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Abstract 

Objective: This study aims to investigate the effects of manipulation and mobilization treatments applied to the L3 segment 

on sportive performance to prevent performance anxiety and low performance resulting from competition stress in athletes. 

Material-Method: Sixty male volleyball players aged 18 to 25 were enrolled in this randomized controlled trial. Participants 

were randomly assigned to one of three groups: a manipulation, a mobilization, and a control group. After completing the 

required warm-up program, participants underwent either manipulation or mobilization based on their assigned group. Hip 

range of motion, lumbar range of motion, T-Test time (seconds), 10-meter sprint time (seconds), vertical jump height (cm), 

and horizontal jump distance (cm) were evaluated immediately before and after the interventions. 

Results: There were no significant differences between the groups regarding participants' age and height (p>0.05). The 

mobilization group had the highest mean body mass index and weight (p=0.05). In the intra-group analysis, statistically 

significant improvements were observed in the spinal manipulation group for hip external rotation, lumbar flexion, extension, 

T-test performance, and right lumbar flexion (p<0.05). In the mobilization group, significant changes were noticeable for right 

hip flexion, left hip abduction, hip external rotation, lumbar flexion, extension and lateral flexion, T-test performance, 10-

meter sprint, and horizontal jump. Across all groups, all measures were statistically significant except for hip flexion, hip 

adduction, hip internal rotation, and lumbar lateral flexion (p<0.05). 

Conclusion: Comparing the data between the groups revealed that the spinal manipulation group demonstrated superior 

outcomes in right hip extension, right hip external rotation, lumbar flexion, extension, T-test performance, and 10-meter sprint 

times compared to the spinal mobilization and control groups. We believe that pre-competition spinal manipulation 

interventions may offer the greatest benefit for volleyball players. 

Keywords: Chiropractic, Spinal Manipulation, Spinal Mobilization, Sports Performance, Volleyball 

 

INTRODUCTION 

Volleyball is one of the world's most popular sports, 

played by two teams of six players and practiced by 

200 million people worldwide. Jumping, landing, 

blocking, and spiking are specific movements of 

volleyball and require quick movements of the 

musculoskeletal system. Vertebral and 

biomechanical dysfunctions may impair 

neuroplasticity in the central nervous system (CNS), 

negatively impacting athletic performance. However, 

the application of spinal manipulative therapy (SMT) 

to these dysfunctional segments has been shown to 

enhance proprioception and motor response. A recent 

study has shown that a single session of spinal 

manipulation increases corticospinal excitability and 

electromyographic activity, which may lead to 

increased muscular strength. While some research 

has supported this hypothesis, others have found 

inconsistent results. Despite several 

neurophysiological hypotheses for the effects of 

SMT on athletes, no consensus has been established 
1-3. 

Many questions have been raised about whether 

chiropractic treatments can enhance athletic 

performance, but these questions have generally 

remained unresolved due to the lack of studies. 

Although some researchers have reported that 

chiropractic treatment enhances athletic 

performance, others have reported that chiropractic 
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performance has no significant effect; these studies 

provide inadequate evidence. As a result, the role of 

chiropractic therapy in athletics still needs to be fully 

understood. Although the mechanism remains 

unclear, these techniques are hypothesized to 

increase the pain threshold and enhance motor 

neuron excitability by altering central perception. 

Despite the popularity of manipulative and 

mobilization techniques among athletes, this study 

was designed to evaluate their impact on 

performance, incorporating a control group and 

adhering to ethical considerations 4-6. 

 

MATERIALS AND METHODS  

Study design and participants 

We used a randomized controlled clinical trial model 

with pre-and post-test evaluation methods. Healthy 

licensed volleyball players between the ages of 18 

and 25 were included in this study at Bahçeşehir 

Okyanus College Sports Hall. After the players in the 

study were informed in detail about the manipulation 

and mobilization techniques, the height, weight, and 

body mass indexes of the volunteers who signed the 

consent form were evaluated and randomly divided 

into three groups. The groups were the control group 

(n=20), the L3 spinal manipulation group (n=20), and 

the L3 mobilization group (n=20). During the study, 

pre-application evaluations were performed, 

followed by the manipulation and mobilization 

techniques, and then the pre-application evaluations 

were repeated instantaneously. The evaluation times 

were T0 (before spinal manipulation/mobilization 

procedure), T1 (after spinal 

manipulation/mobilization procedure). 

A power analysis was conducted using the G*Power 

software (version 3.1.9.7) to determine the 

appropriate sample size for the study. The statistical 

power was represented as 1-β (with β being the 

probability of a Type II error). In a study by Thomas 

et al. (2022) that investigated the effects of 

manipulative treatment on lower extremity function 

in young professional football players, the mean and 

standard deviation of vertical jump data were used for 

comparison between the control group (34.0 ± 3.9) 

and the experimental group (39.3 ± 5.4) with a 

significance level of α = 0.05. The power analysis, 

aiming for 95% power, calculated an effect size (d) 

of 0.5789. Based on these calculations, it was 

determined that a total of 51 participants would be 

required for this study, distributed across three 

groups.  

