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ABSTRACT

IS The present study aimed to investigate the effect of brain neuroplasticity on the incidence of
anterior cruciate ligament (ACL) injury and on brain function and structure before and after ligament
reconstruction and after a period of rehabilitation exercises.

In this review study, a search was conducted in PubMed, Scopus, Web of Science,
Google Scholar, ScienceDirect, MedLine, Pedro, CINAHL, SPORTDiscus, and Cochrane Databases as well
as national databases on related studies published from 1970 to 2021 using keywords in Persian and
English related to the research topic.

(ST The initial search yielded 65 articles. Based on the inclusion and exclusion criteria, 24 articles
were selected for review of which 5 articles prospectively examined the effect of brain neuroplasticity on
the incidence of ACL injury. Their results showed that the brains of people with ACL injury was different
from the uninjured people, especially in the motor-sensory part of the cerebral cortex and cerebellum,
which caused errors during movement planning of these persons. Ten articles examined the effect of
ACL injury before reconstruction on brain function and structure and reported that changes occur in
the level of motor-sensory cortex of the brain at least two weeks after the injury; after one year, these
structural and functional changes were widely increased in injured people compared to healthy people.
These studies also showed that the ligament dysfunction and the damage to mechanical receptors cause
the reorganization of the central nervous system. In injured people, the control activity of motor-visual
areas and their need for visual feedback have increased. Seven articles examined these changes after
ligament reconstruction and showed that the brain neuroplasticity or functional and structural changes
resulting from the injury not only did not return to normal conditions, but also increased after a while
despite the reconstruction. Two articles examined these changes after a period of rehabilitation exer-
cises and showed that functional and

[T The changes in the brain after ACL injury not only persist after ligament reconstruction, but also
increase after reconstruction. The common rehabilitation exercises whose main focus is not on eliminating
these functional and structural changes in the brain cannot overdrive this negative neuroplasticity after
injury which is one of the important causes of secondary injury and subsequent complications. In develop-
ing exercises to prevent ACL injury and for rehabilitation, it is better to use the new principles of motor
learning and exercises related to visual feedback along with conventional exercises to overdrive negative
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Introduction

reventing the occurrence of anterior cruciate

ligament (ACL) injury and rehabilitation of

this ligament injury is still one of the main

priorities of the sports medicine community

[1]. Approximately, 35% of people with an
anterior cruciate ligament injury are unable to return to
their previous activity level [2-4]. Following the primary
ACL injury, the occurrence of secondary injury or injury
in the opposite knee in the first five years reaches more
than 23%, especially in young athletes under 25 years [5,
6]. Emerging neuro-mechanical evidence suggests that
altered post-injury biomechanics [7] may partially ac-
count for unresolved changes throughout the central ner-
vous system (CNS) following an ACL injury that affects
the involved and non-involved organs even after their
reconstruction [8-10]. For example, in people with ACL
reconstruction, brain activity related to the injured knee is
seen differently in important areas related to vision, atten-
tion, and sensorimotor integration compared to uninjured
people of the same age [11-13].

Regarding the significant effect of brain neuroplasticity
on the occurrence of injuries in general, injuries that cause
structural and functional changes in the brain, and the lack
of past research directly addressing brain-related factors,
the purpose of the present review was to investigate the
following factors:

1. Investigating the effects of brain neuroplasticity on
the occurrence of anterior cruciate ligament injury

2. The effects of this ligament injury on the brain func-
tion and structure.

Materials and Methods

This review article was an attempt to collect the studies
conducted on the role of brain function on the incidence
of ACL non-collision, as well as the impact of this liga-
ment injury on the functional and structural changes of
the brain from 1980 to 2021. These articles were searched
through Web of Science (WOS), Google Scholar, Scien-
ceDirect, Scopus, PubMed, Medline, PEDro, CINAHL,
Sport Discus, and Cochrane database of systematic re-
views. The keywords in this search included the follow-
ing items and their synonyms:
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Brain AND Neuroplasticity AND ACL injury, Brain OR
cortical AND (neuroplasticity OR activation) AND ACL
(rupture OR deficiency), Corticomotor AND (neuroplas-
ticity OR excitability) AND ACL (injury OR reconstruc-
tion), Brain function AND anterior cruciate ligament in-
jury, Brains, and Sprains.

To search the Persian articles, Scientific Information
Database (SID), ISC, Magiran, IranDoc, IranMedex, and
Medlib databases were searched using a variety of key-
words, including brain function and anterior cruciate liga-
ment rupture, anterior cruciate ligament rupture and brain
neuroplasticity, anterior cruciate ligament reconstruction
and brain neuroplasticity, dysfunctional damaged anterior
cruciate ligament and brain neuroplasticity. In addition,
the mentioned English keywords were also used to find
English articles published in national scientific journals
and a manual search was also used to find the related
articles. The authors evaluated the title and abstract of
each study separately. The first step in selecting relevant
articles was to see if the abstract or the title of the article
is consistent with the research topic or not. The next stage
was the selection of articles according to the following
inclusion and exclusion criteria:

Inclusion criteria
1. Studies published in English and Persian
2. The full text of the article is available

3. Studies that investigated the role of the brain in the
occurrence of anterior cruciate ligament injury

4. Studies that evaluated the effect of the unreconstruct-
ed anterior cruciate ligament on brain neuroplasticity

5. Studies that investigated the effect of the reconstruct-
ed anterior cruciate ligament on brain neuroplasticity

6. Studies that investigated the effect of the reconstruct-
ed anterior cruciate ligament after a rehabilitation period
on brain neuroplasticity

7. Quasi-experimental studies, randomized clinical tri-
als, cohort studies, review studies, case series studies,
cross-sectional studies, case studies, and case-control
studies

Exclusion criteria

1. Studies whose score was lower than 18 (relatively

"""" d) based on the Modified Downs and Black checklist
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2. Studies that examined the variables of the current
research on people with multiple injuries (for example,
anterior cruciate ligament injury with a meniscus injury,
etc.) in the knee.

Results

After screening the articles based on the title, abstract,
and duplicates, articles that did not meet the research cri-
teria were excluded. Finally, 24 articles were selected and
reviewed. Of a total of 24 articles, five papers investigated
the effect of brain function on the incidence of ACL injury
[14-18]. Among the five articles, two prospective articles
by Dickfuss et al. [14, 15] conducted separately on 119
adolescent girls and boys showed that the functional con-
nection of the brain of people who later suffered a cruci-
ate ligament tear was different from people who did not
suffer from this ligament injury in some parts, such as the
sensorimotor area of the cerebral cortex and cerebellum.
In their article, Swanik et al. [ 17] considered the errors oc-
curring during movement planning by the brain to be the
main cause of anterior cruciate ligament injury. The find-
ings of Powers and Fisher [16] also emphasized that skill
acquisition exercises, which have a better and long-term
effect on the brain than strength exercises, were more ef-
fective in preventing anterior cruciate ligament injuries.
Finally, regarding the research considering the role of the
brain on the occurrence of injury highly important, Dick-
fus et al. [18] raised a very important question in their re-
search: Is it possible to use the neuroplastic capacity of
the CNS in young people for the so-called inoculation and
prevention of anterior cruciate ligament injury?

To answer this question, they examined training pro-
grams that were designed based on the OPTIMAL PREP
strategy (optimizing performance through intrinsic moti-
vation and attention to learning in order to prevent sports
injuries). They concluded that performing these exercises
with focusing on this strategy created positive neuroplas-
ticity in the brain, which created favorable biomechanical
adaptations for injury prevention among both young men
and women [1].

The effects of an anterior cruciate ligament injury on
brain function and structure

Out of the 24 finalized articles, 19 articles investigat-
ed the impact of anterior cruciate ligament damage on
brain function and structure. Of these, ten articles before
reconstruction [19-28], six articles after reconstruction
[2-7], two articles after reconstruction and rehabilitation
exercises [34, 35], and one article both before and after
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reconstruction [36], investigated the effect of an anterior
cruciate ligament injury on brain function and structure.

Kakavas et al. [22] and Neto et al. [25] reported that at
least two weeks after the ACL injury, they observed
changes in the level of the sensory cortex and the mo-
tor cortex of the brain, and after one year, these structural
and functional changes widely increased in injured people
compared to healthy people. Capreli et al. [23] concluded
that a dysfunctional injured ligament causes reorganiza-
tion in the CNS. Valeriani et al. [27] showed that due to
the damage to mechanoreceptors, central somatosensory
pathways change functionally in injured people. In the
same line, Yang Wu et al. [19] also showed that one of
the most important reasons for continuous functional in-
stability in the injured knee is the change in the processing
in the CNS and brain neuroplasticity.

Another important research finding was the change in
the activity of motor-visual areas in injured people com-
pared to healthy people. Grooms et al. in a prospective
study pointed out [6] that the control activity of visual-mo-
tor areas increases in injured people compared to healthy
people. Sowanik et al. [26] also concluded that visually
impaired people had a weaker performance compared to
healthy people. In another research, Grooms et al. [21]
also reported that there are changes in the brain of people
with ACL rupture so that the injured person will need vi-
sual feedback to control the knee more than before. Fi-
nally, Heroux and Tremblay [28] showed that in response
to unilateral knee disorder resulting from anterior cruciate
ligament rupture, long-term adaptation occurs in the cere-
bral cortex system, which moves motor strategies from a
semi-automatic state to a more voluntary state.

The effects of anterior cruciate ligament reconstruc-
tion on brain function and structure

out of the six studies related to this part, two studies by
Zarzycki et al. [33] and Pietrosimone et al. [32] reported
neuroplasticity of the brain related to the vastus medialis
muscle. Two other studies by Chris et al. [29] and Gromes
et al. [30] also reported changes related to vision after
anterior cruciate ligament reconstruction compared to
healthy subjects.

Baumeister et al. [37] indicated that after the recon-
struction of the anterior cruciate ligament, sensory affer-
ent information changed due to a decrease in peripheral
proprioception, and this information did not match the
expected information in long-term memory in the brain,
which causes changes in the cerebral cortex related to
memory processes.
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Lepley et al. [31] also observed asymmetry in structural
features as well as corticospinal excitability and white
matter in the hemisphere associated with the reconstruct-
ed limb compared to the hemisphere associated with the
healthy leg.

Valeriani et al. [36] who examined seven people before
and after anterior cruciate ligament reconstruction con-
cluded that after arthroscopy and knee reconstruction,
neither knee proprioception nor central somatosensory
conduction improved until two years later.

The effect of anterior cruciate ligament reconstruction
and a rehabilitation exercise period on brain function
and structure

The only research in this area was the prospective cohort
study by Zaraycki et al. [34] showing that after 12 weeks
of rehabilitation exercises, the change in corticospinal
stimulation of the study subjects was not only standing
but also increasing compared to healthy people.

Discussion

In anterior cruciate ligament injury, there are at least two
important factors that guide us to investigate the role of
the brain in the prevention, occurrence, and rehabilitation
of this type of ligament injury. The first factor is the fail-
ure of the brain to accurately recognize any coordination
errors, and the second factor is the high rate of anterior
cruciate ligament rupture before any muscular interven-
tion for support. Studies have shown that 40 to 70 ms are
enough to tear the anterior cruciate ligament [38], while
the initiation of the reflex response, as well as the accurate
recognition of any coordination error and the subsequent
creation of muscle tension to create stiffness, can take up
to 500 ms [39-41].

