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Summary

Background: Lower extremity muscle mass,
strength, power, and physical performance are
critical determinants of independent functioning
in later life. Isokinetic dynamometers are becom-
ing very common in assessing different features
of muscle strength, in both research and clinical
practice; however, reliability studies are still
needed to support the extended use of those de-
vices.
Objective: The purpose of this study is to assess
the test-retest reliability of knee and ankle isoki-
netic and isometric strength testing protocols in a
sample of older healthy subjects, using a new and
untested isokinetic multi-joint evaluation system.
Methods: Sixteen male and fourteen female older
adults (mean age 65.2 ± 4.6 years) were assessed
in two testing sessions. Each participant per-

formed a randomized testing procedure that in-
cludes different isometric and isokinetic tests for
knee and ankle joints.
Results: All participants concluded the trial safety
and no subject reported any discomfort through-
out the overall assessment. Coefficients of corre-
lation between measures were calculated show-
ing moderate to strong effects among all test-
retest assessments and paired-sample t test
showed only one significant difference (p<0.05) in
the maximal isokinetic bilateral knee flexion
torque.
Conclusions: The multi-joint evaluation system
for the assessment of knee and ankle isokinetic
and isometric strength provided reliable test-
retest measures in healthy older adults.
Level of evidence: Ib.

KEY WORDS: isokinetic test, isometric test, isokinetic
dynamometers, knee/ankle strength, torque.

Introduction

During the last century, demographic trend is show-
ing a marked decline of mortality and with an in-
crease of the lifespan that leads to a general ageing
of the population. It is estimated that approximately
13% of the 7 billion people worldwide are older adults
aged 60 years and above; this number is expected to
increase in proportion to 21% in the year 20501.
Overall, aging-associated concerns have been under
the global lens for some time, especially the physical
function. One crucial issue is the decline of neuro-
muscular activation2, strength and power that are a
hallmarks of the aging process. In fact, aging process
leads to a distinct muscle mass and strength loss3:
the age-related loss of muscle mass (i.e. sarcopenia)
entails a loss of functional and aerobic capacity, re-
duced mobility, and it is strongly connected to a loss
of independence, disability, and frailty4, 5. In particu-
lar, lower extremity muscle mass, strength, power,
and physical performance are critical determinants of
independent functioning in later life, and a central
tenet of quality of life6.
Some studies established that functional capacities,
such as the ability to stand up and sit down from a
chair, climb stairs and walk quickly, may be more
closely associated with power than strength, and the
loss of power7-9 may be more related to the etiology
of falls10, 11. Interestingly, a study of Kwon et al.12
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also showed that lower extremity muscle strength is
strongly associated with gait speed and, from the op-
posite perspective, maximum walking speed is asso-
ciated with knee strength13. In fact, the distal leg
muscles, such as ankle muscles, are important for
walking14, maintaining balance and avoiding falls15.
Functional evaluation then acquires increasing impor-
tance. The adoption of reliable testing techniques
with precise instruments is also essential to define
disability cut-off scores and, at the same time, to
avoid inaccuracies in strength and power evaluations
for the lower limbs. One type of assessment tool,
largely used in the last few years, is the isokinetic dy-
namometer. It works providing a movement with de-
fined velocity accommodating the resistance (of the
examined joint) during a range of motion (ROM). This
type of muscle contraction has become very common
in the assessment of a large variety of types of mus-
cle strength, useful in both research setting and clini-
cal practice. One example is to assess ratios of
quadriceps and hamstring muscle torques; where un-
balanced ratios can increase injury frequency16. Oth-
er uses are consolidated to represent dynamic mus-
cle function and are basis for pre-season screenings,
return to play decisions, treatment efficacy and insur-
ance reimbursement17. Last but not least, isokinetic
devices are commonly used as therapeutic (and test-
ing) exercise such as in patients with knee os-
teoarthritis18 or for knee rehabilitation after surgery
for the anterior cruciate ligament reconstruction19.
Therefore, the aim of this investigation is to assess
the test-retest reliability of a knee and ankle isokinetic
and isometric strength testing protocols using a new
and untested multi-joint system dynamometer in a
sample of older healthy adults.

