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Abstract This study evaluates the inter-session implications for accurately evaluating the effectiveness of

reliability of isokinetic knee extension testing at 607s and
180Fs, along with isometric testing, over four weeks in
older women. Sixteen participants, averaging 62.75 years,
underwent assessments using a Biodex System 4 Pro
dynamometer at baseline and after 30 days. The testing
protocols included isometric (3 repetitions at 90< knee
flexion) and isokinetic (maximal contractions at both
speeds) assessments. Results showed non-significant
increases in peak torque for isometric (0.92%) and
isokinetic (607s: 4.13%) tests, while the 1807s test
demonstrated a significant increase (5.24%). Intraclass
Correlation Coefficients (ICCs) ranged from 0.55 to 0.94
for isometric tests and from 0.62 to 0.97 for isokinetic tests,
indicating moderate to excellent reliability. The Standard
Error of Measurement percentage was lowest for isometric
tests (3.24%) and highest for the 180s tests (8.23%).
Bland-Altman analysis revealed small mean biases across
all tests, suggesting that both isometric and isokinetic
extension strength assessments exhibit reliable test-retest
performance in older women. The findings have significant

interventions and rehabilitation programs tailored for older
women, allowing for precise monitoring of strength
changes and progress.
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1. Introduction

Aging is an inevitable aspect of life that brings about
changes in muscle mass and strength decline among older
adults. Extensive research has shown a strong correlation
between these factors, with studies revealing that the rate
of strength decline surpasses the rate of muscle mass loss
in the aging population [1]. This decline in strength
significantly impacts the daily activities of older
individuals, as evidenced by studies demonstrating
substantial decreases in handgrip strength during
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hospitalizations [2]. Gender differences play a significant
role in strength decline among older adults [3,4]. Current
evidence indicates that women generally exhibit lower
levels of handgrip strength compared to men, and there is a
stronger correlation between aging and decreased
performance in women [5]. These findings suggest that
older women may be more vulnerable to the progression of
sarcopenia and are at higher risk of experiencing poor
physical function compared to their male counterparts. This
gender-specific disparity in strength and functional decline
highlights the importance of tailored interventions and
assessments for older women in particular.

In the realms of rehabilitation and exercise sciences,
assessing muscle function is crucial for identifying age-
related strength loss and evaluating the effectiveness of
interventions [6]. Isokinetic dynamometry is widely
recognized as the gold standard for assessing dynamic and
static muscle strength, offering reliable parameters such as
peak torque and work [7]. This technology enables
maximal strength evaluation at a constant velocity across
the joint's range of motion, making it a preferred method
for comparing strength testing protocols in older adults. A
systematic review conducted by Steffl and Stastny [8]
examined the utilization of isokinetic testing in older adults,
with and without pathology. The findings indicated that
isokinetic knee extension can serve as a valuable screening
tool for identifying sarcopenia and frailty in this
demographic. Moreover, research by Myers [9] has
established the validity and reliability of isokinetic testing
in measuring strength among older individuals specifically
dealing with knee osteoarthritis. These insights underscore
the versatility and effectiveness of isokinetic testing in
assessing strength and functional capacity in older adults,
highlighting its relevance in both clinical and research
settings.

The importance of accurate and reliable measurement
tools in muscle function assessments cannot be overstated.
Minimizing measurement error enhances the confidence in
data collection and interpretation, enabling clinicians to
make more precise conclusions [10,11]. Establishing
protocols for both relative and absolute reliability is
essential for distinguishing genuine improvements from
measurement errors over time.

