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Torque Regularity is not Affected by the Nature of Visual
Feedback During Hold Type of Isometric Contractions in Adults
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ABSTRACT. The literature that investigated the influence of
visual feedback properties on the magnitude and temporal struc-
ture of variability suggests that increases in the precision of vis-
ual information of the torque output (through manipulation of
visual gain and its intermittency) lead the neuromuscular system
to produce torque in a more steady and complex manner.
However, less is known about the influence of the nature of vis-
ual feedback on torque variability. The present study aimed to
investigate the effect of two different feedback natures, one
from the angular position and the other from the torque pro-
duced, on the magnitude and temporal structure of torque vari-
ability during submaximal hold isometric tasks. Twenty healthy
and young participants performed a knee extension isometric
task, consisting in sustaining an applied resistance equivalent to
40% of their Maximal Voluntary Isometric Contraction for 30 s
with visual feedback from angular position (Hgnge) and with
visual feedback from torque (Hiorque)- The magnitude of torque
variability was calculated through the coefficient of variation.
Sample Entropy was used to analyze the temporal structure of
torque fluctuations, i.e., torque complexity. We observed no sig-
nificant differences between conditions (Hapgie VS Higrque) in
both magnitude (p =0.117) and the temporal structure of torque
fluctuations (p =0.940). Our results demonstrated that torque
regulation seems not to be affected by the nature of the visual
feedback during hold submaximal isometric tasks, suggesting a
participation of sensorimotor system due to the nature of the
task. Researchers should take this into account to take methodo-
logical decisions when using hold submaximal isometric tasks
to investigate possible changes in motor control.

Keywords: complexity, force control,

visual feedback

variability, entropy,

Introduction

orque output is characterized by natural non-random

fluctuations present in the temporal structure of its
time series, i.e., complexity, that is believed to contain hid-
den information about the intricate interplay between the
multiple components of the neuromuscular system which
generate complex patterns of torque output (Forrest et al.,
2014; Slifkin & Newell, 1999; Vaillancourt & Newell,
2002, 2003). Therefore, torque complexity is believed to
reflect the ability of the neuromuscular system to adapt
motor output to the task demands and changes in the
environment, representing the dynamic balance between
stability and adaptability that characterizes healthy physio-
logical systems (Lipsitz & Goldberger, 1992; Vaillancourt
& Newell, 2003). Consequently, torque complexity is
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considered an important measure of motor control and an
indicator of functionality of the neuromuscular system
(Pethick et al., 2016, 2018). Interestingly, the literature
suggests that the aging process (Fiogbé et al., 2021;
Vaillancourt & Newell, 2003), pathology (Vaillancourt &
Newell, 2002) and neuromuscular fatigue (Oliveira et al.,
2022; Pethick et al., 2015, 2018, 2019b, 2019a, 2021) con-
tribute to a decrease in the ability of the neuromuscular
system to adapt its output, i.e., a loss of complexity.

Traditionally, the magnitude and temporal structure of
torque fluctuations are assessed through targeted submaxi-
mal isometric tasks at a percentage of maximal voluntary
isometric contraction (MVIC) (Clark et al., 2023; Enoka
& Farina, 2021). The maintenance of an isometric torque
level against a static object requires both feedforward
information about the required torque and feedback infor-
mation about the level of torque output being produced.
Usually, this feedback consists in a visual indication of
torque output, which can be used to adjust the torque pro-
duction to meet the task requirements (Vaillancourt et al.,
2006). Indeed, visual feedback is known to be essential
when attempting to hold force steady (Lee Hong &
Newell, 2008; Prodoehl et al., 2010) since its removal
leads to a decrease in the absolute torque production, and
to changes in the magnitude of variability, revealing a
decrease in the individuals’ capacity to meet the task
requirements and to produce steady torque outputs follow-
ing the withdrawal of visual feedback (Baweja et al,
2009; Vaillancourt & Russell, 2002).

