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Abstract

This study aims to investigate the acute effects of hip mobility exercises applied before anaerobic activities on
vertical jump, 1 repetition maximum (1RM), and isometric strength performances. For this purpose, 12 male
athletes with a high level of training (age = 21 * 1.2 years; height = 180 + 0.05 m; body weight = 88.08 + 9.17 kg)
voluntarily participated in the study. Before starting the study, an approval report was obtained from the Sakarya
University of Applied Sciences Ethics Committee and all athletes signed a voluntary consent form before the study.
All participants were asked to perform a standard 15-minute dynamic warm-up procedure (dynamic stretching
exercises related to cycling and tests) on the first measurement day. Then, in order to avoid fatigue in the athletes,
1 RM (1 Repetition Maximum) strength tests were applied. On the second measurement day, the subjects
performed 8 different hip mobility exercises (2 sets x 20 seconds for each exercise) with the same 15-minute dynamic
warm-up protocol and re-applied the tests applied on the first measurement day. When the findings were
examined, it was found that there was no significant difference in the 1RM strength values of the deadlift exercise
in the 1st and 2nd measurement sessions (p = 0.596). However, a significant difference was found between the 1RM
strength, Isometric back-leg strength, Counter Movement Jump (CM]J), and Squat Jump (S]) values of the squat
exercise (p=0.003, p=0.002, p = 0.002, p = 0.002). In conclusion, this study shows that a dynamic warm-up protocol
that includes hip mobility positively affects vertical jump, maximal, and isometric strength parameters.
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Dinamik Isinmaya Ek Kalca Hareket Egzersizlerinin Dikey Sicrama, Maksimal ve izometrik Giig
Parametreleri Uzerindeki Akut Etkileri

Bu calismanin amaci anaerobik aktiviteler 6ncesinde uygulanan kalca hareketlili§i egzersizlerinin dikey
sigrama, 1 tekrar maksimum (1TM) ve izometrik kuvvet performanslar: tizerindeki akut etkilerini aragtirmaktir.
Bu amag igin 12 antrenman gec¢misi diizeyi yiiksek erkek sporcu (yas =21 + 1.2 y1l; boy = 180 + 0.05 m; viicut agirhig:
= 88.08 + 9.17 kg) goniillii olarak calismaya katilmistir. Arastirmaya bagslanilmadan ¢nce Sakarya Uygulamali
Bilimler Universitesi Etik Kurulundan onay raporu alind: ve tiim sporculara calisma dncesinde géniillii onam
formu imzalatilmigtir. Téim katilimeilardan ilk 6l¢tim giiniinde 15 dakikalik standart bir dinamik 1sinma prosediirii
(bisiklet ve testler ile ilgili dinamik esneme egzersizleri) uygulamalar1 istenmis ve daha sonra sporcularda
yorgunluk meydana gelmemesi i¢in sirasiyla dikey sigrama, izometrik sirt bacak kuvveti ve alt ekstremiteye
yonelik iki temel egzersizde 1TM (1 Tekrar Maksimum) kuvvet testleri uygulatilmistir. Ikinci 6lgiim giiniinde ise
denekler ayni 15 dakikalik dinamik 1sinma protokolii ile 8 farkl1 kalca hareketliligi egzersizini (her egzersiz igin 2
set x 20 saniye) gerceklestirmisler ve ilk 6l¢lim giiniinde uygulanan testleri tekrar uygulamislardir. Bulgular
incelendiginde 1. ve 2. 8l¢clim seanslarinda deadlift egzersizinin 1TM kuvvet degerlerinde anlamli bir fark olmadig:
bulunmustur (p = 0.596). Bununla birlikte squat egzersizinin 1TM kuvvet, Izometrik sirt-bacak kuvveti, Counter
Movement Jump (CM]J) ve Squat Jump (S]) degerleri arasinda anlaml bir fark oldugu bulunmustur (p = 0.003, p =
0.002, p = 0.002, p = 0.002). Sonug olarak, bu ¢alisma kalca hareketliligi iceren bir dinamik 1sinma protokoliiniin
dikey si¢rama, maksimal ve izometrik kuvvet parametreleri {izerinde olumlu bir etkiye sahip oldugunu
gostermektedir.

Anahtar Kelimeler: Kalca hareketliligi, Kuvvet, Dikey sigrama, Issnma

INTRODUCTION

The general aim of warm-up protocols applied before exercise is to maximize athletic performance (4).
Athletes and trainers often apply stretching exercise protocols such as submaximal aerobic activity and static
stretching (SG), dynamic stretching (DG), ballistic stretching (BG), and proprioceptive neuromuscular
facilitation (PNF) before competitions and trainings to improve athletic performance (25, 16). Studies show
that static stretching exercises can prevent the performance by reducing power and speed production instead
of gaining athletes (12, 26, 21). However, dynamic stretching warm-up before training or physical competition
improves neuromuscular performance, increases motor unit excitability, recruitment, and synchronization,
reduces presynaptic inhibition, and improves motor neuron central activation (6). Dynamic stretching
exercises, which have become popular in pre-training warm-up activities, are also called mobility exercises
and include functional-based stretching exercise method that uses sport-specific movements to prepare the
human body for activity (7). Especially in terms of performance, it is necessary to use dynamic form warm-up
protocols to ensure a high level of strength and power production in the main part of the training (14). This
warm-up method also improves hip mobility, which plays a very important role in the transfer of power from
the lower to the upper extremity and for most athletes is one of the most important points for a good
performance (5).

