Scientific Journal of

Rehabilitation Medicine

Research Paper a‘ m
Chronic Effects of Training and Match Fatigue on Landing Kinematics in ook
Football Players With and Without Anterior Cruciate Ligament

Sajjad Abooheidary! ©, *Mostafa Zarei*

1. Department of Health and Sport Rehabilitation, Faculty of Sport Sciences and Health, Shahid Beheshti University, Tehran, Iran.

Use your device to scan
and read the article online

Abooheidary S, Zarei M. [Chronic Effects of Training and Match Fatigue on Landing Kinematics in Football Players With
and Without Anterior Cruciate Ligament (Persian)]. Scientific Journal of Rehabilitation Medicine. 2026; 14(6):956-969. https://dx.doi.
0rg/10.32598/SJRM.14.6.3403

d -/} https://dx.doi.org/10.32598/SJRM.14.6.3403

ABSTRACT

Monitoring the kinematic components of the trunk, knee, hip, and ankle is an
effective approach for predicting primary and secondary injuries to the anterior cruciate ligament
(ACL). Accordingly, the aim of this study was to examine the chronic effects of fatigue caused by football
training and matches on selected kinematic components of the knee and ankle in football players with
and without a history of ACL surgery.
[VIETELE This study involved 20 football players with a history of ACL surgery and 20 players without any
history of surgery, all selected purposefully from the Premier League of Tehran Province. The participants’
mean age, weight, and height were 22.9313.74 years, 73.96+2.94 kg, and 1.76+0.03 m, respectively. The
kinematic components evaluated included the maximum knee valgus angle, maximum knee flexion, and
maximum ankle dorsiflexion angle during a double-leg jump-landing pattern. Data were collected during
the second half of the league season, and player fatigue was assessed using the modified Borg rating of
perceived exertion (RPE) scale. Data were then analyzed using a two-way ANOVA.
[{EEVTE The findings revealed significant differences in the maximum knee valgus angle between healthy
players and players with a history of ACL surgery, as well as in maximum knee flexion during deep landing
among players with a history of surgery (P<0.05). However, no significant differences were observed in
other kinematic components (P20.05).
Overall, the results suggest that fatigue caused by football matches and training at the end
of the season can lead to reduced maximum knee flexion in players with a history of ACL surgery and
increased knee valgus in both groups. Additionally, the knee valgus angle during landing was generally
i higher in players with a history of ACL surgery compared to healthy players. Furthermore, the valgus
Received: 19 Aug 2025 ©  angle in players with ACL surgery was consistently higher in both pre-test and post-test assessments
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Introduction

occer, as a high-pressure sport, exposes
players to multiple injuries due to repeti-
tive movements, such as sudden changes
in direction, deceleration, and jumping.
One of the common injuries in football is
the anterior cruciate ligament (ACL) tear, which not only
can lead to surgery and prolonged rehabilitation periods
but also poses a significant concern for players due to the
high risk of re-injury. Statistics indicate that the risk of re-
injuring the ACL in individuals who have previously un-
dergone surgery ranges from 6% to 25%. This issue can
sideline players for months and, in some cases, lead to
the premature end of their professional careers. Fatigue is
one of the most critical risk factors for injury, particularly
ACL injuries, and it significantly impacts neuromuscular
performance and the biomechanics of player movements.

At the end of each match, especially in the second half,
fatigue resulting from decreased strength in the lower
limb muscles and the decline in movement patterns in-
creases the risk of injury. These effects include reduced
knee flexion, increased knee valgus angle, and changes in
ankle dorsiflexion, which are among the key biomechani-
cal factors associated with ACL injuries. Throughout the
competition season, particularly in the second half, cu-
mulative effects from the pressures of matches, accumu-
lated training loads, and insufficient recovery exacerbate
fatigue in players. This fatigue not only diminishes the
physical and psychological performance of players but
also significantly increases the risk of injury during the
later stages of the season.

During this period, players may experience performance
declines due to their inability to recover adequately after
intense matches and heavy training sessions. Research
indicates that players are more susceptible to serious in-
juries, including ACL tears, during the final weeks of the
season, especially in the second half. In the initial weeks,
inadequate preparation during the pre-season and players’
failure to adapt to match pressures can lead to injuries. In
the later weeks, the accumulation of fatigue from training
loads and matches, combined with insufficient recovery
and physical exhaustion, significantly raises the risk of
injury. This fatigue can lead to biomechanical changes
in the knee and ankle, including decreased knee flexion,
increased knee valgus angle, and alterations in ankle dor-
siflexion, which are key factors in ACL injuries.
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The aim of this study was to investigate the effects of fatigue
resulting from football matches in the second half of the sea-
son on kinematic factors associated with ACL injury risk, in-
cluding knee flexion, knee valgus angle, and ankle dorsiflex-
ion in healthy players and those with a history of ACL surgery.

Methods

This causal-comparative and applied study investigated
the kinematic features of the knee and ankle, as well as
fatigue levels, in 40 active male amateur football players
from the Tehran Premier League. Participants were divid-
ed into two groups: 20 healthy players and 20 with a his-
tory of ACL surgery. The healthy group was selected via
stratified random sampling, while the surgery group was
purposefully included based on specific criteria. Players
were matched for playing positions, consisting of 16 de-
fenders, 14 midfielders, 4 forwards, and 6 wingers. Inclu-
sion criteria required at least five years of experience in
top leagues, no acute lower limb injuries within the three
months preceding the study, and regular attendance in
training and competitions. Players with ACL surgery had
completed full rehabilitation and returned to sport.

