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Background and Purpose

Tensiomyography (TMG) is reported to measure muscle contractile properties of
superficial skeletal muscle. Between day reliability has not been reported for all of the
major lower limb muscles in a mixed gender sample of healthy adults. Therefore, the aim
of this study was to examine the between-day reliability of muscle contractile properties
associated with involuntary contractions of the rectus femoris (RF) and bicep femoris
(BF), as measured by TMG.

Study Design

Within-subject repeated measures study (3 consecutive days)

Methods

Twenty-four healthy participants (twelve males; twelve females) were recruited to take
part in the study over 3 consecutive days. Measurements of muscle contractile properties
were obtained on the bicep femoris (BF) and rectus femoris (RF) muscles in the dominant
limb. All data were checked for normality using the Shapiro-Wilk test. Pooled intra-class
correlation coefficient (ICC), coefficient of variance (CV) and standard error of
measurement (SEM) values were generated for the BF and RF for delay time (Td), sustain
time (Ts), relaxation time (Tr), contraction time (Tc) maximal displacement (Dm).
Additionally, a Bland-Altman analysis was performed for paired data points (day 1 vs 2, 2
vs 3 and 3 vs 1). Identical analyses were then performed on gender sub-groups.

Results

Good to excellent ICC values (0.68-0.93) were reported for delay time (Td), contraction
time (Tc), and maximal displacement (Dm) in BF and RF muscles. Conversely, relaxation
time (Tr) and sustain time (Ts) reported low ICC values (-0.10-0.56). Levels of agreement
were not significantly different in most pairs of data points across the whole sample and
also across males and females (p=>0.05). However, significant differences were detected in
the whole sample: day 3 vs day 1 in the Td (p=0.03) and Dm RF (p=0.009); males: BF Td
day 1 vs 2 (p=0.04); females: BF day 2 vs 2 (p=0.01), RF Td day 1 vs 2 (p=0.03), RF Ts day 3
vs 1 (p=0.04).

Conclusion

The Td, Tc, and Dm variables obtained during TMG measurements demonstrate
acceptable reliability across 3 consecutive days. The Tr and Ts variables cannot be
measured reliably between days using TMG.

INTRODUCTION tally from the sensor tip, over the muscle belly, generating
an isometric contraction.®’ The radial enlargement of the
muscle belly is measured with the displacement sensor
which generates results presented as time/displacement
curves.8 From the results, information can be obtained re-
garding maximal radial displacement (Dm), delay time (Td),
contraction time (Tc), sustain time (Ts), and relaxation time
(Tr) (Figure. 1).6 However, due to their functional relevance
(stiffness and speed of contraction), the Dm and Tc parame-

Tensiomyography (TMG) is a non-invasive method used to
estimate spatial and temporal contractile properties of
skeletal muscle in response to an evoked stimulation.!~#
The TMG technique uses a (1pm) spring-loaded sensor to
estimate the radial displacement of a single superficial
skeletal muscle.®> A single twitch stimulus (Ims duration)
evokes a contraction to a single muscle through two self-
adhesive electrodes which are placed proximally and dis-
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Figure 1. Time/displacement curve displaying the contractile properties measured using TMG.10

ters are the most frequently examined contractile proper-
ties using the TMG.?

Previously, TMG has been used to report muscular imbal-
ancell and changes in muscle function due to training!2 or
rehabilitation following injury!3 amongst elite male foot-
ball players. Furthermore, measurements of muscle con-
tractile properties have been characterised in sports such as
volleyball,!4 ultra-endurance triathlon events,!> surfing!®
and masters power and endurance athletes.1? In addition to
studies involving athletic participants, TMG has also been
used to assess the effects of interventions such as bed rest
in non-athletic populations.18:19

The ability of a measurement tool to report meaningful
differences between individuals and over time, depends on
the reliability of the measure. This is especially important
when assessing whether small physiological differences be-
tween individuals or changes as a result of disuse or if inter-
ventions are of clinical or functional significance. The use
of TMG in the estimation of muscle function is a relatively
new phenomenon20 compared to more established methods
such as isokinetic dynamometry (IKD),2! electromyography
(EMG)?2 and perhaps most comparably mechanomyography
(MMG).23 As such validity and reliability of the technique
are less well established and limited to specific populations.

Martin-Rodriguez et al., (2017)24 identified ten studies
examining the reliability of TMG, including between-day
and within-day reliability,25-27 as well as the inter-rater
and intra-rater reliability.28 Reliability studies have consis-
tently used ICC descriptive statistics to record the variabil-
ity between a set of measurements,2? the CV to assess the
stability of each variable across time points30 and the SEM
to highlight the precision of a score.3! Some studies have
also used the Bland-Altman method to assess for levels of
agreement (LoA) between testing points.26:28 Certain para-
meters obtained through TMG assessment have been shown
to have good to excellent reliability when measuring muscle
contractile properties (Dm, Td, Tc, Ts, and Tr) for the lower
extremity muscles (vastus medialis (VM), vastus lateralis
(VL), rectus femoris (RF) and biceps femoris (BF)).10,26,32
These data are useful because the RF and BF are the most
frequently assessed muscles due to their involvement in
lower limb activities and their propensity to injure.11,32-36
However, to our knowledge, there is only one study avail-
able that estimates the between day reliability in the RF27

and one for the BF.26 Simuni¢ (2012)26 examined the be-
tween-day reliability of TMG measuring the muscle con-
tractile properties of the VL, BF, and VM muscles. Ten
healthy male participants had measurements taken on
three muscles over three consecutive days, by a single rater.
The study reported excellent ICC values (>0.94) for Tc, Ts,
and Dm in all three muscles, whereas Td reported excellent
values for VM (0.94) and BF (0.98) but slightly lower values
in VL (0.89). Tr displayed the lowest ICC values for VM
(0.88), VL (0.89), and BF (0.89). All parameters except Tr had
CV scores (<5%), SEM values were consistently low (<1.0)
for Td, Tc, and Dm, but higher for Ts and Tr (1.70-5.46).
More recently, de Paula Simola et al (2015)27 recorded good
to excellent values ranging between 0.85-0.92 for all TMG
parameters between two consecutive testing days in a group
of twenty male sprinters. Whilst these studies provide an
initial between day reliability estimate of TMG parameters,
the homogeneity of participant demographics, imbalance of
gender numbers and the overall study sample size highlight
some limitations which require further investigation. Males
have previously shown to possess higher volumes of mus-
cle mass and lower levels of fat, compared to females.3%38
These physiological differences may lead to variance in out-
come measurements that require an evoked stimulation to
induce a muscle contraction.3%40 Investigations of be-
tween-day reliability which include a robust sample of both
males and females will highlight if the TMG measurement
tool is still able to maintain reliability of measurements
when these factors are accounted for.

