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Time-of-day dependence of isokinetic leg strength
and associated interday variability
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The purpose of this study was to assess the interday
variability and time-of-day effects on selected isokinetic
leg strength indices. Nine adult collegiate sportsmen
(mean(s.e.) age 19.6(0.5) years; mean(s.e.) height 1.81(0.02)
m; mean(s.e.) body mass 76.5(3.1) kg) completed a series
of nine test sessions, organized so that each subject was
tested three times within a day (08.00-09.00 hours;
13.00-14.00 hours; 18.00-19.30 hours), on three occasions,
each separated by a minimum of 7 days. Gravity-corrected
indices of extension peak torque (EPT), flexion peak
torque (FPT), and the peak torque ratio (PTR), at
contraction velocities of 1.05 rad s-1 and 3.14 rad s-1, were
calculated for each subject using an isokinetic dynamo-
meter. Two-way repeated measures analysis of variance of
coefficient of variation (V%) scores revealed no significant
differences in performance variability across within-
subject factors of time-of-day and performance index
(P> 0.05). Overall mean(s.e.) VO/o for scores across
experimental conditions were 3.97(0.72)% at 1.05 rad s-1
and 5.98(1.23)% at 3.14 rad s-1, suggesting that similar
levels of measurement error occur between 08.00-19.30
hours. One-way repeated measures analysis of variance of
absolute strength indices (EPT, FPT and PTR) revealed
that significantly higher scores were achieved during
session 3 (18.00-19.30 hours), with mean(s.e.) values of
249.1(40.0) N m, 149.0(32.3) N m, 59.5(5.0)% at 1.05 rad s-1,
and 172.1(38.7) Nm, 121.3(27.7) Nm, 71.1(6.2)% at 3.14
rad s-1, respectively (P< 0.05). This finding appears to be
consistent with current knowledge about time-of-day
effects on the assessment of muscular strength. Thus for
stable and maximal values to be obtained during
isokinetic leg testing, the use of multiple-trial protocols is
recommended, with testing occurring as close to
18.00-19.30 hours as possible. In addition, the observed
significant time-of-day effect suggests that appropriate
comparison of maximal isokinetic leg strength can only be
achieved based on data obtained within 30 min of the same
time of day.
Keywords: Isokinetic leg strength, interday variability,
time-of-day dependence, multiple-trial protocol

It is interesting to note that although elite athletes are
tested for physiological attributes with increased
regularity, many are assessed for isokinetic leg
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strength on an annual basis, using one-trial protocols
only. This latter observation may be due in part to
both time and logistical constraints. Results from
such research protocols have been reported frequently
in the literaturel-9. However, recent work by Gleeson
and Mercer'0 has questioned the reliability of this
testing approach. They endorse the preferred use of
mean recorded values of multiple-trial protocols,
with gravity-corrected data, to describe accurately
and reliably the isokinetic leg strength characteristics
of adult men and women.
The requirement for multiple-trial assessment

protocols relates to a need to combat substantial
variability associated with isokinetic strength assess-
ments1- 3. The latter studies are characterized by
coefficients of variation of up to 8.5% and 13.1% for
intraday and interday trials, respectively. Intraday
variability in isokinetic strength assessments may be
driven, at least in part, by circadian rhythm. This is a
category of biological rhythms which last approxi-
mately 24h and which follow a sinusoidal response
curve with optimal performance occurring in the late
afternoon'4-'6. In this way, isokinetic strength may
be affected by the time of day at which the test
occurs. Previous studies have suggested the existence
of circadian rhythms in hand grip strength'7-"8, and
in leg and back strength as assessed by a spring-
loaded dynamometer'9. However, few studies have
investigated the time-of-day dependence of either
measured levels of isokinetic leg strength, or the
variability of this physiological capacity. Such infor-
mation would be of importance to both exercise
scientists and clinicians, since it would facilitate the
testing of an individual within an optimal time
window in which muscular strength is maximal and
subject to the lowest naturally occurring levels of
performance variability. Therefore the purpose of this
study was to assess selected time-of-day effects on
both isokinetic leg strength and on associated
interday variability.

Subjects and method
Nine adult collegiate sportsmen comprising four
soccer players, two distance runners, one sprinter,
one decathlete and one karate student (mean(s.e.)
age 19.6(0.5) years; mean(s.e.) height 1.81(0.02) m;
mean(s.e.) body mass 76.5(3.1) kg) gave their in-
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formed consent to participate in this study. No
subject had a history of injury to either knee.

