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ORIGINAL ARTICLE
Evaluation of masseter muscles in
relation to treatment with removable
bite-blocks in dolichofacial growing
subjects: A prospective controlled study
Roberta Lione,a Stavros Kiliaridis,b Andrea Noviello,c Lorenzo Franchi,d Gregory S. Antonarakis,b
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Introduction: The aim of this prospective study was to evaluate the effects of posterior bite-blocks on masseter
muscles and on facial growth in prepubertal dolichofacial subjects.Methods: The treatment group comprised 21
consecutive prepubertal dolichofacial patients treated with rapid maxillary expansion followed by mandibular
removable bite-blocks. Lateral cephalograms and ultrasonographic scans of the masseter muscles were
made before (T1) and after (T2) treatment with bite-blocks. The treatment group was compared with a control
group of 21 subjects matched for sex, age, and skeletal vertical pattern. An independent samples t test was
used to compare the T1 to T2 changes in ultrasonographic scan measurements between the treatment group
and the control group, and the T1 to T2 cephalometric changes in the treatment group. Regression analysis
was performed to investigate associations between masseter muscle thickness and cephalometric treatment
outcomes. Results: Masseter muscle thickness showed a statistically significant decrease (�0.7 mm) in the
treatment group compared with an increase (10.6 mm) in the control group. A significant anterior rotation of
the mandibular plane was observed in the treatment group as well as significant increases in overbite
(1.8 mm) and total posterior facial height (1.5 mm). No significant associations were found between masseter
muscle thickness and treatment outcomes apart from a tendency for overbite to increase more in subjects
with thicker muscles. Conclusions: Treatment with removable bite-blocks produced a decrease in masseter
muscle thickness and a reduction in vertical facial dimensions due to upward and forward rotation of the
mandible. No significant correlation was found between the pretreatment masseter muscle thickness and the
T1 to T2 cephalometric changes in the treatment group. (Am J Orthod Dentofacial Orthop 2017;151:1058-64)
In patients with high-angle mandibular patterns, the
treatment strategy is based on the inhibition of ver-
tical development or the intrusion of buccal dentoal-

veolar structures with various kinds of bite-blocks (BBs)
or extraoral appliances. The purpose is to induce upward
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and forward rotation of the mandible to express a more
horizontal growth direction, rather than vertical.1 A
functional treatment approach is indicated before the
completion of growth to guide the vertical forces devel-
oped during mastication against the posterior teeth and
the alveolar process.2 If muscle strength can affect facial
form, increasing the activity of the muscles of mastica-
tion with the help of BBs could positively affect the skel-
etal pattern of long-faced children.3,4

In this respect, masseter muscle thickness, an indica-
tor of the functional capacity of the masticatory appa-
ratus, may be an important functional factor in the
treatment of vertical skeletal discrepancies with func-
tional appliances.5

A strong relationship between muscle activity,
mandibular form, and craniofacial growth pattern has
been demonstrated in several studies.6-8 Clinical
investigations, mostly performed in adults, have shown
that thicker masseter muscles and those with increased
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Fig 1. Mandibular removable posterior BB.
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muscle activity are associated with smaller gonial angles
and shorter faces.9-12 Eckardt and Harzer13 observed
that masseter muscle volume has a negative correlation
with the steepness of the mandibular plane and the size
of the gonial angle, and a positive correlation with pos-
terior face height and ramus height. They concluded that
an increased volume of the masseter muscles in adults
was related to an anterior growth direction of the
mandible.13 In addition to the influence of the mastica-
tory muscles on facial morphology, Antonarakis and Ki-
liaridis14 in a prospective study demonstrated that the
functional capacity of the masticatory muscles can also
influence treatment outcomes during functional appli-
ance therapy in Class II Division 1 growing children.
Therefore, one can hypothesize that differences in
masticatory muscle capacity may influence treatment
outcome with posterior BB because of their role in con-
trolling the vertical dimension.

