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ABSTRACT

OJJ[IMnYZ This systematic review and meta-analysis aimed to examine the

Article Info: biomechanical characteristics of running in individuals who had undergone anterior
cruciate ligament reconstruction (ACLR) at various postoperative time intervals.
Received: 20 August 2025 (W A systematic search was performed in PubMed, Google Scholar, Scopus,
Accepted: 25 October 2025 SID, Magiran, ISC, ScienceDirect, JCR, and Web of Science from May 2010 to
Available Online: 25 October 2025 August 2025. Eligible studies included original research and clinical trials involving

young adults (18-45 years) with a history of ACLR, no concomitant injuries, and full-
text availability. After screening, 10 studies met the inclusion criteria. The
methodological quality of the included articles was assessed using the Downs and
Black checklist. Data on loading asymmetry, knee kinematics and kinetics, and
muscle activation were synthesized using meta-analytic procedures.

The results indicated significant biomechanical asymmetries in individuals
with ACLR up to 18 months after surgery, including a 15-20% reduction in loading
on the reconstructed limb, decreased knee extension moment (g = 0.80), greater knee
flexion angle at initial contact, and reduced vertical ground reaction force. These
deficits persisted even among athletes who had returned to sport, suggesting a

Keywords: sustained neuromuscular protective strategy.

. o Despite extended recovery periods, individuals with ACLR continue to
Anterior cruciate ligament exhibit persistent biomechanical deficits during running. These findings underscore
reconstruction, Running, the need for precise, biomechanically informed rehabilitation programs prior to return
Biomechanics, Asymmetry, to sport.
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1. Introduction

Running is a fundamental component of rehabilitation following knee injuries, particularly after anterior
cruciate ligament reconstruction (ACLR)—a common procedure among athletes that often results in long-
term biomechanical alterations (1,2). Although many individuals return to running, persistent
biomechanical deficits frequently remain, including asymmetrical limb loading, reduced knee extension
moments, greater knee flexion at initial contact, and altered muscle activation patterns after ACLR (3,4).
These compensatory adaptations may contribute to an increased risk of re-injury or early onset of
osteoarthritis, even in the absence of pain or joint instability (7,8).

Emerging evidence suggests that only a small proportion of patients fully restore pre-injury biomechanical
function, with the magnitude and nature of deficits varying across recovery stages (e.g., <6, 6-12, and >12
months post-surgery), indicating incomplete functional recovery (5). Previous meta-analyses have largely
focused on isolated time points or on tasks such as jumping and landing, thereby lacking a comprehensive
longitudinal assessment of running mechanics (6,7). Therefore, a systematic review and meta-analysis are
warranted to synthesize existing evidence on temporal changes in running kinematics and kinetics after
ACLR and to inform more targeted rehabilitation strategies and return-to-sport criteria (8).

2. Methods

This study followed a systematic review and meta-analysis design. Articles published in English and
Persian between May 2010 and August 2025 were identified through comprehensive searches in
specialized databases, including PubMed, Web of Science (WOS), Scopus, SID, Magiran, ISC,
ScienceDirect, JCR, and Google Scholar. Only original clinical trials were included. For each database, an
appropriate search strategy was developed using both Medical Subject Headings (MeSH) and free-text
terms. The primary search keywords included anterior cruciate ligament reconstruction, running, ground
reaction force, and electromyography (EMG). A total of 754 records were initially retrieved, of which 26
studies met the inclusion and exclusion criteria and were selected for analysis. For the quantitative
synthesis, Hedges’ g effect size (the standardized mean difference between two groups, weighted by pooled
standard deviation) was calculated. Between-study heterogeneity was evaluated using the 12 statistic,
defined as 12 = ((Q — df)/Q) x 100%, where Q represents the chi-square statistic and df the degrees of
freedom. A random-effects model was applied when 12 exceeded 50%, whereas a fixed-effects model was
used for values below 50%. The I2 index reflects the percentage of total variation across studies due to
heterogeneity rather than chance. Publication bias was assessed using appropriate statistical tests (e.g.,
funnel plot symmetry and Egger’s test). All statistical analyses were performed using RevMan software
(Review Manager, Version 5.1; Cochrane Collaboration).

3. Results

In the present study, 26 articles were identified through keyword searches, and 10 met the eligibility criteria
for inclusion and were included in the analysis. These studies encompass various designs, including clinical
trials, cross-sectional studies, cohort studies, and systematic reviews, providing valuable data on loading
asymmetry, knee kinematics and kinetics, muscle activity, and the influence of time post-surgery
(1,3,4,5,6,7,10,11,12). The study populations primarily consist of young individuals, with a mean age
between 23 and 27 years, who have returned to physical activity at least 6 months after anterior cruciate
ligament reconstruction (ACLR), indicating they are in the return-to-activity phase (1,3,4,5,7). Most
studies included only participants without concomitant joint or soft tissue injuries to minimize confounding
factors (1,3,4,5,6,7,10,11,12). In terms of sex distribution, several studies included male-only participants
(1,4,5), while others included a mixed-sex sample (3), which may reflect the higher incidence of ACL
injury in males or a focus on male athletes.

The most commonly used graft type was the hamstring tendon autograft; however, Gohil et al. (4) utilized
a bone-patellar tendon-bone (BTB) graft. This difference in graft type may influence loading patterns and
muscle function, as BTB grafts are frequently associated with greater quadriceps weakness and anterior
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knee pain (4). Running speed varied across studies: some used a standardized speed of 3 m/s (4,5,10,12),
while others allowed self-selected speeds, which better reflect real-world athletic conditions but reduce
inter-subject comparability (3,7). The time since surgery ranged from 6 to 18 months (1,3,4,5,7,10,11,12).
Notably, studies such as Fu et al. (1) and Zhou et al. (7) demonstrate that even at 6 months post-surgery,
loading on the injured limb remains significantly lower than on the uninjured limb (Hedges’ g = 0.78),
reflecting a persistent neuromuscular protective strategy. Although some improvement is observed over
time (12-18 months), biomechanical asymmetries persist in variables such as knee extension moment (4),
vertical ground reaction force (GRF) (5), and EMG activity of the hamstring muscles (10). Delayed
hamstring activation in the operated limb, as reported by Saki et al. (10), is a particular concern, given the
critical role of the hamstrings in resisting anterior tibial shear forces and stabilizing the reconstructed knee.
Systematic reviews by Zhou et al. (7) and Bafrouei et al. (6) indicate that biomechanical asymmetries can
persist up to 24 months post-surgery, and full symmetry is not achieved in the majority of patients.
However, Bafrouei et al. (6) concluded that core stability exercises can positively influence biomechanical
patterns, underscoring the importance of comprehensive rehabilitation that extends beyond localized knee
strengthening. Furthermore, studies such as Whiteley et al. (12) and Van Cant et al. (11) reveal that even
among elite athletes, asymmetries in knee internal rotation during cutting maneuvers and suboptimal
movement strategies remain present, which may increase the risk of reinjury. These findings collectively
emphasize that return to sport should not be determined solely by time elapsed or the absence of pain, but
must be supported by objective, criterion-based biomechanical assessments (11,12). The methodological
quality of the included articles was assessed using the Downs and Black checklist, with results presented
in Table 1. The mean overall quality score was 65.48%. The lowest quality article scored 58.06%, while
the highest scored 70.96%. The percentage quality score was calculated using the following formula:
Article quality (%) = (Total score / 31) x 100

4. Discussion

The findings of this systematic review and meta-analysis clearly demonstrate that individuals who have
undergone anterior cruciate ligament reconstruction (ACLR) continue to exhibit marked biomechanical
deficits during running, persisting up to 18 months post-surgery. These impairments include loading
asymmetry, reduced knee extension torque, greater knee flexion angle at initial contact, and decreased
vertical ground reaction force (VGRF) on the reconstructed limb (1,5). Such alterations reflect a persistent
neuromuscular protective strategy that may elevate the risk of reinjury, early-onset osteoarthritis, and
incomplete return to sport despite apparent functional recovery (1,5). A major contributing factor to these
deficits is quadriceps weakness, primarily resulting from neurogenic atrophy due to impaired
proprioceptive and sensorimotor function following ACL injury (13). This weakness directly diminishes
knee extension torque during the stance phase (Forest Plot 3), reducing propulsive force and increasing
mechanical load on secondary knee structures such as the meniscus and articular cartilage, thereby
accelerating joint degeneration (14).