Procedure
Following an initial familiarization session with the
test procedure and equipment, subjects returned to
the laboratory to be tested three times during one
day, at the following times: 08.00-09.00 hours
(session 1), 13.00-14.00 hours (session 2),
18.00-19.30 hours (session 3). This procedure was
repeated on an additional two occasions, each
separated by a minimum of 7 days. Subjects were
tested as near to the same time of day as possible
(within 30 min).

After the completion of a standardized warm-up
(consisting of 5 min of cycle ergometry at an intensity
of 88W, and static stretching), subjects were seated
on an isokinetic dynamometer (Lido Digital 2.1,
Loredan, California, USA). The seat angle was set at
0.26 rad (150) to the horizontal, with an angle of 1.57
rad (900) between the back and the seat of the chair.
The preferred limb was positioned with the anatom-
ical axis of rotation of the knee (the lateral femoral
condyle) aligned with the axis of rotation of the lever
arm of the dynamometer. The lever arm was
strapped to the involved leg, just above the ankle
joint. Restraining straps were placed around the
shoulders, chest and waist, with an additional
restraint applied to the thigh (proximal to the knee
joint), in order to stabilize body segments and
prevent any extraneous body movement. The avail-
able range of motion was limited mechanically
between 0 rad (knee fully extended) and 1.57 rad of
knee flexion.
The effects of gravity during dynamic muscle

contraction in the vertical plane were compensated
for by the software package used with this dynamo-
meter. This, as suggested by Nelson and Duncan20,
involved the calculation of the torque values of the
limb-lever arm at each angle while falling passively.
These values- were automatically added to those
measured during knee extension and subtracted from
those during knee flexion in the test.
The dynamometer was then randomly set at a

contraction velocity of either 1.05 rad s- (600-1) or
3.14 rad s-1 (1800-1). At each test velocity four
reciprocal nonmaximal contractions of the knee
extensors and knee flexors were performed in
preparation for the actual test. After resting passively
for 1 min, subjects performed four reciprocal maximal
voluntary contractions (MVCs) at the preset velocity.
The results of this bout of dynamic muscular
contraction were recorded. After a 5-min period of
passive rest, the procedure (four nonmaximal con-
tractions, 1 min rest, four MVCs) was repeated at the
other test velocity.

Indices of isokinetic leg strength
Gravity-corrected indices of non-angle specific exten-
sion peak torque (EPT) and flexion peak torque (FPT),
and the peak torque ratio (PTR) ((FPT/EPT) x 100%),
at 1.05 rad s-1 and 3.14 rad s-1 were analysed
separately. Peak torque was the highest recorded

value through the range of motion during the four
MVCs. The arithmetic mean of three interday trials
was used to describe these indices13.

Statistical analysis
The selected isokinetic muscle function indices were
initially analysed by standard descriptive statistics
(mean(s.e.)). Coefficient of variation (V%), corrected
for small sample size bias21, was used to assess the
variability of indices across trials at the different times
of day. V% was calculated according to the expres-
sion ((s.e./mean) (1 + (1/4n), where n is the number of
trials. A two-way repeated measures analysis of
variance of the V% scores was conducted to assess
whether any significant differences in performance
existed across within-subject factors of time of day
and isokinetic strength index.
One-way repeated measures analyses of variance

were conducted on the absolute group mean scores of
all performance indices with a priori planned compari-
sons'. In these analyses, session 1 was compared
with session 2, and the mean of sessions 1 and 2 was
compared with session 3. Statistical significance was
accepted at P < 0.05. All statistical analyses were
programmed using SPSS/PC + (Version 3.1; SPSS,
Chicago, Illinois, USA) software.

Results
V% scores across the mean of the three testing
sessions are presented in Table 1. Two-way repeated
measures analysis of variance of the V% scores
revealed no significant differences in performance
across within-subject factors of time-of-day and
isokinetic strength index (extension versus flexion).
The recorded indices of dynamic isokinetic muscle

function, arithmetically averaged over the 3 days of
testing are displayed in Table 2. All indices attained
during session 2 were greater than those from session
1, with the exception of PTR at 1.05 rads-1.
However, the one-way repeated measures analysis of
variance revealed that only FPT at 1.05 rad s- 1 was
significantly greater during session 2 (P < 0.02).
Results of the second planned comparison (of the
mean of sessions 1 and 2 versus session 3) revealed
that all indices were greater during the latter session,
and that these differences were significant (P < 0.03).

