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	 Background:	 Chewing dysfunction is one of the most common serious complications after a stroke. It may be influenced by 
the hardness of the masseter muscle and masticatory performance; however, the association between these 
2 factors is not explicit. Thus, it is meaningful to explore the functional status of the masseter muscle among 
stroke patients.

		  The main objectives of this study were to examine the intra- and inter-rater reliability of the MyotonPRO ap-
paratus in measuring masseter muscle hardness in stroke patients and to investigate the correlation between 
the bilateral masseter muscle hardness and masticatory performance in these patients.

	 Material/Methods:	 A total of 20 stroke patients participated in our study. The hardness of the masseter muscle was measured by 
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color chewing gum for 20 chewing cycles each. The chewing pieces were analyzed using ViewGum software 
for masticatory performance.

	 Results:	 The intra- and inter-rater reliability of the MyotonPRO apparatus for measuring bilateral masseter hardness of 
stroke patients was excellent. The correlation analysis showed that the hardness index of the masseter mus-
cle on the affected side was moderately correlated with the masticatory performance of the same side.

	 Conclusions:	 The MyotonPRO device can be used for measuring the masseter muscle hardness of stroke patients, with ex-
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Background

Stroke is a serious disease that threatens health and life, and 
it is accompanied by high rates of disability, mortality, and re-
currence. The dysfunction in the aftermath of a stroke can be 
intricate and comprehensive [1]. The most common dysfunc-
tions after a stroke include a variety of functional disabili-
ties caused by the acute local cerebral circulation disorders, 
limb paralysis, difficulty eating and swallowing, speech dis-
orders, and cognitive disorders. Eating difficulties represent 
a key problem affecting the quality of life of stroke patients. 
Several studies have indicated that these difficulties may be 
caused by a decline in occlusal strength and disuse atrophy of 
paralyzed muscles in stroke patients. The incidence of eating 
difficulties has been found to be as high as 80% in hospital-
ized stroke patients [2,3]. Further, 66% of hospitalized stroke 
patients had difficulties eating after 6 months of hospitaliza-
tion [4]. As a key muscle for biting and chewing, the masseter 
muscle has a critical role in the process of eating. Hence, it is 
essential to measure the mechanical properties of the mas-
seter muscle and to further investigate its functional status 
in stroke patients.

Occlusal equilibrium disorders in stroke patients are increased 
when complicated by disuse atrophy of the muscles around 
the temporal-mandibular joint. The consequences may not 
only include occlusal overloading of the teeth on the healthy 
side but also may also result in decreased masticatory per-
formance and ability to eat [5]. Several studies have indicated 
that bite force and masticatory performance are related to the 
biomechanical properties of the masseter muscle. Ahlgren [6] 
examined the myoelectricity waveform and value of the mas-
ticatory muscle to diagnosis the auxiliary bite force, and the 
results showed that the electrical activity of the masticatory 
muscle was related to bite force. Cakir et al. [7] also reported 
the electrical activity of the masticatory muscle during chew-
ing, finding significant correlations between the hardness of 
the muscle and its activity. In addition, Ariji et al. [8] assessed 
masseter muscle hardness using shear-wave sonoelastogra-
phy in healthy volunteers and defined normal values. They also 
found significant differences between the values at rest and 
during jaw clenching. Biomechanical assessment of soft tis-
sue is critical in basic and clinical research, including studies 
on musculoskeletal disorders, neuromuscular diseases, and re-
habilitation exercise [9,10]. At present, few studies have been 
conducted on the hardness of masseter muscle and masticato-
ry performance and the relationship between them in stroke 
patients. Therefore, investigating the biomechanical proper-
ties of the masseter muscle in stroke patients is essential for 
supporting clinical therapy after strokes.

Muscle rigidity is a basic physiological characteristic that en-
sures the proper functioning of the human motor system. 

Previously, muscle hardness was commonly evaluated by pal-
pation during clinical examination, but the method relied on 
subjective evaluation that cannot quantify the hardness of 
the muscle and may yield incorrect assessments. At present, 
shear-wave sonoelastography and the MyotonPRO apparatus 
have been applied to examine the hardness of soft tissue, and 
these methods have been confirmed to have excellent cred-
ibility. The MyotonPRO apparatus is more efficient and easi-
er to use, however, and our previous report has also verified 
that the MyotonPRO apparatus is a useful tool to assess the 
hardness of the gastrocnemius muscle [11], plantar fascia [12], 
and patellar tendon [13]. Thus, we used the MyotonPRO as 
a convenient handheld apparatus to evaluate the masseter 
muscle stiffness of stroke patients objectively and quantita-
tively in this study.