Material and methods 

Participants 
Sixteen male and fourteen female older adults recruit-
ed from cultural associations in Padova (IT) agreed to
participate in the study. Sample size was consistent
with those reported in other investigations examining
dynamometer measures in older adults11,20. Inclusion
criteria were: age ≥ 60 years old, apparently healthy
conditions and MMSE ≥ 26. Participants were exclud-
ed from the investigation if they had history of cardio-
vascular, pulmonary, neurologic, musculoskeletal, or
other major systemic problems that can negatively in-
fluence study results. Moreover, all older adults had
no previous experience with isometric or isokinetic
muscular test, thus before testing a familiarization tri-
al was performed to limit bias. Each participant was
informed about the experimental purpose and proce-
dures, and gave written consent for their participation
in the trial accordingly with Declaration of Helsinki
and following specific guideline for researchers oper-
ating in the interdisciplinary field of exercise and
sports sciences21. In addition, participants were ad-
ministered the Mini-Mental State Examination
(MMSE)22, that was used as a screening device to

rule out significant cognitive impairments23. All proce-
dures were approved by the Ethics Committee of the
University of Padova (IT).

Device
The multi-joint evaluation system (Prima Plus,
Easytech, Italy) is composed by a sit and a mechanic
unit. Dimensions are 70 x 140 x 135 cm with an over-
all weight of 193 kg. The system measures knee flex-
ion and extension, dorsal and plantar flexion of the
ankle, intra- and extra-rotation of the shoulder. The
device is conformed to the EU standards for the safe-
ty (directive 93/42 CEE). Certificate No. 114091-
2012-CE-ITA-NA attests the quality for design, pro-
duction and final product inspection/testing. The cali-
bration of the dynamometer is checked applying a
known weight in specific points of the lever (distance
from fulcrum to the point which the force is exerted)
(Fig. 1). Each calibration sampling is repeated three
times in different angles (15 angle measures, ran-
domly). Largest error during isokinetic testing is 0.6
Nm (0.23%).

Procedure
The same randomized test procedure was performed
on 2 separate occasions (test, retest), 7 days apart,
by the same two investigators. This time period be-
tween test and retest was used in previous studies
assessing the reliability of isokinetic parameters24.
Testing sessions were conducted using the same
shoes, in the same weekday and the same time of
the day (from 2 to 4 p.m.), in order to reduce possible
bias and the potential effect of physical activities and
diurnal variation. Before testing, a warm up was per-
formed to reduce the risk of injuries. A 60-second re-
covery period was allowed between all testing proce-
dures.
Subjects were seated on the multi-joint evaluation
system with the backrest angled at 90° to the seat.
Belts were placed across the thighs, the pelvis, and
the shoulders to minimize body movements and to
optimally isolate the movement of knee joints and an-
kles. Subjects folded their arms across their chest
and were not permitted to hold on to the equipment
during the tests. The assessed parameters were:
maximal isometric bilateral knee extension at 75° of
extension, maximal isokinetic bilateral knee extension
and flexion with a range of movement between 0°
(anatomic 0°) to 85° of knee flexion, right and left
maximal isometric ankle plantar and dorsal flexor at
30° of plantar flexion and right and left maximal isoki-
netic ankle plantar and dorsal flexor with a range of
movement between 0° (anatomic 0°) to 65° of ankle
plantar flexion.
During knee trials the lever fulcrum was aligned with
the rotation axis of knee, with the lateral femoral epi-
condyle used as landmark, and the shin pad was
placed 2 cm above the medial malleoli. Instead, dur-
ing the ankle trials, the lever fulcrum was aligned with
the medial malleoli. The lengths of the lever arm were
recorded and used in the retest trials to avoid position
bias. Before all isokinetic tests, the weight of the legs
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and the ankles were noted and a gravity adjustment
was made using the computer software. 
Four measures were quantified: maximal isometric bi-
lateral knee extension, maximal isokinetic bilateral
knee extension and flexion, maximal isometric ankle
plantar and dorsal flexion (right and left ankles), max-
imal isokinetic ankle plantar and dorsal flexion (right
and left ankles). During the maximal isometric bilater-
al knee extension, the leaver arm was set at 75° ex-
tension, calculated on the maximum knee extension
of each participant. Subjects had to push as stronger
as possible, with both legs, the shin pad for 5 sec-
onds. Differently, during maximal isokinetic bilateral
knee extension and flexion participants pushed and
pulled the shin pad as fast as possible for five times
uninterruptedly. The velocity of isokinetic movement
was set at 90°/sec. When testing the maximal isomet-
ric ankle plantar and dorsal flexion, the lever arm was
set at 30° of plantar flexion, calculated from the maxi-
mum ankle dorsal flexion (0°) of each participant, and
the foot was fixed on a support with two stripes. Sub-
jects had to push down and pull up the ankle support
as stronger as possible for 5 seconds, during exten-
sion and flexion trials. Finally, during maximal isoki-
netic ankle plantar flexion and extension participants
had to push down and pull up the ankle support as
fast as possible for five times continuously. The ve-
locity of this isokinetic movement was set at 90°/sec.