When we examine the literature in detail, no studies were found in which dynamic stretching exercises
were applied in combination with regional mobility exercises. However, there are studies that examine the
acute effects of various dynamic stretching exercise protocols on vertical jump (16) and maximal and isometric
strength (27) parameters where the hip region is active. For example, in a study that examined the effects of
acutely performed active, passive, and dynamic stretching exercises on vertical jump performance, a group of
16 young male tennis players who actively do sports were randomly assigned at different times by applying
passive stretching, active stretching, and dynamic stretching exercises without stretching exercises. observed
vertical jump performances applied in a way (6). It has been revealed that the measurements taken with DG
have a more positive effect on vertical jump performance compared to other methods. In another study that
compared the effects of dynamic stretching exercises and foam roller exercises, dynamic stretching exercises
in the vertical and horizontal jump data, 37 meters sprint test data, and indirectly measured 1 RM (1 Repetition
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Maximum) bench press data were observed higher performance (23). Ford et al. (13) reported that activation
of the hip muscles during dynamic activity may be an important factor in the control of lower extremity
movements.

According to this thought, adding exercises that improve the mobility and neuromuscular activation of
the hip joint to the training programs can help improve the athletic characteristics of the athletes. In this
context, the aim of our study is to investigate the acute effects of hip mobility exercises applied before
anaerobic activities on vertical jump, 1 repetition maximum and isometric strength performances.

MATERIAL AND METHOD
Participants

Twelve male athletes with a high level of training history (age =21 + 1.2 years; height =180 + 0.05 m; body
weight = 88.08 + 9.17 kg) voluntarily participated in this study. There were 4 wrestlers, 3 weightlifters, 2
powerlifters and 3 bodybuilders at the national and international level in the participant group. These athletes
have been regularly trained at least five days a week and an average of 1.5 hours. All athletes were informed
about the experimental aims, risks, and benefits of the study. All participants voluntarily signed the informed
consent form. This research was conducted in accordance with the Declaration of Helsinki (1975) used for
studies with human subjects. Before starting the study, an approval report was obtained from the Sakarya
University of Applied Sciences Ethics Committee and all athletes signed a voluntary consent form before the
study.

Experimental Design

All participants were asked to perform a standard 15-minute dynamic warm-up procedure (dynamic
stretching exercises related to cycling and tests) on the first measurement day, and then, to avoid fatigue in
the athletes, 1 RM (Repetition Maximum) strength tests were performed. On the second measurement day,
the subjects performed 8 different hip mobility exercises (2 sets x 20 seconds for each exercise) with the same
15-minute dynamic warm-up protocol and re-applied the tests applied on the first measurement day. (Figure
1) After all dynamic warm-up and hip mobility procedures were performed, subjects performed 5 minutes of
passive rest between tests. All measurements were made during the hours when the athletes were training in
their daily routine.

Butterfly

Internal Rotation With Foot Pike Revolved crescent lunge

Rise

Figure 1. Hip mobility exercises performed in the study
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Measurement Procedure
1RM Strength Test;

In the research, 1RM strength measurements were made in squat and deadlift exercises. Before the 1IRM
strength tests, the athletes performed a standard 10-minute warm-up protocol on the bicycle ergometer. While
performing 1RM strength measurements, 1 retest protocol recommended by the American College of Sports
Medicine (ACSM) was applied. Firstly, 2 warm-up sets of light-medium were applied. After the first set was
done with 5-10 repetitions, 1-minute rest was given. The second set was done with 2-5 repetitions and rested
for 2 minutes. With the third set, 1 repetition was started and 2-4 minutes of rest was given. In the following
sets, 5-10% load increase was continued for each successful lift and a rest period of 2-4 minutes was given.
When an unsuccessful lifting occurred, the load was reduced by 2.5-5% and the lifting was performed again

(D).
Vertical Jump Tests;

Counter Movement Jump and Squat Jump tests were used to determine the vertical jump performance of
the participants. The My Jump 2 app (app) accessed from the iPhone Apple Store was used to determine
vertical jump performance (ICC = 0.97-0.99) (15). The My Jump 2 application was developed to calculate the
jump height from the airtime using the high-speed video recording feature on the iPhone 11 (2). Before testing,
subjects were asked to try S] and CM] activities. Each participant performed 3 maximum SJs and CMJs, starting
from a standing position and keeping their hands on their hips. The best of these three attempts was recorded.