Another important mechanism involves altered loading strategies. Individuals with ACLR consistently
offload the reconstructed limb, displaying approximately 15-20% lower loading compared to the
contralateral side (Forest Plots 1 and 4). Although this asymmetry may represent a compensatory strategy
to protect the graft, it can lead to long-term maladaptation and increased injury risk in both limbs (15).
Similarly, increased knee flexion angle at initial contact (Forest Plot 2) serves as a compensatory
adjustment to minimize shear and bending moments but may concurrently increase patellofemoral stress,
predisposing individuals to anterior knee pain and early degenerative changes (16). In addition, aberrant
muscle activation patterns—such as delayed hamstring activation relative to the quadriceps—can disrupt
normal agonist-antagonist coordination and compromise dynamic knee stability, heightening the risk of
graft re-rupture or secondary injuries (17). These findings align with Zhou et al. (2024), who reported
persistent Kinetic and kinematic asymmetries up to two years post-ACLR (18), and Gohil et al. (2025), who
confirmed significant knee extension torque deficits in patients with bone—patellar tendon—bone grafts (4).
Such evidence underscores the necessity for comprehensive biomechanical assessment before clearance
for return to sport, as many athletes continue to display suboptimal movement patterns despite meeting
clinical criteria (19). Nonetheless, some studies, such as Marques et al. (2021), reported near-normal
biomechanics by 12 months post-surgery, likely reflecting higher neuromuscular adaptability in elite
athletes or the effects of intensive, individualized rehabilitation (20).
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Table 1. Evaluation of the quality of the reviewed articles by Downs and Black questionnaire.
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Is the hypothesis/aim/objective of the
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study clearly described?

Are the main outcomes to be measured
clearly described in the Introduction or 1 1 1 1 1 1 1 1 1 1
Methods Section?

Are the characteristics of the patients
included in the study clearly described?
Are the interventions of interest clearly
described?

Are the distributions of principal
confounders in each group of subjects to 0 1 1 0 1 1 1 0 0 0
be compared clearly described?

Are the main findings of the study clearly
described?

Does the study provide estimates of the
random variability in the data for the main 0 0 0 0 0 0 0 0 0 0
outcomes?

Have all important adverse events that

may be a consequence of the intervention 0 0 0 0 0 0 0 0 0 0
been reported?

Have the characteristics of patients lost to
follow-up been described?

Have actual probability values been
reported?

Were the subjects asked to participate in
the study representative of the entire
population from which they were
recruited?

Were those subjects who were prepared to
participate representative of the entire
population from which they were
recruited?

Were the staff, places, and facilities where
the patients were treated, representative of
the treatment the majority of patients
receive?

Was an attempt made to blind study
subjects to the intervention they have 1 1 1 0 1 1 1 1 1 1
received ?

Was an attempt made to blind those

measuring the main outcomes of the 1 0 1 1 1 1 1 1 1 1
intervention?

If any of the results of the study were

based on “data dredging”, was this made 1 1 1 1 1 1 1 1 1 1
clear?

In trials and cohort studies, do the analyses

adjust for different lengths of follow-up of

patients, or in case-control studies, is the 1 1 1 1 1 1 1 1 1 1
time period between the intervention and

outcome the same for cases and controls ?

Were the statistical tests used to assess the

. . 1 1 1 1 1 1 1 1 1 1
main outcomes appropriate?
Wf_is compliance with the intervention/s 1 1 1 1 1 1 1 1 1 1
reliable?
Were the main outcome measures used 1 1 1 1 1 1 1 1 1 1
accurate?
Were the patients in different intervention 1 1 1 1 1 1 1 1 1 1
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groups or were the cases and controls
recruited from the same population?
Were study subjects in different
intervention groups or were the cases and

controls recruited over the same period of 1 1 1 1 1 1 1 1 1 1
time?

Were stugly subjects randomised to 1 1 1 1 1 1 1 0 0 0
intervention groups?

Was the randomised intervention

assignment concealed from both patients 1 1 1 0 0 1 1 1 1 0

and health care staff until recruitment was
complete and irrevocable?

Was there adequate adjustment for
confounding in the analyses from which 0 0 0 0 1 0 0 0 1 1
the main findings were drawn?

Were losses of patients to follow-up taken

h 0 0 0 0 0 0 0 0 1 1
into account?

Did the study have sufficient power to

detect a clinically important effect where

the probability value for a difference being 3 4 4 3 4 4 4 3 4 8
due to chance is less than 5%?

total score 18 21 21 19 21 20 21 20 20 22
quality of articles (percent) 58.06 67.74 67.74 6129 67.74 6451 67.74 6451 6451 7096

Moreover, Bafrouei et al. (2025) demonstrated that core stability and integrated neuromuscular training
can accelerate biomechanical recovery, suggesting that these deficits are modifiable through targeted
interventions (6). Therefore, post-ACLR rehabilitation should extend beyond isolated knee strengthening
to incorporate dynamic balance, neuromuscular control, plyometric training, and sport-specific movement
retraining. Pre—return-to-sport biomechanical evaluations using motion analysis, force platforms, and
electromyography are essential to ensure optimal recovery and to prevent long-term complications.
Despite extended recovery periods, individuals with a history of ACL reconstruction continue to exhibit
persistent biomechanical deficits during running. These findings emphasize the importance of
implementing precise, targeted, and biomechanics-based rehabilitation programs prior to return to sport to
ensure safe and complete functional recovery.

Ethical Considerations

Compliance with ethical guidelines

There were no ethical considerations to be considered in this research.
Funding

This research did not receive any grant from funding agencies in the public, commercial, or non-profit
sectors.

Authors' contributions
All authors equally contributed to preparing article.
Conflicts of interest

The authors declare that there are no conflicts of interest associated with this article.

Piri et al. Running Mechanics After ACL Reconstruction. J Sport Biomech.2026;12(1):52-69. 56




Y ol Y 293 Vo ,leo 9959 Swo g dlxo

S99 dlo
ool 1Y (slaojb 4o (olud (ko By (55w b (5110 81,91 48 98 SWlSo (owy 3
WUTle g Suilosiumw (559 30 adllae Sy 321 2

Y oo 5 Ll ailuadl 5 V0315l slays (D Slans & pale (g 55155 pian e gl {5 gm0 ol il

2ol e sl ) e BRS¢ oarlintilyy g (5 oole ISWEINS ¢ oal jy9 SeilSagus 89,5 )

Ol sl e gl cdud ) (S5 ke sUEID (S gy 04SWG1S ¢ J513 89,5 .Y

Use your devie toscan and Piri E, Jafarnezhadgero AA, Dehghani M, Rezazadeh F, Enteshari-Moghaddam A. Running Mechanics in

read the article online

Individuals with Anterior Cruciate Ligament Reconstruction 6-12 Months After Surgery: A Systematic Review and
Meta-Analysis. Journal of Sport Biomechanics.2026;12(1):52-69. https://doi.org/10.61882/JSportBiomech.12.1.52

d https://doi.org/10.61882/JSportBiomech.12.1.52

LES rallio oYL

bl 55wl 1)1 31,81 55 (90 (Slogu (S S 519 5Tl § Silatuunnms (65950 axlllno (o] VEoF slsye 8 el )3 b