In the study, the T-test was used to evaluate agility, 

the contact mat (SMART JUMP-AUS) was used to 

assess vertical jump, a photocell was used to measure 

a 10-meter straight sprint run, and goniometry was 

used to evaluate the range of motion. Horizontal 

jump was measured on the gym floor with the help of 

a tape measure.8-12 Each evaluation was repeated 

three times and averaged. 

 

Evaluation criteria 

Inclusion criteria: Being male, having signed the 

voluntary consent form, being between the ages of 18 

and 25, being a licensed volleyball player, not using 

performance-enhancing supplements, and not having 

any contraindications to chiropractic applications. 

Exclusion criteria: Having a history of orthopedic 

injury in the last three months, being a volleyball 

player for less than one year, and practicing 

volleyball less than three days a week.  

Exclusion from the study: Volunteers who 

sustained any injuries during the measurements and 

declined to continue the study.  

 

Intervention 

Spinal manipulation: Spinal manipulation is a 

specialized form of manual therapy for 

musculoskeletal injuries and disorders that is non-

invasive and hands-on. The most common type of 

spinal manipulation used by practitioners is low-

amplitude and high-velocity thrusts (HVLA; high-

velocity low-amplitude). The patient is lying on the 

side, in a lateral decubitus position. The knee of the 

lower leg is extended, and the knee of the upper leg 

is flexed and placed in the popliteal fossa of the lower 

leg. The physiotherapist places their hand on the L3 

segment and rolls the patient towards them, and when 

the joint is locked, performs the high intensity and 

low amplitude (HVLA) maneuver from posterior to 

anterior 13,14. 

Spinal mobilization: It is a manual therapy method 

applied to a specific segment with low intensity and 

low speed, and generally, no ‘’popping’’ sound is 

heard after application. A rhythmic force with 

passive oscillations is applied to the affected 

segment. Vertebral mobilizations are also called 

"passive and oscillating movements within the range 

allowed by the vertebra"15,16. 

Posteroanterior mobilizations in the lumbar spine 

involve placing the patient's hands on their back, with 

the clinician's hands acting as springs. The patient 

lies prone with their hands either by their side or 

above their head, with their head turned to one side. 

The clinician's left hand is placed on the patient's 

back, with the clinician's shoulders over the contact 

point. The clinician's right hand is reinforced by 
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placing the carpus over the radial aspect of the left 

carpus at the base of the left index finger. Stability is 

maintained through grasping the clinician's palm and 

sustained wrist extension. The technique involves 

grade 1 and 2 joint oscillations for 30 seconds each, 

with 6 repetitions 17.  

The control group did not receive any treatment. 

 

Warm – Up Protocol  

Sports scientists and trainers are constantly searching 

for new ways to maximize the performance of 

athletes. Although different exercise protocols are 

constantly applied in warm-ups before competition 

and training, the effect of these exercises (static-

dynamic stretching, resistance exercises, jumping, 

jogging, etc.) on jumping performance, especially in 

volleyball players, is not fully known. In a study 

conducted on female volleyball players, the effects of 

static and dynamic stretching on vertical jump were 

compared, and the two types of exercises did not 

outperform each other even though they increased 

vertical jump. Another study compared the effect of 

various exercises on vertical jumping in young 

volleyball players and showed that vertical jumping 

exercises were superior to other groups. In young 

elite volleyball players, dynamic exercises were 

shown to positively affect the directional change 

performance of volleyball players 18,19,20. 

It has been argued that pre-training warm-up 

programs, including static stretching exercises, 

reduce the risk of injury and improve athletic 

performance. Static stretching exercises were 

suggested to increase joint range of motion, reduce 

injury risk, and rehabilitate the muscle. However, 

recent studies have found that static stretching 

exercises decrease performance in sports involving 

explosive exercise. Therefore, their use in sports 

requiring high force output is questioned 21.  

For the factors mentioned above, the volleyball 

players were given a warm-up program that included 

dynamic stretching and vertical jumps, prepared 

jointly with volleyball coaches.  

 

Randomization 

Each subject was assigned a number between 1 and 

60 by random lottery. Using the simple random 

sampling method, a number sequence was generated 

using the Microsoft Excel program. Groups were 

formed by utilizing the data in the number array. 

 

Permission 

For the study to be planned and conducted following 

the Principles of the Declaration of Helsinki, ethics 

committee approval was obtained from the 

Gümüşhane University Scientific Research and 

Publication Ethics Committee dated 29.09.2021 and 

numbered 2021/6.  

 

Statistical analysis 

After the data were organized in an Excel program, 

they were analyzed with SPSS 29.0 IBM. Categorical 

variables were presented with frequency and 

percentage values, and numerical data were 

presented with mean, standard deviation and median 

values. Since the amount of data in each group was 

less than 30, the data were analyzed using 

nonparametric tests. The Kruskal-Wallis-H Test was 

used to analyze the data between 3 groups, and 

Wilcoxon Sign Test statistics were used to analyze 

two separate measurements for each group. 

Intergroup comparisons were made with Kruskal-

Wallis-H by taking the differences between the 

measurement times. Significance level p<0.05 was 

considered for all tests. 

