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Abstract

The evaluation of maximal and explosive strength with isometric testing has a significant role in scientific and
training practice, from which can be drawn needed information about the segment of the physical state of
athletes. The aim of this research was to examine the reliability of the impulse model of isometric testing and to
determine the quantitative differences in maximal and explosive strength in accordance to the classic and the
impulse model of isometric testing. The laboratory method with tensiometric dynamometry was applied. The
research was conducted on a sample of 28 adult and physically active participants. Tests for plantar flexors (PF),
right handgrip (HGR), and left handgrip (HGL) were implemented, and all participants had three attempts for
each test. Four variables were measured: maximal strength — F.x, maximal explosive strength - RFD,x, time for
maximal strength exertion — tF.., time for maximal explosive strength exertion - tRFD .« for both models of
testing for each test, implementing a standardized testing procedure. Performed data analysis included
descriptive and correlation statistics, and a t-test for determining differences for dependent samples. Statistically
significant differences (p < 0.05) were found between Fpa RFDmax tFmax @and tRFDpa in PF, HGR and HGL,
except for tRFD..x between classic and impulse models of testing. Impulse model has excellent reliability (ICC
= 0.909 — 0.989) for PF, HGR, and HGL tests. The initial results of this study implicate approval for correction
of the isometric testing procedure in the next direction: for measuring maximal strength it is approved to use the
classic model of isometric testing, while for measuring explosive strength it is approved to use the impulse
model.
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INTRODUCTION

Muscle strength represents the ability of man to resist external load (Zatsiorsky et al., 2020), and it
presents one of the most important physical abilities for people’s everyday, athletes and executing professional
jobs. Underdeveloped muscle strength can lead to sedentary patterns, and consequently to bad health, a higher
risk of injuries and low sports performance (Lehance et al., 2009, Geneen et al., 2017; Kunutsor et al., 2020; De
lima et al., 2021, Maestroni et al., 2020). Also, higher levels of upper and lower body muscle strength are related
with a lower risk of adult mortality, independently of age factor (Garcia-Hermoso et al., 2018). Muscle strength
is related to higher values of explosive strength (RFD) and sports performances, like jumps, sprints and change
of direction (Ivanovi¢ et al., 2011; Suchomel et al., 2016; Majstorovi¢ et al., 2020).

For sports and training practice key role has quantification of maximal strength (F..x) and maximal
explosive strength (RFDpax). In many sports exist a demand for fast performing moves like sprinting, punches in
karate, jumps and throwing in track and field, so muscle strength exertion is limited to 50 to 250 ms (Andersen
& Aagaard, 2006). It is important to have in mind, that for F,, exertion in isometric conditions, the needed time
for muscle contraction is 300 to 400 ms, and up to 1 — 2 seconds (Zatsiorsky et al., 2020). Contrary t0 Fax,
RFDax determines the gradient of strength development that can be exerted in the early phase of muscle
contraction, which is a time interval of 250 to 300 ms (Andersen & Aagaard, 2006; Dopsaj et al., 2022).

To conduct a valid and precise evaluation of different mechanical characteristics of muscle strength
athletes isometric testing is regularly used (Majstorovi¢ et al., 2020; 2021). Isometric testing has some
advantages, such as easier implementation contrary to dynamic testing, also it can be done bilateral or unilateral
and demand shorter familiarization (introducing participants to testing procedures), but it has also some
limitations in terms of low specific assessment for some dynamic sports performances and it demands
specialized equipment (McGuigan, 2020). When testing, measured mechanical characteristics F s and RFDpax
values can depend on verbal instructions which researchers give participants. Instruction ,,perform the test as fast
as you can” resulted in significantly higher (F = 40.8, p < 0.001) values of RFD.x contrary to the instruction
,,perform the test as hard and fast you can” for flexor muscles in the elbow joint and extensor muscles in the
knee joint (Sahaly et al., 2001).

