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	 Background:	 The objectives of the present study were to examine the intra- and inter-operator reliability of the MyotonPRO 
device in quantifying the stiffness of the Achilles tendon and the device’s ability to examine the modulation in 
stiffness of the Achilles tendon during ankle joint flexion.

	 Material/Methods:	 Twenty asymptomatic participants (10 males and 10 females; mean age: 25.0±3.1 years) were recruited for 
this study. The stiffness of the Achilles tendon was quantified using the MyotonPRO device.

	 Results:	 The results revealed excellent intra- and inter-operator reliability for quantifying Achilles tendon stiffness with 
the ankle joint in a neutral position and detected a 13.9% increase in stiffness of the Achilles tendon between 
0° and 30° of ankle joint flexion. The minimal detectable change (MDC) in tendon stiffness was 45 Newton/me-
ter (N/m).

	 Conclusions:	 Our findings indicated that the MyotonPRO device is a feasible method to quantify the stiffness of the Achilles 
tendon and monitor its changes. Thus, it is an essential tool to use to examine the modulation in the stiffness 
of the Achilles tendon due to pathology or interventions for future studies.
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Background

Tendons, as a mechanical buffer, are mainly responsible for 
transmitting and absorbing force during jumping and land-
ing. They play an important role in storing and releasing en-
ergy and allowing muscles to work more efficiently. Changes 
in tendon stiffness (whether acute or chronic) may have a di-
rect effect on functional performance [1]. Thus, the ability to 
quantify tendon properties in a quick and reliable manner may 
prove to be a useful addition to the battery of tests normally 
applied to assess skeletal muscle function.

Elastography ultrasound has been used to quantify viscoelas-
tic properties of various tendons, including supraspinatus, pa-
tellar, and Achilles tendons. One study demonstrated that it is 
a reliable tool for the measurement of Achilles tendon elastic 
properties in healthy participants [2]. In addition, elastography 
ultrasound has been used to compare differences in healthy 
and pathological Achilles tendon properties [3–5]. Our recent 
study revealed that pain and functional disability associat-
ed with patellar tendinopathy was related to the viscoelastic 
properties of the patellar tendon [6]. Although elastography 
ultrasound is an excellent tool for quantifying tissue proper-
ties, the equipment costs and required technical expertise lim-
it wider clinical use.

Portable devices for quantifying mechanical properties of tis-
sue are less expensive and can be used routinely in the clin-
ic. The MyotonPRO is a commercially available hand-held de-
vice that can be used to quantify viscoelastic properties (i.e., 
tone, elasticity, and stiffness) of skeletal muscle, fascia, and 
tendon. Much of the published work is based on earlier pro-
totypes including Myoton-2 and Myoton-3 [7]. Data based on 
the newest model, MyotonPRO, has also been published [8,9], 
including data on changes in muscle viscoelastic properties as-
sociated with aging [10–12] and pathological conditions such 
as stroke [13]. MyotonPRO measurements of muscle tone, 
stiffness, and elasticity were found to be greater in the up-
per trapezius and sternocleidomastoid of older women com-
pared to younger women [12]. Lumbar fascia stiffness mea-
sured by the MyotonPRO was greater in the right side than 
the left side, and greater in men than in women [9]. Intra- and 
inter-operator reliability of MyotonPRO measurements of bi-
ceps brachii tone, stiffness, and elasticity was generally good 
in healthy adults, although less so in patients with paratonia, 
a form of hypertonia [14].

Few studies have used the MyotonPRO to study tendon prop-
erties [15,16]. In one report, the MyotonPRO was found to be 
a feasible tool for quantifying acute changes in muscle and 
Achilles tendon elastic properties when participants were placed 
in a microgravity environment [16]. Another study reported that 
the MyotonPRO can detect acute changes in Achilles tendon 

stiffness as a result of bouts of karate sparring [15]. To the au-
thors’ knowledge, no studies have examined the reliability and 
precision of the MyotonPRO measurements of Achilles tendon 
elastic properties, and no studies have used the MyotonPRO 
to examine modulation in the stiffness of Achilles tendon dur-
ing ankle joint motion.

The objectives of this study were 1) to determine the intra- 
and inter-operator reliability of quantifying the stiffness of the 
Achilles tendon and to examine the minimal detectable change 
(MDC), and 2) to determine the modulation in the stiffness of 
Achilles tendon during ankle joint motion.