Furthermore, the properties of visual feedback have
been implicated to influence both the magnitude of vari-
ability, measured by standard deviation (SD) and coeffi-
cient of variation (CV), and the temporal structure of
torque variability, assessed through entropy measures such
as approximate entropy (ApEn) or sample entropy
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(SampEn) (Newell & Mcdonald, 1994; Slifkin et al., 2000;
Sosnoff & Newell, 2006; Tracy et al., 2007). For instance,
visual gain, i.e., the number of pixels on the screen per
unit of torque, has been suggested to affect both the magni-
tude and time-dependent properties of variability in the
torque output (Hu et al., 2011; Lee Hong & Newell, 2008;
Newell & Mcdonald, 1994; Prodoehl et al., 2010; Sosnoff
& Newell, 2006). Interestingly, it has been shown that
improving the precision of visual feedback, by increasing
its gain (i.e., the amount of visual information provided),
improves individual’s performance, measured through root
mean square error (Beuter et al., 1995; Hong et al., 2008;
Prodoehl et al., 2010). The gain of visual feedback has
also been shown to influence both the magnitude and the
temporal structure of force variability (Lee Hong &
Newell, 2008; Prodoehl et al., 2010). Likewise, it has been
demonstrated that the visual angle (i.e., the ratio between
the vertical length on the screen per unit of force amplitude
and the participant’s eye distance to the screen) also medi-
ates the control of force production (Vaillancourt et al.,
2006). Furthermore, the literature has demonstrated that
increasing the intermittency of visual feedback is associ-
ated to increases in the magnitude of torque fluctuations as
well as to an increase in torque regularity (Hu et al., 2012;
Lafe et al., 2016; Slifkin et al., 2000; Sosnoff et al., 2005;
Sosnoff & Newell, 2005). Moreover, it was observed that
visual gain and intermittency of visual feedback have com-
pounding and compensatory effects on the time-dependent
properties of torque variability (Hong et al., 2008).

In summary, it has been suggested that the more precise
the visual information of the torque output is, the more the
neuromuscular system is able to use that information to
produce force in a steadier (i.e. with decreased magnitude
of variability) but more complex manner (Hong et al.,
2008; Lee Hong & Newell, 2008; Prodoehl et al., 2010;
Slifkin et al., 2000). Thus, increasing the precision of the
visual feedback information allows for more precise
updating of the feedback processes involved in the visual
control loop of torque production, increasing the number
of solutions available to neuromuscular system to tune the
torque production, resulting in a more complex isometric
torque output (Sosnoff & Newell, 2005).

Although the effect of visual feedback properties on tor-
que variability and complexity is well studied, less is known
about the influence of the source/origin of visual feedback
on both magnitude and temporal structure of torque fluctua-
tions. In the traditional submaximal isometric tasks, the tor-
que is produced against an immovable resistance and,
therefore, an individual only has to control the torque pro-
duction to achieve and sustain the targeted torque level since
the position is fixed (force control tasks). Conversely, when
an equivalent torque level has to be sustained in a determined
angular position (position control tasks), which is closer to a
real-world environment, the individual has to control both
joint position and torque production (Enoka & Farina, 2021).
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Interestingly, it has been demonstrated that the time to task
failure is considerably lower in position control tasks where
the individuals must hold a submaximal load in a determined
joint angle (hold isometric task) compared to force control
tasks in which individuals have to push against an immov-
able resistance to match an equivalent torque level (Hunter
et al., 2002; Rudroff et al., 2007, 2010). Moreover, Bauer
and colleagues (2023) have demonstrated that torque com-
plexity significantly differs between hold-type and push-
type isometric contractions. Importantly, they also observed
that adding visual feedback did not change torque regulation
assessed through both torque complexity and variability.
However, in these hold isometric tasks, the effect of provid-
ing visual feedback from different sources (joint angular
position or torque level) on the magnitude and temporal
structure of torque variability has not yet been determined.

In this type of tasks, the joint position is a conse-
quence of the level of torque produced since the lever
arm of isokinetic dynamometer moves whenever the
individuals produce more or less torque than the targeted
one. Therefore, it could be considered that the feedback
from torque would provide direct information about the
force produced by individuals’ neuromuscular system to
achieve the task goal and, hence, is more precise than
the feedback from joint angle which would provide
information about the individuals’ joint angle and, indir-
ectly influence the force produced to sustain the targeted
task load. Thus, considering the literature mentioned
above, the nature of feedback received by individuals
could influence how their neuromuscular system regu-
lates the torque production and, therefore, the torque
complexity. Moreover, if the nature of feedback influen-
ces the torque regulation, it could be helpful in terms of
methodological considerations for future research.

