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CHAPTER 3 A COMPARISON OF HUMAN MASSETER MUSCLE THICKNESS 

MEASURED BY ULTRASONOGRAPHY AND MAGNETIC RESONANCE IMAGING 

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

PH, Van Ginkel FC, Kiliaridis S, Prahl-Andersen B (1994) Archs Oral Biol 39:1079-1084). 

Abstract - Non-invasive imaging techniques such as computerized tomography, magnetic 

resonance imaging (MRI), and ultrasonography (US) enable measurements of the cross-section 

and thickness of human jaw muscles in vivo, providing an indication of the maximal force a 

muscle can exert. In 15 adult Caucasian men the thickness of the masseter muscle was registered 

bilaterally on three different levels by ultrasonography. Scans were made on the contracted and 

the relaxed muscle. A comparison was then made with measurements from serial MRI-scans, 

using univariate analysis of variance for repeated measurements and Pearson's correlation 

coefficients. Variances of the repeated measurements were calculated for the different scanning 

levels and the different muscle conditions and tested for homogeneity. For both the ultrasound 

and MRI measurements there was no difference in thickness between the left and right muscle. 

The registration level with highest reproducibility was halfway between the origin and insertion. 

Measurements from the contracted muscle were more reproducible than those from the relaxed 

muscle. The relaxed muscle thickness measured by ultrasonography was smaller than that 

measured by MRI. The correlation between ultrasound and MRI was significant for the upper 

and middle level of scanning (p<0.001). The highest correlation was found between MRI 

(relaxed) and ultrasound (contracted) at the middle level (R=0.83, p<10^). The conclusion is 

that ultrasonography is an accurate and reproducible method for measuring the thickness of the 

masseter in vivo. It allows for large-scale longitudinal study of changes in jaw muscle thickness 

during growth in relation to change in biomechanical properties of masticatory muscles. 

3.1 INTRODUCTION 

It is widely accepted that an interaction exists between masticatory muscle function and 

craniofacial growth (e.g. Brodie, 1950; Solow and Kreiborg, 1977; Kreiborg et al, 1978; 

Ingervall and Bitsanis, 1987; Kiliaridis et al, 1989). One of the variables of muscle function is 

the maximum force a muscle can produce. This force is proportional to the physiological cross-

section, i.e. the total cross-section of all muscle fibers, which in turn is related to the muscle's 

cross-section (Weijs and Hillen, 1984a). The techniques available for measuring muscle cross-

section in vivo are computerized tomography, MRI and ultrasound imaging. Certain 

cephalometric variables are correlated with the muscle cross-section as registered by 

computerized tomography (Weijs and Hillen, 1984b) or MRI (Hannam and Wood, 1989; Van 
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Spronsen et ai, 1991, 1992), or to the muscle thickness as registered by ultrasound (Kiliaridis 

andKälebo, 1991; Bakke et al., 1992). 

For clinical examinations, ultrasonography has several advantages over MRI and 

computerized tomography because it is a rapid, inexpensive technique, the equipment can be 

easily handled and transported and, in contrast to computerized tomography, it has no known 

cumulative biological effect. In order to check the accuracy of ultrasonography, Fukunaga 

(1976) compared ultrasonographic cross-sections from human extremities with direct 

measurements on cadavers. Kiliaridis and Kälebo (1991) evaluated ultrasound as a method for 

quantitative studies of the masseter muscle; they compared the reliability of ultrasonographic 

measurements of thickness with the results of cross-sectional measurements from MRI scans, 

described in the literature. 

The aim was to evaluate ultrasonography as a method for measuring the thickness of the 

masseter in vivo by comparing the ultrasonographic measurements to those obtained from MRI 

scans. The reproducibility of ultrasonographic measurements was quantified and the scanning 

level with the highest reproducibility was determined. 

3.2 MATERIALS AND METHODS 

Measurements were made on 15 Caucasian men, aged 25 to 51 years (mean age 36) with normal 
skull shape, a complete or almost complete dentition, and no gross malocclusion or functional 
disorders. 

