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ABSTRACT

Athletes with nonspecific chronic low back pain (CLBP) may have different kinematic patterns
during cutting maneuver compared with healthy individuals. To investigate the kinematic risk
patterns of anterior cruciate ligament injury (ACL) during an unexpected cutting maneuver in
athletes with non-specific CLBP and compare it with those without nonspecific CLBP athletes.
Twenty female athletes (10 with nonspecific CLBP and 10 without nonspecific CLBP) participated
in this study. All participants engaged in sports whose common movements included cutting
maneuvers. Participants performed an unanticipated cutting maneuver based on the direction in
which the visual stimulus was shown by the examiner. A three-dimensional motion analysis
system was used to collect the data on the knee and trunk flexion, knee valgus and tibia rotation
on the femur at initial contact and peak value. Kinematic data were processed by Nexus software.
An independent t-test was used in SPSS software at a significance level of 5% to compare variables
between two groups. The results showed that peak trunk flexion, trunk flexion at initial contact,
and peak knee valgus were significant between the two groups during the cutting maneuver. No
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significant difference was observed between the two groups in other variables. The results of this
research indicated some kinematic pattern alterations in individuals with non-specific CLBP
during the unanticipated cutting maneuver. Therefore, to prevent secondary injuries and
exacerbation of back pain in athletes, it is recommended to take the non-specific CLBP of athletes
into account and investigate the possible causes of its occurrence and treatment.
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INTRODUCTION

Nonspecific chronic low back pain (CLBP) is a common injury in sporting activities. Many athletes
continue to exercise and compete due to its long-term and lack of clear pathology of nonspecific CLBP
[1,2]. On the other hand, the effect of CLBP on proprioception, perception of posture and finally postural
stability and decreased range of motion (ROM) in hip joint [3] and the lower back can cause secondary
injuries in the lower extremities such as the anterior cruciate ligament (ACL) injury [4,5].

Knee injuries, especially the ACL injury, are among the most common sports injuries that cause physical,
financial, and psychological costs to athletes and sports teams [6]. ACL rupture is one of the most common
sports injuries, accounting for about 15% of football-related injuries in athletes between the ages of 15 and
40 [7]. Studies show that about 70% of the ligament injuries occurred due to non-contact mechanism [8].
Several studies have shown that the prevalence of ligament injuries is directly related to the type of sports
[9,10]. Athletes in fields such as basketball, volleyball, squash, football, American football, and handball
will be more vulnerable to these injuries [9]. The common aspect of these sports is the rapid and sudden
change of directions along with the decrease/increase of acceleration in the closed kinetic chain, known as
cutting maneuver. Cutting maneuver, which involves sudden changes in the closed motor chain, is used in
many individual and team sports and is one of the main causes of non-contact ACL injuries [11].

Several studies have shown that CLBP can affect proprioception, postural control, and postural sense; lower
limb kinematics significantly decrease in individuals with CLBP compared to healthy people [12,13].
Moreover, Individuals with CLBP have shown deficits in reaction time, coordination and ROM compared
to healthy individuals [14]. These changes in trunk control and stability in the lumbar area will affect lower
extremity function.

One of the factors affecting the loads on the knee joint during perturbation movements such as cutting
maneuver is the trunk position [15]. Reducing the trunk flexion and performing cutting maneuver with the
right position of the trunk causes the hip and knee joints to be extended, which may increase the knee valgus
force with axial pressure, and thereby putting the ACL at injury risk [16]. Research shows a low association
between lumbar and pelvic angles in patients with CLBP during trunk flexion in which the trunk flexion
movement decreases in patients with CLBP [17]. In addition, there is a lack of postural sense of knee joint
in patients with non-specific CLBP, which also shows a close relationship between knee joint function and
lumbar spine.

According to the above, athletes with non-specific CLBP can be expected to exhibit different kinematic
patterns during the cutting maneuver compared to those without non-specific CLBP. Moreover, research
has shown that athletes have more pain tolerance than non-athletes and can continue their activity by
ignoring pain [18]. This pain coping strategy may help athletes continue to exercise with pain, but does not
fully demonstrate that injured athletes exhibit the same pattern as healthy athletes during activity. The motor
apparatus can often use an injury response based on its priorities about chronic and injury-free pain, and
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these injury reactions are associated with changes in motor parameters. This emphasizes the importance of
studying and comparing ACL injury risk kinematics patterns during an unanticipated cutting maneuver
between athletes with and without non-specific CLBP.