Test-retest reliability studies for knee extensor strength
have employed various time intervals between sessions.
Some studies demonstrated excellent reliability within a
single session [10-12], while other researchers have
focused on short intervals of one to two weeks, consistently
showing good to excellent reliability for knee extensor
testing using isometric and isokinetic dynamometry [13-
17]. The choice of interval duration can significantly
influence reliability interpretation. Shorter intervals may
reduce the impact of physiological changes but may not
accurately represent typical clinical assessment timeframes.
Conversely, longer intervals, while more reflective of
clinical practice, may introduce additional variability due
to natural strength fluctuations or potential learning effects.
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In this context, this study aims to assess the inter-session
reliability of isokinetic knee extension testing at different
velocities and isometric testing over an extended four-week
period. Additionally, it seeks to evaluate the percentage
differences in strength between initial and follow-up
testing sessions to provide valuable insights into the
reliability of these assessment methods for older women.

2. Materials and Methods

2.1. Participants

A cohort of sixteen healthy older women, with the
following average characteristics, took part in this research
study: age of 62.75 +1.44 years, height of 153.63 +3.70
cm, weight of 57.30 +10.16 kg, and a body mass index of
2445 + 417 kg/m= Exclusion criteria included severe
cardiovascular diseases, neurological disorders, lower
extremity surgery within the past six months, knee
replacement, and acute knee injuries. Prior to their
involvement in the study, all participants received detailed
information about the study procedures and provided
written informed consent. The study protocol and consent
form were approved by the ethical committee of Khon
Kaen University institutional review board. Each
participant signed a written informed consent form before
participating in the study.

2.2. Testing Equipment

The isokinetic and isometric strength assessments in this
study were performed using the Biodex System 4 Pro
Dynamometer (Shirley, New York). The dynamometer was
calibrated before each testing session according to the
manufacturer's instructions. Participants sat comfortably in
an upright position, with the seat back adjusted to a 105
angle. To ensure accurate measurements and minimize
compensatory movements, shoulder and waist straps were
applied to secure the participant. A thigh strap further
stabilized the leg being tested. The rotational axis of the
knee, located at the lateral femur condyle, was aligned with
the dynamometer’s shaft. The ankle strap was positioned
two inches above the medial and lateral malleoli. The
knee’s range of motion was set from full extension (0 to
a flexion range between 90<and 110< with an anatomical
reference point at 90<

2.3. Testing Protocol

Strength testing was exclusively conducted on the
dominant side, following a structured sequence. The
assessment commenced with isometric knee extension at
90< succeeded by isokinetic knee extension and flexion at
velocities of 607s and 180Fs. Prior to the tests, participants
engaged in a five-minute warm-up on a stationary cycle
ergometer. During isometric strength testing, participants
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held the contraction for five seconds, with a 30-second rest
between trials (totaling 3 trials). A five-minute rest period
was observed before transitioning to the subsequent
strength assessment.

Subsequently, participants performed three submaximal
repetitions of knee extension and flexion (at 50-75% of
their maximal effort) to prepare for the primary test, which
comprised three maximal contractions. Following a five-
minute rest interval, participants proceeded to the final
isokinetic test at 1807s, involving five maximal
contractions after three submaximal practice attempts.
Consistency was maintained as the same assessor
conducted all tests, providing continuous verbal guidance.
Each participant underwent two testing sessions: one at
baseline and another after a 30-day interval.

Participants received concise instructions on achieving
maximal contraction, with an emphasis on speed and
exertion. Data analysis encompassed various metrics,
including peak torque (PT) derived from the highest of
three trials for isometric testing, and PT from the highest of
three trials at 60Fs, along with five trials at 1809s for
isokinetic testing.

2.4. Statistical Analysis

Statistical analyses were conducted utilizing SPSS
version 29 (Chicago, Illinois, USA), with statistical
significance established at p < 0.05. The normality of data
distribution was assessed using the Shapiro-Wilk test.
Paired t-tests were employed to examine any systematic
bias between the test and retest sessions.

