provided by Kanazawa University Repository for Academic Resources

Changes 1n the Duration of the Chewing Cycle
in Patients With Skeletal Class Il1 With and
Without Asymmetry Before and After
Orthognathic Surgery

aad Ueki Koichiro, Marukawa Kohei, Hashiba Yukari,
Nakagawa Kiyomasa, Degerliyurt Kagan, Yamamoto
Etsuhide

journal or Journal of Oral and Maxillofacial Surgery

publication title

volume 67

number 1

page range 67-72

year 2009-01-01

URL http://hdl_handle.net/2297/14393

doi: 10.1016/j.joms.2008.06.018


https://core.ac.uk/display/196712021?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Changes in the duration of chewing cycle of patients in skeletal class 111 with and

without asymmetry before and after orthognathic surgery

KOICHIRO UEKI, DDS, PhD,* KOHEI MARUKAWA, DDS, PhD, § YUKARI
HASHIBA, DDS,/ KIYOMASA NAKAGAWA, DDS, PhD,T KAGAN

DEGERLIYURT, DDS,# and ETSUHIDE YAMAMOTO, DDS, PhD I

Department of Oral and Maxillofacial Surgery, Graduate School of Medicine,

Kanazawa University, 13-1 Takaramachi, Kanazawa 920-8641, Japan.

*

Assistant Professor

Clinical Instructor

— —a

Graduate Student

T+

Research fellow
+ Associate Professor

Professor and Head

At

Address correspondence to: Koichiro Ueki, DDS, PhD.

Department of Oral and Maxillofacial Surgery, Graduate School of Medicine,
Kanazawa University, 13-1 Takaramachi, Kanazawa 920-8641, Japan.

Tel: +81-76-265-2444; Fax: +81-76-234-4268

E-mail: kueki@med.kanazawa-u.ac.jp



Purpose: The purpose of this study was to examine the changes in the chewing rhythm
before and after mandibular ramus osteotomy for patients with prognathism with and
without asymmetry.

Patients and Methods: twelve men and 22 women with mandibular prognathism were
divided into groups on the basis of symmetry and osteotomy procedure. Preoperative
and postoperative duration of chewing cycle were recorded. The duration of chewing
cycle and coefficient variation were compared between groups and the differences
were analyzed statistically.

Results: No significant differences in each of three phases of chewing cycle and total
duration were found between groups on the basis of symmetry or osteotomy procedure.
However, in the coefficienct of variation, there were significant differences between
pre and post operation in the undeviated side in asymmetry group (P=0.0037) and
SSRO group (P=0.0166).

Conclusion: This study suggests that surgical orthodontic treatment does not

significantly change the duration of chewing cycle.

Key words: chewing cycle, asymmetry, sagittal split ramus osteotomy, intraoral

vertical ramus osteotomy



Introduction

Mandibular ramus osteotomy induces morphological changes, but it remains unclear
whether it induces improvements in all functions. Surgical orthodontic correction of
skeletal class III physiology reportedly has favorable effects on the function of the
mandible, such as an increased ranges of maximum motion in anterior, posterior, and
lateral excursion'. Studies regarding the opening and closing movements™ showed
significant improvement after mandibular setback surgery. However, in some studies,
chewing efficiency improved after surgical correction but did not reach control
values.*” In other studies, improvement could not be shown.*”*

When the chewing movement of mandibular prognathism is examined, the presence
or absence of symmetry must be distinguished, because the incidence of internal
derangement is higher in patients with asymmetrical class III than in patients with
symmetrical mandibular prognathism. Although bilateral temporomandibular joint
morphology is similar among cases with symmetry, it is noticeably different among
cases with asymmetry’. In particular, the degree of mandibular deviation along the
condylar long axis varies with mandibular movement'®. Moreover, some researchers
have reported that subjects with mandibular deviation have an asymmetrical sagittal
condylar path angle and an asymmetrical length and curvature of the anterior condylar
path''"". Therefore, it is important to assess the relationship between maxillofacial
morphology and gnathological function in patients with prognathism on the basis of
symmetry or asymmetry. It remains unclear whether changes in the chewing cycle

depend on the surgical procedure performed.



