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SUMMARY
Background. The aim of this study was to assess to what extent changing the measure-
ment point affected the results of myometric parameters describing muscle mechani-
cal properties assessed by a MyotonPRO® device in three skeletal muscles: the biceps 
brachii (BB), tibialis anterior (TA) and rectus femoris (RF). We hypothesised that 
muscle mechanical properties would change differently as the myometry probe was 
moved towards the proximal or distal part of a muscle. 
Methods. Sixteen untrained, healthy, young male students participated in the study. 
Myometric frequency, stiffness, decrement, relaxation and creep parameters were 
measured in the BB, RF and TA of the right and left sides of the body at five measure-
ment points: the central point of a muscle, and points shifted by 10% and 20% of 
the muscle length proximally and distally from the central point. A multivariate: 5 
(measurement points) × 3 (muscle) analysis of variance (MANOVA) for each of the 
parameters separately was used for the main analysis. 
Results. MANOVA showed that measurement point (the location), muscle and inter-
action between measurement point and muscle have an impact on all measured param-
eters (P < 0.05) except interaction between measurement point and muscle in relax-
ation parameter (P > 0.05).
Differences in myometric values were shown for both measurement points located 
distant from each other, as well as for those located adjacent to each other. 
Conclusions Our results emphasized the variation in muscle properties along the long 
axis of chosen skeletal muscles expressed by myometry outcomes. 
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BACKGROUND

Measurement point for myometric assessment 
of muscle properties
It was asserted that when muscle mechanical properties are 
tested using myometry, the “measuring point is the most 
prominent point of the muscle at contraction” (1). There 
was a suggestion that the middle part of the muscle belly 
should be the particular myometric measuring point (2); 
however, studies reported in the literature have employed 
different places/points of measurements for assessment of 
muscle properties in different muscles. 

In the case of the biceps brachii (BB) muscle some authors 
performed myometric measurements at a point midway 
between the most anterior aspect of the lateral tip of the 
acromion and the mid-cubital fossa (3, 4), following a gentle, 
resisted isometric muscle contraction to identify the middle 
of the muscle belly in a technique similar to that used by 
others (5, 6). In another experiment by Agyapong-Bad-
ua et al. (7) the measurements for the BB were taken at 
three-quarters of the distance between the lateral tip of 
the acromion and the mid-cubital fossa. Meanwhile, later-
al part of the muscle in the middle of the arm was used for 
measurement for the long head of the BB or 75% of the 
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distance distally from the anterior aspect of the lateral acro-
mion to the mid-cubital fossa was used for this purpose (8). 
For assessment of the mechanical properties of the rectus femo-
ris (RF) muscle, some authors chose a point two-thirds of the 
distance between the anterior superior iliac spine and the supe-
rior pole of the patella over the muscle belly (3-5, 9, 10). Schoen-
rock et al. (11) measured RF stiffness at the end of the second 
third distance on a virtual line between the anterior superior 
iliac spine and the patella, with the body in the supine position, 
while the paper by Zinder and Padua (12) did not provide any 
details describing the position of RF measurement. 
In a study by Schoenrock et al. (11), the measurement point 
for the tibialis anterior (TA) was positioned 1.5 cm laterally 
from the end of the proximal third of the frontal tibial line. 
Meanwhile Lo et al. (4) took measurements of the TA at the 
upper two thirds of the distance between the lateral condyle 
of the tibia and the medial cuneiform. Keeping in mind the 
suggestions of Gapeyeva and Vein (2) that the middle part 
of the muscle belly is an optimal location for assessment of 
myometric mechanical properties and taking into account the 
literature variation in reporting the locations of such points, 
it is necessary to assess whether changing the myometric 
measurement point along the long axis of the muscle belly in 
various skeletal muscles affects the measurements of mechan-
ical properties outcomes and in what extend.

Muscle mechanical properties
Mechanical properties of skeletal muscle are measured 
using different equipment such as shear wave ultrasound 
elastography, the free oscillation technique, magnetic reso-
nance elastography. However, lately more and more authors 
have measured the mechanical properties of skeletal muscle 
using a less expensive portable method called myometry by 
means of a MyotonPRO® or Myoton-3 device. Important-
ly it has been shown that the measurements obtained with 
the MyotonPRO® have high reproducibility and reliability 
in study of healthy subjects and the clinical population as 
well (4-13). 
Mechanical properties of skeletal muscle may not be the 
same along the long axis due to muscle architecture and 
anatomy and thus monitoring muscle mechanical properties 
at a single location may not reflect the heterogeneous prop-
erties of the muscle. At the end of a muscle there are more 
collagen fibres that form the aponeurosis and tendon close 
to the proximal or distal part of the muscle and the collagen 
content has been found to be closely associated with skele-
tal muscle passive stiffness (14). Collagen stiffness (and thus 
tendon stiffness) is higher than skeletal muscle stiffness (15, 
16). Collagen makes up for 60–80% of tendon’s tissue dry 
weight. It is formed as a set of parallel bundles of collagen 

