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SUMMARY

Background: Isokinetic dynamometers are becoming very common in assessing muscle
strength and pathology, both in research and clinical practice, but for most of those
devices reliability studies are still needed to support their extended use. The aim of this
study is to assess the test-retest reliability also in health adults.

Methods: Thirty adults (13 male and 17 females; mean age 25.4 + 2.7 years) were
recruited among University students. They participated to two testing sessions (7 day
apart) in which they performed isokinetic and isometric strength assessment of the
knee and ankle flexion and extension.

Results: All variable showed an Intra-class correlation coefficient higher than 0.7
(isometric knee extension 0.96; isokinetic knee extension 0.96; isokinetic knee flex-
ion 0.97; isometric ankle right flexion pl and flexion do 0.75-0.96; isometric ankle left
flexion pl and flexion do 0.78-0.97; isokinetic ankle right flexion pl and flexion do
0.88-0.73; isokinetic ankle right flexion pl and flexion do 0.88-0.85) and paired-sample
t-test showed no significant difference. Moreover, most of the recorded values were
included within the upper and lower limits of agreement.

Conclusion: Multi-joint evaluation system is a reliable device to assess knee and ankle
isokinetic and isometric strength among healthy adults.
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BACKGROUND

muscle strength and pathology (1). Recently, these measures

In the last three decades, many isokinetic devices were
developed and become commercially available. Isokinet-
ic devices provide constant velocity with accommodating
resistance throughout a joints’ range of motion (ROM). For
this reason, in both clinical and research settings this type of
muscle contraction has become very common in assessing
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are used to interpret dynamic muscle function (2). In fact,
isokinetic dynamometers provide quantitative information
of various muscle groups, including peak torque and the
angle at which it occurs, torque at any angle of ROM and
the average power of the contraction. Generally, isokinet-
ic devices are used in rehabilitation to assess risk factors
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such as knee and hamstring injuries or imbalances (3), but
lately those systems are employed in sport medicine units
to evaluate patients’ strength for exercise prescriptions, for
example the strength of the soleus which could provide a
surrogate measure of functional capacity in patients with
heart failure (4). Moreover, another use of these devic-
es is in the preseason screening of unilateral and bilateral
strength in healthy athletes to avoid injuries during train-
ing or challenge (5). In fact, the bilateral muscle asymmetry
and muscle imbalances about the knee have been stated as
the etiology of many injuries, especially hamstring strains
(3). The usefulness of an isokinetic dynamometer depends
upon the reproducibility, or reliability, of the equipment,
the test protocol and the measurements obtained (6). For
these reasons, using a reliable testing technique and instru-
ment it is essential to delineate disability cut-off score and
it is fundamental to avoid mistakes in strength and power
evaluations of the lower limb.

In this context, several investigations have evaluated the
inter-reliability of knee muscles strength indices using differ-
ent isokinetic dynamometers such as Biodex and Cybex (7).
Moreover, other studies have previously evaluated the reli-
ability of isokinetic devices using different angular velocities
(8), testing the strength indices of different joints (9) and
using isokinetic device to assess isometric strength (10). So
many isokinetic devices have been already analyzed, such as
Cybex (11), Kin Com (1), iSAM 9000 (12) Biodex System
4 (13).

The reliability of multi-joint evaluation system Prima Plus®
(Easytech Srl, Borgo San Lorenzo FI, Italy) was demon-
strated in elderly subjects (14). Nevertheless, at the best of
authors’ knowledge, no studies have assessed the reliability
of this device in healthy young adults. Therefore, the aim of
this investigation is to assess the test-retest reliability of knee
and ankle isokinetic and isometric strength testing protocol
in healthy young adults, using a new and untested isometric
and isokinetic multi-joint system dynamometer.

MATERIAL AND METHODS

Participants

Thirteen male (25.62 + 2.95 years, height 1.81 + 0.06 meters,
weight 74.12 + 9.87 kg, BMI 22.63 + 2.38) and seventeen
females (25.24 + 2.56 years, height 1.7 + 0.05 meters, weight
60.76 + 8.79 kg, BMI 20.98 + 2.47) young adults recruit-
ed among University students agreed to participate in this
study. Sample size calculation was based in according to
other investigations examining dynamometer measures in
young adults (1, 15). To this end the following equation was
applied N= (2(SD?)) * (Za+Zp)?)/A?. Assuming 10 Nm as
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Table I. Participant characteristics.

