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ABSTRACT

Objective: To evaluate the influence of joint angle on heart rate (HR) responses induced by isometric exercise. Method: Ten
healthy men (23.8 ± 2.5 years old) underwent isometric maximum voluntary contraction (MVC) tests lasting 10 sec using an
electronic dynamometer under the following experimental conditions: knee extension at angles of 60° and 90° and knee flexion
at angles of 30° and 90° angles. Their HR was recorded at rest (65 sec), during MVC (10 sec) and during the recovery period
(120 sec). The data on mean maximum torque (MMT) and HR variation (ΔHR) were analyzed using the Friedman test with the
Dunn post-hoc test, and their correlation was analyzed using the Spearman test (α= 0.05). Results: 1) MMT was significantly
higher at 60° and 90° knee extension than at 30° and 90° knee flexion (p< 0.05), while no significant differences were found
between the two extension angles or between the two flexion angles; 2) ΔHR was similar under all the experimental conditions;
3) No correlation was found between MMT and ΔHR. Conclusion: The data suggest that the rapid increase in HR during the
10 sec of isometric MVC does not depend on the joint angle or the morphofunctional differences between the two muscle groups
studied.
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RESUMO

Influência do torque e do ângulo articular nas respostas da freqüência cardíaca durante exercício
isométrico em homens jovens

Objetivo: Avaliar a influência do ângulo articular nas respostas da freqüência cardíaca (FC) induzida pelo exercício isométrico.
Métodos: Dez homens saudáveis (23,8 ± 2,5 anos) foram submetidos a testes de contração voluntária máxima (CVM) isométrica,
durante 10s, em um dinamômetro eletrônico, nas seguintes condições experimentais: extensão do joelho nos ângulos de 60º e
90º e flexão do joelho nos ângulos de 30º e 90º. A freqüência cardíaca foi registrada durante o repouso (65s), durante a CVM (10s)
e durante o período de recuperação (120s). Os dados de torque médio máximo (TMM) e de variação da FC (ΔFC) foram analisados
usando teste de Friedman, com pós-teste de Dunn, e sua correlação foi analisada usando o teste de Spearman (α= 0,05).
Resultados: 1) TMM foi significativamente maior nos ângulos de 60º e 90º de extensão em relação aos ângulos de 30º e 90º de
flexão (p< 0,05), enquanto entre os dois ângulos de flexão e entre os dois de extensão não foram encontradas diferenças
significativas; 2) ΔFC foi similar em todas as condições experimentais; 3) Não foi encontrada correlação entre TMM e ΔFC.
Conclusões: Os dados sugerem que a elevação rápida da FC, durante os 10 s de CVM isométrica, independe do ângulo articular
e das diferenças morfofuncionais entre os dois grupos musculares estudados.

Palavras-chave: freqüência cardíaca; torque; exercício isométrico; flexão e extensão do joelho.
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INTRODUCTION

The autonomic efferent mechanisms responsible for
the tachycardia induced by isometric exercise are well known.
Both vagal withdrawal and sympathetic stimulation of the
sinus node may contribute in different degrees towards
exercise tachycardia, depending on the duration and intensity
of the isometric effort1.

The central efferent and peripheral afferent pathways
interact and mediate changes in the autonomic activity level
of the heart1,2,3, thereby leading to a sudden increase in heart
rate (HR) that is manifested as early as the first beat after
the beginning of exercise4. In the literature, the initial rapid
increase in HR that is observed within the first 10 seconds
of isometric exercise has been attributed to an inhibition of
vagal tonus of the heart due to central pathway irradiation1,4,5.

Maciel et al.1 examined the relative contribution of the
efferent components of the autonomic nervous system
towards regulating tachycardia that was induced by isometric
exercise. They analyzed this under control conditions and
after pharmacological blockade with atropine or propranolol,
and observed that parasympathetic blockade decreased heart
rate responses to isometric exercise during the first 10 sec,
whereas sympathetic blockade markedly modified the HR
after 10 sec of effort. These results showed that the initial
phase depends on rapid withdrawal of the parasympathetic
influence.

