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Abstract 

Interest in studying mechanical skeletal muscle function through tensiomyography 

(TMG) has increased in recent years. This systematic review aimed to (a) report the 

reliability and measurement error of all TMG parameters [i.e., maximum radial 

displacement of the muscle belly (Dm), contraction time (Tc), delay time (Td), half-

relaxation time (½ Tr), and sustained contraction time (Ts)] and (b) to provide critical 

reflection on how to perform accurate and appropriate measurements for informing 

clinicians, exercise professionals, and researchers. A comprehensive literature search 

was performed of the Pubmed, Scopus, Science Direct and Cochrane databases up to 

July 2017. Eight studies were included in this systematic review. Meta-analysis could 

not be carried out due to the low quality of the evidence of some studies evaluated. 

Overall, the review of the nine studies involving 158 participants revealed high relative 

reliability [intra-class correlation (ICC)] for Dm (0.91-0.99); moderate to high ICC for 

Ts (0.80-0.96), Tc (0.70-0.98), and ½ Tr (0.77-0.93); and low to high ICC for Td (0.60-

0.98), independently of the evaluated muscles. Additionally, absolute reliability 

[coefficient of variation (CV)] was low for all TMG parameters except for ½ Tr (CV = 

>20%) while measurement error indexes were high for this parameter. In conclusion, 

this study indicates that three of the TMG parameters (Dm, Td and Tc) are highly 

reliable, whereas ½ Tr demonstrate insufficient reliability, and thus should not be used 

in future studies. 

 

 

Keywords: muscle contractile properties, relative reliability, absolute reliability 
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Introduction 

Mechanical muscle properties have been widely assessed and examined using several 

methodological approaches in the literature. The importance of understanding how 

muscles can adapt to physiological stress or unloading (e.g., training or tapering 

periods) is a broad field of study (40). In this context, different technologies have been 

developed to study muscle function and its behaviour, such as surface 

electromyography (sEMG) (59), muscle torque production (71), shear wave ultrasound 

elastography (35), and mechanomyographic (MMG) methods (30), such as 

phonomyography (47) soundmyography (69), and vibromyography (26). Promising 

results have been obtained with the above-mentioned approaches, but nevertheless, they 

present some technical disadvantages, such as low noise signal (high-variability), 

complex setup, laborious post-signal processing and data filtering (46, 68).  

Furthermore, these respective methods are heavy and quite expensive, which difficult its 

use in the professional clinical and performance environments. More recently, a 

portable validated mechanomyographic method called Tensiomyography (TMG) (70) 

has been widely used with very promising results to assess in-vivo passive muscle 

contractile properties. TMG uses a high precision (4 micrometer) digital transducer 

placed perpendicularly to the muscle surface, capable of assessing different parameters 

extracted from its waveform after a submaximal-to-maximal percutaneous 

neuromuscular stimulation (1). Each waveform integrates and calculates the following 

parameters: maximum radial displacement of the muscle belly (Dm), contraction time 

(Tc), delay time (Td), half-relaxation time (½ Tr), and sustained contraction time (Ts) 

(Figure 1). Dm represents the maximal radial displacement of the muscle belly 

expressed in millimetres; Td indicates the time taken for the muscle to reach 10% of 
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total observed displacement following stimulation; Tc is the time elapsed from the end 

of Td (10% of Dm) until 90% of maximum deformation is reached. The value of Ts 

represents the theoretical time over which the contraction is sustained and calculated by 

measuring the time elapsed between the moment when initial deformation reaches 50% 

of its maximum value, and the moment when deformation readings return (during 

relaxation) to 50% of Dm. Finally, ½ Tr is the time from 90 to 50% of Dm on the 

descending curve. The fact that TMG analyses muscle function in a non-invasive and 

selective way is especially appreciated by strength and conditioning coaches, 

physiotherapists and sport scientists, who preferentially seek accurate and practical 

assessment methods which do not disturb their professional routines (1, 40).  

Compared with other MMG techniques (30), due to the high precision of its 

transducer (64), TMG does not present problems with the large measurement variability 

usually caused by the slight muscle pre-tension (0.2N/cm2).  This pre-tension increases 

the main drawback of the MMG methods – a low signal-to-noise ratio to that exertion 

(65). Regarding noise, one important aspect of every MMG method lies in the type of 

sensor selected for data acquisition; i.e., contact- (CDS) or laser-displacement (LDS) 

(55, 66) sensors, accelerometers (3) or acoustic sensors (45). The last two above-

mentioned methods (i.e., accelerometers and acoustic sensors) have been shown to be 

unreliable (3, 67), whereas a recent investigation has shown that both CDS and LDS 

seems to be highly reliable for both Dm and Tc (55). These authors indicated that the 

contact displacement sensor (similar to TMG´s sensor) appears to be more sensitive to 

Dm, possibly due to its ability to measure underlying muscle movement that would not 

normally be translated to the skin’s surface, while the laser sensor displayed an 

increased sensitivity to temporal parameters (i.e., Tc and ½ Tr). The latter issue is of 

importance in both performance and clinical fields, since some of the TMG parameters 
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(Dm, Tc, and ½ Tr) have been related to changes in muscle passive stiffness and 

atrophic processes (Dm) (18, 49), fatigue (Dm, Tc) (11, 13, 20-23, 29, 36, 37, 53), 

efficiency of Ca2+ reuptake (Tr) (31) and fiber type (Tc, Tr) (9, 10, 31, 58, 72). More 

recently, some investigations have used TMG-derived parameters from Dm, Tc and Td 

called rate of deformation development until 10% Dm (10% Dm/∆ time) and 90% Dm 

(90% Dm/∆ time) respectively, showing that decrements in these parameters correlated 

significantly with decreases in maximal voluntary contraction (11). Evidence about 

