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ABSTRACT

Loturco, I, Gil, S, Laurino, CFdS, Roschel, H, Kobal, R, Cal

Abad, CC, and Nakamura, FY. Differences in muscle mechanical

properties between elite power and endurance athletes: a com-

parative study. J Strength Cond Res 29(6): 1723–1728,

2015—The aim of this study was to compare muscle mechanical

properties (using tensiomyography—TMG) and jumping perfor-

mance of endurance and power athletes and to quantify the

associations between TMG parameters and jumping perfor-

mance indices. Forty-one high-level track and field athletes from

power (n = 22; mean 6 SD age, height, and weight were

27.2 6 3.6 years; 180.2 6 5.4 cm; and 79.4 6 8.6 kg, respec-

tively) and endurance (endurance runners and triathletes; n =

19; mean 6 SD age, height, and weight were 27.16 6.9 years;

169.6 6 9.8 cm; 62.2 6 13.1 kg, respectively) specialties had

the mechanical properties of their rectus femoris (RF) and

biceps femoris (BF) assessed by TMG. Muscle displacement

(Dm), contraction time (Tc), and delay time (Td) were retained

for analyses. Furthermore, they performed squat jumps (SJs),

countermovement jumps (CMJs), and drop jumps to assess

reactive strength index (RSI), using a contact platform. Compar-

isons between groups were performed using differences based

on magnitudes, and associations were quantified by the Spear-

man’s r correlation. Power athletes showed almost certain high-

er performance in all jumping performance indices when

compared with endurance athletes (SJ = 44.9 6 4.1 vs. 30.7

6 6.8 cm; CMJ = 48.9 6 4.5 vs. 33.6 6 7.2 cm; RSI = 2.19 6

0.58 vs. 0.84 6 0.39, for power and endurance athletes, mean

6 SD, respectively; 00/00/100, almost certain, p# 0.05), along

with better contractile indices reflected by lower Dm, Tc, and Td

(Tc BF = 14.36 2.3 vs. 19.46 3.3 milliseconds; Dm BF = 1.67

6 1.05 vs. 4.236 1.75 mm; Td BF = 16.86 1.6 vs. 19.66 1.3

milliseconds; Tc RF = 18.3 6 2.8 vs. 22.9 6 4.0 milliseconds;

Dm RF = 4.986 3.71 vs. 8.886 3.45 mm; Td RF = 17.56 1.0

vs. 20.9 6 1.6 milliseconds, for power and endurance athletes,

mean6 SD, respectively; 00/00/100, almost certain, p# 0.05).

Moderate correlations (Spearman’s r between 20.61

and 20.72) were found between TMG and jumping perfor-

mance. The power group presented better performance in ver-

tical jumps, supporting the validity of these tests to distinguish

between endurance and power athletes. Furthermore, TMG can

discriminate the “athlete-type” using noninvasive indices moder-

ately correlated with explosive lower-body performance. In sum-

mary, both vertical jump and TMG assessments could be useful

in identifying and selecting young athletes.
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INTRODUCTION

P
ower and endurance athletes are thought to mark-
edly differ in muscle fiber type composition and
mechanical responses to maximal voluntary and
evoked twitches. For instance, sprinters have fast

fiber type dominance compared with mid/long-distance run-
ners, favoring a powerful muscle contraction against body
weight or external overloads (8). Despite the relevance of
this issue, the scarcity of studies performing such compar-
isons is surprising (15), especially involving elite athletes.
Confirming the differences in explosive power tests and
quantifying their magnitude in track and field athletes per-
forming field tests could provide the basis for discriminating
specialties and possible athletes’ deficiencies, especially in
sprinters. It has recently been shown, for example, that per-
formance in vertical and horizontal jump tests are highly
correlated to sprinting ability in elite sprinters (17). There-
fore, high-caliber sprinters are expected to jump significantly
higher than endurance runners.

The maximum height reached during countermovement
jumps (CMJs) has been shown to significantly differ between
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marathon runners (31.2 6 3.1 cm), middle-distance runners
(43.8 6 4.0 cm), and sprinters (55.0 6 5.5 cm) (29). How-
ever, because of the high responsiveness of lower limb power
performance to training, even in endurance athletes (25),
discriminating sprinters and endurance runners based solely
on jump or power tests may lead to misclassifications.