Material and Methods

Ethics statement

This study was approved by the Human Subjects Ethics 
Committee of the Clinical Medical College of Acupuncture, 
Moxibustion, and Rehabilitation, Guangzhou University of 
Chinese Medicine. All participants provided signed, written in-
formed consent prior to involvement in the experiment.

Participants

Twenty asymptomatic participants (10 females and 10 males, 
aged 25.0±3.1 years) were included in this study. Their mean 
height, weight, and body mass index (BMI) were 168.1±7.2 cm, 
66.1±15.1 kg, and 23.2±4.2 kg/m2, respectively. They were re-
cruited from the hospital medical staff and students in the 
Department of Physical Therapy. Participants were included 
if they were older than 18 years of age and had no history of 
Achilles tendon pain, trauma, or surgery. The dominant leg was 
defined as the leg used for kicking a ball [17,18].

Equipment

The stiffness of the Achilles tendon was quantified by a por-
table MyotonPRO (Muomeetria Ltd., Tallinn, Estonia). The 
MyotonPRO measures mechanical oscillations of soft tissues 
induced by a mechanical impulse. A brief mechanical impulse 
was applied, followed by a quick release, to the skin over-
lying the muscle. The MyotonPRO device provides the stiff-
ness value (Newton/meter; N/m) that reflects the resistance 
of the soft tissue to force deforming the soft tissue. The stiff-
ness value is calculated as maximum acceleration of oscilla-
tion/maximum displacement of the tissue. A larger index in-
dicates a stiffer tendon.
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Measurement of Achilles tendon stiffness

The participants were in a prone position on an examina-
tion bed, with the hip and knee fully extended and the ankle 
joint in a resting position. The calcaneal tuberosity was pal-
pated and marked by a physical therapist. The measurement 
site for tendon properties was 4 cm above the calcaneal tu-
berosity, because tendon pathologies commonly occur in this 
area [19,20]. The measurement site was marked by a pen and 
the MyotonPRO was placed at this site so that the probe was 
perpendicular to the Achilles tendon (Figure 1). The multi-
scan modes were applied and recorded including 10 impuls-
es, 1-second apart. The stiffness of the Achilles tendon was 
quantified at 0° and 30° of ankle joint dorsiflexion, respective-
ly. The angle of the ankle joint was measured using a plastic 
goniometer. The ankle joint at 0° and 30° of flexion was kept 
using a self-made splint.

For the intra-operator reliability, each participant was evaluat-
ed by the rater ZZJ (physical therapist) according to the afore-
mentioned protocol. After a 5-day interval, the same participant 
was reassessed by the rater ZZJ. For the inter-rater reliability 
test, each participant was quantified by both raters (ZZJ and 
LCL) once, with 30 minutes between the measurements on the 
same day. Both raters were blinded to the results after testing. 

Two operators were trained in using the device and received 
a formal training course. The mean of 3 measurements was 
used in the study.

Statistical analyses

Commercial software (SPSS version 17.0, SPSS Inc. Chicago, IL, 
USA) was used for statistical analysis. Normality distribution 
was assessed using the Shapiro-Wilk test. Descriptive statis-
tics were used to calculate participant demographic charac-
teristics such as age, body weight, and height. The intra- and 
inter-operator reliability was computed using intra-class cor-
relation coefficient (ICC). The intra-operator (measurements 
taken on 2 occasions separated by 5 days) and inter-oper-
ator (measurements by 2 operators) reliability of the mea-
surement of tendon stiffness was examined using ICC (3,1) 
and ICC (2,2). The coefficient of variance (CV=standard devi-
ation/mean×100%] was computed. The standard error mea-
surement (SEM) was calculated based on the following formu-
la: SEM=standard deviation×√1-ICC). The MDC was computed 
using the following formula: MDC=1.96×SEM×√2. Bland and 
Altman plots were used to assess intra-operator reliability 
and between 2 operators (inter-operator) to provide a visual 
presentation of the degree of agreement and to identify bias 
and outliners. A paired t-test was used to compare mean stiff-
ness index of the Achilles tendon between 0° and 30° of dor-
siflexion of the ankle joint. The level of significance was set at 
P=0.05, and data are presented as mean ±SD.