In previous research, the classic model of isometric testing, as a method of the golden standard is used
(Wilson & Murphy, 1996; Andersen & Aagaard, 2006; Ivanovi¢ et al., 2011; Markovi¢ et al., 2018; Majstorovié
et al., 2021; Dopsaj et al., 2022), which has proven excellent reliability (ICC = 0.98 and 0.92, namely) for
variables Fpa and RFDpax (Suzovié & Nedeljkovié, 2009). But, the impulse model of isometric testing for
testing maximal and explosive strength was not examined enough, neither its external and ecological validity is
determined (Sahaly et al., 2001; Suzovi¢ & Nedeljkovi¢, 2009). So, the aim of this research was to examine the
reliability of the impulse model of isometric testing and to determine the quantitative differences in maximal and
explosive strength in accordance to the classic and the impulse model of isometric testing.

METHODS

Non-experimental research was conducted with the use of laboratory testing. In the function of
measuring, tensiometric dynamometry was used. Testing was performed by test-retest method, trial by trial on
the next muscle groups: plantar flexors and flexors of fingers for left and right hand. The research was conducted
by Helsinki declaration postulates (Christie, 2000) and approval of the Ethical committee of the Faculty of sport
and physical education, University of Belgrade (ethical approval number 484-2) project (111 47015).
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Participants

In the research participated 28 adult, healthy and physically active participants, from which were 7
female (age = 22.27 + 6.33 years, body height = 166.70 + 7.38 c¢cm, body mass = 58.67 = 7.07 kg, and BMI =
21.07 + 1.63 kg/m?) and 21 male (age = 30.51 + 11.24 years, body height = 184.45 + 5.99 c¢m, body mass =
89.04 + 15.66 kg, and BMI = 26.05 + 3.70 kg/m?) sex.

Instruments

For measuring the mechanical characteristics of hand flexors, the standardized procedure was used with
standardized equipment (Sports Medical Solutions, All4gym d.o.o., Serbia). In previously published research for
handgrip test, a high statistically significant reliability was determined (ICC = 0.938 — 0.977, p = 0.000; ICC =
0.903 - 0.971, p = 0.000., namely) for variables Fy.x and RFD.x (Markovi¢ et al., 2018). For testing the strength
mechanical characteristics of plantar flexors, the standardized procedure was used with standardized equipment,
also (Sports Medical Solutions, All4gym d.o.0., Serbia). In previous research was determined high statistically
significant (p = 0.000) reliability (ICC ==0.912 — 0.949 and ICC = 0.785 — 0.822, namely) for RFD.x for both
sexes, (Majstorovi¢ et al., 2021).

Testing procedures

Body composition

Body height was measured by an anthropometer by Martin, while participants were standing upright
barefoot on a flat surface, placing the heels of the feet together with toes slightly apart. Verbal instruction was
given to straighten as much as possible, with the head in the Frankfort plane position. A multichannel bioelectric
impedance (InBody 720) was used.

Handgrip test

The test was performed with participants in a sitting position with an extended arm beside the body
(angle in the elbow joint of 180°) with mild abduction (5 - 10 cm) for the left and right hand. Two types of
testing were performed, for the first (classic model) a verbal instruction was given: ,.grip the gauge maximally
hard and fast as you can, and hold it for 1 to 2 seconds™ (Figure 1), while for the second (impulse model), a
different verbal instruction was given: ,,grip the gauge maximally hard and short as you can” (Figure 2). For both
types of testing, three attempts were performed, with a pause for 2 minutes between them. In accordance with
the testing model, a randomized procedure was used.
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Figure 1 F-t curve record for the classic model of isometric testing for the Handgrip test
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Figure 2 F-t curve record for the classic model of isometric testing for the Handgrip test

Plantar flexors test

The test was performed with participants in a sitting position-on a chair with bended knees and feet on
the ground. On the upper side of the thighs was placed construction (wooden plate) so that thighs were parallel
with the ground, and knees directed in the fingers of feet. Participants were advised to sit with a straight back on
2\3 of the chair. Two types of testing were performed, for the first (classic model) a verbal instruction was given:
,push the construction maximally hard and fast you can, and hold it for 1 to 2 seconds”, while for impulse
testing (impulse model), a different verbal instruction was given: ,,push the construction maximally hard and
short you can”. Three attempts were performed for both types of testing, with a pause of 2 minutes between them
(Majstorovi¢ et al., 2020). A randomized measuring procedure was used according to the testing model.