TMG has grown in the last 10 years (+70 peer-review articles), presenting different 

utilities in exercise testing, training, and health environments, which has been recently 

highlighted by Martín-Rodríguez et al. (40), who stressed the potential use of this tool 

for screening, diagnosis, and monitoring the response to surgical treatment in sports 

injuries together with monitoring peripheral fatigue of any superficial muscle. In the 

same line, a recent investigation (63) has shown that the on-going monitoring of muscle 

contractile properties of muscles in athletes may aid in the prediction of fatigued-

induced muscle injury, since these authors demonstrated that MMG is more sensitive in 

detecting accumulated muscle fatigue than the ‘gold standard’ measures of maximum 

voluntary contraction and median power frequency of sEMG. Although the above is 

promising, little attention has been paid to the study of the reliability and measurement 

error of MMG methods, but receiving the TMG more attention in this issue in the 

literature. In this sense, factors such as the method of sensor location, interelectrode 

distances, and joint angles may all impact TMG´s parameters variability. Thus, studies 

analysing the reliability, reproducibility and measurement error of this kind of 

techniques should include and specify detailed information about all the above-

mentioned factors. 

******INSERT FIGURE 1 ABOUT HERE****** 
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Despite the extensive number of publications involving TMG, to date, there is 

no available consensus about reliability and reproducibility of this technique in the 

literature. Whereas relative [intra-class correlation (ICC)] and absolute [coefficient of 

variation (CV)] reliability is the degree to which an assessment instrument produces 

consistent outcomes, reproducibility refers to the variation in measurements made on a 

subject under changing conditions (4). Providing an estimate of the reliability and 

reproducibility of TMG will help sport scientists to understand how large (or small) the 

error is when using the TMG system. Thus, the aim of this systematic review was to 

examine if TMG is a reliable and reproducible method, able to appropriately assess 

muscle mechanical properties to recommend or not its use both in practical and clinical 

settings. 

 

Methods 

Data sources 

Preferred reporting items for systematic reviews and meta-analyses guidelines for 

systematic reviews were followed (42). A systematic literature search was performed in 

the following computerized databases: Pubmed, Scopus, and Science Direct through 

July 2017 without any time restrictions. The COCHRANE database was consulted if 

there were any reviews about TMG. The search was performed using the medical 

subject heading terms and text words (or synonyms) for (“reliability” OR 

“reproducibility” OR “measurements error” AND “tensiomyography”) and derivatives 

of these terms. Reference lists were screened to identify additional relevant studies. The 

authors also consulted experts in the field to include any additional studies published or 

accepted after July 2017. Reliability and reproducibility studies were considered for this 
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review. The search for articles, removal of duplicates, and checking were performed by 

two authors: SMR and DRR.  

 

Study selection and inclusion criteria 

The selection of studies was performed in accordance with the following 

inclusion criteria: i) studies must be written in English and; ii) must be strictly focused 

on investigating issues related to reliability and reproducibility of TMG. Furthermore, 

only peer-reviewed articles published in scientific journals between January 1990 (i.e., 

first article about TMG) and July 2017 were considered. Reviews, conference abstracts, 

monographs, dissertations and theses were not included. Non-reliability or 

reproducibility studies, those written in languages other than English, and those 

published in non-indexed journals were not included. A flow chart of study selection is 

listed in figure 2. 

 

******INSERT FIGURE 2 ABOUT HERE****** 

 

Data extraction 

First, the following data were extracted from the studies: (a) 

author(s)/year/location; (b) design/sample/age; (c) type (product or process) and 

measure of TMG; (d) statistics and reliability scores; (e) main results; and (f) 

conclusions. Two reviewers (SMR and DRR) independently extracted data. In case of 

disagreement between the two reviewers, there was discussion to reach consensus. If 

necessary, a third reviewer (DMI) made the decision. In case of missing data, the 

authors were contacted. Second, the methodological quality of the studies and the 
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quality of the reliability and measurement error properties of the TMG were evaluated. 

Finally, a best evidence synthesis was performed. 

Quality assessment of the studies 

The methodological quality of the studies was assessed using the Consensus-

based Standards for the Selection of Health Measurement Instruments (COSMIN) 

checklist with the 4-point rating scale, which is recommended for use in systematic 

reviews about clinimetric properties (www.cosmin.nl) (60). The COSMIN checklist was 

developed and validated by an international consortium of 43 experts with different 

backgrounds, especially for the evaluation of health measurement instruments (43). 

Test-retest reliability and measurement error are evaluated separately in the COSMIN 

checklist, including items regarding design requirements and statistical methods. Design 

requirements for determining measurement error are similar to those for reliability. The 

COSMIN items are individually scored on a 4-point rating scale (i.e., “poor,” “fair,” 

“good,” or “excellent”) (60). Quality assessment scores are listed in Table 1.  