fibrils. Collagen is also an important part of skeletal muscle 
extracellular matrix. It is a vital component of the connective 
tissue sheaths that enfold each of skeletal muscle’s layer. The 
function of these layers is to structurally support and to assist 
muscles’ force transfer to bone (17). The total compliance of 
the muscle-tendon unit could be mainly associated with the 
tendon because it has been found that the tendons are much 
longer than the muscle fascicles (18). Taking into consider-
ation the fact that collagen fibres are not evenly distributed 
within a muscle and the differences in muscle architecture 
between different muscles, one can expect differences in the 
mechanical properties of skeletal muscle along their long 
axis that may vary among muscles. However there is only one 
study assessing the effect of shifting the measurement point 
along a muscle by 1 cm (vertically and horizontally) on three 
(of five) myometric parameters characterizing the mechani-
cal properties of the BB and RF muscles (7).
Due to discrepancies in the literature related to the choice 
of muscle point for measuring the mechanical properties 
of muscles using myometry, our study aimed to investigate 
whether and to what extent changing the measurement 
point, proximally or distally from the central point, affected 
the results of myometric parameters in the BB, TA and RF 
muscles. Taking into consideration the potential differences 
in distribution of collagen fibres within a muscle related to 
its anatomy, architecture and function as described above, 
we hypothesised that the mechanical properties of a given 
skeletal muscle may exhibit differences towards the proxi-
mal and distal ends of the muscle. In contrast to the study 
of Agyapong-Badu et al. (7) we extended the knowledge by 
shifting the measurement point relative to the approximate 
length of the muscle by 10 and 20% toward the proximal 
and distal ends of the muscle from its central point above 
the muscle belly. In our opinion, usage of an absolute value 
(7) in shifting the distance by 1 cm in muscles differing in 
length might give a different or fuzzy picture (although 
this does not detract from the value of their study). Thus, 
the novelty of our study is that we report all five myomet-
ric parameters of three muscles (BB - upper limb, RF and 
TA - lower limb) at five points distant (by 10% of muscle 
length) from each other. The results of our study may have 
practical application in the context of mechanical properties 
measured using myometry. 

MATERIALS AND METHODS

Subjects
Sixteen untrained, young, healthy, right-hand- and leg-dom-
inant male students (age: 21.2 ± 0.6 years, body mass: 77.1 ± 
9.8 kg, body height: 1.80 ± 0.07 m) participated in this study. 
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The exclusion criteria were injury to the upper or lower limbs, 
chronic disease requiring medication, and skin conditions 
that contraindicated taking a measurement or participation in 
competitive training. Upper and lower limb dominance were 
assessed by the Edinburgh Inventory Questionnaire (19) and 
the kick-ball test (20) respectively. All participants were well 
informed of the study’s aim and procedure. Informed consent 
was obtained from the participants prior to the experiment. 
The study was approved by the ethical committee of the 
University School of Physical Education in Wroclaw. It was 
carried out in accordance with the Declaration of Helsinki 
and meets the ethical standards of the journal (19).

Methods

Experimental procedures
All participants were placed in the supine position, lying 
with their upper limb extended along the trunk and in supi-
nation and the lower limb extended and in the intermediate 
position. Soft towels were used to help participants to lie in 
this position and relax during the experiment.

Identification of measurement points
Before myometric measurements of the BB, TA and RF 
muscles, five points on each muscle were identified. For 
this purpose an approximate length of the muscle along the 
long axis was measured as follows. For the BB muscle, it was 
measured from the axillary fossa to the cubital fossa. For the 
TA it was half the distance from the lateral knee joint space 
to the most anterior portion of the lateral ankle, and in the 
case of the RF it was from the most anterior part of the ante-
rior superior iliac spine to the superior border of the patella. 
The central points of the BB (short head) and TA were locat-
ed above the central part of the muscle belly, and two-thirds 
of the distance between the points described above for the 
RF as described in the articles cited above (2, 13) and in the 
guidelines for users from the Myoton company. 
When the subject was positioned correctly, the following 
five points above the selected muscles bilaterally were iden-
tified (first for the right side and then for the left side): a 
central point and two points above the central (two prox-
imal points) and two points below the central (two distal 
points) with a distance 10% of the muscles’ measured 
approximate length (described above) between them. Thus, 
the distance between all the points for each muscle was 10% 
of their measured approximate length. They were: point 1: 
20% of a muscle length above the central point (here and 
after: proximal 20%); point 2: 10% above the central point 
(proximal 10%), point 3:  the central point (central); point 
4: 10% below the central point (distal 10%), and point 5 

– 20% of a muscle length below the central point (distal 
20%). Before the points were marked using a skin-safe pen, 
the investigator, always the same experienced physiothera-
pist, used palpation to check that the place was correctly 
chosen above the muscle of interest. 

Myometric measurements
The next step involved myometric measurement, before 
which the tested subjects received oral instruction to relax. 
The testing end of the MyotonPRO® device was placed 
perpendicular to the skin surface above the marked point, 
and the device was lowered into the measurement position 
and held steadily. During this time, the device automatically 
performed a series of 10 mechanical taps, from which the 
mean value of the muscle response was used to calculate the 
five parameters. The myometric measurements were taken 
by one investigator.

