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The effect of sensor position shifts on tensiomyographic
parameters
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ABSTRACT

Tensiomyography (TMG) is a non-invasive method to determine contractile parameters of skeletal muscles. Several
methodological factors, however, might affect TMG results. The aim of this study was to investigate the effect of specific
sensor position shifts on tensiomyographic parameters. 14 healthy males (age: 22.6 + 1.2 years) participated in the
study. TMG measurements were performed for rectus femoris (RF), gastrocnemius medialis (GM) and gastrocnemius
lateralis (GL) on five sensor positions. The original sensor position (OP) was the recommended position on the muscle
belly while for the shifted positions, the sensor was displaced one centimetre medially, laterally, proximally, and distally.
TMG parameters measured were maximum radial displacement (Dm) and contraction time (Tc). To investigate the
effect of sensor position shift, repeated-measures ANOVAs were performed. The ANOVAs revealed significant
differences across the five sensor positions for RF and GM. Posthoc analysis showed significant reductions in Dm by
10 % (p =.03) and in Tc by 12 % (p = .008) in the laterally shifted sensor position for RF. For GM, Dm was significantly
reduced by 20 % (p = .038) in the medially displaced sensor position. The results suggest that incorrect sensor
positioning has an impact on TMG parameters, especially when incorrectly positioned in the medial-lateral direction.
Keywords: Performance analysis of sport, Muscle contractile properties, Tensiomyography, Sensor position,
Measurement error.
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INTRODUCTION

Tensiomyography (TMG) is a non-invasive method for determining the contractile properties of superficial
skeletal muscles in response to electrical stimuli. The electrical stimulus induced by two electrodes placed
on the muscle belly causes a radial displacement of the muscle, which is recorded by a digital displacement
sensor. To assess the condition of the muscle, five parameters can be derived from the displacement time
curve (Figure 1): Delay time (Td), contraction time (Tc), sustain time (Ts), relaxation time (Tr) and maximal
radial displacement (Dm) (Macgregor et al., 2018).
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Figure 1. Exemplary displacement-time curve with the derived TMG parameters.

Dm describes the maximum contraction amplitude of the muscle and has been demonstrated to provide
information about muscle stiffness and muscle atrophy (Ditroilo et al., 2011; Hunter et al., 2012; Pisot et al.,
2008). Tc, which is defined as the time between 10 % and 90 % of the maximum contraction amplitude, has
been shown to correlate with fibre composition (Dahmane et al., 2001; Simuni¢, 2012) and contraction
velocity (Loturco et al., 2016).

Due to its non-invasive, rapid and practicable measurement, TMG has been gaining popularity in the field of
sports applications, especially for lower extremity muscle diagnostics. These include monitoring training loads
and fatigue (Garcia-Manso et al., 2011; Rauno A. de Paula Simola et al., 2015; Rauno Alvaro de Paula
Simola et al., 2015; Rojas-Valverde et al., 2021) as well as determining muscle impairments, muscle
asymmetries and recovery after injuries (Alvarez-Diaz et al., 2015; Garcia-Garcia et al., 2017).

The reliability of TMG measurements, especially of the parameters Dm and Tc, has been examined in several
studies. High to excellent within-day reliability was demonstrated for Dm and Tc (Krizaj et al., 2008; Christine
Lohr et al., 2018; Piqueras-Sanchiz et al., 2020). Good to high reliabilities of Tc and Dm were also shown for
between-day TMG measurements (Paravli¢ et al., 2017; Rauno A. de Paula Simola et al., 2015; Simuni,
2012). Although relative reliability of TMG measurements has been established and confirmed, recent
reviews expressed the need for a standardized measurement protocol and higher methodological standards
to achieve accurate results (Hanney et al., 2021; C. Lohr et al., 2019; Martin-Rodriguez et al., 2017). For
TMG measurements, there are several methodological factors concerning electrode placement and electrical
stimulation, which have been shown to affect the TMG output parameters. Tous-Fajardo et al. (2010) reported
that reducing the inter-electrode distance from 5 cm to 3 cm resulted in a significantly decreased Dm. Wilson
et al. (2018) confirmed the effect of different inter-electrode distances on Dm and additionally showed that
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altering the interval between stimuli significantly affected Dm and Tc. In the study of Piqueras-Sanchiz et al.
(2020), it was reported that the use of larger electrodes and higher stimulus pulse duration resulted in a
significantly increased Dm.

