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Abstract
Muñoz-López, A, De Hoyo, M, Nuñez, FJ, and Sañudo, B. Using tensiomyography to assess changes in knee muscle contraction
properties after concentric and eccentric fatiguing muscle actions. J Strength Cond Res XX(X): 000–000, 2020—The purposes of
this study were to analyze the effects of different types of muscle contraction (concentric and eccentric) on the passive muscular
contraction properties of knee muscles and how muscle contraction can affect the muscles in different knee functions. In total, 23
active healthy men (age: 24.65 6 1.95 years, height: 1.78 6 0.05 m, mass: 75.33 6 8.37 kg) participated in this study. Muscle
soreness, muscle contractile properties assessed with tensiomyography (TMG) (vastus lateralis [VL] and biceps femoris [BF]), and
isometric peak torque were tested before and immediately after 32 maximal repetitions of an isokinetic leg extension and flexion
exercise at 180˚ per second. Muscle contractions were randomized to each subject’s leg. From the TMG variables, only contraction
velocity showed significant interactions in time 3 muscle 3 contraction (p 5 0.046; partial h2

p 5 0.19). A greater reduction was
observed in the BF (229.03%) than in the VL (221.25%). There was a significant decrease in contraction velocity after concentric p
, 0.001, d 5 1.18) and eccentric (p 5 0.007, d 5 0.51) exercise for the BF, while for VL, a decrease was only observed after
concentric exercise (p5 0.007, d5 0.66). The leg extension exercise showed reductions in the isokinetic peak torque (p, 0.001;
partial h2

p 5 0.83). Isometric peak torque (p , 0.001; partial h2
p 5 0.80) and muscle soreness (p , 0.001; partial h2

p 5 0.70)
decreased after exercise. In conclusion,musclemechanical properties were differently affected in relation to themuscle contraction
and kneemuscles involved, after a fatiguing leg extension isokinetic exercise. Isometric peak torque andmuscle sorenesswere also
reduced immediately after exercise. These results are particularly important to understand how TMG parameters are modified
depending on the type of contraction.

Key Words: resistance training, training method, muscle activation, fatigue

Introduction

Understanding the effects of different strengtheningAU2 protocols is
essential to design a well-planned strength training program (22).
Changes in neuromuscular efficiency are associated with altered
muscle contractile function (2). In this sense, muscle contractile
functions can be studied by observing changes in muscle con-
tractile properties (MCPs) (20). Muscle contractile properties
reflect the structure and composition of muscle fibers within the
muscle (28). The neuromuscular muscle profile has been typically
studied in sport using active exercises and electromyography and/
orAU3 dynamometry (25). Some of the structural components that
determine MCPs include myofibrillar mechanisms, muscle size
and architecture, and musculotendinous stiffness (20). However,
the classical options for assessing those properties include costly
techniques, such as muscle biopsy (28), or are based on joint
moment measurements typically resulting from the composite
force output of multiple agonist and antagonist muscles, rather
than direct muscle force measurements from a target muscle (14).

Tensiomyography (TMG) is a reliable method to passively
measure MCPs under resting conditions (13,18,27). This method
does not induce additional fatigue and can be used immediately

after exercise (22). TMG produces a single twitch, from which the
time relationships between electrical activation, muscle surface
displacement, and tension generation are analyzed (19). Time
(i.e., contraction time [Tc] or delay time [Td]) and spatial
(i.e., muscle displacement [Dm]) variables are used to describe the
MCPs (13,18). Dm has been proposed as a muscle belly stiffness
marker (23,24). A decrease in Dm has been associated with an
increase in muscle stiffness (10) and with a lower activation of the
muscle fibers due to increased fatigue (22). More controversial is
the Tc response to a fatiguing exercise, which has been shown to
either remain constant, decrease, or increase (19). These outcomes
can be combined in a simpler and unique index called the con-
traction velocity (Vc) (18). This combination potentially provides
a more substantial evaluation of specific training intervention, e.g.,
peripheralmuscle fatigue (15). Vc has also been demonstrated to be
able to detect acute changes in maximum isometric force (maxi-
mum voluntary isometric contraction [MVIC], single bout) (22)
and after plyometric exercise bouts (24) or high-intensity interval
training sessions (30). However, Macgregor et al. (19) suggested
that more studies are needed to better understand this variable.