Therefore, the aim of the present study was to examine
the between-day reliability of the RF and BF muscle con-
tractile properties measurements using TMG in an equally
mixed gender sample of participants across three consecu-
tive testing days.

METHODS AND MATERIALS

This study received approval from the School of Clinical
and Applied Sciences, Research Ethics Committee of Leeds
Beckett University and complied with the Declaration of
Helsinki on human research and international standards.
The principal investigator carried out all measurements
having undertaken a period of training with a member of
the research team who was experienced and competent at
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using the TMG equipment. During the first training session,
the principal investigator was familiarised with the TMG
equipment set up and also the software used to calculate
the time/displacement curve. The second training session
was used as a practice session, where the principal investi-
gator set up the equipment and conducted a full TMG as-
sessment on the BF and RF muscles from one healthy male
volunteer.

RESEARCH DESIGN

A within-subject repeated measures study design was used,
in which the five dependent variables (TMG contractile
properties: Td, Tc, Ts, Tr, and Dm) were measured against
three independent variables (day: 1, 2, and 3). Measure-
ments were taken on the dominant BF and RF muscles. All
TMG assessments were completed in the same lab, at the
same time (+/- 2 hours) on three consecutive days.

PARTICIPANT RECRUITMENT AND SCREENING

A sample of 24 healthy, adult participants (mean * SD, age:
22.5 £ 2.9yrs, height: 173.73 = 11.55cm, weight: 76.19 +
14.98kg, body mass index (BMI): 25.13 = 3.64) were re-
cruited for this study, comprising of 12 males (age: 23.84 *
3.43yrs, height: 183.46 * 7.65cm, weight: 84.07 + 13.51kg,
BMI: 24.88 + 2.76) and 12 females (age: 21.15 * 1.72yrs,
height: 164.00 = 3.76cm, weight: 68.30 + 12.27kg, BMI:
25.39 £ 4.46).

All participants were recruited on a voluntary, unpaid
basis using social media and posters, with the majority be-
ing students. Once recruited, participants were briefed on
the study process by the principal investigator and invited
to provide both written and verbal informed consent. Par-
ticipants were then screened using a set of eligibility crite-
ria and were given the right to withdraw at any time during
the study. Participants were required to be free of muscu-
loskeletal injury and have no history of neuromuscular dis-
order or muscular disease. Participants were also ineligi-
ble to take part if they were currently seeking medical care,
pregnant, or fitted with an implanted medical device (i.e.,
a pacemaker). In line with previous studies,>° those who
were eligible were asked to refrain from consuming caffeine
within 12 hours prior to each laboratory visit and to avoid
any vigorous activity or intake of energy supplements in the
48 hours prior to each testing session.

EXPERIMENTAL PROCEDURES

Participants had their height measured using a stadiometer
(SECA Alpha, Birmingham, UK) to the nearest millimetre
(mm) and body mass was measured using calibrated elec-
tronic scales (SECA Alpha 770, Birmingham, UK) to the
nearest gram (g). During TMG assessment on day 1, the in-
tended transducer probe position and electrode positions
were marked up on both the BF and RF muscles by only
the principal investigator. The standardised method for this
was previously developed in our laboratory®4! as there is
currently large variance in the standard operating proce-
dures during TMG assessment. Briefly, the sensor probe was
positioned at the intersect where the mid-way points of the

Figure 2. Marking protocol and Tensiomyography set
up. A: Sensor probe and electrodes placement for the
BF muscle, B: TMG sensor probe position for
assessment of the RF muscle.

muscle length and the centre of the width of the muscle
belly cross. The muscle length was identified by measuring
the distance between two palpable anatomical landmarks in
the proximal and distal regions of the thigh (BF (long head),
ischial tuberosity; RF, greater trochanter) and the insertion
(BF, lateral femoral condyle; RF, lateral femoral condyle).
The width was measured by palpating the medial and lateral
borders of each muscle and marking the middle point. Fol-
lowing this, the electrode placements were marked at a 5cm
inter-electrode distance with the sensor probe point half-
way between, in line with previous studies.?41

A familiarisation protocol was completed on the non-
dominant bicep femoris (BF) of each participant on day one
of testing, prior to testing on their dominant leg. The non-
dominant limb was selected to minimise interference in
the participants dominant limb. Electrode and sensor probe
placements were not measured for familiarisation testing.
Once positioned, a single monophasic stimulation was ap-
plied at 30 milliamps (mA) and increased at 10 second in-
tervals until the simulation level reached 55mA.

Following the familiarisation protocol and consent, test-
ing on the dominant BF and RF took place. The BF was mea-
sured with the participants in a prone position with a semi-
circle foam pad placed underneath the ankle joints and the
RF was measured with the participants in a supine posi-
tion with a triangular foam pad placed under the knee joint.
The purpose of this was to ensure a knee joint angle of
15-20 degrees. The procedure for electrical stimulation be-
gan with an initial current amplitude of 30mA which grad-
ually increased by 5mA until either there was a decrease in
the maximal displacement on the time/displacement curve
or the stimulation output reached 100mA (maximum avail-
able).28 Between each measurement, a 10-second inter-
stimulus time period was adhered to in order to minimise
the effects of fatigue.10:42 A stopwatch was used to ensure
consistency of this time period. Testing for day 2 and day
3 remained the same. As a dermatological pen was used
to draw the markings for the electrode and sensor probe
placement, the markings stayed on throughout the 3 days
which reduced systematic measurement error. Familiarisa-
tion testing was only included during the day 1 testing ses-
sion. Figure 3 illustrates the testing protocol on each of the
testing days.
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Figure 3. Testing protocol; repeat measures of the Tc,
Td, Tr, Ts and Dm measurements produced during
TMG assessment.

DATA AND STATISTICAL ANALYSIS

Results from the TMG were exported as Microsoft Excel
spreadsheets. Treatment of the data took place in Microsoft
Excel where the measurements producing the highest Dm
values were extracted for each testing time point and mus-
cle. The data was then imported to IBM SPSS (Statistical
Package for the Social Sciences version 25, (Chicago, IL))
for statistical analysis. Each variable (Tc, Td, Tr, Ts, Dm)
was assessed for normality using a Shaprio-Wilk test. Fol-
lowing this, the pooled ICC was used to assess for relation-
ships in the mean values for Td, Tc, Tr, Ts, and Dm in the RF
and BF muscles on the three consecutive days (1, 2, 3) and
95% confidence interval (95% CI) were calculated. For the
purpose of this analysis, ICC values were interpreted using
the following guidelines: “values less than 0.5 are indica-
tive of poor reliability, values between 0.5 and 0.75 indicate
moderate reliability, values between 0.75 and 0.9 indicate
good reliability, and values greater than 0.90 indicate ex-
cellent reliability”.2? A Bland-Altman method was used to
analyse the LoA between testing days (day 1 vs 2, 2 vs 3
and 3 vs 1).43 Additionally, the CV and SEM were also es-
timated for each variable across the 3 days. The SEM was
calculated using the following equation: SEM= pooled SD
X V(1-ICC), where the pooled SD is the sum of all standard
deviation squared, divided by the number of participants
(2= (SDy, SDy, SDs...)% /24).44 The aforementioned analyses
were completed on the whole sample and also according to
gender (male and female). The statistical significance level
was set at p<0.05. Descriptive statistics are presented as the
mean with included standard deviation.