The purpose of this study was to examine the chewing cycle after mandibular ramus
osteotomy in patients with skeletal class III physiology with and without symmetry,
and to distinguish the results by surgical procedure between sagittal split ramus

osteotomy (SSRO) and intraoral vertical ramus osteotomy (IVRO).

Patients and Methods

Patients

Twelve men and 22 women (average age, 23.6+£6.1 years) with mandibular
prognathism without severe temporomandibular joint dysfunction underwent either
sagittal split ramus osteotomy (SSRO) or intraoral vertical ramus osteotomy (IVRO).
Although all cases were diagnosed as skeletal class III on the basis of lateral
cephalogram analysis, asymmetry needed to be taken into account for accurate frontal
cephalogram analysis. In the frontal cephalogram, the angle between the ANS-Menton
line and the line perpendicular to the bilateral zygomatic frontal suture line was
defined as the Mx-Md midline angle. A positive value of this Mx-Md midline angle
represents mandibular deviation to the left, and a negative value of this angle
represents mandibular deviation to the right (Fig. 1). The Mx-Md midline angles of all
cases were then given a positive value so that all consecutive measurements could be
attributed to either the deviated or the undeviated side.

The patients were divided into two groups on the basis of the Mx-Md midline
angulation. The asymmetry group consisted of those in whom the Mx-Md midline

angle was greater than 2.5 degrees (n=19), and in the symmetry group, the Mx-Md



midline angle measured less than 2.5 degrees (n=15).
Furthermore, to evaluate the difference related to surgical procedure, we separated the
subjects into groups by surgical procedure: the SSRO group (n=22) and the IVRO
group (n=12). All patients in IVRO group belonged to asymmetry group. However, the
remaining 7 patients with asymmetry could be performed SSRO, because the
interference between bony segments did not occur from the result of preoperative
simulation. All patients in symmetry group were SSRO group.
The preoperative and postoperative duration of chewing cycle were recorded using the
Sirognathograph Analyzing System II (Tokyo shika sangyou, Tokyo, Japan)'®'.
Recording was carried out before preoperative orthodontic treatment and after
postoperative orthodontic treatment without a multi-bracket system (approximately 1
year after surgery). The recording magnets were fixed at the centers of the right and
left lower incisor margins with a liquid adhesive. The subjects were seated upright with
no restriction of the head, and with Sirognatho-antenna parallel to the Frankfort
horizontal (FH) plane. Masticatory movements on the right and left sides were
recorded for 30 seconds after subjects had been given a chance to soften up the
chewing gum used for this purpose. 20 strokes after the fifth stroke were recorded and
the average duration of chewing cycle (that consisted of opening, closing and
occluding phase) was calculated. Furthermore, the coefficient of variation (standard
deviation / average x100) in each phase of chewing cycle was used to evaluate the
stability of chewing motion (Fig. 2).

The duration of the chewing cycle and coefficient of variation were compared

between groups and differences were analyzed statistically with t-test and paired t-test



with StatView™ software, version 4.5 (Abacus Concepts, Inc., Berkeley, CA, USA).

The differences were considered significant at p<0.05.

Results

No significant differences were found in the duration of chewing cycle between pre
and post-operation in SSRO group, IVRO group, the asymmetry group and the
symmetry group. No significant differences were found in the duration of chewing
cycle between deviated side and undeviated side in pre and postoperative SSRO group,
IVRO group, the asymmetry group and the symmetry group (Table 1).

However, in the comparison of coefficient of variation, the postoperative value of
occluding time was significantly smaller than preoperative one in undeviated side
(P=0.0358) and there was significant difference in occluding time between deviated
and undeviated side postoperatively in asymmetry group (P=0.0037).

In symmetry group, there were no significant differences between pre and
post-operation, and between deviated and undeviated side in coefficient variation of all
phases of chewing cycle.