Therefore, in order to increase the athlete’s speed and
movement power, it is necessary to develop cognitive
planning by the brain through movement control via feed-
forward or predictive role. Otherwise, not only relying too
much on muscle power is insufficient to create dynamic
stability, but also an overreliance on reflex strategies may
not be sufficient to support the anterior cruciate ligament
[33]. Two prospective studies by Dickfuss et al. showed
that the functional connectivity of the brain of people who
later suffered anterior cruciate ligament rupture was dif-
ferent from people who did not suffer the injury in areas,
including the motor cortex and cerebellum [14, 15]. Un-
like the research related to brain function in the occur-
rence of anterior cruciate ligament injury, the research
related to the effect of an anterior cruciate ligament injury
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on the function and structure of the brain has received the
attention of researchers more widely. In this line, Kakavas
et al. [22] and Neto et al. [25] reported that at least two
weeks after an anterior cruciate ligament injury, changes
were observed at the level of the sensory cortex and the
motor cortex of the brain. After one year, not only these
structural changes maintained but also highly increased.

To answer the question related to the effects of these
functional and structural changes on the brain after the
rupture of the anterior cruciate ligament, it should be noted
that we are currently at the beginning of the road to reach
the answer and more extensive studies are still needed.
However, one of the effects that neuroplasticity causes are
the change in visual function that has been proven rela-
tively. For example, Grooms et al. [21] showed that the
control activity of visual-motor areas increased in injured
people compared to healthy people.

The ongoing debate is whether all the functional and
structural changes that occur in the brain after the ante-
rior cruciate ligament rupture will also remain in the same
form after the anterior cruciate ligament reconstruction
or not. It should be said that all six articles were found
almost unanimous in concluding that these changes were
also seen in people who had their cruciate ligament re-
constructed, even months after the reconstruction. In this
regard, Valeriani et al. [36] showed that the loss of knee
mechanoreceptors is associated with changes in the CNS
that are not compensated by other nervous structures.

In the third part of the discussion, according to the re-
search results, we will answer the question whether re-
habilitation exercises can eliminate all these negative
changes in brain function and structure after rupture and
reconstruction. Unfortunately, only one study was found
in this area by Zaraycki et al. [34], which was conducted
as a prospective cohort in 2020. They used a 12-week
training protocol. Zaraycki et al. evaluated the brain
changes before the rehabilitation period, i.e. two weeks
after the operation, and also after a 12-week rehabilitation
period. They showed that two weeks after surgery and
before the start of rehabilitation exercises, the group that
had reconstructed their anterior cruciate ligament had a
change in corticospinal stimulation compared to healthy
athletes. Also, after 12 weeks of rehabilitation exercises,
the changes in the corticospinal stimulation in these peo-
ple increased compared to healthy people.

Like the approaches to prevent injuries to this ligament,
another very important point and question that should be
mentioned at the end of the discussion is whether the cur-
rently accepted rehabilitation approaches are responsible
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for the proper return of athletes to activities. The high rate
of re-injury as well as the inability to restore functional
capacity suggests that the current standards of care for the
anterior cruciate ligament, including reconstruction and
rehabilitation, cannot be adequately extended to defects
that existed before or after the injury [42-45].

In a review article to optimize rehabilitation exercises
and reduce the incidence of secondary injury of the an-
terior cruciate ligament in 2019, Gokeler et al. [35] pro-
posed integrated clinical exercises using new principles of
motor learning in order to support brain neuroplasticity.
They proposed the following key concepts to strengthen
the rehabilitation program and prepare the patient to re-
turn to sports activities after an ACL injury:

1: Performing exercises using external attention and
focus, 2: performing exercises using the principles of
implicit learning, 3: performing exercises using the prin-
ciples of differential learning, and 4: performing exercises
using the principles of self-controlled learning and con-
textual interference. The new principles of motor learning
presented in this publication may optimize the future of
rehabilitation programs and reduce the risk of second-
ary ACL injury, as well as the early progression of os-
teoarthritis in these individuals by targeting neuroplastic
changes in the brain.

Possibly, the suggestion proposed by Grooms et al. with
the highest number of studies in this area can be suggested
at the end of this part of the discussion. They point out that
the proposed rehabilitation exercise framework is best
suited to bring together evidence from neuroscience, bio-
mechanics, motor control, and psychology to support the
integration of neurocognitive and visual-motor approach-
es with traditional neuromuscular interventions during
anterior cruciate ligament injury rehabilitation [30].
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3. Neurocognitive challenges
4. Ensorimotor integration
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1. Anterior cruciate ligament (ACL)
2. Neuroplasticity
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6.SID

7.1SC

8. MAGIRAN

9. IRANDOC

10. IRAN MEDEX

11. MEDLIB

12. Case-series studies
13. Case-control studies
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Brain AND Neuroplasticity AND ACL injury, Brain
OR cortical AND (neuroplasticity OR activation)
AND ACL (rupture OR deficiency), Corticomotor
AND (neuroplasticity OR excitability) AND ACL (inju-
ry OR reconstruction), Brain function AND anterior
cruciate ligament injury, Brains AND Sprains.

5. Cochrane database of systematic reviews
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14. Optimizing Performance Through Intrinsic Motivation and

Attention for Learning (OPTIMAL)
15. Prevention Rehabilitation Exercise Play (PREP)
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16. External focus of attention

17. Implicit learning

18. Diferential learning

19. Self-controlled learning and contextual interference
20. Reporting

21. External validity

22, Internal validity

23. Bias

24. Selectionbias

Y o lods. YY 090 1F+) (ylisli

g 5il3 5 Ol <5 J S sln aladis s

Slobe YA (rSles soboas a5 g0l 3l 55 250 5 (o9 S
axlllas 1, o9 42538 oyl _olad abolie L, ojlusl Jae
5008l ol sae (o5l Jlad 4S didwy azes pl as oy lLais S
e )l pll Sl Bl i ey STy (aSB OIS o ol
e g3l S g5 0l 51 ST o T s sl o
@ S SHll gl oS s o A
IOY] el 03,5 sy Goms i 5 2 (351 el oo

x4 g 00l 525 [F0] o Kam g yimlogh (o 4z
a5 o gl AL ol aboline bl 3kl et 5l
DMl l 5 4l ot aesme Hos e 225 o
Cllas he 5 Sas Vab abiils s iy jge ledb b
Sloanl,d b akaly o e 8 Gl el cpl g ailas
Dyl oo aladl>

o s 33k AL o yo 0,5 o o 55 [YO] ) e g LI

Gl Gl F5g 50 ol S b Loy 0 S o b anslie 5o

pos b 03l 5 JlalowlsS3)5S (5 pdyS 28 rizret 5
20,5 odmlive oy a5

iloile Sl amr 5 JB31, 585V a5 [00] il iSen 5 S g
A4S Wiy Al 0090 08,5 o (ol8 aboliie Ly,
lo)giSL il (an g (ate Sundg o (2 Jos 5l 3
03,5 lay uals ol 3l sles ongaccw] Coms o jre i3
o & emy JLo VB gl giloil 5 (1959 5,1 51 my
by 9502 535 10 Sopmimgilog (6,5 Calio & g 5l (Jies
Oy Sed a5 39 (nl BioS (pl (2l 6 eSS 05
S5 o (e i 33 (St b ol (S (slaons S
S9bses Ol (omas slo)liSle plolaS ol yon

A0l Sl o5 0193 3 9 o5 @blize By 3kl 5T
eyl 9 5,Slos

IPPV-IS SR PR WL TR S OUS U\ R L S-S0 S PR

gl lFelon Yore Jlo o o Ken § (Ss)y ;S0ass]
Sy 50,8 oslaal [OV] glaxan VY i ped SS9 S
Vs oAl 0yen 5l B 1) e Dlpss (Sen
VY cadusle 0,90 S5l s iored g Jes jl am alan
Slam azan Yols oylas oyl Gadio 7l .a6s,S Jb; )l slasis
O35k il po (Sl sl Dl o 9,0 51 e g Jos
A309200,5 (65kusb 1y 095 colad aboliie bl aS" 24,5 (ol
Ored 339 00 JllsSidjo5 o 28 0 i e
3 eiBule Dl ped axan VY 5o ol oylis byl slaesls
PN DV PSUUWR U | JESVY D PSRRI W Y. sl L P S e
ol laaidly Gimran 09 alil o o ash d> o L LS



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y oylods. YY 090 1F+) (yliwsli

5ol 5 by 0adrs! Cond S Jguz Lulusly SYlRe 25l Y Jooa

S las!

Eg020 o e R s
(5uel YY) (il ¥ 1) ST elilae Gl ¥ 1) S (sl ¥ 31) (sl Y+ 5)
Yy s 5 ¥ A [FRI (YY) ohiSon 9 (8
ve 5 5 ¥ ] [F1(7-¥+) ohylon 5 (Suujls
- 5 5 ¥ 4 [¥B](¥+¥+) o)Ken 5 U
Y v 5 ¥ A FFT(Y-Y) oylSon g pogised
¥ 5 5 ¥ ) [F1(Y+13) oiSan 5 i
Y 5 v ¥ v [FVI(Y+VA) oyl 5 (Ssil
- 5 5 ¥ A [VT(Y-AY) olSo g (pungys
) 5 5 ¥ v DEY] (Y + W) o 5 fluo (yasd
Yy 5 4 \J A [FYT (7 38) oS 5 (ygommgyiny
Y ) ) ¥ A [FF](¥+18) )\Son g (yueg)S
Y 5 5 Y v [£0] (Y1) hlSied 5 yrauslagh
5 s ) ¥ v [FP(Ye)e) e 5 ossl
¥ s ) ¥ A [FYI(y++9) oylSon 5 S
yY » 5 ¥ 3 DFAT (V= +¥) ofslon 9 Suifus
" 6 6 v \ [FI(F++#) Ghoys 9 Sapn
A ) ) ¥ v [6-1(08%9) oylSon 5 3L Mlg
A ) ¥ \ A (Y] (V4%) ylSan 5 )Ml
iG>

bb, 5l Coler sl ol (o 58 (oS3 sl Tl &
5 E3oe ool 4 4z b IPYT wsls 5 ol ol
Sl s Sladllas ol 5l (6 oKt 40 Fho ik Coranl
Y o)leds Jouz dsazgi b ol a8 5 O y00 diso) ol 4o
68,5doe L3l ols (lis Ko g weaSos ;Kooss] anlllas
b s ool aboliie by, S)b o Iy 45 gol3l 5
Al aloxl ¢ olatiand )3 dinis cuml >0 a5 g0l
Sty [V Y] 09y glite e 5 je pi5 S >
SzsS s0d glalhas s ax opl @ 5 o) Ses
SLELEN (&5 > s paelp plin 4 ( Sialon 5 gl o
Gl il ool g 1) a6 jaeli g s SHhas
QS o 2l 5L g SL Salils cosgame ile o
Gilisee sla g 45 Conl pten Jhoams wiiS o ST Lo
RN 9 sl 316 Sty (sloadls 2 po 3y e
il o ¥ s bl e [OY] g5 00l )18 Lase
i yo Jyol 3l sl 392 59 30 (S ool azgilyas 0
Fo p S 655 lid; 53 (25 TSl b