Despite TMG-derived measures acceptably representing some
isolatedMCPs (15), it is still difficult for coaches and practitioners
to practically modify MCPs in daily routines (18). Raeder et al.
(26) suggested that TMG parameters are sensible to a combined
strength training microcycle using different kinds of exercises.
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However, the combination of stimuli on different days (e.g., in
a complex training program) might not reflect how a TMG pa-
rameter will change in response to a specific single stimulus. In
addition, Kay et al. (11) showed that isometric, concentric, and
eccentric muscle activities differ in their neuromuscular fatigue
profiles. Therefore, a greater understanding of how TMG
parameters are modified, depending on the type of contraction, is
needed. The purpose of this study was to analyze the effect of
different muscle contraction regimes (concentric [CON] and ec-
centric [ECC]) on the passive MCPs of selected knee muscles
using TMG. We hypothesized that the protocols would modify
theMCPs of the analyzedmuscles in different ways. A second and
parallel aim was to determine whether MCP changes are muscle-
dependent with regard to the muscle contraction type.

Methods

Experimental Approach to the ProblemAU4

This was a randomized controlled trial, which assessed passive
MCPs after a fatiguing isokinetic exercise including different types
of muscle contraction (i.e., CON or ECC). First, subjective muscle
soreness (delay onsetAU5 muscle soreness [DOMS]) and MCP were
assessed at rest, using TMG. Immediately after this measurement,
subjects completed a standardizedwarm-up consisting of 5minutes
on a cycle ergometer using the executing leg (dominant vs. non-
dominant) at 100 w, after which knee function was assessed in
a resting position using TMG. Then, subjects executed an MVIC
test, immediately followed by an isokinetic leg-extension exercise
with a fatiguing protocol at maximum voluntary effort. Immedi-
ately after, MVIC, DOMS, and TMG were again assessed. Each
subject performed a randomized order for both legs, including only
CON or ECC contractions for both knee extension and flexion
movements, with 15 minutes of rest between legs (½F1� Figure 1). All
tests took place in the same sports laboratory on the same day. All
subjects had been previously familiarized with the isometric and
isokinetic exercises, 1 week before the intervention.

Subjects

Twenty-threeAU6 active healthy men (age:AU7 24.65 6 1.95 years, height:
1.786 0.05 m, mass: 75.336 8.37 kg), with more than 2 years of

experience in strength training and who were involved in 2–3 per-
sonal training sessions per week, participated in this study. About
two-thirds of the subjects had been involved in the CrossFit games
for least the previous 2 years. Subjects were excluded in the event of
cardiovascular, metabolic, and/or respiratory disease or if theywere
unable to perform vigorous exercise. Normal lifestyle and diet were
maintained throughout the study, and subjects were required to
refrain from exercise, caffeine, and alcohol for 48 hours before
testing. Before the study, each subject was informed about the
purpose and risks of the study and signed informed consent. The
experimental protocol was conducted according to the Declaration
of Helsinki statement and approved by a local ethics committee.

Procedures

Fatiguing Protocol. Isokinetic peak torque (IPT) for knee exten-
sion and knee flexion were measured using an isokinetic dyna-
mometer (Biodex System 4; Biodex Medical Systems, Shirley,
NY). Isokinetic peak torque measurements were obtained at
a sample rate of 100 Hz using the Biodex System 4 Advantage
software. A sample rate of 100 Hz has been shown to be more
than enough to monitor strength training exercises (1). Before
testing, a familiarization session was provided for each subject.
Following recommendations for the accurate assessment of
muscular strength (4), subjects were positioned at a hip angle of
90° (85° backrest angle) and stabilized with straps at the
shoulders, waist, and thighs as permanufacturer’s guidelines. The
dynamometer axis of rotation was aligned with the subject’s knee
in relaxed state. Each subject’s seat position was recorded, so that
it could be replicated during subsequent testing. Reciprocal CON
or ECC isokinetic knee extension and flexion were assessed at an
angular velocity of 180°·s21. Gravity correction was obtained by
measuring the torque exerted on the dynamometer resistance
adapter with the knee in a relaxed state at 10° flexion.