 

***INSERT TABLE 1 ABOUT HERE*** 

 

For each study, we evaluated the quality of the reliability and measurement error 

based on COSMIN standards (43). The overall rating for a clinimetric property is 

“good” (+), “indeterminate” (?), or “negative” (-) (59). Reliability was rated good when 

ICC was ≥0.7 or the Pearson correlation coefficient was >0.8. Measurement error was 

rated good when the minimal important change (MIC) was greater than the smallest 

detectable change or when the MIC was outside the limits of agreement (59). The MIC 

represents the size that is perceived as significant by a patient or health care professional 

(14). ICC ranges from low (<0.70), good (0.70-0.79), high (0.80-0.89), and excellent 
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(≥0.90) (2, 38). Two reviewers (SMR and DRR) independently extracted the data and 

assessed the methodological quality. In case of disagreement between the two 

reviewers, there was discussion to reach consensus. Any remaining disagreements 

between them were solved by a third reviewer (DMI). 

 

Data synthesis 

We reported the overall level of evidence for TMG by combining the results of 

the methodological quality ranking for the studies with the statistical findings for 

reliability and measurement error. We followed the recommendations of the Cochrane 

Back Review Group for this synthesis (19, 66). The level of evidence was rated as 

follows: (a) strong (consistent findings in multiple studies of good methodological 

quality or in one study of excellent methodological quality); (b) moderate (consistent 

findings in multiple studies of fair methodological quality or in one study of good 

methodological quality); (c) limited (one study of fair methodological quality); (d) 

conflicting (conflicting findings); and (e) unknown (only studies of poor 

methodological quality). 

 

Results 

The study populations ranged from 10 to 23 subjects per study (all male 

subjects, excepting one study), with ages ranging from 21.3 ± 3.4 to 30.7 ± 7.4 years. 

Nine eligible studies were identified. Evidence for reliability and measurement error of 

Dm, Tc, Td, ½ Tr, and Ts parameters of muscles evaluated were reported in the eight 

studies (Table 1). In all studies, items 2, 7, 8, and 10 were scored fair, while item 1 and 

3 was scored good and poor, respectively. Item 4 was scored poor in three studies (16, 

51, 53). Item 5 was scored fair or poor in all studies, excepting one which was scored 
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excellent (64). Item 6 was scored fair in almost studies excepting two which was scored 

excellent (12, 17). Item 9 was scored fair or good in seven studies (8, 16, 33, 51, 53, 64) 

while two were scored excellent (12, 17). Item 11a was scored fair in five studies (12, 

48, 51, 53, 57). Item 11b was scored poor in five studies (8, 16, 48, 51, 53). Items 12, 13 

and 14 were scored as not applicable (NA). Methodological quality (COSMIN score) of 

all studies was scored poor. On the other hand, quality ranking of clinimetric property 

logic was scored as indeterminate (as MIC was not reported in any study).  Test-retest 

reliability was assessed in most studies through ICC and CV. Measurement error 

methods used by authors were bias, standard error of the mean (SEM), normalized-

standard error of the mean (NSEM), random error (RE), MDC (minimum detectable 

change) and %MDC (percentage of MDC).  

 

All studies (Table 2) except one (53), showed high to excellent ICC values for 

Dm (0.82-0.99); good to excellent ICC values for Tc (0.70-0.99), Ts (0.80-0.96), and Tr 

(0.77-0.93); and low to excellent ICC values for Td (0.60-0.98). Only one study (17) 

found low ICC values (0.60) for Td. All studies evaluated muscles from the thigh 

excepting two that assessed the gastrocnemius medialis (GM) (17) and lateralis (GL) 

(12), and another one which assessed the biceps brachii (BB) (33).  The rectus femoris 

(RF) was evaluated in four studies (8, 12, 48, 53) showing good to high ICC values in 

all parameters evaluated (0.83-0.99), however there was inconsistency in one of the 

studies due to the use of Cronbach's alpha (Cα) instead of ICC (53). Three of the four 

studies that evaluated RF did not report data about measurement error (8, 48, 53). GM 

and GL were evaluated by two studies (12, 17) showing low to excellent (0.60-0.91) and 

high to excellent (0.87-0.94) ICC values respectively. Both gastrocnemius showed low 

measurement error for Dm, Tc and Td while high for Ts and ½ Tr (Table 2). Lastly, in 
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terms of absolute reliability, ½ Tr was shown as the parameter with the highest 

variability (CV = > 20%) and measurement error indexes (12, 17, 33, 64, 57) while all 

the other parameters showed low variability (Table 2). 

 

***INSERT TABLE 2 ABOUT HERE*** 

 

 The electrical stimuli used in all studies were different, as can be observed in 

Table 2.  Four studies used an initial stimulus of 30-50 mA with progressive increments 

of 10-20 mA, until there was no further increase in Dm or the maximum electrical 

output provided by the equipment was reached (i.e., 100-110 mA) (8, 12, 48, 64). The 

remaining studies used varied stimuli (from 40 to 100 mA), depending on the muscle 

evaluated. One investigation (57) did not report the amplitude of stimuli used. The 

articles listed in Table 2 employed the same measurement equipment (TMG-BMC, 

Ljubljana, Slovenia), only differing in the current amplitude (i.e., 100 or 110 mA) 

which enabled us to perform direct comparisons between them. The difference in 

current amplitude does not affect the TMG´s outputs and was due to a European 

restriction (Council Directive 93/42/EEC) in terms of maximal current permitted for 

clinical use (information clarified by TMG-BMC company). All studies adopted 

interval times ranging from 10 to 15 seconds between the successive assessments, 

excepting two studies which did not detail this data (53, 57). All studies located the 

sensor tip position (i.e., most prominent area of muscle belly), using the same (or 

similar) anatomical guide for the electromyographer (15). One study (64) evaluated the 

muscle response with two different IED (i.e., ± 3 and ± 5 cm). Lastly, only one study 

(16) analyzed the effect of joint angle alteration on the TMG outputs showing that at 0º 
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knee joint angle presented high relative and absolute reliability (ICC = 0.82; CV = 

19.8%) while 45º and 90º presented insufficient reliability scores. 

