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ABSTRACT

(Ol JEIGIE The objective of this study was to evaluate the diagnostic accuracy of the

Article Info: clinical tests used to assess the injuries of anterior cruciate ligament.

Electronic data bases including Science Direct, PubMed and Google
Received: 26 April 2022 Scholar were searched using related keywords with the aim of finding the articles
Accepted: 4 July 2022 that clinically evaluated the injuries of anterior cruciate ligament. The quality of the
Available Online: 22 Sep 2022 articles was evaluated by Quality Assessment of Diagnostic Accuracy Studies

(QUADAS-2) scale.

Ten articles were selected for final analysis. Regarding patient selection
domain in risk of bias phase, an equal proportion was seen among low, unclear,
and high risk. Regarding index test in risk of bias phase, 80% of the articles had low
risk. Considering reference standard in risk of bias phase, 70% of the articles
presented a low risk. Considering flow and timing domain in risk of bias phase, 40
% of articles showed either unclear or high risk. Also, for patient selection domain
in applicability concerns, half of the articles had a low risk. Regarding index test in
applicability concern phase, 80% of articles presented a low risk. Considering

Keywords: reference standard domain of articles in applicability concern phase, 40% had
either unclear or low risk.

Anterior cruciate Despite the routine use of clinical tests for evaluating injuries of

ligament, Diagnostic anterior cruciate ligament, due to factors such as different clinical experience and

accuracy, Clinical tests, knowledge of the examiners, different time from ligament rupture, and different

QUADAS-2 position of the patient during examination, there is still no consensus on using a

test for diagnosis.
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1. Introduction

Anterior cruciate ligament provides considerable resistance against shearing forces between tibia and
femur during activities like walking, running and jumping. Moreover, regarding the induced tension in
the ligament, it can help guide arthrokinematics of knee joint. Also, it has an important proprioceptive
role due to ample mechanoreceptors. The ACL injury mostly occur between 15 and 25 years old during
sport activities with high velocity such as football and basketball (1). Nearly 70% of ACL sport injuries
occur during non-contact or minimal contact conditions (1). Following injury, the individual should be
assessed instantaneously, but the assessment is limited by pain and edema. The evaluation begins with
gait analysis and asymmetries including disappearance of pre-patellar depressions demonstrating edema,
hemarthrosis or both could be observed (2). Observation of injury, paraclinical findings and diagnostic
tests of injured ligament could be helpful during the evaluation. Diagnostic tests include anterior drawer
test, Lachman test, pivot shit test, and lever sign (3-5). The objective of the study was to overview the
accuracy and reliability of ACL diagnostic clinical tests.

2. Methods

Electronic data bases including google scholar, Pubmed, and Science direct were searched to find related
articles about the evaluation of ACL injuries between 2013 and 2021. The key words were chosen based
on search process including ACL, accuracy and reliability, and clinical tests. The articles were assessed
qualitatively by two of the authors of this study using Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2). The checklist is used to evaluate the quality of diagnostic studies and it consists of
4 domains including patient selection, index test, reference standard, flow and timing. Each domain was
assessed regarding risk of bias and three first domains were assessed regarding applicability concerns
either. The assessors select “yes” for articles with suitable data for each domain and “no” for domains
were not clear. Meanwhile, if details were insufficient, “unclear” was recorded. Disagreement between
the assessors was resolved with consensus (6).

3. Results

Following assessment and adaptation processes by inclusion and exclusion criteria, 10 articles were
selected and QUADAS-2 score was the same for all the involved articles (Table 1). The results showed
that regarding risk of bias in “patient selection” domain, 33% of the articles had low risk, 33% had
unclear risk and 33% had high risk. Regarding index test in risk of bias, 80% of the articles were at low
risk, 10% had unclear risk and 10% ha high risk. For reference standard domain in risk of bias, 70% had
low risk, 20% had unclear risk and 10% had high risk. Flow and timing item in risk of bias domain
showed that 20 % of articles were at low risk, 40% were unclear and another 40% were at high risk
which was the highest rank of high risk among the evaluated domains. Also, regarding applicability
concerns in patient selection domain, 50% of articles were at low risk, 20% had unclear risk, and 30%
had high risk. Eventually, for applicability concerns in index test domain, 80% of the articles were at low
risk, 10% with unclear risk and 10% with high risk that was completely similar to index test in risk of
bias domain. Regarding applicability concerns in reference standard domain, 40% were at low risk, 40%
with unclear risk and 20% with high risk.
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Table 1. Assessment of accuracy and reliability of ACL diagnostic tests