D5 w1y Bl il m A (loj (saojly )3 (ol o VEF QY25 gl

Google Scholar « PubMed :aloa ;1 Sledbl Lol ;5 Slotmmw (5550w VEF QT Ll &,
YYD Wyl G YeYe 00l ;] WOS 4 JCR Science Direct /SC Magiran SID Scopus
Al U JWo (FO-1A) olea 31,31 o,y b (2lojT)5 o ol Solallian Jolds 59,9 (51 )bxo - o]
Vo (gL I o 392 JolS i (omw i L g 5503 (lojied ol (39u4 018 (oo b (5L
b ) S g 15 dolinins 1 03Uw] b oYl oS s DG ooleg Jalod (6152 L yo anlliae
5L 51 oaliiw! b SHas Cllad 5 ol St 5 SloinS «5,188,b oy, pus 4 byrpe slaodld
N S

ey BB o pas b (sl 5 o ole VA U aadisilosl s3l a8 sl s s

915 (I8 argl5 I3 el (piianST jgliiS AL ((ondies sl )3 TF+-1D IS aly (5,18 L

P Selags a2l N s3] S 0 n3 (3508 Sl nSE (538 2 Haojly 38

e opas (dlre (5351 sl 09145 823U § Wigad 0 BB Like b Callad &y S 3 (85559 (o8 (oo by il
i OB pas «Slage 90

Sl ) 58128 o Bl a6 (611 1,30 a2 1 o V5 ol S ok e (BRI bl
ool g dedad g $85 (dSuply Cjgpd BABL (nl Wi 1) O o 0 b (Sl
B30 LS (30559 41 bS5 51 JB T (SeilSegm b b

HEP VW XVWepe

255 pkr e o]

'L’J’)‘l, AJ.Q..'J), A‘_,'.\ﬁb)‘ djbu oSl 4@»%‘5) 9 oWy '55’& XU ‘ua.;)')’ Q)‘&a” 05; !ud)bi
amiralijafarnezhad@gmail.com : xes!

oy

5Ll g S ovtamnns (59990 dtlllne S 1 152 1 (ot o F-YY (030 13 (0lud ambio bl g5l (o115 31,81 45 iugd Sl oy ¢y K0 g (S om



https://orcid.org/0000-0001-9188-9746
https://orcid.org/0000-0002-2739-4340
https://orcid.org/0000-0003-4190-9061
https://orcid.org/0009-0003-4190-935X
https://orcid.org/0000-0003-0443-5952
https://doi.org/10.32598/biomechanics.7.1.3

B9 Siog dhme Y oykoss Y 5y93 VFed koo

LV R

2 @2Vl Cuenl el slacl 51 05294 (559 0y039) slaclld il 5 culel S S Clsied g
g ol 35,5 0 9l @l ol 5l (S old o bly ()b (V) conl Jye3 0 (5559 9 cdlad 4 cusS5b aol s
a1 51 gyloms (Jepll (V) )b SilSogn 9 (S 2)Slos p (Jiodils lasoly &S cunl (gilwjl sl siojls 5\/94”
S)leiel (698 g )lIS)L p3 () pae) (g (SElage sagSl )3 (2 P JB Slyei b (o5 o LUy (2l
4 JolS Sl pas g 995 o] Sl sl dge s Wilg o &S Wik e delse (e ol 5 s
55l sl 4y ke 3131 (ol ook by (65lsl 51 g 45 lodls s lallas () 325 Ligl33l 1, cpaihy (slaclled
)95 0 Olej) 29 dasd )3 gilj (piSUS agly il cadgl pules 6 )3 gil; it agly (il b 93 (ym (HISHL 5
St e 55l Sy Boe (SolSags St gl {F ) 5 5t calleh (oo )3 s 5 (0 b | it
500 slybidle oyl ilisl 4 e aedily pd sl (1Sae Lol cXga oo yrundtd 005 Jas (g9l5 4 0nd 5)lg b ialS
5 ol Eglita (oo VY 51 i 9 Alo VY il ) s 5| ug Ciliseo slo celmojly 5> Sl ol 2395 b b ol Laio

s Jol8  JolS (S50 mmoyi 5l s > (69 Sas oll dad o ol

Lo dmlie p it L3 (slazllllie (0) Atlioe Cud ol I Gy (Solage o 4 gl | (S8 S5 ks
adllas S plonl po3l o uily IS ol (Y ,F) Canl 0duis plodil s S Sbj)l (Sl 5l e calisee (slaosl 15 g loj sk
$2936 B ko bly (s5lojly ) gy 9> SlSoge oSS iae S (sl 1y 355 5llie 5 Slasns (5590
Canl o le ol Glial I (S5 ed das il Lg (slacudlad 4 cuiS il o o8 do bly (g5l 5l e 235l oo
Gld pae b 2> W5Me 3535 oy 9 (b pao s 5 e Jolye jd i 0,8l 51 (6l oS siad o LS Do sl ¢l il
5 S pgly 3 et ol laals cul (V) S0 855 9% 0 2 R FB (SolSasn lagas jl Glomes 2l
Olje pe cllad g o) ju)ley i (Mac— uae 3 Soe )3 (JoSenl ((SMae (lo)gliiS Lials 4ilj opuiinns]
ool ot aSh S dgume |y (S 5,Shas Canl (Son b lpss ol () 3900 gil) 0aiiS 13 ¢ 0aiiS3b wMlae
Sloj sloosl ;> @l ol 385 3 cgyeplil (M) 2o ialal aessh 13 1) 6il5 59,5, sl b s 5losl by 4 same
Solol s byl g diebin iSuly OMBle slb lp (Gaesil g Gaelbe whteoligS) (sl | L ilise
AL aisly ¢ o8 oo bl (gjlojl 0jg> 55 (SilSegn Clalllae pRaiia Rl 3529 b conl (53900 (0))9 & Sl
2 b Sgods 19> SuilSege o bl 45 onis 0313 gl iy ol 0 Kot yobods g Sitand 9%enl b ja8le
3 ol el 5 o3 15le o B 5 5l o Jlo S 3 e B s il 5] 5 oK1 b mgn &5 oloj s
xS ) (Slagn Clyenss Sloj JolSS g wilo3 S 39505 (ols (Sloj dlail Sy 3 09,5 93 (e duglie 2 LS 29290 lalllas
O )M)S 9 ,\510394 ;)NA > i g u«:)J Lg[aw;wl’ L u.db L;Lm)lﬁ.w » ).u-\ou) u,w.w L;Lm}:]lj“;’.a e .JJIAD)SJ
1y 3gng0 claodly a8 zals 5Ll g Sl Hope S 3939 ¢ oplpl hlas sy 50,8 5 ol cdls K lgea

Sr9re S 2Ll Jsb Cygeon ]y (9> (SS9 (SletsS Sli 9 008 S 5 (2 ) o et Sloj slaojl

OA

5Ll g S ostamnws (69990 dtlllne S 1 152 5l (ot Blo =YY (030 13 (olud ambio bl g5l (5115 31,81 45 iugd Sl oy s ¢y K0 9 (S om




Y 55loud VY 5,03 I F oD lou

olej Jgb 3 o Sl g (xbyd (SlSagn (slogSll Lol oy0jg) slacadld 5 (5555 4 CtS3l 10 s> Cuonl
96 ol s (Al Coled )3 9 (509 4 CutS3l sl FEE Glajline (e (iS5 slaasy S50 41 Wl o