All tests were conducted at the Faculty of Sport and Physical Education, University of Belgrade, in the
Methodological Research Laboratory (MIL) between 14:00 and 17:00 PM.

Variables

In total, four variables were measured for maximal and explosive strength for every test (PF - Plantar
flexors, HGR - Right handgrip, and HGL - Left handgrip) and testing model (classic and impulse):

»  Fmax — maximal isometric voluntary strength, expressed in Newtons (N),

» RFDx - maximal isometric voluntary explosive strength, expressed in Newtons per second (N/s),
> tFnax— time needed for exerting maximal strength, expressed in seconds (s)

» tRFDax — time needed for exerting maximal explosive strength, expressed in seconds (s)

In test PF the next variables were used: Fa PF _class, RFDn.x PF_class, tF.. PF class,
tRFDax_PF_class; Frax PF_imp, RFDpy. PF_imp, tFy. PF_imp, tRFDy. PF_imp. In test HGR the next
variables were used: Fpn. HGR class, RFD. HGR class, tF . HGR class, tRFD.. HGR class;
Fmax. HGR_imp, RFD s HGR_imp, tF . HGR_imp, tRFD . HGR_imp. In test HGL the next variables were
used: Fnax_ HGL _class, RFDn.x HGL_class, tFn., HGL class, tRFDg HGL_class; Fpax HGL_imp,
RFDmax_ HGL_imp, tF . HGL_imp, tRFD HGL_imp.

Statistical data processing
Descriptive statistics analysis was performed, with central tendency measures: average value (Mean),
Confidence interval 95% (CI 95%), minimum (Min) and maximum (Max) values; measures of spread: standard
deviation (SD) and coefficient of variation (cV%). For determining differences between maximal and explosive
strength variables, for every test in accordance with the model of testing, a t-test for dependent samples was
4
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used. Also, percentual change (A) all of the variables (Fmax, RFDmax, tFmax, tRFDmax) for tests PF, HGR and HGL
between classic and impulse model was calculated by using the formula:

((impulse - classic) / impulse) « 100 @

In between test reliability was determined by the intraclass coefficient of correlation (ICC) (relative
reliability), in which values less than 0.5 were defined as weak, 0.5 to 0.75 medium, from 0.75 to 0.89 high, and
values higher than 0.9 excellent reliability (Koo & Li, 2016). Absolute reliability was determined by the standard
error of measurement (SEM), and minimal significant difference (MD) was also calculated. The systematic error
of measurement was determined by ANOVA (F and p values). Statistical significance (alpha level) was set at a
level of p < 0.05. Statistical analysis was performed by IBM SPSS software, version 25.0 (Armonk, NY: IBM
Corp.).

RESULTS
Results of descriptive statistics for maximal and explosive strength in classic and impulse models in tests

PF, HGR and HGL for all tested variables of the whole sample are shown in Table 1.
Table 1 Descriptive statistics for all variables in accordance with body part tested and testing model

Body . 95% ClI
part Tesgnlg Variables Mean Lower Upper SD cV% Min Max K-S
tested ~ M°0C° Bound  Bound test
Frm PF_class 3029 353207 432658 102449 261 1985 6723  0.200
 RFDpy PF class 17572 15737.66 19406.77 473116 269 7509 27708  0.164

