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ABSTRACT

Landing is a movement phase commonly associated with lower-limb
Article Info: injuries. Although various factors influencing landing mechanics have been
examined, the role of execution complexity has received comparatively little
Received: 11 August 2025 attention. This study examined how task complexity affects landing performance
Accepted: 21 November 2025 under fatigue by comparing a taeckwondo jump kick, representing a complex
Available Online: 24 November movement, with a countermovement jump, representing a simple task.
Kinematic and kinetic data were collected using a motion analysis system
and a portable force platform. The experimental protocol consisted of two repeated
phases. First, six highly skilled female welterweight taekwondo athletes performed
the landing tasks using both their dominant and non-dominant legs. Immediately
afterward, they completed a standardized fatigue protocol. This sequence was
repeated continuously without rest until exhaustion, and each athlete completed four
full cycles.
The findings indicated that hip joint angles were the most affected variables
following the reduction in hip extensor and knee flexor strength induced by fatigue.
The most pronounced differences between the simple and complex tasks appeared in
the kinematic variables. Fatigue increased the disparity between the two tasks in the
Keywords: dominant leg, whereas in the non-dominant leg this difference decreased. Another
notable observation was the shift in the direction of asymmetry in several variables
Landing, Skill Complexity, when comparing the rested and fatigued conditions. In the simple task, changes in
Fatigue, Biomechanics, asymmetry direction occurred in five variables, while in the complex task such
Taekwondo changes were observed in eight variables.
The combined influence of skill complexity, fatigue, and limb dominance
leads to distinct landing patterns in female taekwondo athletes. These results
emphasize the need for further investigation of this interaction across a broader range
of sport-specific skills.
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1. Introduction

Landing is a critical phase in sports because it forms the final component of many athletic movements and
is strongly associated with lower-limb injuries, particularly anterior cruciate ligament (ACL) tears. These
injuries are predominantly complete (80.5%) and occur more frequently in the dominant leg, most often
through non-contact mechanisms (74.6%, 63.6%) (1). Several factors influence landing-related injury risk,
including landing technique (2), landing height (3), gender and surface characteristics (4), footwear (5),
sport experience (6), and the use of knee or ankle braces (7). Another influential factor is muscle fatigue,
defined as a temporary reduction in muscular performance capacity. Fatigue has been shown to alter
biomechanical parameters such as ground reaction forces and joint flexion angles (8), although findings
remain inconsistent due to variations in fatigue induction protocols (9). Research examining fatigue effects
across different ages and genders has revealed neuromuscular control differences that may contribute to a
higher risk of knee injuries in female athletes. Various fatigue protocols have been used in the literature,
including cycling, squats, step tests, repetitive jumps, and simulations of real competition. Given that
landing is a major contributor to lower-limb injuries, most studies have focused on how fatigue modifies
landing mechanics. However, an important yet often overlooked factor is the complexity of the pre-landing
task. The majority of previous research has relied on simple tasks such as drop jumps and countermovement
jumps, which do not reflect the cognitive and motor demands of more intricate sport-specific movements.
Complex skills like taeckwondo jump Kicks require greater cognitive load (10) and frequently end with
unilateral landings, a situation associated with a high risk of ACL injury. Considering that most taekwondo
injuries involve the lower extremities (65.5%) (13), understanding landing mechanics in this context is
essential. Accordingly, the present study compares the kinetic and kinematic characteristics of a simple
task (countermovement jump) with those of a complex task (taekwondo jump front kick) under both rested
and fatigued conditions. It is hypothesized that fatigue will influence landing mechanics differently
depending on task complexity.

2. Methods

Six highly skilled female welterweight taekwondo athletes participated in this study. Kinematic data were
captured using a three-dimensional motion analysis system equipped with six high-speed cameras
operating at 120 Hz. Sixteen reflective markers were placed on key anatomical landmarks of the lower
limbs to track joint motions. Ground reaction forces were collected using a portable force platform. Blood
lactate concentration was assessed with a handheld lactate analyzer to determine fatigue thresholds. After
a standardized warm-up, participants performed two tasks—the countermovement jump (CMJ) and the
taekwondo jump front kick (TJFK)—using both the dominant and non-dominant legs. Each task involved
both the jumping and landing phases, with strict technical criteria applied to ensure proper execution of the
taekwondo Kicks. Following the initial task performance, athletes completed a fatigue protocol consisting
of repeated step-up and step-down movements on a 30 cm platform, performed as rapidly as possible for
three minutes per cycle. This protocol was repeated four times consecutively without rest until volitional
exhaustion, resulting in an average total workload duration of approximately 27 minutes. Kinematic and
kinetic data were collected from the supporting leg during each landing.

Statistical analyses were performed using dependent t-tests to compare pre- and post-fatigue values as well
as differences between the two task conditions, with the significance level set at p < 0.05. Percent changes
and between-task differences were calculated. Bilateral asymmetry was assessed using a Symmetry Index,
where the direction of asymmetry was determined based on sign conventions. This approach enabled direct
comparison of asymmetry patterns between the simple and complex tasks under both rested and fatigued
conditions.

3. Results

Blood lactate concentration increased significantly from the rested condition (2.2 = 0.75 mmol/L) to the
fatigued condition (7.4 £ 2.2 mmol/L) (p < 0.005), confirming the effectiveness of the fatigue protocol. In
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the dominant leg, hip flexion at initial contact during the complex task increased from 5.09° to 23.97° (p <
0.005), while ankle angular velocity in the simple task rose from 271.16°/s to 403.87°/s (p = 0.000). Flight
height in the simple task also decreased significantly from 16.31 cm to 15.01 cm (p < 0.02). No significant
kinetic differences were observed between the simple and complex tasks in the rested state. However,
under fatigue, the vertical ground reaction force impulse was significantly greater in the simple task than
in the complex task (p < 0.04). The tasks demonstrated more pronounced differences in kinematic
parameters. In the rested condition, all hip-related variables—hip flexion at impact, maximum hip flexion,
and hip angular velocity—uwere significantly higher in the simple task compared to the complex task. Under
fatigue, in addition to the hip variables, knee peak angle, knee angular velocity, and ankle angular velocity
also showed significant between-task differences (Table 1). In the non-dominant leg, only one variable was
significantly affected by fatigue: hip angular velocity, which decreased from 72.22°/s to 20.1°/s (p < 0.04).
Symmetry index analysis revealed distinct patterns across tasks and conditions. In the rested state, the
simple task showed a symmetry index range of 0.25 to 25.47 with a mean of 9.48, whereas the complex
task displayed a wider range of 0.2 to 84.89 with a mean of 20.8. Under fatigue, the simple task exhibited
a range of 2.14 to 38.1 and a mean of 9.78, while the complex task presented values ranging from 6.01 to
53.3 with a mean of 10.1. Bilateral asymmetries were identified when differences between limbs exceeded
15%.

4. Discussion

This study examined how muscle fatigue influences landing biomechanics during simple and complex
tasks. The fatigue protocol produced a greater reduction in peak vertical ground reaction force (VGRF) in
the simple task (13.7%) compared with the complex task (2.8%). Previous research has reported mixed
effects of fatigue on VGRF, with studies showing increases, decreases, or no meaningful changes, largely
depending on the type of fatigue protocol and the specific muscle groups targeted (16).

Tablel. The comparison of means of kinematic and kinetic variables in simple and complex tasks in rested and fatigued states (Dominant leg)

Variables Task Rested state Fatigued state
Average STD T p PD" Average  STD T p PD"

VGRF Peak (BW) Simple 2.2 142 -0.37 0.7 12.7¢” 2.18 1.09 -1 0.3 22.4c
Complex 25 1.76 2.73 1.7

VGRF Impulse (N-s) Simple 15163 77.04 044 0.6 13.9s™ 15856  66.82 2.62 0.04 36.4s
Complex 131.8 114.9 109.63 68.15

VGRF Max loading Simple 59.81 2343 0.22 0.8 4.5s 74.29 2571  -0.05 0.95 2c

rate (km/s) Complex 5714  25.12 75.8 53.73

Hip flexion at IC (°) Simple 53.11 1892 7.1 00008 193s™" 5597 9.28 5.14 0.003  80s
Complex -5.09 12.08 23.97 9.26

Knee flexion at IC (°) Simple 15.89 8.33 0.71 0.5 13.8s 16.1 4.32 -0.76 0.47  15.5¢c
Complex 13.83 3.01 18.81 4.96

Ankle plantar flexion Simple -29.53 1165 -0.45 0.6 25.8s -32.17 41 1.15 0.29 13.5c

atic (°) Complex  -22.78 289 -36.83  10.26

Peak hip flexion (°) Simple 75.64 23.86 9.29  0.0002 176s 85.87 21.13 482 0.004 99.4s
Complex 4.75 13.46 28.82 22.69

Peak knee flexion (°) Simple 29.91 18.17  -1.29 0.25 20.8¢c 29.06 12.78 -3.65 0.01 41c
Complex 36.89 11.54 44.07 6.49

Peak ankle Simple 16.84 8.14 -1.42 0.21 14c 15.17 7.02 -1.2 0.28 21.2c

dorsiflexion (°) Complex  19.68  9.00 18.78 7.78

Angular Velocity of Simple 257.9 97.31 592 0.001 191s 20345  57.01 6.09 0.001 101s

Hip (°/s) Complex 5.9 95.75 66.03 15.44

Angular Velocity of Simple 97.01 67.38 1.24 0.2 49.6s 186.35 133.97 296 0.03  87.5s

Knee (°/s) Complex 5842  39.38 7285  56.74

Angular Velocity of Simple 27116 8312 0.14 0.8 1.9¢ 403.87 73.07 -3.17  0.02 518s

Ankle (°/s) Complex  276.46  73.03 2376 90.26

Height of Flight (cm) Simple 16.31 6.4 -1.98 0.1 16.8s 15.01 6.83 -2.37  0.06 47s
Complex 13.78 6.4 9.29 2.83
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Interestingly, the impulse—which reflects the change in momentum—showed minimal overall change,
consistent with findings from other studies (22). However, impulse increased in the simple task and
decreased in the complex task following fatigue, which may be partially attributable to a reduction in jump
height. Statistical analyses identified two notable changes in hip kinematics during landing in the complex
task. First, hip flexion at initial contact increased in the dominant leg following fatigue. This finding aligns
with several studies (24), though it contradicts research reporting a decrease in this variable (25). Second,
hip angular velocity in the non-dominant leg decreased, a result that is inconsistent with recent studies
reporting either increased hip angular velocity (26) or no significant change (27). Additionally, no
significant alterations were observed in knee kinematics during the complex task under fatigue. This
outcome is supported by some previous investigations, but stands in contrast to studies reporting increased
knee flexion at initial contact (28) or at peak (18), as well as research noting reductions in these parameters
(18). To our knowledge, no prior study has reported either a decrease or no change in knee angular velocity;
most existing literature indicates an increase in this variable (29).