The objectives of our research were to: (1) examine the in-
tra- and inter-rater reliability of using the MyotonPRO appa-
ratus to assess the hardness of the masseter muscle in stroke 
patients, and (2) explore the correlation between the hard-
ness of the masseter muscle and masticatory performance in 
stroke patients.

Material and Methods

Ethics statement

The research received institutional approval by the Human 
Subjects Ethics committee of Luoyang Orthopaedic Hospital 
of Henan Province (No. 2019-001-01). The research protocol 
strictly followed the Declaration of Helsinki. Prior to the ex-
periment, written consent was obtained from each participant.

Inclusion and exclusion criteria

Twenty patients (male to female ratio 1: 1) with stroke were 
recruited from the Department of Neurorehabilitation in our 
hospital for this study. All participants had experienced an 
ischemic stroke, which was diagnosed as cerebral infarction 
by magnetic resonance imaging and other medical imaging 
methods. The mean parameters for age, height, weight, and 
body mass index of the stroke patients were 47.65±9.16 years, 
168.95±0.07 cm, 69.15±15.08 kg, and 24.16±2.86 kg/m2, re-
spectively. All patients were in stable condition and able to 
take care of themselves. The activities of daily living (ADL) 
score was over 60, and the limb function level of the affect-
ed side was more than Brunnstrom IV. Exclusion criteria were 
ages <18 or >60 years, systemic disease, cognitive disorder, 
elapsed time of over 12 months since the stroke, periodon-
tal treatment, absence of teeth, use of dentures or prosthesis, 
symptoms of acute oral infections, pregnancy or breastfeed-
ing, and smoking and alcohol consumption. Patients were also 
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excluded if they were taking nonsteroidal anti-inflammatory 
drugs, prescription steroids, or antibiotics, and if they had im-
munosuppressive or psychiatric drug use within the previous 
6 months prior or were currently using pharmaceutical prep-
arations that affected muscle tone.

Measurement of the masseter muscle stiffness

The hardness of the masseter muscle was measured using 
the handheld MyotonPRO apparatus. Prior to the evaluation, 
each patient was in a seated position with the head held in 
a relaxed, neutral position for 5 min. The measurement point 
was marked with pen 3 cm above the angle of the mandible 
in the masseter muscle where it bulges when it is contracted 
(Figure 1). The hardness of the masseter muscle was measured 

as the subjects bit tightly to the intercuspal position for 5 s. 
For the inter-rater reliability, each measurement point was as-
sessed 3 times by assessors YYF and DWL (both physical thera-
pists) and the average value was calculated. For the intra-rater 
reliability, each patient was retested by the assessor YYF after 
5 days to standardize the study procedures and to minimize 
the effect of time on muscle stiffness. The whole experiment 
was carried out in a quiet room kept at 23°C.

Measurement of masticatory performance

Each participant masticated 2 pieces of red-blue bicolor chew-
ing gum, one on the affected side and the other on the unaf-
fected side, for 20 chewing cycles, respectively. Each piece of 
gum was formed into a mixture bolus through chewing and 

The measurement position
of masseter muscle

MyotonPRO

Probe of
MyotonPRO

Sti�ness index

A B

Figure 1. �(A) The measurement position of the masseter muscle. (B) The direction of the probe of the MyotonPRO apparatus.

A B

Figure 2. �(A) The images of bicolor mixture bolus were imported into the ViewGum software. (B) The results of the image color 
analysis for masticatory performance.
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spat into a vacuum bag. The front and back of each bolus were 
flattened and scanned, with consistent conditions for light, a 
white background, and camera parameters. Each pair of imag-
es was then imported into Photoshop software and assembled 
into 1 composite image. All digital photographs were analyzed 
3 times using ViewGum software, and the “Ch0 st.dev” value 
shown in the right box of the software interface was record-
ed (Figure 2). The values ranged from 0 to 1 and represented 
the standard deviation of hue after color values of each pixel 
were normalized in the gum image. Smaller values indicated 
greater masticatory performance.