Another important methodological factor is the positioning of the sensor. It is recommended to position the
sensor on the thickest part of the muscle belly as this is suggested to be the largest area for fibre recruitment
(Valencic & Knez, 1997). In many studies, the sensor position is visually identified by the thickest part of the
muscle and/or by palpation through voluntary contraction (Rojas-Valverde et al., 2021; Wilson et al., 2018)
To improve accurate sensor positioning, some studies refer to specifications from electromyography to
accurately locate the muscle belly (Simuni¢, 2012; Tous-Fajardo et al., 2010). In sports applications, however,
time is scarce and TMG users need to locate the muscle belly fast, such as when monitoring acute fatigue.
This can lead to the muscle belly not being identified correctly and the sensor not being positioned accurately.
However, the effect of this potential measurement error has not yet been examined. To optimize the
measurement accuracy of TMG, the exact effects of methodological factors need to be revealed. Therefore,
the aim of this study was to investigate and quantify the influence of specific sensor displacements (medial,
lateral, proximal and distal shifts) on the most commonly studied and reported tensiomyographic parameters
Dm and Tc. We hypothesized that the displacement of the sensor would have an effect on the TMG
parameters.

METHODS

Participants

Fourteen healthy male sports students (age: 22.6 + 1.2 years, height: 182.6 £ 7.4 cm, body mass: 80.1 +
9.1 kg) were recruited to participate in the study. Exclusion criteria included neuromuscular diseases and
lower extremity muscle injuries in the previous six months. All participants were fully informed about the study
procedure, its goals and potential risks associated with participation before providing written informed
consent. The study was conducted in line with the Declaration of Helsinki for human research.

Testing procedure

The participants attended one testing session in which all measurements were performed by the same rater.
The rater had six months of testing experience with the performance of several TMG measurements before
the main test. Participants were asked to refrain from fatiguing exercise for 24 hours before TMG
measurements. On the day of testing, anthropometric data and sports history were recorded. As all TMG
measurements were performed exclusively on the dominant leg, the dominant leg was determined to be the
leg that participants would use to kick a ball (van Melick et al., 2017). Due to the relevance for many sports,
three muscles of the lower extremities were chosen for TMG analysis: rectus femoris (RF), gastrocnemius
medialis (GM) and gastrocnemius lateralis (GL). The testing procedure can be seen in Figure 2. Before
investigating the effect of modified sensor positions on tensiomyographic parameters, test-retest reliability
was determined for the original sensor position (OP) of each muscle. The order of the measured muscles
was randomized. For the effect of sensor displacement, both the sensor and the electrodes were displaced
one centimetre from the original position. A displacement of one centimetre was chosen because this was
within the suspected range of incorrect sensor positioning. Measurements were performed with medial,
lateral, proximal and distal displacements from the original position. The measurements at the four different
displacement positions were randomized with one minute of rest in between.
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Note. OP - original sensor position; RF - rectus femoris; GM - gastrocnemius medialis; GL - gastrocnemius lateralis.
Figure 2. Schematic illustration of the study procedure.

TMG set-up / TMG measurement

TMG measurements were performed using a TMG-S2 electrical stimulator (TMG-BMC d.o.0., Ljubljana,
Slovenia), a G30 displacement sensor (TMG-BMC d.o.0., Ljubljana, Slovenia) and two self-adhesive
electrodes (5x5 c¢cm, AXELGAARD manufacturing CO. LTD., USA). For the original sensor position, an
anatomical guide for electromyography was used to locate the muscle belly (Perotto & Delagi, 2011). In RF,
the muscle belly is located midway between the anterior superior iliac spine and the superior border of the
patella. In GM and GL, the muscle belly can be found one handbreadth below the popliteal crease on the
medial/lateral mass of the calf (Perotto & Delagi, 2011). The exact measuring point for each muscle (thickest
part of the muscle belly) was additionally carefully determined through visual assessment and accurate
palpation during voluntary contraction. For RF measurements, the participants were instructed to lay in a
supine position with their arms resting at their sides. One triangular foam pad, which was provided by the
manufacturer, was placed under the dominant leg leading to knee flexion of approximately 135°. For GM and
GL measurements, participants were in a prone position. A pad under the ankle joints of the dominant leg
ensured that flexion of approximately 175° was generated in the knee joint.

Once the exact sensor position was determined, two electrodes were applied distally and proximally with a
distance of 2.5 cm from the marked position leading to an inter-electrode distance (edge-to-edge) of 5 cm
(Figure 3a) according to previous investigations (Garcia-Garcia et al., 2017; Piqueras-Sanchiz et al., 2020).
Both, the position of the sensor and electrodes were marked using a dermatological pen. The digital sensor
was positioned perpendicular to the measurement point of the muscle belly. The tip of the sensor was
compressed into the muscle belly by 50 % of its length.

