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CHAPTER 4 MASSETER MUSCLE THICKNESS IN GROWING INDIVIDUALS AND 
ITS RELATION TO FACIAL MORPHOLOGY 

This chapter has been published previously (Raadsheer MC, Kiliaridis S, Van Eijden TMGJ, 

Van Ginkel FC, Prahl-Andersen B (1996) Archs Oral Biol 41:323-332). 

Abstract - It is widely accepted, that an interaction exists between masticatory muscle function 

and craniofacial growth. In adults, correlations have been found between facial dimensions and 

jaw-muscle cross-sectional area, and between facial dimensions and masseter muscle thickness. 

Little is known about growth of the human masticatory muscles and its relationship with facial 

dimensions at different ages. In 329 Greek individuals, aged 7-22 yr, masseter muscle thickness 

was measured by ultrasonography. Muscle thickness was related to age, stature and weight, and 

to facial dimensions, measured by means of anthropological calipers. Muscle thickness was 

statistically assessed by univariate analysis of variance, after the males and females had been 

divided into three age groups. Facial dimensions were assessed by multivariate analysis of 

variance, age being considered as a covariate. The relation between muscle thickness and facial 

dimensions was subjected to stepwise multiple regression analysis. Masseter muscle thickness 

increased with age in both sexes. No differences were found between left- and right-hand side. 

For each age group (and corrected for stature and weight), males had significantly thicker 

masseters than females (p<0.01). Variation in muscle size and facial dimensions mainly 

coincided with variation in age, stature and weight. Apart from these, muscle thickness showed a 

significantly negative relation with anterior facial height and mandibular length, and a 

significantly positive relation with intergonial width and bizygomatic facial width. 

4.1 INTRODUCTION 

Changes in size and shape of the bony components of the craniofacial skeleton during growth 

have been extensively studied. The variation in facial morphology is large and facial growth 

patterns differ from individual to individual. Many investigators have shown a significant 

interaction between jaw muscle function and facial morphology, both in adults (e.g., Ingervall 

and Helkimo, 1978; Proffit et al., 1983; Kiliaridis et al., 1989; Bakke and Michler, 1991), and 

in children (Ingervall and Thilander, 1974; Ingervall, 1976; Kreiborg et ai, 1978; Proffit and 

Fields, 1983; Ingervall and Bitsanis, 1987; Kiliaridis et ai, 1993). Others have found 

correlations in adults between facial dimensions and the cross-sectional area of jaw muscles, 

measured by computerized tomography (CT, Weijs and Hillen, 1986), magnetic resonance 

imaging (MRI, Hannam and Wood, 1989; Van Spronsen et al, 1991) or ultrasonography (Ruf 

et al, 1994), cross-sectional area being an indication of the maximal force a muscle is capable of 

producing (Morris, 1948). Also, significant correlations were found between facial dimensions 
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and the ultrasonographic thickness of the masseter in adults (Kiliaridis and Kälebo, 1991; Bakke 

et al, 1992; Ruf et al., 1994). Ultrasonography has several advantages over CT and MRI, 

which makes it suitable for large-scale studies, especially in children. In contrast to CT, 

ultrasonography has no known cumulative biological effects. It is advantageous compared to 

MRI because MRI would require sedation in children under 10 years of age. Compared to both 

CT and MRI, ultrasonography is rapid and inexpensive, and the equipment can be easily handled 

and transported. However, it allows for registration of superficial muscles only. 

Animal studies (e.g., Langenbach, 1992) have shown that there is a close interaction 

between growth changes of the face and skull, changes in muscle morphology and changes in 

muscle function. In man, very little has been published about the growth and development of the 

muscles of mastication and their relation with facial morphology during growth. Dalla Rosa 

(1896), cited by Schumacher (1962), described the postnatal growth of the temporal muscle until 

adulthood, together with the growth of the skull. Schumacher (1962) explained the scarceness of 

data by the lack of adequate techniques for direct morphological examinations of the soft tissues 

in vivo. He described the morphological changes of the masticatory muscles from birth to 

edentulousness using dissection material, but his study was based on four human cadavers only. 