Cou

-

3,15 3925 wiee Jole ¥ JBla  olad aboline bby ol jo

SEFROIF 9597 48 S )3 e (MBS (o) 2 oty Lo b
Glawly ;o e aile AL ol aos Gauw bl (pl o]
Sy pgo g o3l ) Sialen glas ais8 1 385 coliss
A w5, ) b o ablie bliy b oy 5Vl
Ve b Feoaslosls olis Sldllas ol Colos> (gl SDlac
LOA] ol (315" olad abolie bl o o)b (sl 4l Lo
LD Grizes (a3, Fls £9,0 45 Cel Jl> 0
ol ool dalsl jo g 0ols ) Sales sllas 4igS 12 .80
s 4l en B+ bl o ridiol syl gz P
ES o S35 5 S 558, YU (sl cnl s [08-PV ] S
oo dagh SBLD (g5 yaaly dngs s LS 555 L e e
Al b 59y Bd 185 Al 4 25 > S 5, 1o
ae & a8 a4 oo e ST s & jgo (ol jud j0 .l
a3l e U514l el ST Ly L ol (e

320 .0 551 g o8 bliio Uy sl 3 5o Ghamsinstlig 95 388U 110l g iandils (yuu



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y o lods. YY 090 1F+) (ylisli

o5 ablite Ll ol 2 50 8,SLae 5l L Jassjo YIS .Y Jgi

dsld

e

ol b o dige o plgis Dy b
03591 3ol 0,Shos (g3t o3l sl b iz o3 plowl oS 29 £gui90 ! Kol (BsiS
655 ol g 4 o (859 (ol 3l (6Kt (slily 3 550k ey d257 g B )
P sirsioMigygl GliE eol Gl (65 3 w8 g (oye )3 ob Wipd o walaS (5> 550 (stmateoMyg)si Cadyls 5l olgi o L oo
iy 9 )| JpB B JS5 4y 35 (5 > SSISe & ks g0 3B 3,31 5 39550 50 el oblyx 0 5550 e pas ‘)l“&‘;
Slos il 4 Gl 3o o e (Gh0 (sl 3l & 008l ali (St ain> - - HosnSitn g ol sl (7
ol 51 6K bl )3 6 pSOh lp a2 5 (B 058 G2l 5l 3 Sas (giludingg 55 odizl (ol gblie by sl Ty
Sl Jobo 3 Comar ciliseo gyl (gl &5 Slods (Sl M35 i o0 (it (o529 Sanye Wi
oozl 6 aizd o] cigis b g (S SYMS] ()b o LS (gl (e 5 295 3
o)
ly ol 3L o0l 3 515 3 St sopm 55 3 5 85 3 S
o 42 ) Sl 65595 50 5lae Bl i M oty 505 B lize VP ey SIS gl
8l o1 bl sl gl o 48 (630,50 Al 1> doicn 4ol 3 ghlaio g 50 125 ol b 500 Sl Jlos S (1 1Y)
. ) Ol el P duylae 3 47 P 9 e puid u""‘sé"m"]’lf) [¥]
2 e (bl 3 )Sles )3 &l yis ;
Ss 1 ALl i ; Al Tt ] % 5as ; #15 pe b oSy Cuous TN
58 o135 liza bly (Sl o ey 45 (ool 1y 35 o ogilly U 32055 ) ol ¥ ) ey
S ot -8 ol joy & S 3 o i (¥+)4)
v i du’c‘“‘z‘)l‘:jﬁs » U‘L\s é"m‘ J’L‘) [‘u]
(o1 allan ) s
Snpalip plSin &y Sinlon o Cisldd 13 SasS 03 (slallas ol (5 5o ool il
S 39800 pxio Jaia S5 (glagys (10139 9 22y E9y 4 Birg (b (PISaL) 5>
S Gl (a0 048 g yholiyy s I (e SLILE 29k (goygstay JolS pobo 42 lajl ol el 0 5o (A 103yl g 500 oy
il TSy ST i ) 58 o Salils Cpdgions 5Ly (el izl o) lin 5 oS abolize Ll (6395 33 (Y:\’b“)’
JusS clliy A8 390000 |y M bassgi 03,y 5 0355 e 1B, Wlgs 0 Wolasgy g5 ol osS (53950 [oY]
P50 8 (Sl 9 ConSid 5 pma 3 (Al
S S (sl 3 sl yoab > (BLgycuas il (gla Sy & Cul pe s ol
D9 gy S 9 5 Sy S gl
D91 5 s gl
Sy yod 09,5 )3 39,8 plSins 5> (a8 ablite bl il cules (slisly 1o addobo] (sla g3yl ) 5 0dlo! o] (glapuunslSa
D1 (F8 iy o5 09)8 3l it e ShuiS] el bl ol 6y lis o
oS 395085 Lo 550 1533 09,8 G y3 s 5 5 dmy g bS] 098 53 0303l 43l ol ¥ alllan (S4) o k8, guppr ool
sl 03ld &y (S (6,50 odima Lt (ool b
Coplae ST 09,8 3 (s 505 893 31 dag ol 5 5 AlolsMly oy (slooiaS'3l 51 oabisel 2aliel ¥ Ny . Yy pislojl adllas o) 5 U
3o (S 18 5 S oy dlids K5 0I5 | o3y ol e S k(e cmead Y. ¥
5oy aodost Sy b stMligys sl oo oSl iyl i T D S Y il g A e 5 (;;’)
3590 565 e, ) o 345 5 S (s 1 Srte o g 5L Ll iy glajcrte ot )
otalS ol 5 205 a9y Jlazo! cpl sl aibly 20l Stimdg isllog plondl > 3 IS > 5 2l 4y ol 3 o8 lge olussT
o 328 305 (5 - Blolio Cunusdy 58 33000 yuunn Sy e aind LS 5k o8 Pigel caslio 39,3 S laSlse

Cules lgis 4 45 39 0 38 Sy i) ;0 e SV g iy Syl sy Lyl o a5 sl
D90 (55 (5o gbolite bl el 3] 4, Ky

b 539505 b 03l

ShiiAIgH

hb G 4 oS o (it iy S!S
by sl Jsb jo Corasx B glyil (gl a5 wlons
35 S5 IS Glls a5 SlS Glp rizren 5 (Su9SS
ol 50 00 o 0 .l solan B asee ] g b
S sl etolejl anllas o 0 [F7] el 5 oyl ane;
05;6‘)J3L5>)..\3ul.~>)m(w \- UMAJ)AMJ?Y’ ‘05;
285 O)les SLSTL L o iy o3 Glejie (e K00
MGA oalo uﬂ)}AT WLA.A .)5)3 J_v 6@&4&0 ‘Jl)ﬁ‘ L L)—‘
SlacST ol yoi ol lis Gudow ol gl W655,5 g )
o 50 ool o Dl b (Sl 953 Wlsi o0 Ol
b o a5 WS bl (el 1 o SV gl Cuygii wiils)

plol (p )0 (S5, 223 g 59350950595 (6 RSS2

oolazul Jlis 4 [vf] O, g 58550 . X50gs 00,5 oolazuwl
B 0 (G35 0 (st s (Suredyg )55 Cud )b ]
o i o5 b ol LT 5 565,5 2lae S il 395
o 0 Shoe guge Eacli a5 3,5 sl she o) (St 58
Gz glid 905 sl | (6 Sy el sl Ll o
ool g aly 2 a5 Sl yoS 98 () 45 09 £5090 Cnl ke
2P 5 e ) e Nsd oo melal (5> (6 250k (6,55
1ol 3145 onds a0 miadlygy5 Sl il el g
5B HB S 4355 (5 > Sl ul Sl 2B
G330 S, e 358 oo i el y3 5 i 28 5 S )|
3 o,Sles (gilwdigs ol il 4 uly o b oS e
Sy sbl) 0 (62050L sl 4z gs g (SIS 03Kl Gy b

390 1 ol 505 g ool aolite by el )3 3o  FomiiMlygy95 53U K02 g (Giontils cyun



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y oylods. YY 090 1F+) (yliwsli

o Jilo g 8, Slos  olod ablize bl ol puil b o o OGS Y Jgao

Sl b

whilol) e ole el Ao plgis Basgi
() (glod 28 sloms i35 38955 S yesis
9 5745 o 3 (ol pbolie by (S5l il am
Cppd ol rad 4y Bl g0 3l 30 5yt 5
Jobs ohloss cnal (o5uiiler by pad 4S5 P .
A 4y o (Sl 5 Al sl 2 ] ] ] P S iany olss
53k Jpol J sy b 9 A3 00 (1S (5 s [a¥](Y-¥-)
30 emidlgyg Sl el 5 @
Culld dy (£,85 ol Jal el ol )3 9 08
2 g 3,Sos sl ol 3 9 il g (ol
D9 slag
N2 B A Ao . S sl sras collad oy
S a4y ol ol Ly s WS o e
L3gs jée 3l (blie 5 Cullad 2ol38 dinjls Wl 930 Y A oliSan 5 S
# N o e o ole Jbo v . ool gbolice bly) csjlol 4
&L‘sd)hib ‘?9’36)35“‘? wsls J’“““{ u’l)’g}“‘)‘“\’“ a3 ‘w,&f‘s‘:& s K, [va] (Y'Y’)
g1 85 5 oy S S5 Gl i ‘ S
S
Jé,Je&}lAangéboLﬁsthé&d@b
OK8555 b dulio 3 pi5ulys i joS 98 5l
Siile]y 395 (olsd gholie blyy & 1295 eplls
JlgulgS 95" 020 )3 s e L5091 03)5 S5 SRS P8 gy
Jadb ool b oszen Bop0d e ainy T s "
20 )3 il 3 SRl Slapel in WY TS R Jlr Wyosdafusl P Job 3 (£16 slaclil,  )iSen g (Sj
s ol 3l s 23l o JlgulySsygs T O e Poahtdomudsgls 9100T)
sloasil ioran 2y Gl Jlo p a8l STHOT TR » 58 gblize
JlplsS5398' $05 33y o> 3 G5 o] ciygngS aalllas S
cselB gbolite bl sl o3 wlls b L lasye
Olej o eS8y bl (2138l ceely o gilosl
Canl 00 Wl 381 onnss &3 by 1l > ol sl
1 duglin 3 oty Pl agiyo o S e 55 s
(518529 8 pie ol 5l e o5 by ST
oole 3 Mo ¢ JligpuslsSi5oS olSusd 4yl Lo (2004 e odd il L’)(‘ 0 ”2 i i ySan 5
JlowlySsys8 (6 2decSep0 3 ol g dbes (Bl Jos Sl amole Jamoloe) g;g;‘,j; " [¥a] (y+v+)
Jas 31 g 5 3,Skes (5905 3 Slgise &S (sl e
b ssalito L8l 38,86 sl oo -
ol 5052 3 g Jlo S5 s (3 3o ol ol
sa8glujly by 09,5 93 0 53) (oliS gbolite L, 3o 5,Shas (6 pycillani
li8l) e 328 Ceand )3 o (el Sl 09,5 5 _ _ _ ablize bl ol L e Ol 5 53
20 g (498 5)puiuglogn Cuand ) Collab elts (8] (¥-3)
O P Gl o8 J1alS) (S B Cand YU e (55950 Ao
Gl 85 Doy (63,Shes (5 x.’\g‘_él!msl (C,«.ué
odliiusl b o )LSG il iy pos ) Al ol B
Feales (gliwl) 0 (> (6350 B> oo |
oliie by (S 51w &5 sl (unsitiodlyg g8
dh’wl) » »\3‘,3":0 9995 o0 o Jay ‘:al‘-\s
ol S Aty g5 33 2lS Ty ool boliza L
Ol OS5 03 S ) ol oL %) 4 aslic
s el 1y 125 oulS’ padlio ) o3bizud alia U‘:j" :‘)‘5 - ﬁjf‘_’""‘fl‘j‘“l
CatS3l (el lows (s 3bworlel g ety 4y “‘ ot N
) golsB olito bl ol 5 g (SB529 4 S J e R wi
o - e ST A\ eqe _ _ _ @l-\ﬁé‘olﬁm]ola)u:w u‘)m,).ls,f
){)usé?y )lablm.u‘lgul-g)u ,ubu] Al WY o a8 e Iaslo [bf] URY
6353 Jgol 31 o0lizal b iy a3 plo] ¥ £ 25 § ’5"‘“1. - ‘““l‘; = (r)%)
ol Jgeo! a2l b iy a5 plo ¥ £ RS ’t:‘;f:,f’
Sy Jyo! 3 oskizal by iy a5 plogl ¥ ¢ 81 i i
M S 5 0435S 005 ot

e ol 3 oA (S > (6O Ayt ool

9 4 ) (oS5 (sladeliyy ot sl (Koo
gosls 2alS Iy ol abolize L) 4t ol ot
o st Hig)g8 Slpad3 (313 )18 B b (e