Authors Risk of bias Applicability concerns
Patient Index  Reference Flow &  Patient Index Reference
selection test standard timing  selection test standard
Jarbo et al. (3) @ ®) @ @ @ @ @
Gurpinar et al. (7) @ ®) @) @ @ © 2
Deveci et al. (22) 2 2 2 @ O O 2
Chong et al. (19) 2 @ O @ 2 2 2
Zhao et al. (8) @ © © ? © O ©
Sobrado et al. (11) @ @ @ ? @ @ ?
Mulligan et al. (13) @ © © 2 @ © @)
Lichtenberg et al. (23) @ @ @ ? @ @ @
Massey et al. (24) ) ®) ? ®) ®) © @
Lelli etal. (4) © © © © ? © ©

Note: @: low risk; ?: unclear risk; @: high risk

4. Conclusion

Several tests are used to diagnose ACL disruption. Anterior drawer, pivot sift, Lachman, and lever sign
were used in 9 studies (3,4,7-13). Different values were reported for diagnostic tests. Regarding anterior
drawer test, sensitivity and specificity were reported within a range of 21-100% and 80-100%
respectively. Also, positive predictive value (PPV) of test was reported between 85 and 94% and
negative predictive values of 55-93%. Regarding modified anterior drawer test, specificity equal to 94%,
PPV and NPV equal to 90% and sensitivity between 43 and 93% was reported. For lever sign, the articles
reported specificity of 50-100%, sensitivity of 33-100%, accuracy of 74-89%, PPV between 47 and
100%, and NPV between 50 and 91%. Considering pivot shift test, specificity of 94-98%, sensitivity of
11-96%, PPV of 91-98%, NPV of 34-81% and accuracy of 71% were reported. For Lachman test,
sensitivity was 39-100%, specificity was 63-100%, PPV=81-96%, and NPV=46-91%. Despite the
popularity and applicability of the above-mentioned tests, several factors such as clinical experience and
knowledge of the assessors, time from disruption, doing test in alertness or under anesthesia, there is no
consensus on a particular test.

Ethical Considerations

Compliance with ethical guidelines

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

Emami F et al.. Evaluation of the Diagnostic Accuracy of Tests Used for Anterior Cruciate Ligament Injuries. J Sport Biomech .2022; 8(2):128-140 130




Journal of

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 declared no conflict of interest.

131 Emami F et al.. Evaluation of the Diagnostic Accuracy of Tests Used for Anterior Cruciate Ligament Injuries. J Sport Biomech .2022; 8(2):128-140.




109 SBagey e

S3950 Yo

S29.50 Flio 30108 o YW T (SldCud (auditd i )l g S0 (w3 33

Vo155 gy (6355 owel® (0718 ol ol luo (5 oolol sl 4
2Ol g2l s 3l g (S 3 @9k BIEUEIIS  wiSriilyd @ ole BASIID ¢ o2l yT g1 jud 09,5 L)

2Ol 2l s 3l s (S 39 oo BIEWESIS (0 92wty OIS dleS .Y
2O 2l s ¢ 5l gt S 31 @9l BIEUEIIS ( wiSriilyl pole Cliniod 35 g0 Y

DS

o wleWb!