Therefore, our aim now was to measure the thickness of the human masseter muscle in growing 

individuals and to investigate the relation between facial morphology and the muscle thickness at 

different ages. 

4.2 MATERIALS AND METHODS 

4.2.7 Participants 

Measurements were made on 360 Greek individuals, age 7-49 yr. From this group, 169 females 

up to the age of 20 yr and 160 males up to the age of 22 yr were selected, because no increase in 

stature was expected after these respective ages (Thomsen et al., 1990). The age distribution is 

shown in Fig. 1. All participants were healthy and none showed growth disorders or facial 

malformations. They had a complete or almost complete dentition without extreme 

malocclusions or functional disorders. 

The examination comprised ultrasonographic registrations of the masseter thickness, and 

anthropometric measurements of the face. Also, stature and weight were measured so that they 

could be included as covariates in the statistical analyses. 

4.2.2 Body measurements 

Body measurements consisted of stature (cm) and weight (kg). Stature was measured while the 
participants were standing with their back and heels against a wall on which a stadiometer 

(KaWe, Germany) was fixed. The individuals were asked to look straight ahead and to stretch as 

much as possible, but to keep their heels on the floor. A survey table was let down on to the 
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Fig. 1. Distribution by age and sex of the sample (n=329). The ages are rounded down to whole 

years. 

head and the stature was registered to the closest 1 mm. Body weight was measured using a 

spring balance (Krups, Germany). Body weight was measured with the participants wearing 

(dry) swimming suits, and registered to the closest 0.5 kg. 

4.2.3 Masseter muscle thickness 

Muscle thickness was measured by ultrasonography. For an extensive description of the method 

we refer to Raadsheer et al. (1994). In brief, ultrasound measurements were obtained by means 

of a real-time scanner (Pie Medical Scanner 480, 7.5 MHz linear array transducer). The 

participants were seated in an upright position, with their heads in a natural position. The 

masseter was scanned bilaterally on a level halfway between the zygomatic arch and gonial 

angle. The scan plane was orientated perpendicular to the anterior border of the muscle and 

perpendicular to the surface of the underlying ramus. The registrations were made under two 

conditions, relaxation and contraction. The first was obtained by asking the participants to 

maintain slight interocclusal contacts, the second by asking them to clench maximally in 

intercuspal position. All registrations were repeated once and the final thickness was obtained 

from the mean of both measurements. Muscle thickness was registered to the nearest 0.1 mm. 
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ATFH/IAUFH 
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Fig. 2. Diagrammatic representation of lateral and frontal linear measurements of facial 

proportions. All abbreviations are described in Table 1. 

4.2.4 Facial dimensions 

Facial morphology was assessed by linear measurements of the skin surface, covering vertical, 

transverse and sagittal dimensions (Fig. 2, Table 1), based on a selection of the dimensions that 

were used by Van Spronsen et al. (1991). Only those dimensions were selected that allowed for 

external registration by means of anthropological calipers. Although the skin-surface dimensions 

were based on the above mentioned study, they did not conform to radiographically determined 

cephalometric landmarks. The calipers were scaled in 0.5 mm and the registrations were 

rounded to the nearest 0.5 mm. As recommended by Farkas (1994), all measurements were 

taken twice and the averages recorded. 

4.2.5 Statistics 

The measurements of masseter thickness were statistically assessed by means of univariate 

analysis of variance. In order to examine possible differences related to age and sex, participants 

were divided by sex and into three age groups. Around puberty, the comparison of age groups, 

based on chronological instead of biological cut-off points, would weaken possible group 

differences because several variables related to muscle development {e.g., creatinine excretion, 

absolute muscle mass) show sexual dimorphism from puberty onwards (Malina, 1978), and the 

onset and end of puberty differ between males and females, and also individually. However, in 

our study, no biological age was scored. Therefore, the age division was based on the onset and 
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Table 1. Lateral and frontal linear facial dimensions 

