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Abstract

Muscle fatigue can be an effective factor in the occurrence of sports injuries. The aim of this study was to
investigate the effect of acute lower limb fatigue on three-dimensional pelvic kinematics and lumbar curvature
during unanticipated block among adolescent female volleyball players. In this semi-experimental study, given
the inclusion criteria, 16 adolescent female volleyball players were selected through a convenience sampling
method. In the pre-test phase, the lumbar curvature of the participants was measured by a flexible ruler, and
then each subject performed three unanticipated single leg jump-landing maneuvers and the data was recorded
by a motion analysis device. Then the intervention of volleyball-specific lower-limb fatigue protocol was
applied and the players were re-evaluated. The Shapiro-Wilk test was used to check the homogeneity of
variances, the dependent t-test was used to analyze the data, and MATLAB software was used to analyze the
kinematic data. The results indicated a significant difference in the increase of anterior tilt and external rotation
of the pelvic at the initial contact and the decrease of anterior tilt and increase of internal rotation of the pelvic
at the peak of landing after applying the fatigue protocol (P<0.05). However, no significant difference was
observed in other kinematic variables (P>0.05). According to the results, it seems that the kinematic changes
observed after applying the lower limb fatigue protocol can increase the risk of anterior cruciate ligament injury
in volleyball players.
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Extended Abstract

Background and Purpose

ACL injury and reconstruction significantly increased among 13-17-year-old adolescents during the
two recent decades (1¢2). ldentifying injury risk factors and formulating strategies for injury
prevention can be addressed as the main components to prevent sports injuries (3<4). One of the most
important risk factors for injury that has attracted the attention of researchers in recent years is the
role of neuromuscular fatigue (5). Decreased activity of the muscles of the lower limbs due to fatigue
can lead to a change in the position of the pelvic and trunk and the alignment of these areas (6). These
factors will increase the pressure on the knee ligaments and cause them to be injured (7:8). Given the
direct relationship between proximal and distal segments of the kinetic chain, the aim of this study
was to investigate the effect of acute lower limb fatigue on three-dimensional pelvic kinematics and
lumbar curvature during unanticipated block among adolescent female volleyball players.

Materials and Methods

This study was conducted based on a single-group pre-post design using an intervention. The
statistical population included the adolescent female volleyball players aged 13-16 years who played
in the clubs in Tehran province. The samples of this study were 16 adolescent female volleyball
players (age=15/1+0/24, height= 164/50+0/15, weight= 57/64+2/43, bmi=20/38+0/65) selected
through entry criteria. A meeting was held before the main test, during which the players completed
individual and parent consent forms, as well as individual and demographic information. Further,
they got familiar with test procedure and objectives. In the pre-test stage, the lumbar curvature of the
participants was first measured in accordance with the Youdas method using a flexible ruler, and then
the players were positioned in a designated environment for 3D kinematic assessment and performed
a single-leg jump-landing maneuver, which is similar to volleyball block. This procedure repeated
three consecutive times. Furthermore, the maneuvers in which the subjects landed on the dominant
leg were accepted. Then, the functional fatigue protocol of the lower limb specific to volleyball which
included three modified SEMO agility test stations, 10 fixed jumps and 10 consecutive vertical jumps
was applied and the players were re-evaluated. The kinematic data were collected using a 3D motion
analyzer equipped with eight cameras (USA) at a sampling rate of 240 Hz. Further, the reflex markers
of 9 mm diameter were placed bilaterally on skin surface, anterior and posterior superior iliac spines,
sacrum, lateral and medial femoral epicondyle, lateral midthigh, lateral midshank, medial and lateral
malleolus, second metatarsal head, and posterior calcaneus according to the Helen Hayes marker set.
The moment of landing (initial contact of the foot with the ground) was obtained by considering the
coordinates of the second metatarsal head marker position along the z-axis in the frame with the
minimum spatial distance from the ground. Furthermore, Butterworth=6 Hz low-pass filter was
utilized to filter the data The data were examined for normality through employing the Shapiro-Wilk
test and statistically analyzed by using SPSS 26 software. The dependent t-test and MATLAB 2019
software were respectively applied for the data comparison in the pre- and post-test stages, and
kinematic data analysis. In this study, a significance level of 95% with a < 0.05 was considered.
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Findings

Based on the results of dependent t-test, fatigue led to a significant increase in anterior tilt and external
rotation of pelvic at the initial contact (P=0.00) and decrease in anterior tilt and increase of internal
rotation of pelvic at the landing peak (p=0.00). However, in other kinematic variables (pelvic drop at
initial contact and peak landing and lumbar curvature ,)there was no significant difference after
fatigue (P>0.05).

Table 1. Mean + Standard deviation of kinematic data in pre- and post- fatigue at the initial contact

Variable Pre-test Post-test T DF P
A“te”g{ tpe""c -10/8624/48 -14/81+4/52 5/41 15 *0/00
Pelvic drop 11/94+6/77 12/19+5/30 -0/25 15 0/80
Pelvic rotation 6/62+6/66 -0/69+5/16 5/78 15 *0/00

Note 1. In the present study pelvic internal rotation were considered positive (+) and pelvic external
rotation were Assumed negative (-). * Indicates significant difference, P<0.5

Conclusion

Based on the literature review, fatigue has always been considered as one of the kinematic and Kinetic
risk factors in the lower limbs. The results of the present study showed the significant effects of the
combination of fatigue with unanticipated conditions on the three-dimensional kinematic change of
the pelvic and lumbar curvature, which was mostly observed in the sagittal and transverse planes. It
seems that the combination of these factors may lead to dangerous movement strategies in the lower
limbs during landing in adolescent female volleyball players which can increase the risk of knee joint
injuries in them.

The Message of the Article
The research conducted can increase insight and awareness of hip kinematics and lumbar curvature
and their mutual effect on lower limb injuries and be effective in ACL injury prevention programs.
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Table 1- Demographic information of the studied subjects (n=16)
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Table 2- Information on kinematic variables before and after applying the fatigue protocol in the pelvis
during the initial impact (n=16)
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Table 3 - Information on the kinematic variable of lumbar curvature before and after applying the
fatigue protocol in a static position (n=16)
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Table 4- Information on kinematic variables before and after applying the fatigue protocol in the pelvis at the
peak of landing (n=16)
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4. Patrek

YV o lod A0 6590 NF+Y 3l (%59 b Olalllas aollasd



) ey GUl g oS Gomsr SiloiS g SboS oIl Bla K i1

L Jelse cnl oS 5 5 Olej Cadgaoms 5 &8 > Ca 39 (G i (FF) 0 ) bl 4 1) &5 > (S 0o
| ol 5 el SlSager 5 i e S (5550 35,8 e 53OSl o S5 o il i
(FOFY) oS Sl

