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Abstract: This study aims to investigate the usability of isotonic dynamometry in chil-
dren and youth by determining the correlation between isometric dynamometry,
which is considered the most valid direct-laboratory method for the assessment of
muscle contractile properties in children, and isotonic dynamometry. The sample of
the participants was composed of children and youth aged 7 to 19 years divided into 3
groups: younger school age (7-10 y), middle school age (11-14 y) and high school age
(15-19 y). Implemented tests were the hand grip strength test (isometric dynamo-
metry) and countermovement jump on the force plates (isotonic dynamometry). The
results of Pearson’s correlation coefficient revealed that there is no significant corre-
lation between Fmax, RFD and jump height in younger (r=0.176, p =0.291; r = 0.152,
p = 0.363, respectively) and middle school-age children (r = 0.059, p =0.733; r =0.201,
p = 0.241, respectively) while there is a high correlation in the group of high school
participants (r =0.531, p=0.001; r = 0.544, p = 0.001, respectively). This study's results
indicate that the isotonic dynamometry method is not valid for implementation in the
group of children under the age of 15.
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Introduction

Sports diagnostics is an important part of the training process, injury prevention and
rehabilitation, selection process etc. in athletes (Abernethy, Wilson, Logan, 1995).
Sports diagnostics is also useful in implementation on other subjects, such as children.
The proper application of sports diagnostics methods in children and youth can lead
to important information about their growth and development and overall health sta-
tus (Armstrong, Van Mechelen, 2017). The assessment of muscle strength and power
is especially important in children in youth (Jones, Stratton, 2000). However, it is nece-
ssary to know which kinds of methods and tests are valid to use on this sensitive type
of subject.

The direct-laboratory methods, such as dynamometry, are the most valid methods for
the assessment of muscle contractile properties, that is, muscle strength and power,
and isometric and isotonic dynamometry are considered a “gold standard” (Aber-
nethy, Wilson, Logan, 1995). While isometric dynamometry measures the muscle
strength manifested in isometric conditions (muscle force, isometric strength), isotonic
dynamometry mainly refers to muscle power (Abernethy, Wilson, Logan, 1995; Cla-
udino et al., 2017; Juneja, Verma, Khanna, 2012). One of the most valid, reliable and
useful tests of isometric dynamometry is the "’hand grip strength test”” which showed
a high correlation with performance and general health, while the most implemented
test of isotonic dynamometry is a vertical jump on the force plates (Claudino et al.,
2017; Juneja, Verma, Khanna, 2012). Also, hand grip strength test is appropriate for
implementation in children and youth (and other subject categories besides athletes),
for the reason of task complicity and safety (De Smet, Vercammen, 2001; Hager-Ross,
Rosblad, 2002). On the other hand, vertical jumps on the force plates require knowing
complex movement and it is mainly reserved for athletes - subjects with training his-
tory (Fernandez-Santos et al., 2015; Petrigna et al., 2019). It is important to emphasize
that the hand grip strength test has a high correlation with the results of counter-
movement jump (CMJ) in adults (Thomas et al., 2015).

Accordingly, this study aims to investigate the usability of isotonic dynamometry in
children and youth by determining the correlation between isometric dynamometry,
which is considered the most valid direct-laboratory method for muscle contractile
properties assessment, and isotonic dynamometry. It is hypothesised that there will
be a significant correlation between methods.
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Methods

Subjects

The sample of the participants was composed of children and youth aged 7 to 19 years
divided into 3 groups:

- younger school age YS (7-10y, N = 38),

- middle school age MS (11-14 y, N = 36),

- high school age HS (15-19y, N = 33).

All participants were healthy (no injuries or illness), rested and voluntarily participated
in the study. The study was conducted in accordance with the ethical standards of the
Declaration of Helsinki and the rules of the Ethics Committee of the Faculty of Sport
and Physical Education and Sport.

