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Abstract : This study was aimed to clarify the hypothesis that the reduction of masseter muscle
activity induces insufficient growth of the jaw bones. From this viewpoint, relationship between
the skeletal structure on roentgenographic cephalograms and both the thickness of the masseter
muscle and electromyograms were investigated.

Subjects and methods : Subjects were 74 children (39 males and 35 females) aged from 4 years 9
months to 6 years 7 months, who live in Aomori prefecture. The analysis of 31 linear and 23 angular
items of dentofacial structure was made on the traces from lateral roentgenographic cephalograms.
The masseter muscle thickness was measured from the image obtained from an ultrasonic scanner
(Aloka : Echo Camera SSD 500, Probe : 7.5 MHz), and electromyograms of the masseter muscle were
analyzed. The dental diseases were also examined and recorded.

Results :

1. The incidence of normal occlusion in these children was 66.2%, and malocclusion was classified
into 3 types(crowding 18.9%, anterior cross bite 8.1%, and maxillary protrusion 6.8%). The
prevalence of the dental caries was 95.9 %, and the gingivitis was 62.2 %.

. Electromyogram indicated that the dentofacial morphology was related to the muscle activity
based on electromyograms. Especially the size and shape of maxillofacial structure, such as
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measured items of Y-axis, mandibular plane angle, superficial masseter muscle insertion width,
ramus height and inclination of masseter muscle axis in male, the gonial angle, mandibular
plane angle and masseter muscle length in female were significantly correlated.

3. The masseter muscle thickness was related to some morphological characteristics, such as well
as masseter insertion width, masseter length, gonial angle, ramus angle, mandibular plane
angle and alveolar bone height in both male and female.

4. The maximum bite force was 20.1 kg in male and 25.9 kg in female. Their bite force was related
to the skeletal structure, such as masseter insertion width in male, and ramus height, gonial
angle and mandibular body length in female.

These results indicated that the muscle thickness, electromyogram and bite force had significant
correlation with the maxillofacial skeleton. Hence, it was suggested that the masseter muscle shape
was one of the indicators of masticatory capability related closely to the size and shape of
mandibular bone.

Key word : children, electromyograms, thickness of the masseter muscle, dentofacialmorphology,
bite force

Relationship between masticatory ability and dentofacial structure in children.
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Table 1. Number of subjects for each invesigated item.
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Items Male Female Total
Questionaire of dietary style 39 35 74
Examination of dental diseases 39 35 74
Electromyogram of masseter muscle 35 33 68
Scanning of masseter muscle thickness 39 35 74

Analysis of roentgenographic cephalogram
Bite force

39 35 74
36 30 66
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Table 2. Means and standard deviations of electromyogram of msseter muscle and bite force.
Male Female Total
Items
Mean S. D. Mean S. D Mean S. D.

Electromyogram (EMG)

STR (n) 42.6 24.57 45.5 23.79 44.0 24.06

TIM (sec) 40.1 22.50 39.6 17.73 39.9 20.18

DUR (sec) 0.4 0.12 0.4 0.12 0.4 0.12

INT (sec) 0.6 0.56 0.5 0.17 0.6 0.42

CYC (sec) 1.0 0.56 0.9 0.16 1.0 0.42

TITG (V) 0.3 0.21 0.3 0.30 0.3 0.26

ITG (mV) 7.4 5.00 5.3 4.54 6.4 4.87
Bite force

PEM (V) 131.2 112.62 165.8 189.77 146.4 151.30

BFM (kg) 20.1 9.93 25.9 17.61 22.8 14.19

STR, chewing stroke ;

TIM, sum of each chewing time ; DUR, duration in each burst ; INT, interval

between bursts ; CYC, chewing cycle ; TITG, sum of integration ; ITG, average integration in each burst ;
PEM, peak EMG at maximum bite force ; BFM, maximum bite force
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Fig.1. Measurements of cross-sectional image
of masseter muscle and thickness of
subcutaneous tissue.

A, resting status ; B, clenching status ;

C, method of measurements ;

Area, area of muscle band (mm?) ;

Girth, girth of muscle band (mm) ;

Width, width of muscle band (mm) ;
Height, thickness of muscle band (mm) ;
Sbe, thickness of subcutaneous tissue (mm)
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Fig.2. Method of roentgenographic cephametric analysis.