Thus, the aim of the present study is to address this gap
by investigating the difference between the use of visual
feedback of joint angular position and of torque level on the
magnitude and temporal structure of torque fluctuations dur-
ing submaximal hold isometric contractions. Considering
the existing literature suggesting that the more precise the
visual information provided to the individuals is, the steadier
and more complex (less regular) the torque output produced
by their neuromuscular system is (Hong et al., 2008; Lee
Hong & Newell, 2008; Prodoehl et al., 2010; Slifkin et al.,
2000), we hypothesized that torque feedback will result in a
more complex torque output when compared to joint posi-
tion feedback. We also hypothesized that the magnitude of
variability would be lower during torque feedback as com-
pared to joint position feedback.

Materials and Methods

Participants

Twenty young and healthy male adults aged 18-35 years
(age: 24.6+3.5yrs; height: 1.77+0.07m; body mass:
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74.6 + 13.3Kg; body mass index: 23.7 + 3.3 kg/m?) without
any neurological disorder or lower limb disabilities were
recruited by word of mouth and participated in the present
study. Each participant attended one data collection ses-
sion and, prior to participation, signed an informed con-
sent previously approved by the Ethics Committee of the
Faculty of Human Kinetics (approval number #3/2022)
and in conformity with the Declaration of Helsinki.

Experimental Design and Protocol

The participants were required to visit the laboratory
to perform a maximal and a submaximal task in Biodex
System 3 Pro isokinetic dynamometer (Biodex Medical
System 3, Shirley, NY), initialized and calibrated accord-
ing to the manufacturer’s instructions. The chair of iso-
kinetic dynamometer was adjusted to guarantee the
alignment between the lateral epicondyle of the femur
and the axis of rotation of the lever arm. The full exten-
sion was defined as the 0°, and the relative hip and knee
angles were set at 90°. The lower leg of the participants’
dominant member was attached to the lever arm above
the malleoli with a velcro strap. Moreover, to prevent
excessive movement and the use of hip extensors during
the experimental tasks, straps were secured across partic-
ipants’ shoulders and waist. Furthermore, to guarantee
proper warm-up and familiarization with testing proce-
dures, a range of submaximal isometric, isokinetic and
isotonic knee extensions were performed by participants.

To determine their Peak Torque (PT), defined as the
highest torque value obtained during a MVIC task, par-
ticipants were asked to perform three MVIC lasting 3 to
5s each, being instructed to exert their maximum force
as fast as possible with strong verbal encouragement.
These contractions were separated by 60s of rest, and
continued until three consecutive peak torques were
within 5% of each other.

For the submaximal trials, participants were asked to per-
form a hold isometric task, in two different conditions: with
visual feedback from angular position (Hyyg1e) and with vis-
ual feedback from torque (Horque). The order of conditions
was randomized. The submaximal task consisted in sustain-
ing a resistance equivalent to 40% of their MVIC for 30 s at
70° of flexion. The visual feedback was provided through an
angular position or torque line, depending on the testing con-
dition (Hapgle VS Hiorque), displayed on a monitor (HP
L1908W 19", 1400 x 900 Widescreen), placed at 1.5 meters
from participants, as depicted in Figure 1.

For the Hynge condition, participants were instructed
to align their instantaneous angular position line with the
target angle of 70° of knee flexion (testing angle) by sus-
taining the applied force equivalent to 40%MVIC. In the
Hiorque condition participants were asked to match their
instantaneous torque with the target value equivalent to
resistance applied by the isokinetic dynamometer
(409%MVIC). In both conditions the isotonic mode of the
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FIGURE 1. Representation of the experimental design.

isokinetic dynamometer was used, and the researcher
assisted the participants at the start of each trial in mov-
ing the lever arm of the isokinetic dynamometer to the
70° target angle. Participants performed two trials for
each condition with a 60-second period in between and
were instructed to maintain the articular position while
sustain the applied resistance through the entire duration
of each trial. If the knee flexion angle varied by more
than 10° from the target angle for three times or when
the participant was unable to restore the angle back once
lost, the trial was interrupted immediately and repeated.
Data was sampled through Biopac MP100 (Biopac
Systems Inc., California, USA) interfaced with a per-
sonal computer, at 1000Hz. Data was collected in
Acknowledge (Version 3.9.1. Biopac Systems, Inc.,
California, USA) and further exported to Matlab®
R2023a (The MathWorks Inc., Natick, MA, USA).

