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ABSTRACT Objective: The aim of this study was to determine the re-
lationship between reactive strength index and leg strength, accelera-
tion, sprint, change of direction and eccentric utilisation rate parameters
of young football players. Material and Methods: A total of 23 foot-
ball players who competed in the U17 league in the 2022-2023 season
voluntarily participated in the study. Height and body weight measure-
ments were used to determine the physical parameters of the footballers
and right-left leg strength, drop jump, countermovement jump, squat
jump, 10 m acceleration, 40 m sprint and illinois agility tests were used
as performance tests. Reactive strength index and eccentric utilisation
ratio were calculated with the data obtained from jump tests. The nor-
mal distribution of the data was analysed by Shapiro-Wilks test and the
relationship between the variables was determined by Pearson correla-
tion test. Results: Significant relationships were found between reactive
strength index and eccentric utilisation ratio (r=0.547; p<0.05), right
leg average strength (r=0.451; p<0.05) and left leg average strength
(r=0.436; p<0.05). No significant correlation was found between reac-
tive strength index and acceleration, sprint, change of direction and
right-left leg peak strength performances (p>0.05). Conclusion: In con-
clusion, it can be suggested that the reactive strength index parameter
should be taken into consideration in the evaluation process of strength
and eccentric utilisation rate of young football players.

Keywords: Football; reactive strength index; sprint;
strength; change of direction

OZET Amac: Bu galismanin amaci, geng futbolcularin reaktif kuvvet
indeksi ile bacak kuvveti, ivmelenme, sprint, yon degistirme ve ek-
santrik kullanim orani parametreleri arasindaki iliskiyi belirlemektir.
Gerec ve Yontemler: Caligmaya 2022-2023 sezonunda U17 liginde
miicadele eden toplam 23 futbolcu goniillii olarak katilmistir. Futbol-
cularin fiziksel parametrelerini belirlemek i¢in boy ve viicut agirligi 61-
¢limleri, performans testleri olarak ise sag-sol bacak kuvveti, “drop
jump, countermovement jump, squat jump”, 10 m ivmelenme, 40 m
sprint ve illinois geviklik testleri kullanildi. Sigrama testlerinden elde
edilen veriler ile reak tif kuvvet indeksi ve eksantrik kullanim orani
hesaplanmistir. Verilerin normal dagilim: Shapiro-Wilks testi ile ana-
liz edilmis ve degiskenler arasindaki iliski Pearson korelasyon testi ile
belirlenmistir. Bulgular: Geng futbolcularin reaktif kuvvet indeksi ile
eksantrik kullanim orani (r=0,547; p<0,05), sag bacak ortalama kuv-
veti (1=0,451; p<0,05) ve sol bacak ortalama kuvveti (r=0,436; p<0,05)
arasinda anlamli iliskiler bulunmustur. Reaktif kuvvet indeksi ile iv-
melenme, sprint, yon degistirme ve sag-sol bacak zirve kuvvet per-
formanslart arasinda anlamli bir korelasyon bulunmamustir (p>0,05).
Sonug: Sonug olarak, geng futbolcularin kuvvet ve eksantrik kullanim
orani degerlendirme siirecinde reaktif kuvvet indeksi parametresinin
dikkate alinmasi onerilebilir.

Anahtar Kelimeler: Futbol; reaktif kuvvet indeksi; sprint;
kuvvet; yon degistirme
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Football is a multifaceted sport and requires
high-level performance components to be successful.
While the outcome of a successful match is largely
determined by the technical and tactical level, high
intensity athletic performance also contributes to elite
level performance.! Explosive endeavours during
sprints, one-on-one challenges, jumps and changes of
direction also involve important performance factors
such as maximum power of the neuromuscular sys-
tem and anaerobic power.” Team sports athletes, es-
pecially those involving such explosive activities, are
expected to reach high levels of physical performance
at elite levels.?