Procedures

Muscle isometric strength was measured using the isometric dynamometry method,
using a hand-held dynamometer and a handgrip strength test, where maximal force
(Fmax) and rate of force development were measured (RFD) (Figure 1). The measu-
rement procedure is as follows (Toski¢ et al., 2019):
- the subject sits on a chair, with the back straight and not leaning;
- the subject takes the hand-held dynamometer with a full grip in the hand that
is in the elbow position in maximum extension next to the body;
- at the signal of the measurer, the subject contracts the flexor muscles of the
hand, i.e. squeezes the dynamometer as hard and as fast as possible.

Before the measurement, the subjects were familiarized with the measurement pro-
cedure and had several trial attempts. Also, data was taken from the subject from the
dominant side of the body (hand). Measurements were performed twice with the right
and left hand, i.e. the dominant and non-dominant, with breaks between measure-
ments. As a final result, the highest values from the two attempts of the dominant
hand were taken.
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Figure 1. Hand grip strength test

Muscle power was measured by isotonic dynamometry using force platforms (K-
Deltas, Kinvent, Montpellier, France, Figure 2) and the Countermovement Jump test
(CMJ). The measurement procedure is as follows (Markovic et al., 2004):

- the subject stands on the platform at a marked location, with feet parallel and
hip-width apart;

- hands are on the hips;

- from this position, the subject lowers and quickly rises, i.e. extends all joints of
the lower extremities and jumps vertically upwards, keeping the hands on the
sides at all times;

- three jumps are performed;

- the subject is asked to jump as high as possible, not to bend the knees during
the jump, and to land at the same location from which they jumped.

Before measuring muscle strength, the subjects were introduced to the test, had prac-
tice attempts, and had to warm up before the measurement (5-10 min., jumping, squa-
tting, running, stretching) (Toski¢ et al., 2019; 2020). As the final result, the maximum
values of power and jump height from three attempts were taken.

Measurements were conducted in the morning, where body mass and height were
first measured. After the warm-up protocol, the measurements of the hand grip
strength and CMJ on the force plates were conducted. All measurements were con-
ducted by the same experienced staff.
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Figure 2. Force plates

Statistical analysis

The statistical procedures used in the study included descriptive statistics (Mean, SD),
and Person correlation analysis. The statistical significance level was 95% with p < 0.05.
All the statistical procedures were performed in the SPSS19 (IBM) program, IBM Ar-
monk, New York, NY, USA.

Results

Table 1 presents descriptive statistics of measured parameters of isometric strength
of hand flexor muscles (Fmax and RFD) and muscle power of knee joint extensor
muscles (CMJ). It can be noticed that all values rise with the age of the participants,

having the lowest values in YS and the highest values in the HS group.

Table 1. Descriptive statistics of measured parameters

Mean De:it:t'ion Minimum | Maximum | Skewness | Kurtosis
CMIJ (cm) 15.7895 3.84256 8 23 .028 -.883
YS | Fmax(N) 129.4737 30.25454 79 203 .541 .055
RFD (N/s) 698.6053 237.11242 289 1214 .339 -.628
CMJ (cm) 19.4444 4.61949 11 30 .278 -.289
MS | Fmax(N) | 192.9167 | 52.40631 99 315 379 -.417
RFD (N/s) | 1263.4167 | 413.38694 417 2102 .096 -.217
CMJ (cm) | 28.3636 6.48468 18 43 430 -.432
HS | Fmax(N) | 339.9697 | 72.03232 227 508 498 -.156
RFD (N/s) | 2294.1515 | 571.25706 1504 3624 .943 -.055
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Figures 3 to 8 present the results of a correlation analysis between parameters of
isometric (Fmax and RFD) and isotonic dynamometry. It can be concluded that there is
no significant correlation between parameters CMJ, Fmax and RFD in YS (r=0.176, p =
0.291; r = 0.152, p = 0.363, respectively) and MS (r = 0.059, p = 0.733; r = 0.201, p =
0.241, respectively) groups, while these correlations are high in the HS group (r =0.531,
p =0.001; r =0.544, p = 0.001, respectively).