Data Analysis

All data was analyzed using code written in Matlab®
R2023a (The MathWorks, Natick, MA, USA). Torque
signals were first low-pass filtered (Butterworth 10 Hz,
4th order), and, to guarantee that the analyzed signals
only accounted for the time the participant matched the
targeted MVIC%, were cropped to remove the ascending
and descending components of the hold isometric con-
tractions. After a power spectral analysis demonstrated
the ~9Hz as the maximal frequency of interest across all
participants, the signals were downsampled to 50 Hz for
further analysis, following the Stergiou (2004) recom-
mendation of a sampling frequency five times greater
than the highest frequency of interest in the time series.
Then, the magnitude of variability, through the coeffi-
cient of variation (CV), and temporal structure of vari-
ability were calculated. Sample Entropy (SampEn)
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nature of visual feedback (Hangie VS. Hiorque)-

TABLE 1. Temporal structure (SampEn) and magnitude (CV) of torque variability in function of

Mean torque (N.m) SampEn CcvV
Hangle Htorque Hangle Htorque Hangle Hmrque
Mean +SD 132.4+21.5 132.6+21.0 1.20+0.22 1.19+0.19 5.19+1.10 5.0+1.07
95% CI 120.9-141.5 121.5-141.5 1.11-1.30 1.12-1.28 4.70-5.66 4.56-5.49

Data are presented as mean, standard deviation (SD) and confidence intervals (CI).

(Richman & Moorman, 2000) was used to determine the
temporal structure of the torque output. SampEn deter-
mines the inverse probability that short sequences of data
points are repeated throughout a temporal sequence of
points, and, therefore, is a measure of the regularity of a
signal. Lower SampEn values are associated with time
series characterized by repeatable sequences of data
points, i.e. a regular output. On the other hand, higher
SampEn values are associated with time series character-
ized by the absence of this repeatability of sequences of
data points, i.e. irregular outputs. Therefore, a perfectly
repeatable time series has a SampEn value equal to zero,
and a perfectly random time series has a SampEn value
converging toward infinity (Richman & Moorman,
2000). SampEn is adapted from an earlier method of
approximate entropy (ApEn). Unlike ApEn, SampEn is
less sensitive to the data length and eliminates the bias
of self-similar matches (Richman & Moorman, 2000). In
this study, a pattern length (m) of 2, error tolerance (r)
of 0.2 and data length (N) of 1500 data points (i.e.,
50Hz x 30sec) were selected and used in the determin-
ation of SampEn values (Raffalt et al., 2023; Yentes
et al., 2013). The reliability of entropy measures was
shown to be optimal when these input values are identi-
cal for all trials and participants (Cavanaugh et al.,
2005).

The Coefficient of Variation (CV), a common linear
measure that translates the magnitude of variability
within the torque output was calculated through the
standard deviation normalized to the mean. Mean torque
(MT) was also calculated to assure the targeted torque
was reached equally across conditions. SampEn, CV and
MT were extracted from the exact same previously
cropped signal. For statistical purposes, the average of
the two trials in each condition was used.

Statistical Analysis

All statistical analyses were carried out using Jamovi
(Version 1.6. Sydney, Australia). Standard descriptive
statistics (mean and standard deviation) were used to
summarize the data. All data were tested for normality
using Shapiro-Wilk tests. A paired samples #-test was
used to investigate the difference between feedback
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nature in the magnitude and temporal structure of torque
variability (CV and SampEn, respectively). When nor-
mality was violated, a Wilcoxon signed-ranks test was
used. Cohen’s d was calculated as a measure of effect
size, as d:LN, where ¢ stands for the statistical value
and N for the number of observations. Statistical signifi-
cance was set at p < 0.05.