RESULTS

REPEATED MEASURES ANOVA AND RELIABILITY
ANALYSIS

Table 1 reports descriptive data (mean * SD) for all 3-days,
and also the ICC, CV and SEM reliability estimates for each
variable in the BF and RF muscles. Good to excellent ICC
values (0.80-0.99) were reported for Td (0.93), Tc (0.91), and
Dm (0.85) in the BF, and Tc (0.88) and Dm (0.86) in the RF.
The ICC values for Ts and Tr in the BF were 0.25 and 0.46 re-
spectively. In the RF, the ICC values for Ts and Tr were 0.77
and 0.58, repectively. CV scores <10 were reported for Td
in the BF and Td and Tc in the RF. SEM values were higher
in all paramters when comparing the BF and RF besides Tr
which was 499.2ms higher in the RF.

Table 2 shows the Bland-Altman results for LoA’s be-
tween each pair of testing days in each TMG variable in
both the BF and RF muscles. Day 3 vs day 1 in the Td and
Dm RF measurements were significantly different (p=0.03;
p=0.009), suggesting a low level of agreement between test-
ing points. However, all other paired analysis revealed no
significant differences between testing points (p=>0.05).

Table 3 displays the desctiptive data of the males and
female sub-groups and also reliability analysis. The values
presented in table 3 highlight females had lower ICC scores
in all TMG parameters in the RF besides Dm which was
identical at 0.86, which accounted for lower overall ICC
scores when gender was not considered. Good to excellent
ICC values were reported for Td (0.88), Tc (0.95), Dm (0.84)
in the BF and Td (0.91), Tc (0.89), Ts (0.89), and Dm (0.86)
in the RF for the 12 male participants. Low ICC values were
still reported for Ts and Tr in the BF for the males, and
Td, Tr, and Ts in the RF for the females. Following Bland-
Altman analysis, significant differences were detected be-
tween the paired data points in the males: BF Td day 1 vs 2
(p=0.04) and females: BF day 2 vs 2 (p=0.01), RF Td day 1 vs
2 (p=0.03), RF Ts day 3 vs 1 (p=0.04). All other paired data
points had non-significant differences (p=>0.05). The tables
including individual p-values and lower and upper level of
agreement values can be found in the supplementary ap-
pendix 1.

DISCUSSION

This study aimed to examine the between-day reliability
of muscle contractile properties of the BF and RF muscles
as measured by TMG in a mixed gender sample of partic-
ipants. For the whole sample, the ICC values for Dm were
0.85 and 0.86 for BF and RF respectively. For Tc, values were
recorded at 0.91 for the BF and 0.88 for the RF. The only
other parameter which recorded good to excellent reliabil-
ity was Td of the BF muscle (0.93). All remaining parame-
ters (Tr, Ts) could not be assessed reliably, with recorded
ICC values of between 0.25-0.56. LoA’s were demonstrated
between all paired testing days besides the RF Td and Dm
measurements between day 1 and 3. When sub-categorised
by gender, comparable reliability results were reported for
the BF Td and Dm measurements and the RF Tc, Tr and Dm
measurements. Males had higher ICC values in the BF Tc
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Table 1. Reliability analysis for Bicep Femoris (BF) and Rectus Femoris (RF) muscles. Values are presented as the

mean * standard deviation

N=24 Day 1 Day 2 Day 3 Total Mean SEM cv ICC[95% Cl]
BF
Td (ms) 24.63(4.00) 25.10(3.14) 24.93(3.86) 24.89(1.21) 0.69 4.77 0.93
. y . . . . . . . . (0.86-0.97]
36.33 33.32 34.71 0.91
Tc (ms) (12.10) (11.65) (13.20) 34.79 (4.71) 10.49 13.32 [0.82-0.96]
175.65 153.84 173.53 167.67 0.46
Ts (ms) (38.66) (56.00) (61.28) (33.55) 162584 2001 [-0.04-0.75]
51.22 46.49 60.72 52.81 0.25
Tr (ms) (17.92) (23.68) (43.82) (18.14) 74311 3435 [046-065]
Dm 0.85
(mm) 6.07 (3.03) 5.73(2.71) 5.43(2.76) 5.74(1.31) 1.05 22.82 [0.72-0.93]
RF
0.68
Td (ms) 24.34(1.64) 24.81(2.03) 25.38(2.77) 24.84(1.08) 1.66 4.35 [0.38-0.85]
0.88
Tc (ms) 30.73(7.80) 31.44 (6.84) 30.96 (6.50) 31.04(2.83) 4.92 9.12 [0.77-0.95]
110.12 123.21 129.12 120.82 0.77
Ts (ms) (58.74) (66.97) (66.45) (33.66) 938.05 2786 [0.55-0.89]
62.00 67.51 72.75 67.42 0.58
Tr (ms) (52.88) (49.55) (57.17) (33.82) 124230 5016 [0.16-0.80]
Dm 0.86
(mm) 6.11(2.45) 6.54(2.24) 7.09 (2.58) 6.58(1.23) 0.76 18.69 [0.72-0.93]

Td - delay time; Tc - contraction time; Ts — sustain time; Tr — relaxation time; Dm — maximal displacement; SEM - standard error of measurement; CV - coefficient of variation; ICC

- intra-class correlation coefficient; CI — confidence interval.

measurements and RF Td and Ts measurements. Females
had higher ICC values in the BF Ts and Tr measurements.
High LoA were demonstrated between most pairs of data
points when sub-classified by gender.