Gl Sy Gl cnl oo @y Jate LSy e S (S5 0y el o)Lal Sy slal o a5 jsbles
plail g a5 Laily) 4y 4z g 5,cnll €FA) Wl Cows Slaide &8 > @ o j5bas U aiS oo Sollad Jlws 4 Jloa S50
bLs)ljo o3l s5e ally Greges ol oo jlms (28555 Slacam] I (65Kt 0 Salisls slac b (b Slis
ssnlive aalllas ;5 ol glagogejl jo (Sawsd USigy 5l Gy 10 (i 52 Gialidl ol Jato cnl piy; (oS L
Sl (K et 5 51 25 Al deyisn S & 35 g oS d el ol L oS
AN ) 4l 0alil 51 59,5 e ol e 2 )5 (sloodils 12 (g3l Jlnb yo ks b 503 zalS s 4y il
3555 53 N 398 gl WSy w18 il slacl Vb Sl oyxe o I, (U5 Wilgice (S5 @yl ez
B S 5 4 (38 oy 655 o a5 0,8 bl (oo g ol las gail e 5o 1y (20l Gisz Gl adsl
b 5 Sples (695,5 Wlgi oo (535 yo i (b (V) 05,lgSS Culi LA jo 1) 5 B aiS (0 08 > 50085 S
eSS ol oy s 8 3098 e 55 45 (V) 5] s a1 3,8 sl L5 ik 1, solacel 6
aly ool Uil 5 ke 05y b A0S mizeas 5 s3gas S 5 sl Lk slateny liilne 535 0 Ly
il sl atsls Stios plail glinl, 5 oollasl ST Wl o 5,5 ammio ol SilossS Sl enis 45l oy ol
log,S 10 wae (pl oy ool Slallas 13 39 o ol plo el o yiws 43 05l ol ;o (s3gae ilalllas
g o (B Alise

S SlaisS s g2 A i Bl U (S (a5 5 58,950 Sl el y3le hag, s
st ol S5 e S o i osnlie b 5 JErls S5 o Slnio 3 ity 45 Sy S sl 5 )
Wlgi 50 45 095 Cemellidly (loz 53 (15250 10 99,8 (o 4o Lo plail yo SUjlas 5 slais iyl 4 i Yazo!
Das il byl ol ¢ily fate glacaw! S,

Wlio ply

Dgds é§l5 $50 ACL slocows T)'l & i o lodal sy g 00 S

G193 g S
ol ]y Gl ,ad g Sas JleS Wi ,S plen il (pl ol b as SEaSES b aes

PV o ylo 0 095 VY july o 5y9 o lallao anbibasd



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

&bo
Devetag F, Mazzilli M, Benis R, La Torre A, Bonato M. Anterior cruciate ligament injury profile in Italian
Serie A1-A2 women’s volleyball league. J Sports Med Phys Fitness. 2018;58(1-2):92-7.
Bere T, Kruczynski J, Veintimilla N, Hamu Y, Bahr R. Injury risk is low among world-class volleyball
players: 4-year data from the FIVB Injury Surveillance System. British Journal of Sports Medicine.
2015;49(17):1132-7.
Bahr MA, Bahr R. Jump frequency may contribute to risk of jumper's knee: a study of interindividual and
sex differences in a total of 11 943 jumps video recorded during training and matches in young elite
volleyball players. British Journal of Sports Medicine. 2014;48(17):1322-6.
Fatahi A, Yousefian Molla R, Ameli M, Khezri D. The effect of combined and core stability training
program with protective measures on selected variables of physical fitness of junior and young volleyball
players during the Coronavirus pandemic. Journal of Sport Biomechanics. 2021;7(3):162-71. (in Persian).
Paz GA, de Freitas Maia M, Santana HG, Miranda H, Lima V, Willson JD. Knee frontal plane projection
angle: a comparison study between drop vertical jump and step-down tests with young volleyball athletes.
Journal of Sport Rehabilitation. 2019;28(2):153-8.
Haymo JMV, Deol NS. Comparision of landing technique between male and female volleyball players.
2018.
Zahradnik D, Jandacka D, Holcapek M, Farana R, Uchytil J, Hamill J. Blocking landing techniques in
volleyball and the possible association with anterior cruciate ligament injury. Journal of Sports Sciences.
2018;36(8):955-61.
Schaver AL, Grezda K, Willey MC, Westermann RW. Radiographic Cam Morphology of the Hip May Be
Associated with ACL Injury of the Knee: A Case-Control Study. Arthroscopy, Sports Medicine, and
Rehabilitation. 2021;3(4):e1165-e70.
Wetters N, Weber AE, Wuerz TH, Schub DL, Mandelbaum BR. Mechanism of injury and risk factors for
anterior cruciate ligament injury. Operative Techniques in Sports Medicine. 2016;24(1):2-6.
Stone EE, Butler M, McRuer A, Gray A, Marks J, Skubic M, editors. Evaluation of the Microsoft Kinect
for screening ACL injury. 2013 35th annual international conference of the IEEE Engineering in Medicine
and Biology Society (EMBC); 2013: IEEE.
Wasser JG, Tripp B, Bruner ML, Bailey DR, Leitz RS, Zaremski JL, et al. VVolleyball-related injuries in
adolescent female players: an initial report. The Physician and Sportsmedicine. 2021;49(3):323-30.
Westbrook AE, Taylor JB, Nguyen A-D, Paterno MV, Ford KR. Effects of maturation on knee
biomechanics during cutting and landing in young female soccer players. Plos One. 2020;15(5):e0233701.
Bourne MN, Webster KE, Hewett TE. Is fatigue a risk factor for anterior cruciate ligament rupture? Sports
Medicine. 2019;49(11):1629-35.
Halson SL. Monitoring training load to understand fatigue in athletes. Sports Medicine. 2014;44(2):139-
47.
Enoka RM, Duchateau J. Translating fatigue to human performance. Medicine and Science in Sports and
Exercise. 2016;48(11):2228.
Farzami A, Anbarian M. The effects of fatigue on plantar pressure and balance in adolescent volleyball
players with and without history of unilateral ankle injury. Science & Sports. 2020;35(1):29-36.
Shaw MY, Gribble PA, Frye JL. Ankle bracing, fatigue, and time to stabilization in collegiate volleyball
athletes. Journal of Athletic Training. 2008;43(2):164-71.
McNeal JR, Sands WA, Stone MH. Effects of fatigue on kinetic and kinematic variables during a 60-second
repeated jumps test. International Journal of Sports Physiology and Performance. 2010;5(2):218-29.
Proske U. Exercise, fatigue and proprioception: A retrospective. Experimental Brain Research.
2019;237(10):2447-59.
Radzak KN, Putnam AM, Tamura K, Hetzler RK, Stickley CD. Asymmetry between lower limbs during
rested and fatigued state running gait in healthy individuals. Gait & Posture. 2017;51:268-74.