 

RESULTS 

Demographic data of the groups are given in Table 1. 

There is no statistically significant difference 

between the groups regarding age (p=0.368) and 

height (p=0.412). However, weight (p=0.05) and 

BMI (p=0.019) were statistically significant. The 

mobilization group had the highest mean weight and 

BMI (Table 1). 

 

 

Table 1. Demographic Characteristics of the Groups 

  Age (Years) Height (cm) Weight (kg) BMI (Kg / m2) 

Manipulation Group Mean ± St. Dev. 20,30±1,45 189,20±6,35 82,80±9,33 23,10±1,99 

Median 20 188 80,5 23,5 

Mobilization Group Mean ± St. Dev. 21,35±2,41 187,10±7,76 86,00±12,09 24,50±2,61 

Median 21,0 187 83,5 24,4 

Control Group Mean ± St. Dev. 21,05±2,19 186,50±6,42 77,75±10,68 22,30±2,39 

Median 20 187,5 75,0 21,8 

Kruskal-Wallis Test Value 2,00 1,755 5,993 7,883 

 p value 0,368 0,412 0,05 0,019 
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Table 2. Intragroup Comparision 

 

 

 Manipulation Group Mobilization Group Control Group 

T0 T1 Wilcoxon p T0 T1 Wilcoxon p T0 T1 Wilcoxon p 

Hip Flexion Right 107,85±6,79(110) 109,2±7,14(110) -1,245 0,213 104,70±6,05(103) 106,50±6,13(105) -2,790 0,005 106,70±5,43(105,5) 106,95±5,56(105,5) -1,169 0,242 

Left 106,95±4,41(108,5) 107,35±6,3(105) -0,119 0,905 105,65±5,86(105) 107,00±5,80(106,5) -2,157 0,031 106,75±4,49(106,5) 106,90±4,59(106,5) -0,317 0,751 

Hip 

Extension 

Right 19,2±2,72(19) 19,8±2,37(20) -1,086 0,278 22,05±2,82(21,5) 22,60±3,28(22) -1,374 0,170 23,70±3,06(23) 23,95±2,44(24) -0,714 0,475 

Left 20,1±3,22(19) 21,35±2,7(21,5) -2,001 0,045 21,30±3,48(20,5) 22,25±3,70(22) -1,985 0,047 24,70±4,49(25) 24,20±3,97(24,5) -0,956 0,339 

Hip 

Abduction 

Right 43,40±2,19(44) 42,65±2,76(42) -0,988 0,323 45,55±5,07(44) 47,05±4,67(45) -2,695 0,007 43,65±3,56(44) 43,95±3,10(44) -1,015 0,310 

Left 43,65±3,17(44) 44,55±3,07(44,5) -1,286 0,119 44,95±4,17(44,5) 46,20±4,23(45) -2,800 0,005 44,00±3,03(44) 44,10±3,23(45) -0,446 0,656 

Hip 

Adduction 

Right 32,90±2,67(38) 38,05±2,52(38,5) -0,599 0,550 38,25±2,36(38) 39,10±1,92(39) -2,170 0,030 37,10±2,45(37) 36,90±2,31(37) -0,036 0,972 

Left 37,90±2,49(38,5) 38,05±2,72(39) -0,518 0,604 36,90±2,31(36,5) 37,65±1,93(38) -1,516 0,129 37,60±1,93(38) 37,25±2,31(37) -0,694 0,488 

Hip 

External 

Rotation 

Right 47,85±4,51(48,5) 50,10±5,14(50) -3,057 0,002 49,15±3,84(50) 51,20±4,11(51,5) -3,620 <0,001 47,50±2,89(47,5) 47,95±2,70(48) -0,936 0,349 

Left 47,40±5,64(48) 49,35±6,40(49) -2,917 0,004 49,55±3,33(49) 51,60±3,19(51,5) -3,570 <0,001 47,55±4,63(49) 47,95±2,98(48) -0,070 0,944 

Hip 

Internal 

Rotation 

Right 36,55±2,78(36,5) 37,40±4,31(37) -1,517 0,129 34,80±3,87(35) 35,70±4,21(36) -1,867 0,062 35,45±4,06(35) 35,25±2,00(35,5) -0,634 0,526 

Left 37,15±4,12(36) 38,10±4,59(37,5 -2,175 0,030 34,45±3,97(35) 35,25±4,17(35,5 -1,978 0,048 35,00±2,15(35) 34,70±2,15(35) -0,914 0,361 

Lumbar Flexion 56,25±3,39 60,45±4,59 -3,439 <0,001 71,70±5,05(71) 73,70±4,82(75) -2,803 0,005 68,90±4,67(70) 69,05±4,77(69,5) -0,310 0,757 

Lumbar Extension 39,80±4,05 42,90±3,19 -3,619 <0,001 24,35±3,45(24) 27,40±4,38(27) -3,853 <0,001 25,65±3,91(24,5) 26,00±3,16(25) -1,059 0,289 

Lumbar 

Lateral 

Flexion 

Right 32,45±2,96 34,60±2,37 -3,223 <0,001 29,55±3,65(30) 30,95±3,76(32) -3,646 <0,001 24,15±2,13(24) 24,95±2,52(25) -2,527 0,011 