MATERIAL AND METHODS
Study design
The present study is a cross-sectional study.

Participants

Twenty (10 with non-specific CLBP and 10 without non-specific CLBP) professional or semi-professional
female athletes (basketball, volleyball, tennis, squash, football, handball) were purposefully selected.
Inclusion criteria included athletes who had at least three years of training experience in sports such as
basketball, volleyball, futsal, squash, tennis and handball between the ages of 20 to 30 years and did not
experience any acute injuries in the spine and lower limbs, especially ankle aspirin, ACL or meniscus
injuries. None of the subjects had observable musculoskeletal abnormalities such as genu varum/valgum or
flat foot. Athletes in the group with CLBP had at least 3 months since the onset of their LBP symptoms and
reported a maximum 2 on the visual analog scale. The sampling method was purposeful and available and
the sample size was obtained according to the G*Power with an effect size of 0.9, 0.8 power and 0.05
Alpha. The results showed a sample consisting of two groups of 12 individuals that due to the coronavirus
pandemic, this study was performed with two groups of 10 individuals. This research was approved by the
Ethics Committee of the University of Tehran with the number. IR. Ut. SPORT. REC.030/1397. All
participants provided written informed consent prior to study procedures.

Procedure

To evaluate the kinematic of the knee, ankle joint and lower back, Vicon motion analysis with 8 cameras
and Naxos motion analysis software with a sampling rate of 240 Hz were used in the biomechanics
laboratory of the Rehabilitation School of Shahid Beheshti Medical Sciences University.

The lower body Plug-in Gait marker model includes 16 reflex markers in both lower extremities, which
were placed in ASIS, PSIS, femoral trunk, external epicondyle, leg trunk, lateral malleolus, heel and head
of metatarsophalangeal joint along with a three-branch cluster with 4 markers on L3 vertebrae (Figure 1).
For the correct and identical implementation of the test, the extent of the test was designed and plotted on
the ground. A distance of 7 meters and two angles of 35° and 55°, which determined a range of 45°, was
provided to perform the cutting maneuver (Figure 2).

To make the direction of the cutting maneuver unanticipated, the test taker used two lights as a visual
stimulus to determine the path of the participant. If the right light turns on, the participants prop the right
foot and move to the left side, and if the left light turns on, the left foot is propped and move to the right
side.

Participants completed a written consent form and the personal information form. Participants with
nonspecific CLBP also completed the Oswestry Low Back Pain Disability Questionnaire.

Anthropometric characteristics such as height, weight, leg length, and wrist diameter were measured and
recorded. Participants warmed up for 5 minutes before performing the test. Dominant leg was determined
by ball shoot. Reflex markers were placed on the participant's body and to ensure proper implementation
of the test, they were instructed on how to run the test.

To make the direction of the cutting maneuver unanticipated, participants performed the maneuver 3 times
to the right and 3 times to the left, but finally data for maneuvers in which the support leg was the dominant
leg were recorded and used. If a marker was removed from the body during the test or the test was not
properly performed, the test was performed again.

Each participant ran the 7-meter path at the maximum speed possible, and along the path based on the light
stimulus showing the left or right side, supported his left or right leg and then changed the direction to the
opposite direction. This test was repeated 6 times so that 3 times the left light and 3 times the right light
was unpredictably turned on.
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Figure (1). Marker placement Figure (2). Extent of the cutting maneuver performance

Outcome

Knee joint angles including knee flexion, knee valgus, tibia internal/external rotation and trunk flexion were
measured at initial contact and the maximum values in the dominant leg during the stance phase.

Data analysis

Data were described as meantSD. Shapiro Wilk statistical test was used to determine the normal
distribution of data. Independent t-test and Mann-Whitney U test were used to compare the outcome
between groups. SPSS version 26 was used to analyze the data. The significance level was set at 0.05.

RESULTS
Table 1 shows participants’ characteristics. Table 2 shows the results of independent t test for all variable

measured between two groups; Figure 3 shows the ensemble average curves of measured variables for all
variables measured.

