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Introduction

Skeletal muscle mass shows a progressive decline of up 
to 1-1.5% per year after the age of 50 as a consequence 

of loss and atrophy of muscle fibres1-4. Since many of the 
age-related changes in skeletal muscle are similar to those 
induced by disuse4, it is likely that the decrease in physical 
activity levels in old age5,6 is a major contributor to the 
muscle wasting during ageing7. As a result, master athletes 
that maintain high levels of physical activity8-10 suffer from 
fewer morbidities11 and muscle wasting7,12-14.

On the other hand, various processes reduce the autonomy 
and independence of older persons to carry out their daily 
activities15,16. Decline in biological functional reserves, 
reduced stress resistance and changes in physiological 
systems highlight loss of independence of an individual due to 
illnesses, injuries, falls, and hospitalization, resulting in long-
term care17-22. From the mobility and independence point of 
view, the most important indicators of the state of the older 
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persons are muscle mass, strength, and dynamic balance with 
gait speed18. Sarcopenia and/or dynapenia are conditions 
that severely affect quality of life in elderly and also in young 
persons23. The European Working Group on Sarcopenia in 
Older People (EWGSOP) recently proposed a revised protocol 
for the definition of sarcopenia24: muscle performance and 
muscle quality take higher classification importance. The 
muscle performance could be easily assessed with various 
tests, whereas EWGSOP proposed the Timed up and go test 
(TUG). The TUG25 is a clinical assessment tool widely used to 
assess balance and walking ability in elderly populations26. 
It includes basic everyday movements and daily life tasks 
(standing, walking, and turning) and is therefore very simple 
to perform and highly recommended. Several investigators 
have reported a significant positive association between the 
time taken to perform the TUG and history of falls27 as well as 
it’s ability to predict sarcopenia28. However, the correlation 
between TUG values and muscle properties (TMG) has not yet 
been fully investigated24.

Currently, there are only a few methods available to 
non-invasively assess muscle quality in population studies. 
Tensiomyography (TMG) is a non-invasive tool to determine 
the twitch contractile properties (e.g. contraction time - Tc, 
in ms) of a single muscle. It can be used to estimate the 
percentage of type I myosin heavy chain proportion, at least, 
in the vastus lateralis (VL) muscle29. Recent TMG reports 
from large study cohorts provide evidence that regular 
sport exercise in adolescence decreases Tc in non-postural 
biceps femoris (BF) but not in postural VL30. TMG has also 
used in populations of varying ages (35-90 years) to provide 
evidence that anaerobic master athletes preserve lower Tc 
in the three muscles when compared to non-athletes, while 
aerobic master athletes have higher Tc than non-athletes7. 
In addition, 8 weeks of high-velocity plyometric training 
in young31 and old persons32 resulted in similar (~13%) 
improvements in explosive power and 8-26% shorter Tc in 
five lower limb skeletal muscles that could explain the ~30% 
improvement in explosive power. Furthermore, amplitude of 
TMG response (Dm, in mm) is sensitive to muscle atrophy: 
it increased by ~30% after 35-day of horizontal bed 
rest33. However, it was recently shown that the increase in 
Dm is even higher after 35-days of 6-degree head down 
bedrest. Specifically, the initial increases in the Dm were 
observed much before atrophy was evident from the 
anatomical measures of the muscles34. This suggests that 
Dm measurements could provide evidence of pre-atrophic 
changes, which is of great clinical importance in older persons 
who atrophy at higher rates, and in whom inactivity induced 
atrophy is less reversible than in young persons35. However, 
the question remains how Tc and Dm adapts as persons age 
(especially in older persons) and how this is linked to their 
balance and mobility function. The aim of the study was to 
correlate lower limb skeletal muscle contractile properties 
with balance and mobility measures in senior citizens. We 
hypothesized that TUG time is correlated with TMG-derived 
contractile properties in four different skeletal muscles in 
older female persons living in senior homes.