Myometric parameters
Five myometric parameters were analysed. The first three are 
more often reported in the literature: frequency (F-MYO, 
[Hz]), which characterizes non-neural tone; transverse stiff-
ness (S-MYO, [N/m]), indicating the ability of the muscle 
to resist an external force that modifies its shape, and decre-
ment (D-MYO, [log]), which characterizes elasticity (the 
ability of a muscle to recover its shape after being deformed–
the lower the value, the higher the elasticity and the less 
the damping of the tissue’s oscillation). Two other parame-
ters are rarely documented. These were relaxation time of 
mechanical stress (R-MYO, [ms]) that is the time needed for 
a reference amount of deformation to occur under a sudden-
ly-applied reference load, and the ratio of relaxation time to 
deformation time, characterizing creep (C-MYO, [Deborah 
number]). In more fluid-like materials, less time was required 
for flow (shorter relaxation time), giving a lower Deborah 
number. Generally, the criteria for the outcome interpreta-
tion were: the higher the values of F-MYO and S-MYO, the 
greater the tension and stiffness of the examined soft tissue 
structure at dedicated body measurement points. The lower 
the D-MYO value the smaller the dissipation of mechanical 
energy during oscillation and the higher the elasticity of the 
muscle (1). The lower the R-MYO and C-MYO value, the 
higher the tension or stiffness.

Statistical analysis
Data were analysed using SPSS 22.0 software (IBM, Armonk, 
NY, USA) with alpha set at P ≤ 0.05. The Shapiro-Wilk test 
was performed to estimate the distribution of values. As 
many studies (1, 10, 14) have shown no statistically signifi-
cant differences in the measured parameters between body 
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sides, we also checked for such potential differences between 
the right and left sides of the body using the t-test or the 
Wilcoxon signed-rank test (for 13 of 75 pairs) depending on 
the normality of the distribution. In agreement with those 
studies, we found in 16 subjects no significant difference 
between the sides of the body and thus the number of cases 
used in further calculations was n = 32 (16 for the right and 
16 for the left side). A multivariate: 5 (measurement points) 
× 3 (muscles) analysis of variance (MANOVA) for each of 
the parameters separately (F-MYO, D-MYO, S-MYO, 
R-MYO, C-MYO) was used for the main analysis. The 
Greenhouse-Geisser correction was applied where spherici-
ty was violated and follow-up comparisons were conducted 
using Bonferroni-adjusted multiple comparisons. The alpha 
level for measurement points comparisons has been adjusted 
to the level of 0.01, and for muscles comparisons to the level 
of 0.01666667. The partial eta-squared (η2

p) test was used as 
a measure of effect size for MANOVA. Data are presented as 
means ± standard deviations.

RESULTS
MANOVA showed that measurement point (the location), 
muscle and interaction between measurement point and 
muscle have an impact on all measured parameters (P < 
0.05), except interaction between measurement point and 
muscle in R-MYO (table I). The F values and effect size 
for analysed factors are reported in table I. The observed 
powers of tests mentioned above were bigger than 0.8 
(except interaction between measurement point and muscle 
in C-MYO and R-MYO).

Comparison between measurement points 

Frequency (F-MYO)
In the BB muscle, frequency increased point-by-point being 
the lowest at two proximal points and the highest at distal 

20%, and compared to the distal 20% the values at all other 
points were significantly lower (P < 0.01). The BB frequency 
values at two proximal points were also significantly lower 
than the frequency value at distal point 10% (P < 0.01). 
In the TA muscle the frequency values at distal 10% and 
distal 20% were significantly higher than values at the prox-
imal 10% and proximal 20% points (P < 0.01). There was 
also a significant difference between central and distal 10% 
point (P < 0.01). In the RF muscle there was no difference 
between points (P > 0.01) (table II).  

Stiffness (S-MYO)
In the BB muscle there was no difference in stiffness between 
the central point and others (P > 0.01), while the two prox-
imal points were significantly lower than the values at the 
two distal points (P < 0.01). In the TA muscle the values of 
stiffness at the two proximal points and at the central point 
were significantly lower than the values at the two distal 
points (P < 0.01). In the RF muscle there was no statistical-
ly significant difference between measurement points (P > 
0.01) (table II).

Decrement (D-MYO)
In the BB muscle the value of decrement at proximal 20% 
was significantly lower compared central and distal 10%, 
and the value at distal 20% was lower than values at central 
and distal 10% (P < 0.01). In the TA muscle there were no 
statistically significant difference between points (P > 0.01) 
with the highest value at the central point (table II). In the 
RF muscle, decrement decreased point-by-point from the 
highest value at proximal 20% to the lowest at distal 20%, 
with significantly higher values at the proximal 20% point 
compared to the central, distal 10% and distal 20% points, 
and with significantly higher values at the proximal 10% 
point than at distal 10% and distal 20% points (P < 0.01). 
In addition, the decrement value of the RF was significantly 
higher in the central point than at the distal 20% point (P 
< 0.01) (table II). 