The research process included a coordination meeting
to explain the methodology, testing conditions, and as-
sessments. Initial data, such as age, weight, height, and
injury history, were collected, and informed consent was
obtained. Players refrained from individual activities out-
side of team training, supplement use, and medications
during the study. To assess the chronic effects of matches
and training fatigue, the last 14 weeks of the season were
analyzed, with pre-tests conducted after the first match
of the half-season and post-tests two days after the final
match to minimize acute fatigue effects.

Fatigue was assessed using the modified Borg rating
of perceived exertion (RPE) scale (0-10), which was re-
corded after matches, training sessions, and when players
exited the field. Internal training loads were calculated
by multiplying RPE by activity duration. Kinematic data
were measured using the IMU model 680 device and
myoRESEARCH software, version 3. The vertical jump-
landing test was used to evaluate ankle dorsiflexion, knee
flexion, and knee valgus. Data analysis was performed
using SPSS software, version 23, with 0<0.05.

Results

The results of the mixed analysis of variance (2x2)
indicated that the within-group effect related to maxi-
mum knee flexion during landing was statistically sig-
nificant (P=0.004). Additionally, both the between-group
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Table 1. Results of ANOVA (2x2) for the kinematic components

Variables Source of Variation F P Effect Size
Between-group Group 0.098 0.756 0.003
Ankle dorsiflexion (degree) Within-group Time 2.100 0.156 0.057
Interaction Time-group 0.204 0.654 0.006
Between-group Group 0.708 0.406 0.020
Knee flexion (degree) Within-group Time 9.442 0.004" 0.212
Interaction Time-group 1.486 0.231 0.041
Between-group Group 5.628 0.023" 0.139
Knee valgus angle (degree) Within-group Time 11.038 0.002" 0.240
Interaction Time-group 0.199 0.658 0.006

*P<0.05

(P=0.023) and within-group (P=0.002) effects related to
the maximum knee valgus variable during landing were
also reported as statistically significant. However, no
statistically significant differences were observed in the
other components examined in this study (Table 1). The
mean RPE scores for training and matches were 7.6+1.2
for players with a history of ACL surgery and 7.2+0.9 for
healthy players over the fourteen weeks of the season.

Conclusion

The present study aimed to investigate and compare the
effects of chronic fatigue from training and competition
loads on kinematic risk factors associated with ACL in-
juries in healthy players and those with a history of ACL
surgery. Key kinematic factors, including ankle dorsiflex-
ion, maximum knee flexion, and knee valgus, were mea-
sured during player landings using the IMU accelerometer
device. Chronic fatigue did not significantly affect ankle
dorsiflexion in either group. However, maximum knee
flexion was significantly reduced in players with prior
ACL surgery by the end of the season, increasing their risk
of re-injury. Additionally, knee valgus angles significantly
increased in both groups, with the surgical group exhibit-
ing greater values, likely due to long-term functional im-
pairments post-injury. The findings suggest that chronic
muscular-fatigue influences kinematic changes during
high-demand periods, raising the risk of ACL injuries,
particularly in those with previous surgeries. Given the in-
creased injury risk during intense end-of-season matches,
tailored conditioning, recovery, and injury prevention pro-
grams are essential. Regular assessments and continuous
revisions of these programs by coaches and specialists are
crucial for maintaining player health and performance.
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6. Motion Capture
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5. Inertial Measurement Unit

b8 g by sl iy J5g8 Slislune S 3158 ;oo g (5 jiu ol Sl


http://medrehab.sbmu.ac.ir/

glis =2 o) o)l.c..f: deg- 5o oakadlyl glaosls U.JL..J‘).;

S (G ooy paslh g (g w8 o Gl (5ol

ko Bl (> ailo bg ol 05,5 ¥ j0 oaiSes 0
P2+ ) el o0 onlice ol

b e (29,5 090 Slols plas (V) Lalizee (il jly Jedos
Joline g Lel Lol 59,8 alSon sil; (i o3 2STas l5ee b
BeS e S Gilpedle (M 2=+ /+Y\Y P=+/- - F) ol
2= Y¥) 25,509 S 5 M=/ \YA P=+/-YY)
99,8 by 5 ly usSly yiShas ite b Lars a(P=2 /- - ¥
loailso plo 1o Jlrpll s o155 lobins bl il 5
&bl Llod a5 jloline igles ud caalllas (s (5 sy 3550
s Ll e 5 Slkeo (Y 0 ladh Jgaer) s odalice
Ll (ol o b LSl JLish Slishs 5 2Ly o5 S 35
wan Vs VYR o LSl s VISEVY (ol lo

O3 uad Slisluns

oy o Pl dglie g (o) polo adlllas jf Bon

sl bt o 9 JLssh liscn .Sl o 5 S50
A8 ko bl ol b dad o (SlaisS (sl ylas Jalge
o3 (ko Ll (A2 adilo b (USG5l g ol (S50 50
» Gl glacglis olulids 5 38503 b gw) 2 (nl 052
SelensS Jalge . plnilog 5793 (nl e (SloisS Julge
e pS1a e paSI8 ()90 (e Jol anlllans 90
P ssbar Jelse ol sy gl esSly 5 55 s o5
bl 5 e Gl ol S ol LSk 99,8 e o
Codgazme b oalaiwl IMU zewoliss oSy 5l s psie
25 5 3 ol Hlas (L L e (2SI g0
538 42le gy 0I5 > e 3 S ol Sl
Cudgaze Kool ylid Slalllas cowl Jad o gz s g