YV o lod A0 6590 NF+Y 3l (%59 b Olalllas aollasd


https://www.researchgate.net/profile/Matteo-Bonato/publication/309548039_Anterior_cruciate_ligament_injury_profile_in_Italian_Serie_A1-A2_women's_volleyball_league/links/582045cd08ae40da2cb4da31/Anterior-cruciate-ligament-injury-profile-in-Italian-Serie-A1-A2-womens-volleyball-league.pdf
https://www.researchgate.net/profile/Matteo-Bonato/publication/309548039_Anterior_cruciate_ligament_injury_profile_in_Italian_Serie_A1-A2_women's_volleyball_league/links/582045cd08ae40da2cb4da31/Anterior-cruciate-ligament-injury-profile-in-Italian-Serie-A1-A2-womens-volleyball-league.pdf
https://bjsm.bmj.com/content/bjsports/49/17/1132.full.pdf
https://bjsm.bmj.com/content/bjsports/49/17/1132.full.pdf
https://bjsm.bmj.com/content/bjsports/49/17/1132.full.pdf
https://bjsm.bmj.com/content/48/17/1322.short
https://bjsm.bmj.com/content/48/17/1322.short
https://bjsm.bmj.com/content/48/17/1322.short
https://biomechanics.iauh.ac.ir/article-1-256-fa.pdf
https://biomechanics.iauh.ac.ir/article-1-256-fa.pdf
https://biomechanics.iauh.ac.ir/article-1-256-fa.pdf
https://journals.humankinetics.com/configurable/content/journals$002fjsr$002f28$002f2$002farticle-p153.xml?t:ac=journals%24002fjsr%24002f28%24002f2%24002farticle-p153.xml
https://journals.humankinetics.com/configurable/content/journals$002fjsr$002f28$002f2$002farticle-p153.xml?t:ac=journals%24002fjsr%24002f28%24002f2%24002farticle-p153.xml
https://journals.humankinetics.com/configurable/content/journals$002fjsr$002f28$002f2$002farticle-p153.xml?t:ac=journals%24002fjsr%24002f28%24002f2%24002farticle-p153.xml
https://www.journalofsports.com/pdf/2018/vol3issue1/PartAE/3-1-397-161.pdf
https://www.journalofsports.com/pdf/2018/vol3issue1/PartAE/3-1-397-161.pdf
https://www.tandfonline.com/doi/abs/10.1080/02640414.2017.1346817
https://www.tandfonline.com/doi/abs/10.1080/02640414.2017.1346817
https://www.tandfonline.com/doi/abs/10.1080/02640414.2017.1346817
https://www.sciencedirect.com/science/article/pii/S2666061X21000821
https://www.sciencedirect.com/science/article/pii/S2666061X21000821
https://www.sciencedirect.com/science/article/pii/S2666061X21000821
https://www.sciencedirect.com/science/article/abs/pii/S1060187215001082
https://www.sciencedirect.com/science/article/abs/pii/S1060187215001082
https://ieeexplore.ieee.org/abstract/document/6610459
https://ieeexplore.ieee.org/abstract/document/6610459
https://ieeexplore.ieee.org/abstract/document/6610459
https://www.tandfonline.com/doi/abs/10.1080/00913847.2020.1826284
https://www.tandfonline.com/doi/abs/10.1080/00913847.2020.1826284
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0233701&type=printable
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0233701&type=printable
https://link.springer.com/article/10.1007/s40279-019-01134-5
https://link.springer.com/article/10.1007/s40279-019-01134-5
https://link.springer.com/article/10.1007/s40279-014-0253-z
https://link.springer.com/article/10.1007/s40279-014-0253-z
https://www.researchgate.net/profile/Roger-Enoka/publication/299431818_Translating_Fatigue_to_Human_Performance/links/5a463997a6fdcce1971a9df6/Translating-Fatigue-to-Human-Performance.pdf
https://www.researchgate.net/profile/Roger-Enoka/publication/299431818_Translating_Fatigue_to_Human_Performance/links/5a463997a6fdcce1971a9df6/Translating-Fatigue-to-Human-Performance.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0765159719301121
https://www.sciencedirect.com/science/article/abs/pii/S0765159719301121
https://watermark.silverchair.com/1062-6050-43_2_164.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAuMwggLfBgkqhkiG9w0BBwagggLQMIICzAIBADCCAsUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMy4v6NdFa43-4g6GGAgEQgIIClgvo5GioGJjD0bqjhsYkhXzXldStIO3XrBU2aiJuZo3g9IerIb_qVnCCY6ooM0vHUW4Q9S3tyxYxNnQ0tJ9mpqzsraGVFqpfmZTr5eDOJWjruYcrzrS7jL7K8mwGeY8Du2Yzg__FeXR17Dh-qgK8qtxT3pwhe4vGgCfwPaWGjAc1R-3I3gFyBP6nbzOHj42JyKU7Sx_Z-bvJwz4W_Yga0FbJcZaI-ywZAfoVU_dSqgzgLlPnxPs5POicjUomv4Ox5v31m80z3cJ7tu7rfIRcP_H_jT66qm89Q5gl8uISIhojq2U9vVtDvThCZ73B2Dh2LIlIhMpO-mWFmfvtgezZ5Mr4_bJUtB_yzXjSjofwxkt6TxVZpi5IAZaNJfa_Un0n3AuyNAe1Sv5O5flKF3JRV0a-aeqJhuSKXkYIr9IMM0Sh_mB1FAUTmfmmI50MckE1FaF05baPYvJa6KUrb8sZYfZ6960nczlH8yvtRZ0LZiYBfxWVlkJJ6QALmm2WD6A_C6TlaRKjJx4z3cP3jWuM9gPjuPnGE4Ra1z7wBXpKH6o8e9R-obmDd8hDT8bsbzCOUU_qMwX8eP0lmG1FlVElzHQthOaNIWC8d_4nSLqqNdUzjjhiLfOdxIt8AfYmYXDuuLFBohu_6V3v1CmSDWiHhNljQCf629ZMLgnjct2UTHexWJm25wv3-NDed-5T6mQoMsEiowOJZ0TR9jNpzWXm7ccd81ljQFp_nv5QWQ4txaHim_xrkJSj1UUnNklR0rrbprxRbElMOfrXuk8gRX5issuTxc9kO-yAplkhdn8tPQ35ggmdwhT32JCAiodZ29ljHNNmCKbYSAtkyEV4mb5W0DUZdAHdgJxZBdCkYiT65fROTfi4JGpP
https://watermark.silverchair.com/1062-6050-43_2_164.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAuMwggLfBgkqhkiG9w0BBwagggLQMIICzAIBADCCAsUGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMy4v6NdFa43-4g6GGAgEQgIIClgvo5GioGJjD0bqjhsYkhXzXldStIO3XrBU2aiJuZo3g9IerIb_qVnCCY6ooM0vHUW4Q9S3tyxYxNnQ0tJ9mpqzsraGVFqpfmZTr5eDOJWjruYcrzrS7jL7K8mwGeY8Du2Yzg__FeXR17Dh-qgK8qtxT3pwhe4vGgCfwPaWGjAc1R-3I3gFyBP6nbzOHj42JyKU7Sx_Z-bvJwz4W_Yga0FbJcZaI-ywZAfoVU_dSqgzgLlPnxPs5POicjUomv4Ox5v31m80z3cJ7tu7rfIRcP_H_jT66qm89Q5gl8uISIhojq2U9vVtDvThCZ73B2Dh2LIlIhMpO-mWFmfvtgezZ5Mr4_bJUtB_yzXjSjofwxkt6TxVZpi5IAZaNJfa_Un0n3AuyNAe1Sv5O5flKF3JRV0a-aeqJhuSKXkYIr9IMM0Sh_mB1FAUTmfmmI50MckE1FaF05baPYvJa6KUrb8sZYfZ6960nczlH8yvtRZ0LZiYBfxWVlkJJ6QALmm2WD6A_C6TlaRKjJx4z3cP3jWuM9gPjuPnGE4Ra1z7wBXpKH6o8e9R-obmDd8hDT8bsbzCOUU_qMwX8eP0lmG1FlVElzHQthOaNIWC8d_4nSLqqNdUzjjhiLfOdxIt8AfYmYXDuuLFBohu_6V3v1CmSDWiHhNljQCf629ZMLgnjct2UTHexWJm25wv3-NDed-5T6mQoMsEiowOJZ0TR9jNpzWXm7ccd81ljQFp_nv5QWQ4txaHim_xrkJSj1UUnNklR0rrbprxRbElMOfrXuk8gRX5issuTxc9kO-yAplkhdn8tPQ35ggmdwhT32JCAiodZ29ljHNNmCKbYSAtkyEV4mb5W0DUZdAHdgJxZBdCkYiT65fROTfi4JGpP
https://journals.humankinetics.com/view/journals/ijspp/5/2/article-p218.xml
https://journals.humankinetics.com/view/journals/ijspp/5/2/article-p218.xml
https://link.springer.com/article/10.1007/s00221-019-05634-8
https://link.springer.com/article/10.1007/s00221-019-05634-8
https://www.sciencedirect.com/science/article/abs/pii/S0966636216306312
https://www.sciencedirect.com/science/article/abs/pii/S0966636216306312