In IVRO group, although there was no significant difference in coefficient variation
of occluding time between deviated and undeviated side preoperatively, the coefficient
of variation of occluding time in deviated side was larger than that in undeviated side
postoperatively (P=0.0406).

In SSRO group, although, the coefficient of variation of occluding time in deviated

side was larger than that in undeviated side preoperatively (P=0.0318), there was no



significant difference between deviated and undeviated side postoperatively. The
postoperative coefficient of variation of occluding time was smaller than preoperative
one in undeviated side (P=0.0166).

When the data was calculated statistically as a total group, the coefficient of
variation of occluding time in deviated side was smaller than that in undeviated side
preoperatively (P=0.0459), however, that in deated side was larger than that in
undeviated side postoperatively (P=0.0308). The postoperative coefficient of variation
of occluding time was smaller than preoperative one in undeviated side (P=0.0167)

(Table 2).

Discussion

The functional improvement following orthognathic surgery is expected as well as
cosmetic improvement, and many studies have documented masticatory functions such
as masticatory efficiency’’, muscle activity', bite force'®, and occlusal contacts'’"?.

The chewing cycle is defined as a series of mandibular movement consisted of
opening phase, closing phase and occluding phase. The chewing rhythm shows the
regularity of repetition of the chewing cycle. Therefore, the chewing rhythm includes
many times chewing cycles, the standard deviation and the coefficient of variation. The
coefficient of variation shows the stability of chewing rhythm. These data can be used
as one of the factor show the functional improvement. If the duration of chewing

cycle and the coefficient of variation decrease postoperatively, we can interpret the

improvement in chewing movement can be achieved.



In patients with mandibular retrognathia, chewing performance was not influenced by
orthodontics before surgery, and it was impaired with respect to that of control subjects
before surgery”’. This finding was consistent with results obtained from groups of
patients with a variety of dentfacial deformities’ and in patients mandibular
prognathism™®®. Some previous studies concluded that at least 1 year after mandibular
advancement surgery, chewing performance was not improved®'. However, in other

5,8,22

studies containing mandibular setback patients, improvement was shown™"~*. Proschel

et al®

. reported an increase of 0.01 sec in the duration of opening and closing durations
after surgical correction of 22 prognathic patients. However, this postoperative increase
was not statistically different from the patients’ durations before surgery, and such a
small increase would also not be clinically significant. Fuji et al**. reported that there
was no difference in chewing cycle time among pre, postoperative and control group,
in mandibular setback surgery cases. Theses results were in accordance with our
findings, although asymmetry cases were not included in the previous studies.

In this study, we recorded and examined habitual chewing movement in groups
divided by frontal, on both the deviated and undeviated sides of the chewing
movement, making comparisons with these studies difficult. However, there were no
significant differences between symmetry and asymmetry group, and between IVRO
and SSRO group, pre and postoperatively in the duration of chewing cycle.
Furthermore, there was also no significant difference between deviated and undeviated
side in each group. These results might be affected by much variation of chewing

movement.

On the other hand, Fujii et al** stated that the postoperative coefficient of variation



of total duration chewing cycle was significantly smaller that preoperative value.
Kobayashi et al® also reported that the preoperative mean coefficients of variation
decreased significantly postoperatively using electromyography. In this study, in the
coefficient of variation in occluding time, postoperative significant decrease was found
in the undeviated side in asymmetry group and SSRO group. The coefficient of
variation could be interpreted as stability of the value so that these results could be
considered that just postoperative occluding time became more stable than
preoperative one, although total the coefficient of variation in total chewing cycle did
not change. The improvement in the coefficient of variation in undeviated side in
asymmetry group and SSRO group might show the possibility of equalization of
habitual chewing in both sides. Occlusion and skeletal change by orthognathic
surgery may induce the change in the stability of chewing rhythm.