2 Ol (i dy o SIS o9 gl wiilo ol peiie
Job 29,5 o0 )13 (L)l 9590 9l weSly STa g (il
Senlo g JS& Sl &5 28> Vw08 52 (sl ygesl 12
L.g‘ﬁ Lmui u...f;l.uo 9 uL?Lu‘ QS o ‘nl:o‘ Frese )9.'44.3
&y omimmen IVA] €85 )3 aslinal 5,90 baosls Lo
Sz L 5l Olaslace g Sl ol 5l b S Lggli)’)l
> [YY kS’LL, 9 r>-/YO ‘53.‘5) l.» (\ s—e C) 3)9.3 OMC)LD‘
paomiow (gl solainl £ 0l g §adod o Jawgs ICC
Loy 039 g5 s3]l i o5 50 ol
Sl b1y 093 (Siws liae a5 ol asulgs 0,8 5l il
(6;Sla>§;m5) \. U(M@@),@wm\;&
ISWANECT IR FFRRTIR SUS EN ITBI 23 IRVL 0N
g.,u.» uLC)Ua‘ 6)5—‘@9 6‘).1 o..\.::oJLA—‘ QJ'“"” )‘ Jj‘.\? ) l)
b 8t o LSk (K gy @lp 0S5 GG
S JLigs Slslue uad u,-"l-.’.l-.f. e VF Ollae g ol e
)‘ B d.LaL‘B)L: ‘0)50 Q"‘ )Q uﬁ)f)b.‘? 4.:.”.]4,0 Q)9A U‘)’ef ).:).:
Sl el plo 5 G3ladny «ogi b )15 Jold) o pod and> 12
3)9.3 Giuo QMC)L@‘ yb& u‘r" ‘d..ml.w.n » l) ((50.»,:
oaioalal iy 31 Jslar 58 9 e (S50 | o o Jawgs
3,6 Ol 2y sl pales o) si..m OeSile 0 0 0
S eFils «ald s o dlre Jabad Job 5 K
L oSl s ol L3k 09,5V (st (gl 2Ll (]
‘g;‘é)f)‘)éoolig.;‘é”.of‘)_? aaslw
3Ll

b g eSojladl 5l ol pls (glmosls (Lol Jolowigay 525
bl gl 28,5 alowl VY ases SPSS J5ile 5 5] osli
Al aid )8 5 4 Shg gl ‘_g)LAT Q}A)'T daools &5 &P
Ol 50 (39590 (S yesie 5 Sile dslie Ly Guizre
oolil YxY Laliseo lly)ly Jelosigr sz (g3l 51 gy

5“)&%&LS)‘QLMG‘OA&&&)LQTM&‘JO‘SALQJ)QM
MM;JJ@)Q(IS‘/’AL))J‘JJLO.”)‘AEA

Surodl oot iSbe ‘
<. ),3‘_’5&0 @a.»: )-5&:-0
o188 (gmbo by o> dlilwaygdy (o8 (oo bl (252 alilw U
-I§5Y AT YYIPVEY/ () oy
o YEIFORY/AY Y/oARY/ - (,555) o33
v NS/ +$ VW[ () 5
-Ivay YY/ADEN/AA YY/5-£)/-F (2230 520 52 £555kS) Loty 0385 sl

b as S L s P28 g foline peda®

I3 oo by el i 31 Jl3gd Solisliane (S 51 o o8l sibrusao g (5 phase 1) By


http://medrehab.sbmu.ac.ir/

SelaisS (sloailio sl (Y1) bl il g Jolow (9051 s ¥ g

Pl S F O gaudS Raio gL
ofoey «Ivo? +[+8A 09,5 A PISOn
o[-y Al Veol¥ oles S RIS (e2) & o i guyp9 (S > el
ofess J50f JYe¥ olesxog,S 3l (sbalss
IR o[$eF IN+A 29,5 PS5O
vy ol YR oles A PSP (429) 915 b - liee 2SN
JJfy JIYE A/ oixegsS 5 s
T oyt SYND 05,5 S S
IV AR SYNYY ooy 29509 (4259) 95 sty
dees J50A ey SlejxogsS S el
b 45,8 L 13 P<e /D (g Jobine el

s 5 g0l 5} 2 30 (Ko Spo0liey
05,5 5 (nl > SlenS bale ool » 650 P sbo
b o oSS sy add o i laaidly ol ol ol el
Dl po3 5 Slians o (o5 (Kt 3l Lo Cl Ko
3 el (a3l 3 o8 o bl o 2al58 el
s ool Kot g 5 dansgs 45 glaalllan o 39t disls b
OIS (w90 (I aials p Sl il age ]
3,50 JLigd S5k T+ (leg motion oKiws lawgs) b o
Sy anals Slyeesd 2yl gyl L85 8 g
b ) ol o ko ¥ 5 L e S (0
ol calby (ole Ve ctdS 5l o) ad sloal g Jeadiens
cJadas b aslae jo ( fad sloasl jo ol lis aslllas oyl
odplive by gro (piSI8 s j9d £S5 > aials jo (6 bolixe alS
o gnats il o gl b nazdly ol [YY] ol o