Results

All data are summarized on Table 1.

Mean Torque

No significant differences were found between condi-
tions (tgqgy = —0.963; p=0.348; d=-0.215:MTHpgc=
132.4 N.m, MTH4;que=132.6 N.m).

Sample Entropy

Regarding temporal structure of torque fluctuations,
assessed through SampEn, we observed no significant
differences between conditions (W=107.5; p=0.940;
d=0.024; SampEnH,,g=1.20, SampEnH oqu.=1.19)—
Figure 2.

Coefficient of Variation

Relatively to the magnitude of variability, we found
no significant differences between conditions for CV
(W=1475; p=0.117; d=0.405; CVHuge=5.19,
CVHorque=3.00) as depicted in Figure 2.

Discussion

This study aimed to investigate the effect of the nature
of visual feedback on the magnitude and temporal struc-
ture of torque variability during submaximal hold isomet-
ric tasks. We hypothesized torque feedback would lead
to a steadier (i.e., decreased magnitude) but more com-
plex, i.e. less regular, torque production. This hypothesis
was not verified since we observed no significant differ-
ences between conditions (Hapgle VS Higrque) in both the
magnitude, measured by CV, and the temporal structure
of torque fluctuations, assessed through SampEn.

Journal of Motor Behavior
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Previous literature suggests that providing more pre-
cise visual information, through the increase of the gain
and/or the reduction of the visual feedback intermittency,
leads to a decrease in the magnitude and an increase in
the complexity of torque production by the neuromuscu-
lar system (Hong et al.,, 2008; Lee Hong & Newell,
2008; Prodoehl et al.,, 2010; Slifkin et al.,, 2000).
However, this was not observed in the present study
since giving more accurate visual information through
torque feedback (Hiorque) did not translate into more
complex and steadier torque control when compared to
joint position feedback (Hgnge). The nature of the sub-
maximal isometric task could be a possible explanation
to our results. In hold isometric tasks, participants must
hold an applied submaximal load in a determined joint
angle. Thus, in the case of knee extension, whenever par-
ticipants produce a torque level below the target torque,
the lever arm of dynamometer moves toward flexion.
Conversely, when participants produce a torque level
higher than the target torque, the arm of the dynamom-
eter moves toward the extension. Therefore, in this type
of tasks, the joint position is closely related to the level
of torque produced. In this sense, the adjustments that

2025, Vol. 57, No. 3

participants must make to the joint position in the Hypgle
condition in order to maintain the target angle of the
task depend on how they adjust the torque production to
correspond to the task goal. Therefore, considering the
close relationship between the joint position and the tor-
que level produced in hold submaximal tasks, it seems
that the nature of feedback provided to individuals does
not affect the neuromuscular ability to adapt the motor
output to correspond to the task demands, i.e. its adapt-
ability, reflected by torque complexity (Vaillancourt &
Newell, 2003).