The evaluation of test-retest reliability entailed both
relative and absolute reliability analyses. Relative
reliability was assessed through intraclass correlation
coefficients (ICCs), accompanied by their respective 95%
confidence intervals (95% CI). The ICC analysis adopted a
two-way mixed effects model with single rater
measurement, considering fixed assessor effects and
random participant effects. Interpretation of ICC values
followed the criteria outlined by Koo and Li [18],
categorizing reliability as excellent (> 0.90), good (0.75 —
0.90), moderate (0.50 — 0.75), or poor (< 0.50). Absolute
reliability was gauged using the Standard Error of
Measurement (SEM) and the Smallest Real Difference
(SRD). SEM was computed using the formula: SEM = SD
x (1 — ICC), where SD denotes the mean standard
deviation across the two testing days. The relative SEM
(%SEM) was calculated as: %SEM = SD x [\(1 — ICC) /
Mean of day 1 and 30] < 100. The relative SRD (%SRD)
was determined by: %SRD = 1.96 x SEM x \2 / Mean of
day 1 and 30 <100.

The agreement between test and retest sessions was
assessed through Bland-Altman plots. Proportional bias
was examined via linear regression analysis of the
agreement  plots, presenting unstandardized beta
coefficients and corresponding p-values. The Bland-
Altman plots illustrated the mean bias and limits of

agreement (LoA), calculated as Mean +1.96SD. The x-axis
depicted the mean of the two testing days, while the y-axis
represented the difference between test and retest
measurements.

3. Result

Table 1 displays the means and standard deviations for
all strength tests, accompanied by their corresponding
percent differences. The isometric testing indicated a slight
increase in peak torque (0.92%), which did not reach
statistical significance (p > 0.05). Similarly, the isokinetic
knee extension strength test exhibited a marginal upward
trend, but the variance was not statistically significant
(4.13%; p > 0.05). In contrast, the high-speed isokinetic test
was the sole measure that displayed a significant difference
(5.24%; p < 0.05).

In Table 2, the intraclass correlation coefficients (ICCs)
for peak torque across all strength tests are presented. The
isometric strength assessments showcased a range of
reliability from moderate to excellent, with ICC values
spanning from 0.550 to 0.936. Conversely, both slow and
high-speed isokinetic tests consistently demonstrated good
to excellent test-retest reliability, with ICCs ranging from
0.617 to 0.973. Overall, the relative reliability of all
strength tests falls within the moderate to excellent
spectrum, indicating a generally consistent performance
across testing sessions.

The absolute reliability analysis in Table 2 unveiled
varying levels of measurement precision across the
strength testing protocols. Isometric testing displayed the
lowest relative measurement error, with a percent Standard
Error of Measurement (%SEM) of 3.24% of the mean value.
Meanwhile, isokinetic testing at 60Fs and 180Fs
exhibited %SEMs of 4.83% and 8.23%, respectively. The
Smallest Real Difference (SRD), indicating the minimum
change required to constitute a true change beyond
measurement error, ranged from 7.04 to 18.93 in absolute
values and 9.88% to 20.46% in relative terms across all
strength tests.

Table 3 and Figures 1-3 present the outcomes of the
agreement analysis using Bland-Altman plots. The
isometric strength test showcased a mean bias of 0.78 N.m,
with limits of agreement (LoA) ranging from -18.20 to
19.75 N.m in Figure 1. For isokinetic testing, the 60Fs
condition displayed a mean bias of 3.24 N.m (LoA: -15.14
to 19.16 N.m) in Figure 2, while the 180s condition
exhibited a mean bias of 2.73 N.m (LoA: -6.34 t0 9.84 N.m)
in Figure 3. Linear regression analysis indicated no
significant proportional bias across all testing conditions,
as reflected by unstandardized beta coefficients
approximating 1 and p-values surpassing 0.05. These
results suggest a consistent agreement between test and
retest measurements across the spectrum of values for all
strength testing protocols.
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Table 1. The descriptive statistics of Peak torque measurements in each testing
PT
Variables
Day 1 Day 30 %diff
Isometric knee extension strength (N.m) 85.24 + 16.12 86.02 + 16.28 0.92%
Isokinetic knee extension strength 607s (N.m) 75.51+£15.22 78.76 £ 14.58 4.13%
Isokinetic knee extension strength 180Fs (N.m) 49.38 + 8.89 52.11+9.30 "5.24%
Table note: Data are presented as Mean + Standard deviation. * p — value < 0.05
Ab&rfviations: PT, Peak Torque; %diff, percent difference between day 30 and day 1; N.m, Newton x
" Table 2. Relative and absolute test-retest reliability of Peak torque in each testing
Relative reliability Absolute reliability
Variables ICC (95%Cl) SEM %SEM SRD %SRD
PT
Isometric knee extension strength (N.m) 0.822 (0.550 — 0.936) 6.83 3.24 18.93 20.46
Isokinetic knee extension strength 60Fs (N.m) 0.852 (0.617 — 0.948) 5.73 4.83 15.88 18.08
Isokinetic knee extension strength 180s (N.m) 0.922 (0.784 —0.973) 2.54 8.23 7.04 9.88