w2 Oliee (281 4 p2eie Wlgioo b e (SIS (o905
SMlas collad pals 5 ol ey gly Gl olly o
M 55 59,8 IS 1> slal K 4o gl 5 o, 0aiiSL
i coliles sl p Cosgaza ol cnlpogdle I1Y
Ol 09,2 pl j0 45 (IS 4035 0 30 53 ol S L
A8 Sy () pgd | (2 g Mae ildlen
Oley oeizeed Wby oo AR () jwgd [y Sy 5 i
g B e oG Sl (s “’M St lsd
(Sloger Dl pdl (ol ggoome W23 0 E) UL (S5 j5boa
oy slotisbe p oyl o b (Rl cage 60 Shes
ol ol 5 1) sl s g o a3 s by, alex
o395 Ol ol ylad o ol ol L¥Y] ams o il
alo b USG5k 5 ol (LSl 09 )5 Y (e by o (oSS
D) et (50 re Ljgods (S ool by (Sl

dlllas (5o ite Jlonedl ol g (2 Silkoa Y Jgaar

Luroud] o0l il
IR B0l E ol o
olej 29,5 =
Py sl o 138 oo blyy (15 sty ?
Y/OFES\D WAAET AN oilote
] () & go i (g0 (5> iy
YNZ - E510A YNOYES/Y 9eilom
PAUFAEN VAP FOI-YEIYISY 9ol
(429) 5 43 03 e S 1>
SEINVENYISY OY/YOENVAY o9l
FlosEY -0 NAVES/ oY 9ilibe
(42) 5 009Ny
/- fxy/as VVOvEY/YE il

b8 g by sl iy J5g8 Slislune S 3158 ;oo g (5 jiu ol Sl


http://medrehab.sbmu.ac.ir/

Erdye ol 4 a5 (plie Slallhae @alllas (ol Sty
oo By 4o b oSl 5 ol S St
o2l 0 Olgises nlple 160,55 snnlice il ls y  olad
Dldlas 55 bl Sl ols ploul glanslie aiw;
ol b Jigh s b slagsl s oo £
Sidecn 05,28 35 5 (3o (Ko (Sl 0,Skae 55
Jad slol jo Dlalas 4z 12 a5 Las oplay 0 s San
oo (S g Al Ghals (LSl o Shes il jios 28
poins b ol & 5 Gl L Jalge (ol a5 098 o0 s
Iy oAl sl

59 Sel o0ls lid en g ol ardllas Ll ol jo
2 ol Gl gl (Jlsgd Jad Sl slacle
Sial33 ol ko Bl sl &5 el o5 g Slislens
i il LYo 5ol aalllae ol b LYY wb
2 oy ossly 5 o o3 fSlas (SlersS slaadlss o
b omas SMlac (peie sla S wlalus Juad sl
2l oSl a5 el Sliles 5 005 YL slasls
Oyl el lacoled ol s plnl clilas Lad Jobo
Sloge i 098 9 b Alby ( SLST ey ShalS
DB L1509 SLALAT (5500 )3 pglie (38,513 5 ST
[ry el coal Y

o8 ol bl ol 4B L (S 3k S5
oAl 5 (Shas cras 5,Sles 0 Sawaddy (Bl 952y S
5 S ) o g s e 5 5 slag
@z gl )l 18 sazme ol (gl 5t Sl (55 50
ko bl (>l ailo boldl ol (o g9050 (nl Coas
03,5 gy Iy altse (nl b Gl (sl addllae (ol (ol
2 OeSles jgboas 0uiS S i (USG5l e g (nl po e
Y lawgio job 4 wiled,S oS i ad Jsb ,0 disluwe YOXY
GYeee gaomme,n glosls ploxil aian 1o 0 oy e and> U
5T+ 5 o5 e e bsd s 3 4o A
ilodgs Adiluce (5,20 0 dd IS VY -

i 4S5 S sliil g3 oo gl dnlllae gl bl 5

RS il e JLgd Dlilus § Sl a3 )b 5l L5 (e
Gl b Sl 5o o o o3 25T SolerS e
ovslg adlge (pizren 0)l0S ST elad oodo Ll ol
(o o b Sl e () 095 50 50 59 5
&z il bog)S ) adle (ol (S joboas Lol ol (2a]39l
5 a2 oo lias adly pl g yiion plle 09,8 A S
Slils § Sl yad )l 5 Dol ez gl Dlisles Jad sl
bl conl oz Jlasl o Shee #Slo> 4 o ils g

Sglite (5 Lol slaaiges 3 b)) sloisds, 3 ool Vil a5
Sl i by lislae 51 U o o (S die ) y0 .ol anlllae
s onalie Y ainy g5 bawgs sgilive asllhae gean JLSed