Classic i PF class 1584 1355 1814 059 373 0580 2770  0.200

Plantar {RFDpo PF class 0133 0126 0140 002 136 0110 0170 0.000*
flexors Frm PF_imp 3245 204618 354325 76990 237 1856 4770  0.200
impuiee  RFDmecPETD 19520 1735913 2168179 557389 286 2432 29281 0113

tFrng PF_imp 0309 0275 0342 009 283 0180 0540 0.095

{RFDp PF imp 0427 0122 0132 001 96 0100 0150 0.036*

Fmax_HGR_class 507 45414 55086 13631 269 258 706 0.200

Classic  RFDmcHGRiclass 3356 207863 373423 07431 200 1617 5119 0200
{Fnm HGR class 0832 0694 0970 036 429 0330 1430  0.065

_ {RFDpo HGR class 0117 0113 0121 001 81 0090 0140 0.000*
Right hand Fmax_HGR_imp 478 42626 52874 13213 277 245 697  0.200
impuise  FEDmHGRMp 3529 311031 393812 10581 299 1734 5947 0077

tFre HGR_imp 0320 0305 0353 006 189 0210 0460  0.200

{RFDpm HGR imp 0113 0109 0116 001 86 0100 0140 0.004*

Fmax_HGL_class 494 43872 55007 14358 290 233 776 0.069

Classic  RFDmHGL class 3215 262411 360653 100891 314 1588 5210 0200
tFoo HGL class 0845 0758 0933 023 267 0500 1400  0.200

Left {RFDpm HGL class 0119 0412 0125 002 145 0100 0190 0.001*
hand Fmax_HGL_imp 464 413.78 514.86 130.35 28.1 239 684 0.150
impuie  FEDmHGLLIMp 3362 207049 375279 100874 300 1573 4932 0L

g HGL_imp 0318 0295 0341 006 187 0220 0410  0.109

{RFDp HGL_imp 0114 0411 0117 001 70 0100 0130 0.000*

Cl — confidence interval, SD — standard deviation, cV — coefficient of variation, K-S — Kolmogorov Smirnov test of

normality (*p < 0.05).
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Results of differences in maximal and explosive strength are determined by using a t-test for dependent
samples, also, a percentual change (A) between variables in accordance with the testing model are shown in
Figure 3, 4 and 5. (* indicate statistically significant differences p < 0.05 between classic and impulse models of

isometric testing).
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Figure 3 Percentual difference (A) of all variables in accordance with the testing model for test PF

In Figure 3 can be seen that significant differences (p < 0.05) exist for all variables for test PF. The
largest percentual difference (-447.71%) exist for variable AtFp., while the smallest percentual difference

(5.12%) exists for variable AtRFDppay.
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In Figure 4 can be seen that significant differences (p < 0.05) exist for all variables for test HGR. The
largest percentual difference (-156.30%) exists for variable AtFp.., While the smallest percentual difference
(4.49%) exists for variable ARFD pay.
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Figure 5 Percentual difference (A) of all variables in accordance with the testing model for test HGL

In Figure 5 can be seen that significant differences (p < 0.05) exist for all variables for test HGL, except
for variable AtRFDmax. The largest percentual difference (-171.10%) exists for variable AtF..x The smallest
percentual difference (4.18%) exists for variable ARFD pay.

Results of reliability for impulse model for tests PF, HGR and HGL for maximal and explosive strength
variables are shown in Table 2.

Table 2 Results of reliability for tests PF, HGR and HGL for impulse model
Impulse model

Variables ICC (average) C1 95% SEM (N), (N/s) MD (N), (N/s) Ftest | psig
Lower Upper

Frax PF 971 0.944 0.986 233.981 648.561 4.030 | 0.023
RFDax_PF .909 0.830 0.955 2419.497 6706.505 0.347 | 0.709
Frnax_ HGR .986 0.974 0.993 27.189 75.364 0.311 | 0.734
RFDmax HGR .984 0.970 0.992 218.219 604.873 0.926 | 0.402
Frnax_ HGL .986 0.971 0.993 24.195 67.064 6.874 | 0.002
RFDpmax HGL .989 0.979 0.995 172.883 479.208 1.061 | 0.353