Little is known, however, about the association be-
tween the characteristics of the masticatory muscles
and treatment effects when using posterior BBs and,
inversely, the effects of BB treatment on the masticatory
musculature. Limited knowledge exists in this area, and
most studies have been carried out using electromyog-
raphy, which may not be the most suitable method to
investigate the true activity of the muscles under inves-
tigation.15,16

A reliable method available for the evaluation of
masticatory muscle capacity is ultrasonography, by
measuring the cross-sectional thickness of the muscles.
The superficial position of the masseter muscles allows
for easy access for thickness measurements with this
method.17

The hypothesis underlying this investigation is that
the insertion of a removable posterior BB influences
the morphology of the mandible during growth, and
that this influence depends on the thickness of the
masticatory muscles. Therefore, the aim of this study
was to evaluate the effects of treatment with removable
posterior BBs on masseter muscle thickness and on den-
toskeletal structures in dolichofacial growing subjects.

MATERIAL AND METHODS

The sample of this prospective study included a treat-
ment group (TG) and a control group (CG), each
comprising 21 subjects. A sample of 21 subjects was
chosen after a sample size calculation to detect at least
a difference of 0.8 mm in masseter muscle thickness be-
tween the 2 groups, with a standard deviation of
0.9 mm,14 an alpha value of 0.05, and a power of 0.8,
using specific software (SigmaStat version 3.5; Systat
Software, Point Richmond, Calif).
American Journal of Orthodontics and Dentofacial Orthoped
A TG of 21 consecutive patients (12 girls, 9 boys) who
sought orthodontic treatment at the Department of Or-
thodontics at the University of Rome “Tor Vergata,” in
Italy with a mean age of 9.9 6 1.4 years (range, 8.5-
11.1 years) was selected according to the following in-
clusion criteria: prepubertal stage of development
(CS1-CS3 in cervical vertebral maturation),18 mixed
dentition, negative posterior transverse interarch
discrepancy,19 and a skeletal hyperdivergent pattern
(sella nasion to mandibular plane angle,$35�).20 Exclu-
sion criteria included absence of the first molars, skeletal
asymmetries, temporomandibular joint diseases, facial
clefts or congenital craniofacial anomalies, previous
facial trauma, and previous orthodontic treatment.

This project was approved by the ethical committee
at the University of Rome “Tor Vergata” (protocol num-
ber 79/15), and informed consent was obtained from
parents.

Each patient underwent a standardized protocol with
rapid maxillary expansion in the form of a butterfly
palatal expander21 cemented through bands on the
maxillary permanent first molars, followed by a mandib-
ular removable BB (Fig 1).22 The expansion screw was
activated 2 turns per day (0.25 mm per turn) until the
desired expansion was achieved. The expander was
kept in place as a passive retainer for 6 months. At the
end of the retention period, the expander was removed,
and a removable mandibular BB was applied for
12 months to control the vertical dimension. The thick-
ness of the posterior BB was 5 mm. Patients were in-
structed to wear the appliance full time except for
meals and for toothbrushing. As in studies involving
any removable device, compliance with the instructions
of the orthodontist and staff varied among patients.
Therefore, compliance was appraised with a 3-point Lik-
ert scale (poor, moderate, good).23 Poor compliance was
reported when the patient wore the BB at night only;
moderate compliance occurred when the patient wore
ics June 2017 � Vol 151 � Issue 6



Fig 2. Cephalometric points, lines, and angles used in
analysis: SNA; SNB; ANB; SN to palatal plane (ANS-
PNS); SN to mandibular plane (Me-Go); palatal plane
(ANS-PNS) to mandibular plane (Me-Go); gonial angle
(Ar-Go-Me); overjet; overbite; maxillary first molar (6/) to
palatal plane (ANS-PNS); mandibular first molar (/6) to
mandibular plane (Me-Go); total posterior facial height
(S-Go); total anterior facial height (N-Me).