Previously, the only study to assess between day relia-
bility of muscle contractile properties in the BF across 3
consecutive days showed good-to-excellent ICC values
(0.88-0.99) and low CV values (<10%) for all five parame-
ters.26 However, Tr and Ts reported the highest CV
(3%-9.50%), RE (4.50-8.64), and SEM (3ms-5.46ms), and Tr
reported the lowest ICC (0.88). The results from this study
are in agreement with findings in the current study which
report that Td, Tc and Dm are all parameters with high lev-
els of reliability. However, the previous study also indicates
that Ts is considered a reliable measure due to its excel-
lent ICC value (0.92) which is in contrast to the present
study findings where the ICC for Ts was 0.46 for the BF mus-
cle. Furthermore, the measurements of bias (LoA’s) were
also lower in the present study between day 3 and 1 in the
Td and Dm of the RF muscle which is again in contrast
to findings by Simuni¢ (2012).24 The differences between
the present study and previous study findings may be at-
tributed to methodological variances. Firstly, the electrical
stimulation amplitude was not specified in the study by
Simuni¢ (2012)24 compared to the present study where re-
peated stimulations were used until maximal displacement
was recorded. Therefore, the participants in the present
study may have experienced a higher number of stimula-
tions which may have induced some low-level fatigue, as all

TMG parameters have been found to be highly sensitive to
repetitive stimulations.25

Other studies which have looked at the reliability of TMG
derived parameters on alternative skeletal muscles appear
to show the Dm parameter to demonstrate the most sta-
bility across time.2742 For example, Ditroilo et al, (2013)%5
assessed the long-term stability of mechanical and con-
tractile properties of the gastrocnemius medialis (GM) in
rested, exercised, and fatigued conditions. The study re-
ported moderate ICC values for Tc and Td (0.62 and 0.60),
and good ICC values for Ts, Tr, and Dm (0.78, 0.79, 0.86). A
further investigation by de Paula Simola et al. (2015)%7 ex-
amined the inter-day reliability of TMG to measure the me-
chanical properties of the BF, RF, and gastrocnemius lat-
eralis (GL) over two consecutive days. The study findings
reported that Td, Tc, and Dm presented good to excellent
ICC (>0.8) and poor CV values (<10%), whereas Ts and Tr
produced lower ICC (0.70) and higher CV values (>20%).
These results are comparable to the current study which re-
ported good to excellent ICC values (0.83-0.91) and low CV
(<10%) for Td, Tc, and Dm, and lower ICC and high CV val-
ues for Tr and Ts. The method of measurement for identi-
fying the most appropriate probe placement position was
not detailed in the study by de Paula Simola et al. (2015).27
However, once the position was identified, both the probe
and electrode placement points were permanently marked,
like in the present study. This ensured the same area of
muscle was reassessed on each of the testing days, thus in-
creasing the consistency of measurement. Whilst consis-
tency in probe position ensured best practice for repeat
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Table 2. Bland-Altman analysis for Bicep Femoris (BF) and Rectus Femoris (RF) muscles. Values are presented as

the mean * standard deviation

N=24 Testing Day Difference Mean
BF
d 1to2 -0.47 (2.28)
(ms) 2to3 0.16(2.16)
3to1l 0.30 (2.45)
Tc 1to2 3.01(8.39)
(ms) 2to3 -1.39 (8.84)
3to1l -1.61(7.48)
Ts 1to2 21.80(73.91)
(ms) 2t03 -19.68 (60.31)
3to1l -2.12(62.01)
Tr 1to2 4.72(19.66)
(ms) 2t03 -14.23(52.25)
3to1 9.50 (43.88)
Dm 1to2 0.33(2.26)
(mm) 2to3 0.30(2.30)
3to1l -0.63(2.43)
RF
d 1to2 -0.47 (1.65)
(ms) 2to3 -0.57 (2.96)
3to1l -1.04 (2.24)
Tc 1t02 -0.70 (5.94)
(ms) 2to3 0.47 (4.07)
3to1l 0.22 (6.01)
Ts 1to2 -13.09 (60.74)
(ms) 2t03 -5.91(67.74)
3to1l 19.00 (58.88)
Tr 1to2 -5.51(59.81)
(ms) 2t03 15,23 (65.16)
3to1 10.74(63.21)
Dm 1to2 -0.43(1.88)
(mm) 2to3 -0.54 (2.18)
3to1l 0.98 (1.68)

P-value Lower LOA Upper LOA
0.32 -4.94 4.00
0.71 -4.07 4.40
0.54 -4.51 512
0.09 -13.43 19.46
0.44 -18.73 15.94
0.30 -16.29 13.05
0.16 -123.07 166.68
0.12 -137.89 98.52
0.86 -123.67 119.42
0.25 -33.82 43.27
0.19 -116.64 88.17
0.29 -76.50 95.52
0.48 -4.10 476
0.52 -4.21 4.83
0.21 -5.40 4.12
0.17 -3.72 2.78
0.35 -6.38 523
0.03* -5.45 3.36
0.56 -12.36 10.95
0.57 -7.51 8.46
0.85 -11.55 12.01
0.30 -132.14 105.96
0.67 -137.34 125.52
0.12 -96.40 134.41
0.65 -122.74 11171
0.69 -132.95 122.49
041 -113.16 134.65
0.26 -4.12 3.25
0.23 -4.83 3.74

0.009* -2.31 4.27

Td - delay time; Tc - contraction time; Ts — sustain time; Tr - relaxation time; Dm — maximal displacement; P-value - t test probability value; Lower LOA - lower level of agreement;

Upper LOA - upper lower level of agreement; BF - bicep femoris; RF — rectus femoris.
*P value < 0.05.

measurements, the comparable findings between studies
with different methodologies implies that the Dm parame-
ter is a reliable parameter to use, regardless of the method-
ological processes.

To the authors knowledge, there are no other studies
which have looked at the between-day reliability of TMG.
Other studies looking to investigate the reliability of TMG
measurements have used repeat measure designs within the
same day. A study by KriZaj et al., (2008)25 reported ICC val-
ues ranging from 0.86-0.98 in the bicep brachii muscle on
13 male volunteers. In this study, Dm obtained the highest
value (0.98) and Tr the lowest (0.86) in a method whereby
30 twitch contractions were elicited at 10 second intervals.
Further work by Tous-Fajardo et al., (2010)%8 investigated

the within day repeatability of the vastus medialis muscle.
The ICC values ranged from 0.77-0.97, with the probe repo-
sitioned between measurements. The results from our study
also confirm that Tr had the lowest ICC values (BF 0.25,
RF 0.58), highlighting that this parameter should be inter-
preted with a degree of caution when looking at differences
between repeat measurements.

