser group, and the
distance between the plate (the most medial positioned screw) and the mental foramen in
the Obwegeser-Dal Pont group was more prominently displayed than that in the Obwegeser
group. Both the sagittal split area of osteotomy and the distance between the plate (the most
medial point of screw) and the mental foramen were strongly associated with the recovery
period of lower lip hypoesthesia. However, based on the results of our statistical analysis,
the recovery period of lower lip hypoesthesia was affected by the distance between the
plate screw and the mental foramen more strongly than the sagittal split area.18
Anyway, special attention should be given to the exact location of the mandibular canal.
The anatomic features (i.e., the width and thickness) of the ascending rami as well as the
relationship between the positions of the canals have been studies earlier.20,21 In the case of
thin ramus, the sagittal splitting technique involves a risk for a bad split or neurologic injury.
It has also been shown, however, that vascular and nerve bundles may be extremely close to
the buccal cortex of the mandible in both broad and thick ramus. In the study by Tamas et
al,21 this was observed in only 6 % (10/164) of the mandible. In the study by Ylikontiola et
al.,22 the mandibular canal was in direct contact with the buccal cortex of the mandible in
7 % (3/40) of the mandibular sides. Yamamoto et al.23 found that the mandibular canal
came into contact with the external cortical bone in 10 out of 40 rami (25 %), however, that
study did not clarify the entire course of the mandibular canal from the mandibular foramen
to the mandibular body. Tsuji et al.17 found that 16 out of 70 rami (22.9%) had this contact
or fusion type of mandibular canal, and in many cases, it was observed from the mandibular
foramen to the mandibular angle. In this study, 6 sides (10%) in the mandibular foramen
level and 1cm lower level, and 4 sides (6.7%) in the 2 cm lower level showed the contact
between the lateral cortex and mandibular canal pre-operatively. However, 6 sides (10%) in
the 2cm lower level showed a contact post-operatively. This suggested that the horizontal
distance between the mandibular canal and lateral cortex in the mandibular foramen level
was made by SSRO with the bent plate fixation.

In this study, postoperative decrease in ramus length in level B suggested that the
absorption might occur by set back surgery. In contrast, ramus width in all the levels
increased. This indicated that the space between the proximal and distal segments was filled
with new bone. This fixation method could not induce the compressive force between the
proximal and distal segment. Although the anterior length in level A was increased by set
back of the distal segment, post-operative posterior length was significantly shorter than the
pre-operative value in all levels. This suggested that the posterior portion of the ramus
could be absorbed after one year. Epker24 presented the short lingual osteotomy technique
that limited the vertical cutting range to the area just posterior to the lingual to reduce
post-operative relapse. Kim et al.25 stated that applying the distal ostectomy following
conventional SSRO could prevent post-operative relapse. The purpose of these methods
was to reduce tension in the pterygomasseter sling in the posterior mandible after setback
surgery. However, the results of this study suggest that natural resorption in the posterior
part of the ramus also could enable dynamic stability even after conventional SSRO.
However, when re-operation is necessary in the mandibular ramus, intra-oral vertical ramus
osteotomy (IVRO) can not be selected because of post-operative changes such as shorter
posterior length and posterior location of the mandibular canal.
Tsuji et al. suggested that a vertical cut of the buccal side of the mandible performed just
anterior to the mandibular angle may be advantageous on the basis of the result that buccal
thickness of the ramus in the mandibular angle level was larger than that in upper level. In
this study, in both of pre-operative medial distance and lateral distance, values in the lower
level were larger than those in the upper level. A similar tendency was shown in both the
pre-operative medial marrow distance and lateral marrow distance. Pre-operative mean
lateral distances in level B and C were 5.1 and 6.1 mm, and the respective post-operative
values were 7.0 mm and 7.0 mm. Pre-operative lateral marrow distances in level B and C
were 1.6 mm and 2.1 mm and the respective post-operative values were 3.6 mm and 2.7mm.
Data obtained when vertical cut and internal fixation with plate system mono-cortically is
performed in level B or C could be useful to determine the depth of the vertical cut and
choosing the screw length. Even if the screw that is shorter than the lateral distance is

inserted into the buccal cortex beside the mandibular canal, direct damage to the inferior
alveolar nerve can be avoided.
In both canal length and width, there were no differences among the three levels
pre-operatively. But, a post-operative increase was found in canal length in all the levels
and in canal width in levels A and B. Post-operative length and width might be due to
position and angle changes in the distal segment. Furthermore, after the split line
overlapped the inner line of the mandibular canal, the fixation was performed with the
space between the proximal and distal segments. This might cause a spread in the canal
width one year after surgery, although measurement errors should also be considered.
In conclusion, this study suggested that postoperative mandibular canal position was
changed more posteriorly because the posterior distance of the ramus decreased
post-operatively. Post-operative lateral bone marrow became thicker than the pre-operative
one, due to bent plate fixation. Therefore, it was suggested that post-operative mandibular
canal position was changed more medially.
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Legends
Fig 1. Simulation of plate bending. The plates were bent to prevent the proximal segments
from rotating internally. Note the gap between the osteotomy surfaces on both sides.

Fig 2. 3DCT image. Multi planner reconstruction can be established with the software, so
that the arbitrary plane can be moved parallel to the plane that the RL line was determined.

Fig 3. Horizontal CT image at the mandibular foramen level (level A).

Fig 4. Horizontal CT image of the 1 cm level under the mandibular foramen (level B).

Fig 5. Horizontal CT image of the 2 cm level under the mandibular foramen (level C).

Fig 6. Measurement of ramus and mandibular canal. 1) Ramus length, 2) Ramus width, 3)
Anterior length, 4) Posterior length, 5) Medial distance, 6) Lateral distance, 7) Medial
marrow distance, 8) Lateral marrow distance, 9) Canal length: the antero-posterior length of
mandibular canal, 10) Canal width

Table 1. Results of measurements. SD indicates standard deviation.
Same alphabet letters (a, b,…and s): significant difference between pre and post-operation
at P<0.05.
*: significant difference between levels at P<0.05.
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