For the ankle, the present study found a significant increase in ankle angular velocity during the simple
task after fatigue, consistent with earlier work (24). However, neither the plantarflexion angle at initial
contact nor the maximum ankle flexion angle changed significantly. Previous findings regarding these
variables remain inconsistent, with some studies reporting decreases (24) and others reporting increases
(18), highlighting a lack of consensus in the literature. The analysis of the symmetry index showed
considerable variability across variables, suggesting that the influence of fatigue on biomechanical
asymmetry is strongly dependent on task complexity. Overall, the interaction between fatigue and skill
complexity shapes landing strategies, joint mechanics, and asymmetry patterns in ways that may have
important implications for injury risk. These findings underscore the importance of considering both task
complexity and fatigue in injury prevention programs and performance training.

Ethical Considerations

Compliance with ethical guidelines

All ethical considerations were fully observed, and the study was conducted in accordance with the
principles of the Declaration of Helsinki.

Funding
This research did not receive any financial from the government, private, or non-profit organization.
Authors' contributions

The sole author was responsible for the study conception and design, data collection, data analysis and
interpretation, drafting of the manuscript, and approval of the final version.

Conflicts of interest

The author declares no conflict of interest.

175 Masoumi. Skill Complexity—Fatigue Interaction on Landing Biomechanics. J Sport Biomech.2026;12(2):172-191.




G039 SWBagu dhxo ¥ 0,lans VY 0,95 VF oD ylials

gy Ao

399959 (SWillogm (§e5I1 » (T g 899 3 Jud ol 1,21 O ylgo (T Jolai i (o y 9
AU 9l g8S b

| ogaare 315 0e®

’O‘I‘!, ‘C«.G) 5@}4»)‘ D‘)i o5ty u'.'-u.s) ..\>|5 ‘L;J:)‘), P,’.C 9 SNCw 03; R

st your devie o s and Masoumi S. The Interactive Effect of Pre-Landing Skill Complexity and Fatigue on Biomechanical
o Landing Patterns in Female Taekwondo Athletes. Journal of Sport Biomechanics.2026;12(2):172-191.
https://doi.org/10.66224/JSportBiomech.12.2.172

d https://doi.org/10.66224/JSportBiomech.12.2.172

CS rallie eV
Jolge Canl ol 39,8 w3 oo l33l 1, Slios slaelail 4 el Jloiinl &5 gl pid 51 S W s - 2l 8
0397 4295 3 )90 530S 39,8 (1,21 (e Lol (IAE,S 1,8 asdllao 3,90 5,18 0 03T 29,8 1 o (G2anke VEF U Y 10y b
it 4 85 (5 pobods (B35 (Siand Lyl 3 39,8 g1 12 (S ;U (ou 5 4 allne oyl VEE ST 5L g )
855 )15 o 5,90 03l (o (IR Cikogee S Dy 9 O Ol SQ plgie s 9ilgSS
93 Jolb allao 15asd 5 pgfon o BB (5505 domios 5 8 o o ians 31 230iiest s o> (IR
Pk 9 5r b 9d 2L O ke guils gladya (So5L 5 gl dye 339 Jghe Collad Al yo
B b S5 aiBy ey 4 ya (w5 1,8 SKiaud JSSg 0 o 31,81 o] 1 pu Abolidly il oloxil
55 155 5k ke 1y 4852 (nl AUSES by ) (S (K 23,8 & S
o 915 00 - 550 08 31y ke 98 IR 11, (61 ot s o) e s
SIS Sy 50 0 g 03Le (S0 (o peSediay G 1> G (Shwd ST
Y 5> BT (l g 5 5y sl ) Oylee 95 Suilagm VST LT3 Csly (Sind b oaaliie
bl oy ol il ) et 31 39 05 058 e 503 o 455031 81 5 elly o5
i ol bty ©ylee 13 oS o yD 3,5 i puie B 43 (B e Ca adlw O)lo 43 39 (Kid O)lee (S 99,8
s 0B uiie A 4 PRUR PR W CPPWIRE CES

e Slgie b blud g (Siud Ol (Sam Jolad o a3 oL il ! [ITERE
909 e (S lee 53 S 5 I U Consl 23¥ (g iy SIS (ol £2905 (gl 393 (LagSl
D5 )5 ()32 3590

opare e
'O‘I‘!, ;Clu.:r) “:cyw:, b‘)’j oluidls L‘:\A:l) »’5 “:\3)')9 ,a,’& 9 ‘_g.\.i&agg,j D,; :‘)\:)3,
masoumi.sh@iaurasht.ac.ir : Jaes!

\v#

SS9I1eST U5 5 958 (Suilogm (9N 1 (Niwid 5 3958 51 Jub s 1] 500 (St (ola 1 w53 000



https://orcid.org/0000-0003-0414-4688
https://doi.org/10.32598/biomechanics.7.1.3

Y 0,lowd VY 2,93 N Fed bl

.

LV R

] ozl slacl 5 gxSole 5 od S35 50 Sl Ui (s S 50 S slacloe I (Ko plsis 298
ol 1oy Av I i a5 ol LS g addlas YFV Jlosigas o0 Jold a5 YoV Jlo jd 48,5 &g gy S 0
Baas o (o)1 sl o3 &5 50 5 2 ol (o ol o s 5 0330 oS (531 5 1 008 G135 (o6 o Lot
St 5> oS s sate (V) el 398 o575 &Sl 593 5 1yl (1) dmd e &) (ololped (SlopmesilSe dlawlga;
3 () St g () 395 s (0) S {F) oz ¥) 39,8 i) 0le (5,50 Sl a2 51 oy (Sl (sl

sl ly jegen i Alg3 e 35 (V) oo 9 Siogil; 5l eolitl

Slaiog (sloadl g go wBlid ogilly s Lalse 51 S lgisar 9 200 (o555 lacaml 13 (oL Coenl Mae (Sius
b (S 5l gy Jate (38 08 s 5 (uej Jodll uSe g Wilo ol (Silagn Jolge &5 and oo LS
Slitlue (5> 5 39,8 5 (B el Cund (Sl i(g)lgwad 2 wile Cilie jlo (Kind Sl JSSgy (M) 35S o S )09
s e IS5l 45 lols 5135 5y Lol blond osli] cilisn colallaa 5 JLiSian 5 JLgb tile _osbly o5
o 1ynl )lee (S g oo 48,5 013l el a5 claisS 59,8 b by clidivg 45 (1) 1103,55 bl (gl xe (s le]
Syt B Ul g 5 pe8 Whojl gilsST le o0y oty 3 (280 Sl Al oz o) le el 39,8 51 )3
s ) o b S g9y el 2958 gl ogMe (1) At Clogoe ilS By 9 3 Ll Wil o3l S & s

() 3y olid ko by caml o b (6 5005 bL3,1 b 93 39,8 o cgilgSS o5

S 5 Sid b 4 1S g e3g 35 jate Cutegee S o'l wile (glosks sl iy p Bas 43S dnd g5 lillae
4 Gygpo Mas (Saud > Salilis slayite 85 i 5 wit] clajinghy Skl i) Slaslhy )l
S Sl agng0 daled ¢ opl pogde (V) Wlatwsly 30 Jole 1) (BausScs b qw oldioe (S iges (sl wday oo,
ot (S bl )3 398 o 53 5l S S35 lp glite (Mds—as ladpal 5105 5 ohye o sl ¢
Josd 5= b9 Slacs s I (glod i i an ST ams (11 (5 50 1) 5 el s el (Sao iglis ] o 255 0
el 0dgy 398 sy «lidns LIl dn g (ilS Lol clond wyp (St balypd 0 — 90 9 JWe8 Sl s «lgSul
3yl 45 (Egdge sl gl Slos plul (slacuwl bl ) ST Jele lgied 59,8 (ol Cual 3505 )
Sl plasl a4 bgspo ¢y 4051685 50 W] oyt 45 am3 o L3 VoAV Lo jlol ciun cpos 55 Canol 005 0,L3l )]

() Conl iy olais! (£F) 55,5 5 pw 4l g (£VF) SBod plisl (£V8) a5 & sy & o 5 s o (074150)

olss alally oy 298 (Sllage (oS i > (St Jleisl 1l g gleSS ) iy Sl Shomn 4 g L
e by sk (Shb 4 slgie Jolos ol e S35 055 cuenl JS5ulSS (65 > (S 9 ©)lee (S
S 9398 5| Jd oxd Il & )lae (S Gl B ooy pols adllae Gam a5 S8 8559 3 Shos dgutp g o]
g 0ol ©)loe lgisdy Clegge Bl by (SilelsS g (StiS sl ptelyl el WoileSS (U5 43 398 (Silegn 651