Angular speeds of 180°·s21 for knee extension and flexion and
30 repetitions have been reported to contribute to a lower variance
in muscle fatigue data compared with lower speeds (21). A total of
32 consecutive maximal isokinetic contractions were performed
because the first and the last repetitions were excluded from the
analysis due to high variance (21) Average IPTwas calculated from
the first 3 (Pre) and last 3 (Post) repetitions of the central 30 rep-
etitions.Datawerewindowed to check if IPTwas achieved over the

Figure 1. Procedures chart flow. DOMS 5 delay onset muscle soreness; TMG 5 tensiomyography; MVIC 5
maximum voluntary contraction; CON 5 concentric; ECC 5 eccentric.
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first repetitions. If not, the next following repetitions were selecting
in case of being the highest IPT (5). Only data which corresponded
to load range (6) was used for further analysis.

Muscle Soreness. Delay onset muscle soreness was measured us-
ing a 100-mm visual analog scale with 0 mm representing “no
soreness” and 100 mm “unbearably painful.” Soreness was in-
dicated on the scale after the subject had rested for 2 minutes in
a supine position or immediately after the fatiguing protocol. The
muscle soreness scale was found to show excellent test-retest re-
liability (ICCAU8 5 0.92–0.96).

Isometric Force.Maximum voluntary isometric contraction peak
torque was used tomeasure both knee extension and knee flexion
function before the execution of the fatiguing protocol, using the
same device and general procedures as in the fatiguing protocol.
Subjects completed 3 maximal concentric knee extension con-
tractions at an angle of 90°, separated by 60 seconds, and another
3 knee flexion contractions at an angle of 30°. All subjects were
given verbal encouragement and visual feedback of the torque
signal at each repetition. The highest peak torque value (N·m) for
each limb was chosen for further analysis. The reliability coef-
ficients of the isometric force measurements of knee joint data
were reported to be fairly high (ICC 5 0.72–0.89) (7).

Muscle Contractile Properties. Muscle contractile properties
from the vastus lateralis (VL) and biceps femoris (BF) in both legs
were assessed using a TMG (TMG-S2, TMG-BMC, Ljubljana,
Slovenia). Data were analyzed using themanufacturer’s software,
TMG-OK 3.0, and a displacement sensor tip with a spring con-
stant of 0.17 N·mm21, positioned perpendicular to the muscle
belly. The sensor was placed at the maximal muscle belly dis-
placement during voluntary knee extension (VL) or flexion (BF).
For VL, a fixed knee angle of 120° was created using a triangular
wedge foam cushion, while for the BF measurement, a semi-
circular wedge foam cushion was placed under the ankles,
maintaining a constant knee flexion of 30°. Twitch responses
were generated by 2 adhesive electrodes each measuring 53 5 cm
(Compex Medical AS, Ecublens, Switzerland), connected to an
electric stimulator and positioned on the muscle surface, in line
with the direction of the muscle fibers. The distance between the
electrodes was 10 cm. The electric pulse was set to 1 millisecond,
and the signal amplitude started at 30 mA. For each pulse, the
current amplitude was increased by 10 mA, until maximal dis-
placement of the muscle belly was achieved. To avoid fatigue or
potentiation effects, a 15-second rest period was allowed after
each electrical stimulus. The same examiner conducted all the
measurements.Muscle contractile properties were analyzed using
Tc, Td, Dm, and Vc variables. Previous research from our labo-
ratory reported high reliability values (ICC. 0.82, CV, 5%) in
Tc, Td, and Dm for BF, which is consistent with previous ICCs
reported (27,29). The TMGvariables used (Dm, Tc, and Td) have
been described elsewhere (16). These have been shown to be the
most reliable TMG parameters (15). Vc was calculated as
Vc5 Dm

Tc1Td (18), but instead of using milliseconds as the tem-
poral parameter, we converted data to seconds for easier
interpretation.