ATFH Anterior total facial height 
AUFH Anterior upper facial height 
ALFH Anterior lower facial height 
BFW Bizygomatic facial width 
IGW Intergonial width 
ICW Intercondylar width 
PFHR Posterior facial height right 
PFHL Posterior facial height left 
MLR Mandibular length right 
MLL Mandibular length left 
CLR Corpus length right 
CLL Corpus length left 

Nasion-menton 
Nasion-subnasale 
Subnasale-menton 
Zygion-zygion 
Gonion-gonion 
Condyle-condyle 
Condyle-gonion 
Condyle-gonion 
Condyle-menton 
Condyle-menton 
Gonion-menton 
Gonion-menton 

end of the pubertal growth spurt according to Marshall (1978), who stated that the first signs of 

puberty are observed from the age of 10 yr in females and the age of 11 yr in males, and that 

most pubertal changes have taken place after 14 yr in females and 16 yr in males. Thus, a "pre-

puberty", a "puberty" and a "post-puberty" group was created. Between-individual factors were 

"gender" (female, male) and "age group" (1, 2, 3), within-individual factors were "side" (left, 

right) and "condition" (contracted, relaxed). Covariates were "stature" and "weight". Whole-

year averages for the thickness of the contracted and relaxed masseters were estimated by fitting 

a polynomial function to the male and female scattergrams. 

Facial dimensions were examined by multivariate analysis of variance. "Gender" was 

considered a between-individual factor and, for the bilaterally measured dimensions (PFH, ML 

and CL; see Table 1), "side" was a within-individual factor. Because it was not our aim to 

examine age differences in facial dimensions, no division into age groups was made, but, like 

"stature" and "weight", "age" was considered as a covariate. 

The relation between muscle thickness and facial morphology was assessed by stepwise 

multiple regression analysis. In order to establish a reduced number of mutually uncorrelated 

new variables (also called factors) jointly describing the variation of the craniofacial 

measurements, a factor analysis was applied on the variables "age", "stature", "weight", and the 

facial dimensions. 

For all statistical analyses the SPSS x package (SPSS Inc., 1990) was used; the univariate 

analysis of variance was done with the MANOVA subpackage. 
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Table 2. Error of measurement of the muscle 
thicknesses and antropometrics, assessed on 
repeated measurements of 20 individuals 

Se(mm) % 

M-CON 0.45 3.6 
M-REL 0.42 4.1 

ATFH 1.90 1.7 
AUFH 1.92 3.7 
ALFH 1.96 3.2 
BFW 4.45 3.6 
IGW 3.62 3.7 
ICW 2.04 1.7 
PFHR 2.94 5.5 
PFHL 3.62 6.6 
MLR 2.61 2.1 
MLL 3.55 2.9 
CLR 2.33 2.6 
CLL 3.32 3.7 

4.2.6 Measurement error 

The measurement error (Se) for the 

ultrasound recordings and the 

anthropological measurements was assessed 

on repeated measurements (m„ m2) of 20 

randomly selected participants (n), using the 

formula: 

Se=V(S(m1-m2)
2/2n) 

The outcomes are shown in Table 2. For the 

ultrasound recordings the error was 0.45 

mm for the contracted and 0.42 mm for the 

relaxed muscle, the error for the 

anthropological measurements ranged from 

1.90 mm to 4.45 mm. 

4.3 RESULTS Se=V(2(mi-m2)
2/2n) 

% = (Se/mean)xlO0% 
4.3.1 Masseter muscle thickness Abbreviations: M-CON, contracted muscle 
Scattergrams of the individual muscle thickness; M-REL, relaxed muscle thickness; 
thicknesses for the whole sample are shown f o r o t h e r abbrevations see Table 1. 

in Figs. 3(A)-(D). The findings were 

divided by "gender" and by "condition". 