Table I. The results of MANOVA with F value for measurement point (five locations: proximal 20%, proximal 10%, central, 
distal 10%, distal 20%), muscle (three muscles: biceps brachii [BB], rectus femoris [RF], tibialis anterior [TA]) and interaction 
between point and muscle for five myometric parameters: F-MYO = frequency, S-MYO = stiffness, D-MYO = decrement, 
R-MYO = relaxation and C-MYO = creep. The effect size is presented as partial eta-squared (η2

p). 

Parameter Measurement point Muscle Measurement point × Muscle

F-MYO F (1.97, 57.22) = 25.219,p < 0.01 = 0.433 F (1.44, 41.76) = 615.89, p < 0.01 = 0.956 F (2.08, 60.30) = 6.21, p = 0.03 =0.168

S-MYO F (3.05, 94.47) = 33.45, p < 0.01 = 0.519 F (1.50, 46.63) = 601.25, p < 0.01 = 0.951 F (4.13, 128.12) = 12.33, p < 0.01 =0.285

D-MYO F (2.17, 67.27) = 53.44, p < 0.01 = 0.633 F (2, 62) = 271.49, p < 0.01 = 0.898 F (3.16, 98.07) = 29.47, p < 0.01 =0.487

R-MYO F (2.83, 87.69) = 47.68, p < 0.01 = 0.678 F (2, 62) = 563.57, p < 0.01 = 0.952 F (2.81, 87.02) = 2.47, p= 0.071 =0.038

C-MYO F (3.00, 93.03) =70.39, p < 0.01 = 0.694 F (2, 62) =557.66, p < 0.01 = 0.947 F (4.38, 136.02) = 4.12, p= 0.03 =0.117
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Table II. Mean value ± SD of five myometric parameters (F-MYO, S-MYO, D-MYO, R-MYO and C-MYO) for three tested 
muscles (BB, RF and TA) with its percentage changes with respect to the central point (in brackets) and results of comparison 
between five measurement points (points 1 to 5) for each of the parameters within the analysed muscles. 

1
(proximal 20%)

2
(proximal 10%)

3
(central)

4
(distal 10%)

5
(distal 20%)

BB
F-MYO 13.8± 0.60 (-1.4)

1-4, 1-5
13.8 ± 0.64 (-1.4)
2-4, 2-5

14.0 ± 0.66
3-5

14.4 ± 0.71 (2.8) 14.9 ± 0.79 (6.4)

S-MYO 207 ± 21.2 (-5.6)
1-4, 1-5

212 ± 22.0 (-3.6)
 2-5

220 ± 21.8 229 ± 22.7 (4.1) 232 ± 24.2 (5.4)

D-MYO 0.93 ± 0.12 (-14.6)
 1-3, 1-4

1.02 ± 0.11 (-6.4) 1.09 ± 0.13
3-5

1.04 ± 0.12 (-4.6)
4-5

0.95 ± 0.11 (-12.8)

R-MYO 21.5 ± 1.23 (2.9)
1-4, 1-5

21.1 ± 1.29 (1.0)
2-5

20.9 ± 1.12
3-5

20.4 ± 1.18 (-2.4) 19.7 ±1.16 (-5.7)

C-MYO 1.19 ± 0.05 (0.8)
1-5

1.18 ± 0.06 (0.0)
2-5

1.18 ± 0.05
3-5

1.16 ± 0.06 (- 1.7)
4-5

1.11 ± 0.05 (- 5.9)

RF
F-MYO 15.2 ± 1.04 (0.7) 15.0 ± 1.19 (- 0.7) 15.1 ± 0.91 15.5 ± 0.89 (2.6) 15.4 ± 1.21 (2.0)

S-MYO 278 ± 20.5 (- 1.4) 278 ± 26.0 (- 1.4) 282 ± 27.7 289 ± 28.7 (2.4) 286 ± 42.3 (1.4)

D-MYO 1.63 ± 0.23 (14.8)
1-3, 1-4, 1-5

1.58 ± 0.27 (11.3)
2-4, 2-5

1.42 ± 0.22
3-5

1.27 ± 0.19 (- 10.6) 1.19 ± 0.17 (- 16.2)

R-MYO 20.4 ± 1.21 (1.0)
1-5

20.5 ± 1.43 (1.5)
2-4, 2-5

20.2 ± 1.60
3-5

19.3 ± 1.62 (- 4.5) 18.5 ± 1.95 (- 8.4)

C-MYO 1.25 ± 0.07 (1.6)
1-4, 1-5

1.25 ± 0.08 (1.6)
2-4, 2-5

1.23 ± 0.08
3-5

1.18 ± 0.09 (- 4.1)
4-5

1.10 ± 0.10 (- 10.6)

TA
F-MYO 19.8 ± 1.04 (- 3.9)

1-4, 1-5
20.0 ± 1.46 (- 2.9)
2-4, 2-5

20.6 ± 1.64
3-4

22.3 ±1.49 (8.3) 22.1 ± 1.08 (7.3)

S-MYO 413 ± 37.9 (- 1.2)
1-4, 1-5

404 ± 48.6 (- 3.3)
2-4, 2-5

418 ± 57.9
3-5

452 ± 53.7 (8.1) 471 ± 41.7 (12.7)