Tablel: The anthropometric characteristics of participants in each group

Variable Group Mean + SD N
No CLBP 25/60 + 1/50 10

Age(years)
CLBP 24/7 +2/4 10
No CLBP 163/60 + 4/40 10

Height(cm)
CLBP 163/90 + 4/77 10
No CLBP 60/80 + 4/36 10

Weight(kg)
CLBP 61/70 + 3/80 10

Abbreviation. CLBP: Chronic low back pain
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The results showed that there are no significant differences for knee flexion and tibia internal/external
rotation at both maximum and initial contact values during the unanticipated cutting maneuver between
female athletes with and without non-specific CLBP.

The results showed that there is a significant difference in peak knee valgus between the healthy group and
those with nonspecific CLBP; however, knee valgus at initial contact was not significantly different
between the two groups. The results showed that the group with non-specific CLBP performed the
unanticipated cutting maneuver with lower peak knee valgus than those without nonspecific CLBP
(p<0.05).

The results showed that there is a significant difference in trunk flexion at initial contact and peak trunk
flexion during the unanticipated cutting maneuver between female athletes with and without nonspecific
CLBP. The individuals with nonspecific CLBP showed lower peak trunk flexion and lower trunk flexion
at initial contact than those without nonspecific CLBP (p<0.05).

Table 2. Results of Independent t-test for variables measured between two groups

variable Group Mean £SD P
No CLBP 16.69+ 7.53
Knee flexion at initial 0.090
contact CLBP 2409 + 865
No CLBP 47.24 + 6.82
Peak knee flexion 0.444
CLBP 49.36 + 3.73
No CLBP 443 +4.44
Knee valgus at initial 0.234
contact CLBP 215 i 267
No CLBP 14.39 + 5.45
Peak knee valgus 0.001
CLBP 3.77 £4.55
No CLBP 10.05 +8.01
Trunk flexion at initial 0.011
No CLBP 20.57 +5.62
Peak trunk flexion 0.001
CLBP 6.80 + 2.05
No CLBP 473+5.90
Tibia rotation on the 0.064
femur at initial contact CLBP 9.80+6.4
No CLBP 8.53+6.91
Peak tibia rotation 0.337
CLBP 12.75+ 7.66

Abbreviation. CLBP: Chronic low back pain
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Figure (3). Ensemble average curves of measured variables for two groups, with 0% representing heel strike and
100% toe-off. Solid curves = nonspecific CLBP, dashed curves = without nonspecific CLBP.

DISCUSSION

The results of this study showed that female athletes with and without non-specific CLBP showed
significant differences in some of the risk patterns of ACL injury including peak knee valgus, trunk flexion
at initial contact and peak trunk flexion. However, in other risk patterns including internal/external tibia
rotation and knee valgus at heel contact and their peak, there was no significant difference between female
athletes with and without nonspecific CLBP.

The relationship between hip ROM and lumbopelvic rotations with nonspecific CLBP is a bilateral
relationship [19]. It has been shown that a decreased hip ROM is associated with nonspecific CLBP [19].
While the mobility of the hip is reduced, repetitive hip movement can transfer external forces from distal
to proximal segments. These movements repeatedly increase the load and compensatory movements in the
lumbar, increasing LBP [19,20].

Cutting maneuver and sudden rotations are the main causes of non-contact ACL injuries [11]. A study
examining the external forces on the knee during running and cutting maneuvers showed that flexion and
extension are similar to normal but the forces exerted through valgus, varus, internal, and external knee
rotation are significantly high. Therefore, a combination of external torques applied to the knee joint during
the stance phase, especially at angles 0 to 40° flexion, can cause a high risk of ACL and lateral ligament
injury in the absence of appropriate neuromuscular strategies to deal with these forces [21]. Another study
showed that athletes with nonspecific CLBP had lower knee flexion angle than healthy athletes; however,
there was no significant difference between the two groups for hip adduction, hip internal rotation, knee
valgus and trunk extension. They acknowledged that decreased knee flexion during the landing maneuver
increased the risk of ACL injury in individuals with LBP compared to healthy individuals [22].

