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Abstract : It is well-known that the bone shape and its internal structure will be affected by the
functional activity of associated muscles. As to the masticatory organ, many researchers have
suggested that masticatory muscles, especially the masseter muscle and lateral and medial
pterygoid muscles affects the formation of the dentofacial skeleton. This study was performed to
verify the hypothesis by means of morphometric analyses using CT scanned images,
ultrasonography and roentgenograph cephalometry .

Subjects and method : The subjects of this study were 61 adult volunteers. Their mean age was
24 years for male, and 23 years for female. All the subjects participated after giving their informed
consent. CT image in each subject was scanned from the region of mandibular condyle to
mandibular border according at the interval of 2 to 5 mm. The masseter superficial muscle thickness
was observed at the middle region by ultrasonograph, using a 7.5MHz scanning probe. 24
evaluation items were measured for analysis of dentofacial pattern using lateral roentgenographic
cephalogram.

Results : Mean values of all measurements for evaluation items showed light sexual differences
except for the case of masseter muscle thickness.

According to correlation coefficients analysis, volume of the medial pterygoid muscle was
observed to be correlate with mandibular sizes, such as the mandibular length, mandibular body
length and mandibular ramus height. This muscle also showed to have a high level correlation
coefficient with the distance between mandibular backside and coronoid process or zygomatic
bone that represent the facial depth.

Otherwise, the masseter muscle thickness showed a correlation with the mandibular ramus
height as well as molar height, and also relate to both the inclination and the length of masseter
muscle that represent the axis and distance between zygomatic processes and point gonion,
respectively.

Thus, it seems true that masticatory muscles affect the development and formation of the
mandibular posterior area, where is the attachment region of these muscles, via the stress of muscie
activity.

Key words : masticatory muscle volume and thickness, CT scanned images, ultrasonography,
roentgenograph cephalometry, dentofacial morphology

Study on the relationship between both the volume and thickness of masticatory muscles and
dentofacial morphology
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Table 1. Mean age and its range in subjects.

Number and age Male Female
Number of subjects 43 18
Mean age 24y 3m 23y 2m
S.D. of mean age lyllm 1y Om
Maximum age 33y Tm 25y 3m
Minimum age 22y Om 22y Om
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Fig. 1 Cross sectional positions for CT images ;
Average number of CT frames in each
muscle was 19.3 for Masseter muscle, 8.7
for Medial pterygoid muscle and 10.6 for
Lateral pterygoid muscle.
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Fig. 2 Measured area in each muscle are painted
yellow.
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Fig. 3 Ultrasonography of masseter muscle and
its measuring points (O) ; Masseter
muscle thickness was measured on O
marked points except X points.
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Fig. 4 Reference line and measuring method of roentgenographic cephalometry.

Angular measurements
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(DSella-Nasion-Pogonion @L-1 to Mandibular plane @Symphysis angle @Masseter inclination
to FH ®Gonial angle ®Mandibular plane angle

Linear measurements

@Anterior facial height ®Maxillary length @Upper incisor height @Maxillary molar height
@Mandibular length @@Mandibular body length @Mandibular ramus height @Lower incisor
height @Lower molar height @Cd line to pterygoid fissure @Cd line to coronoid process @
Cd line to zygomatic process (@Cd line to first molar @Condylion - molar @Condylion - lower
incisor @Masseter upper width @Masseter lower width @Masseter muscle length

Table 2. Means and standard deviations of muscle size.

Male Female sig.
Measured muscles
N Mean S.D. Max. Min. N Mean S.D. Max. Min.
Measurements by CT
Masseter muscle volume (cif) 14 36.66 6.34 49.84 26.88 3 28.90 13.29 44.20 20.12
Medial pterygoid volume (cf) 19 11.96 1.54 15.06 9.18 8 7.98 2,51 13.15 5.88 * %k %
Lateral pterygoid volume (cif) 35 21.07 4.18 35.64 12.31 14 15.45 2.97 23.03 10.21 * ok %
Masseter thickness by CT (mm) 35 15.11 2.24 21.50 10.50 12 13.00 2.35 19.50 11.00
Measurements by Sonography
Masseter thickness (mm, rest) 43 15.65 2.41 20.18 8.60 18 13.23 2.77 20.12 8.52 * % %
Masseter thickness (mm, clenching) 43 16.97 2.52 24.02 11.08 18 14.86 2.86 21.80 10.41 * %