Figure 3. Correlation between CMJ and Fmax in younger school age group
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Figure 4. Correlation between CMJ and RFD in younger school age group
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Figure 5. Correlation between CMJ and Fmax in middle school age group
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Figure 6. Correlation between CMJ and RFD in middle school age group
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Figure 7. Correlation between CMJ and Fmax in higher school age group
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Figure 8. Correlation between CMJ and RFD in higher school age group
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Discusion

This study aims to investigate the usability of isotonic dynamometry in children and youth.
The main problem of isotonic dynamometry implementation in children and youth is vali-
dity, since it involves complex movements (Fernandez-Santos et al., 2015; Petrigna et al.,
2019). On the other side, isometric dynamometry has been shown as a method valid for
use in these age groups (De Smet, Vercammen, 2001; Hager-Ross, Rosblad, 2002).
Accordingly, the usability of isotonic dynamometry was investigated by determining the
correlation between isometric dynamometry and isotonic dynamometry. It is assumed
that a high correlation between the results of isotonic and isometric dynamometry in chil-
dren and youth will indicate the validity and usability of isotonic dynamometry in children
and youth since it has shown that the hand grip strength test has a high correlation with
the results of countermovement jump (CMJ) in adults (Thomas et al., 2015).

The main result of this study is that there are no significant correlation between para-
meters of isotonic dynamometry CMJ, and isometric dynamometry parameters Fmax
and RFD in YS (r =0.176, p = 0.291; r = 0.152, p = 0.363, respectively, Figure 3 and 4)
and MS (r=0.059, p=0.733; r = 0.201, p = 0.241, respectively, Figure 5 and 6) groups,
while these correlations are high in the HS group (r=0.531, p=0.001; r=0.544,p =0,,
respectively, Figure 7 and 8). These results indicate that isotonic dynamometry, na-
mely the CMJ test on force plates, is not appropriate for application in children and
youth under the age of 15.

These results are to some extent expected. Both isotonic and isometric dynamometry
are highly usable and valid for implementation in adults, especially in athletes or phy-
sically active participants (Abernethy, Wilson, Logan, 1995; Claudino et al., 2017; Ju-
neja, Verma, Khanna, 2012). These methods are widely used in testing muscle isomet-
ric strength and muscle power, since it has shown that the results of these tests are
highly correlated with sports performance and general health (Cronin et al., 2017;
Juneja, Verma, Khanna, 2012). However, isometric dynamometry has shown greater
validity and usability, especially in untrained subjects (Abernethy, Wilson, Logan,
1995). Additionally, the hand grip strength test is one of the tests that is widely used
in all subject categories (young, adult, healthy, non-healthy etc.) (Bobos et al., 2020).
The reason for this phenomenon is the simplicity of the motoric task during measu-
rements and safety. Namely, most isometric dynamometry tests, especially hand grip
strength test, are easy to perform with no previous knowledge of the movement.
Additionally, the possibility of injury in this test is minimal. On the other hand, isotonic
dynamometry, namely CMJ jump on the force plates as one of the most popular and
used, could be hard to implement in children due complex motoric task, especially in
untrained subjects. Also, since dynamic muscle contraction is present, the injury risk is
present. Accordingly, a low correlation between results of isotonic dynamometry
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(CMJ) and isometric dynamometry (hand grip strength test) in children and youth
under the age of 15 is expected since most of the children is not familiar with the mo-
toric task in CMJ, and thus manifested inconsistent values, unlike the hand grip
strength test. Subjects above 15 years are mature from the aspect of movement, and
some of them have training experience, thus they have consisted results in the CMJ
test, similar to the hand grip strength test.

Conclusion

The results of this study showed no significant correlation between parameters of iso-
tonic dynamometry CMJ, and isometric dynamometry parameters Fmax and RFD in YS
and MS groups, while these correlations are high in the HS group. These results indi-
cate that isotonic dynamometry, namely the CMJ test on force plates, is not appro-
priate for application in children and youth under the age of 15.
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