Physical effort is required in most muscular assessment
methods and, in some cases, tests are exhaustive and involve
other physiological systems (e.g., the cardiovascular system)
(24). Therefore, noninvasive and straightforward methods of
measuring contractile properties that discriminate between
contrasting phenotypes are desirable. Tensiomyography
(TMG) is a valid (27) and reliable (26) method of measuring
skeletal muscle mechanical properties by the simple assess-
ment of the muscle belly radial deformation in response to
an external electrical stimulus. As it has been shown to pro-
vide measures (e.g., contraction time) that are highly corre-
lated with percentage of myosin heavy chain I (% MHC-I)
(27), TMG indices are expected to be able to discriminate
between athletes from different training backgrounds, such
as power and endurance athletes. This measure, together
with simple explosive power tests, could provide a compre-
hensive picture of athletes’ ability to excel in endurance and
sprint disciplines and help to discriminate groups more
prone to perform well in each of the athleticism extremes.

Therefore, the main objectives of this study were (a) to
investigate whether the muscle mechanical properties as-
sessed by TMG are able to distinguish between endurance
and power athletes and (b) to compare the outcomes
produced by each one of these groups when executing 3
different types of jumps (CMJs, squat jumps (SJs), and drop
jumps). Additionally, we examined the relationships
between the TMG results and vertical jumping performance.
According to previous investigations, we hypothesized that
both jumping abilities and muscle mechanical properties
would be able to discriminate power from endurance
athletes. If the correlation between TMG parameters and
vertical jumps were found to be positive and significant, we
could advocate obtaining valuable functional information of
athletes’ contractile potential using nonexercise and simple
measures derived from TMG.

METHODS

Experimental Approach to the Problem

This was a cross-sectional comparative and correlational
study involving measures of jump performance and TMG
parameters in power and endurance track and field athletes.
The athletes were required to attend 2 separate testing
sessions, 1 day apart. On the first day, subjects performed
TMG measurements on both the rectus femoris (RF) and
the biceps femoris (BF). On the second day, before perform-
ing vertical jump tests, athletes completed a 20-minute
standardized warm-up, which included both general (i.e.,
10-minute running at a moderate self-selected pace followed
by 5 minutes of lower limb active stretching) and specific

exercises (i.e., 5 minutes of squat and CMJs). All tests were
conducted in the afternoon (from 16:00 to 18:00 hours). The
athletes were oriented to attend the testing session in
a fasting state for 2 hours, avoiding strenuous exercise and
caffeine- and alcohol-containing beverages for 24 hours
before the tests. Because of the strength- and power-
oriented training and constant assessment routines in our
sports laboratory, all athletes had been familiarized with the
experimental procedures and were proficient in performing
the jump tests. All jump and TMG assessments were
performed by the same experienced evaluator.

Subjects

This study consisted of 41 Brazilian elite track and field
athletes, divided into 2 different groups: power athletes
(sprinters, jumpers, and throwers; n = 22) and endurance
athletes (endurance runners and triathletes; n = 19) (Table
1). These assessments were part of a comprehensive battery
of tests regularly required by the Medical Department of the
Brazilian Track and Field Confederation. The sample included
athletes who were Olympic, Pan-American, and National
medalists, attesting to their high level of performance. Ath-
letes were tested at the beginning of preseason, immediately
after a 4-week transition phase, which occurred after an inten-
sive competitive period. This approach avoided the possible
influences of different training loads on muscle mechanical
responses. All subjects were informed of the experimental
risks and benefits and signed an informed consent form.
Before the study, the athletes were clinically screened by
the medical staff of the Brazilian Track and Field Confedera-
tion and were found to have no health problems that could
affect their performance in the tests. The protocol was
reviewed and approved by an institutional review board for
the use of humans as experimental subjects.

Tensiomyography Assessment Protocol

Muscle displacement (Dm), contraction time (Tc), and delay
time (Td) were collected for both the RF and BF muscles
from the dominant leg, using a Tensiomyographer device
(TMG Measurement System; TMG-BMC Ltd., Ljubljana,
Slovenia). The Dm corresponds to the radial movement of
the muscle belly expressed in millimeters and depends on
muscle tone or stiffness. The Tc is obtained by determining

TABLE 1. Characteristics of the subjects.*

Age (y) Height (cm) Weight (kg)

Power
(n = 22)

27.2 6 3.6 180.2 6 5.4 79.4 6 8.6

Endurance
(n = 19)