ke QLI sl (S Gl (ol (5] 9 Como (o 950 Wb ol et V) gl 5 1L 43 g,

bl oo (0l V) i )6

& 23l S’ 51 a3l L Science Direct ¢ PubMed (Google Scholar (Sog oS! ka5l VY gt T 35U & 56
IR s 3y90 1y 15 18 oo QLIS (61 ol (S () & SVl (il Saa b g i pe
i b3yl Y B 5l bl g Oladlle CudaS g 09355 gEcwa Widgy 831D
Cud Sy g yhd Come 3 jlow GBI 090 )3 13)5 LI (9lod (o) 2 S Ao "
(SySgw yhd Comn jd (oaduid Cund 89> 43 .Cwild 392 Db j g paduinl ,S Wl S 51 SSS
30yd Vo GpSow ad Coue 10 3 luiliwl dalo oy p 09 50 WS ST Sty y Yo suojd Ao
(S g sl Cone ) 6 5loj 9 92 09y S lre (o 0jgn 53 RIS ST Sy VLo
31 ooyl Call Comwe jd jlow CLG! 35 13 wmod LA DL g (eSuinol Sy Ao > Fo

Sy Yo do yd Ar dyal Calild Comm )3 (sanduid Cund 0j9 43 .idgy Sl Sy g1, Yo Aapila S

COYls aoyd Fr dpal Cubls Cone 55 OV 3 o3kl 3590 3)laili] Salo 2jgn 43 iuS> Sl Rl

3093 il S Sam (15 o) ol b LSS

8 oo S S ol il Gl o S 95 el o e S o e

3 il 5 ond Sy g ke 53 SallS 1l Sigejl G 5 Al 0,25 3 gl sile V3 VB sl
Gl Cund Gl odli] oguas )3 (oahad job 4y loF o0d jod Cund AR loy Cundg ;D Cglls
Sl Jols

T T T T T T T T T T T T T T T T T T oo —————————--------o
: 1 gomne Dww g3 |
! .. |
: M Azt (355 ool 1
E 2] 790 38 0955« ouiSilel eoke BUSWIIIS ¢ Sl 3 ke BIRMIID (S (659w Fod LS ¢ pand 1 w pdT |

L !
i FARIY) D0-0M 1oyl 1
1 yoosefinejad@sums.ac.ir :Juos! |
! |

69970 Ao 1 oolad oo HLolS ol GCS nandeudd (55, § oo oy 6y 5eod g (63,5 o] Wy



0000-0002-4904-6582
0000-0002-5427-9604
0000-0002-0907-5370

Y oyl oA 090 N Fe Y bl 999 SwWo g dlxo

.

LV R

buwg g dius (Jaie JpuS B b gl wiloe (@oy (b8 gLl Jols 5il) (oubo slag bl
logas (dlamio dix @3 sbul 15 |y Lage L 5 039 (585 5 peded sohB Lo HLolS Wloid oaudsy Jbgipw sLid
Lo sllsitol (005 2] oy cslig syl 93 1y (3L Camglio oS ) S oo i) 315 (gl Sl domio 5
moo QLB 53 028 3bul (igel Jd> 4 cogMe 4 a8 o Jlosl i g g (8 ol diile (placlad plin 903 4
O (LB cpl > plgld (gl st )ille g s AT S8 i) e SSleiS )] Gl cylin 4 il
9 009Ny (o9l gy l; mdlinS] 2l )3 Cuaglie (LS el hillbg K05 J1S (oo Wl 35 (core rgtemgr o
@b I (S Ol o ples )3 3980 carge 9l I3 )3 QLY (nl cul e A3l oo 9li S )90 slaiS >
Jlossl @l 5l mmmrg &iald slw] (gl (605,18 3956 ol 4> )51 amd LS Caoglio 393 3 s (slagps ply 53 a8 i,
ol 3 el Sl Jelse il 5 (S il ool 4y datn 3L 5 9 diaie eyl oS 5 O > )3 395 oo sl Lol canl
YO B VD cymies oyt sidhr ol ol canmd 35 51,5 pgmal o 88 sl Sy YU ety b S Jla] ool
G sk 4 (1) sl Bl JuSns g S pol Jlish siile sbs Cs g b (B350 S g aled bl plSin 5 JLo
gy b (g celiol Jold ()5 Jelge A28l o IS,8T olid oo LIS ol 3wl 3 B 5 2B Jelge
Al dp0 b3 g Gl lon 5 Ol 0 (il S g o2l iblus IS e (9 Yl (B)g o5 (092
dhae )y Gl g SLEYS (Jb b S wlid cSuy 0 phdlasl 5 08 on ple Jeld (JBI Jelge