Left 33,25±2,36 34,85±3,36 -2,128 0,033 30,30±3,93(32) 31,95±4,05(32,5) -3,410 <0,001 25,05±2,33(25) 26,10±2,69(25) -2,747 0,006 

T - Test (Seconds) 9,66±0,43 9,25±0,53 -3,884 <0,001 9,09±0,59(9) 9,33±0,58(9,2) -3,773 <0,001 9,00±0,81(8,7) 9,06±0,85(9) -1,270 0,204 

10 Meter Sprint 

(Seconds) 

2,04±0,15 1,92±0,14 -3,684 <0,001 1,92±0,13(1,9) 2,07±0,12(2,1) -3,885 <0,001 1,99±0,10(2) 2,00±0,11(2) -0,205 0,837 

Vertical Jump (cm) 57,40±6,99 54,85±5,69 -1,419 0,156 36,35±7,36(37) 37,65±7,88(37,5) -2,252 0,024 40,70±5,59(40) 42,20±5,68(42) -3,168 0,002 

Horizontal Jump  

(cm) 

199,80±15,59 204,65±16,90 -2,223 0,026 206,35±19,04(202,5) 215,80±19,05(212) -3,929 <0,001 206,22±6,83(204,5) 209,60±6,93(210,5) -2,771 0,006 
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Table 3. Comparison of Differences Between Groups 
Difference Analysis Mean ± St. Dev. Median KW P 

Hip Flexion (Right) Manipulation Group 1,35±4,28 2 5,097 0,078 

Mobilization Group 1,80±2,44 2 

Control Group 0,25±1,74 1 

Hip Flexion (Left) Manipulation Group 0,40±4,33 1,5 2,721 0,256 

Mobilization Group 1,35±2,74 2 

Control Group 0,15±2,35 0 

Hip Extension (Right) Manipulation Group 0,60±2,70 1 0,781 0,677 

Mobilization Group 0,55±1,73 1 

Control Group 0,25±1,45 0 

Hip Extension (Left) Manipulation Group 1,25±2,59 1 7,768 0,021 

Mobilization Group 0,95±2,01 1 

Control Group -0,50±1,79 0 

Hip Abduction (Right) Manipulation Group -0,75±2,95 -0,5 10,349 0,005 

Mobilization Group 1,50±2,01 2 

Control Group 0,30±1,26 1 

Hip Abduction (Left) Manipulation Group 0,90±2,86 1,5 3,380 0,185 

Mobilization Group 1,25±1,52 1,5 

Control Group 0,10±1,94 0 

Hip Adduction (Right) Manipulation Group 0,15±1,31 0 2,705 0,259 

Mobilization Group 0,85±1,63 1 

Control Group -0,20±2,04 0 

Hip Adduction (Left) Manipulation Group 0,15±1,35 0 3,171 0,205 

Mobilization Group 0,75±2,20 1 

Control Group -0,35±2,30 -0,5 

Hip External Rotation (Right) 

 

Manipulation Group 2,25±2,65 2 7,012 0,030 

Mobilization Group 2,05±1,43 2 

Control Group 0,45±1,96 1 

Hip External Rotation (Left) Manipulation Group 1,95±2,78 2 10,411 0,005 

Mobilization Group 2,05±1,50 2 

Control Group 0,40±3,56 0 

Hip Internal Rotation (Right) Manipulation Group 0,85±2,54 1 1,532 0,465 

Mobilization Group 0,90±2,05 1 

Control Group -0,20±3,17 0,5 

Hip Internal Rotation (Left) Manipulation Group 0,95±1,79 0 5,771 0,056 

Mobilization Group 0,80±1,74 0,5 

Control Group -0,30±1,56 0 

Lumbar Flexion Manipulation Group 4,20±3,62 4,5 16,996 <0,001 

Mobilization Group 2,00±2,45 2 

Control Group 0,15±1,95 0 

Lumbar Extension Manipulation Group 3,10±2,34 3 22,864 <0,001 

Mobilization Group 3,05±2,39 3 

Control Group 0,35±1,53 1 

Lumbar Lateral Flexion (Right) Manipulation Group 2,15±2,23 2 5,798 0,055 

Mobilization Group 1,40±0,94 2 

Control Group 0,80±1,32 1 

Lumbar Lateral Flexion (Left) Manipulation Group 1,60±3,00 3 3,635 0,162 

Mobilization Group 1,65±1,35 2 

Control Group 1,05±1,32 1 

T-Test (Seconds) Manipulation Group -0,41±0,30 -0,4 40,075 <0,001 

Mobilization Group 0,25±0,13 0,2 

Control Group 0,07±0,19 0 

10 Meter Sprint (Seconds) Manipulation Group -0,12±0,09 -0,1 38,593 <0,001 

Mobilization Group 0,15±0,10 0,1 

Control Group 0,00±0,08 0 

Vertical Jump (cm) Manipulation Group -2,55±6,50 -2,5 6,521 0,038 

Mobilization Group 1,30±2,43 1,5 

Control Group 1,50±1,47 2 

Horizontal Jump (cm) Manipulation Group 4,85±8,80 4,5 14,897 <0,001 

Mobilization Group 9,45±3,39 10 

Control Group 3,38±4,48 3 

Kruskal Wallis Test, *p<0.05.  
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Table 4. Post – hoc Analysis 
Post – hoc Analysis Test Statistic Std. Error Std. Test Statistic Sig. Adj. Sig.a 