27.1 6 6.9 169.6 6 9.8 62.2 6 13.1

*Data are presented as mean 6 SD.
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the time lapse between Td (10% Dm) and 90% Dm. The Td
is the time taken by the analyzed muscle to reach 10% of the
total displacement observed (26). Rectus femoris assess-
ments were performed with the athletes in a supine position,
using a triangular wedge foam cushion to maintain the legs
in a position corresponding to 1208 of knee flexion. For BF
assessments, the athletes were turned to the prone position,
with their knees in full extension. An accurate pressure trans-
ducer (Trans-TekGK40, Panoptik d.o.o., Ljubljana, Slovenia)
was positioned perpendicular to the muscle axis (Figure 1).
The recording of the radial displacement took place in the
muscle belly after an external electrical stimulus. To cause
the twitch responses, adhesive electrodes 5/5 cm (Compex
Medical AS, Ecublens, Switzerland) were connected to an
electric stimulator and positioned on the muscle surface,
after the arrangement of the fibers. The distance between
the measurement point and the electrodes was standardized

to between 55 and 60 mm. The electric pulse was set to 1
millisecond and the signal amplitude started at 30 mA. For
each pulse, current amplitude was increased by 10 mA, until
the maximal displacement of the muscle belly was reached.
To avoid fatigue or potentiation effects, a 15-second resting
period was allowed between electrical stimuli (16). The same
examiner conducted all the measurements.

Vertical Jump Tests

The vertical jump tests consisted of SJs, CMJs, and drop
jumps. The assessments were performed on a contact
platform (Smart Jump; Fusion Sport, Coopers Plains,
Australia), which gives the flight times of the subjects in
milliseconds. This time is used to calculate the height of the
rise of the body’s center of gravity during a vertical jump
(h = g$t2$821, where g = 9.81 m$s22). For the 3 jump tests,
athletes were instructed to keep their hands on their hips.
The following tests were performed: (a) SJs: the athletes
were instructed to maintain a static position with a 908 knee
flexion for 2 seconds before each jump attempt, without any
preparatory movement, (b) CMJs: starting in a standing posi-
tion, the athletes executed a downward movement followed
by a rapid full extension of the lower limbs. To avoid changes
in jumping coordination patterns, they freely determined the
amplitude of the countermovement, and (c) Drop jumps:
dropping from boxes of 45 cm, the subjects had to land with
both feet at the same time and then attempting to jump as
high as possible. Five attempts of each type of jump were
assessed and interspersed by 15-second intervals, and the
best result was considered for further analysis. During the
drop jump tests, the contact time with the platform was
recorded to calculate the reactive strength index (RSI), by
dividing the drop jump height by the corresponding contact
time. Finally, we used the ratio between the CMJs and SJs to
evaluate the efficiency of the stretch-shortening cycle of
power and endurance athletes (13,19).

Figure 1. Tensiomyography displacement sensor placed above the
rectus femoris, with the 2 electrodes used for muscle electrical
stimulation.

Figure 2. Contraction time (Tc), delay time (Td) (A), and displacement (Dm) (B) of the biceps femoris (BF) and Rectus femoris (RF) derived from
tensiomyography in power and endurance athletes. Data are presented as mean 6 SD. The quantitative chances were assessed qualitatively as follows: ,1%,
almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possible; 75–95%, likely; 95–99%, very likely; .99%, almost certain; *00/00/100, almost
certain; (p # 0.05).
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Statistical Analyses

Data are presented as mean 6 SD. The Shapiro-Wilk test
was initially used to test the normality of data. Comparisons
between elite power and endurance track and field athletes
were performed using the differences based on magnitudes
(4). The quantitative chances of the power or endurance
athletes, using a confidence interval of 90%, having better
or poorer values were assessed qualitatively as follows:
,1%, almost certainly not; 1–5%, very unlikely; 5–25%,
unlikely; 25–75%, possible; 75–95%, likely; 95–99%, very
likely; .99%, almost certain. If the chances of having better
and poorer results were both .5%, the true difference was
assessed as unclear (7). When data were nonnormally dis-
tributed, they were transformed by taking the natural loga-
rithm. However, for the sake of clarity and practicality, they
were presented in back-transformed values. The spreadsheet
made available by Hopkins (14) was used. To quantify the
association between the TMG indices and performance in
vertical jump tests, Spearman’s r correlation was used due to
the distribution of data.