The electrical stimulation consisted of monophasic stimuli with a duration of one millisecond. For the first
measurement of each muscle (OP1), electrical stimulation was applied starting at an amplitude of 20 mA.
The current amplitude was gradually increased by 10 mA with 10 s between consecutive stimuli until the
maximum Dm was achieved or the maximum output of the stimulator (100 mA) was reached. The maximum
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applied current was noted for each participant. After the retest measurement in the original position of the
sensor (OP2), the sensor tip and the electrodes were displaced by one centimetre in medial, lateral, proximal
and lateral directions compared to the original position (Figure 3b). For the measurement points OP2 and the
sensor displacement positions (medial, lateral, proximal, distal), only one measurement of each muscle was
performed with the maximum current value of OP1, which had previously induced the highest contraction
amplitude.

The two main parameters of all six measurements considered for further analyses were Dm and Tc, which
were extracted from the displacement-time curve generated by the TMG software.

Figure 3. a) TMG measurement set-up for RF with an inter-electrode distance of 5 cm. b) Medial shift
displacement of the sensor position.

Statistical analyses

Statistical analyses were performed with SPSS Statistics 26 (IBM, Armonk, NY USA). Descriptive statistics
were determined for all anthropometric and TMG variables and reported as mean (M) * standard deviation
(SD). To examine the test-retest reliability of Tc and Dm at the original sensor position, the intra-class
correlation coefficient (ICC) estimates and their 95 % confidence intervals (Cl) were calculated based on a
single-rating, absolute agreement and a two-way mixed-effects model (Koo & Li, 2016). According to Koo
and Li, ICCs greater than 0.90 were interpreted as excellent reliability, ICC values between 0.75 and 0.90 as
good reliability and ICCs between 0.50 and 0.75 as moderate reliability. ICC values less than 0.50 were
interpreted as poor reliability. To determine the effect of sensor position shifts on Dm and Tc, within-subject
repeated-measures ANOVAs were performed. Pairwise posthoc comparisons with Bonferroni correction for
multiple comparisons followed when appropriate. The significance level was seta p < .05.

RESULTS

The results of the test-retest reliability analysis of the original sensor position are presented in Table 1. For
Tc and Dm, ICC values of 0.90 or higher were achieved for RF, GM, and GL indicating excellent test-retest
reliability.

In Table 2, the results of the repeated-measures ANOVAs investigating the effect of the sensor displacement
are presented. The analysis revealed significant differences across the five different sensor measurement
positions for RF for Dm (F(4,48) = 3.44, p = .015) and for Tc (F(4,5) = 15.52, p < .00) as well as for GM for
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Dm (F(2.37,30.83) = 6.61, p = .003) and for Tc (F(2.31,27.76) = 4.38, p = .02). No effect of sensor position
was found for GL for both tensiomyographic parameters (p > .05).

Table 1. Test-retest reliability analysis of Dm and Tc for the original sensor position (OP) for rectus femoris
(RF), gastrocnemius medialis (GM) and gastrocnemius lateralis (GL).

M. Var. OP 1 OoP2 ICC 95%Cl

RF Dm [mm] 98+26 9.7+29 0.97 0.89-0.99
RF Tc [ms] 324+84 33.0+8.7 0.99 0.97-1.0

GM Dm [mm] 48+1.7 49+19 0.94 0.81-0.98
GM Tc [ms] 28.1+8.5 2712%59 0.93 0.77-0.98
GL Dm [mm] 6.1+24 54+22 0.95 0.60-0.99
GL Tc [ms] 478 +20.5 428 +20.5 0.90 0.69-0.97

Note. M. - Muscle; Var. - Variable; Dm — Maximal radial displacement; Tc — Contraction time; ICC - Intra-class correlation
coefficient, Cl — Confidence interval.

Table 2. The effect of different sensor measurement positions on Dm and Tc for rectus femoris (RF),
gastrocnemius medialis (GM) and gastrocnemius lateralis (GL).