Statistical Analyses

Data are shown are mean6 SD, together with the corresponding
effect size and its qualitative analysis. Statistical analysis was
performed using JAMOVI software (version 0.9, The Jamovi

project, 2019). Before any comparison, the normality of the dis-
tribution of the data was tested using the Shapiro-Wilk test.
Possible differences in between-legs basal levels were checked for
all the variables using a Student’s T test for paired samples. To test
the relationship between time, muscle, and protocol (within-
subject factors) a three-way repeated-measures analysis of vari-
ance test was performed. In addition, a two-way repeated mea-
sure analysis of variance for time by muscle, muscle by protocol,
and time by protocol were performed. Finally, main effects were
also calculated. For the force tests, muscles are referred as knee
extensors or knee flexors, while in case of the TMG, they are
referred to as VL (extensor muscle) or BF (flexor muscle). In the
case of a significant interaction, a simple-effects Student’s T test
for normal distributions or a Wilcoxon test in the case of non-
parametric data was applied. For all the analyses, a significance
level of p , 0.05 was used. The magnitude of effects was calcu-
lated with different effect sizes. For repeated-measures analyses,
partial eta-squared (h2

p) was used, with the following ranges:
,0.01 (trivial), 0.01–0.06 (small), 0.06–0.15 (moderate), and
.0.15 (large). Simple parametric comparisons were analyzed
using the Cohen’s d-effect (d) size, with the following ranges:
,0.1 (trivial), 0.1–0.3 (small), 0.3–0.5 (moderate), 0.5–0.7
(large), 0.7–0.9 (very large), and .0.9 (nearly perfect) (7).

Results

Muscle Contractile Properties

Descriptive values are shown in Table 2. ½F2�Figure 2 shows changes
fromPRE to POST for all muscles and protocols. OnlyVc showed
a statistically significant time 3 muscle 3 protocol interaction
(F1,22 5 4.55; p 5 0.046; partial h2

p 5 0.19—large). Post hoc
analysis revealed a larger decrease after CON in BF (229.03%)
comparedwith VL (221.25%) (Figure 2). There was a significant
reduction in Vc after CON (p, 0.001, d5 1.18—nearly perfect)
and after ECC (p 5 0.007, d 5 0.51) for BF, while the only
significant reductions in Vc were observed after CON in VL (p5
0.007, d 5 0.66).

There were statistically significant time 3 muscle interactions
in Td (F1,22 5 4.48; p 5 0.047; partial h2

p 5 0.18—large), Dm
(F1,225 7.70; p5 0.012; partial h2

p 5 0.28—large), and Vc (F1,22
5 7.70; p 5 0.012; partial h2

p 5 0.28—large). Time 3 protocol
showed statistically significant interactions in Td (F1,22 5 4.50; p
5 0.047; partial h2

p 5 0.18—large), Dm (F1,22 5 11.09; p 5
0.003; partial h2

p 5 0.36—large), and Vc (F1,22 5 11.09; p 5
0.003; partial h2

p 5 0.35—large). All the parameters were sig-
nificantly higher for BF compared with VL (p , 0.05).

Basal Condition

At baseline, no significant differences were found between legs for
DOMS. In addition, both legs had equal levels ofMVIC ( ½T1�Table 1)
and similarMCPs (Table 2). ½T2�Biceps femoris showed higher values
at PRE, compared with VL in Tc (p , 0.001, d 5 0.913—nearly
perfect), Td (p, 0.001, d5 0.763—very large), Dm (p, 0.019,
d 5 0.360—moderate), and Vc (p , 0.001, d 5 0.501—large)
(Table 2).

Maximal Voluntary Contraction

The MVIC changes after intervention are shown in Table 1. No
statistically significant time 3 muscle 3 protocol interaction
(F1,19 5 7.27; p 5 0.115; partial h2

p 5 0.13—moderate) was
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found. However, there was a statistically significant interaction
between time 3 protocol (F1,19 5 7.78; p 5 0.012; partial h2

p 5
0.29—large). Main effects analysis revealed that there was a sig-
nificant decrement in MVIC after both protocols, but the decre-
ment was greater after CON (223.12%, p , 0.001, d 5
1.41—nearly perfect) than after ECC (215.55%, p, 0.001, d5
1.22—nearly perfect). Thus, CON was higher than ECC in time
3 protocol interactions.