29 e sk Jolge 51 (S 09,8 plSn gil) i o o
D op Dgma ool ko bl Sasocawl s zals
9y oM Shn Slag s GIBIL gl S b o3 pae
spy&b )L:‘;.é aS @Lmefsi ] alj.o.as Py Q‘?LL.J
u,..)‘)S‘ ‘) éwOwT)b?5o¢;b)‘9 G&O‘\.‘Sw-l.@bb) L
so 3l gily o w3 (b8l L ailosls Las e iegsy ass o
sl slably 5" Jgadsend g9y Sl waz o Ve ez
I¥Y] sboe 2alS aoys AY 5 OF i 4y 39,8 alSin
3 il adel ol v dgly i Gl 00l aseie Cpaizren
Iy ey Joddl oSe (9, ST Wilgs g0 a0 PV 4y VY
2t lB jsba 18 s Lrfl ses Seals oo o FY
30 NS o il ilise glacdls Jsb 1 ol SslenS
oyt s Gl 0090 o0 g3l oSy (Al g ol (0 o=
Sl o oaplive JLigd 9 Jhaun sloards, oI55, 5o
Iraa-l

SlerS adlie wpo o i ol asdllae glaazil
b oSl 095 50 oldgine soba il (a0 iSTae
asly alS Lad gledl o ol odo bl ol asle
(> saalo sl HLSG3L o sase u......j Sz ol
bls,lJad glol o Dlaluse Juad JLidy ofy90 40 o594
ooily iSlas asllae glaasdl b pozes ail axils
Jad sl )2 s losne JSS 09,5 50 58 35,8 (o> )3 o5
Ol oS oy Gialidl pes fad v slanl 4 e Slaluss
3 iy IS oty 03 o Ly sl og,5 o e
3 sl Sasaily B )lge 4 Ylai| £4.090 (ol 091 @l 09,5
i oy ey e 05,5 318 4 PS5 208
b o Ser Hlac Loldiles o Pl g Ao s jo
S i as Jalse bl flo 6L 4 s sasdu!
lraly col (S S oo Wyl gily e LS Lads o
o8 odo bl ol aile gl ol 3l o Sue SYsb
OSen 5 (SeuibelS ggoge cpl L)y jo anS sl
2 el o bl ol aile b ol wiles S0 5158
5 ool 53 (k25 HB Rl jlars el S8 L ansli
Sil38l g 5l srnds SCilSogs yo il Wilgs g0 aS dizis
Dgd i SA5s ] Hlas

7. Tibiofemoral

I3 oo by el i 31 Jl3gd Solisliane (S 51 o o8l sibrusao g (5 phase 1) By


http://medrehab.sbmu.ac.ir/

& of z 7 0ylods ¥ 090 NP+ F il g o

Sy S st sadbose il s S (e el
Oldste plply il slo b, u>'>‘)"~> aale a5 g0l 3l
45 S (o0 oy Lo (S 3 g Gl pe 4 anlllas
g liss b o 5 5l o5 b5 o il rosdle
5 st oo ko Bl ol o L eSS

BS ) piS 5 |y ] Al b o8

S b dalllas ol 0 aS JSBauS S 15 den )l Bacn s

OB aS e lie & (lgise Gaiow (ol slacudgaze

Gyl as o S o lal solad odo bl o> aile bog,S
vy (ol (slo bl il lp b slacs S
50 08l 5l aradon & jgos anlllas ol sla Soge3] uie
59yl 5o Selw A a5 s e g lilns g iy o5
5 oI5 sty Slilacs b o 5o olSazses s
Slalllae )3 09d o0 Sleidn cnlplis 09 (L3 9 S5
mbou&aﬁs‘)lofl)?@ubol)ébpwo.u%T
oo | dlolans (2 )15 3b 9 (Sas canlie (b)) sl g
e pol> adllas o (o kel (sladiges .59 ooliiwl GPS
o-.\...a] Sllao 5 .b}w‘sa QL@‘.\.N...: U"‘)"L“" ‘..\).)9) Jl—hﬁf)f
98 plonl (g (S Sloog S b 5 015 (595 2 095 (o

I SlaaMe
SARg3 NS Jge! 31 59

Joddlygiws b sillae IS Sllasde iogh sly>l o
IS 9 455,550 Ol (e e olSLasls IS 4z
Sl 00l 8L, IR.SBU.REC.1403.003 oL 45 3=

Sl ol
Gy gl ol al )l cwlis IS bl 5l asdllas oyl
05y9 pole eaSiils Lb3yg (chSly g (S jalS 095 o
Conl oals glysuial ol ps S auped ol g ol

slale b )low (g0 sbaolys 5l (Jbo SeS digS e o
ewl OQ)SJ C"éli)o

O@M‘ “93&5)tﬂ:0

AT omlB gy womrp 9 GBS wsilepsrie
6)L~)gg:l.e‘.: 5 &t g doals ).,Jlj P G)BTéﬂ? PO
NEW :g_;ll-a u.a.oL 039y oy oyl (3l g puay Ailigd
5 il ol gy D)5 (slupstie tsy0e>s]

o)l ibae i aled sl g sila e

oS o By sl o g3 J5gd Solipbanns | S 31 o815 shlaucao g (5 s g4 Sl 44



http://medrehab.sbmu.ac.ir/
https://www.sbu.ac.ir/
https://www.sbu.ac.ir/

References

[1] Filter A, Olivares-Jabalera J, Dos'Santos T, Madruga M, Lozano
J, Molina A, et al. High-intensity actions in elite soccer: Current
status and future perspectives. International Journal of Sports
Medicine. 2023; 44(8):535-44. [DOI:10.1055/a-2013-1661]
[PMID]

[2] Malone S, Owen A, Mendes B, Hughes B, Collins K, Gabbett
TJ. High-speed running and sprinting as an injury risk factor in
soccer: Can well-developed physical qualities reduce the risk?
Journal of Science and Medicine in Sport. 2018; 21(3):257-62.
[DOI:10.1016/j.jsams.2017.05.016] [PMID]