M. Var. oP Medial Lateral Proximal Distal p-value ANOVA
RF Dm[mm] 9.7x29 9325 8827 10127 94128 .015*

RF Tc[ms] 330+£87 362+94 289+72 328+77 332187 .000*

GM Dm[mm] 49%£19 40x14 4917 4817 47x16 .003*

GM Tc[ms] 272+59 254+51 282168 25957 28174 .02*

GL Dm[mm] 5422 59+23 50%£19 5.3+2.1 54+25 .08

GL Tcms] 428205 41.8+17.7 365+182 441+20.8 404+195 40

Note. M. - Muscle; Var. — Variable; Dm — Maximal displacement; Tc — Contraction time; OP - Original sensor position; *Significant
differences across sensor measurement positions (p < .05).

Due to significant results of the ANOVASs, pairwise comparisons were performed between the original sensor
position and the four displaced positions (medial, lateral, proximal, distal). The mean differences between the
original sensor position and the displacement positions are shown in Table 3. For RF, significant differences
were detected between the original sensor position and the laterally displaced sensor position for both
tensiomyographic parameters. In the laterally displaced position of the sensor, Dm was reduced by 0.9 mm
compared to the original position (p =.03), which corresponds to a relative deviation of approximately 10 %.
Tc was reduced by 4 ms (p = .008) representing a relative deviation of 12 % compared to the original sensor
position. For GM, a significant difference was found between the original sensor position and the medial
displacement for Dm (p = .038). For the medially shifted sensor position, an amplitude reduction of almost 1
cm was identified, which corresponds to a relative deviation of approximately 20 %.

A graphical representation of the effect of the sensor position shift on Dm and Tc can be seen in Figure 3.
The mean differences of the sensor displacement positions compared to the original position are presented.
Positive values for the displacement positions correspond to a decrease in Dm or Tc compared to the original
position. Negative values correspond to an increase in the tensiomyographic parameters.
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Table 3. Mean Differences (Mean Diff.) between original sensor position (OP) and shifted positions for Dm
and Tc and relative deviations (Rel. Dev.) for rectus femoris (RF), gastrocnemius medialis (GM) and

gastrocnemius lateralis (GL).

Dm Tc
Mean Diff. [mm] Rel. Dev. Mean Diff. [ms] Rel. Dev.

RF

OP — medial 0.49 5% -3.16 10 %

OP - lateral 0.93* 10 % 4.10* 12 %

OP - proximal -0.33 3% 0.21 <1%

OP - distal 0.33 3% -0.23 <1%
GM

OP — medial 0.96* 20 % 1.86 7%

OP - lateral 0.06 1% -0.97 4%

OP - proximal 0.16 3% 1.37 5%

OP - distal 0.21 4 % -0.88 3%
GL

OP - medial -0.53 10 % 0.94 2%

OP - lateral 0.35 6 % 6.28 15 %

OP - proximal 0.06 1% -1.30 3%

OP - distal -0.06 1% 2.37 6 %

Note. Dm - Maximal displacement; Tc — Contraction time; *Significant differences between the original position and shifted

position (p < .05).
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Figure 3. Mean differences and Cls of Tc (left side) and Dm (right side) of the sensor displacement positions
compared to the original sensor position (OP) for rectus femoris (RF), gastrocnemius medialis (GM) and
gastrocnemius lateralis (GL). Significant differences are indicated by an asterisk *.
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DISCUSSION

This study investigated the effect of sensor position shifts compared to the original sensor position on the
tensiomyographic parameters Dm and Tc. Before sensor displacements, test-retest reliability of Tc and Dm
of the original sensor position was confirmed for all three muscles RF, GM and GL with ICC values of 0.90
and higher. These findings are consistent with previous studies determining test-retest reliability within-day
of Tc and Dm (Rauno A. de Paula Simola et al., 2015; Piqueras-Sanchiz et al., 2020; Wilson et al., 2018).

Displacing the sensor one centimetre medially, laterally, proximally, and distally from the original position
resulted in significant differences between the measurement points for RF and GM. Posthoc analysis
revealed a significant reduction of Dm and Tc in the laterally shifted position of the sensor for RF. Dm was
also significantly reduced in the medially displaced sensor position for GM compared to the original sensor
position. No differences were observed for GL.

To the authors’ knowledge, this is the first study to examine the effect of specifically altered sensor positions
on tensiomyograpic parameters. One previous study evaluated the reproducibility of TMG parameters by
shifting the sensor tip +/-2 cm from the original measurement position on the RF (Rodriguez-Matoso et al.,
2010). No significant differences between the three measurement positions of the sensor were observed.
The authors, however, did not specify in which directions the sensor position shifts occurred making it difficult
to interpret these results.