Significant differences (main effects) in time (F1,225 74.24; p,
0.001; partial h2

p 5 0.80—large), muscle (F1,22 5 190.91; p ,
0.001; partial h2

p 5 0.91—large), and protocol (F1,225 7.74; p5
0.012; partial h2

p 5 0.29—large) were also observed. Knee
extensors’ MVIC was significantly higher in CON at PRE (p ,
0.001, d 5 2.361—nearly perfect) and POST (p , 0.001, d 5
2.970—extremely large) compared with knee flexors. In ECC,
MVIC was also significantly higher at PRE (p , 0.001, d 5
2.037—nearly perfect) and POST (p, 0.001, d5 2.155—nearly
perfect) in knee extensors compared with knee flexors.

Isokinetic Peak Torque

The IPT changes after intervention are shown in Table 1. There
was a statistically significant time 3 muscle 3 protocol

interaction in IPT (F1,22 5 22.89; p , 0.001; partial h2
p 5

0.52—large). In addition, statistically significant interactions
were found in time3 protocol (F1,22 5 11.08; p5 0.003; partial
h2
p 5 0.34—large). In order, from greatest decrement to least

decrement, the results were knee extensors CON, knee flexors
CON, knee flexors ECC, and knee extensors ECC (Table 1).
Main effects analysis also showed statistically significant differ-
ences for time (F1,22 5 69.37; p , 0.001; partial h2

p 5 0.77—
large), muscle (F1,22 5 64.92; p , 0.001; partial h2

p 5 0.76—
large), and protocol (F1,22 5 61.94; p , 0.001; partial h2

p 5
0.75—large).

Muscle Soreness

There was no statistically significant interaction between
time and protocols (F1,22 5 3.01; p 5 0.098; partial h2

p 5
0.13—moderate). There was a statistically significant in-
teraction in time (F1,22 5 47.88; p , 0.001; partial h2

p 5
0.70—large). Delay onset muscle soreness increased after the
isokinetic exercise in both CON (0.916 1.24 vs. 4.706 2.80
points, p, 0.001; rb5 1.000—nearly perfect) and ECC (0.95
6 1.13 vs. 4.056 3.03 points, p, 0.001, rb 5 0.988—nearly
perfect).

Table 1

Isometric and isokinetic peak torque values and changes from testing and fatiguing exercises.*

Test Muscle

CON ECC

Pre

(mean 6 SD)

Post

(mean 6 SD)

Mean difference

(absolute/relative) p (ES)

Pre

(mean 6 SD)

Post

(mean 6 SD)

Mean difference

(absolute/relative) p (ES)

Isometric

peak torque (N·m)
Extensors 204.14 6 47.91 168.70 6 26.68 37.42/18.33% ,0.001 (d 5 1.200) 202.10 6 40.22 181.13 6 39.46 17.93/8.87% 0.027 (rb 5 0.855)

Flexors 109.20 6 28.10 76.88 6 19.82 34.38/31.48% ,0.001 (d 5 1.883) 113.08 6 28.85 84.28 6 20.97 28.72/25.39% ,0.001 (rb 5 1.000)

Isokinetic

peak torque (N·m)
Extensors 145.20 6 34.16 76.81 6 17.29 68.39/47.10% ,0.001 (d 5 2.640) 195.85 6 65.51 186.89 6 79.25 8.95/4.57% 0.298 (d 5 0.228)

Flexors 77.53 6 16.74 51.94 6 30.27 25.59/33.01% 0.002 (d 5 0.740) 146.80 6 37.48 118.06 6 30.69 19.57/% 0.001 (d 5 0.814)

*CON 5 concentric protocol; ECC 5 eccentric protocol; ES 5 effect size (Cohen’s d).

Figure 2.Muscle contractile properties for knee extensor and knee flexor changes after isokinetic exercise. Bars represent pre
(white) and post (gray) values. Lines represent individual changes from pre to post for each situation. BF5 biceps femoris; VL
5 vastus lateralis; p 5 p value; d 5 Cohen’s effect size; CON 5 concentric; ECC 5 eccentric.
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Discussion

The main aim of this study was to analyze the effect of different
muscle contraction regimes on the passive MCPs of selected knee
muscles, assessed using TMG. Our results confirmed our initial
hypothesis that the type ofmuscle contraction has different effects
on themuscles that are involved in opposite kneemovements. The
knee flexors (BF) showed reduced muscle contraction velocity
(Vc) after both CON and ECC contractions, while the knee
extensors only showed an impairment in Vc after CON. The
greatest decrement in Vc was observed in BF after CON.