1. Countermovement Jump
2. Drop Jump

S 9lsSS U5 93 39,8 (SilSogm oI 52 (S 9 39,8 1 B ol 12l &) oe (S (Jolad T (o, ogpare

60309 SWBagu dhxo



G039 SWBagu dhxo Y 0o VY 5,99 Y Fod ksl

590 45l gl 08 0 s gl (S g Colal Ll 53 ok Solee et 39155 Gy ol 40y

ol gl sduzn G Lol SIS 5l G 3948 5 (S
ol (g,
W 529051

Pl e dilo oy 5 (Jlo Vo /AY E YA (pyjed il 5 yie Sl VEFIY /O 05 i SolS DVEY EYIVY s
s jg0y9n )*’b cov Sl o (U 40 09y8 Mae— uac S slagSl ‘u_mli.:\ilpﬂ Oldlas guls 3l Mg Sliow
oy bl (Sd JSSap gl e lzzub,nﬂ S bkl u;';;“l,aﬂ pbxl gl Jgd 56 oplpls 98 )18 s
o 4l &S Bad gy 5uind 5l g abled pMel aS sdly ojlal Wings gy SKen doldl 4y bilo 5 153,80 (Siusd lpl g,
&S Md e gyl 5t 5 50905l )] olalind sl oadis dnd 3,8 4 sl o i 93 LS aoe (ST okils sl (639

aly sy gxe Gl 53503l plas ye3 SLSY 4zl
OUR95: 99y 9 I3

OB S8 (Jgl A po )3 dindo LS5 Jlgie jgbar oS adld d92g cllab als jo 93 (483 VOB V1) (93,5 £ 5 5l
Sl > don oty )l Olgisds g1sSS (B 45 g ol O)lan (lgisds CinggeBlS Sy sl bl ) cllad g4 9
el 39,8 g5 dmiio (59, S g9y 9 Bdn b 9 0 b GBASES 1 CiaggonlS by )3 A plEl St g Sp b L
oS Sy a5 aiizy 0850 il )8 o] b flix glis)) 0 48 Bam 4y o 0 atuls )lS555 5l g lsSS s (ol
oyl pgd als o 13 eyl 51 uw AlolBMy aniS Jobo aiBd YA £ ) als ol 539y Jgub b 3,8 o 3)65 10 Caso 5 p0 &
Pl 4585 Y ot 4y ety 51 b a5l ¥ i) el 4 51 ) sl 5 VL 5 bia Sid iy 5
8l deldl | (Siud do g 4 ey U (s SS9y g oy a8 ad a8)S a5 > sdiSdind Culld lgiedy o5 0
BB YVIY £ Y/Y 0SS yd po (gl oo yed loj JS (uSlee S J1)ST L e 1) a8 ) siilys BaS'eS b don
)] o Sy ailiwl UJL:.)) dl).: S CS wM.s ] dl).: PRy dl.: M 9 JL.»;-L» Ao )d (;wlo....f ul).u.v Dy
(HlndSSl il VICON F8+ Jao) (somdw &8 > Judos piw S5 b (w95 SESY Sl Sl pis dd > 0 plas]
<l workstation ,l53le 5 o (VICON ¥5+) 0553, <S5 ¢55,m Ve (uilS)3 L (VICON) e po gy cpuygd Lid Jolis oS
o sloodld (5slaaz sly oAb o3l JF SBgd S (dlopols B g o) S (St & glo ol (28 4l
olyod 4 (g il yia oo YOXE« o x¥e e 03105 S AAYAS o) Joo b8 (59,0 doxiio S jl oo Jodll pSe
SLSY wliwl obs)l (lp LS je3dUT s ealil (YABYYY Juo) JiS aoly G g (AWAY Jao) B

A edlawl

1. Plug-In

YA

S 9lsSS U5 93 39,8 (Seillogm oI 52 (S 9 39,8 1 B ol 12l &) oe (St (ol T (o, ogpare




Y 0,lowd VY 2,93 N Fed bl

FShe g )5y daxd 3 L e g oy il S S Gy gl SIS S B e L L 2y95 p dland I 09,8 dls e
S 5 55115 5 ol 5 ol S 53905 (53568 25 izt 3 ol () il oy b ol 5250
Oy gl 8l Il ke sobay oy piitesST L g Cue pobody oy aSIE L (459 0y O sls) Oy agly S (b))
o g5 gly 8l Gl il aSB L (L Lo 5 ol o al)) 915 Al 550 )18 Lwly o g3 ol g 45 i 423 Hhe
sty (piSIB )93 b g e joboas (puiSIE Sl b (L 5 b (Lo o 4gl3) b e gl sl JolST (it oaimd L5 4y
b lo 5 cudls J8 a5 59y Blo b ol 0 o8 b iy elasgly gt (429 +) b o 5 agly ol il e

D2 085 15 (63508 g0y
S 3ol Sl ga 525

ool <[+ §) S (I3 sine pdans 3 6 )lol (sl oo .15 3lil VY STATISTICA (5Ll Jl58ls 5 51 daosls Ll gl
o st duslie (gl cpiomen 5 (St jlin g 5 i p3lie dunliio sl atly sladiges slp T slagygasl 1 g 45
N g Colyiwl clls o BB Moy 5 (Sud | st dod s doyd ((pl p0gMe ub edlaiwl 59,8y (4l
S > Anwloma (gl puiie () g2 b S (08 o oaima i B b oo augly i cdle oS ol i IS

pae d ) CaoS st (glp (Voo x JS Slda [ ol Jlde — YU jlade) ole jedls dolee b 48,8 Jlas 3 codle o

A Al Siwd 5 Colyinl glacdls gy 4Bl jobay

=W

Bl bl (VY £ YY) (Sewd a4 (VY £ VD) colpul bl g dre jobas 53 SSY sl clale
o ol 15 s iy b o3l ©lan 31y (S (sl ol Ko o5 s m 5 ) g (P /-D)
(P<e/e ) bl iol38l odmy yloo 43 Dy y alasd 5 ) iSIS Lag da gl B SOlerS slajialyl o il
P JB b o3l ©)lee )3 55 Slgp )P+ +0) L haljil ol )lee )3 b e (slrgly sl 2 0gde
SMugls sy i 5 )18 SMae  Sind 3l Cot (6)l3 gine yobdy 4 (¢ puiito L a5 wmd o Ui Y g .l gals
ap &S 0b LS Y o (P<e/0F) Conl adl jials (4ol poas,0) Ye/V 4 (a0b p as,0) VWYY a8 canl oy Juate
s Al j0 Jb cpll el dgs g col il cdls )3 sdion g 0ol s lpe cp (SeiiuS sl usio ) (g)ld jime Cogles
SF5k gl 0B (g o)l (P<+/F) 392 VL (295 BB joboas oy ©)lee b dalio )3 03l &)lan 53 4y
Sl yes  dand )3 ) uaisIE x = oy kate b g e (sla it plad ool <l js sl ol SleiS” o,
2 oge (S o 3 039 odzmy )l I il (2P BB sk o3l Olee )3 = oy Slargly ey g oy S
O)len g9 97 O ) ol dre Sl 55 b e Slausly o p g 915 gl o p sl )3 95 agly oy Jate (sl e
s by colpwl clls pd sy 5 oolw lac,les o (o)b me (SitiuS Gold gus a5 ol L T Jeus ol L

S 9lsSS U5 93 39,8 (SilSogm oI 52 (S 9 39,8 1 B ol 12l &) oe (S (Jolad T (o, ogpare

60309 SWBagu dhxo



G039 SWBagu dhxo ¥ 0,lans VY 0,95 VF oD ylials

(5 gb) oam 9 ol o oo ) (SS9 (SiloisS (gl yite (ke duglio ) Jgax

o @)l osbw &)lpe Cundy e
doy p T Gl onSobe doy p T EJOS Sibe
e 3t Oy 3kl
+AJy -IA -Ivs \IvS A - DAV | VY YI¥ oyl 908 5oy ST
\Y YivY v/ YA e (o) o5 ol e
=VH/A -1¥ JIA WAV YWAA O HEEY Y WY WYY WVEY eyl (456 ) (dlios)
SN Vea/sy - SEIAY VONFS s
+YV/5 AR VAY Yol OYIVE Y)Y -IY - YY/¥Y OY/AY oyl (456 cygm) )38,L ¢
- av/vy Yo/A Yo/vY YF/va (N>
Y- ofeesd VIV VYA /- +OIYA [0 e[ VA/AY IN7AN oyl 5900 lej 5 oy 49l
- avs YY/AY - VA AN St (42)
+ys TR Y/Y \7R WA RNy LAY ey AYY VO/A Col sl 3555 olej 53 9l 4ugl;
- /a5 VAIAY - \lAA A W (42,)
+£3/[5 -/va -/ay YAR SYYIYA  +NAY e Jan /5 /5o YUY Colgal aygsy alasd > ass il
VeIYE XSIAY £\ WYY Ss (423)
+o-5 -1+ Yo YiES ) N/ ST BV S AN 4 v/ V2 Yols¥ oyl (43 3) ooy oiSI yiSTas
- yy/Fa YAIAY YY/EY AQ/AY s
+a/f AV VIOA /o YSIAL -Y/AY S Y WY Ya/a) oyl (425) g5 puiSI3 ST
- vIvE ¥¥/-v VWYIVA ya/.5 (N
-¥/av -I§5 -IYA A VSA ARY 55 LR ANY VFIAY oyl (4 3) piSI8 o y93 ySlos
YIYA \AIYA \/0 VoY s
EATARY o/ YN 0iva oA e ATATEERYA RS VLN 70 o Yav/a ONKW 240 ) ol gl s puo
VoO/¥F £y av/ey ARVANN S (asb
+VE/V .13 o5 YAUYA OAIEY +ay oA YT SVIYA v/ oyl 24 y) 95 clagly s puo
OFIVE YY/AD WY/AY VAFIYD s (sl
-\ -/¥ SAY O YYY YYEIES AR . -0/ AYI\Y ANS oyl 24 y) e lugly sy
Q./vs YYV/s yy/-y £orRY I (asb
-v/o A Vias #I¥ WA YAY Y Y #I¥E VEITY ol yal (ol Slgys gl
YIAY aUra FIAY Vo/+) S