Interestingly, after surgery, the coefficient of variation in deviated side was higher
than that in undeviated side in asymmetry group and IVRO group. The patients who
underwent IVRO had almost asymmetry so that this result could be considered as the
result of asymmetry cases. If the habitual chewing side was deviated side, these results
could be understandable. Preoperative chewing rhythm was comparatively stable in
bilateral side, however, postoperative one in deviated side showed a tendency to be
worse and that in undeviated side significantly became better. This suggested that the
postoperative rate of chewing in undeviated might be higher than preoperative one. In
our previous study”, of the components of the chewing path, the incisal path angle of
the chewing path on the deviated side showed a significantly higher value than that on

the undeviated side in both the symmetry and asymmetry groups before and after



treatment. This change in the chewing path also might affect the significant change in
the coefficient of variation of chewing cycle.

In conclusion, this study suggests that surgical orthodontic treatment does not
significantly change the duration of chewing cycle, although postoperative stability of
chewing cycle was implied in undeviated side in asymmetry group and SSRO group.
However, because this study was performed with a small number of subjects, further

examination with a large number of subjects will be necessary.
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Legend

Fig. 1 Mx-Md midline in frontal cephalogram

Fig. 2 Typical record of frontal chewing path and chewing cycle. = Mean shows
mean duration of 20 chewing cycle. S.D. shows standard deviation. C.V. shows
coefficient of variation. Chewing rhythm includes the mean of 20 strokes of
chewing cycle, the standard deviation and the coefficient of variation.

Table 1. Mean duration and standard deviation (SD) of chewing cycle (opening,
closing and occluding phase). SD*: shows mean of standard deviation of individual
20 strokes chewing cycle.

Table 2. Mean and standard deviation (SD) of coefficient of variation in chewing
cycle (opening, closing and occluding phase). *: shows significant difference between
deviated and undeviated side at P<0.05. **: shows significant difference between

before and after surgery at P<0.05.
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Chewing cycle

Occluding phase

<

Closing phase Dpening phase

Chewing rhythm

Opening phase (n=20) 0.277 0.060 21.661
Closong phase (n=20) 0.230 0.024  10.435
Occluding phase (n=20) 0.218 0.046  21.101
Cycle time (n=20) 0.725 0.081 11.172

Mean (sec) S.D. C.V.

Fig.2



Before

After

opening closing  occluding cycle opening closing  occluding cycle opening closing  occluding cycle opening closing  occluding cycle
(msec)  (msec) (msec) (msec) SD* SD* SD* SD* (msec)  (msec) (msec) (msec) SD* SD* SD* SD*

Asymmetry group  Deviated side Average 310.2 287.5 251.2 848.9 714 55.7 45.6 90.2 280.2 297.6 253.7 831.6 58.6 48.6 62.5 83.7
SD 56.0 61.5 86.1 151.9 31.6 41.9 20.8 47.4 57.0 86.4 87.4 188.0 19.9 20.2 57.3 44.1

Undeviated side Average 297.4 284.4 243.8 825.8 59.3 51.5 48.3 81.8 295.5 293.3 246.9 835.6 57.2 54.6 35.3 75.1

SD 58.0 70.6 80.3 153.5 28.5 24.2 27.0 41.4 67.7 74.5 71.6 170.8 311 30.6 20.7 33.8

Symmetry group Deviated side Average 317.9 281.7 229.6 829.1 66.9 51.5 441 89.7 302.5 277.9 253.0 833.5 78.7 62.2 40.0 102.3
SD 67.3 40.6 60.3 105.2 34.8 26.5 22.6 52.9 58.1 47.3 64.7 114.6 38.0 54.5 18.8 81.5

Undeviated side Average 313.3 269.9 237.0 820.3 75.3 53.7 66.3 103.3 303.9 285.9 248.9 838.5 70.1 715 41.7 116.4

SD 67.3 49.1 55.8 112.7 36.5 22.9 62.0 64.8 46.3 60.2 57.0 106.0 36.6 65.6 18.9 81.7

VRO group Deviated side Average 310.4 283.7 244.4 838.7 72.8 53.1 44.4 89.9 269.5 265.1 251.5 786.2 63.7 62.8 55.3 104.3
SD 61.4 62.6 717 149.8 30.1 43.3 22.5 40.5 50.4 59.4 63.6 139.9 31.2 61.4 36.4 80.0