Table note: ICC, Intraclass correlation coefficient; 95%CI, 95% confidence interval; SEM, Standard error of measurement; %SEM, percentage
of standard error of measurement; SRD, the smallest real difference (absolute value); %SRD, percentage of the smallest real difference (relative
value); PT, Peak torque; N.m, Newton x meter.

Table 3. Bland-Altman plot analysis for test-retest agreement

Bland-Altman analysis
Linear Regression
Variables Bias Limit of agreement
Mean Mean + 1.96SD | Mean —1.96SD Unstandardized B p - value
Isometric knee extension strength (N.m) 0.78 19.75 -18.20 0.026 0.951
Isokinetic knee extension strength 60Fs (N.m) 3.24 19.16 -15.14 0.144 0.764
Isokinetic knee extension strength 180s (N.m) 2.73 9.84 -6.34 0.286 0.668
Table note: N.m, Newton x meter.
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Figure 1. Bland-Altman peak torque isometric analysis (Unstandardized g = 0.026; p = 0.951); Note; N.m, Newton x meter.
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Figure 2. Bland-Altman peak torque isokinetic extension 60 7s analysis (Unstandardized B = -0.144; p = 0.764)
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Figure 3. Bland-Altman peak torque isokinetic extension 180s analysis (Unstandardized 3 = 0.286; p = 0.668)

4. Discussion

This research delves into the 30-day inter-session test-
retest reliability of various knee extensor strength testing
modes utilizing the Biodex system 4 Pro dynamometer.
The results highlight a range from moderate to excellent
reliability for isometric knee extensor tests and good to
excellent reliability for isokinetic knee extensor tests.
Additionally, the study offers a comprehensive analysis of
relative and absolute Smallest Real Difference (SRD)

values for all testing protocols, aiding in detecting
significant changes over time in older women. Notably, the
isometric test displayed a relative SRD of 20.46%, while
isokinetic tests at 607s and 1807s showed relative SRD
values of 18.08% and 9.88%, respectively. These findings
provide valuable insights into the effectiveness and
sensitivity of different strength testing protocols for
evaluating knee extensor function in older women
populations.

This study represents a pioneering effort in exploring the
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inter-session reliability and agreement of the isometric
mode in the Biodex system 4 Pro dynamometer over a 30-
day period. This extended timeframe offers crucial insights
into the sustained accuracy of measurements, particularly
beneficial for monitoring changes in rehabilitation
strategies. The analysis of agreement for isometric testing
revealed a minimal mean bias of 0.78 N.m, indicating a
strong overall agreement between test and retest sessions.
Noteworthy is the slight positive bias, suggesting that, on
average, measurements on the second day slightly
exceeded those on the first day, aligning with the reported
percent difference. The study showcased robust reliability
for the isometric mode of the Biodex system 4 Pro
dynamometer, with Intra-Class Correlation Coefficients
(ICCs) ranging from 0.55 to 0.94. These findings closely
resonate with prior researches [7,15,19]. While some
variations in ICC values were noted, attributed to
differences in sample characteristics, the study underscored
the significance of population-specific reliability
assessments in strength testing protocols.