N. Subjects Weight Height BMI Age

(kg) (m) (kg/m2) (years)
30 (13 M, 6771+ 175+ 21.69+253 254+
17 F) 11.49 0.82 2.7

Abbreviation: BMI, body mass index.

significant different, and 20 as an acceptable standard devi-
ation (SD), the equation reported 31 subjects.

Voluntary subjects (age > 20 y.0.) were recruited from univer-
sity students. After a general medical examination question-
naire, subject with history of cardiovascular, pulmonary,
neurologic, musculoskeletal, or other major systemic prob-
lems were immediately excluded.

The experimental purpose and procedure were explained
to each participant, and a written consent for their partici-
pation in the trial was gave. In addition, participants were
administered the Mini Mental State Examination (MMSE)
(16), that was used as a screening device to rule out signifi-
cant cognitive impairments (17). The Ethics Committee of
the University of Padova approved all the procedures.

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 overall weight of 193 kg. The
device is conformed to the EU standards for the safety (direc-
tive 93/42 CEE). Certificate No. 114091-2012-CE-ITA-NA
attests the quality for design, production and final prod-
uct inspection/testing. The system allowed the evaluation
of squat movement, intra- and extra-rotation of the shoul-
der, knee flexion and extension, and dorsal and plantar flex-
ion of the ankle. The calibration of the dynamometer was
performed in 15 different angles (from 0° to 240° with 15°
for each one), applying a known weight in a specific point of
the lever (Figure 1). Largest error during isokinetic testing
is 0.6 Nm (0.23%).

Procedure

The same two investigators performed strength tests in two
separate moments (test & re-test) with an interval period of
7 days between the sessions (18). Before testing, to avoid
any learning effects which were frequently associated with
strength testing procedures particularly in naive subjects,
a separate practice session was scheduled to make partici-
pants familiar with the testing procedures. Furthermore, a
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Figure 1. Calibration process, D is the distance between
fulcrum and Force (F) exerted to the lever.

warm up session was always performed. A 60-seconds recov-
ery period was allowed between all testing procedures. No
verbal encouragements or visual feedback were given and
subjects were asked to wear the same shoes and comfortable
clothes in all sessions.

The position of the subjects on the multi-joint system was
seated with the backrest angled at 90° to the seat, with their
arms across the chest. To minimize body movement and to
optimally isolate the movement of knee joints and ankles,
specific belts were placed across the thighs, the pelvis, and
the shoulders.

Eligible parameters were maximal isometric bilateral knee
extension at 75° of extension, maximal isokinetic bilater-
al 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 isokinetic
ankle plantar and dorsal flexor with a range of movement
between 0° (anatomic 0°) to 65° of ankle plantar flexion.
The order of tasks was randomized trying to reduce possible
interference effect among them.

During the two knee trials the fulcrum was aligned with the
lateral femoral epicondyle, and the shin pad placed 2 cm
above the medial malleoli. Lever arm was set at 75° exten-
sions, calculated on the maximum knee extension of each
participant during maximal isometric bilateral knee exten-
sion trial. After the acoustic signal of the computer, the
participants had to push with both legs as strong as possible
for 5 seconds against the shin pad. In maximal isokinetic
bilateral knee extension and flexion the velocity of isokinet-
ic movement was set at 90 °/s. Before the test the load of the
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legs was annotated and a gravity adjustment was computed
using the manufactory software. During this trial, partici-
pants had to push and pull the shin pad as fast as possible
five times uninterruptedly.

During the two ankle trials, the fulcrum was aligned with
the medial malleoli, and the foot was fixed to the support
with two stripes. In the maximal isometric ankle plantar and
dorsal flexion, the angle was fixed at 30° of plantar flexion,
calculated from the maximal ankle dorsal flexion (0°). After
the acoustic signal, the participants had to push down or
pull up the ankle as strong possible for 5 seconds, for exten-
sion and flexion trial respectively. For the maximal isokinet-
ic ankle plantar flexion and extension, the isokinetic veloc-
ity was set to 90 °/sec. As for knee, the ankle weight was
recorded before the test. Finally, after the acoustic signal
the subjects had to push down and pull up the ankle as far
possible for five times continuously.

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 and the
ankles were noted and a gravity adjustment was made using
the computer software.

This trial was conducted ethically according to international
standards (19).