 

Discussion 

This review clearly exposes the scarcity of studies with high methodological 

quality investigating muscle mechanical properties by means of TMG. There is evident 

interest in the use of this technique to assess muscle function, but with an important lack 

of attention to establishing a standardized measurement protocol to increase reliability 

and reduce measurement error. Evidence found in nine studies supported that almost all 

TMG parameters (except for ½ Tr) possess both high to excellent absolute and relative 

reliability and low measurement error.  Accordingly, ½ Tr was identified as a parameter 

with insufficient absolute reliability and highest measurement error in several of the 

examined studies; therefore, we do not recommend the use of this parameter for future 

studies or clinical practices, at least until these technical issues are addressed and 

resolved. 

 Relative reliability scores of three specific TMG parameters (Dm, Td and Tc) 

were evaluated in seven distinct muscles (i.e., rectus femoris, vastus lateralis, vastus 

medialis, biceps femoris, biceps brachii, gastrocnemius medialis and gastrocnemius 

lateralis) showing high to excellent (0.80-0.99) reliability and low measurement error. 

Despite the foregoing, one study (17) analysed the GM muscle, reporting an excellent 

score of ICC for Dm (0.91) and low to good scores of ICC for Td and Tc (0.60 and 

0.70, respectively). More recently, other authors (12) assessed a very similar muscle 

(GL), finding excellent ICC values in Td (0.90) and Tc (0.93). Both studies used the 

same sample sizes (21 males) and rest interval times (10 s), however, they differed in 

the study design, as the study of Ditroilo et al. (17) was a long-term study (4 weeks) and 
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the study of de Paula Simola et al. (12) was composed of 2 single measurements, 

performed over a one-week period. From their results, Ditroilo et al. (17) concluded that 

the overall level of absolute reliability was good while poor to excellent level of relative 

reliability but also indicated that ½ Tr yielded overall insufficient reliability. In this line, 

due to the low reliability of ½ Tr, Tous-Fajardo et al. (64) suggested not to use this 

parameter for future TMG studies. This recommendation is in line with previous 

studies, which have already indicated that ½ Tr is a TMG parameter with low to high 

reliability scores but with high measurement error (12, 17, 57). The issue about the 

insufficient reliability of ½ Tr could be due to the technology employed by TMG (i.e., 

CDS), since a recent investigation (55) has showed that LDS displayed an increased 

sensitivity to temporal MMG parameters compared to the contact-displacement sensor. 

Despite the above, these authors found that although the relative reliability was good to 

high (ICC = 0.89 in LDS vs 0.77 in CDS), both type of sensors had similar poor 

absolute reliability (CV = ~28%) values (calculated from the study since the authors did 

not report CV). These authors also indicated that the CDS sensor appeared to be more 

sensitive to muscle belly displacement (i.e., Dm), possibly due to its ability to measure 

underlying muscle movement that would not normally be translated to the skin’s 

surface. Moreover, the authors revealed that ½ Tr demonstrated high variability, and 

thus, weak uniformity between sensors since the wide limits of agreement identified (–

19.0 ms and 25.2 ms) are considered unreliable from a clinical perspective. These 

authors suggested that the high variability observed between measures of ½ Tr is 

believed to be due to its greater sensitivity to muscle fatigue following consecutive 

electrical stimulations and the longer recovery time required for it to return to an 

unfatigued value according to the findings of Orizio et al. (44). In terms of recovery 

time between measures, Seidl et al. (55) used a 60-second interval between trials, which 
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is 4-5 times greater than that the interval used in TMG, to minimize the effect of muscle 

fatigue due to repetitive stimulation. Although a 60-second interval between trials may 

seem large for an experimental set-up, Orizio et al. (44) has already demonstrated that - 

following electrically induced local muscle fatigue through sustained or repetitive 

electrical stimulations - all MMG parameters demonstrated significant (P < 0.05) 

differences to their initial unfatigued state. In this regard, while Tc and Dm values 

returned to baseline values within 1 minute, ½ Tr remained significantly different to its 

prefatigued value for the entirety of the recovery period (6 min). The rest time interval 

used in all studies evaluated ranged from 10-15 s, 10 s being the most common.  In 

accordance with several authors working on TMG (8,  17, 64), a 10 second rest time 

interval is needed to minimize the effects of post-tetanic potentiation (28). Although all 

the authors publishing about TMG have used the same (or similar) rest time interval, 

none of them have analysed if these interval times are the optimal or not to avoid fatigue 

derived from consecutive electrical stimulations. As previously appointed by Orizio et 

al. (44), a 60-second interval between trials is enough to come back the key parameters 

(Dm and Tc) to baseline values but otherwise it takes lot of time to recover the initial 

values of ½ Tr since after 6 min of recovery, this parameter was still significantly (P < 

0.05) different from the reference value. These authors argued that repetitive twitch 

stimulation alters sarcoplasmic reticulum Ca2+ reuptake capacity that in turn determines 

the persisting alteration in ½ Tr. The results of Orizio et al. (44) are in line with other 

authors who in the 1990s found that ½ Tr maintained still significantly different from 

the reference value after 30 min of recovery from intermittent fatiguing stimulation in 

frog semitendinosus muscle (62). We feel that studies analysing the optimal rest interval 

time between TMG measures are needed, owing to the lack of studies on this matter in 

human skeletal muscle. In fact, we note that there is an important need to understand 
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why ½ Tr presents high variability since its physiological meaning is important for 

muscle studies (55). In theory, the best explanation about the variability of ½ Tr is 

suggested to be its “greater sensitivity to musculoskeletal fatigue following consecutive 

electrical stimulations and the longer recovery time required for it to return to an 

unfatigued value” (44, 55, 62).  Currently, the use of ½ Tr is no longer recommended 

due to its insufficient reliability reflected in the studies analysed and due to the longer 

recovery time required for it to return to baseline values, which clearly difficult the 

experimental set-up of future studies. 