oy

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

ey GUl g oS Gomsr SiloiS g SboS oIl Bla K i1

Lessi GC, Dos Santos AF, Batista LF, de Oliveira GC, Serrdo FV. Effects of fatigue on lower limb, pelvis
and trunk kinematics and muscle activation: Gender differences. Journal of Electromyography and
Kinesiology. 2017;32:9-14.

Yokota Y, Sonoda T, Tashiro Y, Suzuki Y, Kajiwara Y, Zeidan H, et al. Effect of Capacitive and Resistive
electric transfer on changes in muscle flexibility and lumbopelvic alignment after fatiguing exercise. J Phys
Ther Sci. 2018;30(5):719-25.

Maas E. Musculoskeletal loading and adaptation in novice runners. 2018.

Grabara M. Comparison of posture among adolescent male volleyball players and non-athletes. Biology of
Sport. 2015;32(1):79-85.

Grabara M, Hadzik A. Postural variables in girls practicing volleyball. Biomedical Human Kinetics.
2009;1:67-71.

Jeevanathan K, Rajalakshmi I. Correlation of abdominal muscle activity and low back pain during drop
jump performance among woman basketball and volleyball players.

Clarsen B, Bahr R, Heymans M, Engedahl M, Midtsundstad G, Rosenlund L, et al. The prevalence and
impact of overuse injuries in five N orwegian sports: Application of a new surveillance method.
Scandinavian Journal of Medicine & Science in Sports. 2015;25(3):323-30.

Borzabad FK, Venkatesh C. Relationship between flexibility of spinal column and volume of chest
expansion among volleyball players. IJRAR-International Journal of Research and Analytical Reviews
(NRAR). 2020;7(1):158-62--62.

Oakley PA, Ehsani NN, Harrison DE. Non-surgical reduction of lumbar hyperlordosis, forward sagittal
balance and sacral tilt to relieve low back pain by Chiropractic BioPhysics® methods: a case report. Journal
of Physical Therapy Science. 2019;31(10):860-4.

Alizadeh S, Mattes K. How anterior pelvic tilt affects the lower extremity kinematics during the late swing
phase in soccer players while running: A time series analysis. Human Movement Science. 2019;66:459-
66.

Zazulak BT, Hewett TE, Reeves NP, Goldberg B, Cholewicki J. Deficits in neuromuscular control of the
trunk predict knee injury risk: a prospective biomechanical-epidemiologic study. Am J Sports Med.
2007;35(7):1123-30.

Hewett TE, Zazulak BT, Myer GD, Ford KR. A review of electromyographic activation levels, timing
differences, and increased anterior cruciate ligament injury incidence in female athletes. Br J Sports Med.
2005;39(6):347-50.

De Blaiser C, Roosen P, Willems T, Danneels L, Bossche LV, De Ridder R. Is core stability a risk factor
for lower extremity injuries in an athletic population? a systematic review. Phys Ther Sport. 2018;30:48-
56.

Chappell JD, Herman DC, Knight BS, Kirkendall DT, Garrett WE, Yu B. Effect of fatigue on knee kinetics
and kinematics in stop-jump tasks. Am J Sports Med. 2005;33(7):1022-9.

Shokrian F, Khezry D, Matin Homayi H, Fattahi A. Comparing the electrical activity of selected ankle
muscles in athletes during landing from different heights. The Scientific Journal of Rehabilitation
Medicine. 2000;11(1):98-113. (in Persian).

Murillo-Escobar J, Jaramillo-Munera YE, Orrego-Metaute DA, Delgado-Trejos E, Cuesta-Frau D. Muscle
fatigue analysis during dynamic contractions based on biomechanical features and Permutation Entropy.
Math Biosci Eng. 2020;17(3):2592-615.

Wong TL, Huang CF, Chen PC. Effects of lower extremity muscle fatigue on knee loading during a forward
drop jump to a vertical jump in female athletes. J Hum Kinet. 2020;72:5-13.

Kim N, Lee SY, Lee SC, Rosen AB, Grindstaff TL, Knarr BA. Effect of isolated hip abductor fatigue on
single-leg landing mechanics and simulated ACL loading. Knee. 2021;31:118-26.

Xia R, Zhang X, Wang X, Sun X, Fu W. Effects of two fatigue protocols on impact forces and lower
extremity kinematics during drop landings: implications for noncontact anterior cruciate ligament injury. J
Healthc Eng. 2017;2017:5690519.