Table 1. Variability of non-angle specific peak torque (EPT, FPT)
and peak torque ratio indices: coefficient of variation scores (%)

Strength index Session 1* Session 2* Session 3*

1.05 rad s-1
EPT (Nm) 3.65(2.00) 2.42(0.78) 3.98(1.91)
FPT (Nm) 4.33(3.12) 3.93(3.15) 5.21(3.37)
PTR (%) 4.21(1.79) 4.14(2.44) 3.92(2.32)

3.14 rad s-1
EPT (Nm) 4.66(2.54) 4.43(2.54) 4.43(3.02)
FPT (Nm) 8.04(5.56) 6.90(6.00) 4.85(2.70)
PTR (%) 5.47(3.98) 5.94(5.04) 7.63(4.73)

*Values are mean(s.e.); EPT, extension peak torque; FPT, flexion
peak torque; PTR, peak torque ratio
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Table 2. Non-angle specific peak torque (EPT, FPT) and peak
torque ratio indices: group mean absolute values

Strength index Session 1* Session 2* Session 3*

1.05 rad s-1
EPT (Nm) 235.8(42.6) 241.9(36.1) 249.1(40.0)t
FPT (Nm) 137.8(31.5) 141.3(33.4)t 149.0(32.3)*
PTR (%) 58.0(4.8) 57.8(6.7) 59.5(4.9)t

3.14 rad s-1
EPT (Nm) 162.7(36.6) 170.8(32.2) 172.1 (38.7)t
FPT (Nm) 106.7(30.5) 111.6(30.1) 121.3(27.7)*
PTR (%) 65.0(8.9) 65.1(8.7) 71.1(6.2)*

*Values are mean(s.e.); EPT, extension peak torque; FPT, flexion
peak torque; PTR, peak torque ratio; t, significant difference
(analysis of variance; P< 0.05); *, significant difference (analysis
of variance; P< 0.01)

Discussion

The group mean absolute values of EPT and FPT, at
both test velocities, are consistent with other findings
reported in the literaturel-2,4-7. However, PTR scores
were some 10% lower than those reported 1-38-9
This latter finding may be attributed to the fact that
only in the present study were torque values
corrected for the effects of gravity. The PTRs obtained
in the gravity-uncorrected studies, which add gravi-
tational forces to knee flexion and subtract it from
knee extension, therefore represent artificially in-
flated PTRs, and it has been suggested that the
results and conclusions of such studies must be
treated with great caution23.

Analysis of the data by means of one-way analyses
of variance for day 1 to day 3 revealed no systematic
learning effects across the days of testing. Thus, it
would appear that the performance variability en-
countered in this study was due to technological and
biological sources only.

Analysis of the data by means of one-way analyses
of variance revealed no significant time-of-day
variability differences between V% scores for all
performance indices (EPT, FPT and PTR) at both test
velocities. Overall mean(s.e.) V% scores across the
experimental conditions were 3.97(0.72)% at 1.05
rad s' and 5.98(1.23)% at 3.14 rad s-. These results
compare favourably with those in the literature
concerning the interday variability of dynamic iso-
kinetic muscle function, which range from 5.1%12 to
13.1%11. The findings from this study suggest,
therefore, that the interday variability of the selected
isokinetic strength indices are not dependent on the
time of the day at which testing is undertaken.
Therefore, based on the criterion of the lowest
occurring performance variability, single-trial assess-
ments appear likely to be subject to similar levels of
measurement error between 08.00 hours and 19.30
hours, and so testing is endorsed through this
period. However, the level of interday V% suggests
that individual and small groups of athletes should
preferably be tested using multiple-trial day-to-day
protocols to reduce measurement error and the
potential for misinterpretation of scoresl3

All absolute performance indices produced signifi-
cantly greater scores during session 3 (18.00-19.30
hours) (Table 1). The percentage increases from
sessions 1 and 2 to session 3 range from 2.76% (PTR
at 1.05 rads-1) to 11.13% (FPT at 3.14 rads-1). This
suggests that the measurement of isokinetic leg
strength levels is time-of-day dependent, and this
appears to be consistent with current knowledge
about time-of-day effects on aspects of muscular
strength17-19.

In conclusion, based on the criterion of maximal
isokinetic leg strength, assessments should take place
between 18.00 hours and 19.30 hours. In addition,
the significant time-of-day effect revealed in this
study suggests that, in both clinical and scientific
settings, appropriate comparison of maximal isokine-
tic leg strength can only be achieved based on data
obtained at the same time of day (allowing a margin
of 30 min).
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