Hip Abduction (Right) Control – Manipulation Group -5,150 5,463 -,943 ,346 1,000 

Control – Mobilization Group 11,975 5,463 2,192 0,28 ,085 

Manipulation – Mobilization Group -17,125 5,463 -3,135 ,002 ,005 

Hip Extension (Left) Control – Manipulation Group 14,350 5,435 2,640 ,008 ,025 

Control – Mobilization Group 11,375 5,435 2,093 0,36 ,109 

Manipulation – Mobilization Group 2,975 5,435 ,547 ,584 1,000 

Hip External Rotation (Right) Control – Manipulation Group 11,700 5,420 2,159 0,31 ,093 

Control – Mobilization Group 13,050 5,420 2,408 ,016 ,048 

Manipulation – Mobilization Group -1,350 5,420 -,249 ,803 1,000 

Hip External Rotation (Left) Control – Manipulation Group 13,775 5,455 2,525 ,012 ,035 

Control – Mobilization-Group 16,375 5,455 3,002 ,003 ,008 

Manipulation – Mobilization Group -2,600 5,455 -,477 ,634 1,000 

Lumbar Flexion Control – Manipulation Group 22,625 5,494 4,118 <,001 ,000 

Control – Mobilization Group 12,250 5,494 2,230 ,026 ,077 

Manipulation – Mobilization Group 10,375 5,494 1,888 ,059 ,177 

Lumbar Extension Control – Manipulation Group 23,525 5,450 4,316 <,001 ,000 

Control – Mobilization Group 21,475 5,450 3,940 <,001 ,000 

Manipulation – Mobilization Group 2,050 5,450 ,376 ,707 1,000 

T – Test (sec.) Control – Manipulation Group -22,324 5,521 -4,044 <,001 ,000 

Control – Mobilization Group 12,125 5,521 2,196 0,28 ,084 

Manipulation – Mobilization Group -34,450 5,521 -6,240 <,001 ,000 

10 meter sprint (sec.) Control – Manipulation Group -15,575 5,519 -2,858 ,004 ,013 

Control – Mobilization Group 18,475 5,519 3,348 <,001 ,002 

Manipulation – Mobilization Group -34,250 5,519 -6,206 <,001 ,002 

 

When we made an intra-group comparison, we found 

a statistically significant difference in the 

manipulation group: right hip external rotation 

(p=0.002), left hip external rotation (p=0.004), 

lumbar flexion (p<0.001), lumbar extension 

(p<0.001), right lumbar lateral flexion (p<0.001), T-

test (p<0.001), 10-meter sprint test. In the 

mobilization group, left hip abduction (p=0.005), 

right hip external rotation (p=0.004), lumbar flexion 

(p=0.005), lumbar extension (p<0.001), right lumbar 

lateral flexion (p<0.001) were statistically different. 

A statistically significant difference was found 

between left lumbar lateral flexion (p<0.001), T-test 

(p<0.001), 10-meter sprint (p<0.001), and horizontal 

jump (p<0.001) tests.  

When the difference between the groups is analyzed, 

the left hip extension values of the manipulation and 

mobilization groups increased after the test, while the 

control group showed a decrease (p=0.021). 

According to the post-hoc analysis, the difference is 

due to the control group patients. The right hip 

abduction values of the control and mobilization 

groups increased after the test, while the 

manipulation group showed a decrease (p=0,005). 

According to the post-hoc analysis, a significant 

difference was found between all groups. When right 

hip external rotation was analyzed, post-test values of 

all groups increased compared to pre-test values, and 

the highest increase belonged to the manipulation 

group (p=0.03). According to the post-hoc analysis, 

the difference was due to the control group. When the 

external rotation of the left hip was examined, the 

post-test values of all groups increased compared to 

the pre-test values, and the highest increase belonged 

to the mobilization group (p=0,005). According to 

the post-hoc analysis, the difference was due to the 

control group. In lumbar flexion measurements, the 

post-test values of all groups increased compared to 

the pre-test values, and the highest increase was in 

the manipulation group (p=0,005). According to the 

post-hoc analysis, a difference was found between all 

groups. When the lumbar extension measurements 

were analyzed, the post-test values of all groups 

increased compared to the pre-test values, and the 

highest increase belonged to the manipulation group 

(p=0.005). According to the post-hoc analysis, the 

difference was due to the control group (Table 3). 