Because the muscle thickness of the left- and right-hand side did not differ significantly in males 

and females, or for the contracted and relaxed muscles (analysis of variance, Table 5), the 

thicknesses were expressed as the mean of left- and right-hand side. The construction of a cross-

sectional growth curve out of the scattergrams was not possible, because participants were not 

preselected by age, thus creating groups of equal size for well-defined ages. Therefore, in each 

scattergram, multi-order regression lines were assessed and, by using the polynomial functions 

of these regression lines, the average muscle thicknesses for each whole-year age were 

calculated. For all scattergrams, this was found to be a fourth-order polynomial. The calculated 

thicknesses are given in Table 3. For both females and males, the contracted and the relaxed 

regression lines were found to run in parallel, the contracted lines running above the relaxed 

ones. The regression lines for the female muscle thicknesses were represented by smooth curves 

with their steepest inclination during puberty (about age 12 yr) and a flattening at the end of the 

measurement interval. The regression lines for the male muscle thicknesses, however, showed a 

more S-shaped course. As in the female curves, the strongest incline also coincided with puberty 
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Fig. 3. Scattergrams by sex and muscle condition (contracted vs relaxed) of the mean of left and 

right muscle thicknesses. In each scattergram, fourth order polynomials were fitted. The black 

one corresponds to the scattergram in which it is fitted, the gray ones correspond to the 

scattergrams as indicated by the letters A-D. 

(about age 14 yr). But, at the beginning and at the end of the measurement interval there was a 

decline. Therefore, the male regression curves and the calculated values give only a poor 

impression of cross-sectional growth progress. 

In Table 4, all participants are divided by sex and age group, and the means and SD of 

the muscle thicknesses are given for each group. Univariate analysis of variance (Table 5) 

showed that the correlation between the covariates "stature" and "weight" on the one hand and 

"muscle thickness" on the other was significant ("Regression", p<0.001), which means that 

muscle thickness changed significantly with "stature" and "weight", i.e., with increasing stature 

and weight, muscle thickness also increased. Corrected for stature and weight, muscle thickness 
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Tabel 3. Estimated whole-year mean muscle thicknesses by sex and muscle condition 
(contracted and relaxed), calculated by using the polynomials from Fig. 3 

Females (mm) i Males (mm) 

Age (yr) Contracted Relaxed Contracted Relaxed 

7 9.9 7.6 15.4 11.6 
8 10.2 8.1 12.7 10.0 
9 10.6 8.5 11.4 9.2 

10 11.0 8.9 11.0 9.1 
11 11.4 9.3 11.4 9.4 
12 11.8 9.6 12.1 10.0 
13 12.2 9.9 13.0 10.7 
14 12.6 10.2 14.0 11.4 
15 12.9 10.4 15.2 12.0 
16 13.2 10.6 15.5 12.5 
17 13.4 10.8 15.4 12.9 
18 13.6 11.0 15.1 13.0 
19 13.6 11.1 14.9 13.0 
20 13.6 11.2 14.9 12.8 

differed significantly between males and females (p<0.001). The difference between the age 

groups was not significant, i.e., the increase in muscle thickness by increasing age only 

coincided with increase in "stature" and "weight". No interactions between "age" and "gender" 

were found. For all groups, muscle thickness on the left- and right-hand side did not differ 

significantly, and no interactions with "gender" and/or "age group" were found. The contracted 

muscles were significantly thicker than the relaxed muscles (p< 0.001). "Condition" showed 

significant interactions with "age group", which means that the difference between the relaxed 

and the contracted muscle thickness was not the same for all age groups. Namely, this difference 

increased with increasing age. 

4.3.2 Facial dimensions 

The means and SD of the anthropological measurements are shown in Table 4. Although the 
participants were divided into age groups, this division was not used in the statistical analysis. 
The first univariate step of multivariate analysis of variance (Table 6, relations with the 
covariates) showed a significant relation between the facial dimensions on the one hand and 
stature and/or body weight on the other, indicating that the dimensions changed significantly 
with "stature" and/or "weight". Of course, this was to be expected, because this is the effect of 
"growth". The next step showed that, independent of the influence of the covariates, all 
dimensions, except BFW, were significantly larger in males, and all bilaterally measured 
dimensions (PFH, ML, CL) differed significantly between left- and right-hand side. There was 
no consistent dominance of one side over the other. 
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Table 4. Descriptive statistics by sex and age group for the body measurements, masseter 
muscle measurements and facial dimensions 

