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Abstract Background/purpose: Surgical orthodontic treatment is recommended for patients
with severe dentoskeletal discrepancies, while camouflage orthodontic treatment is recom-
mended for patients with mild to moderate discrepancies. However, the decision as to which
treatment should be chosen is complicated. The purpose of this study was to determine differ-
ences in masticatory function in patients who underwent camouflage and surgical orthodontic
treatment for skeletal Class III malocclusion, as well as the usefulness of Wits appraisal in
treatment decision based on masticatory functional analysis.
Materials and methods: The study subjects were 45 patients with skeletal Class III malocclu-
sion (15 cases with camouflage orthodontics and 30 cases with orthognatic surgery) and 12 in-
dividuals with normal occlusion. We analyzed the pre-treatment records of electromyographic
activities of masseter and temporalis muscles and jaw movements.
Results: There were no significant differences in various functional measurements between
the camouflage and surgery groups. However, there were significant but not strong correlations
between ANB and both masseter muscle activity (r Z 0.36, p < 0.01) and expression ratio of
abnormal chewing (r Z �0.54, p < 0.01). Division of patients into two groups using a cutoff
value of �6.0 mm for Wits appraisal showed a significant difference in masseter muscle activity
between �6.0 mm or less group and the control (p < 0.01) but none between more than
�6.0 mm group and the control.
Conclusion: Camouflage orthodontic treatment is inappropriate for patients with relatively
t of Orthodontics and Dentofacial Orthopedics, Kanagawa Dental University, 3-31-6, Tsuruya-cho,
221-0835, Japan.
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severe dentoskeletal discrepancies. Wits appraisal of �6.0 mm is a potentially useful param-
eter for treatment decision.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Malocclusion with skeletal Class III is characterized by Angle
Class III, anterior crossbite, compensatory inclination of
incisors for skeletal discrepancy and uni- or bilateral pos-
terior crossbite due to the transverse maxillary deficiency.
Several studies have demonstrated that patients with
skeletal Class III malocclusion show disorders of masticatory
function associated with the malocclusion and jaw defor-
mity; muscle activity,1e3 jaw movement,2e5 masticatory
efficacy,1 and bite force.2 However, the effect of the
severity of skeletal discrepancy on masticatory functional
disorder is not yet clear.

Skeletal Class III malocclusion can be the result of pure
mandibular prognathism or maxillary hypoplasia and ret-
rognathism, or a combination of the two.6 Surgical or-
thodontic treatment is recommended for non-growing
patients with severe dentoskeletal discrepancies, while
camouflage orthodontic treatment is recommended for
patients presenting with mild to moderate discrepancies.
However, the decision as to which treatment should be
chosen is not always an easy task especially in borderline
cases.7 For this reason, the treatment outcome of cam-
ouflage and surgical orthodontic treatment has been
studied.7e11 The results of such studies indicated that Wits
appraisal is a useful parameter for identifying cases suit-
able for camouflage or surgical orthodontic treat-
ment.7,9,11 Wits appraisal is a cephalometric parameter
representing the perpendicular distance between points A
and B on the occlusal plane, and is a marker of the severity
of antero-posterior jaw disharmony.12 Eslami et al.7 re-
ported that surgical orthodontic treatment is recom-
mended for cases with Wits appraisal of less than
�5.8 mm. However, there is no protocol at present that
can help in selecting the most appropriate treatment for
patients with skeletal Class III malocclusion. Moreover, as
far as we know, there is no study that examined the
characteristics of masticatory functions in skeletal Class III
cases who received camouflage and surgical orthodontic
treatment.