D-MYO 0.79 ± 0.09 (- 2.5) 0.79 ± 0.13 (- 2.5) 0.81 ± 0.17 0.78 ± 0.06 (- 3.7) 0.75 ± 0.06 (- 7.4)

R-MYO 13.5 ± 1.29 (0.7)
1-5

13.7 ± 1.78 (2.2)
2-4, 2-5

13,4 ± 1,73
3-5

12.4 ± 1.48 (- 7.5) 11.9 ± 1.21 (- 11.2)

C-MYO 0.84 ± 0.07 (0.0) 0.85 ± 0.11 (1.2) 0.84 ± 0.12 0.78 ± 0.09 (- 7.1) 0.75 ± 0.7 (- 10.7)

Myometric parameters: F MYO = frequency [Hz]; S-MYO:  stiffness [N/m]; D-MYO:  decrement [log]; R-MYO: relaxation [ms]; C-MYO:  creep [Db]; 
BB: biceps brachii muscle; RF:  rectus femoris muscle; T:  tibialis anterior muscle; ‘-‘ in brackets means that the value was lower compare to that for the 
central point. Below means ± SD there were statistically significant differences in myometric values between points, for example 1-4 means statistically 
significant difference (P < 0.01) between point 1 and point 4.

Relaxation (R-MYO) 
The lowest value of relaxation was at distal 20% points in all 
three muscles (BB, RF and TA muscle). In all tested muscles 
this distal 20% point value was significantly lower than 
values at proximal 20%, proximal 10% and central points 
(P < 0.01) while the distal 10% point value was significantly 
lower than the value at proximal 20% (P < 0.01) (table II). 

In addition, for the TA and RF muscles, the values at the 
distal 10% point were significantly lower than the values at 
the proximal 10% (P < 0.01) (table II).

Creep (C-MYO)
The smallest creep value at the distal 20% point was found 
in all three muscles (BB, RF, TA). In the BB and RF muscles 
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the creep value at the distal 20% point was significantly 
lower than at other measurement points (P < 0.01) (table 
II). Also, in the RF muscle the creep value at proximal 20% 
and proximal 10% was significantly greater than that at the 
distal 10% point (P < 0.01) (table II). In the TA muscle 
there was no statistically significant difference between the 
central point and the other points (P > 0.01) (table II).

Comparison between muscles

Frequency (F-MYO) 
The frequency value was significantly higher in the TA muscle 
than in the RF and BB muscles (P < 0.02) (figure 1) at all 
measurement points. The differences between the BB and RF 
were not statistically significant at the distal 10% and distal 
20% points (P ≥ 0.02); however, the differences were statis-
tically significant for the proximal 20%, proximal 10% and 
central points (P < 0.02) (figure 1). This meant that generally 
the TA muscle had the highest muscle tone while the BB had 
the lowest (figure 1).

Stiffness (S-MYO) 
Stiffness at each measured point was significantly higher in the 
TA compared to the two other muscles and the stiffness of the 
RF was higher than that of the BB at each measured point (P 
< 0.02) (figure 2). This meant that generally the TA muscle 
had the highest muscle stiffness while the BB had the lowest 
(figure 2). 

Decrement (D-MYO) 
The decrement at each measurement point was the highest in 
the RF muscle (significantly higher value than in TA and BB, P 
< 0.02) and the D-MYO values were significantly higher at each 
measurement point in the BB vs the TA (P < 0.02) (figure 3). The 
results indicated that the TA was characterized by the greatest 
elasticity while the RF had the smallest along all measured points. 

Relaxation (R-MYO) 
Relaxation was significantly lower in the TA muscle than in 
the BB of the RF muscles at each measurement point (P < 
0.02) (figure 3). The R-MYO values were significantly higher 
in BB vs RF muscle at proximal 20%, distal 10% and distal 
20% points (figure 4).

Creep (C-MYO) 
Creep was the lowest in the TA muscle being significantly 
lower than in either RF or BB muscle at each measurement 
point (P < 0.02) (figure 4). The C-MYO value was significantly 
higher in the RF vs the BB muscle only at the 10% proximal 
point (P < 0.02) (figure 5).

Figure 1. Mean values ± SD of myometric frequency 
(F-MYO [Hz]) at five measurement points (proximal 20%, 
proximal 10%, central point, distal 10% and distal 20%) for 
biceps brachii (BB, blue), rectus femoris (RF, red) and tibialis 
anterior (TA, yellow) muscles and results of pair comparison 
between muscles (in the upper right corner). 

*Statistically significant difference (P < 0.02); NS: not significant. Notice 
that Y axis does not start at 0 to improve resolution when illustrating differ-
ences between muscles.

Figure 2. Mean values ± SD of myometric stiffness (S-MYO 
[N/m]) at five measurement points (proximal 20%, proximal 
10%, central point, distal 10% and distal 20%) for biceps 
brachii (BB, blue), rectus femoris (RF, red) and tibialis anterior 
(TA, yellow) muscles and results of pair comparison between 
muscles (in the upper right corner). 