Age (yr:mo) 

07:00-09:11 10:00-14:11 15:00-20:00 

Females, n= 39 89 41 

Mean SD Mean SD Mean SD 
Age (yr:mo) 09:03 00:08 12:03 01:04 17:03 01:02 
Stature(cm) 134.1 6.3 153.8 10.1 162.0 9.2 
Weight (kg) 33.1 5.7 48.8 11.1 61.8 10.1 

M-RC (mm) 10.8 1.4 11.9 1.4 13.4 2.0 
M-RR (mm) 8.5 1.2 9.6 1.2 10.7 1.7 
M-LC (mm) 10.6 1.4 11.9 1.5 13.4 2.0 
M-LR (mm) 8.6 1.2 9.7 1.3 10.9 1.6 
ATFH (mm) 101.8 7.5 107.2 6.8 109.6 5.8 
AUFH (mm) 46.7 3.6 50.7 4.2 51.8 3.4 
ALFH (mm) 56.3 4.1 59.7 4.0 62.3 4.8 
BFW (mm) 114.9 6.0 121.2 7.0 123.7 6.9 
IGW (mm) 91.6 4.6 96.0 5.3 99.1 5.1 
ICW (mm) 113.9 4.3 119.3 6.5 124.1 5.5 
PFHR (mm) 47.4 4.7 51.8 5.0 54.5 5.7 
PFHL (mm) 48.7 4.2 52.7 5.4 56.9 5.7 
MLR (mm) 111.3 4.5 117.8 5.8 124.3 6.3 
MLL (mm) 113.4 4.5 120.8 6.3 126.4 6.6 
CLR (mm) 82.1 3.7 86.6 5.3 91.9 5.2 
CLL (mm) 83.0 3.5 87.6 5.8 92.2 5.7 

07:00-10:11 11:00-16:11 17:00 - 22:00 

Males, n= 51 89 20 

Mean SD Mean SD Mean SD 
Age (yr:mo) 09:07 00:11 13:04 01:07 18:06 00:08 
Stature (cm) 140.9 10.2 161.2 12.5 180.1 60.8 
Weight (kg) 39.5 10.9 56.5 16.7 82.4 12.5 

M-RC (mm) 11.6 1.5 13.2 2.1 15.2 1.7 
M-RR (mm) 9.3 1.1 10.8 2.0 13.1 1.6 
M-LC (mm) 11.4 1.5 13.2 2.2 15.4 2.1 
M-LR (mm) 9.4 1.6 10.9 1.9 12.9 1.8 
ATFH (mm) 104.2 7.0 111.7 6.7 121.1 6.0 
AUFH (mm) 49.1 4.3 52.0 3.5 56.5 3.8 
ALFH (mm) 59.4 4.6 63.1 5.2 67.4 4.5 
BFW (mm) 117.2 8.1 124.5 7.0 131.9 6.6 
IGW (mm) 95.4 5.0 101.7 6.4 105.2 4.5 
ICW (mm) 118.3 6.7 125.4 6.3 132.3 4.9 
PFHR (mm) 49.1 6.0 55.3 6.7 62.1 4.7 
PFHL (mm) 50.6 5.7 56.5 6.5 64.8 5.7 
MLR (mm) 115.7 6.6 125.1 7.7 135.5 7.0 
MLL (mm) 117.1 7.1 127.2 7.5 137.7 5.2 
CLR (mm) 85.3 5.7 91.4 6.2 96.1 4.8 
CLL (mm) 84.9 5.3 91.9 5.5 98.9 3.7 

Abbreviations: M-RC, right contracted muscle thickness; M-RR, right relaxed muscle thickness; M-LC, left 
contracted muscle thickness; M-LR, left relaxed muscle thickness; for other abbreviations see Table 1. 
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Table 5. Univariate analysis of variance: 
masseter muscle thickness 

4.3.3 Relation between muscle thickness 

and facial dimensions 

Before the relation of masseter muscle 

thickness with age, stature, weight and 

facial dimensions was assessed, a factor 

analysis was applied in order to establish a 

reduced number of mutually uncorrelated 

new variables (factors), jointly describing 

the variation of the craniofacial 

dimensions. Only one significant 

orthogonal factor with an Eigen value 

greater than 1 was found, explaining 

61.3% of the original variation. 