1060 Lione et al
the BB at night and during the day at home, and good
compliance was when the patient wore the BB full
time as suggested by the clinician. For the TG, lateral
cephalograms and ultrasonographic scans of the
masseter muscles were performed when the expander
was removed at the end of 6-month retention period
before applying the BB (T1) and after 1 year of treatment
with the BB (T2).

The CG consisted of 21 growing subjects (12 girls, 9
boys) matched for sex, age, (9.6 6 1.6 years), and skel-
etal divergence without an immediate need for ortho-
dontic treatment. The CG was followed without
treatment for 1 year and had only an initial lateral ceph-
alogram, but ultrasonographic recordings before (T1)
and after the 1-year interval (T2).

For all subjects, masseter muscle thickness was
measured by means of an ultrasonographic scan. The
scans were performed by a trained and calibrated exam-
iner (A.N.) using a real-time scanner with a linear array
transducer. All ultrasound measurements were made in
a darkened room with the subjects seated upright with
no head support. The scans were performed bilaterally
during muscle contraction obtained by asking the par-
ticipants to clench maximally in the intercuspal position.
According to the technique of Kiliaridis and Kalebo17

and modified by Raadsheer et al,24 the probe was ori-
ented perpendicular to the anterior border of the muscle
and perpendicular to the surface of the underlying ramus
of the mandible. The masseter was scanned on a line
connecting the lip angle and the tragus to register the
scan planes at right angles to the long axis of the muscle
and to prevent bias in obtaining the real size of the
masseter muscle. Light pressure was applied to prevent
compression of the soft tissues and muscles, thus avoid-
ing erroneous measurements. All registrations were
repeated twice, and the final values were obtained
from the mean of the repeated measurements.

All lateral cephalograms were hand traced at 1 sitting,
and landmark identification was performed by
1 investigator (R.L.). A customized digitization regimen
(Viewbox, version 3.0; dHAL Software, Kifissia, Greece)
was created and used for the cephalometric evaluation.
Lateral cephalograms of the TG and CG were standard-
ized with regard to magnification by setting this at 0%.

The cephalometric reference points, lines, and angles
used in the analysis are shown in Figure 2.
Statistical analysis

To determine the reliability of the method, ultrasono-
graphic measurements on half of the subjects were per-
formed by a trained examiner (A.N.) and repeated after
an interval of approximately 2 weeks. Twenty
June 2017 � Vol 151 � Issue 6 American
radiographs chosen at random were traced and digitized
by the same investigator on 2 separate occasions at least
1 month apart. A paired t test was used to compare the 2
measurements (systematic error). The magnitude of the
random error was calculated by using the method of mo-
ments estimator.25

Exploratory statistics showed that all cephalometric
and ultrasonographic variables were normally distrib-
uted (Kolmogorov-Smirnov test) with equality of vari-
ances (Levene test). An independent sample t test was
used to compare the T1 to T2 changes in ultrasono-
graphic measurements between the TG and the CG.
Descriptive statistics (means and standard deviations),
95% confidence intervals, and statistical comparisons
using paired t tests were calculated for the T1 to T2
cephalometric changes in the TG.

Linear regression analysis was carried out to investi-
gate whether the initial masseter muscle thickness could
be considered as a predictor (independent variable) for
treatment outcomes (T1-T2 cephalometric changes in
the TG, dependent variables). All linear regressions
were considered significant at P\0.05.

All statistical computations were performed with
SPSS software (version 12; SPSS, Chicago, Ill).
Journal of Orthodontics and Dentofacial Orthopedics



Table I. Demographics of the 2 groups, descriptive statistics, and statistical comparisons at T1 (starting forms) with
independent sample t test

Variable

Treated group
(n 5 21; 12 F, 9 M)

Control group
(n 5 21; 12 F, 9 M) Statistical comparison

Mean SD Mean SD Difference P value
Age at T1 (y) 9.9 1.4 9.6 1.6 �0.3 NS
Age at T2 (y) 10.9 1.4 10.5 1.9 0.4 NS
SNYpalatal plane (�) 9.5 2.6 8.5 2.4 1.0 NS
SNYmandibular plane (�) 43.5 5.5 40.6 3.3 2.9 NS
Palatal planeYmandibular plane (�) 34.0 6.0 32.1 3.3 1.9 NS

F, Female; M, male; NS, not significant.