9 il () 1 5955 adg) cdpti tals” sy

320 .0 551 g o8 bliio Uy sl 3 5o Ghamsinstlig 95 388U 110l g iandils (yuu



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y o lods. YY 090 1F+) (ylisli

Lol @ wbiloly P ole  dgeipe W lgis Bkt gd

19 S 75 ol LS i ol gl SRS ,28 DgldS (o
s JI 3515l ol 5 Camn S A ST s g (i

Gl lamaaa YL ¥ jo o J3b oygpalae JoelanaiinY  Jlu Y- BIA VA osdca] OS5 50 JSGs )68 [F1] (Y+)A)
s s 155 9 o ool abolica 1L, ol 55, bl Ll g3Lst sl
s s O350 5 (ol
] IS255)54 589 1955 el
515 e sl JL35 & polote (99,5 kos LS J 4.991%)99)& -~ .

T 13 3 il k5 oo s g - - 9o, les Slial by 99 <SS
W} GOy ARly8 sl (Lo Ay AlgS e tJoLhJ@L!)WTJLrJQA{ [a¥] (¥+)A)
258 dloml e (e tDlg 5 9 (535 o (s . 5

S99 allas :‘_,;AL\S
Sibodled (ol alboliie Ll gl Jlis &

.4_!531)..,_”, ﬂj.agé‘bg’,)&};ﬁ s v V0

oS ol slmools b ok Lz Wl oL 31 YANTEYY\ S ‘;:L:‘ i
S o he g3l lad i gly o a8 ol s Sy il ,; o i Msyg OKeR g uag)S
S ole A oy ool gblize Ly sl gy e slamele <7 N = (o8 aolie Ly, g5l (YY1 (- )

X
o &y (55 2 g S0l | 2 ol b - wlib
I oo (2l 555, (6381l S 5l ool
Sl 03 /5

S i ol J&s 55 5l g SDS]
ablizte b, (S sl o8l ¢ 20 (S 2l S clo S s
5k sl o3 el gy el ol 3l sl ) SF ST e s W

oo sl led s s Lt AIYSEVIYY AR oS gla LS s il o
© : l‘f : & n izﬁu © - 1 JLo¥s senseanlbl, o (EEG ol Sollandly 2SI 53 ilySen

b hethaie S YR I AT
Ol 59 55 VL )5 pas O3 ol ps i 13
Ol pas o oanlive o ol 3l o 4y il e

;,dLn wbﬁ‘f ol uls)> Ibl;u‘ tal.i..lb
ol b bl 3 ,llaldg0 (Sl Clyis 2 0gdMe
g zawrg Ol i ] Olalllae (o8 2boliie blyy

B 5515 e Gumstodligygi 9 55550 e
Sl ol Jadd 4y 2 g0 lits Slalllae L3l S T flis & Zaiasdosrss
St 123 2355k 4 o3 3,5 o Ksdlyg 5 el Jib s Yoy
ligyas g it nlgs 315 I3 ) s 5 Sy i goliza Lt
Sl oS o 45 o s Ll g b ~ _ _ o3 Sgy (ly 1922 AKep g yuagsS

ORI D S5 24 By dag e P S i g o5 [A](v-90)

g Jlo plgie &) B8 Co ey it ki e

45 (3l el 5 e Canbge (LS ":,é:

255 5 31935 3l baues &y o (g s d2 g8 il
s S8 gl a8 (Bl By plie
pie lajls Ll od (Jis )13 oo (B e

S 03390521y ol oy

Cullad S o5 bl ol OLls 3ad0s wl = .

S b4y Bb g dds ppadycdie | ey e Jom owdcanl J3YA ey nas Sl SO Clpes  HTOTERI09
kil bly gyl (gl 33 (g B Clled WlodB¥ly el gblite bl (gilul 5l [ﬂti)(\‘ )

o aly 2al53] 003

\V#



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y oylods. YY 090 1F+) (yliwsli

sl

o

kel gl LI

Ao oylgis LXVAeTY]

Cllad 253 qollis 33 Copuas dy odsdcandd 33
Callad g s (B30 oS > (Sieytalip Cuand
(s -3 adnli b 35 b 5
O 3l o o Jie sl sl 35 el (gl Jlb
3550 ) W5 (S e Cudld 3939 Wy cagus]
Loy gl 31 (g 48,093 (FrunssDlagyg 45 31 o
SaS Ll 3l 3300 g dy g g0 olaB golita
OSen JSlorsadn 08 Jeloe il (o b a8
3L &dg) ol oS Son Jelge )

Famole ¥
Jos (Shscul
cé5 Cygo (Bl
a3l b5
@ Jos

o il s 4y aiBlyunis s gl Sl
(soh8 abolize bl glul 5l g (shsre (o
Fhe yd Cide SV ob aladls. 5 izl yge cileMbl
dhaly ) 3a0 B sl cely ol 9 42ilG ciillas
Sgigo dlilo clatild

WiV
> Jos sl amole

abolito Ll sl 31,31 4ad o it 34806 ) gl
3 pllo o3l s 4 8al U oy dcasnol oli5
9 Callsd (talS jlod (I s 28 4l iz
loads culled ul38l jlad Kid asbY
1ol 5 _alt5 ol Ly Ans e 5 5 )
S o mas plu  Mome (dlejls Sl

-

Dgise

Gl ) das olo £

by 6355y s ] s 8 ISS509
254z ol )31 Copns 4y L5099 003 o5 oliza
by ey g (8STy loj sl (a5 1B
3 oS dhadls 5 gy ylas 1 5 292 (S
A o i (L8 cilalllas izl (g 5y 5 )Slos
2 oo S5 Bl o (BLbaas gla Sy vl
b 4l ] 9 (8559 3, Shes  Kinlon

do o 45 (o308

3 B eazdiS o

ol i3 3o
L545

Sl Yol 5 gilj a8 by IS &4y Fly
48 0B dlogyl jre puiB s 50 (55 3l
el 4y 35340 el 3l Sy slas3ilnl
4308 ol old )L ks ol 030> G el
il 3,3l o 4y 0050 (slacadled plo plSin
ind e plosl 1y 393 (soil; WS > yeal)l JSS 4
el ] 585 a2 ol gl Jlte (sl
T3l sl 51899 9 Sy e oty
4 905 gy 9 oy 9 S (2B S
WDy (6 yiaday Collad gl (ool ISCD

e 32 olo VY

b S
oudisilujl bly
RS

PSR > sie Culled o)
ol 23 Ml 51 L il <8 >
(s gblize LU, pg>

Juvs lSan g uog)S

[¥¥1(v+)0)

Ly ey 454
g0l (giljly
o 535

sl i JI595 95 (o030
blie bl g5bojly 5l 4 jie
975 J5S plKin 3 (a3

Juva lSan g yulagl

[¥a] (v+)Y)

PLETCAN
blize Ly 5
))é A 9 unl..\§

oo

oY1 e oot gblize Ll T 5L

OhlSer 5 b pls
e oy gy95

[PVI(r--9)

&bl 15559 A
bolize bl cau
S5 Ae g (oali

oo

(b quas 3 Slos 4 dlal,
bliy 53)55 6 (sl 9
6 gblize

o ¥ Ol)&"" 9 “g'.‘!"‘,“’

[$A](¥++Y)

S 8 RS S

b, 3ySles S Las e

bolize by ol 4 43930 £33
‘;ﬂm

b.\g,bw] ).m Ve

Juo Y2 T A

e g 9
[fal(y--#)

320 .0 551 g o8 bliio Uy sl 3 5o Ghamsinstlig 95 388U 110l g iandils (yuu



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y o lods. YY 090 1F+) (ylisli

el s 2Ly oboj o ke Aiged pe Ao ylgic LXVIeTY]

o 2 Jos ) U8 o olts Gaios ol s

2 30 328 oSl ) pdm g (Juais Cundy

| o))s ‘J:J' UZAL{ ;l)sl Plo.’i o..\g)wl Cowss 4o (= .

T R T TP i en sudaastmal s b
9 535 10 S agiogilogn () Xuhd g o3 Shas Joo 5 de j»l: y MBS F J-: uﬁﬁ\; BENPI LG PP

S 291 ol o0 (il lop S 255 ey I o #) ol o By jloile [8-] 1299
P s b g (Sl clioss S (538 o § e S

b bauogs o8 Cusl ol (555 50 (oS e

Db g0d Yy (emas (glaylil
03¢l 33l 13 (65 50 (& yguuiwgilogus (Sl yruno Lly gl 54 PCRICPNE. 1\ PCF W
2L Yy AL N Son 5 b,

omwi)‘ebhoida@nuﬁg&dhox);c\{ J Lj - )mﬂsa.xgbwi b 3Ldl 1 (655 p0 (as U)[M] (:;{’;))J,

D9 0y lad (63,Shos Jlas | Widgy

oo A8 gl b (S

ol 5l om atia ¥ JBlos a5 s S 555 [00] o Sen
5y s 3 e 5l oz L,
55,3l Sl st ) 50l Sl as aST ol cowlice jie
Ol lod S & 90 43 aSly 05 00ibe Sl lgiai (g0 Shas
Ol o2 g 99 Kb iz gulis Wigy ymo Al )5 095 a8l
59 ,Skac pylia Sl o Yo cnipetee 3l (o oo olas [oY ]
(oA s 3O 03I Sl B 1k edudaml (g4l 5o

sl 30 Sty 965 5 (555 o

1) s 508y &l ynis [FV] o Ka g o S s gl

5o sl B ssu o] b, S5 aS wis S ol byl ols yLis
D95 68 (535 30 (Al o )3 03 (230l by olo £
Golsle 5 60, Slee Dlpss ol as Jlgw cpl 4y uly jo
anlys (o050 53l olad aboliae bl )b 5low ae
3 Fel ol sy gl yols s jo el sl ellds
el 5L (6500 S Slalllas a4 90 g o o (gl
el 3l ol taiidlygy05 ol & Sl 51 S s
5 )A-»-” ..\3‘00)5 wl.w (GO9S G ‘) QT Sldlas 9 AJGA ol?u‘