Al )3 dx e Gb > S)lee £55 95 o Ol Jeate b i pe gl yiite ) (553 dre Glacglis (5 gl wlie Jl>ull
ol ylee b duglie ;3 ool &ylos 5o polie (pl &S Cunl opl do i B &S5 0 odaliin o Siws cls ) ds 5 ol il
Py gil; il o ol cdls jo Lol s sdalin (6,50 )b xe  (SoilelS gl g ( Sd b ) g iy

S LS O)les £95 93 om ) S sine gl lj lavgly oy 93,05 0

o S oyl el 5o amd o Ui STGMSN 8o )3 olyen & «yle ya sl 1y Fyomé g 5y s ) pa3LE 0 g
oS F GV loaae pl ( ( Siws b jd 0 i ol Cyles b duslie )0 odls jlas j3 pusio V&5 pas purie VY
VD s ool Oyl (gl B (et ls (1 Sle g dely el gl b )3 il pre ()8 (aS L e oy bl
Slo g dield ¢ Stwd s ;3 00 Ve /A ko LAY/AL B /Y 5l dield coduzmn &ylae 50 a8 Jloy 0049 A/FA 4 YO/FY
pas 139 VoIV g OY/Y B B/+ ) )l congmmn yloe 3 a8 Il yd 93 AUVA g YAIN B Y/VE o3l ylee (gl )85 a3 s

Do it 7O 3l ab gy M &8s o plolis Sloj ab )by (glay &5

SS9I1eST U5 5 958 (Suilogm (9N 1 (Niwid 5 3958 51 Jub s 1] 500 (St (ola 1 w53 000




Y 0,lowd VY 2,93 N Fed bl

60309 SWBagu dhxo

(5t L) oz g 03l G )lao 0 (SuttS 5 (SloisS (gl pusite (S dnlio ¥ o

odme ©)lge osbw &)lpe Cogmdy e
Loy p T sl pSke doy p T Gl xSbe
e 3kl Oy 3t
-Y/A\ -1y -/va -1 Y/¥a A VAT IR VAR \IYs YIvs colynl  Jedl Ko (63908 (5955 Sl
Al Y/¥Y N V/aa e (o) o0
-4 AR Ay BeEY VRV -YYElY VY NYe vElsy ARNAR ol (456 cy98) (e
AV/A WY/ Fy/ov AFE/AN S
-a/y I LA 8 74 & iy +FAIY YN /o) BO/AY ol (456 3 Fas) I8\ &5
A\ £O/IVY - YAIEA AV/A e
+YNY A -/ N¥Y WY N A RYAY) VF/AN /Y ol yzal (4253) 3y55 32 o 5 o)y gl;
vy O/50 - a/ay £51+A RIS
A of-¥ Yo A\ =\¥/A AN AN FIo¥ Y¥/AD oyl (42 3) 3y55 0 oy 53 ol asgls
- #If WY AIYY Y\ W
+a/¥y </ S Vo IY SYYAY  +5/A -I¥ AN ol -Yvia ol yzul S5 dlasd > uisls lualy
/50 LA vI¥0 -va/ry S (42)
+OV/0 JYS AN YAVY Ve VA A AVAT-IR VA7 v&/-Y oyl (4253) oy oyl Sl
- YY/PY Yo/¥a - YAIVQ Aa/ss IR
-Y/IAY A SRR VRL W RVAN /-0 +0/Y -0 - /00 AN’ Yo/vy oyl (425) g5 puiSI3 ST
Uy £ /EY - WY YY/YY S
+15/) A TN £IYA \EISD HYIYY N YAV a/py AY/A¥ oyl (453) (ytSL o y93 yiSTa>
£IYY \a/ve - FIAS DR IR
=YY\ [ ¥IEY  00/5) YYIYY YISV NZYSERYAN SN CV/SS dn 70 colyol (a6 p 45) oy lagly ce
- V0/N0 Yo/ YEV/YY O YOY/ay S
+5IVY NN FY/Y MY Bl N o av/ey \PY/E colyol (456 p a ) ¢l lagly co
va/.y MISY - vo/a¥ WYSIA IS
+\a/8 -/Ifa AT VLVNE SLVA SR ALYA -I¥ -IvE A YSVIA colyol (486 v )3) go slagly co
- ay/\s o YEY/ay - WYY MANY I
-¥./5 A BRI\ a4 WEY R /Y SRYARN 5 DR ol yzul (yieatil) jlop i)
Y/ Va5 - AA VE/YA JECIES
(Fr gl Sad g colpal b p (S5 SoletsS (b yite (1:S0he auglin ¥ J5an
) colyiul candg <)l e
Loyd p T Gl OSSke o yd p T il yoal OSSbe
Ol yuss 3kl Oy 3,k
YY/E* -I¥ VA YA WV -1V <Ivy VY YIy ol poj Jeall uSe (53908 (595 Sl
MY vIvY - \IvE v/o oy (o)
\EZ YIEY  SEIAY NOADE AYRRF -I5 DA VOV/EY ool (46 p9) dloos!
FANO  NealsY ¥R AWV/A ol
A DA R I (VA Y¥/va Flor* <IN XY YYINY O/AN ool (46 Fgw) 5,138, &
ov/vyY Yo/A Yoy 70N ody
AFE ey Y YA AN\ YA VA/AY 7N o3l (4 3) 3y 32 loj 1 ooy gl
a/ys YY/ay RN -/-4 ol
o/o* ¥V —evE o YIRY VB \Y/ARE -/o <V AYY VO/A ol (4)3) 3355 olej » 93l gl
/a5 YAIAY ¥/ WIAY odxy
/o AR AT £/ SYYAY YOI N A SN/ 7 S L/ odbw (4 )3) 5y55 2 aliasd > i85 iy
Vo IYS YSIAY - YA EAIA N
S5V SRV PRS SRR /7N SR AVAN ¢ AD/AY N\ IR VA SN 4124 \ g ook (42)) oly sl Sl
YY/sa YAJAY A £IV0 odzy

SS9leSG U5 5 3958 (Suilogm (9N 1 (s 5 3958 51 Jub s 12l 500 (St (ola 51 w52 000




SH)9 Soga dloxo 5 VY 5,95 VFed il

S Cyndy colpil Cyndy <)o P
doy p T Gl Sbe doy p T Al 5Sike
Ol yss 3,5kl Ol ps 5l

FV* A -Y/s0 \YIVA Ya/-5 Yo /A* AL VYL ANY YA/ odbs (4 3) il puiSdl 1Sl
AR TV - VV/o¥ YHIAL oy

YVY* /YA Y vy VoY i AN V/¥Y AYY VEIAY osb (4 )3) puiSIB 9> yiSTo>
YIYA YAIYA - a \A/SA ol

VVFE ey 7RSS\ /R0 W 05 v (SR LR deey o BAYavny Yov/a odbs (46 5 42y3) )y glasgly s puo
A 7R 20/va o oy

AV[O** ey YRS OWYAY WYY YR Al VY BVIYA av/-\ osb (46 axy) il slasgly e puo
OFIVE VYA YA/YA OA/EY ol

VAR o[y YAV WYY FeY/AY V/Ax <A NY O AYNY YV/\E odbs (46 5 42y3) o (slygly e oo
SN A7/ \AYR S 1771 e

FYFF s XY BIAY 30/ VEIA A V/AA #I¥ VBN ook (ronilo) jlgp glas))
Y/AY a/va ** - SIf VW/YA ol

ol yidiy 0dles ylae 53 e Hlade s ] yid sdummy Olae )3 e HlAie*

(B0 b) (S g colyl Sl > (St g (SlotS lapiito (ko dumlie ¥ Joi>

) ol sl Cundy <)lee s
doy p T Gl ol onSobe doy p T N JO pSike
Oy 3,1kl Oy 3 kel
Yy/o* NAx V-0 -Is5 Va0 AUSAE N4 -/¥A VIvE YIvs ol Jadl puSe (93508 (g9ym5 yiSTa>
- VY YI¥Y - AN Y/¥a ol (o) oo
A§Y** -I¥ XY ¥vY A rZS T ¢ R Y 4 \As YISV 12/¥4 ookus (46 yig) dloon)
AY/A WY [/l VEEIYY o
\A < /¥ <IN YAIYA AY/A Yo/v* AT VAN SN 7/ OO/AY odkus (46 ogw) )IS,b &
R £O/IVY - AATAR iy Ve
WY ey /A a/ay £5[-A A Y PR B A VE/AN oAy oolus (4 )3) 3,05 32 Sloj 5 oy 4l;
vy \O/50 MY WYY ody
YA AV 2l AYY AAVAN N 0 77 oY PR VA 1 £lo¥ Y¥/AD ook (43) 3)95 3 loj 53 515 4yl
£IFY WA AAY WY ol
Yy o/ Yivs AT -ya/vv TV* AN VA o/+% =YY/ ool 55y Abasd > oSS il
/50 LA Ve IY SYYAY eao (49)
WVl AIYA YAV INViZd ARG % VA s A Q07N \iZ0 ol (42)) oly sl Sl
YY/sv Yo/¥d YAIVY VENo odxy
AIY* -/¥ <IvE WV YVIYY \Yis* VAV Y/ 3 \An% YO/NY ookus (4 3) o3l puiSIS S
- /vy ¥o/FY - ARVAR £Y/-0 oden
ya/ o/-a Y/-5 FIAS AR e VAL SRR AUy \WAY odkus (4 3) (S8 wyg Sl
- £IYE Va/¥F - FIYA \EI50 ody
VAYF* ey ATARS VA& SR 7~ 7/ S ) o SN RS SRV A R N CVZ S W o VA A ol (4l anyd) oy slasgly s puo
0/\0 AR YYiQ) SYYIYY o
FEIAT ofes Voo vo/R¥ S\WWEIA O sSISFR [y YIBY av/sY \EV/Y ol (4l asy) gilj glassly e puo
ya/-y -AHISY FYIY MY e
YY/Y** AL SAA VY YN YERRT s s A YSVIA ool (Al p as ) e slagly sy
- /s YEv/OY OY/AA YUY odexy
aY/E** AN S ANA VYA alavE s A iia) DA% ol (o) lgp glis)|
- /A v/as - \a% \Y/EY ody