Table II. Descriptive statistics and statistical comparisons of masseter muscle thickness at T1 and T2 in both groups
with independent sample t test

Masseter muscle
thickness (mm)

Treated group (n 5 21; 12 F, 9 M) Control group (n 5 21; 12 F, 9 M) Statistical comparison

Mean SD Mean SD Difference 95% CI P value
T1 9.6 0.7 10.3 1.7 �0.7 �1.5, 0.1 NS
T2 8.9 0.7 10.9 1.7 �2.0 �2.8, �1.2 *
T1-T2 �0.7 0.3 0.6 0.3 �1.3 �1.5, �1.1 *

F, Female; M, male; NS, not significant.
*P\0.001.

Fig 3. Box plots showing changes in masseter muscle
thickness (expressed as percentages of change) for the
CG and TG. The lower border of the box represents the
lower quartile, the upper border the upper quartile, and
the line in the box represents themedian.Whiskers repre-
sent upper and lower limits, and the points the outliers.
The horizontal line at 0% represents a line below which
the measurement showed a decrease, and above which
the measurement showed an increase.
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RESULTS

No systematic error was found between the repeated
ultrasonographic measurements or between the repeated
cephalometric values. For the masseter muscle thickness,
the random error was 0.2mm. For the cephalometric vari-
ables, the random error varied from 0.18� (SNA angle) to
0.35� (gonial angle) for angular measurements, and from
0.13mm (S-Go) to 0.28mm (overbite) for linearmeasure-
ments. No significant between-group differences were
found at T1 for the skeletal vertical cephalometric vari-
ables and for masseter muscle thickness (Tables I and II).

Masseter muscle thickness showed a statistically sig-
nificant decrease of 0.7 mm (60.3 mm) for the TG
compared with an increase of 0.6 mm (60.3 mm) for
the CG (Table II; Fig 3). Therefore, the difference be-
tween the 2 groups was 1.3 mm.

After 1 year of treatment with BBs, significant ante-
rior rotations of the mandibular plane were observed in
the TG (sella nasion to mandibular plane angle, 1.5�;
palatal plane to mandibular plane angle, 1.6�; gonial
angle, 1.7�). Significant increases of 1.8 mm of overbite
and total posterior facial height of 1.5 mm were also
found in the TG (Table III).

No significant correlation was found between the
pretreatment masseter muscle thickness and the T2 to
T1 cephalometric changes in the TG (Table IV).

The analysis of compliance of the treated subjects
during therapy (use of BB) showed that none had poor
American Journal of Orthodontics and Dentofacial Orthoped
cooperation; 5 had moderate cooperation, and the re-
maining 16 patients had good compliance. As a result,
therefore, cooperation was good in 76.2%of the patients.
ics June 2017 � Vol 151 � Issue 6



Table III. Descriptive statistics and statistical comparisons of the T1-T2 changes with paired t test

Measurement

T1
Treated group (n 5 21)

T2
Treated group (n 5 21) Statistical comparison

Mean SD Mean SD Difference 95% CI P value
SNA (�) 78.7 3.6 78.5 3.7 �0.2 �0.5, 0.8 NS
SNB (�) 74.6 3.8 74.7 4.0 �0.1 �0.7, 0.5 NS
ANB (�) 4.1 1.9 3.8 2.1 �0.3 �0.5, 0.9 NS
SNYpalatal plane (�) 9.5 2.6 9.7 2.8 0.2 �1.1, 0.9 NS
SNYmandibular plane (�) 43.5 5.5 42.0 5.8 �1.5 0.6, 2.4 y