Materials and methods

Participants

A non-randomised paradigm was used due to availability 
of only four nursing homes in the Graz vicinity as well as due 
to needed consent of their residents. Female residents of four 
retirement homes in the city of Graz, Austria, were invited 
and enrolled in the study. Inclusion criteria included mobility 
(also with the help of a walking stick or a rollator walker); over 
65 years of age; and the cognitive ability to participate in 
the study. The exclusion criteria were presence of tumours 
or malignancies, complete deterioration of mobility, muscle 
spasticity, and/or presence of a severe form of dementia. 

Forty-two female participants were enrolled in the 
study. Only 28 participants finished all the measurements 
(average age: 85.6±7.6 years; height: 158.8±8.8 cm; mass: 
64.4±11.7 kg). Participants signed written consent prior to 
the study. An ethical approval was obtained from the Ethics 
Committee of the Medical University of Graz before the study 
(EK: 30-051 ex 17/18). 

Study and protocol

Participants did not perform any strenuous exercise 24 
hours before the assessments. In this cross-sectional design 
study, participants performed anthropometric tests, TMG 
testing and TUG test, in that order.

Anthropometry

After determining body height and mass with standard 
tools, fat and muscle mass were assessed with multi 
frequency segmental body analyser Tanita MC-780-MA, 
which previously has shown satisfactory valid results for fat 
mass36. The participants stepped barefooted on the platform 
and held the grips in both hands (alongside their body) during 
the impedance measurements (hand to foot). A full analysis 
of fat and muscle mass in each participant was performed in 
less than 20 seconds.

Tensiomyography

Skeletal muscle mechanical contractile properties were 
assessed with a TMG device (TMG-ZD1, TMG-BMC d.o.o., 
Slovenia) in four muscles of the right leg: VL, vastus medialis 
(VM), biceps femoris (BF) and gastrocnemius medialis (GM). 
Participants were asked to relax on a medical bed in supine 
position (VL, VM) with their knee angle fixed at 30 degrees 
flexion or prone (GM, BF), with knee angle fixed at 5 degrees 
flexion and ankle in neutral position. Foam pads were used to 
support the joints. The measuring point for TMG assessment 
was the thickest part of each muscle belly, as described 
previously7,37. Briefly, two self-adhesive electrodes (PALS, 
Axelgaard) were positioned 5 cm distal (cathode) and 5 cm 
proximal (anode) to the thickest part of the muscle belly 
(a measuring point identified during voluntary isometric 
contraction). No skin preparation was carried out. Muscle 
contraction was triggered with a single maximal rectangular 
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electrical stimulus of 1 ms duration. The linear displacement 
sensor detected the transverse radial enlargement as a 
response in time domain. Two contractile parameters were 
estimated: Dm as a maximal amplitude of the response and 
Tc as the time between 10 % and 90 % of Dm29,34. In each 
muscle, two TMG responses were recorded and an average of 
estimated parameters were taken for analysis. The absolute 
variability of Tc and Dm in all four muscles ranged from 2.3 
to 4.7 %, (being highest in BF Dm at 4.7 %).

Timed up and go test

We used an instrumentalized TUG at a distance of three 
meters38. The TUG detector was placed on the back of the 
45 cm chair and transmitted high-frequency ultrasonic 
waves at a frequency of 40 kHz over a period of 10 Hz, 
which, after a reflection of the target object, was detected 
by an ultrasonic sensor for detecting the distance to the 
target object with an accuracy of 3 cm within a range of 
6 meters38. All participants wore their regular walking 
shoes, followed the same procedure in the same room and 
used the same chair. They started the test by sitting on a 
stable chair, then they stood up, walked around a marked 
pole, returned to the chair and sat on it. Each participant 
performed one test trial and two trials with or without 
walking aids. The trial with the shortest TUG time was 
considered for the final result39. 