D (Al 3 ey iz Sloj glaojly )3 (eliB b by (gilojly ()l
Wl (9

Jls (g0 ol sl 5l Y 5 oyl o5 & SVl (oot g2 (5UT0) Sl B 5 Silatinr (5950 €53 51 pol> aslllas
ISC Magiran . SID. Scopus WOS PUbDME :ales j| panss (claolol 13 48 340 Y ¥D gl olo (glunl b ¥+ )+
I8 Uil g oway Dyge Lidgs owl &S Sliidss ogMedy .cé )3 plsl GOogle Scholar 4 JCR Science Direct,
ol uslio 5 pogase (segcue sFlal I SleMol SOl ol 2535 Al ales g ool (gl g9 51 il S
&l i ookl ejlgads” Free Text s MESH i solawl sleoll (S iSl g3 g 13 45 (5550 4y b odliiu!
A5 03liwl” 8, S gsleg S ¥ pej Sl e (g95m5 cpdgd Yool il bl tigilujl (slojlaadsS I oYl 2l Suil
b egdge bloyl pas =V 1 LYo & dlie VWA wlaws oyl 5l s ololid dllie VOF ¢ SleMbl slaoll 5o asl (goocins
) A5 390 (Slaser sl IS5 i =Y 5 ol b i 5le cirg> s bl (s, el 3855 Jl
Sl Wl S 09,5 oS Slalllae g =Y (M (S5 xS cudled g il Sl g Jodll wSe (69 aile) 5JUILe
@ Mo n 339030 45" 5Vl =V aizily el o by (gilojl by 55ge3l a5 Sllllas I osliul =Yz Jud 51 (63 g0
aS b y> 13,5 3561 psls addllas 399 (sl lxo lgicds dgs oyt ;0 byl b oS ladalllas =Y 85395 b gy lxinls lo
B adllo jl aily Slisw g SBed plul 13 Cul aiblo b g 39 b slag)lual plo 4 Mo b Sdgejl a5 Yo
3ol b33l poguad 3 (el ST Elpl b byl ) allie Ve coled y3 008 55 2953 9 39)9 Sla)lime & d2gi b
Yl CudeS (b)) polaiedy (iRuimg} & (ol ) o)led plSLY bl 85 5 () 3y90 (o (ko By
oo gl gl yiml pomi g cuslio (laojlalls soxiwe (ol P8 0 laiee Lol Cua .l o 03> Lis Wilesls plow]
Yo olod Baim g dls o opl )0 gy Wojlaauls” ulul posd gomiwe &YlRe awyy ) Ry Bad pgd p5 b g
bwg s 1y adlas 4 5959 slaybre a5 SYlie cutS Sbs)l pow pB 10 W00y (sdi—diwd &l sladdg o |,
2 Yo (md 0yed g 2bj)l & Al Mels Cygody yold 93 dlsyo pl 13 (A) €8T H1E Ly 2y Sbg s dolidinyy
bwg cuily 3939 GYlie (0 0405 ogad ;0 &S SAMB] joaad (0 (sdx plE j0 By odd db dolidusys bl
sokatods (IS OIS (13905 Cubldol g gy s SVl (385 9 2o adlllan b (Bt gi 25 p5 52 a8 2Lyl (2l 59l

1. Reconstruction

2. Anterior Cruciate Ligament
3. Grand Reaction Force

4. Electromyography

04

5Ll g S ovtamnns (59990 dtlllne S 1 152 1 (ot o F-YY (030 13 (0lud ambio bl g5l (o115 31,81 45 iugd Sl oy ¢y K0 g (S om

0309 SOBagu dhxo



B9 Siog dhme Y oykoss Y 5y93 VFed koo

aass ol 5 03l slaolKl 5l oad bl Yl
Science ISC Magiran . SID. Scopus WOS PubMed

A ! L;JL»L.J: dl>)a 1
Google Scholar , JCR Direct, | oo Zlo-- I
( N=vor)
P T TS e s s e e m e e e e e
1 ( N:VVA) 0l Sa/ lgis wlwl p ossbis Y lds 1 : &Se dls o 1
1 | e e e e e e = 1
' Ohgd ¢ B S pas (A !
I S5 (Sager (sloyeize G355 pae (o0 !
1 =
! ol S5 09,5 2929 pis (2
1
L e e e e = = -
T S ,
: A L o byl < Vlie | = mmmm o
| (N=vs) 1 s |
L e e e S ke .
R ST
! (N=Y8) 5 LYs 4 o Blo < Ylis ' ! e e :
. . N=» !
' a8l 123 (g iyl Cmox (0 095 ot )3 JolS oo (Al 1 ' ( ) !
L o e e e e = . O TTTTTEETETET

PRISMA 5l 15U ) S5

ldoliiw y 5Tl g )b doliiun p 45 ol )3 & o3 L ookl )l s 5l andllas () HLisl oS g (wyp 6lp
Lo Solas Oygods la 5dgejl a5 Slillbe (cly doliiuwp g9 cpl odliwl el 48 wib o b SYlie cuiS sl
webadl ol 0330)5 &l sy )50 GV e ogad > Jlaw YV aolidus y (ol 53 (1) 2k o ply8 1) abl  Bolas e
2 oyt 93 Allia L) VY Sl oy 5 15 45k o s BByt b sl pe (sline & 5o 5 2 (sline 4 S, 200
e 4 ) 4 S5 (o3ae b yhuo o5 Wb o olaidl +—0 o bo (edae (9,0 1) adslil cybls LS Jlsw Y& ol
&S SYlio cly pols addlae )3 .cowl (o985 sl oximyLis ol 4 s e3ae b B dae olaid] 5 cams sl
Qs ¥ oY CoursS 0y )y Wdgr 03,5 S 1y YY dae I iy 9 VoY V=Y ule (glojed (LS o Y& bl 5

il olazs

o3

pas b odliul (a5ual (Sjg ke Blyoul 4093 93 (pSle Joli cus) Hedges's g il ojlul ;I sdblke plosl (clp
Jae 3 08l Be oYU 5185 8,5 )5 sy 3y50 (17=(Q-0F/Q)*100%) 12 [aslis 5 sslisial b clillas oy il

o9l 5 ealital b cldllas HLim] b yg5 d9 oo odlitul ol 3l Jio 1 asl Z0+ 45 5T 9 365 oo ooliul dslas @l

1. Egger's test
2. Downs and Black checklist

IR

5Ll g S ostamnws (69990 dtlllne S 1 152 5l (ot Blo =YY (030 13 (olud ambio bl g5l (5115 31,81 45 iugd Sl oy s ¢y K0 9 (S om




Y ol Y 293 Vo ,leo 9959 Swo g dlxo

Sliro &y 12 asls o9 YU conl (o151 as 3 slixo 4 OF 5 Chi-squared Ll YU Jge,8 ;5 Q .cé,)3 )13 obj,l 5,90 3]

A ooliwl yeiegrgry IS 58l 5 5l ey Julosisdy 555 (sl wcanl Slalllas yle 45 (SeKenls