Palatal planeYmandibular plane (�) 34.0 6.0 32.4 6.4 �1.6 0.4, 2.9 *
ArGoMe (�) 134.1 3.9 132.4 5.5 �1.7 0.2, 3.1 *
Overjet (mm) 4.3 2.3 3.6 1.9 �0.7 �1.7, 1.5 NS
Overbite (mm) �0.8 2.6 1.0 1.7 1.8 �2.6, �1.1 z

Maxillary 6-palatal plane (mm) 17.6 1.7 17.5 2.2 �0.1 �0.6, 0.8 NS
Mandibular 6-mandibular plane (mm) 25.0 1.5 25.5 1.8 0.5 �1.1, 0.0 NS
S-Go (mm) 63.1 4.3 64.6 4.6 1.5 �2.7, 0.2 *
N-Me (mm) 108.3 7.5 108.9 7.3 0.6 �2.2, 1.1 NS

NS, not significant.
*P\0.05; yP\0.01; zP\0.001.

Table IV. Linear regression analysis between pretreatment masticatory muscle thickness and treatment changes

Independent variable (at T1) Dependent variable (T1-T2) R value t statistic P value
Masseter muscle thickness SNA (�) 0.013 �0.055 0.957
Masseter muscle thickness SNB (�) 0.096 �0.421 0.678
Masseter muscle thickness ANB (�) 0.069 0.301 0.767
Masseter muscle thickness SNYpalatal plane (�) 0.264 �0.264 0.247
Masseter muscle thickness SNYmandibular plane (�) 0.002 0.002 0.992
Masseter muscle thickness Palatal planeYmandibular plane (�) 0.211 0.942 0.358
Masseter muscle thickness ArGoMe (�) 0.111 0.486 0.632
Masseter muscle thickness Overjet (mm) 0.334 1.544 0.139
Masseter muscle thickness Overbite (mm) 0.357 1.668 0.112
Masseter muscle thickness Maxillary 6-palatal plane (mm) 0.018 0.076 0.940
Masseter muscle thickness Mandibular 6-mandibular plane (mm) 0.148 0.651 0.523
Masseter muscle thickness S-Go (mm) 0.082 0.361 0.722
Masseter muscle thickness N-Me (mm) 0.001 0.003 0.997
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DISCUSSION

The aim of this investigation was to analyze the
changes in thickness of the masseter muscle and the
dentoskeletal modifications after treatment with remov-
able BBs in growing subjects with a high-angle mandib-
ular pattern. Apart from the masseter muscle, other
masticatory muscles may be influenced by functional
appliance treatment, such as the lateral pterygoid,
medial pterygoid, digastric, and temporalis that come
into play during mandibular grinding forces.26 In our
study, masseter muscle thickness was investigated as
representing masticatory muscle dimensions.27

Ultrasonography was used to measure the thickness
of the masseter muscle in vivo, giving quantitative infor-
mation about the functional capacity of the muscle.28

Ultrasonography provides reproducible information on
jaw muscle function, allowing for assessment of large-
June 2017 � Vol 151 � Issue 6 American
scale longitudinal changes in masticatory muscle thick-
ness during growth and orthodontic treatment.29

The posterior BB was applied in growing children at
the end of the 6-month retention period when the
expander was removed to control the vertical dimension
and to test its effects on masticatory muscles. All records
were taken after treatment with rapid maxillary expan-
sion so as not to include in the analysis the effects of or-
thopedic expansion on dentoskeletal structures.
However, expansion may have also influenced the
masseter muscle thickness; thus the thickness measured
at T1 may have been different from that measured
before treatment. Another limitation of this investiga-
tion was the lack of a control group that would allow
discrimination of treatment changes from natural
growth. The main difficulties with an untreated control
group are that the children must be longitudinally
Journal of Orthodontics and Dentofacial Orthopedics
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followed with additional radiographs that cannot be
justified and the ethical concern of not treating subjects
who might need orthodontic therapy. To overcome
those problems, a historical control group might be
used. However, the use of historical controls seems to
be associated with systematic bias that can be attributed
to an imbalance in distribution of patient characteristics,
selection bias, and temporal bias.30