The purpose of this study was first to determine pre-
treatment differences in the masticatory function in pa-
tients with skeletal Class III malocclusion who underwent
camouflage and surgical orthodontic treatment. This part
of the study served to assess the relationship between
skeletal discrepancy and masticatory functional disorders.
The second purpose of the study was to establish the use-
fulness of Wits appraisal in treatment selection of patients
with skeletal Class III malocclusion, based on masticatory
function. The tested hypothesis was that surgical ortho-
dontic cases exhibit more severe dentoskeletal problems
and masticatory functional disorders than camouflage
treatment cases.
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Materials and methods

Subjects

Forty-five patients in the permanent dentition with skeletal
Class III malocclusion (ANB of less than 1� and unilateral or
bilateral Angle Class III molar relationship) and 12 individuals
with normal occlusion were the subjects of this study. None
had cleft palate, craniofacial syndrome, or severe skeletal
asymmetry (�4 mm mandibular deviation). Patients with
skeletal Class III malocclusion were divided into two groups;
patients of the surgery group underwent surgical orthodontic
treatment (10 males and 20 females, mean age 22.7 � 7.2
years, �8.8� � ANB�0.7�) while those of the camouflage
group received non-surgical camouflage orthodontic treat-
ment (5 males and 10 females, mean age 22.7 � 6.4 years,
�1.9� � ANB�0.9�). The decision on the selection of cam-
ouflage or surgical orthodontic treatment was conducted at
the Department of Orthodontics of Tokushima University
Hospital by one board-certified orthodontist, based on the
symptoms reported by the patient, facial esthetics, and
severity of dentoskeletal malocclusion as assessed by clinical
examination and cephalometric analysis especially in ANB
and dental compensation of incisors. Wits appraisal has been
rarely used in our treatment decision.

Twelve volunteers were the subjects of the control group
(4 males and 8 females, mean age 23.9 � 1.5 years, 2.0�

� ANB�5.0�), who fulfilled the following criteria: no skeletal
or dental malocclusion, no symptoms of temporomandibular
disorders, and no previous orthodontic treatment.

All clinical data used in this study were from the medical
records and measured before treatment. Dentofacial
morphology was evaluated on the lateral cephalogram.
Table 1 shows parameters measured in the cephalometric
analysis. The cephalometric variables were measured
twice; 1 week apart, by a single examiner. To test intra-
rater reliability, single measure intraclass correlation co-
efficients (ICC (1, 1)) were calculated and all were more
than 0.9, indicating a small method error.

The post hoc power analysis in this study showed
average effect size Z 0.56 and power of 1-b Z 0.77
(sample sizeZ 57, aZ 0.05), indicating that the number of
participants was to a large extent appropriate. The study
protocol was approved by the Ethics Committee of
Tokushima University Hospital (#3542) and a signed
informed consent was obtained from each participant.
Measurements and evaluation of muscle activity
and jaw movement

Muscle activity and jaw movement were recorded as
described previously13 with computerized mandibular

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 Parameters measured on the cephalogram.

Parameter Definition

SNA (o) Angle between SeN and N-A planes
SNB (o) Angle between SeN and NeB planes
ANB (o) Angle between N-A and NeB planes
FMA (o) Angle between mandibular and FH planes
Gonial Angle (o) Angle between the mandibular and ramus

planes
Go-Me (mm) Length of mandibular corpus
U1 to SN (o) Angle between the long axis of maxillary

central incisor and SN plane
L1 to mandibular

plane (o)
Angle between the long axis of
mandibular central incisor and
mandibular plane

Overjet (mm) Horizontal distance between incisal
edges (U1 and L1)

Overbite (mm) Vertical distance between incisal edges
(U1 and L1)

Wits appraisal
(mm)

Distance from AO to BO on the occlusal
plane

S: sella, N: nasion, Or: orbitale, Po: porion, Ar: articulare, Go:
gonion, Me: menton, A: point A, B: point B, U1: tip of upper
incisor, L1: tip of lower incisor, AO: point contacted perpen-
dicularly on the occlusal plane from point A, BO: point con-
tacted perpendicularly on the occlusal plane from point B.

Table 2 Comparison of cephalometric parameters
measured before treatment in the three study groups.