Results

Intra- and inter-operator reliability

Both intra- and inter-operator reliability of measuring tendon 
stiffness bilaterally was good, with ICC above 0.87, SEM less 
than 19 N/m, MDC less than 45 N/m, and CV less than 11% 
(Table 1). Bland and Altman plots for intra-operator reliability 

MyotonPRO

Gastrocnemius muscle
Probe of

MyotonPRO

Sti	ness
index

Achilles tendon

Figure 1. �Schematic of stiffness measurement of Achilles tendon 
using a portable MyotonPRO device.

Intra-operator reliability Inter-operator reliability

Test1
(Mean 
±SD)

Test2
(Mean 
±SD)

SEM ICC 95%CI MDC

Operator 
I 

(Mean 
±SD)

Operator 
II 

(Mean 
±SD)

SEM ICC 95%CI MDC

Dominant leg
776.11 
±71.70

769.83 
±78.00

16.03 0.90 0.76–0.96 44.44
776.11 
±71.70

777.47 
±81.59

18.24 0.95 0.86–0.98 44.44

Non-
dominant leg

786.08 
±59.11

778.08 
±75.47

13.22 0.88 0.71–0.95 36.64
786.08 
±59.11

770.93 
±61.51

13.75 0.88 0.70–0.95 36.64

Table 1. The intra and inter-operator reliability of MyotonPRO in measurement of Achilles tendon stiffness.

SD – standard deviation; SEM – standard error mean; ICC – intraclass correlation coefficient; MDC – minimum detectable change; 
95%CI – 95% confidence interval.
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in the dominant and non-dominate leg are presented in Figure 
2A, 2B, and corresponding data for inter-observer reliability 
are shown in Figure 2C, 2D. For intra-operator reliability, the 
mean difference was –15.2 or –6.3 N/m and the 95% limits 
of agreement were –121.7 to 91.4 or –94.4 to 81.9 N/m. For 
inter-observer reliability the mean difference was –15.2 or 
1.4 N/m and the 95% limits of agreement were –88.4 to 58.1 
or –68.9 to 71.6 N/m.

Changes in the stiffness of the Achilles tendon

The stiffness index of Achilles tendon was 1143 N/m at 0 flex 
of ankle joint, and 1329 N/m when ankle joint was flexed to 10 
(P=0.002) (Figure 3). These results indicated that the MyotonPRO 
device can be used to examine the modulation in the stiffness 
of Achilles tendon at 0° and 30° of ankle joint dorsiflexion.

Discussion

Overall, the present study supports the intra- and inter-op-
erator reliability of measuring Achilles tendon stiffness in 
healthy participants using a portable MyotonPRO device. We 
found excellent intra- and inter-operator reliability in using 
the MyotonPRO device to quantify the stiffness of the Achilles 
tendon. The precision of the measurements was revealed us-
ing relatively low SEM and MDC values. A significant increase 
in the stiffness index of the Achilles tendon at 30° of the an-
kle joint dorsiflexion was found when compared to the ankle 
joint at 0 of ankle joint dorsiflexion.

Intra- and inter-operator reliability

The MyotonPRO device is a recently developed technique to 
quantify the stiffness of the Achilles tendon [15,16]. To our 
knowledge, the present study is the first study to investigate 
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Figure 2. �Bland and Altman plots of intra- and inter-operator reliability of tendon stiffness. The difference in tendon stiffness between 
day 1 and day 5 is plotted against mean tendon stiffness (average of the 2 days for operator 1) for each participant in the 
dominate leg (A) and non-dominate leg (B). The difference in tendon stiffness between operator 1 and operator 2 is plotted 
against mean tendon stiffness (average of the 2 operators) for each participant in the dominate leg (C) and non-dominate 
leg (D). In each panel, the continuous line is the mean difference and the dotted lines represent 2 SD above and below the 
mean difference.
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the intra- and inter-operator reliability of assessing the stiff-
ness of the Achilles tendon. Our results revealed excellent 
intra- and inter-operator reliability in measuring the stiff-
ness of the Achilles tendon using a portable MyotonPRO de-
vice. All the other reported studies only examined the reli-
ability of assessing the stiffness of skeletal muscles using a 
portable MyotonPRO device. Our results are consistent with 
previous studies focused on skeletal muscles. In a study by 
Chuang et al. [21], the stiffness of biceps muscles was quan-
tified using the Myoton-3 Myometer. They found good intra-
operator reliability ranged from 0.79 to 0.96, corresponding 
to SEM of 8.8 N/m and MDC of 20.5 N/m. However, inter-op-
erator reliability was not examined in their study. One study 
by Lidström et al. [22] examined the test-retest reliability of 
Myotonometer to quantify the stiffness of the rectus femoris 
among study participants with cerebral palsy. They revealed that 
ICC values ranged from 0.40 to 0.87. Leonard et al. [23] exam-
ined the intra-and inter-operator reliability of Myotonometer 
for measurement of the stiffness of the biceps muscles. They 
found that ICC values ranged from 0.85 to 0.95. The findings 
from our study established excellent repeatability for using 
MyotonPRO to measure the stiffness of the Achilles tendon 
and supported our primary hypothesis that MyotonPRO mea-
surements of stiffness of the Achilles tendon is applicable for 
use in the research and clinical settings.