According to the factor-loading matrix 

(Table 7), showing a high loading for 

"stature" and "body weight", this factor 

could be named "general body size". This 

factor dominated all other possible 

relations, so that the other Eigen values 

were lower than 1. 

The relation between muscle 

thickness on the one hand and the factor 

"general body size" and the facial 

dimensions on the other was subjected to 

stepwise multiple regression analysis. 

Bilaterally measured dimensions were 

averaged. The results are shown in Table 

8. The correlation coefficients were 0.78 

for both the contracted and the relaxed 

muscles. This means that 61% of the 

variance in muscle thickness could be 

explained by the variables, mentioned in 

the table. Beta-weights indicated, that, for 

both contracted and relaxed muscles, the 

factor "general body size", which is at least three times larger than the other ones, is the main 

contributant. Apart from this factor, both the contracted and the relaxed muscle thicknesses 

showed a significantly positive relation with "intergonial width" and a significantly negative 

relation with "anterior total facial height", "anterior upper facial height" and "mandibular 
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Between individual effects 

F P 
Regression 68.5 0.000* 
G 7.1 0.008* 
A 1.2 0.295 
G by A 0.6 0.577 

Side; within-individual effect 

F P 
S 0.03 0.869 
G by S 0.05 0.786 
A by S 0.14 0.796 
G by A by S 0.03 0.948 

Condition; within individual effect 

F P 
C 2992.89 0.000* 
GbyC 0.03 0.868 
AbyC 3.99 0.019* 
G by A by C 1.69 0.187 

Side by condition; within-individual effect 

F P 
SbyC 0.79 0.375 
G by S by C 2.87 0.091 
A by S by C 1.76 0.173 
G by A by S by C 1.61 0.202 

Significant 
Abbreviations: 
G, gender (male, female); S, side (right-

hand, left-hand); A, age-group (1, 2, 3); C, 
condition (contracted, relaxed). 
Regression = covariates stature and weight. 



Table 6. Multivariate analysis of variance, univariate results. Anthropological measurements 

Relations between dependent variables and covariates 

Covariates: 

Dependent 
variables: 

Stature Body weight Age 
Dependent 
variables: t-value P t-value p t-value P 
ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

5.68 0.000* 1.78 0.076 0.09 0.363 ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

3.93 0.000* 0.32 0.751 1.58 0.114 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

2.50 0.013* 2.74 0.006* 1.35 0.178 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

1.99 0.048* 6.07 0.000* -0.84 0.400 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

2.72 0.007* 6.18 0.000* -0.37 0.715 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

2.10 0.037* 6.48 0.000* 1.59 0.114 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

6.12 0.000* 1.93 0.055 0.71 0.481 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 5.55 0.000* 8.28 0.000* 1.41 0.159 

ATFH 
AUFH 
ALFH 
BFW 
IGW 
IGW 
PFH 
ML 
CL 

2.27 0.024* 7.86 0.000* 1.54 0.125 

Gender, main effects 

F P 
ATFH 28.93 0.000* 
AUFH 12.94 0.000* 
ALFH 33.80 0.000* 
BFW 0.96 0.327 
IGW 28.19 0.000* 
ICW 27.61 0.000* 
PFH 4.29 0.039* 
ML 26.95 0.000* 
CL 9.36 0.002* 

Side, main effects 

F P 
PFH 62.01 0.000* 
ML 140.15 0.000* 
CL 9.35 0.002* 

Whenever main or interaction effects were multivariately significant, only the univariate 
breakdown of those results was mentioned. 