Athletes have different muscle activations at dif-
ferent intensities and durations while performing.
One of these actions is the stretch-shortening cycle
(SSC). The SSC is an important component of the
ability to produce force in a minimum time. At the
same time, the SSC is an important parameter in
many sports activities such as the ground contact time
of the leg extensor muscles in jumping, leaping and
running.>* The underlying mechanism of SSC is the
transition to the shortening phase after the stretching
phase that occurs in muscles.* However, the concept
of reactive strength index (RSI) is used in the litera-
ture to measure the functionality of the SSC.° RST is
the athlete’s ability to rapidly transition from eccen-
tric to concentric contraction.>” RSI is currently one
of the most widely reported performance markers in
the literature and is a reliable scientific method as a
diagnostic test of functional competence to assess the
training quality of athletes.®'? On the other hand, the
use of RSI is vital for high-performance sport pro-
fessionals. Because coaches can use this value as a
motivational tool that they can give instant feedback
to improve the physical performance of their athletes
according to their RSI values.’

Since football is a high-level performance sport,
which includes physical performance qualities such
as agility, speed, strength and power by its nature and
is affected by all these performance qualities, con-
sidering the definition of RSI and the characteristics
of these parameters, it is thought that RSI may affect
these performances or there may be a relationship be-
tween them.'""' In addition, due to the recent impor-
tance of the RSI in terms of athlete performance, the
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number of studies on this parameter in the literature
is increasing.®!132° However, despite all these studies,
the number of studies investigating the relationship
between performance tests and performance tests, es-
pecially on young football players, is almost negligi-
ble.?! Therefore, it is seen that there is very little
information about the possible links between these
performances in the scientific literature.

Despite the recent increase in the scientific lit-
erature on young footballers, studies on performance
testing on young players are still lacking. With the
development of football and the increase in the level
of competition, the skill levels of athletes and the
physical demands of competition are also increasing.
It has become an important issue to keep up with this
increase and to increase the physical and physiolog-
ical capacity of young footballers both individually
and as a team. It is thought that the different levels of
relationships or unrelated parameters to be revealed
with the parameters to be analysed in this study will
give effective results to coaches in terms of test ap-
plications and training programmes, and will also
contribute to the widespread use of branch-specific
and competition performance or tests similar to the
nature of the competition. In this direction, the aim
of this study was to determine the relationship be-
tween RSI and leg strength, acceleration, sprint,
change of direction (COD) performance and eccen-
tric utilisation rate (EUR) of young football players.

I MATERIAL AND METHODS

PARTICIPANTS

A total of 23 football players with an average training
age of 7.11+2.184 years, an average body weight of
69.11£8.027 kg, and an average height of
178.09£7.410 cm, who took part in “Balikesir
Biiyiiksehir Belediyespor U17” team in the 2022-2023
season, participated in the study voluntarily. Athletes
with any injury or disease that prevented their partici-
pation in the tests were not included in the study.

PROCEDURES

The athletes and coaches who would participate in
the study were informed by the researcher about the
purpose, importance and test procedure of the study
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one week before the study and necessary permissions
were obtained from the athletes. Then, the athletes
who would participate in the study were brought to
the club facilities for test measurements. In the labo-
ratory of the facility, firstly, the general information
of the athletes was entered into the data form, then a
measurement track was created and body weight and
height measurements were taken and recorded in the
data form. Then, right-left leg strength, counter-
movement jump (CMJ), squat jump (SJ) and drop
jump (DJ) performance measurements were mea-
sured on the same day. At least 48 hours after the first
test day, 10 m acceleration, 40 m sprint and COD test
performances were measured and the necessary data
were recorded on the data form. All performance tests
were performed on an artificial turf field between
17:00-19:00 in the afternoon and adequate rest peri-
ods of 3 to 5 minutes were given between the tests to
avoid any cumulative fatigue. Prior to the tests, a
standardised warm-up protocol of approximately 15
minutes including running, dynamic flexibility move-
ments for the lower extremities and various direc-
tional change activities with increasing intensity was
applied. The RSI and eccentric use ratio of the ath-
letes were determined by formulations after the rele-
vant tests were performed. The study was conducted
in accordance with the principles of the Declaration
of Helsinki. Morover, ethics committee approval for
this study was obtained at the meeting of Bandirma
Onyedi Eyliil University Health Sciences Non-Inter-
ventional Research Ethics Committee dated June 21,
2023 and numbered 2023-6 with decision number
2023-111.