Parameter Control Camouflage Surgery

SNA (o) 83.2 � 2.1 81.8 � 2.7 80.6 � 3.7
SNB (o) 79.1 � 2.3 82.3 � 2.9 83.3 � 3.7**
ANB (o) 4.1 � 1.0 �0.5 � 0.9** �2.8 � 2.4**

yy

FMA (o) 27.4 � 5.8 29.6 � 5.7 28.3 � 6.8
Gonial Angle (�) 121.1 � 8.2 126.6 � 7.4 128.3 � 8.7*
Go-Me (mm) 76.3 � 3.5 77.0 � 4.6 80.2 � 6.7
U1 to SN (o) 106.3 � 4.0 110.6 � 5.8 110.2 � 8.6
L1 to mandibular

plane (o)
99.9 � 9.5 84.0 � 7.3** 81.4 � 8.7**

Overjet (mm) 3.3 � 0.8 0.9 � 2.8 �1.8 � 2.8**
yy

Overbite (mm) 3.4 � 1.2 1.0 � 1.5** 1.0 � 2.1**
Wits appraisal

(mm)
�0.3 � 2.3 �8.4 � 3.6** �11.2 � 3.5**

y

Values are mean � SD. *p < 0.05, **p < 0.01, compared with the
control group.

y
p < 0.05, yyp < 0.01, compared with the cam-

ouflage and surgery groups.
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scanner and electromyograph (K7 Evaluation System;
Myotronics-Noromed, Inc., Kent, WA, USA). Electromyo-
graphic (EMG) activities of the masseter and anterior tem-
poralis muscles were recorded bilaterally during 3-s
maximum voluntary clenching (MVC) at the maximum
intercuspal position, using bipolar surface electrodes. The
subject was instructed to clench the teeth with maximum
effort twice with 7-s interval rest. The mean value of the
EMG amplitude was calculated during the median 2 s of the
3-s MVC. The larger mean EMG amplitude achieved on each
side was regarded as representative and the average value
of bilateral representative measurements was used as the
muscle activity value for the individual.

Movement of the mandibular incisal point was recorded
during unilateral chewing of the gum (XYLITOL; OralCare
Inc., Tokyo, Japan) for 30 s on both the right and left sides
and bilateral normal gum chewing for 30 s. Ten chewing
strokes from the 5th to the 14th on each side were used to
evaluate the jaw movement based on the least variability in
path and rhythm.14 The chewing stroke was classified into
five specific types by visual inspection according to the
cycle shape of the mandibular incisal point movement on
the frontal plane, according to the classification of Nie
et al.;14 normal type, concave type, reverse type, crossover
type and chopping type. The latter four types were regar-
ded as abnormal chewing patterns. The number of each
chewing type in 10 strokes was counted and the frequency
of each chewing type was investigated. The average
numbers of strokes on the right and left sides were used as
the number of stroke for the individual.

We used the method described previously in detail for
analysis.13 The relative contributions of the masseter and
temporalis muscles were assessed by the activity index (AI).
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A negative AI value corresponded to relatively larger
contribution of the temporalis muscle activity than masseter
muscle. AI was calculated by the following formula:

AIZ (masseter muscle activity - temporalis muscle
activity) � 100 / (masseter muscle activity þ temporalis
muscle activity) (%)

The error index (EI) was used to evaluate jaw movement
patterns. EI was calculated as the ratio of the number of
abnormal chewing types to the total chewing strokes, using
the following formula:

EI Z number of strokes showing abnormal chewing
type � 100 / number of total strokes (%)

Statistical analysis

Results were expressed as mean � standard deviation.
Differences between groups were analyzed by analysis of
variance (ANOVA). When ANOVA was significant, the Bon-
ferroni/Dunn procedure was performed as a post hoc test.
Regression analysis was used to determine the relationship
between ANB and masticatory functions. In all tests, a p
value less than 0.05 was considered statistically significant.
ICC (1, 1) was calculated to test intra-observer reliability.
All statistical tests were conducted using IBM SPSS Statistics
25 (IBM Japan, Tokyo, Japan). G*power 3.1 (Heinrich Heine
University Düsseldorf, Düsseldorf, Germany) was used for
power analysis to calculate effect size and power (1-b).15

Results

Characteristic of masticatory function in
camouflage and surgical orthodontic cases

Table 2 shows the cephalometric parameters for each
group. There were significant differences in ANB, L1 to



Figure 1 Comparison of (A) muscle activities of the masseter
and temporalis muscles, (B) activity index, and (C) error index
among the control group, camouflage group, and surgery
group. Values are mean � SD. *p < 0.05, **p < 0.01 (ANOVA).