This study was the first designed to compare changes in MCP,
using TMG, after different types of muscle contractions (CON or
ECC) with a single bout of fatiguing isokinetic exercise. The results
showed that the index (Vc) resulting from combining spatial (Dm)
with temporal (Td and Tc) parameters was the only TMG variable
able to detect MCP changes with regard to the type of muscle con-
traction and the muscle used in the exercise. A recent meta-analysis
suggested that Vc is highly reproducible, with both absolute and
relative reliability (15). However, there is still some controversy in
the literature; although Wiewelhove et al. (30) found no changes in
Vc after 4 days of a high-intensity training program in young ath-
letes, de Paula Simola et al. (23) found similar changes to ours after
aweek-long strength trainingprogramcomparedwith an endurance
training program. Themain discrepancies can be related to subjects’
age, external load, and the different muscles assessed.

In agreement with previous studies (24), Vc decreased after the
fatiguing protocol in VL, but only after CON (221.25%)
(Figure 2). A decrease in BF was also observed in the current study
but, in this case, after both CON (higher decrease,229.03%) and
ECC (lower decrease,223.10%) protocols (Figure 2). To the best
of our knowledge, only a few studies have analyzed changes in Vc
in BF (17,18). In elite soccer players, Loturco et al. (18) found
a likely reduction in Vc in accordance with a decrease in sprinting
speed. Also, Vc showed a marked selective influence on the sprint
and power capacities of professional sprinters (17). The discrep-
ancies in MCP changes between the studied muscles (VL and BF)
after different muscle contractions can be related to peripheral and
neural intrinsic characteristics in each muscle studied (31). In ad-
dition, nonpostural muscles (BF) are more susceptible to atrophy
(or hypertrophy) than postural muscles (VL) (3). Indeed, the
muscles of the posterior thigh have been largely overlooked, par-
ticularly because the BF is a two-joint muscle group (12). Thus,
modification of the muscle tone was a determining factor in the
individual responses for each muscle. However, Dm did not show
a significant interaction in time 3 muscle 3 protocol, in compar-
ison with Vc, which suggests that Vc is a source of less variability
than Dm, probably because of the inclusion of Td, which showed
much less variation than the other variables studied (Figure 2).

When both muscle groups were compared, the BF temporal
parameters (Tc and Td) were significantly different to those of VL.
Dm values in VL were significantly lower than those in BF. These
differences also contributed to a lower Vc in BF. These results
suggested that VL responds more rapidly to an electrical stimulus
(28), has a higher level of stiffness (8), and contracts more quickly
(18). The fatiguing exercise used in our study showed a significant
time 3 muscle interaction in these variables, suggesting that the 2
muscles responded in a different manner to the induced fatigue.
More specifically, changes in all (but Tc) MCP parameters were
observed. Although neither MVIC nor IPT (Table 1) showed
a significant time 3 muscle interaction, a large decrement in time
was observed in both outcomes (MVIC h2

p 5 0.80; IPTh2
p 5 0.83),

also in accordance with findings by Prieske et al. (25). The results
indicated that both muscles had the same mechanical loss, despite
a different response inMCP, regardless of the protocol used for IPT
(Table 1). This may have important applications in deciding which
muscle contraction to use in exercises to modify the MCP in
strength conditioning programs in healthy adults.

Basal condition analysis revealed no between-legs differences
in DOMS, force values (Table 1), or TMG parameters (Table 2).
Previous studies reported no crossover fatigue effects in the con-
tralateral nonexercised knee (25), which supports the absence of
between-legs differences AU9inMVIC before exercising in the current
study. Thus, results cannot be attributed to a between-legs force
imbalance. In the current analysis, although a time 3 muscle 3
protocol interaction was not observed in MVIC, there was a sig-
nificant time 3 protocol interaction, which highlighted a larger
decrement after CON (223.23%) compared with ECC (2
15.55%). By contrast, IPT showed a significant interaction in
time 3 muscle 3 protocol. As in MVIC, the CON protocol eli-
cited greater fatigue than the ECC protocol, but in this case
showed that the knee extensors were more fatigable than the knee
flexors after CONprotocol. In relation to this, a higher decrement
in Vc was also observed in BF (knee flexor) after CON (2
29.03%), which reinforces the utility of this index in demon-
strating mechanical fatigue after CON contractions. This in-
formation can be also interpreted as a reduction in the muscle
contraction velocity in the BF after CON but not after ECC be-
cause of the greater decrease than in the VL after CON. This novel
information can help coaches and practitioners to better un-
derstand the differences that muscle contractions produce in
muscle contraction velocity, which has also been shown to be
important in knee function.