Studies on the HR response to isometric exercise
involving different muscle groups (different mass and fiber
types) and joint angle have shown conflicting results, with
regard to heart rate responses. Fisher et al.6 showed that,
for isometric exercise at maximum voluntary contraction
(MVC), the joint angle influences fiber length during muscle
action. According to the literature7,8,9, this change in fiber
length alters the recruitment pattern and frequency of motor
unit firing for producing and/or maintaining voluntary
contraction. Some authors have suggested that the highest
torque is reached when muscle fibers are shortest10,11,12, and
that this is attributable to the interaction between physiological
factors such as the length-tension relationship (sarcomere
length and number of active cross-bridges) and mechanical
factors such as the length of the lever arm. In contrast, other
authors7,13,14 observed the highest torque during MVC when
the muscle was in an elongated position. In addition, studies
in the literature have demonstrated that alterations in the joint
angle do not influence the torque15 or the magnitude of HR
responses at the same stress level15,16.

Given these contradictions and uncertainties in previous
research, the objective of the present study was to evaluate
the magnitude of the heart rate (HR) responses induced by
isometric exercise consisting of knee extension and flexion
and the influence of joint angle on these responses.

METHODS

Subjects
Ten healthy young men aged 23.8 ± 2.5 years with active

lifestyles (mean of 6.1 ± 1.3 hours of physical activity per
week) and right-leg dominance were studied. They were all
nonsmokers and did not use any drugs. Their anthropometric
characteristics, expressed as mean and standard deviation,
were: height 181.7 ± 4.5 cm, weight 78.51 ± 5.3 kg, body
mass index 21.4 ± 1.3 kg/m2 and skinfold thickness at the
front of the thigh 18.26 ± 4 mm. The volunteers were
considered to be healthy after undergoing clinical assessment
(medical history and physical examination), conventional
resting electrocardiogram, complete blood count, urinalysis
and clinical biochemical screening tests (glycose, uric acid,
total cholesterol and LDL, HDL and VLDL fractions, and
triglycerides), chest X-ray and an ergometric test for
cardiovascular assessment and determination of aerobic
functional capacity.

The adequate number of subjects to be included in the
study was obtained from a sample calculation using the Graph
Pad StatMate v1.01 software (1998), which indicated a
number of six volunteers. Our final sample included 10
subjects, who were selected from 48 volunteers. The
individuals chosen were those who presented similar ages,
levels of physical activity and anthropometric data, so as to
ensure homogeneity in the group.

The volunteers received detailed information about the
experimental protocol and its risks and objectives, and were
familiarized with the tests. All the subjects signed an informed
consent form before participating, and this study was
approved by the Research Ethics Committee (Process No.
057/2000).

Protocol
The subjects were asked to abstain from any physical

exercise during the 24 hours preceding the tests. Each
volunteer performed four isometric exercise tests at MVC
consisting of extension and flexion of the right and left knees
in two sessions on nonconsecutive days, with the right and
left legs and angles chosen randomly. Each test lasted 10 sec
and three repetitions were carried out for each angle tested,
with intervals between repetitions that were sufficient to allow
the HR to return to the control values that had been observed
under resting conditions in the initial evaluation.

Measurement of mean maximum torque
The tests were carried out using a computerized

dynamometer (Biodex Multi-Joint System 2, Biodex Medical
Systems Inc., New York, USA), with the subject in a sitting
position (hip fixed at an angle of 90°). They consisted of:
1) knee extension at an angle of 60°, 2) knee extension at
an angle of 90°, 3) knee flexion at an angle of 30°, and 4)
knee flexion at an angle of 90°.
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The lateral epicondyle of the femur was aligned with
the rotation axis of the dynamometer. To minimize contraction
of the muscles not directly involved in the tests, the trunk
was stabilized with a transverse holding strap on the chest
and another in the infraumbilical region. The distal region of
the thigh was fixed to the seat and the leg was fixed to the
lever arm of the dynamometer (2 cm above the external
malleolus).

The volunteers were instructed to keep their arms relaxed
to avoid contraction of the other muscle groups not involved
in the exercise, and to breathe spontaneously so as to avoid
any subconscious Valsalva maneuver that might by itself
change the central and reflex HR responses. The heart rate
response was analyzed at the end of each test in order to
investigate any occurrence of reflex bradycardia that might
result from vagal retake occurring after the Valsava
maneuver17, which did not occur. The subjects were asked
to use maximum force throughout the period of MVC and
were encouraged verbally by the examiner to sustain the torque
value, which was also plotted in real time on the computer
monitor placed in front of them and was used as visual
feedback.