DATA COLLECTION TOOLS

Anthropometric Measurements: Height and
body weight measurements were obtained using
Seca769 electronic measuring device (Seca Joint
Stock Company, Germany).?> The device measures
height with an accuracy of 0.1 cm and body weight
with an accuracy of 0.01 kg.

Leg Strength: The lower extremity strength of
the athletes was measured with a dynamometer (Ac-
tivforce 2). Before the test, the athletes were verbally
and practically explained about the content and ap-
plication of the test. A short dynamic warm-up was
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performed before the test and the results were
recorded on the measuring device. After the seat and
dynamometer were adjusted, the test protocol was ap-
plied to the athletes in order. Before starting the
strength test, the athletes performed 3 repetitions.?
The measurement was made separately for both legs
of the athlete and the test was performed with the leg
in 90° flexion.

Reactive Strength Index (RSI): The “My Jump
2 application, whose validity and reliability have
been previously tested, was used in the studies con-
ducted to determine the RSI with DJ. The DJ perfor-
mance of each footballer was recorded with the 240
Hz high-speed video capture feature of the iPad. The
evaluations for the DJ test were performed with iPad
(Apple Inc., USA) brand and model tablet. Before the
start of the test, the footballers were given instructions
and were instructed to jump to the highest height with
ground contact as soon as possible after falling to the
ground. Since 40 cm vertical jump frame height is pre-
ferred as the most reliable measurement in studies, all
football players performed the jump exercise by
falling from a 40 cm high platform and were asked to
put their hands on their waist during all jumps. For the
result of these measurements, the drop jumping “time
in the air/ground contact time” formula was used with
the “My Jump 2” application.'**!

Eccentric Utilise Rate (EUR): The measurement
was performed using the MyJump 2 application (intr-
aclass correlation=0.997), whose validity and relia-
bility have been established by various researchers.>*
For the CMJ, athletes were instructed to perform a
rapid downward movement from the starting position
(approximately 90° knee flexion) followed by a rapid
upward movement to jump as high as possible. For
SJ, athletes were instructed to perform a quick upward
movement from the starting position (approximately
90° knee flexion), wait 2s, and then perform a quick
upward movement to jump as high as possible. To de-
termine the effect of the stress shortening cycle, the
EUR was calculated with the following equation:

EUR=CM]J Jump Height/SJ Jump Height*

10 m Acceleration ve 40 m Sprint: 1t will be car-
ried out in 40 m long areas to be determined in ad-
vance, with starting and ending lines of 10 and 40 m.
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A photocell (Newtest Powertimer) with an accuracy
of 0.01 was placed at the start and end points of the
test.”” Measurements were made by taking the best of
2 trials with rest intervals. All players performed a 5-
minute dynamic warm-up before the test, followed
by a 5-metre low-intensity sprint.

Change of Direction (COD): The lllinois
Agility Test was used to measure the participants’ di-
rection change performance. For the test, a test track
consisting of 3 cones arranged at 3 m intervals on a
straight line, with a width of 10 m, a length of 10 m
and a centre section of 3.3 m was set up. The test con-
sists of a slalom run with 180-degree turns every 10
metres, a 40-metre straight course and a 20-metre
cone course. After the test track was prepared, a two-
door photocell electronic stopwatch system (Newtest
Powertimer) with an accuracy of 0.01 seconds was
placed at the start and end points. Volunteers stepped
out from the starting line of the test track in contact
with the ground. The time to finish the course was
recorded in seconds. The test was repeated 2 times
and the best result was recorded.'!