Ultrasound images were obtained by means of a real-time scanner (Pie Medical Scanner 

480, 7.5 MHz linear-array transducer). Each subject was seated in an upright position, with the 

head in a natural position. The masseter muscle was scanned bilaterally on three levels, 

determined by dividing the distance between the zygomatic arch and mandibular angle into four 

equal parts. The origin, insertion and anterior border of the masseter were determined by 

palpation. The scanning levels were orientated perpendicular to the anterior border of the muscle 

and marked on the skin. The transducer was held against the cheek with light pressure and 

orientated perpendicular to the cortex of the underlying ramus. To be perpendicular to the ramus 

the transducer was tilted until the ramus was depicted on the screen as a sharp white line. 

(Fig. 1 Opposite) 
Fig. 1. Ultrasound images of the masseter muscle corresponding to the three scanning levels 
during contraction (A, C, E) and relaxation (B, D, F). Images A and B show the upper, C and 
D the middle, and E and F the lower level. The muscle is depicted as a dark balloon, covered 
by a lighter echo from the skin and overlying fascia. Below the muscle, the ramus is depicted 
as a sharp white line. The greatest muscle thickness is indicated by a dotted line connecting to 
calipers (arrows). 
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Table 1. Means and SD of the ultrasound measurements of masseter muscle thickness (mm) in 
15 adult males 

Side: Right Left 

Condition: Contracted Relaxed Contracted Relaxed 

Level Mean SD Mean SD Mean SD Mean SD 
Measurement 1 

Upper 16.2 2.7 13.7 2.5 15.8 1.8 13.5 2.1 
Middle 15.4 2.6 13.3 2.7 16.0 2.0 13.8 2.6 
Lower 13.3 3.2 11.3 3.3 14.1 

Measurement 2 

2.9 11.1 2.8 

Upper 15.8 3.0 14.1 2.5 16.1 1.4 14.3 2.0 
Middle 15.7 2.6 13.7 2.8 16.3 2.3 13.8 2.4 
Lower 13.4 3.2 11.4 2.5 13.2 2.8 12.1 2.3 

Differences in thickness for the different variables were analysed by ANOVA. No significant 
differences were found between the first and second measurements or between the left and 
right side. The contracted muscle was significantly thicker than the relaxed muscle 
(p=0.000). The muscle thickness at the lower level was significantly smaller than that at the 
upper or middle level (p=0.000). The outcomes of ANOVA are presented in Table 3. 

Contrast between muscle and subcutaneous tissue was enhanced by asking the subject to clench 

and relax alternately. The registrations were made under two conditions, muscle relaxation and 

contraction. The first was obtained by asking the subject to maintain slight interocclusal contacts, 

the second by asking them to clench maximally. To avoid muscle fatigue, an interval of at least 1 

min was kept between two succeeding measurements. The thickness of the masseter was 

measured directly on the screen by means of two cursors, accurate to the nearest 0.1 mm (Fig. 

1). The thickness was defined as the largest distance between ramus and superficial muscle 

surface, perpendicular to the underlying ramus. After all measurements had been made the 

whole session was repeated. From each registration images were obtained (Mitsubishi video 

copy printer), and the sessions were also video tape-recorded. 

(Fig. 2 Opposite) 

Fig. 2. MRI scans coinciding with the three scanning levels of Fig. 1. Image A shows the 

upper, B the middle, and C the lower scanning level. The white arrows indicate the masseter 

muscles. The muscle thickness was measured as the largest distance, perpendicular to the 

underlying ramus (see white line in A), r, right side; 1, left side. 
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Table 2. Means and SD of MRI measurements of masseter muscle thickness (mm) in 15 adult 
males 

Side 

Right Left Total 

Level: Mean SD Mean SD Mean SD 

Upper 15.1 2.3 14.9 2.6 15.1 2.4 
Middle 16.8 2.4 16.7 2.1 16.8 2.3 
Lower 13.9 2.6 13.6 2.4 13.8 2.5 

Differences in thickness for the different variables were analysed by ANOVA. No significant 
difference was found between the left and right side muscle thickness. The muscle thickness at 
the middle level was significantly larger than that of the upper or the lower level (p< 0.001). 
The results of ANOVA are presented in Table 3. 

From each subject a series of MRI-scans was available on which the masseter cross-

sections were recorded. The scans (slice thickness: 5 mm; interslice gap 1.25 mm) were made at 

30° to the Frankfort horizontal plane. The subjects were asked to close the teeth gently together, 

but to avoid clenching (for a more extensive description we refer to Van Spronsen et al., 1989, 

1991). For each individual, three scans were selected, each coinciding with the level on which 

the ultrasound scans were taken. From these scans, the greatest thickness of the masseter was 

measured, perpendicular to the underlying ramus. 