Lol (6 poy 0 Shos

O 4l Egd90 b 393 e o [FA] oS 5 Sl
ablie bl 63,95 5 é (slocamsl 5 G3lb cnae o Slos
Srar b jleasacawl o8l aS winw dse s cpl 4y o
asllas ] oxils o cins o, Slas Wl o3l Cond
]l 42338 JLo ¥ b s a5 ol g5, 1 S Lag)]
a8l plols lias aisg ouls olad abliss by (68,95 5
oles s stz F B jsbas (s pas 0, Slas hals 5 ogdle
S aladl> a5l g wiogy (g 5uST 3l ey 9 2ST
azsly (6 50 0, Sles
a3l e ols las 56 [FF] ) Kan o uog,S ouiios
Ghlie (JS ollsd @l S S @ ey

ol 85 00 3929 Jliol cpl il oo 8T Sndg il
3920yt Sy parass edimd s (5 pdh 5o 28 Shals
Lol yo &S wdly jhe 23 5 (55> Bblie Coomsty J 1S
D9 g0 9,8 (S5, L8, 0 Do SYsb Ol sy ol cely
S ablice by ol 5l allpSin colex plyis 4 a8
iy il 4 5 sl Jlo o wiz e [F9] 558 o il
o)Ll a8 Slaiod wiile (gaed)l o Slisiods (65993
Ol 3l ooliianl 5 sl 532 )0 50 9,Shae (a2 Sl o 05
Sy Faal)l5 g Jagae Dl ped (gad Cgz 5o ool
4 55 (Jg etel 433 050 ol ablise L) o]
be S0 b cul 5l 55,5 slodiges dlaws b s Slallas
38es b o yo Slihod IS 51 293 5icrds, E9d90 il 5]
70 4 by Sligion oalad alboliie bl col 59 5 5
S8 @ e Sl 5 0,Shee (o8 aboline bl o
el 38,5 )13 (rpiizes 4295 950 (5 00 S
albolie Ll ol 55b allia 1Y 0l Jpaz 4y 4255
F S50 33903, oy p ) e LSl g 0 Ko el
5 Plse SRl 4 S 50 ol gy 5l am Sl
o ool 3l Sl I ules slaasl (g paimen
asm alsye Voo alie VAl bl ccl Jloje5 5 oYL
or R0l 09 So il am s bl J o (S
s gl ol Lt ol Gako liime sy ik
on oS gblite bby (S)b jlan |y jhe Slnis oS
Loy )3 (s B3I 1S (650 j5body 23vgr 03,5
P LSl plmeogs 1o aiins SKosen b e  Jiidlg)g
a5 ol 3l o ols las [oY] o Sew 5 b Jly iz o]
S adcam! s s aitn olad ablite b, cowl )l
A5 51655 0 S syl (Sl nne ¢ SlSe (slaon 1S
455,85 0,Lal ool 5.5 aiSS pl s g oo i 0 (60 Slos
S ALY 5053, (o) |y ol 8l il Sem 5 Sl
55 9 [OF] ) Kan 5 oglSTS aelsl y3 . 2uisdS o by o]

390 1 ol 505 g ool aolite by el )3 3o  FomiiMlygy95 53U K02 g (Giontils cyun

\YA



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y oylods. YY 090 1F+) (yliwsli

oS o ol5im 5 o3l ol e gl led 45 sy ol 5l Sl
@l 5S> GFll oy (55 o sl 5l ol
[F0] o 5o g yinslosls Gubions domis .Cowl 03,5 T G
DAL alad abolite L g3kl Jos 5l an a5 0 (ol 55
5 48l s o hame shas o GRS S & (oo 5]
5 S Ysb ablidls s Jazils ge A L wledl oyl
b aka, 3o i pi3 i el ol g 4l clhae jie
ikl 5l o ole VY Loyl ubio 09 co alabl> slaas],d
SR 90 Ay Ceamd ()l Eou leal jo 09y 0l plowl L,
b 18 (g abae b Lo o (tniadly )95 45 090 o0 0 L3

253,85 )155 eaud g jlusl ol 3l o

2SS, sy ojlal [V o Ses 5 (Sl
‘gYﬁ)o&Io&dﬁbh;fJ%l@)ﬁw
O 59 G 4y (ol abolie b (5l jlam aiin ¥
o 4 5 [FY] e 5 pganmg iy o8 s Jlars L
ryaray Oas Colled S0 ailin] aS Waw, 4
)o‘s':Sjp WMUJMML{JAJQQ‘;}‘QWM
Ll a28L u,..o‘p‘ odl gl sk

Sled,Shg, ;0 i S yinn Cusal 4 4LAS 0 ik

‘;5 ‘J.;Os..v e.b; e)l...ul ‘Scldﬁ é'aLQ...A Jol.v) MT )‘ 6)&“...'
ol o)l (YIG aS las 4 axg5 b pol> Gabos ass
s Gy Gy (il 4 o bl 4 a2 g3 L o g
i Sl ol aled il o ciBuilgs Dl o3 LT aS ol
Srb il sl amr g Sk slan ) ke JiSle g 0 Sloe 5o
23 Saoan] ByngS g0 o [F] ol San 5 (Sl
o3 SS9, SO gyl o Cdb 0gs 00 plosl Yo Y L
Sl il San g (Sewj)ly 50,8 oolanul (glazas VY
5 Jos Sl an e ¥ im0y 5l JB ) 5k
L)l 9550 Slata VY Liduils 090 ol sy (pizren
g Jos 5l o atan Yool olis lagy] gubios zls wisls 1,3
b G509 b dslie po (il Sl pod g9, 51 Jo3
S 05008 sl 055 (oo ebolite L, 5 23,
Gloosls pizmen .aidgs o0l JliouwlgSa 165 S o0 40 s
)AHﬁwouulyuLufum \Y}\@o|o&bﬁboi
b Lo pllos ol 81 e i o131 pal JllsS 95 DUS ,2
Guizs ool sladidly yiores g oli8l > 0 aSh ds
ol b b a o JlolsSG3 65 S0,28 )0 i ol (LS
ailiwl ol58l el s g 5l sl golad aoliie bl (sllo ol
ool b o8l s s by cpl o colil ey o a5 >

0 sl s a5 Il il 5 551 pl A4S ik,
a5 0l 38 (nl 2l xSt wd oalie i
b8 ablite bl coml 5l ad,bgs  imciadlyg)gs
Ol Sazme ol o83ulg 099 9 Jes jlam (S Wlgi oo
OSoe JS5905 599,98 Jslse S ailadnin b S SeS LU,
Btz )0 Loyl ol adgl cawl oasiS daine Jolge 5l el
Sl s o8l sae jo wis,S U5 5 YY) 05 sam
2 0] 3,8 45098 o Sl Sl s alad aboline LL,
sl walss 5L L8 5l i 9l S5 e s olaes 05955k

g S gy 45 0,5 o lil b cwond pl Con Ll yo
Gl 50 48 Wi a3 (ol 4y 095 &t*i’d:)° [¥al es s
3 e bl L, 5 5] o ol oS, S
Ceely a8 ol olowl jae 108 i 10 (5,550 (e SYeb
b 4 BSogrdes cdb 5l o S > slasil il 99 o
plel a8 a4y 01,31l ols Lis zolis 09l 0ols Gam g0l
S > Sesll J5es 4l ol 8l s 01039 slaclad
Somole YY 1) 895 3uios lagyl aies oo plosl 1) 095 (5ol
ol plosl s

5 638 es Dl pled 45 39800 Sbml Cou (nl Jl>

syl olad abolize L, )b 5l ams jie o a5 o sl
W 0318 zees gl YU cdllas (0 a8 Sy piomen 5 99 0
S U8 o b ol abline bl g5kl 5w L
ol ablate bl a5 saudaw] 9,8 18 g fai b ails algs
il Sl ol e 4z el 03,5 (gibusil |y 055
ol aalss Bk bl e alaly 40 (die (63,5ee
ol 4 Jslite Ly b il o glallio § o S il
1395 abliie L, a5 (50131 1 Ol s () 45 Wiy s
Gkl 5o ool o 04l o0 odalive 35 wiles S 3Ll
obss [0-] (iliSan 5 (Sl g 3o Ll rmn 5 s
o> Jlo YU 5l (3lajle 5 (qr95g )] 5l o a7 ol
85 e 9524 (655 0 S pgmimwgilogan (5, X 10 g 53l Shes

Oy S 514 39yl 3ol (oS (6 S A K03

S5 o smas piass ;0 (St b ol (S (slaoss S
Sgds s Gl mas gla)lSls ple b oaS col ol en
aomts onl 4 095 Gz o 5 [YA] lSes 5 S
S dy olo TV 5l o coais g3l sb bbby (sl ls ol ,81 a8 wioes
o5 0 oanlive jie 5l iblis o colles Lyl ol ol
S lp @ldds s a9 5 6 Sz Sl Jyins
3 55 VY] (231K g ey iogs 53 5 o, 25 >
(8 glolize Bl 5ol Jas 5l olo TA (s st a5
aS Wl 4z cpl 4y g w08 dalllas |y 09 aidS o]
OS] g piSIs OS> a0 o)l il sae (g3l Jlad
o] i s ol 00 il wllos o3l o &

320 .0 551 g o8 bliio Uy sl 3 5o Ghamsinstlig 95 388U 110l g iandils (yuu



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

W o)Ll Cou adgl Caond 0 1 g ABl Ceowd o 4 S
6120 2,555 4y 0s0casl 8 Sl o3 i Jeo 4y
(s Dl o3 5 el wnlys L 8 5l iden ol 55 (sl
&l peiie iz b 3L &S g3l oy bl b 4 az g
azg a5 | (3l 3Tl g Olae Cumadso LSS il gy JLe
Sasalarargi b g ass Copae o)l sl e 4y JolS (5
oS (S (il gl pol i Sl el (555 S
Ol sy 00 515 4y )08 o (b (Dlae ceas S lp T,
S 035910 1) ool 590 pare (gl wilgns L5 Sl e
Alie Sy 0 YN Jlo o [08] il Sen 5 LI5S
Son Ol g (el Dl el ol Paigr Gl s
boaz leSe (ol Sl o3 o oalad wbliite Ll apgil o]
3 asles liwl) o &5 > 650k W Jgal 5l ealanl
3 Nl Col (Soe a8 ol Sl 1) jie (Stidlyg 98
bl a5l ol Jas 5 0l 00isS S el Sgaga sl
Sloslatnl dlie (pl Baugss was ials' ) olad abolais
il oolal g Lisuilg asl p Cogl lp ) 25 salS pralia
bl a9l el 5l G (B9 4 d9ome St Sk (6l e

ials il ¢ salud aboliine

Sl s 5 55 ped g dzg 5l ol b Sliy a3 el
b ol o3 plonil t iod 50k ool 3l osliinl b Dl o3
5 ol b oy yoi ploel ¢ 3128l o, 0l Jgol 5l oolicd
S Jool glainy 5 5 00l ]S 095 650k Jool
U IR I SURPESR I INPRTFT T SRR )
ablite bl 456 col jlas g aig |y (casuilss slaadli
Slyss ols )13 Bas b piomen g ool ol |, elud
ol 5 el adgl céyiny pals el jie Saiadlgys
Dgu o 8l

2l Jlo 55 8 S 5 S Sl ol i
lel o adlesls plowl aey ol o 1y Sladss oy i
Sl Jern ..\.;JS‘So o)L.‘l'.v‘ La:‘j Wl ol.e_,..m." Sy Con Ceondd 3 Q—.’.‘
8 e LS 50 Jolds golpiinn (ciduilys Ol ped gz )l
5 Sy U «SeilSoger ebas] ssle 3l sanlss ol
Sl mae 5005y, 3.l ) Slaciiy sl (owlills,
5 Hac cmas diw Ol ojen 4 S5 > 5 0o g
Dev] sl olad aboline bl sl (o505 e

IR LL Y

s ey o (00,8 50 4o ad abolize Ly (S 3 b3

5 6o DS b (Shantdlyg g wiand L) ol (S)b
s, sie 68 ik Vi aS 0 saline (g il
e S o0 028 ol o sl |y Lalyd g LS
(ol ablite bl (S 5l aa ol lis Gados ol @l