Collectively, the results between the present and previ-
ous studies suggest that Dm, Tc and Td parameters demon-
strate reliability between testing time points, whether that
be on the same or between consecutive days. Therefore, fu-
ture studies that evaluate these parameters as part of re-
peat measures designs may do so, with a level of confidence.
Conversely, the consistent trend suggesting lower ICC val-
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Table 3. Reliability analysis for Bicep Femoris and Rectus Femoris for males and females. Values are presented as
the mean # standard deviation

Day 1 Day 2 Day 3 Total Mean SEM cv ICC[95% Cl]
Males (N=12)
BF
Td (ms) 22.71(2.62) 24.22 (3.09) 23.62(2.87) 23.52(1.27) 0.88 5.40 0.88
[0.68-0.96]
Tc (ms) 33.25 30.21 29.88 31.11(3.95) 5.30 12.70 0.95
(13.48) (13.20) (13.13) [0.87-0.99]
Ts (ms) 178.87 143.07 175.61 165.85 3445.13 29.38 0.27
(45.15) (67.72) (79.83) (48.72) [-0.86-0.77]
Tr (ms) 44.02 40.78 63.19 49.33 1371.81 50.21 -0.15
(13.85) (24.05) (58.56) (24.77) [-1.97-0.64]
Dm 4,96 (3.33) 5.29(3.08) 4.54(2.87) 4.93(1.40) 1.35 28.40 0.84
(mm) [0.59-0.95]
RF
Td (ms) 23.91(1.60) 24.96(2.37) 24.59(2.21) 24.49 (0.90) 0.31 3.67 0.91
[0.75-0.97]
Tc (ms) 34.24 (8.85) 34.22(8.16) 33.22(7.10) 33.90(3.35) 5.81 9.88 0.89
[0.70-0.97]
Ts (ms) 108.75 121.33 138.36 122.81 413.19 20.62 0.89
(58.60) (77.23) (61.10) (25.32) [0.71-0.96]
Tr (ms) 46.42 56.26 70.79 57.82 676.46 45.12 0.65
(38.46) (39.60) (48.33) (26.09) [0.12-0.89]
Dm 5.91(2.50) 6.52(2.14) 6.68(2.28) 6.37(1.13) 0.65 17.74 0.86
(mm) [0.64-0.96]
Females (N=12)
BF
Td (ms) 26.54(4.32) 25.97 (3.07) 26.25(4.37) 26.25(1.14) 0.64 4.34 0.94
[0.83-0.98]
Tc (ms) 39.42 36.43(9.41) 39.55 38.46 (5.47) 20.15 14.22 0.81
(10.18) (11.86) [0.49-0.94]
Ts (ms) 172.43 164.61 171.45 169.50 203.91 10.85 0.84
(32.62) (41.45) (38.33) (18.39) [0.57-0.95]
Tr (ms) 58.41 52.20 58.26 56.29 109.43 20.47 0.77
(19.15) (22.86) (23.93) (11.52) [0.39-0.93]
Dm 7.18(2.32) 6.17 (2.35) 6.31(2.44) 6.55(1.22) 0.81 18.63 0.84
(mm) [0.60-0.95]
RF
Td (ms) 2476 (1.64) 24.65(1.72) 26.17 (3.14) 25.19(1.25) 3.98 4.96 0.31
[-0.67-0.77]
Tc (ms) 27.22 (4.69) 28.65(3.77) 28.70(5.18) 28.19(2.31) 5.66 8.19 0.73
[0.30-0.92]
Ts (ms) 111.49 125.09 119.88 118.82 1686.18 35.35 0.60
(61.45) (58.35) (72.88) (42.00) [-0.12-0.88]
Tr (ms) 77.58 78.76 74.70 77.02 1883.26 53.93 0.51
(61.96) (57.35) (67.00) (41.54) [-0.39-0.85]
Dm 6.31(2.50) 6.56(2.43) 7.50(2.89) 6.79(1.34) 0.85 19.73 0.86
(mm) [0.64-0.96]

Td - delay time; Tc - contraction time; Ts — sustain time; Tr — relaxation time;
Dm - maximal displacement; SEM - standard error of measurement; CV - coefficient of variation;
ICC - intra-class correlation coefficient; CI - confidence interval.

ues and high SEM values for Tr and Ts suggests that future = GENDER DIFFERENCES

studies reporting differences in these values over differing

timepoints should be interpreted with a degree of caution The only study examining reliability of TMG measurement
which included females recruited a sample of 16 partici-
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pants, consisting of 14 males and 2 females.4¢ No compar-
isons between gender were made. In contrast, the present
study used an equal sample of males and females (n=12)
which allowed for gender related comparisons to be drawn.
The present study showed males were older (+2.46 years),
taller (+19.34cm), and heavier (+15kg) than their female
counterparts. Sub-analysis of reliability measurements ac-
cording to gender revealed 5 parameters (BF Td, Dm; RF Tc,
Tr and Dm) were comparable between genders, if the 95%
CI values were considered as opposed to mean values. Addi-
tionally, high LoA’s were present between most pairs of data
points in the males or females. In 5 parameters, the male
participants had higher ICC values in BF Tc and RF Td and
Ts measurements, whilst the females had higher ICC values
in BF Ts and Tr measurements. Additionally, the mean val-
ues were generally higher in the measurements taken from
the male participants, suggesting that when assessed as a
whole sample, the female participants lowered many of the
overall ICC values. It is plausible to suggest that this may be
partially due to females having a higher proportion of sub-
cutaneous fat in the thigh region, compared to males.4748
This may create difficulty when identifying muscle location
for probe placement purposes and also during the delivery
of an electrical stimulation that is required during TMG as-
sessment.4? However, this theory is currently speculation
as no previous studies have investigated if sub-cutaneous
fat quantity has any effect on TMG measurements. Never-
theless, previous studies investigating transcutaneous elec-
trical stimulation have shown increased volumes of sub-
cutaneous fat require larger amplitudes or larger electrode
pads to achieve comparable muscle contractions.40 A future
study could look to investigate if this is also a consideration
during TMG assessment.

LIMITATIONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH

During data collection, testing was all performed in the
same laboratory to standardise the environmental condi-
tions. However, there were two routes when entering the
building (stairs and lift) which could have varied the par-
ticipants pre-activity exercise levels. The addition of a pre-
test rest (or washout period) would eliminate any ill effects
from this in future studies. Additionally, participants were
not blinded to the testing procedure. However, this is not
perceived to be a significant limitation as testing is involun-
tary and free of voluntary effort of motivation.

CONCLUSIONS

To the authors knowledge this is the first study to examine
the between-day reliability of both the RF and BF muscle
contractile properties on an equally mixed gender sample

over three consecutive days. The results from this study
highlight good to excellent levels of relative reliability (ICC
values >0.70) are assumed for Td, Tc, and Dm in the BF
and RF, whereas Ts and Tr reported low levels of reliability
(ICC values -0.10-0.56). Absolute reliability was reported
using the CV values which were low (<10%) for Td in the
BF and Td and Tc in the RF. Males and females were in-
cluded as participants for this study to investigate if gender
differences exist in both the measurement and reliability of
repeat TMG assessments. Female participants had consis-
tently lower ICC scores than males, particularly in the RF
muscle. High LoA between days were mostly reported in the
whole sample and also when gender was accounted for. The
findings of the current study and the results from previ-
ous studies have contributed to the increasing knowledge
that surrounds the reliability of using TMG to measure mus-
cle contractile properties. Across the literature, results sup-
port the proposed suggestion that Dm, Tc and Td have rel-
ative reliability. However, Tr measurements produced poor
reliability scores and therefore future repeat measurement
study designs that report Tr differences should be inter-
preted cognisant of this.