@Ué

L85 105 o 590 0399 ke ol p dlie Vo cudS LS comtiun )b 5l osel Cows 4 dllie Y5 pils asdlllae p
2l ales 5l Folite (claz )b Jolis cldllas ol sl o &8l ) Joss )3 aoMs jobots Vlio wyy jl o> ol
SS9 SloiS ()L W pas 0)lyd (pbrodls 5 witd Ssletin Sbjgye 5 ygagS ¢ galade Clilllae ¢l
55be) olss 3Ll Jels Taas cldllas ol j3 55g0j] dusls aimd o @l (sl 1 e loj 4l 5 SMas clleb ol
4 Sl Al o oy lis S WlaiS i Sl & sl Gw ol £ JBls &S col (Jlo YY B YY s b
Iy 0aiS’ ysgaste Jalge b 103,83l 1y BLbl (clacdl b Jolie 4 by caml ot 3,81 s clallae 8T .ol e
s @ ol (Sae a8 wiladls oY) (U5 9 oo 3l oS 5L N FD) 2y0 laid b cldlllan yidiy cins a5 5 ias il
i ot €85 llllas 8T 55 oolitiol 3,90 313 g5 .05k 350 ylS559 2 3550 b o0 53 ACL ol VL 50
() Casl 03,8 odlal gy (SSiS o980 5 a8 LogS addllae jody el 0395 Ko yrned SMuae 980 I glans, s
e G0 b Ygoms Sy (SSES 900 oSy IS b M b 5 ISk s sl Ko Sglis )
yeo ¥ )bl ey oyl 5l (B sl oglite Calises Slalllas )3 90 ey wCansl ol yo g3l 3,0 g ST HgluiS
byl 4y 55 oS wlas (8 las 3 Sbailyed 1y cae yus (K00 (B a8 Il s cled S eoliiw] (lawgio 190 Joleo) 4l
Wle Sllllas .l yusiio ol VA B & 5 (slys 5 e yloj v o ilST 1y 1,81 o duslie colslB Lol sl (1559 (Bls
sl plls (gl 51 a8 (gl stme g ool (b 59y HSL (2l olo £ )3 (> 45 dimd o LiTs5 g 5B
g oo 0blio (£35:00 43,5 folo VA BVY) (o cusdS bl SMide— uae  ablis (o Lads sniad ylis a8 (Vo)
lsd S fan e S0 7S i g () Jod| e (55 S gt sile i 53 )5 pc U
2 S i e ) 1yl Sy S5 osd ey > Kipginen dlie b > i hger lee 3l
olo Y¥ b (Siloger )85 pas pl & imd o Uit Silots ygyp0 Slalllas )l (il ohd slagyi il o g5 s
Sl ped a5 35,8 oo doui () o)) en g (Sgyp Lol ©395 o sdmliie 31,81 g 1> JolS 390 9 3l dddl sl il e
ol5 Gl yes jl 513 mels  isu )l MBI Cuonl & WS SaS  SolSogn (bosSl dgup 4 AlgS o (b (635 o LS
P o pas sl GSS55 5 (> o ey (LTI g 58y ale Sllllae wolyd ) el L
Sl a5 S o ST bl (MVAY) a3 o il 1y ol e ylas 457505 g syt b gil; SIS Lis >
bil F g ell .08l olpen (Slage 385 byl b bl g Cuns (B30 g b oloj ol 2 s 9
FOIFA Jolre Ylie CotsS” obj)l JS 00Ske oS ol ()l ladidly .ol o 03ld ylis Sy g s dslidiun yy bawgs <Y lde

1. Revman 5.1
2. Gohil

3. Fu & Zhou
4. Bafrouei

5. Whiteley

6. Van Cant

BRI 101 5 S lotnnns (6550 dlhio S 5y 51 om 0lo SVY (63l 43 (ool pbeo Bl (65005l 61,15 3,31 55 (3095 Sl (suw i ey Sed 5 (St




G039 SWBagu dhxo

Y 55lowd Y 5,00 I F oD s

30 OYlRe CutsS p YL g OA+F CutS dopd b dllie S & basyo dllie CutsS oy oS &S Canl 3 4 p5Y g o
s 2 oS g 5 OVl CutsS Olyed (oguad )0 aS Cul )3 LLS g Mo 3 YV /A8 CutS do b dllie S 4y bgyye

233,85 odlaiwl 45 alayly 5l Cawl oad lo duo

(Lo cames ) Yo CoaS=(JS 0 p0d / ¥V )N+
S Cuw b
ol 00 035l V=0 IS5 ) s pussie lTlie 4 by po ol

a9 b ool o Ll ibil Lol s s Sle ) Jsis

ol s @5 99909 slojlene o oge3! oy yie omoly e adbegy bl
EF 3 s o) Sl o OBy
(e85 (ele)

Sboy MBS pials Sl R ol pae YORY i VF B pac sbf VI Gl OhKan 5 o8
Hedges’ g = ) syl b cdlS op el agls)liS)l 4l sl ()

(.78 S o 55 pisle
@b ol oiSB GRIEL 0 gt ehen ol g (JL VBT 5 (R Slas Bl )Y b oS 9 Sl
o ki OB pas gl (1) olSan

EIEIN
2 bS] pliS JialS S5 ey cACLRLE  Jlo YW s A ims] gkas elbd ¥ adllas 5 JensS
oadJos 5 oley S o el el b (srlate () olan
oy S8 EMG
@50 GRF o i pas gl D55 (JLo Y oi VY JadlSe 950 WA rre¥ s 5 09985
s Sipjnar 0 (GRF) (e ot ki (0) o)) Kar
B ol pie Lol oy gty e b CSilotunms yope ol adlllaa VY 5 S SAYOA  beibss ey e 5 55
olo V¥ A ol Solazs Selot ()
O 858 o ol il ye3 S0 el e RCT a5 ¥Fe wdlae A pluil Silsage W-Y o obBabes ) 9 Soyk
e |y SlSoges 900 St Sl ol
A e ()
i yunat cllad 3 ;36 iy 4 ciSih o ek (Jle VO GE Y Cullsd (555l W rEeY gl s Sk
dabses e 4l sl oK
S e ()
3Sdes 93,3 390 5955l o9l Lai solios ¥ 3 Sdas ) ) el 9 <l 0
595)553) b (1)) ol Ken
oh bl b Cute (Siron iy ¥ gjlojl i Jlo YA 35 Yo ¥ edls i W - aalllas (¥) st
2y ) e

GBI 2 3 B pas Jbgé 53559 Jlo VY 8 vF 5 SloisS ‘o 2y ¥ s 9 2y
#1 i e €30 e a3l (i Ohen
(Ov)

5Ll g S ostamnws (69990 dtlllne S 1 152 5l (ot Blo =YY (030 13 (olud ambio bl g5l (5115 31,81 45 iugd Sl oy s ¢y K0 9 (S om




Y ol Y 293 Vo ,leo 9959 Swo g dlxo

dasd )3 gil} SIS aygls cors Joo (b y3 a5 sl () 5l (Sl s somey b (wled alasd 13 gil 5 iU 4y ol (I
Sl il o ol A BWY ol )3 o0 Jlil ool conl Wl sb 1 jin 423 B BT :0ke jobody (05 b 4yl (ol
Ll 298 00y 028 gjlojl by p (i85 (28 sl (Sl il S lgiees gl iSI GlEl sl 008 oamlite
&S Cawl O] IS mls aS Jice |y b S oS g 0oy Luals' 1y g (SlSenn (ol Sl o yux ol
(+IYAL /-0 Hedges’ g = 3l ojlul) ol Wl (b 5l 5208 203 Ve 510 (g )bline yobds ol Jos (5L (59, (5,105,L
Bl ool )l plgs Jos j) g sl VAL loman g sl 555k (Sl 5l ol £ Sloj ojl 3 NSk ()8 pas
Lol codd sbomy) ol bl o )lis jinls jslaiedy a8 canl SMis— ae iliblocs o35l Sy s oimolis

A il 31 1) 49l elacuwl b o)395 59,5, 4 Mol Jas csenids )3 canl (Ko

2 adgl oles alasd > gl puiSIE gl 48 sl (L5 odplonl jblie 2oy U (wiled alasd 45 oilj oSS gl (&
bl ooSI S e 3y50p1 a3 O B Y iy :Slee seboas 48 ialsdl sl el s (gl 51 sy (g )bline yobody 005 Jas gl
S0 I3l ol SlSn a1 s e oaalie Glisen 3 il e ol VA LY Lo o5l 5 5 dg clllas ST 5
Cgue 03555ojl COLS ooy ohE By (slayl g piiin] clayolicS el ol el (ol il o Vil
8551 SWI Gl g o5 Juade (i (28 o)k ) hgd (SSlage ) Slgice 6)5le cnl g2a0nll 29800
2 alas 1 b Wles e oS ‘(|2=ZF/\) A odalie Gldlls s oYL U bwgio (SoSenl & sl ,$5 LS aas ials