] it 0l lae )3 puiie HlAe s Cowl pibe ol Cyloe 40 puite Hlade™

VAY

SS9I1eST U5 5 958 (Suilogm (9N 1 (Niwid 5 3958 51 Jub s 1] 500 (St (ola 1 w53 000




Y ylond VY 0,93 N Fod bl 59 SeiKagu dla
OB padls SMS a0 5 &)les po sl ol ) adld B Joa>
s Cgndy el Candy b )l e
PaMdlasy sl OSke PAMB as)y  adls oSbe
OB padls o ol a3l ol
vIY olos YA VFA -VIvE vIY P odbo Jedl Ko (3908 59y ST
Vs LA () e
#1eN vIVY -I¥ v/o Sy ol
v/¥Y v.¥4 Sy
vy \s \OA/DS Yo -5 AVsY Py o3k (46 y9s) llos]
VPE/AN VYA g
-a/s5 Voa/sy -0y WA/A ke RV,
WY/ VEEIRY g
v -0/% NAZARY VA AT BY/AY S ool SIS,y
AY/A OB/AN P (4B 0 oyss)
VY Ya/A WY aviNE P ol
FoIvY Yy St
A =A/YA INVANS LB oIy INYAR! Py o3k (43) )65 3 loj 2 oy 4gls
51 2y Pk
ARJALY YY/ay -Yv/as /-4 Fr 047
Vo/5o WY e
a) -\Y/5 VEIN A4 -yy/aa Vo/AA Py odlw (43) 3y95 1 oy yo ol agl;
YA YEIND g
o0 VAAY =V+/YA WAY S ol
% W g
WA BIYA PYIVY WA /00 va/oy P o3k 3ygp dland )3 opiSls il
va/vy Yv/a e (4 3)
AR ASIAY -\a/vy YYIVA Sy ol
PVIVE PYAY e
ay -YIo ABIAY VA AL vols¥ P o3k (4533) oy (piSId ST
AJss YEIY g
Y YAIAY ~o¥/o £1V0 S odezag
vo/fa VN g
a5 -VYITY va/.s ¥ -ANY Ya/a) P o3l (4 3) ol opiSls Slas
VYT va/y Pyt
ANt £V —sloy YEIAR Sy edoma
£ IFY A7RT S
av YisY VoY WY AUy \EINY Y o3l (4 3) (piSlo s yg Sl
V¥R WAY e
\id VAIVA AYY VA/SA 5y o
VaUrE \$l50 Py
g —YAND  YeY/¥D VY -Yo/fy  YovAA Sy o3l Oy Glgly s pus
Yof/oy FYF/vY Py (a5t y s )
av/¥y 51y —A¥/A 2/ Sy o
\A YYiYY Py
00 YYias WYD Y —Ya/y av/y 5y o3l 13 laysly sy
WEIA \taris Py (4B 4> )
-As5 YY/Aa S\SIYA OMYY Sy o
ATV MY
\BY WA FYIAY VAY -I5Y YW\ Py o3l & Slgly cop
FVA/NF YEVIA gy (a5 45 )

SS9leSG U5 5 3958 (Suilogm (9N 1 (s 5 3958 51 Jub s 12l 500 (St (ola 51 w52 000




G039 SWBagu dhxo Y 0o VY 5,99 Y Fod ksl

-y YYV/s WYY Yvsies Sp oo
YEY/oY VANY 5yl
WY YINE \a/+ W £130 VN Py oslu (iosislo) g £lis))
/YA 745 S
vIvY a/ys VY /YA Py ohox
v/as WIEY 5

Jolge 5l Byl oas (69,5 Wbyls i bj)yg (slacamw] 13 a8 Lol o yed LB 00 yinS lidss s
e Sl Canypd yhe j Wla8 )T 18 da gl 350 eSS K00 (S &S Jb 0 wlad )5 8 adllas 550 00 yiuS jsboas

o b S g5 398 ol b Sy (5953958 0 Jid & 5 oy (S Sy sl Jold eglgSS aile da g jl (B2
G155 Slils §) b Mie St 133 Ll ]y ol oo bl slod st (glbiams] s sl 1S s S
8 2950 o 3 S Sl s Gl 4 i Clils () anl 439,515 40k 390 liixe Lo 03,8 jglos,
Sl )3 358 Solosy 2 0Shes (Sum 186 2l lo Ban (10) 258 o0 Al (e (Stud I padls olsica;

D9 GH 9819 o > (Kawd

Job 0> omej Jedll pSe (93905 (59585 worSle 13 02 VIV (il 4 ot adllae (gl )5 48, 84 (Saud S5
o b o Jols5 0395 136 o 0 Joall S (slag e 5 oty sla oo Jsbo 13 (5203 YIA 5 el (gl oo
M (Siud Sl 350 )3 (coglie (10530 e sl 53 0,5 o )8 S sl b gly 5 ol ol b )85l
o) Snzy slalpl 398 > 5 (e JadlnSe (Slagys g2 (St 6 oy 25 329 (wej Jedll e (355
IS 5 55 48 ol ly 58] K ] g oy ples 5 i) Jadl S (63908 (5985 48 315 L (o3 1S
S LSl G 09,8 Jsb 13 398 Sllogn p (Sawd Sl (g plin (1) Cul 50 slagyss 3o Gl cudils
dulde )31y 6yt o) Jodll oo (63908 (595 o SLo QEMISES 15 ¢ (Sad SS9 5l &5 A5 aseie (ol IS
Jadl peSe (63508 (S538 marSlo 3 sy VIS LialS uios Sy Sy (V) 15305 i 395 adgl (sla g puSojlul |
S Sl g e Joall pSe (5950 25 BB (ialS )8 ()15 (S JSSg Sl e b Su b G 39,8 sk )3y (e
Sl am gl s Slacadldly )3 (e ol nSs 3908 9y 3 GBI (VA) Canl 0 oaaliio i3l ol 3l
o orSlo LnlS iagaly 31 oolitel b 13 oS b b 15 0diiS o e (eliore (St (18) Canl 0k LI5S 30
e plgsar & dy cs (V) gl oSl eMae (Siud bbb Ll ol (L 398 Jobo )3 1) rej Jedll nSe (90905
Saxs Ol Sl (Sae &S 39500 gl oSl > (Siud el b 435I 4 adlas ol ) (Sd SSop
2 S Pgme ol s lagas (Saus claJSSgy 85 3l G5 (5950 adllan S a1 403 i |y e Jodll e
ugliie pBn (o) Jodll w8 (5956 13 42 g BB S pie 1 (e (holiie 4Bl (1) 23S (03 2l (30) Jeall e (9,5
Job 3 (o) JedllpSis 59y & wloa 5" (Lt bl (S a3 5l (B edin cpl 53 ol 0B (B)1)S 39,8 calisee 45 9
Conl @Bl ol b (S 4 bawgle (Situd I (w9 48l (Ll bawgle (Siud &) (Sd o (St 1 295
b Lol ccunl guan (TV) ©llllae (S0 b il nl le (B 005 (g (S Sl b (S 51 8 Ll ) Gl (V)

1AF

S 9lsSS U5 93 39,8 (Seillogm oI 52 (S 9 39,8 1 B ol 12l &) oe (St (ol T (o, ogpare




Y o,lond VY 2590 T bl LS&’J.Jﬁ g%)&.o&p‘&lz.n

do g b8 gles .l ol )0 (VYY) 25 o ullios] LialS cely 93l 0aiS 5L cMae  Siwsd Silosls lis a5 (6,505 Clalllas
2 ol piels g el &)lee Jobo )3 el Gl & Cosl (Sao 5y (gl o (S Ll B o 9 0 il 5
S Sl G B GRS > 4 Sl e odzmn O)le Jsb 53 bl (RIS 398 030 S o ©)le Jsbo
ol ggpin o) 15 Slan 93 g2 (oK glite il 8 oo Sl (6 y2eS ullasl Seymly £y 51 39,6 1 easl e