Summary Box

The findings from this study suggest that practi-
tioners using the TMG measurement tool in the
between-day assessment of muscle contractile
properties should focus on the Dm, Tc and Td
variables. The measurement error values re-
ported in this study will assist practitioners
when they are assessing for the presence of
meaningful change in measurement outcomes,
across periods of time in performance settings.

ACKNOWLEDGMENTS

None.

DISCLOSE STATEMENT
None.
FUNDING

No financial support was used to complete the project.

Submitted: March 01, 2022 BST, Accepted: June 13, 2022 BST

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.

Journal of Elite Sport Performance 8



An investigation into the between-day reliability of muscle contractile properties measured using Tensiomyography.

REFERENCES

1. Simunic B, Degens H, Rittweiger ], Narici MV,
Mekjavic I, Pisot R. Noninvasive Estimation of Myosin
Heavy Chain Composition in Human Skeletal Muscle.
Med Sci Sport Exerc. 2011;43(9):1619-1625. doi:10.124
9/mss.0b013e31821522d0

2. Ubago-Guisado E, Rodriguez-Canamero S, Lopez-
Fernandez J, Colino E, Sdnchez-Sanchez J, Gallardo L.
Muscle contractile properties on different sport
surfaces using tensiomyography. ] Hum Sport Exerc.
2017;12(1):167-179. doi:10.14198/jhse.2017.121.14

3. Macgregor L], Hunter AM, Orizio C, Fairweather
MM, Ditroilo M. Assessment of Skeletal Muscle
Contractile Properties by Radial Displacement: The
Case for Tensiomyography. Sport Med.
2018;48(7):1607-1620. d0i:10.1007/s40279-018-091
2-6

4. Latella C, Ruas CV, Mesquita RNO, Nosaka K,
Taylor JL. Test-retest reliability of elbow flexor
contraction characteristics with tensiomyography for
different elbow joint angles. J Electromyogr Kinesiol.
2019;45:26-32. d0i:10.1016/j.jelekin.2019.02.002

5. Wilson HV, Jones AD, Johnson MI, Francis P. The
effect of inter-electrode distance on radial muscle
displacement and contraction time of the biceps
femoris, gastrocnemius medialis and biceps brachii,
using Tensiomyography in healthy participants.
Physiol Meas. 2019;40(7):075007. doi:10.1088/1361-65
79/ablcef

6. Rodriguez-Matoso D, Rodriguez-Ruiz D, Sarmiento
S, Garcia-Manso JM, Vaamonde D, da Silva-Grigoletto
ME. Reproducibility of muscle response
measurements using tensiomyography in a range of
positions. Rev Andaluza Med del Deport.
2010;3(3):81-86.

7. Rusu LD, Gh Cosma G, Cernaianu SM, et al.
Tensiomyography method used for neuromuscular
assessment of muscle training. J Neuroeng Rehabil.
2013;10(1):67.

8. Dias PS, Fort JS, Marinho DA, Santos A, Marques
MC. Tensiomyography in Physical Rehabilitation of
High Level Athletes. Open Sports Sci J. 2014;3(1). do
i:10.2174/1875399x010030100047

9. Wilson HV, Johnson MI, Francis P. Repeated
stimulation, inter-stimulus interval and inter-
electrode distance alters muscle contractile
properties as measured by Tensiomyography.
Srinivasan M, ed. PLOS ONE. 2018;13(2):e0191965. do
i:10.1371/journal.pone.0191965

10. Carrasco L, Sanudo B, De Hoyo M, Pradas F, Da
Silva ME. Effectiveness of low-frequency vibration
recovery method on blood lactate removal, muscle
contractile properties and on time to exhaustion
during cycling at VO 2max power output. Eur J Appl
Physiol. 2011;111(9):2271-2279. doi:10.1007/s0042
1-011-1848-9

11. Alvarez-Diaz P, Alentorn-Geli E, Ramon S, et al.
Comparison of tensiomyographic neuromuscular
characteristics between muscles of the dominant and
non-dominant lower extremity in male soccer players.
Knee Surgery, Sport Traumatol Arthrosc.
2016;24(7):2259-2263. doi:10.1007/s00167-014-329
8-5

12. Zubac D, Simuni¢ B. Skeletal muscle contraction
time and tone decrease after 8 weeks of plyometric
training. J Strength Cond Res. 2017;31(6):1610-1619. d
0i:10.1519/]SC.0000000000001626

13. Alvarez-Diaz P, Alentorn-Geli E, Ramon S, et al.
Effects of anterior cruciate ligament reconstruction
on neuromuscular tensiomyographic characteristics
of the lower extremity in competitive male soccer
players. Knee Surgery, Sport Traumatol Arthrosc.
2015;23(11):3407-3413. doi:10.1007/s00167-014-316
5-4

14. Ruiz DR, Quiroga Escudero ME, Matoso DR, et al.
The tensiomyography used for evaluating high level
beach volleyball players. Rev Bras Med do Esporte.
2012;18(2):95-99. d0i:10.1590/81517-8692201200020
0006

15. Garcia-Manso JM, Rodriguez-Ruiz D, Rodriguez-
Matoso D, de Yves S, Sarmiento S, Quiroga M.
Assessment of muscle fatigue after an ultra-
endurance triathlon using tensiomyography (TMG). J
Sports Sci. 2011;29(6):619-625. doi:10.1080/0264041
4.2010.548822

16. Gravestock H, Barlow MJ. The use of
tensiomyography to evaluate neuromuscular profile
and lateral symmetry in competitive female surfers.
Adv Skelet Muscle Funct Assess. 2017;1(2):16-20.