Y o lods. YY 090 1F+) (ylisli

Gy et o0 S Slided 4y Gl e Wiz
Dy9r g Soeal Goiow ()l @l wd o)lil a5 psboilen
ol s S e plaizgs 1y ol (6 Sty gloo S,
2l Jlo 5 Lo o lnsSos, L1 45 wlse iy S
i3S iy o oolad abolie bl o] 5l g8y (ol
e e e TN PR R
3 e (e Sl ganiadlyg )55 (55 2 s 53 (512
olgS Lol> Gudod gl a5 jgbjles ol 3929 el
e o Ly o (00,8 5o 3 (it Dl 8 0979
Pt g 0 ) L ol oS Gladod I (S g digd o
5 ol GRS WS (o Firds) ] 3l St 9,80,
Loy T o 0,Ll Gy gl ) a5 jsborlan ol [F5] 208
ol 505y 59y 2y e £ ¥ S 095 (3o o
S Ojlee SLST Sl ped g (5595 Dl ped 305 ()
o S (Fomiedlysyo Sml (55 2 S i )514":-.’
ST iy i ol Lt Loy ko gl el 18,35
béﬂg’.‘;..\.o}béﬁ%ﬁ&LS"')..\;Q.QLL.O.QJ&WJ@JQ)LQA
(o3 glboliie by el 5l (67uSny p0 CuBS She (59, 2
oS 39 cnl dlie (ol (2l 6 S Al el 0092 5yl pole
Sl b (Frmidlyg o8 ainndlyy O)les LS Sl o3
(el Pl o SYob Cogti il jae o 1) sellodas
P8 5 5590 555,55 GndySes ol (b o a5 WS olx]
Ol el adly falS sy g sl (e 0 (25 >
030l (60050 ,25 (AalS (pl 45 0)ls 992y Jloio]
25 S bl oty S35 Sazme e S arasS
50 D SYeb Ol slom cels Ll o 4 wlly jae i3
S alpRian Colem Jlyie 4 a5 05l e 08 (25, 18,
D9 oo (Al (ool golitie bl sl

ol 35S ol ol 4 sl o bl (5 a5 (6,503 mo sl
sty 090 ol o 945 gl sloo Sag, LT oS el
s> A oo LSl aaled ol o)lil dedde 3 a5 jebjlen
gy Ol yei dlewgas snsscanl oily 0 Shoe 2alS 31
S5l w0l 65Khn 8wl cel 9p g Ol
LL) 53l 5l g sl 3l B cdlad s @) Sralciibye
L5 o gl L5055 45 el )] 51 a8 saliB abolicie
@ B olad ablite by ol 4 M o315l s yo YO
YU e [5-F] aiies 095 L3 clad o 4 ciS3l
S o il S5k jo Ul pas (izeen 5 Same (Sasdcnl
Ll 5 cadle e slas uilin] sms o lis o5,Skos
ojlaly o] ciBuilss 5 by cnl g5kl dlajl ¢ solad ablise
O Slam b g anils s sl 52 5l 3 a5 o ol g S
sobotes s sl [ANY] ol sl 15 00,5 o s S



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Y oylods. YY 090 1F+) (yliwsli WA .|'||9'_'j

Sy oo yro y (glod S s ol el sl ST L,
b e o oo 3 Syl Sl o it 3 (52 5
e 0 edbolonl &l yuss ol Ll bl .l (6 pay o, Slos
lo oo (Sl Lei5es (oolad bolite Ll (g3lusl 5l anr (>
ol lis pols o gl Ll o b oo 5 al38l asly
5 ko 53, 1l sl Sl 5 Ll 05 5]
3L ails jxe 4o eadolm! (g isle 5 g0, Sles Sl ]
el il o oadolonl (i (Stniadlygy5 (nl Wlgi ool o2
Sl gmy (B)lse 5 sl ol e ey 5 (S oS,
D55 3 o ool il lie 5 5 St A5 Bk
S (Sl Sl ped rizres g (K Ol el
sl 3 ey Sl e U 50 el g0 Bl el st
2 b 95550 b b e Sl el 5 (25 > (6,500 Sa
ey oddsbml (e (Fuatadlig)g (05 S5k b,
ool bl cpl 5l coles (gl cuito smmaiadlyg s ol
43 e @S oS lp 4595 gel Bl andl gl

el 6y dgad pox b 500 1S Slalllas

M1 OlasMo

oiRg3s U Jgel il (595
Ll oauzd oolazul Slgs g gl digad
S ol

o el slaplasls 51 Jlo S aigFan 3aio o
03,55 2l 5 ol e b o)l o sngas (slo it o
O@M’ “9.3 k:s)LM;\Q

9 Geiz (Jodod o i Jlitel o cnlil S (g lupspin
5 Gllpg oanly sihas pwgiin 4K 1l
U’“‘AL’ ‘°)j)-’ u.‘).u.\.n au)l.'a) ‘L.S)L“"Lsfm s:\.....uy 6}....:@%;
gl dazxe yaly ol u.da..a.n (g oiilod Oy :GlLo
&lo o)

)5 gdlie (o )la5 Al (ol GBS in 5 o bl pl

320 .0 551 g o8 bliio Uy sl 3 5o Ghamsinstlig 95 388U 110l g iandils (yuu



http://rehabilitationj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

Archives of

Rehabilitation

References

[1] Grooms DR, Onate JA. Neuroscience application to noncontact
anterior cruciate ligament injury prevention. Sports Health.
2016; 8(2):149-52. [DOI:10.1177/1941738115619164] [PMID]
[PMCID]

[2] Diekfuss JA, Grooms DR, Yuan W, Dudley J, Barber Foss KD,
Thomas S, et al. Does brain functional connectivity contribute
to musculoskeletal injury? A preliminary prospective analysis
of a neural biomarker of ACL injury risk. Journal of Science
and Medicine in Sport. 2019; 22(2):169-74. [DOI:10.1016/j.
jsams.2018.07.004] [PMID] [PMCID]

[3] Diekfuss JA, Grooms DR, Nissen KS, Schneider DK, Foss KDB,
Thomas S, et al. Alterations in knee sensorimotor brain func-
tional connectivity contributes to ACL injury in male high-
school football players: A prospective neuroimaging analysis.
Brazilian Journal of Physical Therapy. 2020; 24(5):415-23.
[DOI:10.1016/j.bjpt.2019.07.004] [PMID] [PMCID]

[4] McCormack RG, Hutchinson MR. Time to be honest regard-
ing outcomes of ACL reconstructions: Should we be quoting
55-65% success rates for high-level athletes? British Journal
of Sports Medicine. 2016; 50(19):1167-8. [DOI:10.1136/bjs-
ports-2016-096324] [PMID]

[5] Shah VM, Andrews JR, Fleisig GS, McMichael CS, Lemak
L. Return to play after anterior cruciate ligament recon-
struction in national football league athletes. The Ameri-
can Journal of Sports Medicine. 2010; 38(11):2233-9.
[DOI:10.1177/0363546510372798] [PMID]

[6] Waldén M, Hagglund M, Magnusson H, Ekstrand J. ACL in-
juries in men’s professional football: A 15-year prospective
study on time trends and return-to-play rates reveals only
65% of players still play at the top level 3 years after ACL rup-
ture. British Journal of Sports Medicine. 2016; 50(12):744-50.
[DOI:10.1136/bjsports-2015-095952] [PMID]

[7] Ahldén M, Samuelsson K, Sernert N, Forssblad M, Karlsson J,
Kartus J. The Swedish national anterior cruciate ligament regis-
ter: A report on baseline variables and outcomes of surgery for
almost 18,000 patients. The American Journal of Sports Medi-
cine. 2012; 40(10):2230-5. [DOI:10.1177/0363546512457348]
[PMID]

[8] Grooms D, Appelbaum G, Onate J. Neuroplasticity following
anterior cruciate ligament injury: A framework for visual-
motor training approaches in rehabilitation. Journal of Or-
thopaedic & Sports Physical Therapy. 2015; 45(5):381-93.
[DOI:10.2519/jospt.2015.5549] [PMID]

[9] Culvenor AG, Barton CJ. ACL injuries: The secret probably lies
in optimising rehabilitation. British Journal of Sports Medi-
cine. 2018; 52(22):1416. [DOI:10.1136/bjsports-2017-098872]
[PMID]

[10] Grindem H, Arundale AJH, Ardern CL. Alarming underutilisa-
tion of rehabilitation in athletes with anterior cruciate ligament
reconstruction: Four ways to change the game. British Journal
of Sports Medicine. 2018; 52(18):1162-3. [DOI:10.1136/bjs-
ports-2017-098746] [PMID]

[11] Hewett TE, Myer GD, Ford KR, Heidt RS, Colosimo AJ, McLean
SG, et al. Biomechanical measures of neuromuscular control
and valgus loading of the knee predict anterior cruciate liga-

July 2022. Vol 23. Num 2

ment injury risk in female athletes: A prospective study. The
American Journal of Sports Medicine. 2005; 33(4):492-501.
[DOI:10.1177/0363546504269591] [PMID]

[12] Paterno MV, Schmitt LC, Ford KR, Rauh MJ, Myer GD, Huang
B, et al. Biomechanical measures during landing and postural
stability predict second anterior cruciate ligament injury after
anterior cruciate ligament reconstruction and return to sport.
The American Journal of Sports Medicine. 2010; 38(10):1968-
78.[D0I:10.1177/0363546510376053] [PMID] [PMCID]

[13] Herrington L, Myer G, Horsley |. Task based rehabilitation
protocol for elite athletes following anterior cruciate ligament
reconstruction: A clinical commentary. Physical Therapy in
Sport. 2013; 14(4):188-98. [DOI:10.1016/j.ptsp.2013.08.001]
[PMID]

[14] Dai B, Mao M, Garrett WE, Yu B. Biomechanical character-
istics of an anterior cruciate ligament injury in javelin throw-
ing. Journal of Sport and Health Science. 2015; 4(4):333-40.
[DOI:10.1016/j.jshs.2015.07.004]

[15] Schmitz RJ, Kulas AS, Perrin DH, Riemann BL, Shultz SJ. Sex
diferences in lower extremity biomechanics during single
leg landings. Clinical Biomechanics (Bristoal, Avon). 2007;
22(6):681-8. [DOI:10.1016/j.clinbiomech.2007.03.001] [PMID]

[16] Tsai C, Powers CM. Increased hip and knee flexion during
landing decreases tibiofemoral compressive forces in wom-
en who have undergone anterior cruciate ligament recon-
struction. The American Journal of Sports Medicine. 2012;
41(2):423-9. [DOI:10.1177/0363546512471184] [PMID]

[17] Dragicevic-Cvjetkovic D, Jandric S, Bijeljac S, Palija S, Mano-
jlovic S, Talic G. The effects of rehabilitation protocol on func-
tional recovery after anterior cruciate ligament reconstruc-
tion. Medical Archives. 2014; 68(5):350-2. [DOI:10.5455/
medarh.2014.68.350-352] [PMID] [PMCID]

[18] Dustin RG, Adam WK, Michael AR, Jonathan DE, Staci T, Katie
K, et al. Brain-behavior mechanisms for the transfer of neuro-
muscular training adaptions to simulated sport: Initial findings
from the train the brain project. Journal of Sport Rehabilitation.
2018; 27(5):1-5. [DOI:10.1123/jsr.2017-0241] [PMID] [PMCID]