(V) 28l oo S yraan alide &) Cosd pugun 3loS
I ol am3 0 &5 oled JBln b L g uleipd slacumiy )3 ol o GLISS g ol 7 Ve Loy
o) 2 b g Wl Slid 5 SREL JSs 4y 08 4 Gloj b G Jld 4 585559 398 e 0 bl et slacgu]
g g0 A8 (o LSS ol ol & bl im0 &) im0 Pl S 32 20 S8 05 89y 2 S 2l
3 g2 ol loj 2 85 oy A a5 38> Camdy (nlplis MO &) g sk 9 0092 ey B i Ygosn
o PEls & b e 5 Gl ol el (il (gl muilSe (V) G pasidie 385 gbdy ddiad Sigd oo Jloc]
OIS S5 sgdSY el aB)S 8 s 59y ¢ pSxe &S 2k 595 2 b Gosly sy Jles! =) 1)l el
ALl olyen 4 51 Logas Vb @l o o 5 4555y ¥ ol 485 )15 e 59y 2 b o o 13 55 2 03y 5050
ol uad ommiliasliple =¥ wily Jol5' (omilins 4 S5 b gil) ol (grailinS] Cundy )3 upu ol dlide (458
Slgioe ol o QLS ol 2 0o g5 10 grenilins] e Cunl BS 115 (n05 555 p oS0 b S Jb
& iyl W29 bl T b 38l g 31 g () 298 Sl il (S 5 (il S 5o ol ey
OB pis 65y 5 005 £9,5 slon ) ol (SisSe eanliie bl (o)) 9550 dgume Gl I ol g5 5 23 dliusg
2 (V) 335 e wilioe 93 o b G5 )len g5 S ;LIS a5 SIS gl SLbI sla (3898 (58 o 5| ol
3 ot G35 b olyon BlS 5 35500 3135 1 53 ol slomal uasdlSle 5 095 oS Loy 51 a5, (58,5 2 0Dl 1 b
ol et 1 on Gl s 5 lon STl 5 010 Cul 4l saalie sl col plSin 1> POP (slio (1S
Pivot shift .Lachman test Anterior drawer test slacus Jold ool glb Cud i 0318 S8 LIS 4

(B-F) 2L o Lever sign was tws o o test

3950 Vo 1 018 oo LRI ool ((BCUI andunld (1)) § Como owy s eyl )Sod 9 (65,5 cymol




109 SBagey e

dy90 (ol o LK ] Lasis )3 5L o il gAMb S yme Butler bwg VAA- Jls ,> Anterior Drawer co.s
bog 48)5 )18 Sk S ) S jiuned g (i8I 42)d Aem Ar 3 gl GLAL s 50 Jley cawl 48515 oolil
M S o duglie Wl o by 5 00,8 i) |y L ohd als als ol ,Sg0)] sl ol €55 g9y g1 slows
modified pb L cus ool Vo¥Y Jlo 3 ool cad as Cute 130k wllo g 003 coml Coows (o yienkie £ 31 yidi
B 00 Mls o dblee CBT (69 Hlow &S Cunl Syguo ol 4 plodil 0gud LA a5 ZhA0 lawgs Anterior Drawer Test
93 b Sgejl 5y 13 WSy cdls o gl OMac g SIS an )0 e 3 cad g gl wanl gl cou 5l bl b o
plosl b S (b 5> Saaity S ¥ B Y IS5 4 1y ol S g 08 yslo 5 B8 1y L S 395 Cand
g oub Jlosl ACL p oS 395 oo sl g b (59 5 (b HglisS < sl cely b b abljl 58,2 g ey cpldad oo
el ol o b5 3 L (5 ol e ioiS oo 15 53 ol S sle LIS (ol o 393 o sl
Cuo SOLE sl j90d (sl JoAiS (59 2 b 93 (2095 o 5l (23U &5l o @ it BB ool 29
Sl Kol gyl ezl ¥l cunds (3 TOrg lawg VAVE Jlo 0 )b (piwss ()00 Cuwd (AF) Canl Cond (pas
oasuie o 5w 3,8 (6 )l35pL pb ol & « Lachman (s, Sea el 4 1) cous opl TOrg oS i &l)) b9 Sy
QLB cova (e 2 1) Ghg) ol )b sl sl VAV JLo )3 Noulis b« (638 Torg I 13 ()8 <SG 5l i o5 0
ol b lojen g ond plowl gilj piSIe dajd Ve gds g 5Ll <l o Lachman cuws .cuol 03,5 Bymo oldd olo
d9dse Pl 35y b )3 Cund (pl 358 o0 dulie Wl G b 5 (2l b (o8 plrably Gliee 908 (il oS