Data Analysis

Data were acquired at 1000 Hz. Three trials for each type
of test were carried out and maximal torque (in newton-me-
ters) and mean power were recorded. For the analysis, the
average of three trials was taken into consideration. Statis-
tical analyses were conducted using SPSS (Version 22.0 for
Windows, SPSS Inc., Chicago, IL) and Microsoft Excel
2016. Normal distribution of data was checked using Kolm-
ogorov-Smirnoff (K-S) test. Means and standard devia-
tions were calculated for each variable in both test and
retest conditions. In order to examine test-retest reliabili-
ty the Bland and Altman plots were created (20); limits 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 between test sessions (p<0.05).
Moreover, Intraclass Correlations Coefficients (ICC), 95%
Lower and 95% Upper Confidential Limits were calculat-
ed. Finally, differences between the mean values were also
expressed as a percentage in order to allow comparisons
among measures and across studies.

RESULTS

Sample characteristics were reported at Table I. Women
participants aged 25.24 + 2.56 years, body mass was 60.76
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+ 8.79 kg, height was 1.70 + 0.05 meters, and BMI 20.98 +
2.47. Men aged 25.61+2.96 years, body mass was 74.16+9.87
kg, height was 1.81+0.06 m, and BMI 22.62+2.38 kg/m?. All
participants concluded the trial safely, any discomfort was
indicated.

Paired analyses and Intra-class correlations showed no
significant differences (p>0.05) respectively and an overall
good correlation among all assessments. The mean errors
(average errors between point estimated) were calculated as
the deviations from 0 Nm. The Bland and Altman analy-
ses were performed to detect error scores between tests and
retest measures. No statistical difference was found between
test and retest measures (Table II).

Isometric knee extension showed excellent correlation
between test-retest measures (highest 0.96, average 0.95),
such as isokinetic knee extension (0.96) and flexion (0.97)
(Figure 2). Isometric right ankle dorsal flexion showed excel-

lent correlation (highest 0.96, average 0.97), while plantar
flexion showed good correlation for the highest value (0.75)
and moderate for the average value (0.71) (Figure 3). For
the left ankle isometric dorsal flexion test excellent correla-
tion was found for highest and average results (0.97 and
0.98), while plantar flexion showed good correlation (0.78
and 0.77) (Figure 4). Both right and left isokinetic ankle
plantar flexion showed a good correlation (0.88). On the
contrary, isokinetic plantar flexion showed good correlation
for the left ankle (0.85) and moderate for the right (0.73)
(Figure 5). For each test results showed that most values
were included within the upper and lower limits of agree-
ment (dashed lines of figures 2-5). The examination of the
plots indicates that during maximal isometric right and left
dorsal flexion 30° a tighter distribution was observed when
compared with the maximal isometric right and left plantar
flexion 30°. The most accurate measure was detected in the

Table Il. Means and standard deviations for isometric and isokinetic tests.

Test (Nm)

Retest (Nm)

pvalue A% Mean error (Nm)  ICC

Isometric Knee Extension (75°)

Highest* 388.11 £103.1 386.83 +103.07 0.826 -0.33% 1.28 +31.62 0.96
Average® 340.99 £ 92.05 344.07 £ 90.79 0.583 0.90% -3.08 £30.37 0.95
Isokinetic Knee at 90°/s

Extension 264.68 +72.53 257.69 +74.21 0.078 -2.64% 6.99 +20.89 0.96
Flexion 144.38 + 40.30 143.37 £39.20 0.596 -0.70% 1.01 +£10.34 0.97
Isometric Ankle R Flexion (pl.)

Highest * 48.84 + 15.80 51.58 + 18.58 0.242 5.60% -2.73 £12.56 0.75
Average® 41.72 + 13.80 4535 +17.01 0.107 8.69% -3.63 +11.96 0.71
Isometric Ankle R Flexion (do.)

Highest * 36.48 + 10.05 36.08 +9.99 0.462 -1.10% 0.4 +2.94 0.96
Average® 33.59+932 33.52+9.55 0.872 -0.21% 0.07 £2.41 0.97
Isometric Ankle L Flexion (pl.)

Highest * 4742 + 16.84 49.49 + 17.19 0.336 4.36% -2.07 £11.58 0.78
Average® 41.14 + 15.00 43,67 £ 15.21 0.198 6.15% -2.53 £10.52 0.77
Isometric Ankle L Flexion (do.)