For more than 35 years ago, Shrout & Fleiss (56) described that there are six 

types of ICC. All types are virtually identical and the main difference lies in their 

denominator (32). Therefore, the choice of the denominator drastically affects the 

magnitude of the resulting correlation. All studies reviewed, except one (53), used ICC 

to assess reliability, however only one (64) specified what type of ICC was used for 

analysis purposes. Shrout & Fleiss (56) reviewed each one of the ICC types, showing 

that what is relevant to calculate ICC is to make the right choice of the appropriate 

statistical model. The above-mentioned is in line with the results described by Lahey et 

al. (34), who have already shown that using the same data, the magnitude of correlations 

are different depending on the type of ICC considered. As such, to strengthen the 

conclusions drawn from ICC analysis, it is crucial to correctly select the ICC calculation 

mode. With this caution in mind, sport scientists can produce comparable TMG data, 

thus reducing the effects of using different treatments and experimental designs. In 

closing, the same should be applied to the way the measurement error is calculated to 

also produce comparable data. 

On the other hand, the electrical amplitude in all studies varied from 30 to 50 

mA, increasing from 10 to 20 mA, until there was no further increase in Dm or maximal 
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stimulator output (110 mA). The stimuli amplitude depends on the individual’s muscle 

responses and many other factors (i.e., muscle composition or fibre orientation). 

Therefore, it is essential to individualize the stimuli amplitude for each subject, to 

achieve the peak muscle displacement. Although it would be desirable to optimize the 

measurement times and standardize the protocols, this is not possible because the 

muscular response of each subject is different attending to their morphological 

characteristics (i.e., type of predominant fiber type, subcutaneous fat thickness, 

pennation angle, motor nerve branching or fiber orientation) (25, 64). That is, each 

person will respond differently to the same stimulus so that a single stimulus should not 

be used when taking TMG measurements. Despite the above, some authors have used a 

unique amplitude of 100-110 mA in the VL and BF muscles (52, 53). However, as has 

been previously argued, the use of a unique stimulus is a mistake since high stimulus 

could led to muscle co-activation which will artificially increase muscle displacement 

(17). Apart from the above, a recent investigation (7) used increasing current intensities 

ranging between 10-65 mA to measure several muscles the from upper and lower limb. 

The previous has been recently criticized (39) as low intensities (i.e., 10-65 mA interval) 

may not have achieved the optimal response of major muscles (e.g., rectus femoris or 

biceps femoris) and because they did not analyse the reliability and measurement error 

of their measurements (being affordable as it was a case-study). The above highlights 

the importance of performing a specific and detailed measurement of each muscle. 

Thus, based on the current evidence, we do recommend starting with an amplitude of 40 

mA with increases of 10-20 mA until there is no further increase in Dm or maximal 

stimulator output (100-110 mA, depending on the stimulator device) to find the optimal 

muscle stimuli (i.e., peak curve), which will be different for each subject and for each 

muscle. Finally, another crucial point associated with the intensity of the electrical 
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current is the optimal IED configurations able to recruit as many motor neurons as 

possible. In this regard, only one study (64) investigated the effects of two different IED 

configurations (± 3 and ± 5 cm) on muscle responses, showing that with smaller IEDs 

(i.e., ± 3 cm) the Dm was lower while all the other parameters showed a trend toward 

significance. These findings are in line with previous studies which hat have previously 

demonstrated possible alterations in muscle responses with changes in different IEDs 

configurations, for both muscle belly (5) and motor nerve (50) stimulation. For previous 

reasons, Tous-Fajardo et al. (2010) raised that it would be logical to think that 

decreasing IED from ±5 cm to ±3 cm would have resulted in lower and more superficial 

spatial recruitment of muscle fibers. However, Tous-Fajardo et al. (64) did not measure 

motor unit activation (MUa) in both IEDs configurations so the lack of this crucial 

information added to the lack of studies about the influence of different IEDs 

configurations on muscle response (using TMG) and MUa, makes difficult to 

understand why Dm was lower in the configuration of ± 3cm than in the ± 5 cm. In 

terms of IEDs configurations, we suggest that, because TMG works with an 

electrostimulator, the primary motor points (6) should be used instead of the current 

measurement method (i.e., maximal muscle belly detection), since motor points 

activation results in higher MUa (24, 25). Nonetheless, this suggestion lacks evidence to 

support; thus, we encourage researchers to search for (possible) patterns in MUa and 

muscle responses, when muscle parameters are assessed with TMG. In this regard, 

future studies are needed to assess the influence of sensor location, IEDs configurations 

(large and small), rest interval times between trials on time-derived parameters 

(especially on ½ Tr), and different joint angles configurations on muscle mechanical 

response assessed by TMG. 
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We recognize that this review is limited by several factors, highlighting the 

scarcity of data regarding the reliability and measurement error of TMG. Additionally, 

all studies (n = 158) were conducted with small samples of men (excepting one which 

include 2 women) in a selected age-range (from 21.3 ± 3.4 to 30.7 ± 7.4) and of them 

used the same muscles in their experimental designs. Furthermore, taking into 

consideration the lack of consensus regarding the use of ICC measures as reliability 

indices (27), it is important to further test the TMG consistency in well-design and high-

quality studies using different statistical approaches (e.g., CV, SEM, SDC and bias).  