STATISTICAL ANALYSIS

It was evaluated in SPSS 26.0 (SPSS, Inc., Chicago,
II., USA) package programme. Shapiro-Wilks test
was applied to determine whether the measurement
values of the athletes had normal distribution. Since
the data showed normal distribution, Pearson corre-
lation test was applied at 0=0.05 significance level
to reveal the relationships between the parameters.
Statistical results were evaluated at p<0.05 signifi-
cance level. Reference intervals based on magnitude
(r<0.09 insignificant; 0.1<r<0.29 small; 0.3<r<0.49
medium; 0.5<r<0.69 high; 0.7<r<0.89 very high;
r>9 excellent) will be used to define the level of re-
lationship between the data.?®

TABLE 1: Mean performance parameters of footballers.
Parameters n X£SD
Right leg average strength (kg) 25.12+9.844
Right leg peak strength (kg) 38.97+13.340
Left leg average strength (kg) 25.47+9.964
Left leg peak strength (kg) 38.42+11.681
Reactive strength index (m/s) 23 1.68+0.460
Acceleration (0-10 m) (s) 1.83+0.160
Sprint (0-40 m) (s) 5.44+0.179
Change of direction (s) 15.37+0.501
Eccentric utilisation rate 1.14+0.102

SD: Standard deviation.

I RESULTS

In this section, statistical analyses are interpreted and
presented in tables. The mean values of the perfor-
mance parameters of the footballers are shown in
Table 1.

According to the results of the analyses, signifi-
cant positive relationships were found between RSI
and EUR (r=0.547; p<0.05) at high level, and signif-
icant positive relationships were found between right
leg mean strength (r=0.451; p<0.05) and left leg
mean strength (1=0.436; p<0.05) at moderate level
(Table 2).

I DISCUSSION

In professional football, the ability to accelerate and
change direction in goal situations is the most com-
mon action.” Accelerations in the game are mainly
performed in response to external stimuli (movement
of the ball, opponent, team-mate) and are usually pre-
ceded by a COD of movement. In this way, the de-
scribed basic football ability actually represents
reactive strength.?!

TABLE 2: The relationship between RSI and performance parameters of football players.

Right leg Right leg Left leg
Parameters peak strength  average strength peak strength
RS r value 0.162 0.451* 0.336
p value 0.460 0.031 0.117

Left leg
average strength EUR 0-10 m 0-40 m CcoD
0.436* 0.547* -0.036 -0.150 0.024
0.038 0.007 0.870 0.494 0.913

**p<0.01; *p<0.05; RSI: Reactive strength index; EUR: Eccentric utilisation rate; COD: Change of direction.
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In this study, which was conducted to determine
the relationship between RSI and right-left leg
strength, acceleration, sprint, COD and EUR of
young footballers, high level positive significant re-
lationships were found between RSI and EUR
(r=0.547; p<0.05) and moderate level positive sig-
nificant relationships were found between right leg
(r=0.451; p<0.05) and left leg average strength
(r=0.436; p<0.05). No significant difference was
found between right and left leg peak power, accel-
eration, sprint and COD performances.

In the literature, studies on athletes in different
branches and age groups have revealed different val-
ues of RST values.®!41921:30-32 While these values are
similar to the results of our study, it has also been de-
termined that there are differences. It is thought that
this difference may be due to factors such as branch,
age, training level, as well as the fact that the jump
test was performed at different frame heights.