Results in Table 2 shows that excellent reliability (ICC = 0.909 — 0.989) exists for maximal strength and
explosivity variables in tests PF, HGR and HGL. The largest value of ICC = 0.989 is calculated for variable
RFDmaHGL, and the smallest value of ICC = 0.909 is for the variable RFD.x_PF.
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DISCUSSION

The main aim of this research was to examine the reliability of the impulse model of isometric testing
and to determine the quantitative differences in maximal and explosive strength in accordance to the classic and
the impulse model of isometric testing. Descriptive statistics show that in all tests (PF, HGR and HGL) larger
values of maximal strength (Fnax) exist in the classic model of isometric contraction than in the impulse model.
That implicates that the classic model of isometric testing enables exertion of higher maximal strength than the
impulse model. Further, in Figures 3, 4 and 5 the higher values of percentual differences (-21.37%, -6.48% and -
6.51%, respectively) in tests PF, HGR and HGL exist for variable AF . in the classic model of isometric
contraction. Those results are in accordance with the results of research (Christ et al., 1993) where is shown
statistically significant difference (p < 0.05) in the average value of isometric Fp, for hand flexors and plantar
flexors, when ,,contract hard” instruction was used in comparison to ,,contract fast”.

Results show that in tests PF, HGR and HGL exist a significant statistical difference (p < 0.05) between
RFDax_PF_class and RFD.PF_imp variables. That confirms the hypothesis that difference exists in exerting
explosive strength between the impulse and the classic model of isometric testing. Then, contrary to exerted
higher values of AF in PF, HGR and HGL in the classic model, for the variable ARFDy.y it can be seen that
higher percentual differences (Figures 3, 4 and 5 - 14.00%, 4.49% and 4.18%, respectively) exist for impulse
model of isometric testing. It confirms that the impulse model of isometric testing enables higher RFD,.x values
than the classic model. Those results are also in accordance with research (Christ et al., 1993) where statistically
significant differences (p < 0.05) exist for higher RFD.x when ,,contract fast” than ,,contract hard” instruction.
Also, statistically significant values (30.6%, p < 0.05) exist for the variable RFD,.x when the ,,contract fast”
instruction was used than ,,contract hard and fast” for isometrically tested extensor muscles in the knee joint,
while it’s not the case for the Fn.x variable (Jaafar & Lajili, 2018). When muscle strength is tested by using an
isokinetic dynamometer (BIODEX System 3 Pro, Biodex Medical Systems, Shirley, NY, USA) statistically
significant differences (p < 0.01) exist for the variable absolute RFD (RFD,,) calculated from the peak of
strength-time (F-t) curve, when ,,generate strength as fast and hard as you can” instruction was used compared to
,.generate maximal strength”, while F.x Vvalues were decreased (-0.8%) with second compared to first instruction
(Holtermann et al., 2007). Mentioned indicates the importance of instruction specificity which contributes to
differences in RFDx in the impulse and the classic models.

Besides, in tests PF, HGR and HGL significant differences (p < 0.05) between variables tF.x_PF_class
and tFn.x PF_imp; tF.. HGL class and tF.., HGL_imp exist. Also, it can be seen that in tests PF, HGR and
HGL in the classic model statistically significant longer time is needed for achieving maximal strength than in
the impulse model of isometric testing. The largest percentual differences in tests PF, HGR and HGL show
variable AtF .« (-447.71%, -156.30% and -171.10%, respectively) which is in favour of larger values of time
parameters in the classic model compared to impulse.

Very similar results in accordance to determined statistically significant differences (p < 0.05) are also
obtained in tRFDm PF _class and tRFDy, PF_imp; RFDu. HGL_class and RFD..x HGL_imp variable
values, while statistically significant difference isn’t only determined between tRFDy., HGL_class and
tRFDaxHGL_imp variables (Table 1).