Data analysis 
Data were acquired at 1000 Hz. All testing proce-
dures were performed three times and for each one
the maximum torque produced (in newton-meters)
was recorded. For the analysis, the average of three
trials was taken into consideration. With the same
procedure, also the mean of average power was cal-

culated. Statistical analyses were conducted using
SPSS (Version 22.0 for Windows, SPSS Inc., Chica-
go, IL) and Microsoft Excel 2016. The Kolmogorov-
Smirnoff (K-S) test was performed to check if data
were normally distributed. Means and standard devia-
tions were calculated for each variable in both test
and retest conditions. Bland and Altman plots25 were
created in order to examine test-retest reliability; lim-
its of agreement (mean of the differences ± 1.96 x
SD) were also reported in the plots. Paired-sample t-
tests were performed to detect significant bias be-
tween test sessions (p<0.05). Moreover, Intraclass
Correlations Coefficients (ICC), 95% Lower and 95%
Upper Confidential Limits were calculated. Finally,
differences between the mean values were also ex-
pressed as a percentage in order to allow compar-
isons among measures and across studies.

Results

Characteristics of the sample are reported in Table I.
The average age for women was 65.15 ± 5.29 years,
body mass was 63.46 ± 11.06 kg, height was 1.63 ±
0.05 meters, and BMI 23.68 ± 3.02. Whereas the av-
erage age for man was 65.38 ± 4.13, body mass was
76.13 ± 9.33, height was 1.77 ± 0.04, and BMI 24.3 ±
2.56. All participants concluded the trial safety and no
subject reported any discomfort throughout the over-
all assessment. 
Coefficients of correlation between measures were
calculated showing moderate to strong effects among
all test-retest assessments while Bland and Altman
analyses were performed to detect mean error scores
between test and retest measures. Separate analy-
ses for each measure were displayed in Figures 2-5.
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Figure 1. Calibration process, D is the
distance between fulcrum and Force (F)
exerted to the lever.
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Table I. Participant characteristics. 

N. Subjects Weight (kg) Height (m) BMI (kg/m2) Age (years)

30 (16 M, 14 F) 69.93 ± 11.99 1.70 ± 0.86 23.97 ± 2.78 65.2 ± 4.66
Abbreviation: BMI, body mass index.

Figure 2. Bland and Altman plots reproducing average isometric bilateral knee extension at 75°, maximal isometric bilateral
knee extension at 75°, maximal isokinetic knee extension at 90°/s and maximal isokinetic knee flexion at 90°/s.

Figure 3. Bland and Altman plots reproducing maximal isometric right plantar flexion at 30°, average isometric right plantar
flexion at 30°, maximal isometric right dorsal flexion at 30° and average isometric right dorsal flexion at 30°.



The mean errors (average errors between estimated

points) were calculated as deviation from 0 Nm.
Mean errors are 6.82 Nm in the maximal isometric bi-
lateral knee extension at 75°, 3.5 Nm for average iso-
metric bilateral knee extension at 75°, -4.39 Nm in

the maximal isokinetic knee extension at 90°/s, -7.1

Nm in the maximal isokinetic knee flexion at 90°/s, -
2.33 Nm in the maximal isometric right plantar flexion
at 30°, -2.5 Nm for average isometric right plantar
flexion at 30°, 0.67 Nm for maximal isometric right
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Figure 4. Bland and Altman plots reproducing maximal isometric left plantar flexion at 30°, average isometric left plantar
flexion at 30°, maximal isometric left dorsal flexion at 30° and average isometric left dorsal flexion at 30°.