Statistical analyses consisted of univariate analysis of variance for repeated 

measurements, Pearson's correlation coefficients between MRI and ultrasound measurements, 

and Cochran's C-test for homogeneity of variance of the repeated measurements. The univariate 

analysis of variance for repeated measurements was done with the multiple MANOVA 

subpackage from the SPSS x package (SPSS inc., 1990). For the ultrasound measurements, 

independent variables were "measurement" (1, 2), "side" (left, right), "condition" (contracted, 

relaxed) and "level" (upper, middle, lower). For the MRI measurements, independent variables 

were "side" (left, right) and "level" (upper, middle, lower). All independent variables were 

treated as within-subject effects. Pearson's correlation coefficients between MRI and ultrasound 

thickness were calculated for the different levels. 

3.3 RESULTS 

The means and SD of the ultrasound measurements are presented in Table 1. The thickness of 

the contracted muscle was always larger than that of the relaxed, and the thickness at the lower 

level was always smaller than the corresponding thicknesses at the upper or middle level. Table 
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Table 3. ANOVA, within-subject effects 

2 shows the means and SD of the MRI 

measurements. For both left- and right-hand 

side the muscle thicknesses were largest at 

the middle level and smallest at the lower. 

The results of ANOVA are 

presented in Table 3. For the ultrasound 

measurements the main effects of the 

variables "measurement" and "side" were 

not significant, i.e., neither the first and 

second measurements, nor the left and right 

side differed significantly. "Condition" and 

"level" main effects were significant 

(p=0.000), but there was a significant 

"level"/"condition"/"measurement" 

interaction, indicating that on at least one 

level the difference between the repeated 

measurements was not the same for the 

contracted and the relaxed muscles. 

Subsequently, simple measurement-within-

level effects were calculated; this effect was 

significant for the lower level (F=5.09, 

p<0.05). 

For the MRI measurements the main 

effects of "side" were not significant, i.e., 

there was no significant difference between 

the thickness of the left and right muscle. 

One of the "level" main effects was 

significant, indicating that the muscle 

thickness at the middle level was 

significantly greater than at the upper or the 

lower scanning level (F=34.5, p<0.001). 

No interactions were found. 

Comparison of the results in Tables 1 and 2 shows that masseter thickness measured by 

MRI (only available for the relaxed muscle) was consistently greater than for the relaxed muscle 

measured by ultrasonography. The Pearson's correlation coefficients of the results obtained by 

the two methods are presented in Table 4. The highest correlations between MRI and ultrasound 

were found for the middle scanning level. For the lower scanning level the correlations were not 

significant. 
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F P 

ANOVA of the ultrasound measurements 

Main effect 
M 1.33 0.268 
S 0.51 0.485 
C 120.24 0.000* 
L 40.35 0.000* 

1st order interactions 
M by S 0.11 0.741 
M b y C 1.77 0.204 
M b y L 0.11 0.892 
S b y C 0.16 0.696 
S b y L 0.39 0.681 
C b y L 0.46 0.639 

2nd order interactions 
M by S by C 0.79 0.389 
M by S by L 1.20 0.316 
M by C by L 4.41 0.022* 
S by C by L 0.15 0.864 

3rd order interactions 
M by S by C by L 2.37 0.112 

ANOVA of the MRI measurements 

Main effect 
S 0.68 0.268 
L 11.61 0.000* 

1st order interactions 
S b y L 0.21 0.816 

'Significant 
M, measurement; S, side; C, condition; L, 
level. 



Table 4. Pearson's correlation 
coefficients between the MRI and the 
relaxed ultrasound measurements 

Level: 

R T P 
Upper 0.48 2.88 7.53 103 

Middle 0.71 5.38 9.98 10^ 
Lower 0.32* 1.80 8.33 10'2 

* not significant 

Table 5A.Variances of differences 
between first and second measurements 
of the US-measurements (n=30) 

Level Contracted Relaxed 

Upper 
Middle 
Lower 

2.25 
1.30 
3.10 

4.80 
2.22 
4.81 

In order to get an impression of the 

reproducibility of the ultrasound 

measurements at the different levels and for 

the different conditions, variances between 

the repeated measurements were calculated 

(Table 5A). Also, the mean differences 

between the repeated measurements were 

expressed as percentages of the mean of 

both measurements (Table 5B). Cochran's 

C-test for homogeneity showed that the 

variances differed significantly. For both 

muscle conditions, variances and 

percentages were lowest for the middle 

level. For each level, variances and 

percentages were lower for the 

measurements in contraction. It seems 

evident that the muscle thickness at the 

middle level is most reproducible, and that 

the measurements can be best executed 

when the muscles are contracted. 