[3] Forsythe B, Knapik DM, Khazi-Syed D, Chang J, Bohn C, Hand
C, et al. Analysis of injury epidemiology in soccer players in
the 2019 confederation of north, central america and carib-
bean association football gold cup as reported by team physi-
cians. Arthroscopy, Sports Medicine, and Rehabilitation. 2025;
7(2):101074. [DOI:10.1016/j.asmr.2024.101074] [PMID]

[4] Drummond FA, Soares DdS, Silva HGRd, Entrudo D, Younes
SD, Neves VNDS, et al. Incidence of injuries in soccer players-
mappingfoot: A prospective cohort study. Revista Brasileira de
Medicina do Esporte. 2021; 27(2):189-94. [DOI:10.1590/1517-
8692202127022020_0067]

[5] Chia L, Silva DDO, Whalan M, Colin F, McKay M, Sullivan J,
et al. 399 Epidemiology of non-contact ACL injuries in team
ball-sports: A systematic review with meta-analysis and me-
ta-regression of 2748 injuries across 42 million player-hours
and-exposures combined. BMJ; 2021; 55(Supple 1):A1-A188.
[DOI:10.1136/bjsports-2021-10C.364]

[6] Barth KA, Lawton CD, Touhey DC, Selley RS, Li DD, Balderama
ES, et al. The negative impact of anterior cruciate ligament
reconstruction in professional male footballers. Knee. 2019;
26(1):142-8. [DOI:10.1016/j.knee.2018.10.004] [PMID]

[7] Zandiyeh P, Parola LR, Costa MQ, Hague MJ, Molino J, Fleming
BC, et al. Long-term bilateral neuromuscular function and knee
osteoarthritis after anterior cruciate ligament reconstruction.
Bioengineering. 2023; 10(7):812. [DOI:10.3390/bioengineer-
ing10070812] [PMID]

[8] Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, Webster
KE, Myer GD. Risk of secondary injury in younger athletes after
anterior cruciate ligament reconstruction: A systematic review
and meta-analysis. The American Journal of Sports Medicine.
2016; 44(7):1861-76. [DOI:10.1177/0363546515621554]
[PMID]

[9] Taylor JL, Burkhart TA. Tired of ACL Injures: A review of meth-
ods and outcomes of neuromuscular fatigue as a risk factor
for ACL injuries. Biomechanics. 2025; 5(1):11. [DOI:10.3390/
biomechanics5010011]

[10] Bedo BLS, Catelli D, Lamontagne M, Moraes R, Pereira DR,
Santiago PRP. Effect of fatigue on knee kinematics and kinetics
during sidestep cutting and single leg landing in female hand-
ball athletes. ISBS Proceedings Archive. 2020; 38(1):384. [Link]

[11] 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]

Scientific Journal of

[12] Moon J, Lee J, Kim K, Koo D, Lee J, Pathak P, et al. Effect of
muscle-specific fatigue on the risk of anterior cruciate liga-
ment injury in females. Applied Sciences. 2021; 11(11):4969.
[DOI:10.3390/app11114969]

[13] Guerrero-Calderén B, Klemp M, Morcillo JA, Memmert D.
How does the workload applied during the training week
and the contextual factors affect the physical responses of
professional soccer players in the match? International Jour-
nal of Sports Science & Coaching. 2021; 16(4):994-1003.
[DOI:10.1177/1747954121995610]

[14] Teixeira JE, Forte P, Ferraz R, Leal M, Ribeiro J, Silva AJ, et al.
Monitoring accumulated training and match load in football:
A systematic review. International Journal of Environmental
Research and Public Health. 2021; 18(8):3906. [DOI:10.3390/
ijerph18083906] [PMID]

[15] Gabbett TJ. The training-injury prevention paradox: Should
athletes be training smarter and harder? British Journal
of Sports Medicine. 2016;50(5):273-80. [DOI:10.1136/bjs-
ports-2015-095788] [PMID]

[16] Dambroz F, Clemente FM, Teoldo I. The effect of physical
fatigue on the performance of soccer players:A systematic re-
view. Plos One. 2022; 17(7):e0270099. [DOI:10.1371/journal.
pone.0270099] [PMID]

[17] Sun H, Soh KG, Roslan S, Wazir MRWN, Soh KL. Does mental fa-
tigue affect skilled performance inathletes?Asystematicreview.
PloSone.2021;16(10):e0258307. [DOI:10.1371/journal.
pone.0258307] [PMID] []

[18] Delaval B, Abaidia AE, Delecroix B, Le Gall F, McCall A, Ah-
maidi S, et al. Recovery during a congested schedule and injury
in professional football. International Journal of Sports Physi-
ology and Performance. 2022; 17(9):1399-406. [DOI:10.1123/
ijspp.2021-0504] [PMID]

[19] Malone S, Owen A, Newton M, Mendes B, Collins KD, Gabbett
TJ. The acute: Chonic workload ratio in relation to injury risk in
professional soccer. Journal of Science and Medicine in Sport.
2017; 20(6):561-5. [DOI:10.1016/j.jsams.2016.10.014] [PMID]