*Statistically significant difference (P < 0.02); NS: not significant. Notice 
that Y axis does not start at 0 to improve resolution when illustrating differ-
ences between muscles.
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DISCUSSION

Statement of principal findings
To the best of our knowledge this is the first study showing 
changes in mechanical properties expressed by five parame-
ters due to changing the position of the myoton probe along 
the long axes of three skeletal muscles. It is of note that 
when the myoton probe was moved proximally from the 
central point the decrement was the only myometric param-
eter that differentiated the three muscles in their pattern of 
changes while other parameters did not change significantly 
irrespective of the muscle tested. When the myoton probe 
was moved distally from the central point, the relaxation 
and creep decreased in all three muscles while changes in 
frequency, stiffness and decrement were muscle dependent.
In the BB, central-to-distal relocation of the probe caused 
an increase in muscle tone and elasticity with no change in 
stiffness; in the TA there was no change in muscle elastici-
ty and increases in both muscle tone and stiffness, while in 
the RF muscle no changes in muscle tone or stiffness were 
observed but there was an increase in muscle elasticity. 
With the exception of decrement, we observed a generally 
similar trend of measured parameters along the muscle long 
axes in the three muscles tested, but there were differenc-
es between muscles and measurement points in the param-
eters of mechanical properties recorded by the Myoton 
PRO®. The TA muscle has the largest intrinsic tension at 

Figure 3. Mean values ± SD of myometric decrement 
(D-MYO [log]) at five measurement points (proximal 20%, 
proximal 10%, central point, distal 10% and distal 20%) for 
biceps brachii (BB, blue), rectus femoris (RF, red) and tibialis 
anterior (TA, yellow) muscles and results of pair comparison 
between muscles (in the upper right corner). 

*Statistically significant difference (P < 0.02); NS: not significant. Notice 
that Y axis does not start at 0 to improve resolution when illustrating differ-
ences between muscles.

Figure 4. Mean values ± SD of myometric relaxation 
(R-MYO [ms]) at five measurement points (proximal 20%, 
proximal 10%, central point, distal 10% and distal 20%) 
for biceps brachii (BB, blue), rectus femoris (RF, red) and 
tibialis anterior (TA, yellow) muscles and results of pair 
comparison between muscles (in the upper right corner).

*Statistically significant difference (P < 0.02); NS: not significant. Notice 
that Y axis does not start at 0 to improve resolution when illustrating differ-
ences between muscles.

Figure 5. Mean values ± SD of myometric creep (C-MYO 
[Deb no]) at five measurement points (proximal 20%, proxi-
mal 10%, central point, distal 10% and distal 20%) for biceps 
brachii (BB, blue), rectus femoris (RF, red) and tibialis anterior 
(TA, yellow) muscles and results of pair comparison between 
muscles (in the upper right corner). 
*Statistically significant difference (P < 0.02); NS: not significant. Notice 
that Y axis does not start at 0 to improve resolution when illustrating differ-
ences between muscles.
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the cellular level (highest frequency), which partially result-
ed from its shortest relaxation and smallest creep. The TA 
was also the most stiff (least compliant) with the greatest 
elasticity (smallest decrement value) while the RF was the 
least elastic among the tested muscles. There were much 
smaller or no differences in some mechanical properties 
between the RF and the BB muscles with the exception of 
muscle elasticity (D-MYO).  

Strengths and weaknesses of the study
To our knowledge, it has not yet been verified whether the 
change of the measurement point affects the myometric 
outcomes, including frequency, stiffness, decrement and 
rarely documented relaxation and creep. Our results show 
that the outcome measurements differ with the changing 
position of the myometric probe along the muscle, demon-
strating that selection of the measurement point when 
testing a skeletal muscle affects the values of the myomet-
ric parameters. Our results emphasise the need for a stan-
dardised measurement point location when using myom-
etry, to enable data obtained to be comparable between 
studies and indeed, between individuals. The relaxed state 
of the muscles was not checked and measured by electro-
myography; therefore, it was not possible to ensure that 
the limbs were in a resting state, which is a weak point of 
the study. Other limitations that might influence the results 
such as age, subcutaneous soft tissue and degree of physical 
activity on the day of data collection should not affect the 
measurements (on the day of measurement the subject did 
not exercise). On the one hand, the subjects were young 
males, therefore it is unlikely that the subcutaneous soft 
tissue might influence the results, because the subcutaneous 
tissue was thin.  On the other hand, our study group was 
relatively homogeneous, therefore observed results should 
not be generalized to the population.