3.4 DISCUSSION 

The first imaging technique used for direct 

measurements of muscle size in living 

human subjects was ultrasonography (Dcay 

and Fukunaga, 1968; Fukunaga, 1976). For 

soft tissue imaging, ultrasonography is 

superior to radiographs. It is non-invasive, 

and has no cumulative biological effects on 

living tissues (Baum et al, 1975). 

Therefore, ultrasonography is often used for muscle examination, especially for large superficial 

muscle groups (e.g., Henriksson-Larsen et al., 1992). 

For the ultrasound measurements ANOVA showed a significant main effect for the 

variables "condition" (relaxed versus contracted) and "level" (upper, middle, lower) (Table 3). 

However, there was a significant interaction between the variables "level", "condition" and 

"measurement", i.e., the differences between the repeated measurements varied across 

conditions and levels. Further exploration of the interaction showed that some systematic 
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Table 5B. Mean difference between the 
first and second measurement as a 
percentage of the mean between first and 
second measurement (n=30) 

Level Contracted Relaxed 

Upper 
Middle 
Lower 

6.9 
5.3 
14.4 

11.8 
8.2 
15.3 



measurement bias could not be excluded, but this could not be so high as to invalidate the 

conclusion that, independent of side, level or measurement sequence, the contracted muscle was 

significantly thicker than the relaxed, and that the thicknesses at the upper, middle and lower 

levels of the scan differed significantly, independent of side, condition or measurement 

sequence. 

Although defined in different ways, the scanning levels used by Kiliaridis and Kälebo 

(1991) and by Bakke et al (1992) resembled our middle level, which we found to be most 

reproducible. Kiliaridis and Kälebo found a thickness of 9.7 ±1.5 mm for the relaxed and 15.1 

±1 .9 mm for the contracted muscle in males. The difference between the contracted and the 

relaxed thicknesses was larger than in our study, where the grand means for the middle level 

were 13.7 ± 2.3 mm and 15.9 ± 2.5 mm, respectively, and thus similar for the thickness of 

contracted muscle thickness but higher for the relaxed muscle. The same was found for 

registrations on females, when the results of Kiliaridis and Kälebo (8.7 ± 1.6 mm for relaxation, 

13.0 ± 1.8 mm for contraction) are compared with those of Bakke et al (1992) (11.08 ± 2.74 

mm for the relaxed muscle and 12.57 ± 3.25 mm for the contracted muscle; values measured at 

the anteroposterior midpoint). 

The measurement error {i.e., the mean difference between measurement one and 

measurement two, expressed as a percentage of the mean between both measurements) found by 

Kiliaridis and Kälebo (1991) was 4.0% for the contracted and 7.1% for the relaxed muscle, and 

ours was 5.3% and 8.2%, respectively. Bakke et al. (1992) found a method error ranging from 

3% to 7%; no distinction was made between contracted and relaxed muscles. The lower 

reproducibility for the relaxed than the contracted thickness is due to the fact that the thickness of 

the relaxed muscle is more susceptible to the pressure with which the transducer is held against 

the cheek. This could also explain the fact that Kiliaridis and Kälebo found a lower thickness for 

the relaxed muscle, both compared to the present study and to the study of Bakke et al 

The poor reproducibility at the upper level can be explained by the difficulty in 

orientating the transducer because of the absence of underlying bone. The poor reproducibility at 

the lower level can be explained by the tapered shape of the muscle: a slightly different 

transducer orientation will result in a different muscle thickness. 

The thickness of the masseter muscle measured by MRI was consistently greater than 

measured by ultrasonography. For the upper level the difference was about 2 mm, for the middle 

level about 3 mm, and for the lower level about 2 mm. An explanation might be that the 

superficial muscle aponeurosis was not included in the ultrasound measurements, in contrast to 

the MRI measurements. Also, the pressure of the transducer, though very slight, might reduce 

the thickness of the relaxed muscle. 
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