17. Simunic B, Piot R, Rittweger J, et al. Age-related
slowing of contractile properties differs between
power, endurance, and nonathletes: A
tensiomyographic assessment. Journals Gerontol - Ser
A Biol Sci Med Sci. 2018;73(12):1602-1608. doi:10.109

3/gerona/gly069

18. Pisot R, Narici MV, Simuni¢ B, et al. Whole muscle
contractile parameters and thickness loss during
35-day bed rest. Eur J Appl Physiol.
2008;104(2):409-414. doi:10.1007/s00421-008-0698-6

Journal of Elite Sport Performance


https://doi.org/10.1249/mss.0b013e31821522d0
https://doi.org/10.1249/mss.0b013e31821522d0
https://doi.org/10.14198/jhse.2017.121.14
https://doi.org/10.1007/s40279-018-0912-6
https://doi.org/10.1007/s40279-018-0912-6
https://doi.org/10.1016/j.jelekin.2019.02.002
https://doi.org/10.1088/1361-6579/ab1cef
https://doi.org/10.1088/1361-6579/ab1cef
https://doi.org/10.2174/1875399x010030100047
https://doi.org/10.2174/1875399x010030100047
https://doi.org/10.1371/journal.pone.0191965
https://doi.org/10.1371/journal.pone.0191965
https://doi.org/10.1007/s00421-011-1848-9
https://doi.org/10.1007/s00421-011-1848-9
https://doi.org/10.1007/s00167-014-3298-5
https://doi.org/10.1007/s00167-014-3298-5
https://doi.org/10.1519/JSC.0000000000001626
https://doi.org/10.1519/JSC.0000000000001626
https://doi.org/10.1007/s00167-014-3165-4
https://doi.org/10.1007/s00167-014-3165-4
https://doi.org/10.1590/S1517-86922012000200006
https://doi.org/10.1590/S1517-86922012000200006
https://doi.org/10.1080/02640414.2010.548822
https://doi.org/10.1080/02640414.2010.548822
https://doi.org/10.1093/gerona/gly069
https://doi.org/10.1093/gerona/gly069
https://doi.org/10.1007/s00421-008-0698-6

An investigation into the between-day reliability of muscle contractile properties measured using Tensiomyography.

19. Simuni¢ B, Koren K, Rittweger J, et al.
Tensiomyography detects early hallmarks of bed-rest-
induced atrophy before changes in muscle
architecture. ] Appl Physiol. 2019;126(4):815-822. do
i:10.1152/japplphysiol.00880.2018

20. Valencic V, Knez N. Measuring of skeletal
muscles’ dynamic properties. Artif Organs.
1997;21(3):240-242. doi:10.1111/j.1525-1594.1997.tb
04658.x

21. Baltzopoulos V, Brodie DA. Isokinetic
Dynamometry: Applications and Limitations. Sport
Med. 1989;8:101-116. doi:10.2165/00007256-1989080
20-00003

22. Barry DT, Gordon KE, Hinton GG. Acoustic and
surface EMG diagnosis of pediatric muscle disease.
Muscle Nerve. 1990;13(4):286-290. doi:10.1002/mus.8
80130403

23. Shinohara M, Kouzaki M, Yoshihisa T, Fukunaga T.
Mechanomyography of the human quadriceps muscle

during incremental cycle ergometry. Eur ] Appl Physiol
Occup Physiol. 1997;87(5):1035-1043. doi:10.1007/s00
4210050254

24. Martin-Rodriguez S, Loturco I, Hunter AM,
Rodriguez-Ruiz D, Munguia-Izquierdo D. Reliability
and measurement error of tensiomyography to assess
mechanical muscle function: A systematic review. J
Strength Cond Res. 2017;31(12):3524-3536. doi:10.151
9/1SC.0000000000002250

25. Krizaj D, Simuni¢ B, Zagar T. Short-term
repeatability of parameters extracted from radial
displacement of muscle belly. J Electromyogr Kinesiol.
2008;18(4):645-651. doi:10.1016/j.jelekin.2007.01.008

26. Simuni¢ B. Between-day reliability of a method
for non-invasive estimation of muscle composition. J
Electromyogr Kinesiol. 2012;22(4):527-530. doi:10.101

6/j.jelekin.2012.04.003

27. de Paula Simola RA, Harms N, Raeder C, et al.
Tensiomyography reliability and prediction of
changes in muscle force following heavy eccentric
strength exercise using muscle mechanical
properties. Sport Technol. 2015;8(1-2):58-66. doi:10.1
080/19346182.2015.1117475

28. Tous-Fajardo J, Moras G, Rodriguez-Jiménez S,
Usach R, Doutres DM, Maffiuletti NA. Inter-rater
reliability of muscle contractile property
measurements using non-invasive tensiomyography.
J Electromyogr Kinesiol. 2010;20(4):761-766. d0i:10.10

16/j.jelekin.2010.02.008

29. Koo TK, Li MY. A Guideline of Selecting and
Reporting Intraclass Correlation Coefficients for
Reliability Research. J Chiropr Med.
2016;15(2):155-163. doi:10.1016/j.jcm.2016.02.012

30. Shechtman O. The Coefficient of Variation as an
Index of Measurement Reliability. In: Methods of
Clinical Epidemiology. Springer Berlin Heidelberg;
2013. do0i:10.1007/978-3-642-37131-8 4

31. Weir JP. Quantifying test-retest reliability using
the intraclass correlation coefficient and the SEM. J
Strength Cond Res. 2005;19(1):231-240. doi:10.1519/1
5184.1

32. Rey E, Lago-Penas C, Lago-Ballesteros J.
Tensiomyography of selected lower-limb muscles in
professional soccer players. J Electromyogr Kinesiol.
2012;22(6):866-872. doi:10.1016/j.jelekin.2012.06.003

33. Rodriguez-Matoso D, Mantecén A, Barbosa-
Almeida E, Valverde T, Garcia-Manso JM, Rodriguez-
Ruiz D. Mechanical response of knee muscles in high
level bodyboarders during performance. Rev Bras Med
do Esporte. 2015;21(2):144-147. d0i:10.1590/1517-869
22015210201507

34. Simunié¢ B. Two-dimensional spatial error
distribution of key tensiomyographic parameters. J
Biomech. 2019;92:92-97. doi:10.1016/j.jbiomech.201
9.05.035

35. Maeda N, Urabe Y, Tsutsumi S, et al. Symmetry
tensiomyographic neuromuscular response after
chronic anterior cruciate ligament (ACL)
reconstruction. Knee Surgery, Sport Traumatol
Arthrosc. 2018;26(2):411-417. doi:10.1007/s00167-01
7-4460-7

36. Alentorn-Geli E, Alvarez-Diaz P, Ramon S, et al.
Assessment of neuromuscular risk factors for anterior
cruciate ligament injury through tensiomyography in
male soccer players. Knee Surgery, Sport Traumatol
Arthrosc. 2015;23(9):2508-2513. doi:10.1007/s0016
7-014-3018-1

37.Janssen I, Heymsfield SB, Wang Z, Ross R. Skeletal
muscle mass and distribution in 468 men and women
aged 18-88 yr. ] Appl Physiol. 2000;89(1):81-88. doi:1
0.1152/jappl.2000.89.1.81

38. Smith FW, Smith PA. Musculoskeletal Differences
Between Males and Females. Sports Med Arthrosc.
2002;10(1):98-100.

39. Petrofsky J. The effect of the subcutaneous fat on
the transfer of current through skin and into muscle.
Med Eng Phys. 2008;30(7):931-936. doi:10.1016/j.med
engphy.2008.02.009