Strengths and weaknesses in relation to other 
studies results

Comparison between measurement points 
In general, in all parameters: muscle tone, stiffness, relax-
ation and creep did not change significantly when the probe 
of the myometry device was relocated proximally from 
the central point, while elasticity (D-MYO) changes were 
muscle-dependent and varied in BB, TA and RF. When 
the myometry probe was repositioned from a central to a 
distal 10% position and especially to a distal 20% point, the 
changes in the parameters were more pronounced (except 
for S-MYO in BB, D-MYO and C-MYO in TA, and F-MYO 

and S-MYO in RF where the trends in differences were not 
statistically significant), and in general frequency and stiff-
ness showed increasing values while decrement, relaxation 
and creep showed decreasing values. The opposite trends 
observed in changes in myometric parameters at proximal 
compared to distal points (in respect to the central point) 
can be at least partially explained in the light of the anato-
my of proximal and distal parts of the muscles and differ-
ences in elastic properties of tendon and muscle fibres. In 
some muscles, such the TA and RF, the muscle fibres are 
attached almost directly to the respective bones at the prox-
imal part with no long tendon (as is the case in the BB). In 
contrast, at the distal end of the three tested muscles there 
are longer tendons that are characterized by high stiffness 
and elasticity (22) and the properties can also vary among 
muscles due to their function (23). Shadwick showed that 
differences in material properties between mature flexor 
and extensor tendons are correlated with their physiolog-
ical function; the flexor is much better suited to act as an 
effective biological spring than the extensor (23). The three 
muscles in our study are mainly flexors; however the RF is 
a two-way acting muscle as it crosses over the hip and knee 
joints, and therefore acts as a hip flexor but knee extensor. 
This is why we noted bigger changes in measured parame-
ters at distal compared to proximal locations. 
In the available literature we found only one study by 
Agyapong-Badu et al. (7), which with some limitations can 
be compared to our data from the BB and RF for superi-
or and inferior points (because they measured mechanical 
properties at both medial and lateral points). Depending 
on the muscle tested (BB, RF) and measured parameters, 
their results are in partial agreement with our findings, 
as discussed in detail below in the section “Comparison 
between measurement points and muscles”. Neverthe-
less, despite some discrepancies between our data and the 
results reported by Agyapong-Badu et al. (7), it can be seen 
that there are opposite changes in myometric parameters 
when the probe is moved distally or proximally from the 
central point.  

Comparison between muscles 
Despite similarities among muscles in the trends of changes 
of the measured parameters due to probe relocation along 
the long axis, the three muscles differed in values of the 
measured parameters. It can be clearly seen that proper-
ties of TA contrast with those of the BB and RF. Generally, 
the TA was characterized by the greatest muscle tone, stiff-
ness and elasticity, the BB by the lowest tone and stiffness, 
while the RF was the least elastic. It is of note that despite 
statistically significant differences between the BB and RF 
muscles at some measurement points, the values of creep 
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and relaxation were close in both muscles. These results 
indicated that the BB and RF muscles were characterized by 
comparable muscle tone, stiffness as well as relaxation and 
creep. Our findings that the stiffness of the BB was lower 
than that of the TA or RF agreed with those reported by 
others (1, 5). The values for tone, stiffness, and elasticity 
(decrement) reported in the present study for the RF and 
TA muscles were in a range comparable with those found by 
Fröhlich-Zwahlen et al. (24) in a group of males and females 
pooled together (age 53 ± 10 years). Similar to our findings, 
the values of stiffness and frequency reported by the authors 
were higher in the TA than in the RF, while the decrement 
was smaller in the TA than in the RF. Our results for creep 
and relaxation in the three muscles cannot be compared 
with findings of other studies, because to the best of our 
knowledge, such data have not yet been reported. 
The reasons for the high frequency and transverse stiffness 
and small decrement, creep, and relaxation for the TA are 
complex but could be related to the muscle’s location and 
smaller anatomical cross-sectional area (CSA) compared 
with the RF, meaning that bone structure could limit its 
oscillations, as well as the pinnate muscle architecture and 
high proportion of type I fibres (25) that are stiffer than 
those in type II as they are more collagenous (26). It is also 
suggested that that differences in muscle functions may 
also be associated with differences in the collagen struc-
ture of these muscles. It is supposed that higher compliance 
(inverse of stiffness) of fast muscle could be partly related to 
the features and amount of its collagen.

Comparison between measurement points and muscles 
We found in all parameters a significant effect of measure-
ment point and muscle and a significant interaction between 
measurement point and muscle with the exception of the 
interaction mentioned in relaxation. We found that in the 
BB muscle the elasticity increased when the myoton probe 
was located at either proximal or distal points, while in the 
RF it increased at distal points but decreased at the proxi-
mal part of the muscle, and in the TA there were no chang-
es in muscle elasticity. These differences in the changes of 
the elastic properties (D-MYO) of the three muscles due to 
probe relocation (especially proximal 20% and distal 20%) 
may be explained at least partly by the anatomy, architec-
ture and function of the muscles, as well as differences in 
the elastic properties of tendon and muscle fibres. It has 
been documented that tendon is characterized by high elas-
ticity (22) and its properties can vary with the function of a 
muscle (23). The RF and TA muscles have no distinct prox-
imal tendons and at their origin muscle fibres extend from 
the bone, while the proximal parts of the muscles are thick-
er and more fleshy than the distal parts, with the CSA being 