PV o ylo 0 095 VY july o 5y9 o lallao anbibasd


https://www.sciencedirect.com/science/article/abs/pii/S1050641116302668
https://www.sciencedirect.com/science/article/abs/pii/S1050641116302668
https://www.sciencedirect.com/science/article/abs/pii/S1050641116302668
https://www.jstage.jst.go.jp/article/jpts/30/5/30_jpts-2017-674/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jpts/30/5/30_jpts-2017-674/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jpts/30/5/30_jpts-2017-674/_pdf/-char/ja
https://lirias.kuleuven.be/1981878?limo=0
https://www.termedia.pl/Comparison-of-posture-among-adolescent-male-volleyball-players-and-non-athletes,78,24005,0,1.html
https://www.termedia.pl/Comparison-of-posture-among-adolescent-male-volleyball-players-and-non-athletes,78,24005,0,1.html
https://sciendo.com/es/article/10.2478/v10101-009-0017-7
https://sciendo.com/es/article/10.2478/v10101-009-0017-7
https://ijsdr.org/papers/IJSDR1903083.pdf
https://ijsdr.org/papers/IJSDR1903083.pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.12223
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.12223
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.12223
https://ijrar.org/papers/IJRAR2001875.pdf
https://ijrar.org/papers/IJRAR2001875.pdf
https://ijrar.org/papers/IJRAR2001875.pdf
https://www.jstage.jst.go.jp/article/jpts/31/10/31_jpts-2019-147/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jpts/31/10/31_jpts-2019-147/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/jpts/31/10/31_jpts-2019-147/_pdf/-char/ja
https://www.sciencedirect.com/science/article/abs/pii/S0167945719301186
https://www.sciencedirect.com/science/article/abs/pii/S0167945719301186
https://www.sciencedirect.com/science/article/abs/pii/S0167945719301186
https://journals.sagepub.com/doi/abs/10.1177/0363546507301585?journalCode=ajsb
https://journals.sagepub.com/doi/abs/10.1177/0363546507301585?journalCode=ajsb
https://journals.sagepub.com/doi/abs/10.1177/0363546507301585?journalCode=ajsb
https://bjsm.bmj.com/content/bjsports/39/6/347.full.pdf
https://bjsm.bmj.com/content/bjsports/39/6/347.full.pdf
https://bjsm.bmj.com/content/bjsports/39/6/347.full.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1466853X17304418
https://www.sciencedirect.com/science/article/abs/pii/S1466853X17304418
https://www.sciencedirect.com/science/article/abs/pii/S1466853X17304418
https://journals.sagepub.com/doi/abs/10.1177/0363546504273047?journalCode=ajsb
https://journals.sagepub.com/doi/abs/10.1177/0363546504273047?journalCode=ajsb
http://www.medrehab.sbmu.ac.ir/article_1101538_c65ece572da6ab8decb303dc272d060c.pdf?lang=en
http://www.medrehab.sbmu.ac.ir/article_1101538_c65ece572da6ab8decb303dc272d060c.pdf?lang=en
http://www.medrehab.sbmu.ac.ir/article_1101538_c65ece572da6ab8decb303dc272d060c.pdf?lang=en
https://riunet.upv.es/bitstream/handle/10251/171414/Murillo-EscobarJaramilloOrrego-Metaute%20-%20Muscle%20fatigue%20analysis%20during%20dynamic%20contractions%20base....pdf?sequence=1&isAllowed=y
https://riunet.upv.es/bitstream/handle/10251/171414/Murillo-EscobarJaramilloOrrego-Metaute%20-%20Muscle%20fatigue%20analysis%20during%20dynamic%20contractions%20base....pdf?sequence=1&isAllowed=y
https://riunet.upv.es/bitstream/handle/10251/171414/Murillo-EscobarJaramilloOrrego-Metaute%20-%20Muscle%20fatigue%20analysis%20during%20dynamic%20contractions%20base....pdf?sequence=1&isAllowed=y
https://sciendo.com/downloadpdf/journals/hukin/72/1/article-p5.xml
https://sciendo.com/downloadpdf/journals/hukin/72/1/article-p5.xml
https://www.sciencedirect.com/science/article/abs/pii/S0968016021001447
https://www.sciencedirect.com/science/article/abs/pii/S0968016021001447
https://downloads.hindawi.com/journals/jhe/2017/5690519.pdf
https://downloads.hindawi.com/journals/jhe/2017/5690519.pdf
https://downloads.hindawi.com/journals/jhe/2017/5690519.pdf

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

Youdas JW, Hollman JH, Krause DA. The effects of gender, age, and body mass index on standing lumbar
curvature in persons without current low back pain. Physiotherapy Theory and Practice. 2006;22(5):229-
37.

Pascual Huerta J, Ropa Moreno JM, Kirby KA, Garcia Carmona FJ, Orejana Garcia AM. Effect of 7-degree
rearfoot varus and valgus wedging on rearfoot kinematics and kinetics during the stance phase of walking.
Journal of the American Podiatric Medical Association. 2009;99(5):415-21.

Khazaee Z, Gheitasi M, Barati AH. Effect of Lower Extremity Fatigue on Knee Joint Kinematics During
Landing Maneuvers in Adult Soccer Players. SIRM. 2021;10(3):562-73. (in Persian).

Mendiguchia J, Ford KR, Quatman CE, Alentorn-Geli E, Hewett TE. Sex differences in proximal control
of the knee joint. Sports Med. 2011;41(7):541-57.

Hertel J, Dorfman JH, Braham RA. Lower extremity malalignments and anterior cruciate ligament injury
history. J Sports Sci Med. 2004;3(4):220-5.

Kendall F, McCreary E, Provance P. Muscles Testing and Function Baltimore. MD: Williams & Wilkins.
1993;126.

Delp SL, Hess WE, Hungerford DS, Jones LC. Variation of rotation moment arms with hip flexion. Journal
of Biomechanics. 1999;32(5):493-501.

Ross JR, Nepple JJ, Philippon MJ, Kelly BT, Larson CM, Bedi A. Effect of changes in pelvic tilt on range
of motion to impingement and radiographic parameters of acetabular morphologic characteristics. The
American Journal of Sports Medicine. 2014;42(10):2402-9.

Alentorn-Geli E, Myer GD, Silvers HJ, Samitier G, Romero D, Léazaro-Haro C, et al. Prevention of non-
contact anterior cruciate ligament injuries in soccer players. Part 1: Mechanisms of injury and underlying
risk factors. Knee Surgery, Sports Traumatology, Arthroscopy. 2009;17(7):705-29.

Loudon JK, Jenkins W, Loudon KL. The relationship between static posture and ACL injury in female
athletes. Journal of Orthopaedic & Sports Physical Therapy. 1996;24(2):91-7.

Whyte EF, Richter C, O’connor S, Moran KA. The effect of high intensity exercise and anticipation on
trunk and lower limb biomechanics during a crossover cutting manoeuvre. Journal of Sports Sciences.
2018;36(8):889-900.

Levine D, Whittle MW. The effects of pelvic movement on lumbar lordosis in the standing position. Journal
of Orthopaedic & Sports Physical Therapy. 1996;24(3):130-5.

Christie HJ, Kumar S, Warren SA. Postural aberrations in low back pain. Archives of physical Medicine
and Rehabilitation. 1995;76(3):218-24.

Roncarati A, McMullen W. Correlates of low back pain in a general population sample: a multidisciplinary
perspective. Journal of Manipulative and Physiological Therapeutics. 1988;11(3):158-64.

Hart JM, Kerrigan DC, Fritz JM, Ingersoll CD. Jogging kinematics after lumbar paraspinal muscle fatigue.
Journal of Athletic Training. 2009;44(5):475-81.

Madigan ML, Davidson BS, Nussbaum MA. Postural sway and joint kinematics during quiet standing are
affected by lumbar extensor fatigue. Human Movement Science. 2006;25(6):788-99.

Wilson EL, Madigan ML, Davidson BS, Nussbaum MA. Postural strategy changes with fatigue of the
lumbar extensor muscles. Gait & Posture. 2006;23(3):348-54.

Leppanen M, Rossi MT, Parkkari J, Heinonen A, Ayramo S, Krosshaug T, et al. Altered hip control during
a standing kneelift test is associated with increased risk of knee injuries. Scandinavian Journal of Medicine
& Science in Sports. 2020;30(5):922-31.

Ueno R, Navacchia A, DiCesare CA, Ford KR, Myer GD, Ishida T, et al. Knee abduction moment is
predicted by lower gluteus medius force and larger vertical and lateral ground reaction forces during drop
vertical jJump in female athletes. Journal of Biomechanics. 2020;103:109669.

Weeks BK, Carty CP, Horan SA. Effect of sex and fatigue on single leg squat kinematics in healthy young
adults. BMC musculoskeletal Disorders. 2015;16(1):1-9.

Neumann DA. Kinesiology of the hip: a focus on muscular actions. Journal of Orthopaedic & Sports
Physical Therapy. 2010;40(2):82-94.