Statistical analyses

SPSS 19.0 software was used for data analysis in this study. 
All variables were found to be normally distributed by the 
Kolmogorov-Smirnov test. The mean difference of stiffness 
value of masseter muscle was calculated using a paired t test. 
The intra-rater (evaluation 2 times by 1 assessor) and inter-
rater (evaluation by 2 assessors) reliability of the assessment 
of masseter muscle hardness was calculated using interclass 
correlation coefficient (ICC) with a 95% confidence interval. The 
Bland-Altman figures indicated the level of consistency of the 
masseter muscle stiffness value. The variance coefficient (VC), 
standard error mean (SEM), and minimum detectable change 
(MDC) were computed using these formulas:
VC=standard deviation/mean×100%;
SEM=standard deviation×(1–ICC)0.5, MDC=1.96×SEM×20.5.
The sample significance level was 0.05, and all numerical val-
ues are shown as mean±SD [14,15]. To test the correlations 
between the intra- and inter-rater reliability and masticatory 
performance, multivariable stepwise regression method was 
used with masticatory performance as an attributive variable. 
Prior to this, the association between explanatory variables was 
tested. The parametric variables were compared by Pearson’s 
correlation coefficient, and the nonparametric variables were 
compared by Spearman’s rank correlation coefficient.

Results

Intra- and inter-rater reliability

The bilateral masseter muscle hardness values are shown in 
Table 1. Both intra- and inter-rater reliability for assessing the 
bilateral masseter stiffness of stroke patients were excellent 
at a 95% confidence interval, with an ICC value >0.90, SEM 
<27 N/m, and MDC <74 N/m. For intra-rater reliability, the con-
sistency of the masseter muscle hardness value of the Bland-
Altman figure is presented in Figure 3A and 3B; for inter-rater 
reliability, results are shown in Figure 3C and 3D. For intra-
rater reliability, the mean difference was –0.8 or 0.3 N/m and 
the 95% limits of agreement were –11.0 to 9.4 N/m or –6.2 
to 6.7 N/m. For inter-rater reliability, the mean difference was 
–1.5 or –1.6 N/m and the 95% limits of agreement were –11.9 
to 8.8 N/m or –6.3 to 3.0 N/m.

Difference in bilateral masseter muscle of stroke patients

A significant difference was found in the bilateral masseter 
muscle hardness in stroke patients. On the affected side, the 
hardness index of the masseter muscle was 546.10 N/m, and 
on the unaffected side, the index value was 787.53 N/m; the 
mean difference between the masseter muscle on the affect-
ed side and that on the unaffected side was –241.43 N/m 
(Figure 4). The masseter muscle hardness on the unaffected 
side was significantly greater than on the affected side. The 
mean value of masticatory performance was 0.63 on the af-
fected side and 0.53 on the unaffected side. The masticatory 
performance of the masseter muscle of the affected side was 
significantly less than the unaffected side. The results dem-
onstrated that the MyotonPRO apparatus can be used to eval-
uate the hardness of the masseter muscle in stroke patients.

Intra-operator reliability

Test 1 (mean±SD) Test 2 (mean±SD) SEM ICC 95% CI MDC

Paralyzed side 	 546.10±115.91 	 550.52±114.22 25.92 0.986 0.964–0.994 71.85

Healthy side 	 787.53±115.44 	 786.08±120.48 25.81 0.989 0.971–0.995 71.54

Inter-operator reliability

Operator A (mean±SD) Operator B (mean±SD) SEM ICC 95% CI MDC

Paralyzed side 	 546.10±115.91 	 553.78±112.23 25.09 0.986 0.965–0.994 69.55

Healthy side 	 787.53±115.44 	 800.38±118.68 26.54 0.994 0.985–0.998 73.57

Table 1. Intra- and inter-operator reliability of MyotonPRO in measurement of bilateral masseter muscle stiffness in stroke patients.

95% CI – 95% confidence interval; ICC – intraclass correlation coefficient; MDC – minimum detectable change; SD – standard 
deviation; SEM – standard error of the mean.
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Correlation between the hardness of masseter muscles and 
masticatory performance