larger in the proximal compared to the distal areas which 
in the RF muscle is almost twice that of the TA. On the 
other hand the CSA of distal parts of these muscles is much 
smaller and the distal tendons are long. The BB muscle has 
proximal and distal tendons of approximately similar length 
(circa 8–9 cm and 7.6 cm, respectively) (27). Thus the distal 
ends of the three muscles are quite similar, having long 
distal tendons, while the proximal parts differ in both prox-
imal tendon length and CSA. This is why in the BB muscle 
elasticity increased (D-MYO decreased) at proximal 20% 
and distal 20% (closer to tendons), while at proximal points 
in the RF elasticity decreased (D-MYO increased) and in 
the TA did not change. The differences in the elasticity of 
the RF and TA despite the same muscle fibre architecture 
(both are pinnate) and similar proximal muscle part can to 
some extent be explained in the light of differences in CSA. 
In agreement with our findings Agyapong-Badu and co-au-
thors (7) showed no difference between midpoint and supe-
rior (proximal) and inferior (distal) points in the RF for 
F-MYO and S-MYO while changes in D-MYO (elasticity) 
were different from ours. We recorded a significant D-MYO 
increase (elasticity decrease) in RF at proximal points in 
comparison to the central point. Concerning the BB muscle, 
our results showing a lack of changes in F-MYO at proxi-
mal points and an increase at distal points (compared to the 
central point) agreed with the study of Agyapong-Badu at 
el. (7). However, our findings of lack of stiffness (S-MYO) 
changes at proximal and distal points compared to the 
central point contrasted to the findings of Agyapong-Badu 
et al. (7) in matters of distal-to-central point comparison, as 
they noticed a significant increase in BB stiffness. It is only 
puzzling that these authors found that the absolute differ-
ence in stiffness in the BB muscle between the midpoint and 
the inferior (distal) part were smaller than in our study (5 
N/m vs 13 N/m, respectively) but in our study the differ-
ence did not reach the level of statistical significance despite 
similar average and SD values in both studies (207 ± 23.22 
N/m and 220 ± 22.24 N/m respectively in mentioned study 
and our study), and the larger number of cases in our study 
(n = 32) than in their study (n = 26).
Furthermore, the elasticity results (D-MYO) of the BB 
in our study only partly agreed with those reported by 
Agyapong-Badu et al. (7) because, compared to the central 
point, we found a significant decrease in D-MYO at the 
proximal 20% and distal 10% and 20% points, while they 
recorded only a decrease at the distal (inferior) point. The 
discrepancies indicated above between our study and theirs 
could result to some extent from differences in the distance 
between the measurement points used in the two studies. 
Authors mentioned above applied an absolute 1 cm distance 
between measurement points (1 cm above and 1 cm below 
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the midpoint) on the dominant body side while we marked 
those points at 10% of the muscle length and we pooled 
data of each muscle from the right and left limb of the 16 
test subjects that gave the N equal to 32. 
Nevertheless, despite those discrepancies between our 
study and that mentioned above, it can be seen that there 
were opposite changes in myometric parameters when the 
probe was moved either distally or proximally from the 
central point.

Meaning of the study: implications for clinicians 
or policymakers
Our results showed that selection of measurement points 
had an impact on the values of the myometric parameters. 
Differences were observed both for the measurement points 
located the furthest from each other, as well as for those 
located adjacent to each other. It means that the results of 
myometric tests of the same muscles, but measured in differ-
ent points, should not be compared with each other which 
is important in the context of research and clinical practice.
From a practical point of view, our study emphasizes that 
the monitoring of the mechanical properties of the muscle 
over time using myoton device (for example in individu-
als after a stroke) should be based on the same measuring 
point. It is also possible to objectively evaluate the effect 
of the therapy (physiotherapy) or pharmacotherapy on the 
mechanical properties of muscles, as it was indicated by 
many studies before (4, 6). Our study highlights the impor-
tance of standardizing the measuring point (the same before 
and after the therapy) for this purpose. 
The results of our study also showed the variability in 
muscles’ mechanical properties along their long axis, as 
measured by MyotonPRO® that practitioners should be 
aware of. The results showed that the muscle properties 
change more toward distal than proximal end, compared 

to the central muscle point. Percentage changes in myomet-
ric outcomes, for the most distal point, ranged from 5% to 
16% (except F-MYO and S-MYO in RF muscle), while for 
the most proximal point, they were less than 6% (except 
D-MYO in BB and RF muscle), compared to the central 
point. It could mean that different methods of muscle thera-
py (manual therapy, massage, trigger point therapy or fascia 
therapy) could have different effects on different parts of 
the muscle (a potentially similar in the proximal and central 
parts and more variable in the distal part). The knowledge 
about mentioned variability in mechanical properties, along 
muscle long axis, might be important for precise botulinum 
injection navigation, what can be of a great value for thera-
peutic efficiency.

CONCLUSIONS
Our results emphasised the variation in muscle properties 
along the long axis of chosen skeletal muscles expressed by 
myometry outcomes.

Unanswered questions and future research
After the significant impact of the location of myometric 
measurement points on skeletal muscle mechanical proper-
ties outcomes has been demonstrated, further research into 
the real causes are necessary. Future research should focus 
on establishing the relationship between the differenc-
es in measurements observed along the length of a muscle 
with its objectively assessed structural characteristics. Such 
determining the causes in directly way, will help to further 
understand the observed phenomenon.
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