The position of the trunk in the sagittal and frontal plates has a significant effect on the kinematics of the
lower extremity during the cutting maneuver [23]. The rotation strategy happening in the frontal and
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horizontal plane of lower limb during the cutting maneuver, which causes displacement of center of gravity,
increases the probability of ACL injury. Whyte et al. stated that the frontal and horizontal plane rotation
strategy is a necessary strategy during rapid maneuvers, including cutting maneuver [24]. Of course,
increased trunk deviation and decreased neuromuscular control of the trunk cause instability during
perturbation maneuvers such as cutting maneuver and are associated with ACL injuries [15]. In particular,
the increased and uncontrolled lateral trunk flexion significantly increases frontal plate loads such as knee
abduction on ACL [15,24]. Therefore, reducing the trunk flexion and performing perturbation maneuvers
with the right position of the trunk cause the hip and knee joints to extend, which will increase the knee
valgus force with axial pressure, thereby increasing the risk of ACL injury.

Limited and asymmetric hip internal rotation ROM may be one of the reasons for the significant reduction
of knee valgus in athletes with nonspecific CLBP [19,20]. The hip internal rotation is one of the most
common and necessary movements during cutting maneuver which causes knee abduction [25]. Assuming
that individuals with nonspecific CLBP show limited active hip rotation compared to healthy individuals,
one of the reasons for the significant decrease in knee valgus in the subjects of the present study is the
reduction of hip movement, but considering that the present study has not measured hip rotation, it cannot
be definitively commented on this issue. According to current evidence, the causal relationship between
LBP and changes in the lower extremity motor control cannot be clearly expressed [26]. It may also be
possible the hypothesis that decreased hip internal rotation ROM and increased stiffness in the knee joint
can increase the load on the lumbar area during physical activity, thereby increasing the risk of LBP [19].
Therefore, further research in this area as well as measurement of hip rotation in individuals with
nonspecific CLBP during this maneuver can help make a better decision regarding this relationship.

CONCLUSION

The results of this study showed that female athletes with non-specific CLBP show similar kinematic
patterns during unanticipated cutting maneuver with those without non-specific CLBP in knee flexion, tibia
internal/external rotation and knee valgus at initial contact. However, there is a significant decrease in trunk
flexion and peak knee valgus during cutting maneuver in athletes with non-specific CLBP. This can be
expressed by the limited movement caused by CLBP, injury reaction and fear of pain from re-injury.

Author Contributions: Conceptualization, MD, SHM, HM; methodology, MD, SHM, HM; formal
analysis, MD, SHM, HM; investigation, MD, SHM, HM; resources, MD; data curation, MD; writing—
original draft preparation, MD, SHM, HM; writing—review and editing, MD, SHM, HM; supervision, HM,
SHM; project administration, MD, SHM, HM. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding. This study was extracted from the Master thesis of
the first author at the Department of Sport Injuries and Biomechanics, Faculty of Sport Sciences and Health,
University of Tehran, Iran.

Institutional Review Board Statement: The study protocol was approved by the ethics committee of the
University of Tehran, Tehran, Iran.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be available at request.

REFERENCES
1. Karimi N, Ezati K, Rahgozar M, Zarvar M, Esmaieli K, Talimkhani A. The Evaluation of
Satisfaction Level of Stability Training Exercises in the Patients with Mechanical Nonspecific

Journal of Advanced Sport Technology 7(3) 44



10.

11.

12.

13.

14.

15.

16.

17.

Chronic Low Back Pain. Avicenna J Clin Med. 2009;16(2):39-44.

Fonseca LS, Silva JP, Souza MB, Mascarenhas R de O, Silva H de J, Campos MGM, et al. Efficacy
of pharmacological and non-pharmacological therapy on pain intensity and disability of older people
with chronic nonspecific low back pain: a protocol for a network meta-analysis. Syst Rev. 2023 Dec
1;12(1).

Ceballos-Laita L, Estébanez-de-Miguel E, Jiménez-Rejano JJ, Bueno-Gracia E, Jiménez-del-Barrio
S. The effectiveness of hip interventions in patients with low-back pain: A systematic review and
meta-analysis. Brazilian J Phys Ther. 2023 Mar 1;27(2).

Simoneau GG. 2015 JOSPT Awards: Back Pain and Anterior Cruciate Ligament Injuries Are a
Continued Focus of Research and Clinical Attention in Physical Therapy. J Orthop Sports Phys
Ther. 2016 Apr 1;46(4):230-1.