8l a8l oty Ol B o3l )le ) ool Lol Bl (1l Oylae 93 52 55 (b )] 42 ST

4y Ol Jgl b oanlite oumy ©)lae 5 39,8 Pl oy Juate S5laiS )3 g BB i 93 g)bol Jelo ol 52
s i (10) i’ (sl l55 L ol ol gund (YY) bayo ol o by o 5 5l 55 4l oled 53 oy o
sio cpl 3 1y (YY) puss pas b (VF) uli8l o8 i) Glalllas b oS 5 e (gb o oy oo slasgly e o ialS ¢pgd
P (R  md (s byl 0 &S puS e odblie (Joda glaodld awyp b cwl dlas o wiles ST 4158
4 (6,550 Slalllao b Lol Conl guod Slalllae (S b aidly pl .Conl 00185 &) oduzmn )15 S5 10 35,8 plKa gil) SoloisS
L5 53 lon,S 35 (VA) STgsh cslaeize 2alS a5 (VA) 3] 3 b (V) gl ol 5 1y g 05 o3 ol
ooy Oldlas .l 03,55 5,155 1) ¢l clagly Cas o 1> i pae b ialS (claddllae gud quuld oo bo a5 bwl b Lol
alidio 0ol Y5 Jobo ;0 1) b o (slavgls e 35 (2255 BB ]38 pols aslllas (VA) Wlodls L 1) pusiio ol (i0]58) ons
g S8 (b o3 dli g adsl wlod 3 b S (8 03 gl 53 Sl (Jlo gl 21 L (TF) ()50 adlllas slaaidly
Ly LT Sl 590 53 Lol 103,851 55 s yuiize oyl 3 1y ¥ BB &l s 1500 lalllas 48 ol do gy s 2395 I3 xo b
O)len 53 st ¥ ais 45 amd oo (U3 3805 () @l 4 IS (I ilodew 5 gloal & b oo (VA) QRIBIL (VF) ialS
8IS |y (S5 S5y 48 et 5 i sl 32 b S 5 S 450 o ki Sl 3 eita ¥ 5 ook
3B Olee 95 o gl (V1) 15 a0l (5 55 Jgeishe 5<) g3 LSV 5 lactae (I i glis) )3 o sine
(St 31 o S o > il Al IS el 398 o 2500n0 (SaisS peito T o 530 5b 3 (S
oly Jhate SoloiS . ad sdalie (SuinS jusio Sy I dze Solds &S Cawl Sumdg S opl 5 Wb oo Siul38l Y 4 by xe
St sl Sl ooy Juabe laygly Copuo g o) Juade S (0D 03 gl cadsl poled 3 Oy Jade (a8 03 ol
ol plos o S bl s plplhy 2l ol (St g Colyinl Sl )3 St 5 52 sk 9 o 2 ylae 93 o
sboodls Jeloa o5 b wslS 3505 Sp b 9y dnle sl aiieg oy Jade bawg ond S0 6581 53 ©)lee 93 o
o A colyiwl cdb 5o s VYl adsl oles jo @ylee 90 s 5N gl BB o yd aS 1S o odbliie ¢ Jods
e Aoy A 4 o 0 WY aS wd sdaliie X woly yiSlis gl ioren Ng) cpl il aBl EalS  Sis pBin )
Oyleo el Gials (Siud o dopd VoY @ (S L8 e 0 VY e 90 e oy slauely s s cglas o S
3928 Ol 3 (o5 slems dugls )3 oSS gl 3980 sl 9 355 00 )1 oS 1 SV 39,5 s )3 0diSj 4y Sb o
495 D)0 425 BB iglis o3l 39,8 b jliman 4 (ST oly Ggmr 03l 398 o a1y ol 9 33 yus 1y oSN ol (St o
015 ) iyt Sl b arps o5 amd o L il 0 29,8 558 i (Sl 59y 9IS S By &S sl (oo A5 )
oo (1) 3500 bgiye 500 sl b (95 95 5o 4 b Sy g9y el 29,8 0956 & sl 00 (35 Sy 5 e
Colis axs 53 9 a5 plyr 93 Lot (Saud ) g o3bo Sles 3 ol slagly Cos g g gl ST (05 3 gl el

S 9lsSS U5 93 39,8 (SilSogm oI 52 (S 9 39,8 1 B ol 12l &) oe (S (Jolad T (o, ogpare




G039 SWBagu dhxo Y 0o VY 5,99 Y Fod ksl

Oyleo 50 Lol el o138l o pd AFA o3l ©)loes o (Siwd > & 30 b oo lagly Cspu 8l ]38 Lo p> VIVE
s 55 Sylee 93y uiio Cpl 30 gl A Cyloe 90 po (2P B gy 4 e &S Bl EalS do 3 VF oS sl
g 03k Slae Jobo (0 AT )3 ao)d F/EY iuljal il (]38l aoyd VA & (Siud clls o Lol g duoyd /A Col il
Oylee 93 e (S bl 50 Jole pl )3 0o )0 YEIF Colds dy jomio oduzn ©)lae Job )3 juxito (pl )3 doj3 VEIA il
St b ) el bt (Siad 5l S O)les 93 (o )3 dre Dl &l st Sl 5y (Sl S 05
2oy3 3 Ui ) 6yl ine Slaglis ©ylee 93 o b 93 2 )3 () Jiade SloisS 5 Sb e gy (Sl aay )
o 2 VYl S eyl s g 0 OB do p> &S Jb jo il ialS  Siad 1 s Shlee 90 e N aggly po M
Iy )l 90y glds a5 St ,500 pusiio 53 ¢gily (gldsgly e puo g adgl wlod j3 gl il o5 Bl ol ds > VAY &

Wb yaate 93 cpl 50 Golds EalS a4y yoxie (Siud s o il colyial bylyd

ORIBl (o559 ol pbsl > 23 8359 33 1) (Ssedcml Jlas (RS b Jolos 1o ()l pis 5 (S Col e
lie o) izel (ot )15, 0,k e 05 )5 ibgd ()l pis (i » e S HE ST Uiy g 4l i
pae 50 oplite glaansy )15, 50 Jb e pd leols lis o lite glaard ) o))10E s 4 o |y ))& pae 3l g 5YL
Loy Suus o b colyl clo §losls &l 3 )l Lasls 3Sike pols s 1 (1Y) Casl 005 oaltio oyl
o & amd e ol ol cdl palS Ghal 4 (s cls 0 o)l e ls el Oyl 5o bl wile (Bl s el
Wl Jade glgly oy Glp QB pa3ls ) dag hB il sl 035 50l 1) odomy O)lee (K SS9
CoS oz slaclee )3 ()l pie (R D (et A8 2y dlixd 13 b LS (B sl g oy Jade (eSS
P S i (Sad b oo i (SlonS slojiie b duolis 13 (St glopite > )i Gasls )l (K
W odalie yuxio V50 iul 38l codiomn ylae 50 oS Jbs o (8l il Siud | o o A yd )l a3l ool <ylge
o oy ol o | (ol Slnyeita 3 5 i e el o 005tz D Syt 3 o5 (5,500 a2y b 40
odnliie ol Cylee jd puaie A 3 i (pl &S Jbyd )8 s pxie B 0 8 pis Caps wdlo OHlge ol (Sius
SSSay 50 Ol Wlodpw i glonl & gd 0 ()5 pae JialS b il cely  Sus LT 4l 590 53 (L3 ladllae s
) Bois S et 1 (o500 ol lgiee Gei0 )3 02l (Solge g iogesl (S Cumdy g (o (St oS slox
(S b by 0,8 )3 nplail s ()l pae 48 ol (LS JUoS )52 9 (Sl d LWD)59 o 3 aalllas ol amd sy
(65503 @l (1Y) gm0 Ly 5 5 (85 pie 45 Jloys akleige I 2SI bt S35 iS850
s Sy (1T) e 8IS (S | o 05 Jodl e (53568 53 (B e 45 3> G355 il 3Skac 3,90 50
Bl s 2 Lol il oo yicylite ()l Cas s e b jadld Sl (B (S Sl gy &5 0> (LS (93 (SlSlage
O) ol pSs (59565 ) S pas &8 3 (LS lacwlioy] g9y adllae S @l (1) Wsd oo o liel 5ilj (b 5 515
B e Amd e b5 &S 1538 a5 |y £lis)) LialS S ) g Lo SIS ES 1 (FD) Wl po LinlS glisy) ilsél L

sl &8l )33l e Sl puSi (555

Ol e ol dnsliS ),,,b Oglate jobody 39,8 93 pl (66X (Sius LT aso! 5590 3 ddllles oyl Lol 4us,8 &4 Fwl
W3)S yuss Ca S 53 O)las 93 3 )3 pusie Ao (b5l puie Wl 3iSlee Coglis (g laline S jlaS Bpo 4SS Gl
2 g oals Ohlee SO A Sxe ol 4 sy s Wlbee slacas (3 Sl (SleiS paaie duw g (SIS gaxie 9

Y4

S 9lsSS U5 93 39,8 (Seillogm oI 52 (S 9 39,8 1 B ol 12l &) oe (St (ol T (o, ogpare




Y o,lond VY 2590 T bl LS&’J.Jﬁ g%)&.o&p‘&lz.n

w50 543 s pe Slund (i ppe b )0 0e pu Caa il e pxie Yy Gglds (g boliae La8l ol S0 ¢ylee
donss led oo eidld (g)lolize gl ylos 93y a7 b ke D g Lo yuiie putt s A da i b opl o b osaliie
Sy pls aalllae ;> 4] & dngi b o)y (S O)lee (S & (Slogn 3 Sae lojito p (St il oS 35
lacals b gl 3)50 )3 gy Gliaebl b lgiee |y gl sl ploxl plojon jsba |y & )lee 53y o agojl 5l 09,5
Mgl oy Sl cile (Bl 55 (9 Lyl g g sl oled 52 85 gl edleo loo Jsbo )3 i s )3 28 s
w53 )5 Snd 5l Cov 29,8 Jsb 53 o) S o Caz g3 Sy JyiS &S s e bt ol cdl Lilial ZaY gl
o3l ©lee b otz ©)lee )3 95 SlatsS (6558 o Wl 40 il ) o S35 [ S0gy (Mas Lol 5 cunl
ol il AV s laygly sy o5 Jl s bl alial 208 zol y3 9 AYF adgl eles 53 o) dgly e glie
oS 93 cpl ST J5S odzmn )lee sl o 3 dgly GRIBIL ) S WS o o )IS559 & a3 LS
s IS5 5 AF Gl 4 oeie ol &lae (SloisS 590 s (S8 (o peiie 53 (e &1 yocie lote (SileisS
Ol b (s &S 0 aside quli opl 5 s S5 3 208 LialS 4 e sdom Oylee (SileinS 651 &S b >
Oylgo 53 dd o idlS 1y 4y ialS SUles ol ylee 0 L ST Ldgyd s )0 gil) b o3 Cas ) slaely e g
C8 a5 398 Juols (lirebl B8 S 1) <8 o B iS00 (3 (o = 0 (sladyglj odagas = nausly Gal3él b cosony
Lt a5 g amd (1alST |y Jlygedsed (obS (5 5958 Slgioe oS b o3 taliEl 8l e BliS] atan] ol 4 g
CS > ($3908 @b g (8M5 Ojgody ob oy 39 0 (I A8le dadg)d I (B 53 (1F) e ey (eli8 (ol L) )
By Slps )0 0gb bt ¢ Siusd plKin 0 ohgds )8 ol U aiS oo |y 053 (sblss bl Juolie cbalys pl 45 .08 o
s a4l oS oy S Iynl 1) a0y U 39 o0 0S50 (gola 5D g 0a 03,9] Y oy dps (b gy plKin c95leSs
SwilenS Wl o A8 o w33 oy 58" (gly aad oy ©Mae cdonis 13 095 YL 0d) dyps (gl b 2gud o o>
Iy ol sy Jol dyd 50 oy 00iiSTL Miae a5 (81 .08 0 S8 ol (0 cawd jl (6585l (gl padais o Mae o
0l sldg,d pln (5 Gl bas (gly Lol S o (6055l ool (sladgyd ) Jlivs plul (Salidl jl g niad o ials