Figure 2 Relationship between ANB and masticatory func-
tion: (A) masseter muscle activity, (B) activity index, and (C)
error index.
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mandibular plane, overbite and Wits appraisal between the
control and camouflage group (p < 0.01, each), and sig-
nificant differences in gonial angle (p < 0.05), SNB, ANB, L1
to mandibular plane, overjet, overbite and Wits appraisal
(p < 0.01, each) between the control and surgery group.
Moreover, Wits appraisal (p < 0.05), ANB and overjet
(p < 0.01, each) were significantly smaller in the surgery
group than in the camouflage group. The surgical case
showed more severe skeletal Class III with dental compen-
sation of incisors.

The masseter muscle activities of both the camouflage
and surgery groups were significantly lower than that of the
control group (Fig. 1A; p < 0.01). A similar tendency was
noted in the temporalis muscle activity but there was no
significant difference among the three groups (Fig. 1A). The
AI value of the control group was 19.0 � 11.7%, indicating
dominance of masseter muscle activity relative to the tem-
poralismuscle (Fig. 1B). The AI values of both the camouflage
(p < 0.05) and surgery groups (p < 0.01) were significantly
lower than that of the control group. The EI values of both
the camouflage and surgery groups were significantly higher
than that of the control group (Fig. 1C; p < 0.01).

Statistically significant but not strong correlation were
observed between the ANB and masseter muscle activity
(Fig. 2A; rZ 0.36, p < 0.01), AI (Fig. 2B; rZ 0.29, p < 0.05)
and EI (Fig. 2C; r Z �0.54, p < 0.01), indicating that the
more severe skeletal Class III, the lower the masseter
muscle activity and the more expression of abnormal
chewing strokes.
825
Masticatory function in skeletal Class III cases based
on wits appraisal

In the next series of studies, we evaluated the masticatory
function in all 45 patients with skeletal Class III malocclu-
sion after dividing the patients into two groups based on the
value of Wits appraisal, and then assessed the usefulness of
Wits appraisal in treatment decision in skeletal Class III
malocclusion.

Both ANB and Wits appraisal tended to be smaller in the
surgery than camouflage group (Fig. 3A and B) However,
the distribution of Wits appraisal was wider in the cam-
ouflage group than ANB and overlapped widely between
the surgery and camouflage groups (Fig. 3B). Wits
appraisal was more than �6.0 mm in only a single case of
the surgery group, while it was more than �8.0 mm in 20%
of the surgery group (Fig. 3C). Similar to the ANB, Wits
appraisal correlated significantly but not strongly with
masseter muscle activity (Fig. 4A; r Z 0.39, p < 0.01), AI
(Fig. 4B; r Z 0.29, p < 0.05) and EI (Fig. 4C; r Z �0.57,
p < 0.01).

Dividing the skeletal Class III cases using the Wits
appraisal cutoff value of �6.0 mm showed significant



Figure 3 (A) Frequency distribution histogram of ANB in the camouflage and surgery groups. (B) Frequency distribution histogram
of Wits appraisal in the camouflage and surgery groups. (C) Number of cases of the surgery group based on Wits appraisal of both
�6.0 and �8.0 mm.
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differences in masseter muscle activity and the AI value in
only the group with Wits appraisal of �6.0 mm or less and
the control group (Fig. 5A and B; p < 0.01). On the other
hand, the AI values of the subjects with Wits appraisal of
more than �6.0 mm were positive, indicating masseter
muscle dominance. The EI values of both skeletal Class III
groups were significantly higher than the control group
(Fig. 5C; p < 0.01). In contrast, using �8.0 mm as the Wits
appraisal cutoff value, both skeletal Class III groups showed
similar functional performance, i.e., temporalis muscle
dominance and high expression of abnormal chewing type
(Fig. 6).
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Discussion