Statistics

Statistical analyses were conducted with the SPSS 
software package (version 23, IBM, USA). All data are 
presented with the average value and standard deviation. 
Normal distribution was checked with visual inspection 
of histogram and Q-Q plot and Shapiro-Wilk test and was 
not confirmed for TUG time. Therefore, for all correlation 
analyses, we used Spearman correlation coefficient (rho). 
However, for the purpose of Figure 1 we used the linear 
regression technique. After correcting TUG time to normal 
distribution using logarithmic transformation, we performed 
multivariate linear regression to predict log (TUG time). Four 
TMG-derived candidate predictors were used based on the 
high bivariate correlation with log(TUG time) (p

rho
≤0.10) 

and low multicollinearity (Spearman rho≤0.5 and variance 
inflation factor <2), whereas only two predictors were used 
(Forward method) in the final regression model which was 
found to be appropriate as we only analysed/included 28 
participants. Statistical decisions were confirmed at a risk 
level of α≤0.05. 

Results

Twenty-eight female participants finished all 
measurements and were included in the statistical analysis. 
Tables 1 and 2 show the descriptive data of all participants. 

Table 3 presents analysis of the Spearman’s correlation 

Figure 1. Correlation between Timed up and go (TUG) time and tensiomyographic-derived contraction time (Tc) and amplitude (Dm) in 
vastus lateralis (VL), vastus medialis (VM) and biceps femoris (BF) muscles.
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coefficients of TUG time with anthropometrics and TMG 
variables. We found that TUG time is negatively correlated 
to BF Dm (rho= -0.490; p=0.008) and VL Dm (rho= -0.414; 
p=0.028) and is positively correlated to VL Tc (rho=0.456; 
p=0.015) and body mass (rho=0.482; p=0.009) and further 
shows a tendency towards negative correlation to VM Dm 
(rho= -0.353; p=0.066) (Figure 1). As age was not correlated 
neither to Tc nor to Dm in any of four muscles (p>0.251) we 
only focused on correlations between TUG time and TMG-
derived contractile properties.

Multiple regression correlation confirmed 37% of 
explained TUG time variance (R=0.605; p=0.003) from two 
predictors: VL Tc and VM Dm (Table 4). Whereas, longer TUG 
times were explained by longer VL Tc and lower VM Dm. 

Discussion

We observed that TUG times are correlated to body 
mass and contractile properties of specific muscles (BF, VL 
and a tendency also in VM) but not to GM in older females. 
Furthermore, using a multiple correlation, we could explain 
up to 37% of TUG time variance. However, only VL and VM 
contractile properties significantly contributed to the model. 
In addition, our participants demonstrated very low mobility, 
with an average TUG time of 19.94±7.96 seconds, which is 
higher than the predictive time (>12.6 seconds) for future 
falls40. TUG times above 12 seconds represent the clinical 
cut-off value for reduced physical function41. Furthermore, 
TUG times of our participants are far longer than those 
of a reference values of young men (3.9±0.4 seconds), 
women (4.2±0.3 seconds), older men (5.2±0.7 seconds) 
and women (5.8±1.0 seconds)42. Maden-Wilkinson and 
colleagues found a correlation between the TUG times and 
muscle mass only at group level (younger men and women, 
older men and women), whereas at individual levels this was 
found not to be the case42. This is also in agreement with 
our results. Our study is the first to report skeletal muscle 
TMG responses of immobile older populations. Specifically, 
we report TMG reference values for four important muscles 
in the population with limited mobility: postural VM, VL and 
GM; and non-postural BF. More specifically, lower Dm of VM 
and BF (a tendency also in VM), as well as longer Tc of VL, 
were correlated to longer TUG times. Higher Dm has been 
previously shown to be associated with muscle atrophy after 
disuse33. However, it was found that Dm initially increased 
already after 1-4 days of disuse (depending on the muscle 
studied) before anatomical atrophy was confirmed34. Initial 
increase in Dm was explained by fluid redistribution from legs 
to torso and diminished muscle tone/stiffness. However, later 
increase in Dm was associated with atrophy of muscle fibres, 
adaptation of muscle architecture towards lower thickness, 
pennation angle and fascicle length34. In this current study, 
we found increased Dm as a potential risk factor for lower 
mobility, specifically, for lower balance and walking ability26. 
We believe that our study is the first study to show a negative 
correlation between Dm and mobility measure (TUG time). 