el Bl el > s plosl alie cus pbsl 095 5 5il) Cundy ©ogo ol 3 &S
=0 g b ol 2bjy) 1y Macintosh 4 Beaupre Galway Lwgs YAYY Jlo , Pivot Shift asuis cus
e ISl s > 35 a3 lgie & 1y sl VA Jlo > NOYES o o 5 35 (e 5 slo
S & oS ]y Gt B S jlagy bl Cund S L jSge] wsnlis S Jlon cus ol ol (sl 28 o (0l
g 915 4 pogSly oyl So g axiall0ad o o8 Jbo 53 g 2300 )15 b Jloz S99 @B 1) 53 Cawd g 03
o 29800 Cuto (Sloj Cund 3y oo (pdSI a2 Ar 4y oS ST Sl Sl gil5 00 (SB35 2 ] L g 0,8
@ Jbe lp )l 2529 s ol el (gl (slite sla g, i BT Les plmle il (piSIE a2 yy ¥V (b
)3 Yo logac) gl iSIe Clls 3 Sl Spgo @ 09 03y 2SI & iz ) il s gl oSul sl
(V) AFNA) ol oglite ccilisen sla g 53 3o basd (2 Oliee 9 0098y 9y Jloel (e 265 (oo plol (piss
ol pbsl el 0,8 (Byme Lelli lawgs YN8 Jlo 5 5L ol (gl g Casl pasis K00 cad ¥ 4y caws Lever cus
35 s Gl Sl o o o 5 ySige] s o S )15 ol tizST 0y 93 50 el LA Jlan s
35 il €65 5 883k 51 o cul > NS o Sly oy (il A 4 il & 9y S igas] K> s g 48,5 1
295wk €55 5l aisly 515 A oo Jos pyal S il LS (ol o 1y ol (ol o (LIS (g @l S0LLS
G335 o 53y 1 03 plasl Slllan (o adllas ol plx 5] Gam ilyige LIS (S Sl 5 005 e S

A3l RS b s ol dglio g (ohS b QLIS el pasets b bdje locus pagis

¥

83950 Vo 1 0108 oo IR Comur] (SLCUT (e (W35)] 9 Cmuo oty 33 ¢l S0 9 (63,5 (ool




Y oyl oA 090 N Fe Y bl 999 SwWo g dlxo

s %9,

SYGe il ylaie & Science Direct 4 Pubmed 4 Google Scholar Jols cleMbl og i)l sLalSol )3 goxtus
2S5 ol sisgy a5l VoYV B YN (slaflo o gl ol (oo Sl (sl ol (ll il o0 4 oS
P9y D9 Sl ks g pasill Como il (S oulo GLISS Jald prtee Jul)8 elul p end BT claojly
B3 LS b)) Coned S 5l o3liul b g odinns 93 bawsy SWlio 51 Al o CutsS A4S 3y a5 ol & lillae b))
S opl é)S ©yge Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) clillls  aaseis
s VeV Jlo jo g s dbogl Yoo ¥ Jlo )3 5,5 o0 )18 oolatl 350 (paseis Glalllas cudsS oy Bin by &5
(el Sl glog QB ALl ¥y Jlow V¥ (g dib (gl cund So 085 18 s waed 5)50 QUADAS-2
5 1) B L 51 gl alels ¥ g (g1 (65 g0 s il alels o a8 S (Sl saiilej g 009 ) @it Bl
@ aS Shgo 0 Yo wyp 0 Bluss s ol A bl Gldlles plad gy jlxe opl 5,8 &l & 508 o 0L
C ) "y " sl 2 0t o3l s gusly gy il oS yge 3 g el Gusly 09 0ad ablayy IS ol 4 390 s
93 o ks M 339 .035,S o e 1) " jastiel! oyl 3gr BISL Yl st Sl 45 Sygo 40 ke 50,5 e
(VeN) Moo J gloal g ©ygdia Byl 5l Vo () )3 54l