Furthermore, the literature suggests that, when motor
actions are performed, there is redundancy in the task
goal which can be achieved by an infinite number of
motor solutions, and that the coordination patterns are
influenced by the constraints from the task, individual
and environment (Bernstein, 1967; Newell, 1986;
Ranganathan et al., 2020). The experimental paradigm
used in the present study comprises both task and envi-
ronmental constraints. At the task level, the 40% MVIC
torque level to be sustained and the 70° of knee flexion
served as constraints. Moreover, the visual feedback pro-
vided represents an environmental constraint.
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The organization of motor coordination patterns is
influenced by the interactive effect of the different con-
straints’ categories (Hu & Newell, 2011a) and each con-
straint is weighted based on the relative influence of the
constraint in the organization of the coordination patterns
(Hu & Newell, 2011b), suggesting a constraint hierarchy,
i.e., a set of prioritized requirements defining the task to
be performed (Rosenbaum et al., 2001). It has also been
suggested that if the task requires an individuals to main-
tain a given posture (e.g., maintaining the joint position
during hold isometric contractions in our experiment), to
attend to a given stimulus such as visual feedback, the
stability of the task is prioritized over other constraints
as it is a crucial condition to accomplish the task goal
(Lee et al., 2018). In our experimental apparatus, the
hold nature of the isometric task can be seen as con-
straint prioritized by the participants to assure the task
goal, i.e., not losing the 70° knee flexion position. Thus,
the motor control underlying the proposed task is likely
being dictated by the sensorimotor system and adding
visual feedback of different nature turns irrelevant. In
other words, in our experiment, it could be hypothesized
that the individuals have prioritized the stability of knee
joint position to achieve the task goal, reducing their
focus of attention from the visual feedback provided.
Therefore, although the nature of the task-related feed-
back provided varied (torque vs joint angle), the mode
how the participants explore the system’s redundancy,
i.e. the multiple solutions available to perform the task
(sustain the 40%MVIC at 70° of knee flexion for 30s)
in order to select the best solutions to ensure its accom-
plishment, may have resulted in the selection of similar
or synergistic solutions and, consequently, in similar
temporal structures of torque output in both conditions.
Conversely, if the contraction type would have been a
push mode where the dynamometer lever arm is fixed,
this constraint would likely be less relevant as the focus
would then go to the torque level feedback, but no joint
angle position feedback would be possible as there
would be no need for controlling it. This rationale sup-
ports our findings and shows how potentially minor
details in task experiment can have a great impact in the
used motor control strategies. In addition, we have previ-
ously showed that adding additional visual feedback to a
hold type of task did not change motor control as
assessed through both the magnitude and temporal struc-
ture of variability (Bauer et al., 2023). Moreover, Bauer
et al. (2023) have demonstrated that hold-type isometric
contractions differ from the traditional push-type isomet-
ric contractions in terms of torque complexity, highlight-
ing the relevance of task nature for torque regulation.

Altogether, the present and previous findings support
that, due to the nature of the task, individuals prioritized
the stability of the task and the achievement of the task
goal, that potentially led them to adjust the motor output
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based on the sensorimotor information, that is, informa-
tion provided by the articular receptors, mechanorecep-
tors (e.g., Golgi tendon organ and muscle spindles), and
reflex pathways, attributing less weight to the environ-
mental constraints such as the visual feedback.
Interestingly, Fitzpatrick et al. (1994) have demonstrated
in their study that proprioceptive signals from receptors
in the leg muscles were sufficient to maintain a stable
upright position, highlighting the importance of the infor-
mation provided by the sensorimotor system to maintain
the task stability. Furthermore, previous studies suggest
that monosynaptic proprioceptive feedback has a time
delay of 25-50ms, considerably lower than the visual
feedback path (~200ms) (Mugge et al., 2013). This
faster information processing could be the reason for the
neuromuscular system to rely on proprioceptive informa-
tion to regulate torque production when the focus was
set to the task stability, which together with what was
mentioned above, can help explaining the results
obtained, and reflects the importance the sensorimotor
system for torque regulation. Although this discussion
seems neurophysiological logical, we did not address its
through direct measures of it and, therefore, this discus-
sion is partly speculative. Furthermore, despite the ran-
domization of the conditions, a potential learning effect
could have been observed and influenced the results
since participants experienced both feedback natures.
Moreover, considering that the literature suggests the
existence of sex differences regarding torque complexity
and variability (Brown et al., 2010; Harrison et al., 2023;
Jakobi et al., 2018), future research should investigate if
the nature of feedback would impact differently males
and females.

To the best of our knowledge, this was the first study
that investigated the nature of feedback (joint angular
position or torque level) in the magnitude and temporal
structure of torque fluctuations during submaximal hold
isometric contractions. Our results suggest that torque
regulation seems not to be affected by the nature of the
visual feedback during hold submaximal isometric tasks,
indicating that online force control processes of the
lower limbs may not necessarily be able to adapt to vari-
ous modulations of visual feedback during this type of
tasks. We hypothesized that, due to the hold nature of
the task, the participants could have prioritized the stabil-
ity of the task, reducing their focus of attention to the
visual feedback provided which could have increased the
participation of the sensorimotor system on force regula-
tion. This could have practical implications for the
researchers who want to use this type of hold submaxi-
mal isometric tasks, closely related to the real-world
environment, to investigate possible changes in motor
control, particularly at the level of methodological
decisions.
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