 

Practical Applications  

Based on current research and recommendations, we could conclude that 

Tensiomyography is a consistent method to assess muscle contractile properties, 

specifically through three high reliable parameters (Dm, Td and Tc). Remarkably, as a 

non-invasive, passive and rapid technique, TMG can be straightforwardly used to 

analyse the state of muscular contractility in top-level sports, where time is scarce and 

of great importance. Using the information provided by systematic TMG measurements, 

coaches and technical staff may regulate the exercise content throughout the different 

training phases, frequently adjusting the training loads (volume and intensity) in 

accordance with the equivalent muscle mechanical responses. From an applied 

perspective, it would be important not only to improve athletic performance, but also to 

reduce the associated injury risk. Considering that ½ Tr demonstrated unacceptable 

reliability, we strongly suggest that it should not be considered for accurate 

measurements of skeletal muscle function in practice or future studies. 
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Figure 1. Illustration of the TMG equipment and the classic wave of twitch response 

with all its parameters. 1 = mechanical sensor and electrodes; 2 = tripod with 

manipulating hand; 3 = data acquisition subunit; 4 = typical wave extracted from TMG 

response. 

Figure 2. Flow chart of study identification procedure. 
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TABLES  

           Table 1.  Quality assessment of the included studies. 

Box B and C. Reliability and Measurement Error 

Piqueras-
Sanchiz 

et al. 
(2017) 

de Paula 
Simola 
et al. 

(2016) 

Ditroilo 
et al. 

(2013) 

Rey et 
al. 

(2012) 

Simunic 
(2012) 

Carrasco 
et al. 

(2011) 

Ditroilo 
et al. 

(2011) 

Rodriguez-
Matoso et 
al. (2010) 

Tous-
Fajardo 

et al. 
(2010) 

Krizaj et 
al. (2008) 

Design Requirements: Reliability and Measurement Error           

      1. Was the percentage of missing items given?  Good Good Good Good Good Good Good Good Good Good 

      2. Was there a description of how missing items were handled? Fair Fair Fair Fair Fair Fair Fair Fair Fair Fair 

      3. Was the sample size included in the analysis adequate? Poor Poor Poor Poor Poor Poor Poor Poor Poor Poor 

      4. Were at least two measurements available? Excellent Excellent Excellent Poor Excellent Excellent Poor Poor Excellent Excellent 

      5. Were the administrations independent? Fair Fair Fair Fair Poor Fair Fair Fair Excellent Fair 

      6. Was the time interval stated? Fair Excellent Excellent Fair Fair Fair Fair Fair Fair Fair 

      7. Were patients stable in the interim period on the construct to be measured? Fair Fair Fair Fair Fair Fair Fair Fair Fair Fair 

      8. Was the time interval appropriate? Fair Fair Fair Fair Fair Fair Fair Fair Fair Fair 

      9. Were the test conditions similar for both measurements? Good Excellent Excellent Fair Excellent Fair Fair Fair Fair Fair 

      10. Were there any important flaws in the design or methods of the study? Fair Fair Fair Fair Fair Fair Fair Fair Fair Fair 

Statistical methods. Reliability           

      11a. for continuous scores: Was an intraclass correlation coefficient calculated? Fair Fair Excellent Fair Fair Fair Excellent Poor Excellent  Excellent 

      12. for dichotomous/nominal/ordinal scores: Was kappa calculated? N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  

      13. for ordinal scores: Was a weighted kappa calculated? N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  

      14. for ordinal scores: Was the weighting scheme described?  N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A  

Statistical methods. Measurement Error           

      11b. Was the Standard Error of Measurement, Smallest Detectable Change or Limits 
of Agreement calculated?  

Poor Excellent Excellent Poor Excellent Poor Poor Poor Excellent Excellent 
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Table 2. Methodological rank of studies and quality of evidence.  

Study Population Equipment Stimulation amplitude, 

IED, and measurement 

area 

Muscles evaluated Rest Time interval 

between measurements 

Test-retest reliability  Measurement error 

Piqueras-Sanchiz et 

al. (2017) 

n= 23 males 

Age 27.3 ± 4.1 

TMG-S1 (GK 40, 

Panoptik d.o.o., 

Ljubljana, Slovenia) 

Initial stimuli of 30 mA with 

increments of 10 mA until 

there was no further increase 

in Dm or maximal stimulator 

output (100 mA) 

Biceps femoris, Rectus 

femoris, Semitendinosus, 

Vastus lateralis and medialis 

 

10 seconds High 

BF Tc (ICC = 0.98-0.99; CV = 

24.10-30.2%) 

RF Tc (ICC = 0.98-0.99; CV = 

11.98-12.10%) 

ST Tc (ICC = 0.98; CV = 20-

63-23.68) 

VL Tc (ICC = 0.96-0.99; CV = 

14.61-17.44%) 

VM Tc (ICC = 0.97-0.99; CV = 

10.79-17.20%) 