This information is of clinical relevance, especially in aspect 
related to the mobility of older ambulatory populations. 
Therefore, future studies should evaluate whether this could 
be caused by fat and connective tissue infiltration within the 
muscles43 and could therefore contribute as a marker of 
sarcopenia confirmation24.

We had actually expected to see higher values of Dm in our 
study. Higher Dm levels are seen during physical inactivity 
exposures in the young33,34 and aging is associated with 
increases in physical inactivity44. However, we observed that 

Table 2. Descriptive tensiomyographic data of all measured muscles.

Muscle
Contraction time 

(ms)
Maximum 

amplitude (mm)

Biceps femoris 44.7±10.0 4.00±2.67

Gastrocnemius medialis 32.39±6.40 2.42±1.03

Vastus lateralis 32.46±6.83 3.54±1.81

Vastus medialis 48.54±10.10 5.88±2.46

Table 3. Spearman’s correlation (rho) of Timed Up and Go time with 
individual anthropometric parameters and contractile properties 
of four skeletal muscles - contraction time (Tc) and maximum 
amplitude (Dm).

Rho p

Age -0.065 0.739

Body mass (kg) 0.482 0.009

Body height 0.328 0.082

Fat mass (%) 0.137 0.479

Muscle mass (%) 0.197 0.306

Biceps femoris Tc -0.103 0.602

Biceps femoris Dm -0.490 0.008

Gastrocnemius medialis Tc 0.224 0.251

Gastrocnemius medialis Dm -0.313 0.105

Vastus lateralis Tc 0.456 0.015

Vastus lateralis Dm -0.414 0.028

Vastus medialis Tc 0.191 0.329

Vastus medialis Dm -0.353 0.066

Table 1. Descriptive data of participants.

Variable Average ± standard deviation

N 28

Age (years) 85.6±7.6

Body height (cm) 158.8±8.8

Body mass (kg) 64.4±11.7

Body fat percentage (%) 18.6±7.3

Body fat mass (kg) 28.4±8.07

Timed Up and Go time (s) 20.07±8.07
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Dm values were lower than those reported for healthy and 
mobile older participants (discussed in the next paragraph). 
Furthermore, we found that lower Dm (in BF, VL and tendency 
in VM) was correlated to lower TUG times. Reduction of Dm 
values have been reported following local muscle fatigue45-47, 
general fatigue48 and/or following chronic adaptation to 
high-velocity exercise31,32. However, the exact mechanisms 
underlying the lowering of Dm values, for example during 
fatigue, remain unexplained. 