Angular measurements

(DSNP, sella-nasion-pogonion ; @ YxSN, nasion-sella-gnathion (Y-axis) ; @ MpA, mandibular plane
angle ; @ GoA, gonial angle ; ® RaSN, ramus inclination ; ® SymA, symphysis angle; @ FH-Mu,
inclination of masseter muscle

Linear measurements

N-Me, anterior total facial height (nasion-menton) ; @ Mo-Mi, mandibular posterior dental
height (Mo-Mi’) @ Gn-Cd, mandibular length (gnathion-condylion) ; @ MBL, mandibular body
length ; @ RamlL, ramus length @ Cd-Cp, Cd line to coronoid process ; @ Cd-Zyg, Cd line to
masseter muscle ; @ UWM, upper width of masseter muscle ; @ LWM, lower width of masseter

muscle ; @ MML, masseter muscle length ; @ A’-Pm, maxillary length (A-Ptm’) ; @ Alvl,
thickness of alveolar process ; 8 Alv2, thickness of symphysis
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Table 3. Basic statistics of investigation.

Male Female Total
Items
Mean S.D. Mean S.D. Mean S. D.

Physical conditions

Height (cm) 112.4 7.60 111.9 6.62 112.1 7.11

Weight (kg) 20.3 .98 20.7 4.53 20.5 .22

KIDX (Kaup index) 15.9 1.64 16.4 2.53 16.2 2.10
Nomal Occlusion (%) 66.7 65.7 66.2
Malocclusion (%) 33.3 34.3 33.8

Maxillary protrusion 10.3 2.9 6.8

Anterior crossbite 5.1 11.4 8.1

Crowding 17.9 20.0 18.9
Pathogenic factors of malocclusion (%)

Skeletal factor 5.1 6 6.8

Functional factor 7.7 14.3 10.8

Discrepancy factor 61.5 82.9 71.6

Habitual factor 2.6 0.0 1.4
Dental caries

Persons with caries (%) 92.3 100.0 95.9

df rate (%) 37.5 43.7 40.4

Treated teeth (%) 33.1 43.8 38.6

Mean S.D. Mean S. D. Mean S.D.

Number of present teeth 20.7 1.28 20.7 1.72 20.7 1.50

Number of dft 7.7 4.90 9.1 4.35 8.4 4.66
Gingivitis (%) 53.8 71.4 62.2
Dietary styles (index)

MDSD 229.1 226.1 227.7

BDIT 58.9 62.9 60.8

DITT 288.0 289.0 288.5

LDIT 92.1* 74.6 83.9

MDSD, main and side dishes in each daily meal; BDIT, between meals;
DITT, sum of MDSD, BDIT (Index) ; LDIT, liquid diet (ml/10)

Significance by Student’s t-test *p<0.05
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Table 4. Means and standard deviations of thickness of masseter muscle, and distance between
subcutaneous tissue and masseter at clenching and resting status.

Male Female Tatal
Items
Resting Clenching Resting Clenching Resting Clenching
Mean S.D. Mean S.D. Mean S. D. Mean S.D. Mean S. D. Mean S.D.
Origin
Area (mm?) 225.9 48.16 226.6 45.79 206.7 39.58* 220.9 46.93 216.8 45.05* 223.9 46.11
Girth (mm) 74.0 5.86* 75.3 6.33 73.6 5.50 74.0 6.23 73.8 5.66* 74.7 6.27
Width (mm) 33.7 2.63* 34.3 2.85 33.7 2.45 33.6 2.74 33.7 2.53 34.0 2.80
Height (mm) 9.1 1.48 8.9 1.24 8.7 1.43 9.1 1.46 8.9 1.46 9.0 1.34
Sbe (mm) 12.6 3.03* 12.7 3.09 14.5 3.66 14.1 3.95 13.5 3.45 13.4 3.56
D-Y (mm) 0.1 1.68 0.4 1.99 -0.2 1.84
Middle region
Area (mm?) 237.9 48.93  238.2 51.70 232.2 50.91* 249.2 57.31 235.2 49.61* 243.4 54.33
Grith (mm) 74.1 5.46 74.8 4.96 75.7 5.65 75.8 6.10 74.8 5.57 75.3 5.51
Width (mm) 33.5 2.39 34.0 2.02 34.4 2.49 34.0 2.49 33.9 2.46 34.0 2.24
Height (mm) 9.7 1.59 9.5 1.68 9.4 1.74* 10.3 1.91 9.6 1.66 9.8 1.83
Sbe (mm) 11.6 3.29 11.1  2.66 13.4 4.60*% 12.3 4.01 12.4  4.04***11.6 3.40
D-Y (mm) -0.2 1.27 0.9 1.42 0.3 1.44
Insertion
Area (mm®) 221.1 47.83 206.6 60.14 209.1 42.65 207.7 46.97 215.4 45.55 207.1 53.95
Girth (mm) 75.2 4.61 76.2 5.13 74.4 5.41 75.2 4.60 74.8 4.98* 75.7 4.88
Width (mm) 34.0 2.01***35.0 2.18 33.9 2.47 34.3 1.81 33.9 2.23***34.7 2.03
Height (mm) 9.5 1.87* 8.4 2.34 9.1 1.4 9.1 1.711 9.3 1.64* 8.7 2.08
Sbe (mm) 8.6 2.85 7.8 2.61 10.3 4.00%* 9.3 4.45 9.4 3.53** 8.5 3.66
D-Y (mm) 1.0 1.68 0.5 1.96 0.7 1.82
D-Y (mm), difference height between clenching and resting status
Significance by Student’s t-test *p<0.05 **p<0.01 ***p<0.001
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Table 5. Means and standard deviations of rentogenographec cephalometric analysis.