The correlation between the hardness of the masseter mus-
cle and masticatory performance are presented in Table 2. A 
negative moderate correlation was found between the masse-
ter muscle hardness of the affected side and the masticatory 
performance of the affected side (r=–0.65, P=0.0018) and be-
tween the masseter muscle hardness of the affected side and 
the masticatory performance of the unaffected side (r=–0.62, 
P=0.0038). In contrast, no significant correlation was found be-
tween the masseter muscle hardness of the unaffected side 
and the masticatory performance of the affected side (=–0.35, 
P=0.14) and between the masseter muscle hardness of the un-
affected side and the masticatory performance of unaffected 
side (r=–0.35, P=0.13).
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Figure 3. �Bland-Altman image of intra-rater credibility and inter-rater credibility of bilateral masseter muscle hardness in stroke 
patients. The agreement in the hardness value of the bilateral masseter muscle in stroke patients between 2 tests is 
presented by the mean value of the masseter muscle stiffness (mean value of test for assessor A) for each patient on the 
affected side (A) and the unaffected side (B). The agreement in the hardness value of the bilateral masseter muscle of 
stroke patients between different assessors (assessor A and assessor B) is presented by the mean value of the masseter 
muscle hardness for each patient on the affected side (C) and unaffected side (D). In each Bland-Altman image, the solid line 
represents the discrepancy of the mean value of the masseter muscle hardness and the dummy lines represent the range of 
standard deviations.
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Figure 4. �Comparison of the masseter muscle hardness values of 
the affected side and the unaffected side.
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Discussion

MyotonPRO, a new portable handheld palpation apparatus, 
was applied to evaluate bilateral masseter muscle hardness 
in stroke patients. The reliability and correlation between the 
masseter muscle hardness and masticatory performance were 
assessed in this study. Excellent intra-rater and inter-rater reli-
ability were found in using the MyotonPRO apparatus to assess 
the bilateral masseter muscle hardness in stroke patients (ICC 
>0.90). The results indicated a significant difference between 
the masseter muscle hardness of the affected and unaffect-
ed sides. A significant decrease was observed in the masseter 
muscle hardness of the affected side compared with the unaf-
fected side. A negative moderate correlation between the mas-
seter muscle hardness of the affected side and the masticatory 
performance of the affected and unaffected sides was found.

Intra- and inter-rater reliability

Our findings showed that intra-rater (ICC=0.986) and inter-rat-
er (ICC=0.989) reliability for evaluating the masseter muscle 
hardness of the affected side were excellent, and the intra-
operator (ICC=0.989) and inter-operator (ICC=0.994) reliability 
for evaluating the masseter muscle hardness of the unaffect-
ed side were also excellent. The results of the reliability test 
were in accordance with other investigators’ findings quan-
tifying soft tissue characteristics with the MyotonPRO appa-
ratus. One study by Schneebeli et al. [16] demonstrated high 
intra-rater and inter-rater reliability in measuring Achilles ten-
don hardness in different positions with the MyotonPRO ap-
paratus. Leonard et al. [17] used the Myotonometer to assess 
the lateral gastrocnemius and biceps brachii muscles of par-
ticipants and found excellent intra- and inter-rater reliabilities, 
with ICC values ranging from 0.85 to 0.95. Further, Liu et al. [15] 
obtained good intra-operator and inter-operator reliability for 
measuring tendon hardness bilaterally, with an ICC above 0.87, 
and established excellent repeatability using the MyotonPRO 
to evaluate tendon hardness. Additionally, Chuang et al. [18] 
reported high test-retest reliability in assessing the proper-
ties of the affected and unaffected extensor digitorum, flex-
or carpi radialis, and flexor carpi ulnaris in stroke patients, 
using the Myotonometer (ICCs, 0.75–0.96). The results from 

our research established high test-retest reliability with the 
MyotonPRO device in quantifying the stiffness of the bilater-
al masseter muscle in stroke patients. The results also dem-
onstrated that the MyotonPRO device can yield credible, ef-
fective, and responsive outcome assessments for evaluating 
muscle biomechanical properties.

Bland-Altman figures served as a visual representation of re-
liability in comprehensively analyzing data consistency in the 
current study. As shown in Figure 3, almost all the intra-rater 
and inter-rater results are more than 90%, with a 95% confi-
dence interval. Thus, the measurement results can be consid-
ered to have excellent consistency.

In addition, the value of the minimum detectable change was 
calculated and showed a true variation. We found that the 
hardness values of the masseter muscle should be greater 
than 74 N/m to show a true variation.