[19] Gokeler A, Seil R, Kerkhoffs G, Verhagen E. A novel approach
to enhance ACL injury prevention programs. Journal of Experi-
mental Orthopaedics. 2018; 5(1):22. [DOI:10.1186/s40634-
018-0137-5] [PMID] [PMCID]

[20] Bell DR, Oates DC, Clark MA, Padua DA. Two- and 3-dimen-
sional knee valgus are reduced after an exercise intervention in
young adults with demonstrable valgus during squatting. Jour-
nal of Athletic Training. 2013; 48(4):442-9. [DOI:10.4085/1062-
6050-48.3.16] [PMID] [PMCID]

[21] Myer GD, Ford KR, Brent JL, Hewett TE. The effects of ply-
ometric vs. dynamic stabilization and balance training on
power, balance, and landing force in female athletes. Journal
of Strength and Conditioning Research. 2006; 20(2):345-53.
[DOI:10.1519/00124278-200605000-00019] [PMID]

[22] Myer GD, Ford KR, Palumbo JP, Hewett TE. Neuromuscular
training improves performance and lower-extremity biome-
chanics in female athletes. Journal of Strength and Condition-
ing Research. 2005; 19(1):51-60. [DOI:10.1519/00124278-
200502000-00010] [PMID]



https://doi.org/10.1177/1941738115619164
https://www.ncbi.nlm.nih.gov/pubmed/26608453
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4789930
https://doi.org/10.1016/j.jsams.2018.07.004
https://doi.org/10.1016/j.jsams.2018.07.004
https://www.ncbi.nlm.nih.gov/pubmed/30017465
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6311430
https://doi.org/10.1016/j.bjpt.2019.07.004
https://www.ncbi.nlm.nih.gov/pubmed/31377125
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7564031
https://doi.org/10.1136/bjsports-2016-096324
https://doi.org/10.1136/bjsports-2016-096324
https://www.ncbi.nlm.nih.gov/pubmed/27231334
https://doi.org/10.1177/0363546510372798
https://www.ncbi.nlm.nih.gov/pubmed/20610771
https://doi.org/10.1136/bjsports-2015-095952
https://www.ncbi.nlm.nih.gov/pubmed/27034129
https://doi.org/10.1177/0363546512457348
https://www.ncbi.nlm.nih.gov/pubmed/22962296
https://doi.org/10.2519/jospt.2015.5549
https://www.ncbi.nlm.nih.gov/pubmed/25579692
https://doi.org/10.1136/bjsports-2017-098872
https://www.ncbi.nlm.nih.gov/pubmed/29549148
https://doi.org/10.1136/bjsports-2017-098746
https://doi.org/10.1136/bjsports-2017-098746
https://www.ncbi.nlm.nih.gov/pubmed/29650520
https://doi.org/10.1177/0363546504269591
https://www.ncbi.nlm.nih.gov/pubmed/15722287
https://doi.org/10.1177/0363546510376053
https://www.ncbi.nlm.nih.gov/pubmed/20702858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4920967
https://doi.org/10.1016/j.ptsp.2013.08.001
https://www.ncbi.nlm.nih.gov/pubmed/24016398
https://doi.org/10.1016/j.jshs.2015.07.004
https://doi.org/10.1016/j.clinbiomech.2007.03.001
https://www.ncbi.nlm.nih.gov/pubmed/17499896
https://doi.org/10.1177/0363546512471184
https://www.ncbi.nlm.nih.gov/pubmed/23271006
https://doi.org/10.5455/medarh.2014.68.350-352
https://doi.org/10.5455/medarh.2014.68.350-352
https://www.ncbi.nlm.nih.gov/pubmed/25568570
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4269530
https://doi.org/10.1123/jsr.2017-0241
https://www.ncbi.nlm.nih.gov/pubmed/29584523
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6500088
https://doi.org/10.1186/s40634-018-0137-5
https://doi.org/10.1186/s40634-018-0137-5
https://www.ncbi.nlm.nih.gov/pubmed/29916182
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6005994
https://doi.org/10.4085/1062-6050-48.3.16
https://doi.org/10.4085/1062-6050-48.3.16
https://www.ncbi.nlm.nih.gov/pubmed/23724771
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3718346
https://doi.org/10.1519/00124278-200605000-00019
https://www.ncbi.nlm.nih.gov/pubmed/16686562
https://doi.org/10.1519/00124278-200502000-00010
https://doi.org/10.1519/00124278-200502000-00010
https://www.ncbi.nlm.nih.gov/pubmed/15705045

July 2022. Vol 23. Num 2

[23] Myer GD, Paterno MV, Ford KR, Hewett TE. Neuromuscular
training techniques to target deficits before return to sport
after anterior cruciate ligament reconstruction. Journal of
Strength & Conditioning Research. 2008; 22(3). [DOI:10.1519/
JSC.0b013e31816a86¢d] [PMID]

[24] Christopher AD, Adam WK, Scott B, Gregory DM. High-risk
lower-extremity biomechanics evaluated in simulated soccer-
specific virtual environments. Journal of Sport Rehabilitation.
2020; 29(3):294-300. [DOI:10.1123/jsr.2018-0237] [PMID]

[25] Herman DC, Barth JT. Drop-jump landing varies with baseline neu-
rocognition: Implications for anterior cruciate ligament injury risk
and prevention. The American Journal of Sports Medicine. 2016;
44(9):2347-53. [DOI:10.1177/0363546516657338] [PMID] [PMCID]

[26] Monfort SM, Pradarelli JJ, Grooms DR, Hutchison KA, Onate
JA, Chaudhari AMW. Visual-spatial memory deficits are re-
lated to increased knee valgus angle during a sport-specific
sidestep cut. The American Journal of Sports Medicine. 2019;
47(6):1488-95. [DOI:10.1177/0363546519834544] [PMID]

[27] Norasteh AA, Payandeh M, Mohammad Ashour Z. Inves-
tigation of knee arthrokinematic changes before and after
reconstruction of anterior cruciate ligament: A system-
atic review. Journal of Sport Biomechanics. 2020; 6(2):66-85.
[DOI:10.32598/biomechanics.6.2.5]

[28] Konishi Y, Aihara Y, Sakai M, Ogawa G, Fukubayashi T. Gamma
loop dysfunction in the quadriceps femoris of patients who un-
derwent anterior cruciate ligament reconstruction remains bilat-
erally. Scandinavian Journal of Medicine & Science in Sports. 2007;
17(4):393-9. [DOI:10.1111/].1600-0838.2006.00573.x] [PMID]

[29] Luc-Harkey BA, Harkey MS, Pamukoff DN, Kim RH, Royal
TK, Blackburn JT, et al. Greater intracortical inhibition associ-
ates with lower quadriceps voluntary activation in individuals
with ACL reconstruction. Experimental Brain Research. 2017;
235(4):1129-37. [DOI:10.1007/s00221-017-4877-8] [PMID]

[30] Silfies SP, Vendemia JMC, Beattie PF, Stewart JC, Jordon M.
Changes in brain structure and activation may augment ab-
normal movement patterns: An emerging challenge in muscu-
loskeletal rehabilitation. Pain Medicine. 2017; 18(11):2051-4.
[DOI:10.1093/pm/pnx190] [PMID]

[31] Baumeister J, Reinecke K, Schubert M, Wei M. Altered elec-
trocortical brain activity after ACL reconstruction during force
control. Journal of Orthopaedic Research. 2011; 29(9):1383-9.
[DOI:10.1002/jor.21380] [PMID]

[32] Baumeister J, Reinecke K, Weiss M. Changed cortical activity
after anterior cruciate ligament reconstruction in a joint posi-
tion paradigm: An EEG study. Scandinavian Journal of Medi-
cine & Science in Sports. 2008; 18(4):473-84. [DOI:10.1111/
j.1600-0838.2007.00702.x] [PMID]

[33] Grooms DR, Page SJ, Nichols-Larsen DS, Chaudhari AMW,
White SE, Onate JA. Neuroplasticity associated with anterior
cruciate ligament reconstruction. Journal of Orthopaedic &
Sports Physical Therapy. 2016; 47(3):180-9. [DOI:10.2519/
jospt.2017.7003] [PMID]

Archives of

Rehabilitation

[34] Diekfuss JA, Hogg JA, Grooms DR, Slutsky-Ganesh AB, Singh H,
Bonnette S, et al. Can we capitalize on central nervous system
plasticity in young athletes to inoculate against injury? Journal of
Science in Sport and Exercise. 2020; 2(4):305-18. [DOI:10.1007/
s42978-020-00080-3]

[35] Lepley AS, Ly MT, Grooms DR, Kinsella-Shaw JM, Lepley LK.
Corticospinal tract structure and excitability in patients with
anterior cruciate ligament reconstruction: A DTl and TMS
study. Neurolmage: Clinical. 2020; 25:102157. [DOI:10.1016/].
nicl.2019.102157] [PMID] [PMCID]

[36] Faltus J, Criss CR, Grooms DR. Shifting focus: A clinician’s
guide to understanding neuroplasticity for anterior cruciate
ligament rehabilitation. Current Sports Medicine Reports.
2020; 19(2):76-83. [D0I:10.1249/JSR.0000000000000688]
[PMID]

[37] Downs SH, Black N. The feasibility of creating a checklist for
the assessment of the methodological quality both of ran-
domised and non-randomised studies of health care interven-
tions. Journal of Epidemiology and Community Health. 1998;
52(6):377-84. [DOI:10.1136/jech.52.6.377] [PMID] [PMCID]

[38] O’Connor SR, Tully MA, Ryan B, Bradley JM, Baxter GD,
McDonough SM. Failure of a numerical quality assessment
scale to identify potential risk of bias in a systematic review:
A comparison study. BMC Research Notes. 2015; 8:224.
[DOI:10.1186/s13104-015-1181-1] [PMID] [PMCID]

[39] Criss CR, Onate JA, Grooms DR. Neural activity for hip-knee
control in those with anterior cruciate ligament reconstruc-
tion: A task-based functional connectivity analysis. Neu-
roscience Letters. 2020; 730:134985. [DOI:10.1016/j.neu-
let.2020.134985] [PMID]

[40] Zarzycki R, Morton SM, Charalambous CC, Pietrosimone B,
Williams GN, Snyder-Mackler L. Examination of corticospinal
and spinal reflexive excitability during the course of postopera-
tive rehabilitation after anterior cruciate ligament reconstruc-
tion. The Journal of Orthopaedic and Sports Physical Therapy.
2020; 50(9):516-22. [DOI:10.2519/jospt.2020.9329] [PMID]

[41] Zarzycki R, Morton SM, Charalambous CC, Marmon A,
Snyder-Mackler L. Corticospinal and intracortical excitability
differ between athletes early after ACLR and matched con-
trols. Journal of Orthopaedic Research. 2018; 36(11):2941-8.
[DOI:10.1002/jor.24062] [PMID]

[42] Miao X, Huang H, Hu X, Li D, Yu Y, Ao Y. The characteristics
of EEG power spectra changes after ACL rupture. Plos One.
2017; 12(2):e0170455. [DOI:10.1371/journal.pone.0170455]
[PMID] [PMCID]

[43] Pietrosimone BG, Lepley AS, Ericksen HM, Clements A, Sohn
DH, Gribble PA. Neural excitability alterations after anterior
cruciate ligament reconstruction. Journal of Athletic Training.
2015; 50(6):665-74. [DOI:10.4085/1062-6050-50.1.11] [PMID]
[PMCID]