The isokinetic testing at both 60Fs and 1807s revealed
minor biases of 3.24 N.m and 2.73 N.m, respectively,
between test and retest sessions. Tuominen et al [17]
reported excellent reliability for isokinetic testing at 607s
(ICCs: 0.95 — 0.99) in their 7 — 14 days test-retest study,
contrasting with our findings (ICCs: 0.62 — 0.95). The
broader range of ICCs in our study may stem from
variations in age range and gender distribution, despite
similar sample sizes (n = 19 vs. n = 16). Hartman et al [14]
conducted isokinetic testing at 60s over a 5 — 10 days
interval, noting ICCs from 0.78 — 0.96, with SEM
and %SEM values of 7.1 N.m and 8.0% respectively. These
outcomes align with our results (ICCs: 0.62 — 0.95; SEM:
5.73 N.m; %SEM: 4.83%), indicating consistent reliability
across diverse study populations and timeframes. De
Oliveira et al [16] performed isokinetic testing at both 60Fs
and 1809s in older adults, presenting ICCs ranging from
0.44 to 0.82 with SEM and %SEM of 13.1 and 10.8%,
respectively, at 60s. At 180Fs, they observed ICCs
between 0.54 and 0.91 with SEM and %SEM of 8.6 and
11.6%, closely resembling our results. Understanding the
distinctions between slow and fast angular velocities is
crucial for interpreting the variations in ICCs and absolute
reliability metrics effectively.

Our research specifically examined older women,
offering crucial insights into the reliability of strength
testing methods for this population. However, it is essential
to consider how these findings might differ for older men
or younger individuals. Research has shown that muscle
strength and function decrease with age, with older men
typically demonstrating higher isometric and isokinetic
strength compared to women [20]. While both older
women and men have shown high reliability in isometric
and isokinetic testing [13,20], differences in muscle
composition and function between genders may influence
the interpretation of strength test results. Future research
could explore these variations by comparing the reliability
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of isometric and isokinetic testing protocols across
different age and gender groups. Such studies would
provide a more comprehensive understanding of how age-
related changes in muscle function and gender differences
affect the interpretation of strength assessments in clinical
and research settings.

This study also draws inspiration from the work of
Jenicijevic et al [21], who emphasized the significance of
the force-velocity relationship in isokinetic testing. Their
research highlighted the importance of using 609s and
1809s as the two most common angular velocities in
isokinetic testing, providing essential data on maximal
force and power generation, respectively. By integrating
these insights, the study underscores the adequacy of both
607s and 180Fs angular velocities in assessing and
tracking strength changes in older women over extended
periods. This further solidifies the suitability of these
isokinetic testing protocols for longitudinal monitoring and
evaluating muscle function in this specific demographic.
Our study revealed that the fast velocity test (1809s)
exhibited better reliability compared to the slower speed
test (609s). This difference may stem from both
biomechanical and neuromuscular factors. From a
biomechanical standpoint, the higher patellofemoral
compression forces and tibial shear forces at slower speeds
could impede force generation in this population,
contrasting with faster speeds [22]. Additionally, the
slower speed does not typically reflect functional strength
used in daily activities, which might contribute to reduced
reliability. The neuromuscular perspective is another
perspective that may affect the reliability according to the
result. The decline in neuromuscular control with aging,
affecting both strength and coordination [23], may impact
the smoothness of force generation during slow velocity
isokinetic testing. However, despite the fast velocity tests
showing higher ICCs ranging from 0.784 to 0.973, with a
mean of 0.922, compared to the slower tests which ranged
from 0.617 to 0.948 with a mean of 0.852, both velocities
still fall within an acceptable range of reliability (good to
excellent reliability).