When the literature was examined, a limited
number of studies were found to reveal the relation-
ship between RSI and performance parameters such
as sprint, COD and jumping. In a study parallel to the
results of our study Kahraman and Ozkan investi-
gated the relationship between RSI and agility per-
formance in young male and volleyball players and
found no significant relationship between these pa-
rameters in both sample groups.’! In another study,
Healy et al. found no relationship between isometric
peak power and RST values in 28 sprinters.!* Healy
et al. did not find any correlation between reactive
and maximal strength values and sprint measure-
ments in their study in which they aimed to determine
the relationship between reactive and maximal
strength with 40 m sprint performance and mechani-
cal properties. The researchers reported that there is
aneed for various methods to assess reactive strength
that can better represent the demands of different
phases of sprinting such as acceleration and maximal
speed.®

One of the results of our study is that there is a
significant relationship between RSI and EUR. EUR
is affected by CMJ and SJ jump heights. In a simi-
larly designed study to our study, Barker et al. re-
ported at the end of their study on 26 footballers that
researchers and practitioners should include RSI,
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jump duration and height to improve the assessment
of jump performance.'?

There are also studies in the literature that reveal
findings different from the results of our study. In one
of them Kayhan et al. found a positive relationship
between RSI and COD ability of elite youth football
players at p<0.05 level; the same relationship was not
found between EUR, 0-10 m, 0-20 m and 0-40 m
sprint parameters.?! While the findings of the study
related to sprint parameters are similar to the findings
of our study, there are differences in the results ob-
tained for other parameters. The reason for this dif-
ference may be that the agility test protocol applied
by the researchers to the athletes was different from
the protocol in our study. In another study conducted
in the literature on RSI and sprint performance, re-
sults supporting the findings of our study were found.
Young and James found no correlation between RSI
data obtained from 25 m and 50 m sprint times and
DJ in male and female sprinters. It is thought that the
reason why the findings related to speed and agility
are different is that both parameters are different
physical qualities.™

In a study conducted on a different sample
group, a significant difference was found between the
reactive power of young tennis players and their abil-
ity to change direction. However, the researchers
could not determine this result in terms of sprint per-
formance.** In another study Ince, in his research on
young volleyball players, found that there was a re-
lationship between RSI and T test (r=0.440), 5 m
sprint (r=0.490), 20 m sprint (r=0.660) and spike
jump (r=0.774) performances.'® In a study in which
the relationship between RSI and maximal strength
was investigated on a different sample group, the re-
searchers did not find a significant relationship be-
tween these two parameters.!” The findings of these
studies differ from the findings of our study. It is
thought that the difference is due to the fact that the
branches have different requirements.

I CONCLUSION

In conclusion, the findings of this study show that
there is a relationship at different levels between re-
active strength feature and right and left leg average
strength and EUR in young football players. Accord-
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ing to these results, RSI can be taken into considera-
tion when planning strength training programmes in
young football players and the development of these
parameters can be focused in the programmes.

I RECOMMENDATIONS

The athlete’s ability to accelerate, decelerate, stop
and change direction effectively is crucial for success
in team sports in general.*> Considering that in a 90-
minute football match, athletes perform more than
600 changes of direction and linear sprints at a large
number of different distances, it can be said that these
high-intensity activities are crucial for the outcome
of the game and ultimately the success of the team.?
Considering all these, it is thought that it is very im-
portant to plan the developmental processes of young
athletes and that evaluating the RSI, which is one of
the important parameters for this planning and which
has become more popular recently, will help to meet
the needs of football.

When the literature was examined, only one
study was found in which athletes had similar char-
acteristics to the athletes in the present study. On the
other hand, there are limited number of studies in-
vestigating the relationship between some perfor-
mance parameters and RSI. It has been observed that
the results obtained in the existing studies are in-
consistent and there may be various reasons for this
inconsistency. In this direction, it can be said that
more studies are needed, and it can also be said that
in future studies, factors such as branch and age
should be taken into consideration and the tests to be

selected should reflect the character of the branch.
In addition, it is also thought that the preferred frame
heights for determining RSI should be standardised
depending on factors such as sample group or
branch. Considering the studies in the literature, it
was determined that this height varied between 30
and 50 cm and different results were obtained de-
pending on these heights. In this direction, re-
searchers can act by taking this factor into
consideration in their studies.
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