A8k (Al o bl ssngles b ogd oSS

ool b By g s o e Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Fu 2024 18.4 .2 4 4318 M4 559% J06[2.21,3.81] . =
Marques 2024 149.1 58 223818 22 441% 346 [2.80, 4.47] -
Total (95% Cl) 46 46 100.0% 3.24 [2.60, 3.87] &
Heterageneity Tau®= 0,00 Chif= 0,37, df =1 (P = 0.54% F= 0% 54 52 T é ji
Test for overall effect Z=9.94 (P = 0.00001) 6 g s 2t

o)) sy ISl o) pae Jlodl)b Sl ples Y S

ool e By (5 o s e Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fuziza 18.7 34 24221 18 M 436% -1.04 [-1.65,-0.43] ——
Shahbazi 2025 19.4 4.1 a0 23 37 30 5864% -0.91 [1.44,-0.38] —-
Total (95% CI) 54 54 100.0% -0.97 [-1.37, -0.57] &
Heterogeneity: Tau®=0.00; Chi*= 010, df=1{F=0.75); F=0% _I _I f

Testfor overall effect 2= 4.73 (P = 0.00001) dnyd e aily il gl

A yd sy il SIS gl ool b1 oles Y S

7Y

5Ll g S ovtamnns (59990 dtlllne S 1 152 1 (ot o F-YY (030 13 (0lud ambio bl g5l (o115 31,81 45 iugd Sl oy ¢y K0 g (S om




B9 Siog dhme Y oykoss Y 5y93 VFed koo

(ool pla By gl jla il Stil. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl I/, Random, 95% CI
Bafrougi 2025 145 033 0 182 028 20 &61% ST A48 219, -0.77) . B
Gohil 2025 132 0z8 18 189 0.3 18 4349% -1.89[-2.69,-1.09] -+
Total {95% Cl) 38 38 100.0% -1.66 [-2.19,-1.13] L
Heterageneity: Tau?= 0.00; Chif= 0.55, df= 1 (P = 0.4E); F= 0% 14 12 ; é i
Testfor overall effect Z=6.14 (P = 0.00001} (NG i i il

PSS e 095 oy gl S S loolyd 51 lei ¥ S5

el palen Blay g b Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight N, Random, 95% Cl IV, Random, 95% Cl
Fu202s 188 033 24 235 029 24 AL3% -1 AT .79, -0.56] ——
Marques 20248 208 0.3 220 24 027 22 ATT% -1.18[1.83,-0.54] ——
Total (95% Cl) 16 46 100.0% -1.18[-1.62, -0.73] %
Heterageneity, Tau®= 0.00; Chif= 0.00, df= 1 (P = 0.98); F= 0% 52 51 ; % é

Testfor overall effect 2= 517 (P = 0.00001) sl e gagar g g

% 0 3 e e n3 ol 5558 loslid ol B S

YO /N o l5se 4 4 05 oanlite 00 Jas gl 3 gilj i gliiS )5 (g ybline inlS 19315 bS] HalniS (&
orl sl 555l ilod S oot Sy (S gk S Sl a8 ool o Sl ol 2y (NMVKG) p Sk secysigs
b Wl ed ok Jos (s9l5 e log e Cinds o g pds 29ib 0 030 Casnd () yuoloy dhide ins 4y Bias i
it ) sl Gt 0 "ol Jo" esydcsl (gl e 1> S alogl (SaiS il ylisS ol ol S 5 @508 len
o8 g () (ials s ) (93 sl 651 o B3l s o 53 dtal Bl (EalS S5 @ yoxie yal ul 3 el plosl

Dgd e Slp (S

2o VO U Ve (gyhblize jobody o Joe (sb 10 (poj Jodl Ko (63508 (94 109 M‘g}"&" E2905 (59 (b
GISL ials oo ol oyl deldl o sl 5l e sl VAL dad s IS5, 00 LialS ) Conl Wl b 5l S
il oyl ol g S oS jials 4 e wlg e a8 Canl stsdcaw] (b 5l JolS edlatul 5l Glias saimd L

Do Juolas

o o VAL (> (oliB o bl Sl esdigloly o131 a8 i o LS zadgas 3T § Siilatuns yg50 nl (sloaidly
SPS (EalS (I)L lE pas Jald Lol cpl disd (193 (92 )3 (2P PE (Sllegn slapal yle (2
odpdl (gl 53 (0] 53905 Jodl S oy S 5 e b ol aland )3 ilj (S gl el egily iz
s 3155 n 3,5kee (6 ml S myiale 45 Mituad pylin Mo pume aiblone (g5l Ko Kby eyt (] o

(B)) 2 (a8l (o3559 slaclled 4 JolS CutSil pas 5 0)395 j9.5,] Sl sl 290

5

5Ll g S ostamnws (69990 dtlllne S 1 152 5l (ot Blo =YY (030 13 (olud ambio bl g5l (5115 31,81 45 iugd Sl oy s ¢y K0 9 (S om




Y o,lowd VY 0,90 N F+O o LS‘i’J.Jﬁ t..iu&.o” dlxo
Sy o el p ¥ Jgdx

CotS oy YV YE YO YF YO OYY Y. AL SR VU A 2 VR VA T | S ) S | S B ). a A v £ I ¥ Y Y )

oY S Slalllas
(32,)

QA5 A Y . . . \ \ ) ) ) ) ) ) ) . ) ) ) ) . . . \ . \ \ \ \ 599
ol)Ser
0)
FYIVE Y ¥ . \ . \ \ ) ) ) ) ) ) ) ) ) \ ) ) . . . \ \ \ \ \ \ 9 5 laed
(V) olySen
SYIVE Y)Y ¥ . . ) \ \ ) ) ) ) ) ) ) ) ) ) ) ) . . . ) ) ) \ ) ) 9 Ju2oS
() OhlSen
Y N Y Y T S PSP ox g1
(8) oylSen
SYIVE Y)Y ¥ \ \ ) . \ ) ) ) ) ) ) ) ) ) ) ) ) . . . ) . ) \ ) ) 995
(V) ohSen
A7/ Y SN (L R WP WD W N WD WAL SN UL VAN WAL SN L U WP SS SRS W S U S YV
ohKer
)
FYIVE Y ¥ . . \ \ \ \ ) ) \ \ ) \ ) \ ) ) ) . . . \ ) ) \ \ \ 5 Sk
RULSS
()
£¥/0) Y. Y . . ) ) ) ) ) ) ) ) ) ) ) ) \ ) \ . . . ) . ) \ ) \ 5 <ils g
olyKen
M)
FA7/ 200 CUNN ST W W N UL WAL WS WD WD WS SN SN WS W USRS S S U U U | W N
T Y Y T T T T Y T T T TP -
ohKen
oY)

3T o K lodammpar (5350 4xlllin S 131y 51 s Blo =V (5ol 43 ool ol By (55Lar3b G135 31,31 53 5195 Swile owry 2 ey Ko 9 (6




B9 Siog dhme Y oykoss Y 5y93 VFed koo

5 e > (500555 43 ol JU53 4 Ttne BT ) sl oy nslagy e Cins dlinna () ol alse 51 (S
b osled 506 53 ) (pinas] j5hiS 2alS & e loniin Gind (0 (IT) 38300 &5 (s (5l pon 5o SO
S WS (o 39850 (93 (b |) ailpdy 5908 Wy slp 38 Uy kid poliS cpl (BT O Cusl8) 390 (e
2 I G i nl dpdee Bgpad 5 Swusie Wil gl Jake il ple 65y )k Jlieb @iy g