YV o lod A0 6590 NF+Y 3l (%59 b Olalllas aollasd


https://www.tandfonline.com/doi/abs/10.1080/09593980600927864
https://www.tandfonline.com/doi/abs/10.1080/09593980600927864
https://www.tandfonline.com/doi/abs/10.1080/09593980600927864
https://europepmc.org/article/med/19767548
https://europepmc.org/article/med/19767548
https://europepmc.org/article/med/19767548
http://www.medrehab.sbmu.ac.ir/article_1101137_09d881399a1ffc51532582be791bbd84.pdf?lang=en
http://www.medrehab.sbmu.ac.ir/article_1101137_09d881399a1ffc51532582be791bbd84.pdf?lang=en
https://link.springer.com/article/10.2165/11589140-000000000-00000
https://link.springer.com/article/10.2165/11589140-000000000-00000
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3938060/pdf/jssm-03-220.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3938060/pdf/jssm-03-220.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1858872/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1858872/
https://www.sciencedirect.com/science/article/abs/pii/S0021929099000329
https://www.sciencedirect.com/science/article/abs/pii/S0021929099000329
https://journals.sagepub.com/doi/abs/10.1177/0363546514541229?journalCode=ajsb
https://journals.sagepub.com/doi/abs/10.1177/0363546514541229?journalCode=ajsb
https://journals.sagepub.com/doi/abs/10.1177/0363546514541229?journalCode=ajsb
https://link.springer.com/article/10.1007/s00167-009-0813-1
https://link.springer.com/article/10.1007/s00167-009-0813-1
https://link.springer.com/article/10.1007/s00167-009-0813-1
https://www.jospt.org/doi/abs/10.2519/jospt.1996.24.2.91
https://www.jospt.org/doi/abs/10.2519/jospt.1996.24.2.91
https://www.tandfonline.com/doi/abs/10.1080/02640414.2017.1346270
https://www.tandfonline.com/doi/abs/10.1080/02640414.2017.1346270
https://www.tandfonline.com/doi/abs/10.1080/02640414.2017.1346270
https://www.jospt.org/doi/abs/10.2519/jospt.1996.24.3.130
https://www.jospt.org/doi/abs/10.2519/jospt.1996.24.3.130
https://www.sciencedirect.com/science/article/abs/pii/S0003999395806040
https://www.sciencedirect.com/science/article/abs/pii/S0003999395806040
https://europepmc.org/article/med/2969027
https://europepmc.org/article/med/2969027
https://meridian.allenpress.com/jat/article/44/5/475/110964/Jogging-Kinematics-After-Lumbar-Paraspinal-Muscle
https://meridian.allenpress.com/jat/article/44/5/475/110964/Jogging-Kinematics-After-Lumbar-Paraspinal-Muscle
https://www.sciencedirect.com/science/article/abs/pii/S0167945706000364
https://www.sciencedirect.com/science/article/abs/pii/S0167945706000364
https://www.sciencedirect.com/science/article/abs/pii/S0966636205000561
https://www.sciencedirect.com/science/article/abs/pii/S0966636205000561
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13626
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13626
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13626
https://www.sciencedirect.com/science/article/abs/pii/S0021929020300816
https://www.sciencedirect.com/science/article/abs/pii/S0021929020300816
https://www.sciencedirect.com/science/article/abs/pii/S0021929020300816
https://link.springer.com/article/10.1186/s12891-015-0739-3
https://link.springer.com/article/10.1186/s12891-015-0739-3
https://www.jospt.org/doi/full/10.2519/jospt.2010.3025
https://www.jospt.org/doi/full/10.2519/jospt.2010.3025

IATA)
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

ey GUl g oS Gomsr SiloiS g SboS oIl Bla K i1

Wilczynski B, Zorena K, Slezak D. Dynamic knee valgus in single-leg movement tasks. Potentially
modifiable factors and exercise training options. A literature review. International Journal of
Environmental Research and Public Health. 2020;17(21):8208.

Dill KE, Begalle RL, Frank BS, Zinder SM, Padua DA. Altered knee and ankle kinematics during squatting
in those with limited weight-bearing—lunge ankle-dorsiflexion range of motion. Journal of Athletic
Training. 2014;49(6):723-32.

Lima YL, Ferreira VMLM, de Paula Lima PO, Bezerra MA, de Oliveira RR, Almeida GPL. The association
of ankle dorsiflexion and dynamic knee valgus: a systematic review and meta-analysis. Physical Therapy
in Sport. 2018;29:61-9.

Patrek MF, Kernozek TW, Willson JD, Wright GA, Doberstein ST. Hip-abductor fatigue and single-leg
landing mechanics in women athletes. Journal of Athletic Training. 2011;46(1):31-42.

Borotikar BS, Newcomer R, Koppes R, McLean SG. Combined effects of fatigue and decision making on
female lower limb landing postures: central and peripheral contributions to ACL injury risk. Clinical
Biomechanics. 2008;23(1):81-92.

Schmidt RA, Wrisherg CA. Motor learning and performance: A situation-based learning approach.
Champaign: Human Kinetics; 2008.

Besier TF, Lloyd DG, Ackland TR, Cochrane JL. Anticipatory effects on knee joint loading during running
and cutting maneuvers. Medicine and Science in Sports and Exercise. 2001;33(7):1176-81.

Mendiguchia J, Ford KR, Quatman CE, Alentorn-Geli E, Hewett TE. Sex differences in proximal control
of the knee joint. Sports Medicine. 2011;41(7):541-57.

Leetun DT, Ireland ML, Willson JD, Ballantyne BT, Davis IM. Core stability measures as risk factors for
lower extremity injury in athletes. Medicine & Science in Sports & Exercise. 2004;36(6):926-34.

Zazulak BT, Ponce PL, Straub SJ, Medvecky MJ, Avedisian L, Hewett TE. Gender comparison of hip
muscle activity during single-leg landing. Journal of Orthopaedic & Sports Physical Therapy.
2005;35(5):292-9.

Roberts A. Gait analysis: normal and pathological function J. Perry and JM Burnfield Pp. 576. Thorofare:
SLACK Incorporated, 2010. ISBN: 978-1-55642-766-4. $92.95. The British Editorial Society of Bone and
Joint Surgery; 2010.

Pozzo T, Berthoz A, Lefort L. Head stabilization during various locomotor tasks in humans. Experimental
Brain Research. 1990;82(1):97-106.