Heart rate measurement
The HR was obtained from an electrocardiogram. The

signals were recorded in real time after analog-to-digital
conversion (Lab-PC+, National Instruments Co.) and
identification of the “R” peaks of the electrocardiogram waves;
the R-R intervals were calculated on a beat-to-beat basis using
custom-designed software18 and the successive HR and
R-R intervals were stored on hard disc. The volunteers were
monitored using a modified MC5 lead, with self-adhesive
disposable carbon electrodes. The HR was recorded for 65
sec while resting before each test, for 10 sec during MVC
and for 120 sec during recovery.

The tests were always carried out between 4:00 and
7:00 p.m. to prevent possible alterations in the results due
to circadian influences. The room temperature was maintained
between 22° and 24°C and the relative air humidity in the
laboratory was 42 to 54%.

Data analysis
The mean maximum torque (MMT) obtained from each

test was used in the torque data analysis. The HR analysis
included HR measurement under resting condition before each
exercise, throughout the sustained contraction and during
the recovery period (120 sec after the exercise). The resting
HR (beats/min.) corresponded to the mean values obtained
during a period of 60 sec immediately before the beginning
of the exercise; the maximum HR response was expressed
as the highest instantaneous value attained during the 10 sec
of exercise. The mean from the three repetitions was used
for calculating the two variables studied (MMT and ΔHR).

As shown in the figures, ΔHR corresponded to the increment
between mean resting values and the mean obtained after 10
sec of isometric exercise.

Statistical analysis
The results are presented as box plots and are reported

as medians, quartiles (first and third), minimums, maximums
and outliers. Because of the non-Gaussian distribution,
nonparametric tests were selected for statistical analysis:
Friedman multiple comparison tests with Dunn post-hoc test,
and Spearman rank correlation coefficients. The significance
level was set at α= 0.05 for all tests. The statistical analysis
was carried out using the Statistics for Windows software,
version 5.5 (StatSoft, Inc., 1984-2000).

RESULTS

The MMT generated was significantly higher during
MVC knee extension than during knee flexion, for both the
right and left knees (p< 0.05). No significant difference was
observed in the MMT data obtained for knee flexion at the
angles of 30° and 90° (p> 0.05), or for knee extension at the
angles of 60° and 90°, for both the right and left knees
(Figure 1).

The median resting HR immediately before the test was
similar (p> 0.05) under all the conditions studied and no
significant difference (p> 0.05) in HR response variation was
observed after 10 sec of isometric exercise at MVC
(Figure 2).

Figure 3 show the ΔHR and MMT during isometric
exercise at MVC under the two conditions studied, i.e., right
and left knee flexion at the angles of 30° and 90° and extension
at the angles of 60° and 90°. No significant correlation was
observed between the variables studied.

DISCUSSION

In the present study, no significant difference in MMT
was observed between the two extension angles studied. These
data are in agreement with the study by Silva et al.15, who
did not find any significant difference in MMT between knee
extension at the angles of 60° and 90° during isometric
exercise tests at MVC. However, the present results contrast
with those from investigations carried out by other
authors10-12,16, who observed higher peak torque at 60° knee
flexion, and by Suter & Herzog13 and Bandy & Hanten14, who
studied knee angles ranging from 15 to 90° in 15° increments
and found the highest torque when the knee extensors were
in the most elongated position (90°).

The knee flexion tests in the present study did not reveal
any significant difference in MMT between 30° and 90° during
the MVC. This finding is similar to those of Murray et al.10,
who studied the joint angles of 30°, 45° and 60°. In contrast,
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Figure 2. Heart rate variation (ΔHR – beats/min) after 10s of maximum voluntary contraction for right (R) and left (L) knee flexion at 30° and
90° and knee extension at 60° and 90° (n= 10). Friedman multiple comparison tests were utilized with Dunn post-hoc test (α= 0.05). No significant
difference (p> 0.05) in HR response variation was observed after 10 sec of isometric exercise at MVC.

Figure 1. Mean maximum torque data (N.m) obtained for the subjects after 10s of maximum voluntary contraction (MVC) of right (R) and left
(L) knee flexion at 30° and 90° and knee extension at 60° and 90° (n= 10). Friedman multiple comparison tests were utilized with Dunn post-
hoc test (α= 0.05). The MMT generated was significantly higher during MVC knee extension than during knee flexion, for both the right and
left knees (p< 0.05). No significant difference was observed in the MMT data obtained for knee flexion at the angles of 30° and 90° (p> 0.05),
or for knee extension at the angles of 60° and 90°, for both the right and left knees.