* significant 

Abbreviations: PFH, posterior facial height (mean of left- and right-hand side); ML, mandibular 
length (mean of left- and right-hand side); CL, corpus length (mean of left- and right-hand side); 
for other abbreviations, see Table 1. 
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Table 7. Factor-loading matrix of the 
anthropological and body variables, 
explaining 61.3% of the variance 

Factor 1 

Percentage of variance 61.3 

Age 0.61 
Stature 0.82 
Weight 0.84 
AUFH 0.33 
ALFH 0.42 
ATFH 0.55 
BFW 0.45 
IGW 0.57 
ICW 0.66 
PFH 0.54 
ML 0.86 
CL 0.72 

length". The contracted muscle thickness also 

showed a significantly negative relation with 

"anterior lower facial height" and the relaxed 

muscle showed a significantly positive relation 

with "bizygomatic facial width". 

4.4 DISCUSSION 

4.4.1 Methodological considerations 

Schumacher (1962) described several aspects 

of the growth of the masticatory muscles, 

based on dissection material. However, only 

four individuals were examined and only two 

of them were not grown up. The introduction 

of CT, MRI and ultrasonography made in vivo 

studies of the soft tissues possible, in which 

more individuals at different ages could be 

examined. Kiliaridis and Kälebo (1991) and 

Bakke et al. (1992) used ultrasonography to 

measure masseter muscle thickness in adults. 

Ruf et al. (1994) used ultrasonography in 

adults to measure both masseter thickness and 

cross-sectional area. Raadsheer et al. (1994) 

showed that ultrasonography is an adequate 

method to measure masseter muscle thickness in vivo. Our study was based on 329 subjects from 

age 7 to adulthood, covering a more continuous age spectrum and thus providing more detailed 

information for different ages than Schumacher (1962) did. 

The ages of onset and end of puberty, as described by Marshall (1978), were assessed on 

British children in the early 1970s and might differ from the actual values for present-day Greek 

individuals. The age of peak height velocity in Southern European individuals was found to be 

about 6 months earlier than in British children (Marshall, 1978). 

The method error of the ultrasound measurements (Table 2), based on repeated 

measurements of 20 subjects, was similar to that found by Kiliaridis and Kalebo (1991), Bakke 

et al. (1992) and Raadsheer et al. (1994). Both contracted and relaxed muscle thicknesses were 

measured, because in the literature the relaxed muscle thickness has been considered less 

accurate, owing to higher susceptibility to the pressure, with which the transducer is placed on 

the cheek (Kiliaridis and Kälebo, 1991; Raadsheer et al, 1994). In the present study, however, 

the method error between contracted and relaxed muscle thickness did not differ significantly, 
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1.12 <0.001 
0.31 <0.001 
•0.12 <0.01 
-0.13 <0.05 
-0.13 <0.05 
-0.42 <0.001 

0.99 <0.001 
0.24 <0.001 
-0.20 <0.001 
0.11 <0.01 
-0.10 <0.05 
-0.33 <0.05 

Table 8. Relation of the muscle thickness to the facial dimensions and the factor "general body 
size"; stepwise multiple regression analysis 

Variable Beta weight p 

Contracted muscle thickness R=0.78 

Factor "general body size" 
IGW (intergonial width) 
ATFH (anterior total facial height) 
ALFH (anterior lower facial height) 
AUFH (anterior upper facial height) 
ML (mandibular length) 

Relaxed muscle thickness R=0.78 

Factor "general body size" 
IGW (intergonial width) 
ATFH (anterior total facial height) 
BFW (bizygomatic facial width) 
AUFH (anterior upper facial height) 
ML (mandibular length) 

suggesting that there was no difference in accuracy between the measurements of the contracted 

and the relaxed muscles. This is confirmed by the outcome of the regression analysis, showing 

the same regression coefficient for the contracted and the relaxed muscles with the covariates and 

the facial dimensions. 