Undeviated side Average 307.8 273.3 251.3 832.2 70.9 52.6 46.0 99.7 298.1 261.2 249.5 808.7 68.3 44.2 41.6 91.3

SD 67.6 49.3 85.2 159.2 48.1 25.3 31.4 55.1 7.7 54.2 55.2 170.2 42.2 17.1 23.8 43.0

SSRO group Deviated side Average 315.3 285.6 240.1 841.0 67.6 54.3 45.3 90.0 301.2 301.9 254.5 857.6 69.5 50.1 51.0 85.1
SD 61.2 47.9 79.2 124.8 34.4 31.5 21.1 54.1 59.5 75.4 85.0 164.1 30.7 19.2 50.5 52.4

Undeviated side Average 302.5 280.6 235.1 818.6 63.9 52.4 61.8 86.7 299.8 305.8 246.9 852.3 59.9 71.8 36.2 94.5

SD 60.0 68.4 61.0 123.9 215 22.8 52.1 52.9 47.1 70.2 70.5 128.9 28.8 57.9 17.8 7.7

total Deviated side Average 313.6 284.9 241.6 840.2 69.4 53.9 45.0 90.0 290.0 288.9 253.4 832.4 67.5 54.6 52.6 91.9
SD 60.4 52.6 75.5 131.9 32.6 35.5 21.3 49.1 57.7 71.5 77.1 157.7 30.5 39.1 45.5 63.0

Undeviated side Average 304.4 278.0 240.8 823.4 66.4 52.5 56.2 91.3 299.2 290.0 247.8 836.9 62.9 62.0 38.1 93.3

SD 61.8 61.6 69.7 135.1 32.8 234 46.0 53.2 58.5 67.7 64.6 143.8 33.7 49.1 19.9 62.3

Table 1.



Before After
opening closing  occluding cycle opening closing  occluding cycle
(%) (%) (%) (%) (%) (%) (%) (%)

Asymmetry group  Deviated side Average 28.5 19.2 18.1 10.5 20.8 16.4 22.8 9.9
SD 128 135 55 4.9 6.1 4.3 13.0] * 37

Undeviated side Average 19.2 18.2 195 %% 9.7 18.8 19.6 143 =% 9.5

SD 6.8 8.0 7.6 4.5 8.2 13.2 6.7 5.1

Symmetry group Deviated side Average 28.8 18.2 19.5 10.9 25.8 22.3 16.1 12.1
SD 17.5 8.9 8.9 6.8 12.3 18.8 6.9 9.1

Undeviated side Average 23.9 20.0 27.6 13.1 23.3 24.0 16.8 13.7

SD 8.7 8.3 23.4 9.0 11.2 16.1 6.1 8.7

IVRO group Deviated side Average 28.1 18.0 17.7 10.5 23.1 22.9 21.8 12.7
SD 10.0 11.4 5.4 4.0 9.8 20.4 13.1:| * 79

Undeviated side Average 215 19.4 17.5 11.7 21.9 18.5 16.1 114

SD 11.0 9.9 8.0 5.8 10.8 13.0 7.1 5.1

SSRO group Deviated side Average 28.9 19.2 19.3 10.8 23.0 16.9 18.8 9.9
SD 17.1 11.9 7.9 * 6.6 9.6 5.9 10.1 5.8

Undeviated side Average 21.2 18.8 26.1°*  11.0 20.2 23.2 150 * 113

SD 5.9 7.2 19.5 7.6 9.3 15.3 6.2 8.2

total Deviated side Average 28.6 18.8 18.7 10.7 23.0 19.0 19.8 10.9
SD 14.8 11.6 7.1 5.7 9.5 13.0 11.}] * 6.6

Undeviated side Average 21.3 19.0 23.1* 112 20.8 21.6 15. 11.3

SD 7.9 8.1 16.7 7.0 9.7 14.5 6.5 7.1

Table 2.
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