When the 10-meter sprint, T-test, and vertical jump 

values were analyzed for the difference between 

groups, it was observed that the post-test values of 

the mobilization and control groups increased 

compared to the pre-test values. In contrast, a 

decrease was observed in the manipulation group 

(p<0,001). According to the post-hoc analysis, the 

difference is due to the manipulation group. When 

the 10-meter sprint measurements were examined, 

the post-test values of the mobilization and control 

groups increased compared to the pre-test values, 

while a decrease was observed in the manipulation 

group. The highest increase belongs to the 

mobilization group (p<0.001). According to the post-

hoc analysis, the difference is due to the manipulation 

group. Looking at the vertical jump measurements, 

the post-test values of the mobilization and control 
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groups increased compared to the pre-test values, 

while a decrease was observed in the manipulation 

group. The highest increase belongs to the 

mobilization group (p<0.038). According to the post-

hoc analysis, the difference is due to the manipulation 

group. In horizontal jump measurements, post-test 

values of all groups increased compared to pre-test 

values. The highest increase belongs to the 

mobilization group (p<0,001). According to the post-

hoc analysis, the difference was due to mobilization 

(Table 4). 

 

DISCUSSION 

The quadriceps femoris muscle receives its 

innervation from the L2, L3, and L4 spinal segments, 

and the femoral nerve is formed by the nerves arising 

from these segments. L3 is defined as the main feeder 

of the quadriceps femoris muscle. Sanders et al. 

investigated the effect of spinal manipulation applied 

to the L2-S1 segments on the isokinetic strength of 

the knee extensors and flexors in a study conducted 

on 21 asymptomatic participants in 2015. Although 

spinal manipulation was shown to increase isokinetic 

strength, these findings did not gain statistical value 
20. Pollard and Ward showed that spinal manipulation 

of the L3-L4 segment caused a short-term increase in 

the strength of the quadriceps femoris muscle in their 

study on 30 individuals between 18 and 34 21. 

Grindstaff et al. compared the effect of lumbopelvic 

manipulation on the activation of the quadriceps 

femoris muscle in 42 healthy individuals and showed 

that the strength of the quadriceps femoris muscle 

increased by 3% and activation by 5% in the 

manipulation group21. Ahn et al. investigated the 

effect of grade III-IV spinal mobilization and TENS 

(Transcutaneous Electrical Stimulation) treatments 

applied to the L2-L3 segment on muscle strength and 

proprioception in their study on 26 professional 

volleyball players with chronic knee pain. They 

reported that proprioception was significantly 

improved only during knee extension in the LJM 

group, and the difference in knee extension between 

the groups was also significant22. 

Spinal manipulation therapy is thought to regulate the 

abnormal input to the central nervous system and the 

processing of this abnormal input, thus ensuring the 

biomechanical and neural integrity of the joint 

complex. Another theory is that it regulates afferent 

information with the bombardment that occurs in 

mechanoreceptors after manipulation, according to 

Korr's stimulated segment theory.23 To measure the 

effect of spinal manipulation on the cortical system 

and maximum voluntary contraction, Niazi et al. 

conducted a study with healthy individuals in 2014. 

They observed that the H-reflex and maximum 

voluntary contraction strength increased. They 

reported that spinal manipulation increases motor 

neuron excitability by stimulating low-threshold 1a 

afferent fibers24. Perry and Green showed that spinal 

mobilization applied to the L4-L5 segment caused 

changes in the peripheral nervous system in 45 

healthy individuals. According to this study, spinal 

mobilization stimulates the dorsal periaqueductal 

region and the sympathetic nervous system, causing 

an increase in motor facilitation25. We expected to see 

the rise in sportive performance by affecting the 

sympathetic and central nervous system and 

increasing motor neuron excitability. 

Team sports such as volleyball and basketball 

involve a lot of running, sprinting, changing 

direction, and jumping. The strength of the 

quadriceps femoris and hamstring muscles is vital for 

athlete efficiency and injury prevention.26 In 

addition, volleyball players are exposed to much 

more tendon loading in simple positioning and 

jumping than in other sports27. Vertical jumps 

involve 49% of the knee, 28% of the hip, and 23% of 

the ankle involved28. Tsiokanos et al., in their study 

on 32 healthy men, measured the effect of hip 

extensors, knee extensors, and ankle plantar flexors 

on vertical jump and reported that hip and knee 

extensors positively affected jump values29. 

However, there was no correlation between 

isokinetic knee strength and sprint and T-Test 

values30. Likewise, Cronin and Hansen reported that 

knee extensor strength did not correlate with sprint 

performance in their study conducted on 26 rugby 

players in 200531. On the other hand, Dowson et al., 

in their study, showed that eccentric and concentric 

knee extension strength had a statistically significant 

effect on 0-15 meters and 30-35 meters sprint 

measurements32. Olson et al. measured the impact of 

lumbar spinal manipulation at the L3 level on sprint 

performance and hip flexibility in 12 asymptomatic 

cyclists. Still, they did not observe an increase in hip 

flexion or sprint performanceç33. Previous studies on 

spinal manipulation have shown that lumbar spinal 

manipulation increases hip ROM.34 Sandell et al. 

applied non-specific lumbar spinal manipulation to 

male runners aged between 17 and 20 years and 

observed an increase in hip extension35. Villers et al. 

applied lumbar facet mobilization at the L4 - L5 level 

to 33 participants and observed an increase in the 

range of motion in the segments affected by the 

hamstring muscle36. Szlezak et al. applied grade III 

posterior-anterior spinal mobilization to the lumbar 
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facet joints unilaterally at a frequency of 2 Hz with 