PV o ylo 0 095 VY july o 5y9 o lallao anbibasd


https://www.mdpi.com/1660-4601/17/21/8208
https://www.mdpi.com/1660-4601/17/21/8208
https://www.mdpi.com/1660-4601/17/21/8208
https://watermark.silverchair.com/1062-6050-49_3_29.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAuAwggLcBgkqhkiG9w0BBwagggLNMIICyQIBADCCAsIGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM30hLbzK1bAPhWCC4AgEQgIICk1WQ0fHcnzHVMP8t6azIZI2ggg-fq0S7bBEigEZPsB1sq2G-quE-8pQpGxRp2FlLIrdNQVIs9JGQJL_yRVF58vbRZM8LxiBSHELiPjVduXTRZJgb1s-9lSBC7n9iy5zyOeSXtgEF_duZEeUBea7MyoExDCbxR1xugbRqosvpBDomDbisO0PRyWPiH7NL6wm3GJKcYz8EPUVSzmLQlUyQh0og8Irkq1xEeOflm916cfojzwRPCKQ9FUq8Z590mR_RGkjLbeuavjnVZ5CXhiNyKJuU9MBolRnZXQDwlMU4hDcq957lyLchXQHyDhFIdD2cRzMOCeJ8FbL9jM_CGpxDPUgeV65uvZC7GzIF1O_2PEOBla_DLZ_ZzRiSKfZyvuFJqOoM9dgy3na9N1yv158jW_4F5eygyPckcZww_24mbB1vR47Ym0fa-PD6w7vzZQz1xE9fT4PB1QoKVaC20pVyKQavAYJZYFKl1PCiov4V-s0YTjNgUvVnYBbgrcvVThWekzBxnIZUjIFEkN2TM99W2fcYCGFHtl4vdkfCmeAl4V9Qp1oTBDba3a4IVdyLF_zdFK5rGMiMc-b8mi6t01uje1mkuwUMbU98c7udpQhUehhYNLXM7zEDehoeFrHceEWcU-VfXGt8K94Sr4sK5rg8cD1ygtd5KLSGC4b2KVRCvh-QxHsKCB9QOGm2G0ZGxComQJmK6TKmRekLihxmRiI3es0iM_KHkcVJg-dyYNFHxNeh4wOCSL-lAV3qhHwugZB299A_yCQmKcKX_xrHOamO732SLnKMJJ862bgxO9ctKs4D-_DLycL_tFnhUgaSU8d6bgO4Mb71LcuaAVWiESyW5bPCB-yDKuadLuhfCRG66rVfHaW8
https://watermark.silverchair.com/1062-6050-49_3_29.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAuAwggLcBgkqhkiG9w0BBwagggLNMIICyQIBADCCAsIGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM30hLbzK1bAPhWCC4AgEQgIICk1WQ0fHcnzHVMP8t6azIZI2ggg-fq0S7bBEigEZPsB1sq2G-quE-8pQpGxRp2FlLIrdNQVIs9JGQJL_yRVF58vbRZM8LxiBSHELiPjVduXTRZJgb1s-9lSBC7n9iy5zyOeSXtgEF_duZEeUBea7MyoExDCbxR1xugbRqosvpBDomDbisO0PRyWPiH7NL6wm3GJKcYz8EPUVSzmLQlUyQh0og8Irkq1xEeOflm916cfojzwRPCKQ9FUq8Z590mR_RGkjLbeuavjnVZ5CXhiNyKJuU9MBolRnZXQDwlMU4hDcq957lyLchXQHyDhFIdD2cRzMOCeJ8FbL9jM_CGpxDPUgeV65uvZC7GzIF1O_2PEOBla_DLZ_ZzRiSKfZyvuFJqOoM9dgy3na9N1yv158jW_4F5eygyPckcZww_24mbB1vR47Ym0fa-PD6w7vzZQz1xE9fT4PB1QoKVaC20pVyKQavAYJZYFKl1PCiov4V-s0YTjNgUvVnYBbgrcvVThWekzBxnIZUjIFEkN2TM99W2fcYCGFHtl4vdkfCmeAl4V9Qp1oTBDba3a4IVdyLF_zdFK5rGMiMc-b8mi6t01uje1mkuwUMbU98c7udpQhUehhYNLXM7zEDehoeFrHceEWcU-VfXGt8K94Sr4sK5rg8cD1ygtd5KLSGC4b2KVRCvh-QxHsKCB9QOGm2G0ZGxComQJmK6TKmRekLihxmRiI3es0iM_KHkcVJg-dyYNFHxNeh4wOCSL-lAV3qhHwugZB299A_yCQmKcKX_xrHOamO732SLnKMJJ862bgxO9ctKs4D-_DLycL_tFnhUgaSU8d6bgO4Mb71LcuaAVWiESyW5bPCB-yDKuadLuhfCRG66rVfHaW8
https://watermark.silverchair.com/1062-6050-49_3_29.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAuAwggLcBgkqhkiG9w0BBwagggLNMIICyQIBADCCAsIGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQM30hLbzK1bAPhWCC4AgEQgIICk1WQ0fHcnzHVMP8t6azIZI2ggg-fq0S7bBEigEZPsB1sq2G-quE-8pQpGxRp2FlLIrdNQVIs9JGQJL_yRVF58vbRZM8LxiBSHELiPjVduXTRZJgb1s-9lSBC7n9iy5zyOeSXtgEF_duZEeUBea7MyoExDCbxR1xugbRqosvpBDomDbisO0PRyWPiH7NL6wm3GJKcYz8EPUVSzmLQlUyQh0og8Irkq1xEeOflm916cfojzwRPCKQ9FUq8Z590mR_RGkjLbeuavjnVZ5CXhiNyKJuU9MBolRnZXQDwlMU4hDcq957lyLchXQHyDhFIdD2cRzMOCeJ8FbL9jM_CGpxDPUgeV65uvZC7GzIF1O_2PEOBla_DLZ_ZzRiSKfZyvuFJqOoM9dgy3na9N1yv158jW_4F5eygyPckcZww_24mbB1vR47Ym0fa-PD6w7vzZQz1xE9fT4PB1QoKVaC20pVyKQavAYJZYFKl1PCiov4V-s0YTjNgUvVnYBbgrcvVThWekzBxnIZUjIFEkN2TM99W2fcYCGFHtl4vdkfCmeAl4V9Qp1oTBDba3a4IVdyLF_zdFK5rGMiMc-b8mi6t01uje1mkuwUMbU98c7udpQhUehhYNLXM7zEDehoeFrHceEWcU-VfXGt8K94Sr4sK5rg8cD1ygtd5KLSGC4b2KVRCvh-QxHsKCB9QOGm2G0ZGxComQJmK6TKmRekLihxmRiI3es0iM_KHkcVJg-dyYNFHxNeh4wOCSL-lAV3qhHwugZB299A_yCQmKcKX_xrHOamO732SLnKMJJ862bgxO9ctKs4D-_DLycL_tFnhUgaSU8d6bgO4Mb71LcuaAVWiESyW5bPCB-yDKuadLuhfCRG66rVfHaW8
https://www.sciencedirect.com/science/article/abs/pii/S1466853X16301614
https://www.sciencedirect.com/science/article/abs/pii/S1466853X16301614
https://www.sciencedirect.com/science/article/abs/pii/S1466853X16301614
https://watermark.silverchair.com/1062-6050-46_1_31.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAt8wggLbBgkqhkiG9w0BBwagggLMMIICyAIBADCCAsEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMBEfib44IVr0mtRokAgEQgIICkt1-ROvds0W2yFdnvCFWKp0wkUTbHyjgG_ZHocO9-DqgvjuOEExasynF6LQOLi0m00ynf3vpjP-dPU4M_6j4j76fVMCVco6ibpJIw8_h5b2ktVdL8u3uPvRlJLH2V8h_1e655hQcdM1ohdKpbinujh3cYAFzTlPgHvSfQMgSkN06DMa4v0mSLHGUSjpFW6QbpeLcV376hdN33c0xAMUQ0lqlKsmEIcjAUT1eSZFuNdrne089lR2lpVHYi-KaJQ9LoP8QKqVhgF92Csy1AsHXoTVzCnheCJGgu_7tB11zUR-6k2V1jYoriruO6R9FFj1Ix3s-mVWnJ1YpAQTM3erjUdkIJexcadBTIpBlaCY5bi7TbXbnJd9dDFrnaOz82ysV81Q_f5Qj1bAu_63yEf5P2HMyRg9gJcg3c891AdVQcl1k62iMYOrmAEsg0m5dkEGQj7s9tG-d4jwufRSm6asUPOa9AIeX_V04CYHAz4KLjJmyKn3PD2uRC_7YVUMmC52qeXhNuYlHfmLt3DDxk3ThPnsJoRfSPxfrifli_fvTRigOhhK5loC-7OZtloLDAsUVdqS0-wfxEnP4TKt4Z0vhL_1w2RQs6m6fSKJL0UBOsNLFCjFzwUakJ2hE7GJCFwy5BQ4xbWx-AguSf2DucfRRRZPY6er0cxg9TmldFgNylNkvYnx8AWXzsKEOcMeSHptYWac_-dWlLEw9msbms-t719ZtJrVT4CQ56DMeN6Hzo66On9bH-CM8rB5PSyxuRTgXsc0_ZsK91Pg89bBEVsp7zRAeMfGqG3WtaIq_x1FO1TZDTaAcuS-hgq06DcI4atBg5Uo9e6f56ummJk0kubkRMiIyhcosNk6DLzWmX1wHnqGBWZk