Difference in the stiffness of bilateral masseter muscles in 
stroke patients

We found that the masseter muscle hardness was significant-
ly greater on the unaffected side than on the affected side in 
stroke patients (P<0.01), and the masticatory performance of 
the masseter muscle was significantly greater on the unaffect-
ed side than on the affected side (P<0.01). These results were 
similar to those of previous studies assessing masseter muscles 
in hemispheric stroke patients. One study by Wang et al. [19] 
demonstrated that the activation of the masseter muscle in the 
early biting period was less in elderly stroke patients than in 
healthy individuals, and the muscle activation was greater on 
the unaffected side than on the affected side. Cruccu et al. [20] 
found a significant reduction in strength of paralysis masse-
ter, and voluntary activity at maximum strength was reduced 
on the side with paralysis. Furthermore, Schimmel et al. [21] 
reported that the thickness of the masseter muscle is reduced 
to a greater extent on the affected side than on the unaffect-
ed side under relaxation and contraction conditions in stroke 
patients. These findings suggest that the masticatory efficien-
cy and masseter function may be negatively affected by asym-
metrical masseter muscles, leading to a longer oral period and 

Item
Masticatory performance of affected side Masticatory performance of unaffected side

r P r P

The stiffness of masseter muscle on 
the affected side

–0.65 0.002 –0.62 0.004

The stiffness of the masseter muscle 
on the unaffected side

–0.35 0.14 –0.35 0.13

Table 2. Spearman’s correlation coefficients (r) between the stiffness of the bilateral masseter muscle and masticatory performance.
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chewing cycle in stroke patients. Cerebrovascular accidents of-
ten cause extensive paralysis of the muscles and asymmetric 
movement patterns. It is important to understand that treat-
ment for masticatory dysfunction involves both compensation 
and reconstruction methods. Effective activation of the paral-
ysis masseter muscle could enhance the masticatory efficien-
cy, and improvement of the function of the masseter muscle 
could promote the masticatory performance as a whole [22].

Correlation between masseter muscle hardness and 
masticatory performance

An important result from our study was the finding of a sta-
tistically negative moderate correlation between the masse-
ter muscle stiffness of the affected side and the masticato-
ry performance of both the affected and unaffected sides. In 
contrast, no significant correlation was found between the 
masseter muscle stiffness of the unaffected side and the 
masticatory performance of the affected side and unaffect-
ed side. These results imply that the stiffness of the masseter 
muscle potentially only reflects the strength generated by the 
masseter muscle during forceful biting. Masticatory efficien-
cy was not indicated by the stiffness of the masseter muscle 
alone in stroke patients in a previous study [23]. Mastication 
movements are under highly precise control by the nervous 
system, and they involve comprehensive coordination of the 
masseter muscle, temporalis, lips, tongue, and oral proprio-
ception [19,21]. Cerebrovascular accidents often cause neuro-
logical dysfunction, and such neurological injuries can disrupt 
the complex control of mastication and decrease masticato-
ry performance [24]. Schimmel et al. [25] have demonstrated 
that cerebrovascular accidents can cause decreased oral sen-
sory function, thereby potentially affecting masticatory perfor-
mance. Engelen et al. [26] reported that the oral proprioceptors 
are important for distinguishing the form of food and there-
fore are vital for masticatory efficiency. Yamaguchi et al. [27] 
indicated that tongue thickness is also correlated with masti-
catory efficiency in healthy adults. In summary, the effects of 
central nervous system injury can be extensive and complex 
for masticatory function in stroke patients. The differences in 
masticatory function and efficiency between healthy adults 
and stroke patients need further in-depth study, and a more 
comprehensive evaluation of the oral-facial system of stroke 
patients is necessary to guide clinical treatment.

Limitations

The results of this study need to be considered in light of 
some limitations. First, this study had a small sample size. 
More subjects will be recruited for further studies. Second, the 
MyotonPRO apparatus could not be used to examine multiple 
muscles at the same time; only the masseter muscle was ex-
amined in our study. The temporalis, buccinators, orbicular-
is oris, and other muscles contribute to bite action, and fur-
ther research with different muscles could be done to analyze 
comprehensive masticatory function in stroke patients. Third, 
the results revealed a moderate correlation in masseter mus-
cle hardness and masticatory performance in stroke patients. 
In addition to muscle stiffness, masticatory efficiency involves 
tongue thickness, oral sensation, bite force, and other factors. 
Future research needs to analyze more indicators of oral func-
tion in stroke patients. Finally, patients with cerebral hemor-
rhage and those with cerebral infarction may have different 
manifestations of dysfunction and a differential analysis is 
needed in further study.

Conclusion

Our findings indicate that the MyotonPRO apparatus is a re-
liable tool for examining masseter muscle stiffness in stroke 
patients and has excellent intra- and inter-rater reliability. The 
masticatory function of stroke patients was significantly great-
er on the unaffected side than on the affected side. A nega-
tive moderate correlation was found between masseter muscle 
stiffness and masticatory performance. The construct validity 
between the stiffness of the masseter muscle and masticato-
ry performance was established in this study.
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