(VF) o Siulidl |y ate o 56 5 (Sanle Hled csend

L L Wb bl elid o bl (ilesb b olydl .cwl (6)l38,b (51l 0 s Lol slapmdlSo | > (S
TS S S NRA IR OiblS) Cunl oas 03l i zadads ¥ g ) M Cawsyld (o a8 S ot Wl b 4 ol Jos
Sl 5 ol g0 i 02bis3lojly by y A5 Sl (el Glp mulSe S lgieas ()8 pae ol (oddsl
915 S0 aygly Gal3dl esily SalatsS’ )3y (VD) 550 P11 93 12 )3 sl s (I3l g )L i 50 elaisr & e
sl gl 53 (b g (shed poliiS WS (ly Sl el S enma L (V O Cunyld) (e b wles daxd
3 b 58 bls)l a5 39 Sy (S8 v jLi8 Gl g (S ol (ialS 4 oxie Kl o Cundg cpl (Jlcnll
olts Slillas )l age (8 35 SMae Colled ()sSanl slogSIl il g ogMe (V7) 205 w3395 39501 5 Jlgadslily
93 Sealted (5l 5 03,8 Jiseo |y (Mide Jols oy posler b dmalio )3 i jtuon M Cllid 3 556 o8 wlools

(V) amd il 1) gl clacww] slol b by sase jiiS s Kl o Jols pas opl amd o Lials |,

gunotd 3yl ol SSlogu )li5 pas  Slya 5l s olo YF B Wlosly L &S eoaxio (gla yimgh b dslllas () (slaaidly
29Ut g5 BB ials (V70) () Ke g JinoS aalllae coppizman (V) Slogo (Sb (A jl e JUo VB 5l SsletsS
gy Slallas ol (F) 3yl caisllas Lo slaassly b a8 wiS o a0l Iy SS90 LS L sl 3 1) gl i)
Olomed (Gl (slacass jl joue 395 b (10555 5| (5l 85Tz oS AST (1259 4 Sl 5 S (SlSager b))
3 s b glos old s s hiys 4 casSil o S o aST aasily cpl s digp S sbasSIl gl
3k &8 Ailo3)S ()15 Slalllae (S o Jlcull (V1) 28l (oS 3 )Sdas 555 (b)) 2 (e b 4L 09 plos
2T ohlKen 5 agSile adllas e e lsisas o (Silfager 3,Shos Jloys Lo o 2 ola VY 51y 3181
ool Joib BB (8555 lacans ) 53 Slas (ej Jeall puSe (69568 )W pas 3529 b a5 3 (Lt sl IS5 5
3l S dSSgn b (3YL (elad ol b glad > L1585)9) adllas 3590 Copmon 53 gl > 4 sl (ySon gl (]

O S35 o S Ol e oS lon S 48T (V-V0) oylSen g g Ale 6ygp0 Slallle (S coizran (V1) L3k Sy

SaiinS 53 ol pae Lol o) 2935 (0 )5 dguro 45T 13,5 158 cbliiio Siladuw j9p0 SO 53 (VYY) ) Sa 5 55 o]

o oyl wiaddn CMSILe b ard o L a5 08 S8 Sliog plil SolSogm 5y dguby s lg5 oo (oS )5 il yod g
(5) )5 (amlol Ui ol CanheS g o 00158 s Jile g5 o S simd o s ntibly ) Atk )] 5
& o g s Cogotr (o8 (o bl (silojl 5l e 9> Silogn 29t &5 3o LS adlllae (il cggeone 5
Wi Vsb (piSuples plol Gygps p laaidl cpl ablee (B g Jle Sl Gl B lagylal S (B g e
oo sle almyl3) 5l ebing 4 CutS3l 5l B 29 e Sl S o 45T (Slager sloobsyl 2 (Hire 9 Miabia
Sl (nl 295 odlatul 3)Shas (385 2l Sln (Bl eres Sl g () Jadll nSe (59568 Hiomi (Sialny (S >

55

UG 5 K losamns (55950 4lllae 3 3 Ty 51 ot o S=VY (sWoo3l 43 (oolsd oo Bl (53bw3l 5115 31,31 53 98 SKile w2 6y Kot 9 (5




Y 55loud VY 5,03 I F oD lou

Koo jlo Sy (s (S > Al by 20 dguty Ls),p 8l bl (giloil 5l e 2 Sles daae oS iad o i A5 I
e Sl 31 518 3l sl oy ol sl S JES 5 e e s s s 3Skas bk
I8 (Sl bl Audl (SMas (Sialen Gliyjed 9398 9 oy sl by SOl Oloyad Jald g 4L 4l

D9 (6 S gl Gtasily slaals dbul 1Bl (53905 yg 4 udSL
2R (5 denid

oo bly (gilosl dzmsu )b glyls o8l o sl 51 s (Y eb lo cubdS wfyde a5 Wimd o i Zadgds Al oyl
(e 5 Medad (38> (LiSu g Dygpd g &S oo @) G 1> D (A F B (SlSesn sla gl I loren olu
S o 2T e 4 cutS L 3l U8 (Sl sla b))

SBYST S lise

oiRg3 BYS! Jao! 51 (59 sm

ol 3Tk 5 Silatims (53950 g9 5 Alio )

b ol

sl 03)S5 28l > (£lilyd g pogad ((Hgd splojle jl Il SeS GSan Siagh o)
OB M g 5 Lo

bladly <8 )lia pole Gimgd sl iy den () g Ll (2l 53 Bty ples
oo

)l @lie o)l Alie ol Bk s B 5 L

Reference

1. Fu S, Shi H, Yu Y, Huang H, Liu H, Ao Y. Effects of Knee Extension Constraint Training on Knee and Loading
Asymmetry during Walking and Running after Unilateral ACL Reconstruction: A Pilot Randomized Clinical
Trial. Gait & Posture. 2025;111:150-157. [DOI:10.1016/j.gaitpost.2025.07.311] [PMID]

2. Yau W. Relationship between body dimensions and the diameter of a 4-strand ACLR graft. Journal of Experimental
Orthopaedics. 2025;12(3):e70329. [DOI:10.1002/je02.70329] [PMID]

3. Shahbazi M, Esmaeili H, Salari-Esker F, Bashiri B, Khezri D. Hip and knee joints mechanics and asymmetries in
individuals with a history of anterior cruciate ligament reconstruction during overground running. The Knee.
2025;52:1-8. [DOI:10.1016/j.knee.2024.10.010] [PMID]

0309 SOBagu dhxo

UG 5 S loamns (55950 4dlllae 3 3 Ty 51 ot o S=VY (sWoojl 43 oolsd ol Bl (53bw3l (5115 31,31 53 a98 SKile omy 2 6y Ko 9 (5



https://doi.org/10.1016/j.gaitpost.2025.07.311
https://www.ncbi.nlm.nih.gov/pubmed/40680699
https://doi.org/10.1002/jeo2.70329
https://www.ncbi.nlm.nih.gov/pubmed/40626185
https://doi.org/10.1016/j.knee.2024.10.010
https://www.ncbi.nlm.nih.gov/pubmed/39509780

B9 Siog dhme Y oykoss Y 5y93 VFed koo

4. Gohil AM, Hawk GS, Johnson DL, Fry CS, Noehren B. Exploring the Influence of Quadriceps Peak Torque and Rate
of Torque Development on Running Mechanics After Anterior Cruciate Ligament Reconstruction. Sports Health.
2025;17(1):88-95. [DOI:10.1177/19417381251338283] [PMID]