Male Female Total
Mean S.D. Mean S. D. Mean S.D.
Angular measurements (degree)
SNP 75.8 3.06 76.9 2.43 76.4 2.82
YxSN 70.9 2.90 69.8 2.68 70.4 2.83
MpA 29.3 3.94 29.9 3.36 29.6 3.66
GoA 126.3 6.16 126.7 5.83 126.5 5.96
RaSN 90.0 4.62 90.2 4.88 90.1 4.71
SymA 77.8 4.05 78.2 4.18 78.0 4.09
FH-Mu 122.5 3.15 123.4 3.20 122.9 3.18
Linear measurements (mm)
N-Me 106.0 6.04 *¥* 102.3 4.02 104.3 5.48
Mo-Mi 30.0 2.13 ** 28.8 1.63 29.4 2.00
Gn-Cd 97.1 5.62 95.2 4.10 96.2 5.02
MBL 57.5 3.75 56.9 3.16 57.2 3.48
RamL 45.8 3.12 ** 43.9 2.97 44.9 3.18
Cd-Cp 32.7 2.84 31.7 2.06 32.2 2.54
Cd-Zyg 51.0 3.29 % 49.5 2.61 50.3 3.07
UWM 35.8 2.20 * 34.9 1.71 35.4 2.02
LWM 27.1 2.92 26.4 2.36 26.8 2.68
MML 47.5 3.21 ** 45.5 2.89 46.6 3.22
A’-Pm 43.4 2.14 42.9 2.11 43.1 2.39
Alvl 7.5 1.71 7.7 1.76 7.6 1.72
Alv2 14.0 1.33 13.8 1.35 13.9 1.33
Significance by Student’s t-test *p<0.05 * *p<0.01
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Table 6-a. Correlation coefficients between roentgenographic cephalometric variables and electromyogram
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in male.

Variables STR TIM DUR INT CYyc TITG ITG PEM BFM
SNP .142 .140 .135 -.038 -.018 .337 * .387 * -.070 .032
YxSN =.277 -.146 .095 .136 .151 —.496 ** - 356 * -.019 —-.088
MpA -.277 —-.149 .260 .051 .093 -.371* -.182 -.107 —.064
GoA -.105 .098 218 171 .207 -.312 ~.239 —-.099 .025
RaSN -.093 -.203 —.240 -.126 -.157 —.063 -.097 .005 -.117
SymA .135 .001 -.252 -.107 -.144 .166 .043 .200 -.052
FH-Mu .225 .002 ~-.172 ~-.358 * —.346 * .405 * .163 140 -.008
N-Me -.282 -.071 170 .281 .308 —.521 ** — 214 -.049 .038
Mo-Mi —.124 .051 -.005 .262 .263 -.292 —-.128 -.030 -.091
Gn-Cd -.179 .066 247 .298 .335 % —.401 % -.113 -.022 .162
MBL -.031 112 .014 .213 217 -.207 —.068 -.131 .088
RamL —-.198 .032 .098 .369 * 371 % —.326 —-.003 .037 .055
Cd-Cp -.092 -.016 .109 .142 .160 -.218 .008 .008 .298
Cd-Zyg .029 .089 .048 .059 .079 —.104 .027 .133 .330
UWM —-.005 .070 .095 .062 .090 =117 .072 .163 347 *
LWM —.264 -.336 -.031 -.022 -.015 -.073 .208 .166 .209
MML -.160 —-.146 -.123 111 .101 ~.099 .103 .075 .089
A’-Pm -.073 -.036 ~.146 .022 -.004 -.306 -.169 .086 -.054
Alvl -.005 .092 141 .101 127 -.216 -.043 —-.112 -.093
Alv2 -.235 -.273 .101 -.050 -.021 —.254 -.019 -.066 .203