Cawl 63900 Oy 9 95 3 (2P B sl )lis

29,8 pl&id > Jinte bl &S Cunl (pl Codgizme sl il (S5 diunls 4S 51> 393 Cudgite (pdin dalllas pl yd
S 390 55 5y Slosiin ol (s e b Jigp Slrio iigar s 8 i) Jlirlo eomioo > o
o3l 390 oaiiS dtud cdld K lgisa b g0l (pgd amd &l Kiwd SISl g odn LI ol 3 39,8 SMse— ac
s (Sl G (SlSoge @l pusd Spd 10 dgi o (S el &5 b o &5 w20 0 L Glddss (8 )5 )8
ol 0o 2S5 5B 298 S8 g SHleS o Stud 4 Gy oloj 9 50 S (S S o s
P i pd plIS &S 15, e o po y g i plol B> 0D Slaslre 1l ()88559 ] 50 45 Cal (o359 50155
S s SS9, 5l oan] Slisdiss a5 295 o dnogi (plply Db B Siwd 4 e Sl e cpimen el ol .ol
Codgise S bl |y 0 ,Sles p g2d Sows 15U lojen jebas b aiS o 550 1) asbkis (glaanl b a8 a8 eoliul
Oty b o3 2S1as g (e b adgl (poled 53,8 (y el 93 50 L 1) 398 SS9 SleisS o oS sl (ol pows

S 9lsSS U5 93 39,8 (SilSogm oI 52 (S 9 39,8 1 B ol 12l &) oe (S (Jolad T (o, ogpare




G039 SWBagu dhxo ¥ 0,lans VY 0,95 VF oD ylials

6 iy Olanind a5 Cuwl gudly bl 5 3485 Cuwilys oo ¢ b ol omm))é&lﬁi aS0) oy gy «Colpdyd euid S

ol 5L5 3590 3958 SilSegm )3 Inl (S JiE (05 (4dg) sl
R (8 5 o

A8 Ko Sl plul slacanl (S il Sl 4 Ky e )38 o ite il 39,8 SlSogy g &S lolge ololis
o3l lacs o plsl > > oy SHae (Suud > 4598 5 Slas )3 (SilSeg Clyess (2] adllas ol (ol 3 503
S )lee 35,8 > )3 5l 5 (N (b o3 S ) (Slargly e BNl (Saus 45w o (U5 dalllae (] gy 0d2m 9
Oly Jeate (gblg; duwy o a5 & (V 55l Wl )le il dslllas (0lS slaaidl aad o GialS 1) 4y ps Ol oUlgy ol
losglis (ot (¥ 88 oo (S SS9 31 g il 041808 5 o) 0403k Mt )28 2alS 1y 5B o i
by il 5y el o 1y Cylee 90 o AR ( Siwss (¥ .0 oddline  SlaisS (sla psiio )0 0y g 00l (sl lpo

o Bl o b 555 5 (St oo (S Sl o amd o Lt laatdly ol b (2alS 5y gl ) ol Sl
WSy calisee b ye glacslee o 1) oSl Wb i Glidsd das e lis 48 3ad cuglate 29,8 (slaeSIl 4

S5 35wl

(5559 SilSoage olBiiulojl ;5 lamodly (gyglans 3 lin] K8 bl 4y Mole e o 1255 GBI 5l sl bilo ot s
LSS S oy (S 5 easisly

EYISERIRA

iR B! Jaol 51 5o

ol 015 plol Sl apoMel ol b llas aslllas g 0 cule, Limgls ol 55 M) cllas Mo plos
b ol

09,55 8l y3 oy b (g5 due b Slajle b o Coles G55 b oy

OB M g5 <5 Lo

ol ol Pbul J.>|9 LRVOWEPY lc.wy o g_s"l'er’

o2\

YAA

J591955 U 93 39,8 (Seillagn 95! (Kimd 9 39,8 51 B ol 12! )0 (S oS 31 (w2 ¢ sognane




Y ojlowi Y 0,90 Y Fod limnls S99 Swo g dlxo

)85 3929 adllae pl 3 (H8lie ()15 £95

Reference

1. Jones CM, Ciriffiths PC, Mellalieu SD. Training load and fatigue marker associations with injury and illness: A
systematic review of longitudinal studies. Sports Medicine. 2017;47:943-74. [DOI:10.1007/s40279-016-0619-5]
[PMID]

2. Simpson JD, Miller BL, O'Neal EK, Chander H, Knight AC. Ground reaction forces during a drop vertical jump:
Impact of external load training. Human Movement Science. 2018;59:12-9. [DOI:10.1016/j.humov.2018.03.011]
[PMID]

3. Mohammadi Yaghoubi U, Farahpour N, Mansoorizadeh M, Moisan G. Evaluation of single-leg balance during
landing from 20- and 40-centimeter heights in individuals with and without chronic ankle instability. Journal of
Sport Biomechanics. 2025;11(1):2-19. [DOI:10.61186/JSportBiomech.11.1.2]

4. Pryor JL, Burbulys ER, Root HJ, Pryor RR. Movement technique during jump-landing differs between sexes among
athletic playing surfaces. Journal of Strength & Conditioning Research. 2022;36(3):661-6.
[DOI:10.1519/JSC.0000000000003520] [PMID]

5. Lam W-K, Cheung CC, Huang Z, Leung AK. Effects of shoe collar height and arch-support orthosis on joint stability
and loading during landing. Research in Sports Medicine. 2022;30(2):115-27.
[DOI:10.1080/15438627.2021.1888102] [PMID]

6. Darvishi S, Majlesi M, Azadian E. Comparative analysis of center of pressure responses during defensive landing in
professional and novice volleyball players. Journal of Sport Biomechanics. 2025;11(2):162-74.
[DOI:10.61186/JSportBiomech.11.2.162]

7. Farokhroo N, Farahpour N, Moisan G, Heydari B, Majlesi M. Effects of knee and ankle braces on lower limb
kinematics during jump-heading-landing in professional soccer players following ACL reconstruction. Journal of
Sport Biomechanics. 2025;10(4):324-44. [DOI:10.61186/JSportBiomech.10.4.324]

8. Guan Y, Bredin S, Taunton J, Jiang Q, Wu L, Kaufman K, et al. Bilateral difference between lower limbs in children
practicing laterally dominant vs. non-laterally dominant sports. European Journal of Sport Science.
2021;21(8):1092-1100. [DOI:10.1080/17461391.2020.1814425] [PMID]

9. Barber-Westin SD, Noyes FR. Effect of fatigue protocols on lower limb neuromuscular function and implications for
anterior cruciate ligament injury prevention training: A systematic review. American Journal of Sports Medicine.
2017;45(14):3388-96. [DOI:10.1177/0363546517693846] [PMID]

10. Galligan F. Advanced PE for Edexcel. Oxford: Heinemann; 2000.

11. Lim B-O, An K-O, Cho E-O, Lim S-T, Cho J-H. Differences in anterior cruciate ligament injury risk factors between
female dancers and female soccer players during single- and double-leg landing. Science & Sports.
2021;36(1):53-9. [DOI:10.1016/j.scisp0.2020.02.005]

12. Guan Y, Bredin S, Jiang Q, Taunton J, Li Y, Wu N, et al. The effect of fatigue on asymmetry between lower limbs
in functional performances in elite child tackwondo athletes. Journal of Orthopaedic Surgery and Research.
2021;16:1-11. [DOI:10.1186/s13018-020-02175-7] [PMID]

13. Xu D, Jiang X, Cen X, Baker JS, Gu Y. Single-leg landings following a volleyball spike may increase the risk of

anterior cruciate ligament injury more than landing on both legs. Applied Sciences. 2020;11(1):130.
[DOI:10.3390/app11010130]

SS9leSG U5 5 3958 (Suilogm (9N 1 (s 5 3958 51 Jub s 12l 500 (St (ola 51 w52 000



https://doi.org/10.1007/s40279-016-0619-5
https://www.ncbi.nlm.nih.gov/pubmed/27677917
https://doi.org/10.1016/j.humov.2018.03.011
https://www.ncbi.nlm.nih.gov/pubmed/29579620
https://doi.org/10.61186/JSportBiomech.11.1.2
https://doi.org/10.1519/JSC.0000000000003520
https://www.ncbi.nlm.nih.gov/pubmed/32108723
https://doi.org/10.1080/15438627.2021.1888102
https://www.ncbi.nlm.nih.gov/pubmed/33579163
https://doi.org/10.61186/JSportBiomech.11.2.162
https://doi.org/10.61186/JSportBiomech.10.4.324
https://doi.org/10.1080/17461391.2020.1814425
https://www.ncbi.nlm.nih.gov/pubmed/32835613
https://doi.org/10.1177/0363546517693846
https://www.ncbi.nlm.nih.gov/pubmed/28298066
https://doi.org/10.1016/j.scispo.2020.02.005
https://doi.org/10.1186/s13018-020-02175-7
https://www.ncbi.nlm.nih.gov/pubmed/33422109
https://doi.org/10.3390/app11010130