These results of our study are consistent with those of Garcı́a-
Manso et al. (8), who compared changes in TMG parameters after
high-load and high-volume resistance exercise. They found a de-
crease in Dm but an increase in Vc when a higher volume protocol

Table 2

Muscle contractile properties: descriptive values before (Pre) and after (Post) the fatiguing exercise for both kind of muscle
contractions.*

Variable

Vastus lateralis Biceps femoris

CON ECC CON ECC

Pre
(mean 6 SD)

Post
(mean 6 SD)

Pre
(mean 6 SD)

Post
(mean 6 SD)

Pre
(mean 6 SD)

Post
(mean 6 SD)

Pre
(mean 6 SD)

Post
(mean 6 SD)

Tc (ms) 22.82 6 3.68 22.03 6 3.80 22.63 6 3.52 20.47 6 2.90 39.00 6 17.83 35.42 6 19.48 36.23 6 16.29 30.46 6 15.19

Td (ms) 22.20 6 1.75 22.15 6 2.00 22.26 6 1.73 21.03 6 2.14 24.24 6 2.69 22.75 6 3.32 23.80 6 2.36 21.52 6 3.22

Dm (mm) 5.28 6 1.61 4.08 6 1.47 5.39 6 1.70 5.11 6 1.85 6.21 6 2.91 4.05 6 2.93 6.19 6 3.19 4.52 6 3.08

Vc (mm·s21) 116.84 6 32.38 92.11 6 32.05 118.95 6 32.29 122.84 6 41.97 96.15 6 34.99 65.29 6 34.37 102.95 6 46.05 83.32 6 43.96

*Tc 5 contraction time; Td 5 delay time; Dm 5 muscle displacement; Vc 5 contraction velocity.
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wasused, comparedwith a lower volumebut higher external load in
the biceps brachii with a predominantly CON protocol. Moreover,
de Paula Simola et al. (22) showed a decrease in Dm and Vc after 6
days of a combined and complex training protocol. However, from
these results, it is difficult to understandwhich exercises contributed
more to changes in specific TMG parameters, since they included
coupled CON and ECC actions. It could be hypothesized that the
inclusion of ECC contractions (e.g., plyometric, flywheel, and ec-
centric overload exercises) in their protocol induced similar results
to ours, but in our case, the effect was observed after CON. The
incorporation of high-intensity eccentric contractions may have
greatly increased muscle damage and modified the muscle response
(9). This is in agreement with the increase in DOMS reported in the
current study, which was observed after the fatiguing exercise. Fu-
ture research might consider the use of more familiar exercises and
the inclusion of multiple sets and other muscles in the same objec-
tives, to better understand how the TMG parameters can be mod-
ulated. For daily practice, the modification of basal contractile
muscle properties could be very useful. Hence, this article opens
a new line of research in relation to better understanding how to
modify the contractile properties of muscles.

In conclusion, our study showed that the contraction velocity,
a novel index that includes a combination of temporal and spatial
variables measured using TMG, is decreased after a single bout of
fatiguing isokinetic exercise, and that the concomitant performance
impairment is greater in the knee flexors, especially after concentric
contractions. A limitation of this study is that the larger decrease in
TMG parameters, which highlights greater transient fatigue (10),
can be related to the novelty of the exercise employed, despite the
familiarization phase. In practice, subjects had some difficulties in
the eccentric phase of the movement due to the high speed used.

Practical Applications

The results of this study highlighted the importance of using
different kinds of muscle contractions in knee extension or
knee flexion exercises to modify the passive muscle mechani-
cal properties of the VL or BF. This information is very
practical and useful in enabling better understanding of the
effects of different types of muscle contractions on the muscle
used in the exercise, particularly with regard to measuring
MCPs using a noninvasive and passive method such as TMG.
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