In this current study, contraction amplitude Dm was reduced at most of the displaced sensor positions of all
three muscles. This was most evident for the medial and lateral sensor displacements with mean differences
of up to nearly 1 cm in contraction amplitude. Relative deviations ranged between 1 % and 20 % compared
to the original sensor position. On the contrary, for proximal and distal sensor displacements, mean
differences in contraction amplitude were observed of up to 0.3 cm with relative deviations between 1 % and
4 %.

RF, GL and GM are relatively large and long muscles and it can be assumed that when the sensor position
was shifted longitudinally, the sensor tip still remained on the thickest part of the muscle belly. This may
explain why relatively small, non-significant differences were found for proximal and distal sensor
displacements of Dm for all three muscles. By shifting the sensor transversally, however, the sensor tip may
have not been located on the thickest part of the muscle belly anymore. Santos et al. support this assumption,
as they reported a muscle thickness of RF in young men of approximately two centimetres (Santos et al.,
2018). Due to the displacement of one centimetre in the medial and lateral direction from the midpoint of the
muscle bellies, the sensor position may have been at the edges of the thickest part of the muscles which
may explain the reduced contraction amplitudes measured by the sensor. These results suggest that the
measurement error for Dm is higher in the medial-lateral direction than in the proximal-distal direction when
the sensor is incorrectly positioned.

Concerning the parameter Tc, the mean differences between the shifted sensor positions and the original
sensor position ranged between 0.21 and 6.28 ms. The only significant effect of sensor position shift on Tc
was seen for RF. In the laterally displaced position of the sensor, Tc was reduced by 4 ms compared to the
original sensor position indicating a faster contraction time at the displaced position. Relative deviations of
Tc were in general also higher for medial-lateral sensor displacements (2 %-15 %) than for proximal-distal
sensor displacements (up to 6 %), just as observed for Dm. This confirms previous findings of studies that
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stated that changes in Dm necessarily induce changes in Tc (Macgregor et al., 2016; Rauno A. de Paula
Simola et al., 2015).

However, the effect of sensor position shift on Tc is not easy to interpret as the values were inconsistently
increased or decreased at the displaced positions compared to the original sensor position. Previous studies
investigating the impact of different methodological parameters on TMG parameters also reported that the
parameter Dm was most affected (Ditroilo et al., 2011; Piqueras-Sanchiz et al., 2020; Tous-Fajardo et al.,
2010; Wilson et al., 2018) by methodological changes whereas the impact on Tc was smaller and not as
clear (Piqueras-Sanchiz et al., 2020).

Although the effect of sensor shift on tensiomyographic parameters was not as great as anticipated, the
change in sensor position resulted in a modified muscle response for RF, GM and GL leading to different
values of Tc and especially Dm. For sports practical applications, TMG users need to be aware of the changes
in the magnitude of TMG parameters that can derive from even small sensor displacements (Rodriguez-
Matoso et al., 2010). This is especially relevant for evaluating the muscle condition of athletes during repeated
measurements to monitor training loads, fatigue or changes in the rehabilitation process. As seen in our study
relative deviations of up to 20 % can result from shifting the sensor one centimetre off the muscle belly. Since
we measured relatively large and long muscles, the error of incorrect sensor positioning could be even higher
for smaller muscles. We suggest that in addition to accurately positioning the sensor based on anatomical
landmarks and palpating the muscle bellies during voluntary contraction, photographs should be taken of the
measurement set-up for reference during subsequent TMG measurements.

Some limitations need to be addressed for this study. One major limitation is the small number of participants
included in the study. Studies with larger samples and the inclusion of women must confirm the results
presented. One further limitation is that only three muscles were measured. Investigations on the effect of
sensor position shifts on tensiomyographic parameters need to be extended to all muscles relevant to sports
to determine which muscles are most affected by incorrect sensor positioning, especially smaller muscles.

CONCLUSION

This is the first study to demonstrate that sensor position shifts of one centimetre affected the
tensiomyographic parameters Dm and Tc for the muscles RF and GM. Dm and Tc were most affected when
the sensor was shifted medially or laterally to the original sensor position. These results suggest that incorrect
sensor positioning in the medial-lateral direction has a greater impact on tensiomyographic parameters than
in the proximal-distal direction, at least for the muscles investigated. Concerning the practical application of
TMG measurement, there is a possibility that even small sensor displacements induce changes in TMG
parameters that can be misinterpreted, especially for repeated measurements of athletes. Accurate sensor
positioning is a fundamental aspect of TMG measurement protocol and needs to be standardized as much
as possible, possibly even using photographs.
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