SEM, SDC, MIC or LoA not 

reported 

de Paula Simola et 

al. (2016) 

n= 21 males 

Age 26.5 + 6.7 

TMG S-2 (BMC Ltd., 

Ljubljana, Slovenia) 

Initial stimuli of 40 mA with 

increments of 20 mA until 

there was no further increase 

in Dm or maximal stimulator 

output (110 mA) 

IED 

IED ± 5 cm 

Measurement area: muscle 

belly  

Biceps Femoris, Rectus 

femoris, Gastrocnemius 

Lateralis 

10 seconds Good 

RF 
Dm (ICC = 0.92; CV = 9.30%); 
Td (ICC = 0.87; CV = 3.80%); 
Tc (ICC = 0.94; CV = 4.90%); 
Tr (ICC = 0.86; CV = 32.80%); 
Ts (ICC = 0.85; CV = 21.30%) 

 
BF 

Dm (ICC = 0.95; CV = 
10.40%); Td (ICC = 0.92; CV = 
2.40%); Tc (ICC = 0.91; CV = 
8.70%); Tr (ICC = 0.70; CV = 
20.6%); Ts (ICC = 0.88; CV = 

4.9%) 
 

GL 
Dm (ICC = 0.94; CV = 

13.70%); Td (ICC = 0.90; CV = 
4.20%); Tc (ICC = 0.93; CV = 

RF 
Dm (Bias = 0.10 ± 1.40; SEM = 

1.00) 
Td (Bias = 0.50 ± 1.70; SEM = 1.20) 
Tc (Bias = -0.50 ± 2.60; SEM = 1.90) 

Tr (Bias = 15.9 ± 38.00; SEM = 
26.90) 

Ts (Bias = 15.70 ± 41.10; SEM = 
29.00) 

 
BF 

Dm (Bias = 0.10 ± 1.40; SEM = 
1.00) 

Td (Bias = -0.10 ± 1.10; SEM = 
0.80) 

Tc (Bias = -3.20 ± 7.90; SEM = 5.60) 
Tr (Bias = -3.40 ± 31.20; SEM = 

22.10) 
Ts (Bias = 1.40 ± 18.80; SEM = 
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8.50%); Tr (ICC = 0.93; CV = 
12.6%); Ts (ICC = 0.87; CV = 

8.5%) 
 
 

13.30) 
 

GL 
Dm (Bias = -0.2 ± 1.30; SEM = 0.90) 

Td (Bias = -0.80 ± 1.80; SEM = 
1.30) 

Tc (Bias = -3.40 ± 9.60; SEM = 6.80) 
Tr (Bias = -1.90 ± 11.50; SEM = 

8.10) 
Ts (Bias = 12.50 ± 30.50; SEM = 

21.60) 
 

Ditroilo et al (2013) n= 21 males 

 Age 21.3 ± 3.4 

TMG (BMC Ltd., 

Ljubljana) 

40-70 mA 

IED ± 5 cm 

Measurement area: muscle 

belly 

Gastrocnemius Medialis 10 seconds Good 

Dm (ICC = 0.91; CV = 11%); 
Td (ICC = 0.60; CV = 8.1%); Tc 
(ICC = 0.70; CV = 7.60%); Tr 
(ICC = 0.77; CV = 30.1%); Ts 

(ICC = 0.80; CV = 6.50%) 

 
Dm (SEM ± 0.24; MDC = 0.66; 

%MDC = 18.11) 
Td (SEM ± 1.32; MDC = 3.67; 

%MDC = 16.90) 
Tc (SEM ± 1.13; MDC = 3.13; 

%MDC = 12.94) 
Tr (SEM ± 14.93; MDC = 41.38; 

%MDC = 59.13) 
Ts (SEM ± 6.86; MDC = 19.01; 

%MDC = 11.47) 
Rey et al (2012) n = 15 males 

Age 26.6 ± 4.4 

Trans-Tek® (GK 40, 

Panoptik d.o.o., 

Ljubljana, Slovenia) 

50, 75 and 100 mA 

IED ± 5 cm 

Measurement area: muscle 

belly 

Biceps Femoris 10 seconds Good 
 

Dm (ICC = 0.95); Td (ICC= 
0.82); Tc (ICC = 0.86); Tr (ICC 

= 0.78); Ts (ICC = 0.94) 

SEM, SDC, MIC or LoA not 
reported 

Simunic (2012) n = 10 males 

Age 24.6 ± 3.0 

TMG (BMC Ltd., 

Ljubljana) 

Not specified 

IED ± 5 cm 

Measurement area: muscle 

belly 

Vastus medialis, vastus 

lateralis, biceps femoris 

Not reported Good 
 

VM 
Dm (ICC = 0.98; CV = 4.70%); 
Td (ICC= 0.94; CV =2.80%); Tc 
(ICC = 0.98; CV = 2.20%); Tr 
(ICC = 0.88; CV = 6.40%); Ts 

(ICC = 0.94; CV = 4.90%) 
 

VL 
Dm (ICC = 0.99; CV = 4.70%); 
Td (ICC = 0.89; CV = 1.80%); 
Tc (ICC = 0.98; CV = 1.50%); 
Tr (ICC = 0.89; CV = 7.60%); 
Ts (ICC = 0.96; CV = 4.40%) 

 
BF 

BF Dm (ICC = 0.99; CV = 

VM  
Dm (Bias = 0.23; RE ± 0.30; SEM ± 

0.17) 
Td (Bias = 0.19; RE ± 0.62; SEM ± 

0.42) 
Tc (Bias = 0.07; RE ± 0.56; SEM ± 

0.4) 
Tr (Bias = 1.51; RE ± 0.30; SEM ± 

0.17) 
Ts (Bias = 6.29; RE ± 8.64; SEM ± 

5.46) 
VL  

Dm (Bias = -0.23; RE ± 0.38; SEM ± 
0.25) 