RESULTS

Table 2 shows the performance of power and endurance
athletes in the SJs and CMJs and the RSI. Power athletes
performed better in all of them (SJs = 44.9 6 4.1 vs. 30.7 6
6.8 cm; CMJs = 48.9 6 4.5 vs. 33.6 6 7.2 cm; RSI = 2.19 6
0.58 vs. 0.84 6 0.39, for power and endurance athletes
respectively; 00/00/100, almost certain, p # 0.05). In addi-
tion, power athletes performed better in the components of
RSI, namely the drop jump height (45.9 6 5.0 vs. 33.0 6
6.8 cm; 00/00/100, almost certain, p # 0.05) and contact
time (218.5 6 49.9 vs. 431.1 6 117.5 milliseconds; 00/00/
100, almost certain, p # 0.05). Results were similar when
comparing endurance runners and sprinters (data not
shown). Figure 2 depicts the differences in Tc and Td (A)
and Dm (B) for both muscle groups (RF and BF) between
power and endurance athletes (Tc BF = 14.36 2.3 vs. 19.46
3.3 milliseconds; Dm BF = 1.67 6 1.05 vs. 4.23 6 1.75 mm;

Td BF = 16.8 6 1.6 vs. 19.6 6 1.3 milliseconds; Tc RF =
18.3 6 2.8 vs. 22.9 6 4.0 milliseconds; Dm RF = 4.98 6
3.71 vs. 8.88 6 3.45 mm; Td RF = 17.5 6 1.0 vs. 20.9 6
1.6 milliseconds, for power and endurance athletes respec-
tively; 00/00/100, almost certain, p # 0.05).

When pooling the power and endurance athletes’ data,
the Spearman’s r correlations were moderate and significant
between Tc BF (r = 20.61), Td BF (r = 20.65), Td RF (r =
20.71), and SJs (Table 2). A moderate correlation was also
found between Td RF and CMJs (r = 20.72) and between
Td BF (r = 20.63), Td RF (r = 20.66), and RSI. When
considering only endurance runners and sprinters, similar
results were obtained (data not shown).

DISCUSSION

We hypothesized that mechanical muscle properties and
vertical jumping performance would be able to discriminate
power and endurance athletes. In the case of confirming the
first hypothesis, a significant correlation between TMG
parameters and jumping performance could exist. Findings
reported herein are in accordance with our hypotheses (i.e.,
athlete-type discrimination ability using TMG and jump
tests, and significant correlation between them). This is the
first study to show these findings in elite athletes.

Vertical jump tests are widely used to train and test
professional athletes (1,6). As the results are strongly associ-
ated with strength and power measures (30), it is conceivable
that, in our sample of elite athletes, the power group would
be able to jump significantly higher than the endurance
group. This is consistent with the findings of Vuorimaa
et al. (29), who reported higher countermovement jumping
performance in sprinters (55.0 6 5.5 cm) when compared
with both marathon runners (31.2 6 3.1 cm) and middle-
distance runners (43.8 6 4.0 cm), reflecting the well-known
differences in muscle fiber composition (2,8), neuromechan-
ical properties (12), and long-term training-related adapta-
tions (9) across these athletes. Importantly, such differences
in performance are commonly observed in the literature

TABLE 2. Performance in the SJ and CMJ, the ratio between SJ and CMJ (SJ/CMJ), and the RSI in power and
endurance athletes.*†

Power Endurance %Chance (+/trivial/2) Qualitative inference

SJ (cm) 44.9 6 4.1z 30.7 6 6.8 100/00/00 Almost certain
CMJ (cm) 48.9 6 4.5z 33.6 6 7.2 100/00/00 Almost certain
CMJ/SJ 1.09 6 0.05 1.10 6 0.08 12/42/43 Unclear
RSI (cm$ms21) 2.19 6 0.58z 0.84 6 0.39 100/00/00 Almost certain

*SJ = squat jump; CMJ = countermovement jump; RSI = reactive strength index.
†Data are presented as mean 6 SD. The quantitative chances were assessed qualitatively as follows: ,1%, almost certainly not;

1–5%, very unlikely; 5–25%, unlikely; 25–75%, possible; 75–95%, likely; 95–99%, very likely; .99%, almost certain.
zp # 0.05.
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when comparing samples of power- and endurance-oriented
training athletes (5,28). Within an elite group of sprinters,
vertical jump is highly associated with sprinting performance
(17). This result supports the relevance of assessing jump
performance in this population.

Moreover, as contact time is an important factor in
determining sprinting speed (22), it was expected that the
power athletes, who are capable of jumping higher and gen-
erating more impulse (impulse = force3 time), would present
significantly higher RSI than endurance athletes. This is in line
with the fact that power athletes are stronger than endurance
runners, even after correcting their maximum strength of leg
extensors to body mass (Loturco et al., Ph.D., February 2014,
in press.). The stronger athletes studied outperformed their
weaker peers in drop jump height, contact time, and RSI, thus
confirming previous findings (3). Therefore, sprinters (and
possibly jumpers and throwers) have to target training strat-
egies aimed at adapting their neuromuscular system to man-
ifest better reactive strength than athletes from other
specialties in track and field, such as middle- and long-
distance runners. Nevertheless, endurance athletes should
not neglect neuromuscular development leading to increased
explosive power because of its contribution to enhanced run-
ning economy and time-trial performance (23).