Highest * 3598 +11.18 36.36 + 10.43 0.453 1.05% -0.38 £2.72 0.97
Average® 3292 +10.32 3339 +9.89 0.239 1.42% -047 £2.13 0.98
Isokinetic Ankle R at 90°/s

Flexion (pl.) 28.92 + 11.46 30.51 £ 10.96 0.142 5.49% 0.01 £3.21 0.88
Flexion (do.) 23.17 +4.24 23.16 +4.26 0.984 -0.05% -1.59+£5.77 0.73
Isokinetic Ankle L at 90°/s

Flexion (pl.) 28.92 + 11.46 30.51 +10.96 0.142 5.49% -0.36 +2.87 0.88
Flexion (do.) 2298 +£5.22 23.33 +4.90 0.502 1.55% -1.59+£5.77 0.85

Abbreviation: ICC, Intraclass Correlation Coefficient;*, Highest value of 3 testing procedures; , Average value of 3 testing procedures; R, right; L, left; *,

p < 0.05; pl., plantar; do., dorsal.
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Figure 2. Bland and Altman plots reproducing maximal isometric bilateral knee extension at 75°, average isometric bilateral
knee extension at 75°, maximal isokinetic knee extension at 90°/s and maximal isokinetic knee flexion at 90°/s.
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Figure 3. Bland and Altman plots reproducing maximal isometric right ankle plantar flexion at 30°, average isometric right
ankle plantar flexion at 30°, maximal isometric right ankle dorsal flexion at 30° and average isometric right ankle dorsal flexion
at 30°.
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Figure 4. Bland and Altman plots reproducing maximal isometric left ankle plantar flexion at 30°, average isometric left ankle
plantar flexion at 30°, maximal isometric left ankle dorsal flexion at 30° and average isometric left ankle dorsal flexion at 30°.
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maximal isometric bilateral knee extension test at 75°, while
the worst was in the maximal isometric right ankle plantar
flexion at 30° test.

DISCUSSION

The aim of this study is to observe the test-retest reliability of
knee and ankle isokinetic and isometric strength measures
using the isokinetic dynamometer provided by Easytech in
healthy young adults. Overall, the results reveal a very high
reliability. With more details, in isometric knee extension,
isokinetic knee extension at 90°/s, isometric right ankle
dorsal flexion and isometric left ankle dorsal flexion, ICC
is higher than 0.90. Moreover, in all the other tests the ICC
is higher than 0.70 meaning a good correlation between the
test and retest measures. Additionally, observing the Bland
and Altman plots, the prevalence of values was placed with-
in the limits of agreements and the correspondence between
test and retest differences confirms the reproducibility of
the assessments executed with the multi-joint evaluation
system Prima Plus (Easytech, Italy). Besides, the percentage
differences between test and retest measures were similar
to previous studies involving young subjects in a test-retest
reliability of isokinetic knee extension and flexion (1).
Analyzing data from the differences between test and retest,
some similarities can be detected between right and left
ankle both on isokinetic and isometric testing trials. There
is an analogous percentage difference and ICC between the
isometric right (5.60%, 0.75) and left (4.36%, 0.78) ankle
plantar flexion, between isometric right (-1.10%, 0.96) and
left (1.05%, 0.97) ankle dorsal flexion and also between isoki-
netic right and left plantar (5.49%, 0.88; 5.49%, 0.88) and
dorsal (-0.05%, 0.73; 1.55%, 0.85) flexion. These results indi-
cated a high reliability of the device but also that the strength
of the analyzed sample was apparently well balanced between
right and left ankle even though the large majority of partic-
ipants was right handed and the dominant leg was the right.
Another notable result was that the most accurate measure
was detected in the maximal isometric bilateral knee exten-
sion test at 75°. This could be due to the fact that some
participants had previous experiences with devices alike leg
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extension despite no one reported previous experience with
isometric and isokinetic muscular strength test.
Furthermore, despite the examined sample was not exten-
sively large, participants involved in our study could be
considered as representative of an average healthy young
adults’ population, in fact their activity level varied from
sedentary to regular exerciser behavior, representing a
heterogeneous group and wide range of strength values.
Moreover, sample size was larger than previous studies
analyzing reliability of isometric and isokinetic leg exten-
sion and flexion in healthy young adults (1, 15). To minimize
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were recorded as indicator of individual position. Random-
ization of testing order ensured absence of interaction effect.
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be considered the main limitations for this study that could
limit peak torque. Anyway, participants had no experience
in isokinetic strength testing procedure, and different speed
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Considering the variety of tests that can be administered
with the device object of this investigation, future analyses
involving either athletes and patients should be an oppor-
tunity of study also using different angular velocities, for
example 60°/s, for isokinetic test or different angle of exten-
sion for isometric test.

CONCLUSION

The results of this study verified a high reliability of the
multi-joint evaluation system Prima Plus in the assessment
of knee and ankle isokinetic and isometric strength among
healthy young adults. The evaluation of knee muscle imbal-
ances or bilateral asymmetry between the two ankles could
be applied for exercise prescription in healthy adults to
reduce the risk of injuries during physical activity, especially
in sedentary subjects that just started to exercise.
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