Mousavi SH, Hijmans JM, Minoonejad H, Rajabi R, Zwerver J. Factors Associated With Lower
Limb Injuries in Recreational Runners: A Cross-Sectional Survey Including Mental Aspects and
Sleep Quality. J Sports Sci Med. 2021;20(2):204-15.

Ross AG, Agresta B, McKay M, Pappas E, Cheng T, Peek K. Financial burden of anterior cruciate
ligament reconstructions in football (soccer) players: an Australian cost of injury study. Inj Prev.
2023;29(6).

Algarni F, Alshehri K, Alotaibi T, Alsulami A, Alshehri A, Aseri K. The prevalence and
determinants of anterior cruciate ligament rupture among athletes practicing football in Jeddah
Avenues 2020. J Fam Med Prim care. 2022;11(8):4528.

Brophy RH, Wojtys EM, Mack CD, Hawaldar K, Herzog MM, Owens BD. Factors Associated With
the Mechanism of ACL Tears in the National Football League: A Video-Based Analysis. Orthop J
Sport Med. 2021;9(11).

Shaker A, Alshehri MM, Alshehri F, Alshahrani M, Alshahrani M, Alamri O. Knowledge and
awareness toward anterior cruciate ligament (ACL) injury among population of Aseer region, Saudi
Arabia. J Fam Med Prim care. 2019;8(3):812.

Mousavi SH, Hijmans JM, Rajabi R, Diercks R, Zwerver J, van der Worp H. Kinematic risk factors
for lower limb tendinopathy in distance runners: A systematic review and meta-analysis. Gait
Posture. 2019;69.

Mallinos A, Jones K, Davis BL. Comparison of side-cutting maneuvers versus low impact baseball
swing on knee ligament loading in adolescent populations. Clin Biomech (Bristol, Avon). 2023 Jun
1;106.

Morooka T, Yoshiya S, Tsukagoshi R, Kawaguchi K, Fujioka H, Onishi S, et al. Evaluation of the
Anterior Cruciate Ligament Injury Risk During a Jump-Landing Task Using 3-Dimensional
Kinematic Analysis Versus the Landing Error Scoring System. Orthop J Sport Med. 2023 Nov
1;11(11).

Elabd AM, Elabd OM. Relationships between forward head posture and lumbopelvic sagittal
alignment in older adults with chronic low back pain. J Bodyw Mov Ther. 2021 Oct 1;28:150-6.
Pourahmadi M, Mollaei Barejahri A, Sahebalam M, Bagheri R. Relationship of Impaired Lumbar
Spine-Hip Coordination During Sit To Stand and Stand To Sit with Functional Disability in Chronic
Nonspecific Low Back Pain Patients. Arch Bone Jt Surg. 2022;10(10):892-8.

Jamison ST, Pan X, Chaudhari AMW. Knee moments during run-to-cut maneuvers are associated
with lateral trunk positioning. J Biomech. 2012 Jul 26;45(11):1881-5.

Larwa J, Stoy C, Chafetz RS, Boniello M, Franklin C. Stiff Landings, Core Stability, and Dynamic
Knee Valgus: A Systematic Review on Documented Anterior Cruciate Ligament Ruptures in Male
and Female Athletes. Int J Environ Res Public Health. 2021 Apr 1;18(7):3826.

Majid Shahbazi Moheb Seraj, Javad Sarrafzadeh, Nader Maroufi , Ismail Ebrahimi Takamjani ,
Amir Ahmadi HN. The Ratio of Lumbar to Hip Motion during the Trunk Flexion in Patients with
Mechanical Chronic Low Back Pain According to O’Sullivan Classification System: A Cross-
sectional Study. Arch Bone Jt Surg. 2018;6(6):560-9.

Journal of Advanced Sport Technology 7(3) 45



18.

19.

20.

21.

22.

23.

24,

25.

26.

Hasenbring MI, Andrews NE, Ebenbichler G. Overactivity in Chronic Pain, the Role of Pain-related
Endurance and Neuromuscular Activity: An Interdisciplinary, Narrative Review. Clin J Pain. 2020
Mar;36(3):162-71.

Avman MA, Osmotherly PG, Snodgrass S, Rivett DA. Is there an association between hip range of
motion and nonspecific low back pain? A systematic review. Musculoskelet Sci Pract. 2019 Jul
1;42:38-51.