Significance of correlation coefficients *p<0.05 * *p<0.01
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Table 6-b. Correlation coefficients between roentgenographic cephalometric variables and
electromyogram in female.

Variables STR TIM DUR INT CYC TITG ITG PEM BFM
SNP -.215 —-.261 .063 -.001 —.043 .076 175 -.030 .056
YxSN .236 .319 .081 .029 .148 .016 -.144 -.044 -.086
MpA -.298 -.289 -.486 ** 312 .056 -.104 .026 -.096 -.023
GoA — AT4 *¥* — 443 *¥* _ 303 * .396 * .161 -.219 —-.049 ~.382 * .034
RaSN 392 * 419 * .252 -.205 -.009 .199 .039 .218 -.202
SymA .203 137 .004 -.156 -.133 —.144 -.275 -.214 -.038
FH-Mu .376 * .307 .064 -.334 -.292 .082 -.017 .314 -.030
N-Me -.079 -.040 .157 .043 1137 -.110 -.153 .068 .223
Mo-Mi .253 .258 .049 —.055 -.046 .026 -.155 -.016 -.029
Gn-Cd -.252 ~.261 132 .054 .099 -.202 -.145 .099 .238
MBL -.118 -.193 .113 -.221 —.160 -.043 .008 .292 .078
RamL -.088 -.076 .148 .065 122 -.127 -.136 .101 .378 *
Cd-Cp .326 .265 .279 -.315 -.161 -.167 -.309 .066 .181
Cd-Zyg .124 .150 .239 —-.041 .065 -.219 —.446 ¥ * — 044 .165
UWM .100 .102 177 -.067 -.007 ~-.210 —-.376 * .066 .272
LWM 011 -.057 .176 -.260 -.168 .050 .048 121 -.106
MML .233 .259 .362* -.115 .108 —-.006 -.211 .139 .085
A’-Pm -.010 -.035 187 -.066 -.012 -.069 -.119 ~-.196 .229
Alvl ~-.016 -.037 .105 .009 .070 -.069 -.112 -.024 .329
Alv2 .088 .062 .013 .048 .040 -.116 -.182 -.135 .070

Significance of correlation coefficients *p<0.05 **p<0.01
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Table 7-a. Correlation coefficients between roentgenographic cephalometric variables and thickness of
masseter muscle in male.

21

Resting Clenching DY
Variables
Area Girth Width Height Sbc Area Girth Width Height Sbc

SNP -.037 -.070 -.089 -.169 —.036 —-.045 -.064 -.051 -.103 —.020 .076
YxSN .004 -.017 .016 .132 140 .010 -.011 -.029 .053 110 -.097
MpA -.269 -.229 ~.198 -.234 .039 -.268 -.250 ~-.260 ~.239 -—.014 —-.024
GoA —.444**— 361* - 330* -.476**-.031 -.367* -.383* -.387* -.2908 .029 .203
RaSN .346*% 301 .305 .480** 070 .302 .355% .368%* .248 .002 -.275
SymA .330%  .328%  .344* .319*% 151 .289 .255 .213 .260 .056 -.057
FH-Mu .246 .252 .258 .244 .196 144 .108 .055 .132 .120 -.132
N-Me 194 .089 .062 .246 .142 .080 .060 .042 .090 .156 -.191
Mo-Mi .377*% 285 .235 (434 %* 357 % .350*%  .350%* .326* .342* 239 -.092
Gn-Cd .130 .030 -.002 .135 .090 .067 .015 .005 .083 177 —-.059
MBL .241 .194 .176 .233 .067 133 .138 179 .109 .137 —-.148
RamL .237 .064 .024 .266 .051 132 .079 .046 167 .069 -.113
Cd-Cp .228 .093 .032 .188 .012 152 .042 .007 142 .183 -.049
Cd-Zyg .346*% 246 .186 .309 .289 .306 .116 015 .309 434 %% 021
UWM .367* 243 .184 .321% 266 .292 092 -.022 .316 L413** 015
LWM 508** A76** 413** 554 **- (025 A434%*  470%* 453*%* 375% —.004 -.198
MML .552%* | 383* 312 .618** 218 416*%* 361*  .319*% .359*% 174 -.300
A’-Pm .288 .194 157 .303 .219 .293 .229 .158 .305 .184 .024
Alvl 145 110 -.170 .149 .393* 070 -.112  -.206 .105 .397*  —.047
Alv2 179 .016 —.054 .201 .198 .183 .007 -.086 .223 .235 .043
Significance of correlation coefficients *p<0.05  **p<0.01