Previous studies identified lower masseter muscle activity
with dominance of temporalis muscle and higher expression
of abnormal chewing in patients with skeletal Class III
malocclusion compared to normal subjects.1e5 These find-
ings might be due to the anteriorly positioned mandible in
skeletal Class III cases. The angel between masseter muscle
direction and the FH plane is larger in prognathism patients
compared with normal subjects due to the anteriorly posi-
tioned mandible.16 That means the masseter muscle of
skeletal class III cases directs more vertically. Therefore, it



Figure 4 Relationship between Wits appraisal and mastica-
tory function: (A) masseter muscle activity, (B) activity index,
and (C) error index.
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seems that their vertical direction of the masseter muscle
interferes with efficient mandibular movement and as a
result, skeletal Class III cases express more abnormal
chewing strokes, especially with linear opening and closing
patterns, compared to normal subjects. Moreover,
compared to normal subjects, skeletal Class III cases exhibit
a lower bite force and lower masseter muscle activity,
based on the smaller cross-sectional area of the masseter
muscle.17 Consequently, masticatory muscle activity and
jaw movement are influenced by the anatomical structure:
horizontal and vertical jaw discrepancy. Our study provided
support to the above results, namely, the significant cor-
relations between ANB and both AI and EI, indicating that
the more severe skeletal Class III, the lower masseter
muscle activity and the more expression of abnormal
chewing strokes.

For patients with mandibular prognathism, previous
studies demonstrated that improvement of masticatory
function to the level seen in healthy subjects with normal
occlusion occurs several years after orthognathic sur-
gery18,19 and post-surgical functional training by functional
de-compensation is recommended in such patients.13

However, it is noteworthy that patients who undergo
827
surgical orthodontic treatment report better quality of life
and more positive esthetic self-perception compared to
before treatment.20 Therefore, skeletal discrepancy should
be corrected to improve masticatory function and, in that
sense, camouflage orthodontic treatment is unlikely to be
effective in patients with severe skeletal discrepancy. In
treatment planning for skeletal Class III malocclusion, it
would be preferable to emphasize the importance of
improvement of function.

There is no standard protocol at present for selection of
either camouflage or surgical orthodontic treatment and in
fact the issue is controversial especially in treatment
planning of borderline cases with skeletal Class III maloc-
clusion.7 Camouflage orthodontic treatment is a routine
approach for treating adolescents and adults with Class III
malocclusion with a mild to moderate skeletal discrep-
ancy21 and it is beneficial for patients who find it difficult to
accept orthognathic surgery.22 In this regard, the strategy
of camouflage orthodontic treatment in skeletal Class III
malocclusion usually involves proclination of the maxillary
incisors and retroclination of the mandibular incisors to
improve dental occlusion, but the technique might not
correct the underlying skeletal problem.23 In addition,
some of the patients who undergo camouflage orthodontic
treatment and are later not satisfied with treatment re-
sults, subsequently opt for surgical orthodontic treat-
ment.24 Camouflage orthodontic treatment has the
advantages of attaining acceptable occlusion and esthetics
non-surgically but careful consideration is necessary for its
application.

Our study was designed to clarify the influence of the
degree of skeletal discrepancy on masticatory function by
comparing masticatory function between patients who un-
derwent camouflage and surgical orthodontic treatment.
Our hypothesis that surgical orthodontic cases exhibit more
severe dentoskeletal problems and masticatory functional
disorder than camouflage orthodontic cases was rejected.
In the present study, surgical orthodontics cases certainly
showed more severe dentoskeletal problems than camou-
flage orthodontic cases. However, there were no significant
differences in all functional measurements between pa-
tients of the two treatment groups. Therefore, as the next
analysis, we conducted regression analysis to determine
the relationship between ANB and masticatory function.
The results showed significant correlations between ANB
and both AI and EI. These results suggest that while many
patients with relatively severe dentoskeletal discrepancy
should have undergone surgical orthodontic treatment,
they received camouflage orthodontic treatment for some
reasons, probably patient refusal of surgery and desire for
non-invasive approach.