[44] Grooms DR, Page S, Onate JA. Brain activation for knee move-
ment measured days before second anterior cruciate ligament
Injury: Neuroimaging in musculoskeletal medicine. Journal of
Athletic Training. 2015; 50(10):1005-10. [PMCID]



https://doi.org/10.1519/JSC.0b013e31816a86cd
https://doi.org/10.1519/JSC.0b013e31816a86cd
https://www.ncbi.nlm.nih.gov/pubmed/18438211
https://doi.org/10.1123/jsr.2018-0237
https://www.ncbi.nlm.nih.gov/pubmed/30676190
https://doi.org/10.1177/0363546516657338
https://www.ncbi.nlm.nih.gov/pubmed/27474381
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6039105
https://doi.org/10.1177/0363546519834544
https://www.ncbi.nlm.nih.gov/pubmed/30986095
https://doi.org/10.32598/biomechanics.6.2.5
https://doi.org/10.1111/j.1600-0838.2006.00573.x
https://doi.org/10.1007/s00221-017-4877-8
https://www.ncbi.nlm.nih.gov/pubmed/28144695
https://doi.org/10.1093/pm/pnx190
https://www.ncbi.nlm.nih.gov/pubmed/29121336
https://doi.org/10.1002/jor.21380
https://www.ncbi.nlm.nih.gov/pubmed/21437965
https://doi.org/10.1111/j.1600-0838.2007.00702.x
https://doi.org/10.1111/j.1600-0838.2007.00702.x
https://www.ncbi.nlm.nih.gov/pubmed/18067525
https://doi.org/10.2519/jospt.2017.7003
https://doi.org/10.2519/jospt.2017.7003
https://www.ncbi.nlm.nih.gov/pubmed/27817301
https://doi.org/10.1007/s42978-020-00080-3
https://doi.org/10.1007/s42978-020-00080-3
https://doi.org/10.1016/j.nicl.2019.102157
https://doi.org/10.1016/j.nicl.2019.102157
https://www.ncbi.nlm.nih.gov/pubmed/31901791
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6948362
https://doi.org/10.1249/JSR.0000000000000688
https://www.ncbi.nlm.nih.gov/pubmed/32028352
https://doi.org/10.1136/jech.52.6.377
https://www.ncbi.nlm.nih.gov/pubmed/9764259
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1756728
https://doi.org/10.1186/s13104-015-1181-1
https://www.ncbi.nlm.nih.gov/pubmed/26048813
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4467625
https://doi.org/10.1016/j.neulet.2020.134985
https://doi.org/10.1016/j.neulet.2020.134985
https://www.ncbi.nlm.nih.gov/pubmed/32380143
https://doi.org/10.2519/jospt.2020.9329
https://www.ncbi.nlm.nih.gov/pubmed/32741329
https://doi.org/10.1002/jor.24062
https://www.ncbi.nlm.nih.gov/pubmed/29846002
https://doi.org/10.1371/journal.pone.0170455
https://www.ncbi.nlm.nih.gov/pubmed/28182627
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5300146
https://doi.org/10.4085/1062-6050-50.1.11
https://www.ncbi.nlm.nih.gov/pubmed/25844855
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4527451
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4641538

Archives of

Rehabilitation

[45] Baumeister J, Reinecke K, Schubert M, Weiss M. Altered elec-
trocortical brain activity after ACL reconstruction during force
control. Journal of Orthopaedic Research. 2011; 29(9):1383-9.
[DOI:10.1002/jor.21380] [PMID]

[46] Powers CM, Fisher B. Mechanisms underlying ACL injury-
prevention training: The brain-behavior relationship. Journal
of Athletic Training. 2010; 45(5):513-5. [DOI:10.4085/1062-
6050-45.5.513] [PMID] [PMCID]

[47] Kapreli E, Athanasopoulos S, Gliatis J, Papathanasiou M,
Peeters R, Strimpakos N, et al. Anterior cruciate ligament de-
ficiency causes brain plasticity: A functional MRI study. The
American Journal of Sports Medicine. 2009; 37(12):2419-26.
[DOI:10.1177/0363546509343201] [PMID]

[48] Swanik CB, Covassin T, Stearne DJ, Schatz P. The relationship
between neurocognitive function and noncontact anterior cru-
ciate ligament injuries. The American Journal of Sports Medi-
cine. 2007; 35(6):943-8. [DOI:10.1177/0363546507299532]
[PMID]

[49] Héroux ME, Tremblay F. Corticomotor excitability associ-
ated with unilateral knee dysfunction secondary to anterior
cruciate ligament injury. Knee Surgery, Sports Traumatology,
Arthroscopy. 2006; 14(9):823-33. [DOI:10.1007/s00167-006-
0063-4] [PMID]

[50] Valeriani M, Restuccia D, Di Lazzaro V, Franceschi F, Fabbriciani
C, Tonali P. Clinical and neurophysiological abnormalities be-
fore and after reconstruction of the anterior cruciate ligament
of the knee. Acta Neurologica Scandinavica. 1999; 99(5):303-7.
[DOI:10.1111/j.1600-0404.1999.tb00680.x] [PMID]

[51] Valeriani M, Restuccia D, Di Lazzaro V, Franceschi F, Fab-
briciani C, Tonali P. Central nervous system modifications
in patients with lesion of the anterior cruciate ligament of
the knee. Brain. 1996; 119(Pt 5):1751-62. [DOI:10.1093/
brain/119.5.1751] [PMID]

[52] Swanik CB. Brains and sprains: The brain’s role in noncontact
anterior cruciate ligament injuries. Journal of Athletic Train-
ing. 2015; 50(10):1100-2. [DOI:10.4085/1062-6050-50.10.08]
[PMID] [PMCID]

[53] An YW. Neurophysiological mechanisms underlying func-
tional knee instability following an anterior cruciate ligament
injury. Exercise Science. 2018; 27(2):109-17. [DOI:10.15857/
ksep.2018.27.2.109]

[54] Kakavas G, Malliaropoulos N, Pruna R, Traster D, Bikos G,
Maffulli N. Neuroplasticity and anterior cruciate ligament
injury. Indian Journal of Orthopaedics. 2020; 54(3):275-80.
[DOI:10.1007/543465-020-00045-2] [PMID] [PMCID]

[55] Neto T, Sayer T, Theisen D, Mierau A. Functional brain
plasticity associated with ACL injury: A scoping review of
current evidence. Neural Plasticity. 2019; 2019:3480512.
[DOI:10.1155/2019/3480512] [PMID] [PMCID]

[56] Gokeler A, Neuhaus D, Benjaminse A, Grooms DR, Baumeister
J. Principles of motor learning to support neuroplasticity after
ACL injury: Implications for optimizing performance and re-
ducing risk of second ACL injury. Sports Medicine (Auckland,
NZ). 2019; 49(6):853-65. [DOI:10.1007/s40279-019-01058-0]
[PMID] [PMCID]

July 2022. Vol 23. Num 2

[57] Adams D, Logerstedt D, Hunter-Giordano A, Axe MJ, Snyder-
Mackler L. Current concepts for anterior cruciate ligament
reconstruction: A criterion-based rehabilitation progression.
Journal of Orthopaedic & Sports Physical Therapy. 2012;
42(7):601-14. [DOI:10.2519/jospt.2012.3871] [PMID] [PMCID]

[58] Gokeler A, Benjaminse A, Della Villa F, Tosarelli F, Verhagen
E, Baumeister J. Anterior cruciate ligament injury mechanisms
through a neurocognition lens: Implications for injury screen-
ing. BMJ Open Sport & Exercise Medicine. 2021; 7(2):e001091.
[DOI:10.1136/bmjsem-2021-001091] [PMID] [PMCID]

[59] Markolf KL, Graff-Radford A, Amstutz HC. In vivo knee stabil-
ity. A quantitative assessment using an instrumented clinical
testing apparatus. The Journal of Bone and Joint Surgery Amer-
ican Volume. 1978; 60(5):664-74. [DOI:10.2106/00004623-
197860050-00014] [PMID]

[60] Shultz SJ, Perrin DH, Adams MJ, Arnold BL, Gansneder BM,
Granata KP. Neuromuscular response characteristics in men
and women after knee perturbation in a single-leg, weight-
bearing stance. Journal of Athletic Training. 2001; 36(1):37-43.
[PMID] [PMCID]

[61] Yasuda K, Erickson AR, Beynnon BD, Johnson RJ, Pope MH.
Dynamic elongation behavior in the medial collateral and an-
terior cruciate ligaments during lateral impact loading. Journal
of Orthopaedic Research. 1993; 11(2):190-8. [DOI:10.1002/
jor.1100110206] [PMID]

[62] Noyes FR, Butler DL, Grood ES, Zernicke RF, Hefzy MS. Bio-
mechanical analysis of human ligament grafts used in knee-
ligament repairs and reconstructions. The Journal of Bone and
Joint Surgery. 1984; 66(3):344-52. [DOI:10.2106/00004623-
198466030-00005]



https://doi.org/10.1002/jor.21380
https://www.ncbi.nlm.nih.gov/pubmed/21437965
https://doi.org/10.4085/1062-6050-45.5.513
https://doi.org/10.4085/1062-6050-45.5.513
https://www.ncbi.nlm.nih.gov/pubmed/20831400
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2938326
https://doi.org/10.1177/0363546509343201
https://www.ncbi.nlm.nih.gov/pubmed/19940314
https://doi.org/10.1177/0363546507299532
https://www.ncbi.nlm.nih.gov/pubmed/17369562
https://doi.org/10.1007/s00167-006-0063-4
https://doi.org/10.1007/s00167-006-0063-4
https://www.ncbi.nlm.nih.gov/pubmed/16502299
https://doi.org/10.1111/j.1600-0404.1999.tb00680.x
https://www.ncbi.nlm.nih.gov/pubmed/10348160
https://doi.org/10.1093/brain/119.5.1751
https://doi.org/10.1093/brain/119.5.1751
https://www.ncbi.nlm.nih.gov/pubmed/8931595
https://doi.org/10.4085/1062-6050-50.10.08
https://www.ncbi.nlm.nih.gov/pubmed/26340611
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4641549
https://doi.org/10.15857/ksep.2018.27.2.109
https://doi.org/10.15857/ksep.2018.27.2.109
https://doi.org/10.1007/s43465-020-00045-2
https://www.ncbi.nlm.nih.gov/pubmed/32399146
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205971
https://doi.org/10.1155/2019/3480512
https://www.ncbi.nlm.nih.gov/pubmed/31949428
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6948303
https://doi.org/10.1007/s40279-019-01058-0
https://www.ncbi.nlm.nih.gov/pubmed/30719683
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6548061
https://doi.org/10.2519/jospt.2012.3871
https://www.ncbi.nlm.nih.gov/pubmed/22402434
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576892
https://doi.org/10.1136/bmjsem-2021-001091
https://www.ncbi.nlm.nih.gov/pubmed/34055386
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8130757
https://doi.org/10.2106/00004623-197860050-00014
https://doi.org/10.2106/00004623-197860050-00014
https://pubmed.ncbi.nlm.nih.gov/681387/
https://pubmed.ncbi.nlm.nih.gov/12937513/
https://pubmed.ncbi.nlm.nih.gov/12937513/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc155400/
https://doi.org/10.1002/jor.1100110206
https://doi.org/10.1002/jor.1100110206
https://www.ncbi.nlm.nih.gov/pubmed/8483032
https://doi.org/10.2106/00004623-198466030-00005
https://doi.org/10.2106/00004623-198466030-00005

This Page Intentionally Left Blank