Table 7-b. Correlation coefficients between roentgenographic cephalometric variables and thickness of
masseter muscle in female.

Resting Clenching D-Y

Variables

Area Girth Width Height Sbc Area  Girth Width Height Sbc
SNP .116 .247 .266 .132 .191 .251 .310 .238 .283 .160 .218
YxSN 012 -.152  -.216 .002  -.057 -.063 -.212 -.203 -.126 —.036 -.172
MpA -.322 -.376% -.321 -.386* -.231 —-.289 -.370* -.336* —.273 -.237 105
GoA —.532%*— 545** — 468**— 453 *¥*— 124 —.453**— 455%*— 416* -.331 —.131 .110
RaSN .390*% 332 .255 .2718 -.041 .307 .278 .269 .164  ~.020 -.119
SymA .032 .152 .240 -.184 -.075 112 .120 .153 .000 —.047 .225
FH-Mu .163 .088 077 041 -.226 .136 .058 .069 039 -.193 .003
N-Me .218 .154 074 .266 L449** 316 222 137 .302 .459** 081
Mo-Mi .320 .299 .255 .205 .003 .219 .203 .216 .096 .079 -.121
Gn-Cd .254 .319 .264 .314 J490*%* 424 % 440%* 327 L4093 %%  483*%* 276
MBL .332 421% .367*  .330 .319 4290%*  541**  460** . 404* 335 % .138
RamL .285 .328 271 .342%  507**  .351* 279 .174 .419%  506** 144
Cd-Cp .148 .297 .299 .020 .230 .262 267 .224 .234 .162 .289
Cd-Zyg .049 .189 .199 .013 .345 % 173 .156 .131 .230 .363 * .292
UWM .096 .219 .223 .056 372 % 221 .180 .135 .292 .390 * .323
LWM .378*  467*%* . 429%* 317 .051 (438**  510** 448%* .343*% 117 .073
MML JA44%*  489%*  413% 381 *  354%* AT3** 495*  376*  405* 357 * 077
A'-Pm .047 .014 .012 .115 .253 077 .131 .134 114 .312 .012
Alvl .164 .251 .253 .087 L495%*  481%* 341%*% 191 L487%* . 350%* .546**
Alv2 L3311 .295 .281 212 175 .391*%  .340* .350%* .315 213 .164
Significance of correlation coefficients *p<0.05 * *p<0.01
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Table 8. Three factors and each value of load obtained from method of varimax rotations of principal

components analysis.

Male Female

Variables Variables

1 I I Communality 1 I I  Communality
RamL .859 .076 .008 .743 Gn-Cd .930 .148  -.167 915
Gn-Cd .848 -.389 -.001 .871  RamL .835 115 .079 .716
Mo-Mi .839 .159 .149 .751 MBL .808 .251 .026 .716
MML 742 471 .318 .873 LWM .702 .307 .138 .606
UWM .661 -.515 .379 .846 MML .611 .31 .533 755
RaSN .047 .900 .096 .822  ACR .140 .923 .151 .894
GoA -.012 -.826 -.358 .811  ACC .282 .887 .020 .867
ACC .196 .197 .827 .761  GCR .246 .854 172 .820
ACR .296 .253 .820 .824  STR -.201 -.009 .888 .830
TITG -.498 —.029 .634 .651  GoA -.376 —.407 -.735 .846
Contribution 3.523 2.266 2.164 7.953  Contribution 3.421 2.823 1.720 7.965
Proportion (%) 35.2 22.7 21.6 79.5  Proportion (%) 34.2  28.2 17.2 79.7
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