Finally, the absence of differences in the CMJs and SJs
ratio between the power and endurance groups might be
due to the elite level of the athletes (13,19). It is important to
emphasize that our sample comprised national and interna-
tional competitors and, even in the group of endurance ath-
letes, the efficiency of the stretch-shortening cycle is crucial
to sports performance because of the aforementioned fac-
tors. Nowadays, most coaches and athletes are aware of
the effectiveness of concurrent endurance and explosive type
strength training on neuromuscular and endurance perfor-
mance (21). For instance, in a study by Ramirez-Campillo
et al. (25), highly competitive middle- and long-distance
runners improved their 2.4-km time trial, sprinting ability
and performance in CMJs and drop jumps after explosive
type training, although the control group did not demon-
strate any improvement. Therefore, depending on the train-
ing methods adopted, endurance runners are able to present
similar CMJ and SJ ratios compared with power athletes,
regardless of lower vertical jumping performance in
isolation.

The differences in the muscle fiber type composition
between power and endurance athletes have been reported
(2,8). As Simunic et al. (27) found significant correlations
between muscle mechanical parameters and muscle fiber
type composition, the differences in Tc, Td, and Dm between
power and endurance athletes reported in this study were
consistent with our expectations. Moreover, this study con-
firms the validity of TMG in discriminating groups of ath-
letes at the extremes of human performance (i.e., sprint and
endurance). Rey et al. (26) have previously shown this capa-
bility of discriminating athletes. Despite soccer players being

more homogeneous in physical terms compared with track
and field athletes, Tc was greater in external defenders than
central defenders and goalkeepers for RF. This is possibly
linked to the positional roles of central defenders and goal-
keepers, who are required to jump and dive to a greater
extent than central defenders. Recently, TMG was shown
to be sensitive enough to discriminate sex and lateral
symmetry in top-level kayakers (10) and track adaptations
over the course of a season in road cyclists (11). Curiously,
both power (18.3 6 2.8 milliseconds) and endurance groups
(22.9 6 4.0 milliseconds) in this study presented faster Tc of
RF than the road cyclists (35.5–46.7 milliseconds). This
means that the contractile properties of track and field ath-
letes are phenotypically faster than those found in road
cyclists, despite endurance runners (8.88 mm) resembling
the Dm of cyclists (7.4–8.8 mm), implying similar muscle
tone and tendon stiffness. The Tc of athletes in our sample
was also shorter than those found in soccer players (25.80–
31.52 milliseconds), while soccer players presented slightly
higher Dm (10.82–11.72 mm). Finally, Td RF (17.56 1.0 and
20.9 6 1.6 milliseconds in power and endurance athletes,
respectively) were shorter in our athletes than in soccer play-
ers (24.22–26.55 milliseconds), suggesting that muscle acti-
vation time is optimized in both power and endurance track
and field athletes.

To the best of our knowledge, this is the first investigation
to observe significant correlations between muscle mechan-
ical responses and vertical jumping ability in elite athletes.
This is contrary to our previous (unpublished) observations
in soccer players. It is possible that the wide range of
technical and physical characteristics that determine success
in team-sports affect performance in specific assessments,
including the vertical jump tests. Also, soccer players are
more likely to be “mixed” in terms of fiber type composition
(20), compared with track and field athletes. Consequently,
the TMG parameters may not be strongly associated with
jumping performance in team sport athletes. However, the
“natural and specific talent” of track and field endurance
and/or power athletes is capable of producing consistent
outcomes in these tests, more strongly related to their en-
dowments and specific training history (18), increasing the
values of associations with the neuromechanical character-
istics evaluated by TMG parameters.

PRACTICAL APPLICATIONS

The findings demonstrate that power athletes are able to
perform better than endurance athletes in vertical jumping
tests and in the components of the RSI (i.e., drop jump
height and contact time) supporting the use of these tests to
discriminate between athletes more prone to excel in the
extremes of human performance (endurance and power
athletes). Furthermore, these results suggest that the muscle
mechanical properties assessed by TMG could provide
important information regarding the athlete-type discrimi-
nation, especially in modalities that involve power and
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endurance abilities, such as track and field sports. The
combination of TMG and explosive testing can help
professionals to screen the functional abilities and physical
characteristics of their athletes. Finally, the relationships
between muscle mechanical properties and other perfor-
mance measures (i.e., sprinting speed and changing-of-
direction ability), and the potential to identify talents among
young and prospective athletes must be further investigated.
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