Figure 5. Bland and Altman plots reproducing maximal isokinetic right dorsal flexion at 90°/s, maximal isokinetic right plantar
flexion at 90°/s, maximal isokinetic left dorsal flexion at 90°/s and maximal isokinetic left plantar flexion at 90°/s.



dorsal flexion at 30°, 0.16 Nm for average isometric
right dorsal flexion at 30°, -0.23 Nm for maximal iso-
metric left plantar flexion at 30°, -0.11 Nm for average
isometric right plantar flexion at 30°, 0.62 Nm for
maximal isometric left dorsal flexion at 30°, 0.24 Nm
for average isometric left dorsal flexion at 30°, -0.04
Nm for maximal isokinetic right dorsal flexion at 90°/s,
-0.5 Nm for maximal isokinetic right plantar flexion at
90°/s, -0.42 Nm for maximal isokinetic left dorsal flex-
ion at 90°/s and -0.5 Nm for maximal isokinetic left
plantar flexion at 90°/s. Upper and lower limits of
agreement were represented in Figures 2-5 with
dashed lines. For each test (maximal isometric bilat-
eral knee extension, maximal isokinetic bilateral knee
extension and flexion, right and left maximal isokinet-
ic and isometric ankle plantar and dorsal flexion), re-
sults showed that most values were included within
the upper and lower limits of agreement. The exami-
nation of the plots indicates that during maximal isoki-
netic right and left dorsal flexion at 90°/s (Fig. 5), a
tighter distribution was observed when compared with
the maximal isokinetic right and left plantar flexion at
90°/s (Fig. 5). The most accurate measure was de-
tected in the maximal isometric left plantar flexion at
30° test (Fig. 4), while the worst was in the maximal
isometric right plantar flexion at 30° test (Fig. 3). Pair-
sample analysis showed only one significant differ-
ence (p<0.05) in the maximal isokinetic bilateral knee
flexion, indicating a test-retest discrepancy only in
this specific measure (Tab. II).

Discussion

This study was conducted to establish the test-retest
reliability of knee and ankle isokinetic and isometric
strength measures using a new and untested multi-joint
evaluation system (Prima Plus, Easytech, Italy). Partici-
pants involved in our study showed different activity
level varying from sedentary to a regular active lifestyle,
representing a heterogeneous group and with a wide
range of strength values. Moreover, the sample size
was larger than previous studies analyzing reliability of
isometric and isokinetic leg extension26 and flexion16.
To minimize errors, this procedure was standardized
and randomized. Participants’ position was recorded
and the same instructions were specified. No verbal en-
couragements were given and subjects were asked to
wear the same shoes and comfortable clothes.
In summary, results revealed a high reliability in: iso-
metric knee extension, isokinetic knee extension at
90°/s, isometric right and left ankle plantar and dorsal
flexion, and isokinetic right ankle plantar and dorsal
flexion at 90°/s. Specifically, the prevalence of values
is placed within the limits of agreements and the cor-
respondence between test and retest differences
confirmed the reproducibility of the assessments per-
formed with the multi-joint evaluation system. With
more detail, a very high correlation was observed be-
tween the values reached for isometric left (ICC =
0.96) and right (ICC = 0.93) ankle dorsal flexion; this
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Table II. Means and standard deviations for isometric and isokinetic tests.

Test (Nm) Retest (Nm) p value ∆ % ICC LCL 95% UCL95%

Isometric Knee Extension
Highest a 251.61 ± 73.30 244.79 ± 65.50 0.286 -2.71% 0.88 0.77 0.94
Average b 220.52 ± 69.73 217.03 ± 62.46 0.586 -1.59% 0.87 0.75 0.94
Isokinetic Knee at 90°/s
Extension 170.16 ± 44.11 174.55 ± 41.38 0.154 2.58% 0.93 0.88 0.96
Flexion 92.42 ± 26.50 99.52 ± 28.21 0.007* 7.68% 0.88 0.77 0.94
Isometric Ankle R Flexion (pl.)
Highest a 37.07 ± 13.91 39.3 ± 16.29 0.307 6.03% 0.71 0.48 0.85
Average b 32.60 ±12.58 35.10 ± 15.5 0.224 7.69% 0.71 0.47 0.85
Isometric Ankle R Flexion (do.)
Highest a 35.09 ± 9.41 34.42 ± 8.81 0.307 -1.90% 0.93 0.86 0.97
Average b 32.43 ± 8.88 32.26 ± 8.27 0.797 -0.51% 0.92 0.84 0.96
Isometric Ankle L Flexion (pl.) 
Highest a 36.94 ± 13.60 37.17 ± 14.90 0.891 0.63% 0.80 0.62 0.90
Average b 33.09 ± 12.45 33.19 ± 14.37 0.949 0.32% 0.78 0.58 0.89
Isometric Ankle L Flexion (do.)
Highest a 35 ± 9.39 34.38 ± 8.64 0.218 -1.78% 0.96 0.91 0.98
Average b 32.02 ± 9.03 31.78 ± 8.25 0.619 -0.75% 0.96 0.91 0.98
Isokinetic Ankle R at 90°/s
Flexion (pl.) 23.83 ± 9.39 24.33 ± 10.73 0.565 2.10% 0.90 0.80 0.95
Flexion (do.) 19.82 ± 5.26 19.87 ± 3.92 0.939 0.22% 0.77 0.58 0.89
Isokinetic Ankle L at 90°/s
Flexion (pl.) 23.83 ± 9.39 24.33 ± 10.73 0.767 2.10% 0.60 0.31 0.79
Flexion (do.) 19.48 ± 4.84 19.9 ± 4.30 0.661 2.17% 0.36 0.01 0.63