Yasuda & Sasaki19 reported that the greatest external strength
of the hamstring muscles was at an angle of 5°. However,
it should be taken into account that the authors cited
above10-14,19 used the peak torque value for analysis, i.e. the
highest value observed during MVC. The methodology in
the present study was different: the data were expressed as
mean maximum values reached in each torque curve. The
justification for this is that the mean maximum value is more
representative of the force produced by the volunteer
throughout the exercise period and thus more adequately
satisfied the objective of the present study. This might be
one of the reasons for the differences observed between the
present torque data and those reported in the studies cited

earlier, which showed variations in torque values at different
angles.

Comparison of the MMT values between knee extension
and knee flexion showed results similar to those reported
in the literature3,19 thus indicating greater force generation
capacity for the quadriceps than for the knee flexors. This
might be explained by morphological differences, since the
quadriceps muscles with their relatively high degree of
pennation, large cross-sectional area with predominantly type
II fibers seem to be adapted for generation of great force,
while flexor muscles with their relatively long, predominantly
type I fibers and intermediate cross-sectional area seem to
be designed for large movements and exercises that require
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a higher resistance to fatigue. We intend to carry out a
magnetic resonance study in the near future to quantify the
muscle mass and thereby correlate torque and muscle mass.

Additionally, just as in Thomée et al.20, no significant
differences in torque values were found between the left and
right legs in the present study, when comparing data obtained
during MVC at the same joint angles. This might be attributed
to the fact that the maximum voluntary activation of the motor
units did not differ between the dominant and non-dominant
legs during isometric exercise tests at MVC.

With regard to cardiovascular responses induced by
isometric physical exercise, it has been well established in
the literature2,21 that this type of exercise causes marked
variations in HR due to activation of central neural mechanisms
originating from efferent signals that are derived from the
motor cortex, and activation of peripheral mechanisms
consisting of afferent signals originating from the contracted
muscles.  A similar HR response pattern was observed in all
tests, independent of the joint angle or the direction of force
(flexion or extension) in the present study, and this
corroborated other studies1,3,4,22. These findings during short-
duration isometric exercise at MVC are attributed to the
inhibition of vagal tonus acting on the heart due to central
pathway irradiation1,4.

Regarding the magnitude of the HR response during
isometric exercise at MVC, our results are in agreement with
those reported by Ng et al.16 and Silva et al.15, who showed
that the ΔHR magnitude is independent of the joint angle. On
the other hand, our results disagree with those obtained by
Silva et al.3, who found a higher HR response magnitude during
isometric MVC of knee extension at 90°, than in knee flexion
at the same joint angle. Despite the similarity between the
present protocol and the one used by those authors, it should

be emphasized that they did not quantify the torque or force
developed by the subject. The similarity in HR variation in
response to isometric exercise observed for the knee flexor
and extensor groups suggests that morphofunctional
differences between these muscle groups do not influence
the HR response during isometric exercise tests at MVC. This
is in agreement with the findings of McCloskey & Streatfeild23,
who showed that the relative intensity of muscle contraction
and not the muscle mass determines the cardiovascular
responses relating to central pathway mechanisms. However,
these results disagree with those reported by others authors2,21,
who demonstrated that HR responses depend on muscle mass.
It should be taken into account that the experimental protocols
used by those authors differed from what was used in the
present study, in terms of the muscle groups studied and in
terms of intensity (percentage MVC).

It is important to point out that, in the present study,
the volunteers were instructed to maintain continuous
respiration throughout the exercise, thereby avoiding Valsalva
maneuvers. This is an additional causal factor for the
differences observed, since there are studies in the literature
that avoid this maneuver1,3,15 or allow it during isometric
exercise.

In conclusion, the present data has shown that, despite
the tachycardia induced by isometric exercise, there is a lack
of correlation between HR and MMT responses. On the
whole, the data support the view that the rapid increase in
HR during the 10 sec of isometric MVC occurred irrespective
of the joint angle and the morphofunctional differences between
the two muscle groups studied.
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Figure 3. Scatter plot between mean maximum torque (N.m) and heart rate (DHR – beats/min) responses after 10s of maximum voluntary contraction
of right and left knee flexion and extension. Legend: ( ) right knee flexion at 30°; (Δ) left knee flexion at 30°; ( ) right knee extension at 60°;
( ) left knee extension at 60°; (∇) right knee extension at 90°; ( ) right knee flexion at 90°; ( ) left knee extension at 90°;  ( ) left knee flexion
at 90°.
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