Sadeghisani M, Manshadi FD, Kalantari KK, Rahimi A, Namnik N, Karimi MT, et al. Correlation
between Hip Rotation Range-of-Motion Impairment and Low Back Pain. A Literature Review.
Ortop Traumatol Rehabil. 2015 Oct;17(5):455-62.

Besier TF, Lloyd DG, Cochrane JL, Ackland TR. External loading of the knee joint during running
and cutting maneuvers. Med Sci Sports Exerc. 2001;33(7):1168-75.

Sheikhhoseini R, Alizadeh MH, Salavati M, O’Sullivan K, Shirzad E, Movahed M. Altered Lower
Limb Kinematics during Jumping among Athletes with Persistent Low Back Pain. Ann Appl Sport
Sci. 2018 Jul 1;6(2):23-30.

Saito A, Okada K, Sasaki M, Wakasa M. Influence of the trunk position on knee kinematics during
the single-leg landing: implications for injury prevention. Sport Biomech. 2022;21(7):810-23.
Whyte EF, Richter C, O’Connor S, Moran KA. Effects of a dynamic core stability program on the
biomechanics of cutting maneuvers: A randomized controlled trial. Scand J Med Sci Sports. 2018
Feb 1;28(2):452-62.

Imwalle LE, Myer GD, Ford KR, Hewett TE. Relationship Between Hip and Knee Kinematics In
Athletic Women During Cutting Maneuvers: A Possible Link to Noncontact Anterior Cruciate
Ligament Injury and Prevention. J Strength Cond Res. 2009 Nov;23(8):2223-30.

Sedrez JA, de Mesquita PV, Gelain GM, Candotti CT. Kinematic Characteristics of Sit-to-Stand
Movements in Patients With Low Back Pain: A Systematic Review. J Manipulative Physiol Ther.
2019 Sep 1;42(7):532-40.

Journal of Advanced Sport Technology 7(3) 46



sy ygilo b 50 (ACL) (solud abliie bl o] (Suiloins 515 hs sbosSIl 5 du lio
obais| (o0 850 poS e g b oyl UG 559 yo euld (S s
Yosly ol w20 ) Ggmge ul> s MolHgie (page

oS

o 3131 & Cons i 55le (e 50 (Folite (Sl SlagSl slls Yl | polaisl s (o 50 9,0 705 4 Mo )1S25 55
ot et s e ol b 55 8 sl bl ol Sz 515,05 (slagS sy 2 (| i azis
Vo dels (taghy ool sl (ogesl 0g plle (LS55 b o] (6 amnlie 5 (polais e (age 950505 (il (55 55 50 eas
oS B sle 4y o b )] (Sen o5 wisg (eolaiSled (yeje 00,68 s 50550 Ve g @il 855550 +) (35,8055
S oS sz ol p 1) eat s G B el b (Gosail il ey LS ol (T yo gl S > Sl gdn ysile
oz lp o aw o5 > UL s il plol il co 0ols lis b o 4 0di 15 ee] Jawgy colaiwl 0,90 ol
Ol e yi51as 10 5 cej bl 0,55 5 (5 alizd )0 j508 (555 4 Lud (2552 5 9il5 (wally cais 5 53l SIS (sl o0l (5]
SPSS 51 5 5 Jiims (35 5] 5 ik G513 1 (ISl 5 2 g 151 5 s Sl (slo o513 g 5 aslic
5 a5 i8I iSTas aS ols Lt (g lol alows gl s ooliul g, 50 (yms b yeiie dualiio gl [+ D ()l sine zbaws 4o
Joline ol (paie 5,305 (3 5 b 3Ll it 15 usSlly 25T izt 5 e b 3,95 5 il 3 a5 (S
s oalive 09,5 90 o (5 lolime Oglay o psie plu jo Lol .cwl 0oy

Sl 4y s polaizl e oje ;0,08 ghls ol (SletsS slagSll By s 5l (S Gelid (nl gl 16 S o
3,555 25 5 456 gl ol 16Ky (glp 45 90,5 (0 o nlplly sl 00 i ey S 3o (B o ol

el aile ol Gloyd g 59 (Jleiml LYo cwy g a8 5 o 1) G)I805 55 solaisl e la 0y0 608 ()85 59 50

Journal of Advanced Sport Technology 7(3) 47