Maximal strength variables in the impulse model for all tests show excellent relative measurement
reliability, with values of ICC = 0.971 — 0.986, which is also determined for measured variables of explosive
strength with values of ICC = 0.909 — 0.989. For the test PF, the impulse model registered higher values of ICC
= 0.909 compared to the classic model, where singly values of ICC = 0.822 and ICC = 0.785, respectively for
men and women were determined for the RFDp« variable (Majstorovi¢ et al. 2021). That indicates that variables
(for example RFD) which are dependent on time can have excellent reliability when are measured with the
impulse model, that is, they don’t necessarily must be less reliable than variables which don’t depend on time,

8
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such as the peak of strength (McGuigan, 2020). Further, the range of ICC = 0.015is smaller for maximal strength
variables than ICC = 0.080 for explosive strength variables. Then, maximal strength variables have values of ClI
95% = 0.971 — 0.993, while explosive strength variables have values of Cl 95% = 0.830 — 0.995 for all tests.

Maximal and explosive strength variables for test HGL show a smaller value of SEM (Fn.x HGL = 24.2
N and RFD,, HGL = 172.9 N/s) than values of SEM (Fy.x HGR = 27.2 N and RFD,.x HGR = 218.2 N/s) for
test HGR. As stated, it can be claimed that test HGR has a lower precision and absolute reliability of maximal
and explosive strength than test HGL. A possible reason for that is a lower value agreement of maximal and
explosive strength on an individual level (Weir & Vincent, 2012) in test HGR. In order to detect a change in
maximal and explosive strength abilities after some training program, a smaller minimal difference (MD = 67.1
N and 479.2 N/s, respectively) for Fn.HGL and RFD . HGL than a minimal difference (MD = 75.4 N and
604.9 N/s, respectively) for Fna HGR and RFDg. HGR. The systematic error of measurement, that is a
difference between attempts is significantly different (p < 0.05) for variables F, PF and Fy. HGL, which
implicates a need for including more testing attempts for measuring mentioned variables.

In this research, based on initial results, it is determined that the impulse model registers higher values of
explosive strength and that maximal and explosive strength variables can be measured reliably by the impulse
model. Also, results indicate the fact that measuring Fr.x and RFD.« demand different, specific instructions.
This difference is probably due to the phenomena of faster motor unit discharge (Dideriksen et al., 2020), which
represent the key difference in exerting explosive strength compared to maximal strength, consequently
originating from the influence of different instructions for maximal isometric exerting (Maffiuletti et al., 2016).
Also, because the impulse model demands faster muscle strength exertion than the classic model, a possibility of
a more numerous and intense activation of larger motor units that involve faster muscle fibers lla/llx type exist
(Suchomel, 2018). It has to be noted that it is not known how maximal and explosive strength variables are
exerted in different functional and physiological conditions of contraction, such as: according to sex, age, type
and training level of participants, different fatigue levels, environmental temperature, different time of a day,
different emotional conditions, or under the influence of different pharmacological agents, etc. all in the function
of implemented testing models. Thus, to get holistic information about the possibility of the impulse model use,
it is needed to conduct further and in-depth research.

CONCLUSION

Higher values of explosive strength are registered in the impulse model, which are exerted for a shorter
period of time than in the classic model of isometric testing. On the other side, higher values of maximal strength
are registered in the classic model than in the impulse model of isometric testing. Besides, it is proved that
among healthy and moderately trained adult persons a statistically significant differences (p < 0.05) exist in all
variables between the classic and the impulse model of isometric testing in tests PF, HGR and HGL. From the
aspect of reliability and measuring maximal explosive strength, for the impulse model is determined excellent
reliability of measuring for variables RFDx_PF, RFDy.x HGR and RFDg ., HGL (ICC = 0.909, 0.984 and
0.989, respectively). Also, in measuring maximal strength, the impulse model shows excellent reliability of
measuring for variables Fr.x_PF, Frax HGR and Fy. HGL (ICC = 0.971, 0.986 and 0.986, respectively). Based
on the initial results of this study, depending on sports needs and goals, for measuring explosive strength it is
proposed to use the impulse model, while for measuring maximal strength is proposed to use the classic model.
That way enables differentiated, specific and more sensitive measuring of mechanical characteristics of muscles
to exert maximal and explosive strength.

9
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