Journal of Elite Sport Performance 10


https://doi.org/10.1152/japplphysiol.00880.2018
https://doi.org/10.1152/japplphysiol.00880.2018
https://doi.org/10.1111/j.1525-1594.1997.tb04658.x
https://doi.org/10.1111/j.1525-1594.1997.tb04658.x
https://doi.org/10.2165/00007256-198908020-00003
https://doi.org/10.2165/00007256-198908020-00003
https://doi.org/10.1002/mus.880130403
https://doi.org/10.1002/mus.880130403
https://doi.org/10.1007/s004210050254
https://doi.org/10.1007/s004210050254
https://doi.org/10.1519/JSC.0000000000002250
https://doi.org/10.1519/JSC.0000000000002250
https://doi.org/10.1016/j.jelekin.2007.01.008
https://doi.org/10.1016/j.jelekin.2012.04.003
https://doi.org/10.1016/j.jelekin.2012.04.003
https://doi.org/10.1080/19346182.2015.1117475
https://doi.org/10.1080/19346182.2015.1117475
https://doi.org/10.1016/j.jelekin.2010.02.008
https://doi.org/10.1016/j.jelekin.2010.02.008
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1007/978-3-642-37131-8_4
https://doi.org/10.1519/15184.1
https://doi.org/10.1519/15184.1
https://doi.org/10.1016/j.jelekin.2012.06.003
https://doi.org/10.1590/1517-86922015210201507
https://doi.org/10.1590/1517-86922015210201507
https://doi.org/10.1016/j.jbiomech.2019.05.035
https://doi.org/10.1016/j.jbiomech.2019.05.035
https://doi.org/10.1007/s00167-017-4460-7
https://doi.org/10.1007/s00167-017-4460-7
https://doi.org/10.1007/s00167-014-3018-1
https://doi.org/10.1007/s00167-014-3018-1
https://doi.org/10.1152/jappl.2000.89.1.81
https://doi.org/10.1152/jappl.2000.89.1.81
https://doi.org/10.1016/j.medengphy.2008.02.009
https://doi.org/10.1016/j.medengphy.2008.02.009

An investigation into the between-day reliability of muscle contractile properties measured using Tensiomyography.

40. Doheny EP, Caulfield BM, Minogue CM, Lowery
MM. Effect of subcutaneous fat thickness and surface
electrode configuration during neuromuscular
electrical stimulation. Med Eng Phys.

2010;32(5):468-474. doi:10.1016/j.medengphy.2010.0
3.004

41.Jones A, Hind K, Wilson H, Johnson MI, Francis P.
A Standardised Protocol for the Assessment of Lower
Limb Muscle Contractile Properties in Football
Players Using Tensiomyography. Adv Skelet Muscle
Funct Assess. 2017;1(1):13-16.

42. Ditroilo M, Watsford M, Fernandez-Pena E,
D’Amen G, Lucertini F, De Vito G. Effects of fatigue
on muscle stiffness and intermittent sprinting during
cycling. Med Sci Sports Exerc. 2011;43(5):837-845. do
i:10.1249/MSS.0b013e3182012261

43. Bland JM, Altman DG. Statistical Methods for
Assessing Agreement Between Two Methods of
Clinical Measurement. Lancet. 1986;1(8476):307-310.

44, Wallwork TL, Hides JA, Stanton WR. Intrarater
and interrater reliability of assessment of lumbar
multifidus muscle thickness using rehabilitative
ultrasound imaging. ] Orthop Sports Phys Ther.
2007;37:608-612. doi:10.2519/jospt.2007.2418

45, Ditroilo M, Smith IJ, Fairweather MM, Hunter AM.
Long-term stability of tensiomyography measured
under different muscle conditions. J Electromyogr
Kinesiol. 2013;23(3):558-563. d0i:10.1016/j.jelekin.20
13.01.014

46. Ditroilo M, Hunter AM, Haslam S, De Vito G. The
effectiveness of two novel techniques in establishing
the mechanical and contractile responses of biceps
femoris. Physiol Meas. 2011;32(8):1315. doi:10.1088/0
967-3334/32/8/020

47. Kissebah AH, Krakower GR. Regional adiposity
and morbidity. https://doi.org/101152/
physrev1994744761. 1994;74(4):761-811. doi:10.1152/
PHYSREV.1994.74.4.761

48. Taylor RW, Grant AM, Williams SM, Goulding A.
Sex Differences in Regional Body Fat Distribution
From Pre- to Postpuberty. Obesity.
2010;18(7):1410-1416. doi:10.1038/0BY.2009.399

49. Petrofsky JS, Suh HJ, Gunda S, Prowse M, Batt J.
Interrelationships between body fat and skin blood
flow and the current required for electrical
stimulation of human muscle. Med Eng Phys.

2008;30(7):931-936. doi:10.1016/j.medengphy.2007.1
2.007

Journal of Elite Sport Performance

11


https://doi.org/10.1016/j.medengphy.2010.03.004
https://doi.org/10.1016/j.medengphy.2010.03.004
https://doi.org/10.1249/MSS.0b013e3182012261
https://doi.org/10.1249/MSS.0b013e3182012261
https://doi.org/10.2519/jospt.2007.2418
https://doi.org/10.1016/j.jelekin.2013.01.014
https://doi.org/10.1016/j.jelekin.2013.01.014
https://doi.org/10.1088/0967-3334/32/8/020
https://doi.org/10.1088/0967-3334/32/8/020
https://doi.org/10.1152/PHYSREV.1994.74.4.761
https://doi.org/10.1152/PHYSREV.1994.74.4.761
https://doi.org/10.1038/OBY.2009.399
https://doi.org/10.1016/j.medengphy.2007.12.007
https://doi.org/10.1016/j.medengphy.2007.12.007

An investigation into the between-day reliability of muscle contractile properties measured using Tensiomyography.

SUPPLEMENTARY MATERIALS

Supplementary Appendix Tables

Download: https://journalofelitesportperformance.scholasticahg.com/article/36430-an-investigation-into-the-

Journal of Elite Sport Performance

12


https://journalofelitesportperformance.scholasticahq.com/article/36430-an-investigation-into-the-between-day-reliability-of-muscle-contractile-properties-measured-using-tensiomyography/attachment/92713.docx
https://journalofelitesportperformance.scholasticahq.com/article/36430-an-investigation-into-the-between-day-reliability-of-muscle-contractile-properties-measured-using-tensiomyography/attachment/92713.docx

	Background and Purpose
	Study Design
	Methods
	Results
	Conclusion
	Introduction
	Methods and Materials
	Research Design
	Participant recruitment and screening
	Experimental Procedures

	Data and Statistical Analysis
	Results
	Repeated Measures ANOVA and Reliability Analysis
	Discussion
	Gender Differences
	Limitations and Recommendations for Future Research
	Conclusions
	Acknowledgments
	Disclose statement
	Funding

	References
	Supplementary Materials