The elastic properties may be regarded as biomarkers to as-
sess functional capacities of the tendon and to monitor the 
efficacy of treatment and make a better treatment plan for 
return to play and work. Therefore, a number of researchers 
have attempted to investigate the elastic properties of the ten-
don, using different methods such as ultrasonography com-
bined with electromyography (EMG) and supersonic shear 
wave imaging (SSI). Ultrasonography with EMG was used to 
assess the elastic properties of the human Achilles tendon. 
This method was based on the tendon-aponeurosis elonga-
tion during maximal voluntary contraction [24,25]. However, 

this technique has some limitations such as complex proce-
dures (ultrasound probe fixation), time consumption, compli-
cate data analysis post-testing, and dependence on the muscle 
contraction [26]. More recently, elastography ultrasound was 
used to assess the elastic properties of tendons such as the 
Achilles tendon [3] and the patellar tendon [6]. However, the 
elastography ultrasound machine is relative expensive and is 
not always available in the clinical settings.

In addition, our study also calculated the MDC that could pro-
vide a value to reflect a true change as a reference for fur-
ther study. In terms of our findings, measurements of the 
Achilles tendon stiffness should be greater than 45 N/m to 
reflect real change.

Modulation in stiffness index of Achilles tendon

In the present study, our findings revealed that the stiffness 
index of the Achilles tendon quantified at 0° was 1143 N/m 
and increased to 1329 N/m at 30° of ankle joint dorsiflexion. 
The change in stiffness were greater than MDC (45 N/m), in-
dicating true change. The results of the present study also re-
vealed an increase of 13.9% in the stiffness of the Achilles 
tendon from 0° to 30° of ankle joint dorsiflexion. These re-
sults obtained using the MyotonPRO device were consistent 
with those reported in previous investigations based on shear 
wave elastography ultrasound. For example, when the stiff-
ness of the Achilles tendon was quantified using shear wave 
elastography ultrasound, an increase of 62.8% in the stiff-
ness of Achilles tendon when the ankle joint was dorsiflexed 
to 30° was also found.

Based on the current study, we recommend using the mean 
stiffness index quantified by the same operator to delin-
eate the stiffness of the Achilles tendon. The mean index of 
1143 N/m at 0° and 1329 N/m at 30° should be considered 
a reference for future studies. The point 4 cm above the cal-
caneal tuberosity was selected for measuring the stiffness of 
the Achilles tendon, as tendon pathologies commonly occur 
in this area [19,20].

Limitations

There are some limitations in the current study. Only the stiff-
ness of part of the Achilles tendon was evaluated; and healthy 
participants were recruited for the study. Future studies should 
investigate the changes of the Achilles tendon stiffness among 
participants with Achilles tendon disorders such as Achilles 
tendinopathy.
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Figure 3. �Comparisons of the stiffness index of the Achilles 
tendon between 0° and 30° of ankle joint dorsiflexion.
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Conclusions

The present study demonstrated the MyotonPRO device is a 
reliable tool to quantify the stiffness of the Achilles tendon. 
Furthermore, modulation greater than 45 N/m can be consid-
ered as a true change. This technique was sensitive for assess-
ing the modulation in the Achilles tendon stiffness during an-
kle joint dorsiflexion.
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