Sig. ; Significance level of the mean difference between male and female, * : p<0.05, * % : p<0.01, % % * : p<0.001
N, Number of subjects ; Max., Maximum data in subjects ; Min., Minimum data in subjects.
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Table 3. Means and standard deviations of roentgenographic cephalometry.
Male Female sig.
Measurement items
N Mean S.D. Max. Min. N Mean S.D. Max. Min
Angular measurements (degrees)
Sella-Nasion-Pogonion 34 80.6 3.8 91.6 73.4 13 78.4 5.21 86.4 70.1
L-1 to Mandibular plane 34 93.2 8.01 112.9 76.5 13 92,7 5.91 103.8 84.2
Symphysis angle 34 75.1 5.58 89.7 62.2 13 74.2 5.07 84.7 674
Masseter inclination to FH 34 126.4 4.67 135.5 111.6 13 130.8 6.47 143.5 118.8 *
Gonial angle 34 121.5 6.50 137.4 104.9 13 125.7 8.89 142.2 114.0
Mandibular plane angle 34 271 6.78 47.0 12.1 13 32.8 9.63 54.2 22.4 *
Linear measurements (mm)
Anterior facial height 34 136.5 6.33 148.7 125.1 13 128.0 6.34 137.0 116.3 * %k %k
Maxillary length 34 51.8 4.03 60.6 41.7 13 47.8 2.11 51.5 44.6 * %k
Upper incisor height 34 32.3 3.08 38.7 27.2 13 30.9 3.51 35.3 24.6
Maxillary molar height 34 244 275 29.3 19.4 13 22.4 2.50 27.2 16.7 *
Mandibular length 34 131.6 5.74 146.6 120.2 13 121.9 7.93 134.9 108.4 * ok k
Mandibular body length 34 823 558 99.9 T71.8 13 78.1 6.51 86.8 67.2 *
Mandibular ramus height 34 T70.2 455 80.3 61.1 13 60.4 6.67 70.7 47.3 * %k %k
Lower incisor height 34 47.8 3.15 53.8 40.8 13 4.2 351 49.2 39.0 * %k
Lower molar height 34 36.2 3.22 43.7 30.7 13 31.0 2.73 35.7 25.8 * % %k
Cd line to pterygoid fissure 34 350 2.87 40.2 29.3 13 32.0 3.32 37.1 27.1 * %
Cd line to coronoid process 34 36.5 4.58 50.3 27.3 13 35.4 3.87 40.3 26.4
Cd line to zygomatic process 34 61.8 3.71 69.2 53.2 13 57.6 3.86 62.5 52.0 * % k
Cd line to first molar 34 56.2 5.02 73.7 46.9 13 51.4 4.27 56.6 42.2 * %
Condylion-molar 34 80.4 3.94 89.0 70.2 13 75.6 3.89 83.2 69.7 % % *
Condylion-lower incisor 34 108.8 4.17 116.9 98.9 13 102.5 5.20 110.6 93.0 * %k %
Masseter upper width 34 33.5 1.74 37.3 28.7 13 31.6 1.84 34.0 28.8 * %k
Masseter lower width 34 31.1 4.54 38.7 22.6 13 27.4 465 37.8 21.6 *
Masseter muscle length 34 63.7 436 T72.2 56.7 13 56.0 5.03 64.3 49.4 * % %

Sig., Significance level of the mean difference between male and female, * : p<0.05, * % : p<0.01, % % % : p<0.001

N, Number of subjects; Max.,Maximum data in subjects; Min., Minimum data in subjects.
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Table 4. Pearson’s correlation coefficient value between muscle size and dentofacial pattern

Variables Volume of masticatory muscles Masseter thickness
Masseter m.  Med. pter. m.  Lat. pter. m. Thickness
Muscle volume and thickness
Masseter muscle volume - .632 % % .508 .336
Medial pterygoid m. volume .632 * % - .733 % * .461 *
Lateral pterygoid m. volume .508 x .733 % % - 422 % %
Masseter thickness(sono.) .336 .461 *x 422 *x % -
Roentgenocephalometry (angular)
Sella-Nasion-Pogonion -.231 .350 .056 .186
L-1 to Mandibular plane .055 —-.052 .112 .250
Symphysis angle 115 —-.124 .154 110
Masseter inclination to FH ~-.335 ~.420 * —-.191 —.400
Gonial Angle -.206 -.090 —.255 —-.267
Mandibular plane angle -.373 -.328 -.310 * —.440
Roentgenocephalometry (linear)
Anterior facial height .376 .592 =k % .315 * .219
Maxillary lenght .245 .535 sk %k .339 x .270
Upper incisor height .188 .355 .050 027
Maxillary molar height .061 436 * -.053 .196
Mandibular length .324 .T04 * % .272 .343 %
Mandibular body length 072 .461 * .148 .148
Mandibular ramus height .507 .665 3k .389 sk k 527 * %
Lower incisor height .270 .480 *x .256 .222
Lower molar height .460 611 * % 573 *x % 512 %k %
Cd line to pterygoid fissure .576 .633 3k %k .453 * % 419 *® %
Cd line to coronoid process -.181 .323 .281 .274
Cd line to zygomatic process .396 .559 *k % .536 * % 434 % %
Cd line to first molar .512 .698 % % .267 .435 sk %
Condylion-molar .306 .754 * % .123 .260
Condylion-lower incisor .284 718 % % .269 .306 %
Masseter upper width .310 .543 % %k .431 *k %k .365 %
Masseter lower width .079 .260 .249 123
Masseter muscle lenght .563 * .612 * % .652 % %k 448 % Xk

Statistically significance level of the correlation coefficients * : p<0.05, * % : p<0.01
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