https://watermark.silverchair.com/1062-6050-46_1_31.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAt8wggLbBgkqhkiG9w0BBwagggLMMIICyAIBADCCAsEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMBEfib44IVr0mtRokAgEQgIICkt1-ROvds0W2yFdnvCFWKp0wkUTbHyjgG_ZHocO9-DqgvjuOEExasynF6LQOLi0m00ynf3vpjP-dPU4M_6j4j76fVMCVco6ibpJIw8_h5b2ktVdL8u3uPvRlJLH2V8h_1e655hQcdM1ohdKpbinujh3cYAFzTlPgHvSfQMgSkN06DMa4v0mSLHGUSjpFW6QbpeLcV376hdN33c0xAMUQ0lqlKsmEIcjAUT1eSZFuNdrne089lR2lpVHYi-KaJQ9LoP8QKqVhgF92Csy1AsHXoTVzCnheCJGgu_7tB11zUR-6k2V1jYoriruO6R9FFj1Ix3s-mVWnJ1YpAQTM3erjUdkIJexcadBTIpBlaCY5bi7TbXbnJd9dDFrnaOz82ysV81Q_f5Qj1bAu_63yEf5P2HMyRg9gJcg3c891AdVQcl1k62iMYOrmAEsg0m5dkEGQj7s9tG-d4jwufRSm6asUPOa9AIeX_V04CYHAz4KLjJmyKn3PD2uRC_7YVUMmC52qeXhNuYlHfmLt3DDxk3ThPnsJoRfSPxfrifli_fvTRigOhhK5loC-7OZtloLDAsUVdqS0-wfxEnP4TKt4Z0vhL_1w2RQs6m6fSKJL0UBOsNLFCjFzwUakJ2hE7GJCFwy5BQ4xbWx-AguSf2DucfRRRZPY6er0cxg9TmldFgNylNkvYnx8AWXzsKEOcMeSHptYWac_-dWlLEw9msbms-t719ZtJrVT4CQ56DMeN6Hzo66On9bH-CM8rB5PSyxuRTgXsc0_ZsK91Pg89bBEVsp7zRAeMfGqG3WtaIq_x1FO1TZDTaAcuS-hgq06DcI4atBg5Uo9e6f56ummJk0kubkRMiIyhcosNk6DLzWmX1wHnqGBWZk
https://www.sciencedirect.com/science/article/abs/pii/S0268003307001684
https://www.sciencedirect.com/science/article/abs/pii/S0268003307001684
https://www.sciencedirect.com/science/article/abs/pii/S0268003307001684
https://books.google.com/books?hl=en&lr=&id=Ejc27Wrg5rMC&oi=fnd&pg=PR11&dq=66.%09Schmidt+RA,+Wrisberg+CA.+Motor+learning+and+performance:+A+situation-based+learning+approach:+Human+kinetics%3B+2008.&ots=IJbAznuTKS&sig=KPwgj_hluYhGH-U1xtlxakaUYCU#v=onepage&q=66.%09Schmidt%20RA%2C%20Wrisberg%20CA.%20Motor%20learning%20and%20performance%3A%20A%20situation-based%20learning%20approach%3A%20Human%20kinetics%3B%202008.&f=false
https://books.google.com/books?hl=en&lr=&id=Ejc27Wrg5rMC&oi=fnd&pg=PR11&dq=66.%09Schmidt+RA,+Wrisberg+CA.+Motor+learning+and+performance:+A+situation-based+learning+approach:+Human+kinetics%3B+2008.&ots=IJbAznuTKS&sig=KPwgj_hluYhGH-U1xtlxakaUYCU#v=onepage&q=66.%09Schmidt%20RA%2C%20Wrisberg%20CA.%20Motor%20learning%20and%20performance%3A%20A%20situation-based%20learning%20approach%3A%20Human%20kinetics%3B%202008.&f=false
https://europepmc.org/article/med/11445765
https://europepmc.org/article/med/11445765
https://link.springer.com/article/10.2165/11589140-000000000-00000
https://link.springer.com/article/10.2165/11589140-000000000-00000
https://d1wqtxts1xzle7.cloudfront.net/38580518/Leetun_2004-libre.pdf?1440615946=&response-content-disposition=inline%3B+filename%3DCore_Stability_Measures_as_Risk_Factors.pdf&Expires=1676579695&Signature=CLnhBI~USXd6BDuMzA0iS4Be-dAtE5ahmgtLAnry5OBuyQ4GwqHO9xua1Ozko0QA0Is98FOAhgKV3h1UVG~hjg-JZd0j1KqQsiMTvTo-XATqHmPK7OMTg8J8O3zA0ti7qo6q21JXnRue8r8hA6Xozy-VrXLF8kiX3EItXqtxbMRryp2Ab0-jV0kbVGMYFu63dOrCCTzQzDVNe2V~nohKckXGqSmxRouWPL3zrgRXDI~WF1PCCsgtXFW7qExvkwqWAtGV6gtIqJo-6ivXFT~1DTeg1qQogVEfXxRoeS9Dr1Zu-SElZmieVZMPhrnkCHkJv6pRgKLMEirjPGDpWfok9Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/38580518/Leetun_2004-libre.pdf?1440615946=&response-content-disposition=inline%3B+filename%3DCore_Stability_Measures_as_Risk_Factors.pdf&Expires=1676579695&Signature=CLnhBI~USXd6BDuMzA0iS4Be-dAtE5ahmgtLAnry5OBuyQ4GwqHO9xua1Ozko0QA0Is98FOAhgKV3h1UVG~hjg-JZd0j1KqQsiMTvTo-XATqHmPK7OMTg8J8O3zA0ti7qo6q21JXnRue8r8hA6Xozy-VrXLF8kiX3EItXqtxbMRryp2Ab0-jV0kbVGMYFu63dOrCCTzQzDVNe2V~nohKckXGqSmxRouWPL3zrgRXDI~WF1PCCsgtXFW7qExvkwqWAtGV6gtIqJo-6ivXFT~1DTeg1qQogVEfXxRoeS9Dr1Zu-SElZmieVZMPhrnkCHkJv6pRgKLMEirjPGDpWfok9Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.jospt.org/doi/abs/10.2519/jospt.2005.35.5.292
https://www.jospt.org/doi/abs/10.2519/jospt.2005.35.5.292
https://www.jospt.org/doi/abs/10.2519/jospt.2005.35.5.292
https://boneandjoint.org.uk/article/10.1302/0301-620X.92B8.0921184a
https://boneandjoint.org.uk/article/10.1302/0301-620X.92B8.0921184a
https://boneandjoint.org.uk/article/10.1302/0301-620X.92B8.0921184a
https://link.springer.com/article/10.1007/BF00230842
https://link.springer.com/article/10.1007/BF00230842