5. Marques JB, Sideris V, Whiteley R, Read PJ, Gomes MM, Santiago PRP. Wearable technology identifies differences
in change of direction kinetics and kinematics in soccer players with a history of anterior cruciate ligament
reconstruction. Knee Surgery, Sports Traumatology, Arthroscopy. 2025;33(1):255-264.
[DOI:10.1002/ksa.12679] [PMID]

6. Bafrouei MJ, Mousavi SH, Khorramroo F, Zwerver J. Core exercises for performance, pain, and Lower-limb
biomechanics in individuals with ACL-Reconstruction: A systematic review with Meta-analysis of randomized
control trials. Scientific Reports. 2025;15(1):27299. [DOI:10.1038/s41598-025-13568-1] [PMID]

7. Zhou H, Qian J, Xing Y-M, Cui L, Bu Y-F. How effective is the addition of specific exercise therapy for patients
after anterior cruciate ligament surgery? A systematic review and meta-analysis. Frontiers in Physiology.
2025;16:1501458. [DOI:10.3389/fphys.2025.1501458] [PMID]

8. Alikhani M, Tabatabai H. The Effect of Six Weeks of Patella Taping on Pain in Women with Knee Osteoarthritis.
Journal of Sport Biomechanics. 2024;10(2):174-186. [DOI:10.61186/JSportBiomech.10.2.174]

9. Downs SH, Black N. The feasibility of creating a checklist for the assessment of the methodological quality both of
randomised and non-randomised studies of health care interventions. Journal of Epidemiology & Community
Health. 1998;52(6):377-384. [DOI:10.1136/jech.52.6.377] [PMID]

10. Saki F, Shafiee H, Tahayori B, Ramezani F. The effects of core stabilization exercises on the neuromuscular function
of athletes with ACL reconstruction. Scientific Reports. 2023;13(1):2202. [DOI:10.1038/s41598-023-29126-6]
[PMID]

11. Van Cant J, de Fontenay BP, Douaihy C, Rambaud A. Characteristics of return to running programs following
anterior cruciate ligament reconstruction: A scoping review of 64 studies with clinical perspectives. Physical
Therapy in Sport. 2022;57:61-70. [DOI:10.1016/j.ptsp.2022.07.006] [PMID]

12. White AE, Van Nest D, Tjoumakaris FP, Freedman KB. Journey around the notch: a systematic review on the
history of ACL reconstruction in the United States. The Journal of Knee Surgery. 2022;35(01):061-071.
[DOI:10.1055/5-0040-1712947] [PMID]

13. Knurr KA, Cobian DG, Kliethermes SA, Stiffler-Joachim MR, Heiderscheit BC. The influence of quadriceps
strength and rate of torque development on the recovery of knee biomechanics during running after anterior
cruciate ligament reconstruction. The American Journal of Sports Medicine. 2023;51(12):3171-3178.
[DOI:10.1177/03635465231194617] [PMID]

14. Armitano-Lago C, Evans-Pickett A, Davis-Wilson H, Munsch A, Longobardi L, Willcockson H, et al. Modifying
loading during gait leads to biochemical changes in serum cartilage oligomeric matrix protein concentrations in
a subgroup of individuals with anterior cruciate ligament reconstruction. Clinical Rheumatology.
2024;43(4):1363-1373. [DOI:10.1007/s10067-024-06898-4] [PMID]

15. Homan MD, Braaten JA, Banovetz MT, Monson JK, Kennedy NI, LaPrade RF. Principles for optimizing anterior
cruciate ligament reconstruction outcomes in elite athletes: a review of current techniques. Annals of Joint.
2024;9:19. [DOI:10.21037/a0j-22-40] [PMID]

16. Hong IS, Pierpoint LA, Hellwinkel JE, Berk AN, Salandra JM, Meade JD, et al. Clinical outcomes after ACL
reconstruction in soccer (football, futbol) players: A systematic review and meta-analysis. Sports Health.
2023;15(6):788-804. [DOI:10.1177/19417381231160167] [PMID]

A

UG 5 K losamns (55950 4lllae 3 3 Ty 51 ot o S=VY (sWoo3l 43 (oolsd oo Bl (53bw3l 5115 31,31 53 98 SKile w2 6y Kot 9 (5



https://doi.org/10.1177/19417381251338283
https://www.ncbi.nlm.nih.gov/pubmed/40388121
https://doi.org/10.1002/ksa.12679
https://www.ncbi.nlm.nih.gov/pubmed/40231346
https://doi.org/10.1038/s41598-025-13568-1
https://www.ncbi.nlm.nih.gov/pubmed/40715528
https://doi.org/10.3389/fphys.2025.1501458
https://www.ncbi.nlm.nih.gov/pubmed/39927331
https://doi.org/10.61186/JSportBiomech.10.2.174
https://doi.org/10.1136/jech.52.6.377
https://www.ncbi.nlm.nih.gov/pubmed/9764259
https://doi.org/10.1038/s41598-023-29126-6
https://www.ncbi.nlm.nih.gov/pubmed/36750662
https://doi.org/10.1016/j.ptsp.2022.07.006
https://www.ncbi.nlm.nih.gov/pubmed/35921783
https://doi.org/10.1055/s-0040-1712947
https://www.ncbi.nlm.nih.gov/pubmed/32483799
https://doi.org/10.1177/03635465231194617
https://www.ncbi.nlm.nih.gov/pubmed/37681433
https://doi.org/10.1007/s10067-024-06898-4
https://www.ncbi.nlm.nih.gov/pubmed/38358589
https://doi.org/10.21037/aoj-22-40
https://www.ncbi.nlm.nih.gov/pubmed/38694814
https://doi.org/10.1177/19417381231160167
https://www.ncbi.nlm.nih.gov/pubmed/36988238

Y 55loud VY 5,03 I F oD lou

#4

G039 S8

17. Kaiyala M, Hannigan J, Traut A, Pollard C. Bilateral movement asymmetries exist in recreational athletes during a
45° sidestep cut post-anterior cruciate ligament reconstruction. Sports Medicine and Rehabilitation.
2024;12:€16948. [DOI:10.7717/peerj.16948] [PMID]

18. Zhou W, Liu X, Hong Q, Wang J, Luo X. Association between passing return-to-sport testing and re-injury risk in
patients after anterior cruciate ligament reconstruction surgery: a systematic review and meta-analysis. Sports
Medicine and Rehabilitation. 2024;12:e17279. [DOI:10.7717/peerj.17279] [PMID]

19. Jeong J, Choi D-H, Shin CS. Core strength training can alter neuromuscular and biomechanical risk factors for
anterior cruciate ligament injury. The American Journal of Sports Medicine. 2021;49(1):183-192.
[DOI:10.1177/0363546520972990] [PMID]

20. Marques VB, Oliveira DF, de Borba Capaverde V, Michel RC, Ribeiro-Alvares JBA, Baroni BM. Performance of
male and female soccer players in field-based tests for screening the anterior cruciate ligament injury risk. Sport
Sciences for Health. 2023;19(1):131-137. [DOI:10.1007/s11332-022-01011-1]

dxo

UG 5 S loamns (55950 4dlllae 3 3 Ty 51 ot o S=VY (sWoojl 43 oolsd ol Bl (53bw3l (5115 31,31 53 a98 SKile omy 2 6y Ko 9 (5



https://doi.org/10.7717/peerj.16948
https://www.ncbi.nlm.nih.gov/pubmed/38436020
https://doi.org/10.7717/peerj.17279
https://www.ncbi.nlm.nih.gov/pubmed/38699196
https://doi.org/10.1177/0363546520972990
https://www.ncbi.nlm.nih.gov/pubmed/33381989
https://doi.org/10.1007/s11332-022-01011-1