Removable posterior BBs are functional appliances,
hinging the mandible open by producing and maintain-
ing pressure on the neuromuscular system supporting
the mandible.2,31 The prime objectives of functional
appliances are to take advantage of muscle forces and
to transmit them to the dentoalveolar structures in
accordance with desired changes.32

In our study, the hypothesis of training the mastica-
tory muscles by inserting a passive BB was rejected. The
masseter thickness showed a significant decrease of
0.7 mm during contraction in treated patients compared
with untreated subjects, who showed an increase of
0.6 mm (Table II, Fig 3). The increase in masseter muscle
thickness in the CG can be associated with the general
increase in muscle force in growing children that has
been previously demonstrated by several longitudinal
studies.33,34

As proposed by Antonarakis and Kiliaridis,14 func-
tional appliances may lead to mild atrophy of the masti-
catory muscles and to decreased functional activity due
to occlusal instability. Another possible hypothesis ex-
plaining the reduction in masseter muscle thickness
may be the stretching of the muscle with a consequent
adaptation in the muscle to compensate for the
increased length. These findings agree with those of Ki-
liaridis et al28 and Freeland,35 who detected a reduction
in muscle activity in growing patients undergoing func-
tional therapy for mandibular advancement.

Nevertheless, in our study, treatment with posterior
BBs was able to reduce the vertical dimension in subjects
with a high mandibular angle. Several studies have re-
ported that in addition to the inhibitory effect on the
height of the dentoalveolar process, BBs produce an in-
crease in the vertical growth of the condyle and a conse-
quent reduced steepness of the mandibular and occlusal
planes.1,5,36

In this investigation, treatment with BBs induced a
significant anterior rotation of the mandibular plane
(sella nasion to mandibular plane angle, 1.5�; palatal
plane to mandibular plane angle. 1.6�; gonial angle,
1.7�) that was associated with significant increases of
1.8 mm in overbite and of 1.5 mm in total posterior
facial height. These findings are similar to those reported
in previous studies that analyzed the dentoskeletal ef-
fects of passive and active BBs in subjects with the
American Journal of Orthodontics and Dentofacial Orthoped
same mean age.2,3,36 In contrast to these
investigations, we did not find a reduction in posterior
dentoalveolar heights. This difference is probably due
to the fact that the patients of our TG had smaller
maxillary and mandibular dentoalveolar heights
associated with a less severe anterior open bite. If the
cephalometric changes seen in the TG are compared
with an untreated control group of similar ages, it can
be seen that untreated patients have nonsignificant
vertical changes (a mean decrease in 0.3� of the sella
nasion to mandibular plane angle).37 By extrapolation,
one can say that the anterior mandibular rotation seen
in the TG was in response to the treatment and not to
normal growth.

No statistically significant associations were found
between masseter muscle thickness and treatment ef-
fects after treatment with BBs. This may have been
due to limitations related to the sample size, since the
study was powered to detect differences in masseter
muscle thickness between groups but not correlations
within the TG. However, one can see a tendency for a
greater reduction in overbite in subjects who had a
thicker masseter muscle before treatment with a BB. If
the sample had been larger, this tendency may have
been statistically significant. This finding needs confir-
mation with further investigations.

CONCLUSIONS

Treatment with removable posterior BBs in dolicho-
facial growing patients can influence the development
of the masseter muscles, perhaps due to the stretching
effect of the muscles as a BB of 5-mm thickness violated
the freeway space. Masseter muscle thickness decreased,
caused by a reduction in masticatory function during BB
treatment. This therapy produced anterior rotation of
the mandible with reduction of facial skeletal diver-
gence.
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