G039 SWBagu dhxo ¥ 0,lans VY 0,95 VF oD ylials

14. Bishop C, Read P, Lake J, Chavda S, Turner A. Interlimb asymmetries: Understanding how to calculate differences
from  bilateral and unilateral tests.  Strength &  Conditioning  Journal.  2018;40(4):1-6.
[DOI:10.1519/SSC.0000000000000371]

15. Bridge CA, Jones MA, Drust B. Physiological responses and perceived exertion during international taekwondo
competition.  International Journal of Sports Physiology and Performance. 2009;4(4):485-93.
[DOI:10.1123/ijspp.4.4.485] [PMID]

16. Tian C, Wang Y, Zhang D. Comprehensive assessment of lower limb alignment and forces during dance landings
under fatigue. Molecular & Cellular Biomechanics. 2024;21(4):531-40. [DOI:10.62617/mch531]

17. Dickin DC, Johann E, Wang H, Popp JK. Combined effects of drop height and fatigue on landing mechanics in
active females. Journal of Applied Biomechanics. 2015;31(4):237-43. [DOI:10.1123/jab.2014-0190] [PMID]

18. Watanabe S, Aizawa J, Shimoda M, Enomoto M, Nakamura T, Okawa A, et al. Effect of short-term fatigue induced
by high-intensity exercise on the profile of the ground reaction force during single-leg anterior drop-jumps.
Journal of Physical Therapy Science. 2016;28(12):3371-5. [DOI:10.1589/jpts.28.3371] [PMID]

19. Mohammad Zaheri R, Majlesi M, Fatahi A. Assessing the effects of fatigue on ground reaction force variations
during landing after a spike in professional volleyball players. Journal of Sport Biomechanics. 2024;10(1):54-68.
[DOI:10.61186/JSportBiomech.10.1.54]

20. Haddas R, Sawyer SF, Sizer PS, Brooks T, Chyu M-C, James CR. Effects of volitional spine stabilization and lower-
extremity fatigue on the knee and ankle during landing performance in a population with recurrent low back pain.
Journal of Sport Rehabilitation. 2017;26(5):329-38. [DOI:10.1123/jsr.2015-0171] [PMID]

21. Robertson MA. Comparisons between screening tools for ACL injury using vertical drop jump task and sport-
specific jump tasks landing biomechanics in competitive female volleyball players [dissertation]. Chapel Hill
(NC): University of North Carolina at Chapel Hill; 2020.

22. Chen C, Zhou H, Xu D, Gao X, Xiang L, Gu Y. Impact of quadriceps muscle fatigue on ankle joint compensation
strategies during single-leg vertical jump landing. Sensors. 2024;24(20):6712. [DOI:10.3390/524206712] [PMID]

23. Merrigan JJ. Effects of maximal effort running on special agents' loaded and unloaded drop jump performance and
mechanics. International Journal of Environmental Research and Public Health. 2021;18(19):10090.
[DOI:10.3390/ijerph181910090] [PMID]

24. Zhang Q, Ruan M, Singh NB, Huang L, Zhang X, Wu X. Progression of fatigue modifies primary contributors to
ground reaction forces during drop landing. Journal of Human Kinetics. 2021;76:161-72. [DOI:10.2478/hukin-
2021-0052] [PMID]

25. Klein CJ, Landry SC, Lattimer LJ. Sex-based differences in lower extremity kinematics during dynamic jump
landing tasks after neuromuscular fatigue of the hip extensors and knee flexors. Orthopaedic Journal of Sports
Medicine. 2023;11(12):23259671231215848. [DOI:10.1177/23259671231215848] [PMID]

26. Linthorne NP. Analysis of standing vertical jumps using a force platform. American Journal of Physics.
2001;69(11):1198-204. [DOI:10.1119/1.1397460]

27. Tamura A, Akasaka K, Otsudo T, Shiozawa J, Toda Y, Yamada K. Fatigue influences lower extremity angular

velocities during a single-leg drop vertical jump. Journal of Physical Therapy Science. 2017;29(3):498-504.
[DOI:10.1589/jpts.29.498] [PMID]

SS9I1eST U5 5 958 (Suilogm (9N 1 (Niwid 5 3958 51 Jub s 1] 500 (St (ola 1 w53 000



https://doi.org/10.1519/SSC.0000000000000371
https://doi.org/10.1123/ijspp.4.4.485
https://www.ncbi.nlm.nih.gov/pubmed/20029099
https://doi.org/10.62617/mcb531
https://doi.org/10.1123/jab.2014-0190
https://www.ncbi.nlm.nih.gov/pubmed/25780957
https://doi.org/10.1589/jpts.28.3371
https://www.ncbi.nlm.nih.gov/pubmed/28174454
https://doi.org/10.61186/JSportBiomech.10.1.54
https://doi.org/10.1123/jsr.2015-0171
https://www.ncbi.nlm.nih.gov/pubmed/27632838
https://doi.org/10.3390/s24206712
https://www.ncbi.nlm.nih.gov/pubmed/39460191
https://doi.org/10.3390/ijerph181910090
https://www.ncbi.nlm.nih.gov/pubmed/34639390
https://doi.org/10.2478/hukin-2021-0052
https://doi.org/10.2478/hukin-2021-0052
https://www.ncbi.nlm.nih.gov/pubmed/33603932
https://doi.org/10.1177/23259671231215848
https://www.ncbi.nlm.nih.gov/pubmed/38145221
https://doi.org/10.1119/1.1397460
https://doi.org/10.1589/jpts.29.498
https://www.ncbi.nlm.nih.gov/pubmed/28356640

Y ojlowi Y 0,90 Y Fod limnls S99 Swo g dlxo

28. Brazen DM, Todd MK, Ambegaonkar JP, Wunderlich R, Peterson C. The effect of fatigue on landing biomechanics
in  single-leg drop landings. Clinical Journal of Sport Medicine.  2010;20(4):286-92.
[DOI:10.1097/JSM.0b013e3181e8f7dc] [PMID]

29. Tamura A, Akasaka K, Otsudo T, Sawada Y, Okubo Y, Shiozawa J, et al. Fatigue alters landing shock attenuation
during a single-leg vertical drop jump. Orthopaedic Journal of Sports Medicine. 2016;4(1):2325967115626412.
[DOI:10.1177/2325967115626412] [PMID]

30. Edwards S, Steele JR, McGhee D. Does a drop landing represent a whole skill landing and is this moderated by
fatigue? Scandinavian Journal of Medicine & Science in Sports. 2010;20(3):516-23. [DOI:10.1111/j.1600-
0838.2009.00964.x] [PMID]

31. Tsatalas T, Karampina E, Mina MA, Patikas DA, Laschou VC, Pappas A, et al. Altered drop jump landing
biomechanics  following  eccentric  exercise-induced muscle damage. Sports.  2021;9(2):24.
[DOI:10.3390/sports9020024] [PMID]

32. Kalata M, Maly T, Hank M, Michalek J, Bujnovsky D, Kunzmann E, et al. Unilateral and bilateral strength
asymmetry among young elite athletes of wvarious sports. Medicina. 2020;56(12):1-12.
[DOI:10.3390/medicina56120683] [PMID]

33. Hodges SJ, Patrick RJ, Reiser RF. Effects of fatigue on bilateral ground reaction force asymmetries during the squat
exercise. Journal of Strength & Conditioning Research. 2011;25(11):3107-17.
[DOI:10.1519/JSC.0b013e318212de7b] [PMID]

34. 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.
[DOI:10.1016/j.gaitpost.2016.11.005] [PMID]

35. Lessi GC, Dos Santos AF, Batista LF, de Oliveira GC, Serrao 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. [DOI:10.1016/j.jelekin.2016.11.001] [PMID]

36. Jayalath JLR, de Noronha M, Weerakkody N, Bini R. Effects of fatigue on ankle biomechanics during jumps: A

systematic review. Journal of Electromyography and Kinesiology. 2018;42:81-91.
[DOI:10.1016/j.jelekin.2018.06.012] [PMID]

SS9leSG U5 5 3958 (Suilogm (9N 1 (s 5 3958 51 Jub s 12l 500 (St (ola 51 w52 000



https://doi.org/10.1097/JSM.0b013e3181e8f7dc
https://www.ncbi.nlm.nih.gov/pubmed/20606514
https://doi.org/10.1177/2325967115626412
https://www.ncbi.nlm.nih.gov/pubmed/26811843
https://doi.org/10.1111/j.1600-0838.2009.00964.x
https://doi.org/10.1111/j.1600-0838.2009.00964.x
https://www.ncbi.nlm.nih.gov/pubmed/19602190
https://doi.org/10.3390/sports9020024
https://www.ncbi.nlm.nih.gov/pubmed/33562760
https://doi.org/10.3390/medicina56120683
https://www.ncbi.nlm.nih.gov/pubmed/33321777
https://doi.org/10.1519/JSC.0b013e318212de7b
https://www.ncbi.nlm.nih.gov/pubmed/21993036
https://doi.org/10.1016/j.gaitpost.2016.11.005
https://www.ncbi.nlm.nih.gov/pubmed/27842295
https://doi.org/10.1016/j.jelekin.2016.11.001
https://www.ncbi.nlm.nih.gov/pubmed/27865130
https://doi.org/10.1016/j.jelekin.2018.06.012
https://www.ncbi.nlm.nih.gov/pubmed/29980104