[20] Bengtsson H, Ekstrand J, Hagglund M. Muscle injury rates
in professional football increase with fixture congestion:
An 11-year follow-up of the UEFA Champions League injury
study. British Journal of Sports Medicine. 2013; 47(12):743-7.
[DOI:10.1136/bjsports-2013-092383] [PMID]

[21] Leventer L, Eek F, Lames M. Intra-seasonal variation of in-
jury patterns among German Bundesliga soccer players.
Journal of Science and Medicine in Sport. 2019; 22(6):661-6.
[DOI:10.1055/5-0042-108201] [PMID]

[22] Moreno-Pérez V, Soler A, Ansa A, Lopez-Samanes A, Madru-
ga-Parera M, Beato M, et al. Acute and chronic effects of com-
petition on ankle dorsiflexion ROM in professional football
players. European Journal of Sport Science. 2020; 20(1):51-60.
[DOI:10.1080/17461391.2019.1611930] [PMID]

[23] Grassi A, Macchiarola L, Filippini M, Lucidi GA, Della Villa F,
Zaffagnini S. Epidemiology of anterior cruciate ligament inju-
ry in Italian first division soccer players. Sports Health. 2020;
12(3):279-88. [DOI:10.1177/1941738119885642] [PMID]

Abooheidary S & Zarei M. Effects of Soccer Matches Fatigue on ACL Injury Risk. Sci J Rehab Med. 2026; 14(6):956-969.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1055/a-2013-1661
https://www.ncbi.nlm.nih.gov/pubmed/37130547
https://doi.org/10.1016/j.jsams.2017.05.016
https://www.ncbi.nlm.nih.gov/pubmed/28595870
https://doi.org/10.1016/j.asmr.2024.101074
https://www.ncbi.nlm.nih.gov/pubmed/40297089
https://doi.org/10.1590/1517-8692202127022020_0067
https://doi.org/10.1590/1517-8692202127022020_0067
https://doi.org/10.1136/bjsports-2021-IOC.364
https://doi.org/10.1016/j.knee.2018.10.004
https://www.ncbi.nlm.nih.gov/pubmed/30449615
https://doi.org/10.3390/bioengineering10070812
https://doi.org/10.3390/bioengineering10070812
https://www.ncbi.nlm.nih.gov/pubmed/37508839
https://doi.org/10.1177/0363546515621554
https://www.ncbi.nlm.nih.gov/pubmed/26772611
https://doi.org/10.3390/biomechanics5010011
https://doi.org/10.3390/biomechanics5010011
https://commons.nmu.edu/isbs/vol38/iss1/98/
https://doi.org/10.1016/j.jelekin.2018.06.012
https://www.ncbi.nlm.nih.gov/pubmed/29980104
https://doi.org/10.3390/app11114969
https://doi.org/10.1177/1747954121995610
https://doi.org/10.3390/ijerph18083906
https://doi.org/10.3390/ijerph18083906
https://www.ncbi.nlm.nih.gov/pubmed/33917802
https://doi.org/10.1136/bjsports-2015-095788
https://doi.org/10.1136/bjsports-2015-095788
https://www.ncbi.nlm.nih.gov/pubmed/26758673
https://doi.org/10.1371/journal.pone.0270099
https://doi.org/10.1371/journal.pone.0270099
https://www.ncbi.nlm.nih.gov/pubmed/35834441
https://doi.org/10.1371/journal.pone.0258307
https://doi.org/10.1371/journal.pone.0258307
https://www.ncbi.nlm.nih.gov/pubmed/34648555
https://doi.org/10.1123/ijspp.2021-0504
https://doi.org/10.1123/ijspp.2021-0504
https://www.ncbi.nlm.nih.gov/pubmed/35483701
https://doi.org/10.1016/j.jsams.2016.10.014
https://www.ncbi.nlm.nih.gov/pubmed/27856198
https://doi.org/10.1136/bjsports-2013-092383
https://www.ncbi.nlm.nih.gov/pubmed/23851296
https://doi.org/10.1055/s-0042-108201
https://www.ncbi.nlm.nih.gov/pubmed/27467906
https://doi.org/10.1080/17461391.2019.1611930
https://www.ncbi.nlm.nih.gov/pubmed/31072261
https://doi.org/10.1177/1941738119885642
https://www.ncbi.nlm.nih.gov/pubmed/31800358

Scientific Journal of
Rehabilitation Medicine

[24] Smeets A, Vanrenterghem J, Staes F, Vandenneucker H, Claes
S, Verschueren S. Are ACL reconstructed athletes more vulner-
able to fatigue than uninjured athletes? Medicine and Science
in Sports and Exercise. 2020; 52(2):345-53. [DOI:10.1249/
MSS.0000000000002143] [PMID]

[25] Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA,
Parker S, et al. A new approach to monitoring exercise train-
ing. The Journal of Strength & Conditioning Research. 2001;
15(1):109-15.  [DOI:10.1519/00124278-200102000-00019]
[PMID]

[26] Noraxon Company. kinematics/inertial measurement units
(IMUs) [Internet]. 2024 [Updatd 24 January 2026]. Available
from: [Link]

[27] Brice SM, Phillips EJ, Millett EL, Hunter A, Philippa B. Compar-
ing inertial measurement units and marker-based biomechan-
ical models during dynamic rotation of the torso. European
Journal of Sport Science. 2020; 20(6):767-75. [DOI:10.1080/17
461391.2019.1666167] [PMID]