Although ANB is one of the commonly used cephalo-
metric variables for classifying skeletal type, it was re-
ported that Wits appraisal can be used as a critical
diagnostic parameter for selection of patients for either
camouflage or surgical orthodontic treatment.7,9,11 Wits
appraisal was proposed by Jacobson12 who described this
parameter to provide reliable indication of the extent or
severity of antero-posterior skeletal disharmony of the
jaws associated with the jaws/occlusal plane relation-
ship.12 Our study showed different distribution patterns
between ANB and Wits appraisal. The distribution of Wits



Figure 5 (A) Muscle activities of masseter and temporalis muscles, (B) activity index, and (C) error index based on Wits appraisal
�6.0 mm. Values are mean � SD. **p < 0.01 (ANOVA).
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appraisal in the camouflage group was wider than that of
ANB and overlapped widely with each group. That means
exclusion of Wits appraisal in any treatment plan could
lead to underestimation of dentoskeletal discrepancy. In
fact, since Wits appraisal was rarely applied in our treat-
ment planning, Wits appraisal of �8.4 mm in our camou-
flage group was smaller than that reported in previous
studies of camouflage cases: �4.4 mm,21 -4.6 mm,9

-4.8 mm,7 -6.9 mm,10 and �7.0 mm.11 Eslami et al.7 re-
ported that skeletal Class III cases with more than �5.8 mm
Wits appraisal could be treated successfully by camouflage
orthodontic treatment, while surgical orthodontic treat-
ment was recommended for cases with less than �5.8 mm.
Therefore, in the next series of experiments, we evaluated
the masticatory functions in all patients with skeletal Class
III malocclusion after dividing them into two groups based
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on the value of Wits appraisal. In our study using Wits
appraisal of �6.0 mm as the cutoff value, only one patient
had Wits appraisal of more than �6.0 mm in the surgery
group. Moreover, there was no significant difference in
masseter muscle function between the control and pa-
tients with skeletal Class III malocclusion and Wits
appraisal of more than �6.0 mm. These results suggest
that the Wits appraisal cutoff value of �6.0 mm can be
potentially useful for treatment decision in patients with
skeletal Class III malocclusion, from the point of view of
the masticatory functional analysis. In this regard, Stellzig-
Eisenhauer et al.9 reported that Wits appraisal was
�4.5 � 0.2 mm in correctly classified patients of the non-
surgery group, �13.0 � 0.5 mm in correctly classified pa-
tients of the surgery group, and �7.0 � 0.5 mm in incor-
rectly classified patients of the surgery group. As



Figure 6 (A) Muscle activities of masseter and temporalis muscles, (B) activity index, and (C) error index based on Wits appraisal
�8.0 mm. Values are mean � SD. *p < 0.05, **p < 0.01 (ANOVA).
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mentioned above, carful approach is needed in treatment
planning of patients with Wits appraisal of around 6.0 mm.

In conclusion, we demonstrated in the present study
that the more severe skeletal Class III was, the more severe
masticatory functional disorder was, however there was no
significant difference in masticatory function between
camouflage and surgical orthodontic cases. These results
suggest that camouflage orthodontic treatment was
selected inappropriately in many cases with relatively se-
vere dentoskeletal discrepancy, even though skeletal
discrepancy should have been corrected. For appropriate
treatment planning, Wits appraisal of �6.0 mm is a
potentially useful cutoff value for the selection of either
camouflage or surgical orthodontic treatment for patients
829
with skeletal Class III malocclusion, from the point of view
of masticatory functional analysis.
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