36 healthy participants and observed an increase in 

the straight leg raising test37. Vieira-Pellenz et al. 

evaluated the short-term effects of spinal 

manipulation on pain perception, spinal mobility, and 

height between two vertebrae in male patients with 

degenerative disc disease. Hip flexion and lumbar 

flexion increased during the passive straight leg 

raising test38. Pollard and Ward compared the effect 

of cervical manipulation and lumbar spinal 

manipulation on hip flexion range of motion. They 

reported that cervical manipulation increased hip 

flexion while no effect was observed in the lumbar 

manipulation group39. In our study, we observed an 

increase in hip flexion, abduction, and external 

rotation after spinal mobilization application, as there 

are examples in the literature. In addition, we 

observed an increase in hip external rotation after 

spinal manipulation application. As a result of 

mobilization applied at the L3 level, we observed an 

increase in the range of motion of these joints due to 

the activation of the quadriceps femoris muscle, 

whose primary function is to assist knee extension 

and secondary function is to assist hip external 

rotation. Still, we could not determine the reason for 

the difference between mobilization and 

manipulation. Since this study was performed in 

healthy individuals, we believe further studies in 

individuals with external rotation, abduction, and 

flexion limitations may give us information about 

this issue.  

Deutschmann et al. divided 40 asymptomatic soccer 

players into four groups. They applied spinal lumbar 

manipulation to one group, sacroiliac manipulation to 

another group, sacroiliac, and lumbar manipulation 

to another group, and sham manipulation to the last 

group. Compared to the control group, it was 

observed that right and left rotation increased 

significantly in the lumbar manipulation group. The 

combination of these two techniques increased 

lumbar extension and right rotation. There was no 

flexion and lateral flexion increase in the lumbar 

spinal manipulation group.40 In their literature 

review, Millan et al. reported that cervical 

manipulation momentarily increased spinal range of 

motion, but lumbar manipulation did not increase 

spinal range of motion41. Griffiths et al. investigated 

the immediate effect of thoracolumbar spinal 

manipulation on a range of motion in this region in 

21 asymptomatic individuals. They observed an 

increase in the range of motion in the spinal 

manipulation group compared to the control and 

sham manipulation group42. In his 2015 study, 

Wiggett investigated the effect of cervical, lumbar, 

and thoracic manipulation applied to 40 ice hockey 

players on ice hockey puck striking speed and range 

of motion in the spine and observed an increase in 

lumbar extension and lateral flexion in the 

manipulation group43. We found significant 

differences in parameters other than left lumbar 

lateral flexion. 

Stamos-Papastamos investigated the effect of lumbar 

manipulation and posteroanterior mobilization on the 

lumbar range of motion. They found no statistical 

significance in the lumbar range of motion in both 

manipulation and mobilization groups44. Shum et al. 

investigated the effect of posteroanterior grade III 

spinal mobilization at the L4 level on the lumbar 

range of motion in 19 individuals with chronic low 

back pain. They observed an increase in lumbar 

extension and flexion45. Chesterton et al. investigated 

the effect of unilateral and central posteroanterior 

spinal mobilization applied at the L4 - L5 level on the 

lumbar range of motion in 20 healthy participants. 

While an increase in lumbar range of motion was 

observed in both groups, the increase was more 

significant in the unilateral spinal mobilization 

group46. Sato et al. measured the immediate effect of 

segmental lumbar mobilization on lumbar range of 

motion with the help of radiography in a study with 

ten healthy individuals and showed that mobilization 

applied to the L3 - L4 segment increased lumbar 

range of motion. In contrast, no increase was 

observed in other segments47. Fiaad et al. conducted 

a study with 45 participants to investigate the effects 

of spinal manipulation, mobilization, and exercise on 

lumbar range of motion and other parameters and 

divided the participants into three groups. The first 

group received only exercise therapy, the second 

group received spinal manipulation and exercise 

therapy, and the third group received spinal 

mobilization and exercise therapy. It was observed 

that spinal manipulation applied to the L4-L5 region 

was superior to other groups in increasing the lumbar 

range of motion48. As examples in the literature, we 

observed that the posteroanterior spinal mobilization 

applied in our study caused an increase in lumbar 

flexion, extension, and lateral flexion. Although we 

did not perform any application in the control group, 

athletes were asked to exhibit maximum performance 

while evaluating healthy individuals. For this reason, 

there may be a significant difference in the 

measurements in the control group before and after. 

This difference is related to the motivation level of 

the athletes. Pollard and Ward observed that spinal 

manipulation applied at the L3-L4 level increased the 
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strength of the quadriceps femoris muscle and other 

knee extensors in 30 asymptomatic individuals49. 

Laura and Mouch aimed to measure the values of 

chiropractic treatment, especially spinal 

manipulation, in a test battery consisting of 11 

physical tests used to evaluate agility, balance, 

kinesthetic perception, strength, and reaction speed 

of asymptomatic athletes. They divided the athletes 

into two groups manipulation and control groups. In 

the manipulation group, a 6.12% improvement in the 

total test score was observed in the control group50. 