[28] Teufl W, Miezal M, Taetz B, Frohlich M, Bleser G. Validity,
test-retest reliability and long-term stability of magnetometer
free inertial sensor based 3D joint kinematics. Sensors. 2018;
18(7):1980. [DOI:10.3390/s18071980] [PMID]

[29] Padua DA, Marshall SW, Boling MC, Thigpen CA, Garrett Jr
WE, Beutler Al. The landing error scoring system (LESS) is a
valid and reliable clinical assessment tool of jump-landing bio-
mechanics. The American Journal of Sports Medicine. 2009;
37(10):1996-2002. [DOI:10.1177/0363546509343200] [PMID]

[30] Scott TJ, Black CR, Quinn J, Coutts AJ. Validity and reliability
of the session-RPE method for quantifying training in Austral-
ian football: A comparison of the CR10 and CR100 scales. The
Journal of Strength & Conditioning Research. 2013; 27(1):270-
6. [DOI:10.1519/jsc.0b013e3182541d2e] [PMID]

[31] Taylor JB, Wright ES, Waxman JP, Schmitz RJ, Groves D,
Shultz SJ. Ankle dorsiflexion affects hip and knee biome-
chanics during landing. Sports Health. 2022; 14(3):328-35.
[DOI:10.1177/19417381211019683] [PMID]

[32] Zhang Z, Xu D, Wang M, Zhou H, Liang M, Baker JS, et al. The
effect of restricted ankle dorsiflexion on knee injury risk dur-
ing landing. Acta of Bioengineering & Biomechanics. 2025;
27(1):93-109. [DOI:10.37190/abb-02563-2024-03] [PMID]

[33] Mojaddarasil M, Sadigh MJ. On the impact force analysis of
two-leg landing with a flexed knee. Computer Methods in Bio-
mechanics and Biomedicalengineering. 2021; 24(16):1862-75.
[DOI:10.1080/10255842.2021.1925257] [PMID]

[34] Podraza JT, White SC. Effect of knee flexion angle on ground
reaction forces, knee moments and muscle co-contraction
during an impact-like deceleration landing: Implications for
the non-contactmechanism of ACL injury. The knee. 2010;
17(4):291-5. [DOI:10.1016/j.knee.2010.02.013] [PMID]

[35] Khazaee Z, Gheitasi M, Barati AH. [Effect of lower extremity
fatigue on knee joint kinematics during landing maneuvers in
adult soccer players (Persian)]. The Scientific Journal of Re-
habilitation Medicine. 2021; 10(3):562-73. [DOI:10.32598/
sjrm.10.3.15]

January & February 2026. Volume 14. Num 6

[36] Akehi K, Palmer TB, Conchola EC, Thompson BJ, Kasl A, Bice M,
et al. Changes in knee extension and flexion maximal and rapid
torque characteristics during a collegiate women»s soccer sea-
son. The Journal of Strength & Conditioning Research.2022;
36(5):1389-95. [DOI:10.1519/jsc.0000000000003607] [PMID]

[37] Lloyd RS, Oliver JL, Myer GD, Croix MDS, Read PJ. Seasonal
variation in neuromuscular control in young male soccer play-
ers. Physical Therapy in Sport. 2020; 42:33-9. [DOI:10.1016/].
ptsp.2019.12.006] [PMID]

Abooheidary S & Zarei M. Effects of Soccer Matches Fatigue on ACL Injury Risk. Sci J Rehab Med. 2026; 14(6):956-969.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://doi.org/10.1249/MSS.0000000000002143
https://doi.org/10.1249/MSS.0000000000002143
https://www.ncbi.nlm.nih.gov/pubmed/31479009
https://doi.org/10.1519/00124278-200102000-00019
https://www.ncbi.nlm.nih.gov/pubmed/11708692
https://www.noraxon.com/ourproducts/3d-motion-capture-imu/. retrived: 07/07/2024
https://doi.org/10.1080/17461391.2019.1666167
https://doi.org/10.1080/17461391.2019.1666167
https://www.ncbi.nlm.nih.gov/pubmed/31512552
https://doi.org/10.3390/s18071980
https://www.ncbi.nlm.nih.gov/pubmed/29933568
https://doi.org/10.1177/0363546509343200
https://www.ncbi.nlm.nih.gov/pubmed/19726623
https://doi.org/10.1519/jsc.0b013e3182541d2e
https://www.ncbi.nlm.nih.gov/pubmed/22450253
https://doi.org/10.1177/19417381211019683
https://www.ncbi.nlm.nih.gov/pubmed/34096370
https://doi.org/10.37190/abb-02563-2024-03
https://www.ncbi.nlm.nih.gov/pubmed/40239166
https://doi.org/10.1080/10255842.2021.1925257
https://www.ncbi.nlm.nih.gov/pubmed/34027762
https://doi.org/10.1016/j.knee.2010.02.013
https://www.ncbi.nlm.nih.gov/pubmed/20303276
https://medrehab.sbmu.ac.ir/article_1101137.html?lang=en
https://medrehab.sbmu.ac.ir/article_1101137.html?lang=en
https://doi.org/10.1519/jsc.0000000000003607
https://www.ncbi.nlm.nih.gov/pubmed/32379237
https://doi.org/10.1016/j.ptsp.2019.12.006
https://doi.org/10.1016/j.ptsp.2019.12.006
https://www.ncbi.nlm.nih.gov/pubmed/31869753

This Page Intentionally Left Blank