Isometric Leg and Back Dynamometer Test;

Measurements were made using a (Takkei) brand dynamometer to determine isometric back and leg
strength. After the participants completed the warm-up protocols, they positioned their feet on the
dynamometer platform with their knees stretched. Then, with the arms tense, the back straight, and the body
leaning slightly forward, they pulled the dynamometer bar they were grasping with their hands vertically
upwards at maximum intensity. All participants performed 3 trials and the best score value was recorded in
these trials (8,20).

Statistical analysis

Windows IBM SPSS Statistics program was used to analyze all data. The normality of the data was
checked using the Shapiro-Wilk test. Since the data did not show normal distribution, the Wilcoxcon test, one
of the nonparametric tests, was used to compare and analyze the differences between each trial and various
performance parameters. Statistical significance was set at p < 0.05.

RESULTS

Table 1 shows the values obtained at two different data collection stages and the differences between
them. When Table 1 was examined, it was found that there was no significant difference in the 1RM strength
values of the deadlift exercise in the 1st and 2nd measurement sessions (p = 0.596). However, a significant
difference was found between the 1RM strength, Isometric back-leg strength, CM]J and SJ values of the squat
exercise (p = 0.003, p = 0.002, p =0.002, p = 0.002).

Tablel. Comparison of Athletes' 1st and 2nd Measurement Squat, Deadlift, Vertical Jump and Force measurements

Variables Trials Mean = SD p
15¢ Tri .58+24.
Squat (kg) Tr1.a1 139.58+24.72 0.003*
2" Trial 151.24+24.27
15t Trial 182.08+24.72
Deadlift (kg) =2 0.596
2" Trial 182.71+25.62
15t Trial 41.39+7.11
Countermovemnt jump (cm) P r1.a 0.002*
2™ Trial 43.39+6.49
15t Trial 37.02+4.86
Squat 0.002*
quat Jump (cm) 2" Trial 40.53+5.36
15t Trial 193.30+26.71
Leg Dynamometer (kg) =2 0.002*

2™ Trial 215.78+25.74
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Mean values

250,00
*
200,00
150,00 *
100,00
50,00 * *
Squat (kg) Deaflift (kg)  Countermovemnt Squat Jump (cm) Leg Dynamometer
jump (cm) (kg)

@ 1st Trial m2nd Trial

Figure 2. Average values of 1st and 2nd measurement squat, deadlift, countermovement jump, squat
Jump and leg dynamometer of the athletes

* Indicates the significant difference between the 1st and 2nd measurements.

DISCUSSION

This study aimed to examine the acute effects of a dynamic warm-up including hip mobility exercises on
vertical jump, 1RM, and Isometric strength performance. The results of the study showed that specific hip
mobility exercises added to dynamic warm-up caused a significant increase in squat exercise 1RM strength,
Isometric strength and vertical jump performance (p <0.05), but deadlift exercise did not significantly increase
1RM strength values (p> 0.05).

When the previous studies are examined, it is seen that the dynamic warm-up protocols applied before
the training reveal different results on performance. (6,4,14,22) stated that, as in our study, dynamic warming
has positive effects on vertical jump performance. However, (19,11) stated in their study that dynamic
warming did not reveal any positive effect on vertical jump performance. In addition to these studies (23,18),
their studies show that applying dynamic mobility exercises in addition to dynamic warm-up results in more
positive results than the dynamic warm-up protocol applied alone. The different results in the studies related
to the subject in the literature may be due to many different factors. The training history and training level of
the participant group, method differences in the applied dynamic warm-up protocols, intensity and amount
of the content of the protocols, total duration, and rest intervals can be given as examples of these factors. (9).

The results of this study show that regional hip mobility exercises performed in addition to dynamic
warm-up have a positive effect on maximal and isometric strength parameters. When studies on the subject
are examined, (10) stated that static stretching protocols performed before exercise impair maximal force
production. (24,17), on the other hand, supports the results of our research and states that dynamic warming
protocols are more beneficial in improving strength, peak power generation and explosive power
characteristics than static warming. Furthermore, (27) revealed that the regional mobility-improving warm-
up protocol was more effective in increasing muscle strength than static and dynamic warm-ups. For this
reason, it is thought that specific hip mobility exercises added to dynamic warm-up have a positive effect on
the participants' maximal and isometric strength performance. It has been found that static, dynamic, ballistic,
and PNF stretching procedures had detrimental effects on maximal dynamic force performance, which is
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contrary to the findings of our research (3). This distinction may be based on the participants' training age and
level as well as the length, volume, and intensity of the protocols used.

In conclusion, the findings of this study show that a dynamic warm-up protocol including hip mobility
has a positive effect on vertical jump, maximal and isometric strength parameters. Exercises that increase hip
mobility can be incorporated into warm-up routines to enhance the hip joint's range of motion. However, the
hip joint, which is one of the central regions of the body, plays an important role in maximizing performance
in vertical jump, maximal and isometric strength parameters. For this reason, wider joint angle may result in
higher performance. In addition to these results, there is a need for more studies investigating the effects of
mobility exercises applied to the same region or different regions.
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