The isometric and isokinetic testing are advantageous in
clinical settings where precise measurements are necessary
[22]. However, these tests are less practical in community
settings due to their time-consuming nature compared to
field-based tests like the sit-to-stand test. Isokinetic testing
is particularly valuable in rehabilitation for identifying
joint imbalances or isolated impairments. Field-based tests,
such as the sit-to-stand test, are feasible and useful for
large-scale screenings of functional strength in older
populations because they are quick [24]. However, a
limitation of field-based tests is that they cannot detect
isolated joint impairments if participants perform well
overall, a gap that is addressed by the detailed assessments
provided by isometric and isokinetic tests [22].

Our study's findings have important implications for
clinical practice and research with older women. The
moderate to excellent reliability (ICCs) and minimal
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systematic biases observed in both isometric and isokinetic
testing modes confirm their dependability for assessing and
tracking muscle function in this group. These results,
consistent with previous studies, validate the use of these
testing protocols across different settings. The SEM
and %SEM values we provide offer clinicians a reliable
tool to distinguish between genuine strength improvements
and normal measurement fluctuations [25,26]. This
supports the use of these tests in long-term rehabilitation
and strength monitoring, allowing healthcare professionals
to confidently attribute observed changes to actual
physiological improvements rather than measurement
inconsistencies. By emphasizing the role of reliability
metrics like SEM, %SEM, and SRD, this approach
highlights their utility in guiding clinical decisions within
rehabilitation programs, such as setting realistic objectives
and adjusting treatment strategies based on significant
changes in patient strength. The small positive bias noted
suggests a possible learning effect or physical adaptation,
which should be taken into account when evaluating
follow-up test results.

Nevertheless, the study acknowledges certain limitations,
including the small sample size, which may impact
generalizability to diverse age groups or individuals with
health conditions. Increasing the number of participants in
a study can improve the accuracy of reliability measures,
such as ICC and SEM values. This is because larger
samples reduce variability, leading to more consistent
results [27]. For instance, a bigger sample size might
provide more reliable ICC values, making us more
confident in the strength tests. Additionally, it could result
in lower SEM values, allowing for more precise detection
of real changes in strength over time. This increased
precision is particularly important in rehabilitation settings,
where accurately tracking patient progress is crucial.
Another potential limitation of this study was its exclusive
focus on the dominant side. This approach may not provide
comprehensive insights into the reliability of the test when
applied to the non-dominant side. Future research could
benefit from assessing both dominant and non-dominant
sides to establish a more complete understanding of the
test’s reliability across different limb dominance conditions.
It is important to note that this study focused on healthy
older women. Therefore, the findings may not be directly
applicable to older individuals with joint degeneration or
musculoskeletal conditions affecting the knee joint, as
these conditions could influence the outcomes. Despite
these limitations, the study's implications contribute
significantly to understanding the reliability of strength
testing protocols in older women, emphasizing the
importance of tailored approaches in research and practice.
Lastly, while we did not include a separate familiarization
session, we provided intra-session familiarization. Our
results indicate that only isokinetic testing showed higher
percent differences compared to isometric testing, possibly
due to the more complex movement patterns requiring
initial learning. Hence, according to the mean biases, the

familiarization session may still be crucial and applicable
in this population. This is particularly important for slow
velocity testing, which is complex and influenced by
various biomechanical and neuromuscular factors, thereby
requiring increased participant familiarity.

5. Conclusions

In conclusion, our research underscores the robust
reliability of the Biodex system 4 Pro dynamometer for
assessing knee extensor strength in older women. The
isometric testing mode demonstrates moderate to excellent
test-retest reliability, while isokinetic testing at 607s and
1807s shows good to excellent reliability with strong
agreement between sessions. By establishing relative
Smallest Real Difference (SRD) thresholds, such as
20.46% for isometric testing and 9.88% for 1807s
isokinetic testing, our study provides valuable benchmarks
for detecting meaningful strength improvements over time.
These findings have significant implications for accurately
evaluating the effectiveness of interventions and
rehabilitation programs tailored for older women, allowing
for precise monitoring of strength changes and progress.
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