For muscle relaxation, the participants were asked to maintain slight interocclusal 

contacts in order to avoid muscle stretching due to mouth opening. By that, the muscles might 

have been somewhat contracted. For muscle contraction the individuals were asked to clench 

maximally in the intercuspal position, which was chosen because any other position might have 

influenced the vertical dimensions of the masseter, and thus the muscle thickness by stretching. It 

is possible that this position does not always coincide with maximum muscle activation as seen 

electromyographically, or with maximum bite force, and therefore, in some cases, the muscle 

thickness measurements might not be indicative of the true contraction potential of the muscles. 

The error of measurement of the anthropological measurements ranged from 1.9 mm to 

4.5 mm (mean 2.9 mm), being high for dimensions having point "gonion" in common, which 

was difficult to reproduce, and for "BFW". The measurement errors for the anthropological 

measurements that we used have not been found in the literature. Only Weijs and Hillen (1984) 

mentioned a measurement error in a study in which they used anthropometrics. They found a 

mean difference of 1 mm between repeated measurements, but the measurement errors for the 
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individual dimensions were not further specified. Comparison of our measurement error with 

those of several cephalometric studies (Solow, 1966) showed that anthropological measures are 

less reproducible than the cephalometric. Radiography was not considered for the present study, 

because of radiation risks. Also, our aim was not to describe facial morphology. Because of the 

large sample size, we expect that the overall effect of measurement error will be averaged out, 

although the relation between masseter thickness and facial dimensions might have been 

weakened. Nevertheless, anthropological assessment was considered to be sufficiently accurate. 

4.4.2 Masseter muscle thickness 

Comparison of our findings in non-adult individuals with any published findings was not 

possible, because such data have not, as far as we are aware, been reported before. The mean 

values for the muscle thickness in the "post-puberty" group for females (contracted 13.4 ± 2.0 

mm, relaxed 10.6 + 1.7 mm) and males (contracted 15.3 ±1.9 mm, relaxed 13.0 ±1 .7 mm) 

were in accord with the findings of Kiliaridis and Kälebo (1991), Bakke et al. (1992), Ruf et al. 

(1994), and Raadsheer et al. (1994). The univariate analysis of variance (Table 5) showed that, 

corrected for the covariates "stature" and "weight", in all age groups, even before puberty, 

males had significantly thicker masseters than females. This is in accord with Brasel and Gruen 

(1978), who found differences in total muscle mass, creatinine excretion, number of muscle 

nuclei and limb-muscle size during childhood, males having slightly higher values than females. 

4.4.3 Relationship between muscle thickness and facial dimensions 

Because ultrasonography will register only superficial muscles, only the masseter was examined. 

However, other muscles of mastication also contribute to the interaction between muscle and 

facial morphology (e.g., Van Spronsen et al., 1991), and their influence might have biased the 

relation found between the size of the masseter and facial morphology. 

Stepwise multiple regression analysis showed that the variation in thickness for both the 

contracted and relaxed masseter was mainly related to "general body size", i.e., stature and 

weight. This might be expected, because in growing individuals, most morphological variables 

are subject to differences in maturation and therefore correlate to one another. 

Division of the participants by sex and age group, thus creating six subgroups for each 

muscle condition, showed that the regression coefficient differed for each group and that in each 

group different facial dimensions correlated significantly with the muscle thickness. Therefore, it 

was decided not to make this subdivision. 

The negative relation between muscle thicknesses and anterior total, upper and lower 

facial height, and the positive relation with intergonial width are in accord with the work in 

adults of Kiliaridis and Kälebo (1991), who found that individuals with thin masseter muscles 

had longer faces in proportion to their facial width, and with Bakke et al. (1992), who found that 

most correlations between masseter thickness and facial dimensions indicated a negative relation 
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between muscle thickness and vertical facial height. Weijs and Hillen (1986), who measured the 

cross-sectional area of the masseter with CT in adults, found significant correlations between the 

masseter cross-section and "head breadth", "corpus length" (gonion-menton), jaw angle and 

"cephalic index" ("head breadth'V'head length"); Hannam and Wood (1989) found significant 

correlations between masseter cross-section, measured by MRI, and bizygomatic arch width; 

Van Spronsen et al. (1991), who also used MRI, found a significant correlation with the 

intergonial width. 
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