Abbreviation: ICC, Intraclass Correlation Coefficient; LCL, lower confidential limit; UCL, upper confidential limit; a, Highest
value of 3 testing procedures; b, Average value of 3 testing procedures; R, right; L, left; *, p < 0.05; pl., plantar; do., dorsal.



is probably due to the movement reproducing a daily
activity such as stand-up from a chair or start the
stance phase during locomotion. Contrarily, the low-
est correlation was found on left ankle isokinetic
dorsal flexion test (ICC = 0.36) and left ankle isoki-
netic plantar flexion test (ICC = 0.60), despite the
mean values were similar to those of the right ankle
isokinetic test. This could be explained in terms of
dominance; in fact, the vast majority of the partici-
pants was right handed and the dominant leg was
the right.
Our results demonstrated from good to excellent in-
ter-rater agreement measures, with the exclusion of
the isokinetic ankle left dorsal flexion, and the per-
centage differences between test and retest mea-
sures were similar to previous studies involving old-
er subjects11, 27. The only statistically significant dif-
ference (∆ % = 7.68%) was found in the isokinetic
bilateral knee flexion test (p = 0.007). This discrep-
ancy may be due to the result of a learning effect.
This effect was explained by Connely et al.28 show-
ing that, especially for older people, once learned a
specific motor task (in this case the isokinetic), the
second performance can result as enhanced without
any real increase of strength and power by the
same subject. Following this reasoning, it is possible
that a learning effect influenced this specific trial
specifically; hamstring muscles were exerted in a
non-traditional way and then mirroring an increase
of the values during the retest session. Additionally,
in the Hartmann et al. study27, participants affirmed
that the movement toward gravity was more difficult
to be performed than against gravity, and isokinetic
bilateral knee flexion of our test is toward gravity in-
deed.
From a clinical standpoint, as comparison with our
data, we extract data from Ruhdorfer et al.29 and
Ribeiro et al.30. In the first study, the relationship be-
tween thigh muscle strength and clinically relevant
differences in self-assessed lower limb function was
estimated, while in the second investigation test-
retest reliability of lower limb isokinetic endurance in
COPD patients was taken in examination. Average-
ly, both studies described a threshold of about 6%29

and 10%30 respectively to determine a minimally
clinical relevant change. It has to be considered that
our data reflected a performance in a healthy popu-
lation; however, the magnitude of error in the sys-
tem showed a range concretely inferior to the mini-
mal clinically relevant differences detected in these
investigations.
A first limitation we recognize in our study was the
use of only one isokinetic testing velocity (90°/sec),
which was chosen to help non-expert participants to
facilitate testing sessions. Probably the average and
the highest peak torque could be reached using a
lower velocity. A further limitation is the non-speci-
ficity of the tests for the knee that does not repro-
duce completely an everyday activity although it is
well accepted that leg extensor power is associated
with walking speed and rising up from a chair31.

Conclusion

Within the limitations of this study, data indicated that
the multi-joint evaluation system for the assessment
of knee and ankle isokinetic and isometric strength
provided reliable test-retest measures in healthy old-
er adults. Future investigations should consider the
variety of tests that can be administered with this de-
vice; further directions could involve either athletes
and patients, using different isokinetic velocities, for
instance 60°/sec, rather than different angles of ex-
tension for isometric tests. Lastly, no study has so far
evaluated data using the eccentric modality of this
specific dynamometer; we preferred to test only isoki-
netic and isometric modalities since the testing sam-
ple was composed of older adults that seemed to
have a lower eccentric knee extension torque com-
pared to young adults32.
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