Td (Bias = 0.12; RE ± 0.44; SEM ± 
0.30) 

Tc (Bias = 0.32; RE ± 0.41; SEM ± 
0.25) 
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4.20%); Td (ICC= 0.98; CV = 
2.60%); Tc (ICC = 0.98; CV = 
4.90%); Tr (ICC = 0.89; CV = 

9.30%); Ts (ICC = 
 0.95; CV = 3.30%) 

 

Tr (Bias = 3.59; RE ± 4.63; SEM ± 
3.18) 

Ts (Bias = 3.22; RE ± 7.09; SEM ± 
4.99) 

 
BF 

Dm (Bias = 0.13; RE ± 0.23; SEM ± 
0.43) 

Td (Bias = 0.07; RE ± 0.61; SEM ± 
0.40) 

Tc (Bias = 1.03; RE ± 1.50; SEM ± 
1.06) 

Tr (Bias = 4.81; RE ± 6.19; SEM ± 
4.12) 

Ts (Bias = 1.48; RE ± 6.57; SEM ± 
5.01) 

Carrasco et al 

(2011) 

n = 12 males 

Age 24.2 ± 0.6 

Trans-Tek® (GK 40, 

Panoptik d.o.o., 

Ljubljana, Slovenia) 

Initial stimuli of 30 mA with 

increments of 10 mA until 

there was no further increase 

in Dm or maximal stimulator 

output (110 mA) 

IED ± 5 cm 

Measurement area: muscle 

belly 

Rectus femoris 15 seconds Good 
 

Dm (ICC = 0.92); Td (ICC= 
0.89); Tc (ICC = 0.83); Tr (ICC 

= 0.88); Ts (ICC = 0.90) 

SEM, SDC, MIC or LoA not 
reported 

Ditroilo et al. (2011) n = 16 (12 

males, 2 

females) 

Age 23.4 ± 4.9  

Spring-loaded 

displacement sensor 

(Digital-optical 

comparator, RLS Ltd, 

Slovenia) 

Initial stimuli not described 

with increments of 10 mA 

until there was no further 

increase in Dm or maximal 

stimulator output. Authors 

reported maximal response 

between 40-70 mA. 

IED ± 5 cm 

Measurement area: muscle 

Biceps femoris 10 seconds Moderate to good 
 

At 0º knee joint angle: Dm (ICC 
= 0.82; CV = 19.8%); Tc (ICC = 

0.82; CV = 16.5%) 
At 45º knee joint angle: Dm 
(ICC = 0.57; CV = 19.7); Tc 

(ICC = 0.62; CV = 20.5) 
 
 
 
 

Poor 
 

At 90º knee joint angle (ICC = -
0.57; CV = 43.1%); Tc (ICC = -

0.40; CV; 33.3%) 
 

SEM, SDC, MIC or LoA not 
reported 
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belly 

Rodriguez-Matoso 

et al (2010) 

n = 25 males 

Age 25.7 ± 4.7 

TMG (BMC Ltd., 

Ljubljana) 

50,75, and 100 mA 

IED ± 5 cm 

Measurement area: muscle 

belly 

Rectus femoris Not reported Good  
 

Dm (Cα = 0.92); Td (Cα = 
0.90); Tc (Cα = 0.97); Tr (Cα = 

0.99); Ts (Cα = 0.98) 

 

SEM, SDC, MIC or LoA not 
reported 

Tous-Fajardo et al 

(2010) 

n = 18 males 

Age 22.9 ± 3.8 

TMG-S1 (EMF-Furlan 

and Co. d.o.o., Ljubljana, 

Slovenia) 

Initial stimuli of 50 mA with 

increments of 10 mA until 

there was no further increase 

in Dm or maximal stimulator 

output (110 mA) 

IED ± 3 and ± 5 cm 

Measurement area: muscle 

belly 

Vastus medialis 10 seconds Good 
 

Dm (ICC = 0.97; CV = 4.70%); 
Td (ICC= 0.86; CV = 2.70%); 
Tc (ICC = 0.92; CV = 3.40%); 
Tr (ICC = 0.77; CV = 14.20%); 
Ts (ICC = 0.96; CV = 2.40%) 

 
Dm (Bias = -0.3; RE ± 0.9; SEM ± 

0.3) 
Td (Bias = 0.6; RE ± 2.7; SEM ± 0.9) 
Tc (Bias = 0.3; RE ± 2.5; SEM ± 0.9) 

Tr (Bias = -0.7; RE ± 52.2; SEM ± 
18.3) 

Ts (Bias = -0.7; RE ± 20.3; SEM ± 
7.2) 

Krizaj et al (2008) n = 13 males 

Age 30.7 ± 7.4 

G40, RLS Inc. 40-70 mA 

IED ± 5 cm 

Measurement area: muscle 

belly 

Biceps Brachii 10 seconds Good 
 

Dm (ICC = 0.98); Td (ICC= 
0.94); Tc (ICC = 0.97); Tr (ICC 

= 0.89); Ts (ICC = 0.86) 

 
Dm (NSEM = 1.23) 
Td (NSEM = 0.43) 
Tc (NSEM = 0.48) 
Tr (NSEM = 1.92) 
Ts (NSEM = 1.30) 
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