It is important is to mention that our participants showed 
lower Dm values than those found in healthy and very 
mobile older participants32 in VL (3.56±1.78 vs. 5.4±1.8 
mm) and in BF (4.12±2.61 vs. 6.5±2.8 mm). Lower Dm in 
less mobile populations, as in our study, could be attributed 
to accompanying adaptation of the muscle tissue to disuse 
and ageing, e.g. lower muscle (contractile) quality due to: 
infiltration of fat deposits within the muscle tissue; impaired 
muscle junction yielding impaired excitation-contraction 
coupling; and fibrosis due to the excessive formation of 
fibrous bands of scar tissue in between muscle fibres49. 
It is also known that older people have lower elasticity of 
muscle fibers50 that could arise due to selective atrophy, 
loss and remodelling of muscle fibres towards type I (less 
elastic than the fast-twitch fibres)51. This is also seen in our 
study, as we found higher VL Tc values than those reported 
in normal aged population or master athletes7: VL Tc in our 
participants 32.46±6.83 ms vs. in mobile older participants 
28.4±3.5 ms vs. in power master athletes 25.9±2.5 ms 
vs. in endurance master athletes 32.7±8.5 ms. Longer VL 
Tc values could be interpreted as a high proportion of type 
I muscle fibres29 found in our participants, which are not able 
to develop powerful and fast contractions, as required for 
TUG. Indeed, we found significant non-parametrical bivariate 
correlation between VL Tc and TUG time as well as multiple 
linear correlation when we transformed TUG time results 
to normal distribution. Indeed, multiple linear correlations 
showed that contractile properties of VM and VL muscle - 
but not contractile properties of other muscles (BF and GM) 
- were predictive of TUG time. Although BF and VL Dm were 
also considered as potential predictors of TUG time using 
bivariate correlations, it did not appear as a meaningful 
predictor in multivariate models. These results suggest 
that knee extensors (VL and VM) are the most important 
muscles (of those muscles tested) for TUG performance. VL 
and VM are knee extensor muscles, postural muscles, which 
are activated in concentric mode (sit-to-stand), stretch-

shortening cycle (walking), and eccentric mode (stand-to-sit) 
during TUG performance52. Indeed, both VL and VM have a 
similar role but it has not found to be equally predictive of 
TUG time. VL contributed with higher proportion of fast-
twitch fibres (longer Tc) while VM with higher muscle tone 
(smaller Dm) contributed to longer TUG time. It is well known 
that VL is more activated in lower knee flexions and open 
kinetic chain tasks, while VM is being more activated during 
squat and closed kinetic chain tasks53,54.

Overall it appears that TMG-derived contractile parameters 
could be a good candidate markers of non-invasive muscle 
quality assessment in population-based studies to fulfil the 
gaps identified by EWGSOP24.

Limitations

This is the first study being performed in older female 
participants with low mobility. Due to their poor mobility, TUG 
performances were tested with different mobility aids (e.g. 
walking stick, rollator). We, however, believe that the TUG 
results are valid as the TUG test was designed, and its results 
previously validated, to be used with - or without - mobility 
aids (none, cane, walker, supervision)25. 

The older participants were also tested in one season and 
fixed times of the day. Therefore, the effects of circadian 
rhythms and circ-annual rhythms, which are known to 
influence the risk of falls an falls-related injuries, were not 
included. Future studies should monitor these parameters 
related to TUG and muscle function in different seasons55,56.

Finally, we did not include males in the study. However, 
this is the strength of this study, as data related to females 
is very scanty. As sex-based differences have been 
reported in risk of falls, future studies should include both 
males and females57.

Conclusions

Apart from higher body mass, we also observed that TMG-
derived contractile properties of BF, VL and VM muscle are 
correlated to TUG balance and walking ability. That is, longer 
Tc (VL), lower Dm (BF, GM and VM) and higher body mass 
are associated with TUG performance. Our results provide 
an important link between TMG and functional outcomes 
in aged population. As the risk of orthostatic intolerance 
and falls increases as person age20,58, and falls and falls-
related injuries are associated with increased morbidity 

Table 4. Multivariate linear correlation between logarithmic transformation of Timed Up and Go time and two tensiomyographic predictors.

B β Partial correlation p

Constant 0.405

Vastus lateralis Tc 0.027 0.457 0.495 0.009

Vastus medialis Dm -0.058 -0.348 -0.399 0.039

Legend: Tc - contraction time; Dm - maximal amplitude.
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and mortality, it is important to understand the underlying 
mechanisms that can lead to falls in older persons59,60. 
Better knowledge of the etiology of falls can go a long way 
in development of preventive measures to prevent falls61-63, 
reduce costs associated with hospitalization that occurs 
due to falls and falls-related injuries27, and lead to general 
improvement in quality of our senior citizens.
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