Muller investigated the effect of lumbar spinal 

manipulation on 40-meter sprint speed, agility, and 

vertical jump in 20 female ice hockey players and 

observed agility, sprint speed, and vertical jump in 

the manipulation group51. Alvarenga et al. 

investigated the effect of spinal manipulation on 

bilateral asymmetry, squat, and jump in a study of 13 

asymptomatic athletes and showed that spinal 

manipulation affected asymmetry but not jump and 

squat52. Sandell et al. applied sacroiliac manipulation 

to 17 running athletes aged between 17 and 20 years 

and observed an increase in hip extension. It was 

stated that this may increase the running performance 

of runners53. As seen in the literature, we observed 

that the lumbar spinal manipulation applied in our 

study increased agility and 10-meter sprint speed but 

had no effect on vertical and horizontal jumping.  

Alhashel et al. investigated the effect of Mulligan 

SNAG (Sustained Natural Apophyseal Glide) 

mobilization technique on vertical jump at lower 

lumbar levels in 18 healthy participants. They 

reported an increase in vertical jump in the 

mobilization group54. Chi-ngai et al. investigated the 

effect of mobilization applied to the L2 - L3 level on 

hip flexor strength and torque in 24 healthy 

participants. They showed that spinal mobilization 

applied to this region led to an increase in hip flexor 

muscle strength and torque55. 

Costa et al. compared the effect of static stretching 

and spinal manipulative therapy on the performance 

of golf athletes in 43 healthy golf athletes in their 

2009 study and found that the spinal manipulation 

group was more advanced in performance56. Powers 

et al. investigated the effect of posteroanterior spinal 

mobilization and press-up exercise on lumbar 

extension and pain in 30 healthy individuals. They 

found that there was a decrease in pain and an 

increase in spinal extension in both groups but no 

statistical difference between them57. Corne divided 

30 asymptomatic athletes into three groups; the first 

group received lumbar and spinal manipulation, the 

second group received only lower extremity 

manipulation, and the third group received lumbar 

spinal manipulation, pelvis and lower extremity 

manipulations and compared their effects on agility. 

There was an increase in agility parameters in all 

three groups, but the highest increase was realized in 

the third group with 1.86 seconds58. Thomas et al. 

applied spinal manipulation to 38 soccer players with 

an average age of 17 years to increase the strength of 

the lower extremities. They observed an increase in 

vertical jump, hand grip strength, and postural 

control in soccer players who received cervical and 

lumbosacral manipulation59. Lin and Piong showed 

that chiropractic practitioners increased the athletic 

performance of athletes using spinal manipulation 

and mobilization techniques, improved 

biomechanical athletic abilities, decreased risk of 

injury, and increased recovery speed in athletes 

receiving chiropractic treatment60. 

As a result of our measurements, the manipulation 

application was superior to both the mobilization 

application and the control group in the parameters of 

left hip extension, right hip external rotation, lumbar 

flexion, lumbar extension, T-Test (seconds), 10-

meter sprint (seconds). In addition, mobilization 

treatments were superior to those of the control 

group. When the right hip abduction, left hip external 

rotation, and vertical and horizontal jump (cm) 

parameters were examined, the mobilization 

treatment was superior to both the manipulation and 

the control group.  

When we compared the manipulation group with the 

control group, data were obtained in favor of 

manipulation in right hip abduction. They left hip 

external rotation, while results were obtained in favor 

of the control group in vertical and horizontal jumps. 

When we look at the literature, both manipulation 

and mobilization methods contribute to athletes. 

However, results similar or not similar to the 

literature were obtained in different parameters. In 

our study, subjects were evaluated using 20 different 

parameters. No superiority was observed when 

manipulation and mobilization applications were 

compared in ten different parameters. Only six 

parameters (hip extension (right), hip external 

rotation (right), lumbar flexion, extension, T-Test 

and 10 meter sprint) showed superiority in 

manipulation and four parameters (hip abduction 

(right), hip external rotation (left), vertical and 

horizontal jump) showed superiority in mobilization. 

We believe that manipulation and mobilization 

applied to the L3 segment in volleyball athletes may 

positively affect sports.  

The strengths of our study are that the subjects 
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participating in the survey were professional athletes; 

the groups were randomized by simple random 

sampling method; the groups were homogeneous 

since there was no statistically significant difference 

in the comparison of T0 data between the groups 

when age, height, hip flexion, hip abduction, hip 

adduction, hip adduction, hip external rotation, right 

hip internal rotation, horizontal jump parameters 

were examined; as a result of the literature review, 

the number of studies comparing manipulation and 

mobilization techniques in terms of sport is small. 

One of the weaknesses of our study is that the 

immediate effects of manipulation and mobilization 

applications were examined, and all of the 

participants were male. 

CONCLUSION 

The immediate effect of this application was 

examined, but the positive impact of manipulation 

and mobilization may be beneficial for athletes when 

applied before the competition and between halves. 

It is recommended that the study be conducted using 

longer application protocols, on different sports 

branches, on different age groups, on women, using 

various evaluation methods, and using different 

manipulation or mobilization concepts. 
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