=W

ol okl ) Jgas 3 quAdas-2 )

Sy gl (yp 3)90 Slalllae 203 TV 6y jlad Cone )3 jlon Sl 0jg> 53 3,5 (o0 dlasMe oS j5blon
WSS om slad Cote O aaBull Cud 0jg> 53 W3 3l Sy (6l do 2 YV g astiel Sy sl)b duo > ¥V (Sl
ooy 055> 3 Ndgr b Sy syl do > Vo g asuiel Sy sh)b toyn Ve (Sl Sy sh)b Ve sop Al
Sy s 2oyd Vo o Sul Sy gy @Y o> Vo (65 g Hlas cons 50 YR )0 odlitwl 590 5 )l sl
Cone pd OYlie gdo loj 9 00 (lay bdjlixe awyp 0jex 1D peismed Wdg Db Sy gyl Mo pd Ve g asuinel
a8 009 L) Sy sy do 3 ¥ g easuiiol Sy gl)h dio )3 Fr (Sl Sy gyl @Yl 2o 3 Vo (g S gus ylas
bl Conn )3 jlan QL ojgn 43 0y LIS 1) 3bj Sy duopd (il (S g Eone )3 () 3)50 S0 (g
W b Sy (6l o0 Ve g Lasuiel Sy syl doyd Ve oS8l Sy (gls oy g 3)50 Siladllas duop> B+ o 5]
Vo g el Sy gl dopd Ve Sul Sy (il @Yo wojn Ar dial CulblB Cone jd sl G 0> 40
O lkiwl dalo 059> 40 Bl o (oS gw ot Coue O @i Cud 0> dlie MolS ST Mo 3l Sy sl woyd
Yo 5 pasuinl Sy b dopn ¥o Sl Sy s Ve do o ¥ dpl culbld cone o GYEs (o edlatul 590

L0 0L 5 Sy (gl oy

3950 Vo 1 018 oo LRI ool ((BCUI andunld (1)) § Como owy s eyl )Sod 9 (65,5 cymol




109 SBagey e

M ulo LY WIM&.:J[J b cws i)l g Como ) Jos

L2 el S5y sk LR
Blo Cnd )l.o.a.: ul?b.;] 9 0y Ulf) 3)‘.3«)[.«»\)‘ Blo )Lo.u ul.xgl
sl e 8 olej
@ © o ® © T

? © O ©

? © ©

@ (V) ohSen g jl)sS
? (YY) ohla g (g

? (V1) oo 5 Sl

® 06 6

(A) hlsen 5 15

©

© 0 0 O O

®
©
® () ohlSan 5 5Jgo
©

© 0 ® 0 0
©0 00000 ~0 0t

© 00 0 0 O

©

© ? (¥7) oS 5 5 S
® © ? ? (YF) S 5 (oo
© ? © © © (%) e s

yp;@,@ il Sy S8 Sy {0 G

iise pasis b cws b8 o (LB (S paskds 3 agd e sdalie Oldlas wwyp > &S b len
Lever sign 4 Pivot shift test LLachman test Anterior drawer test s adllae & o)y jd gd o o3l

3550 Yo¥) Jlo 53 o) Sen 5 55 Lawgs Modified anterior drawer ylgic b s 55 Tpsl (FFYYVF) canl 00 03lizu

(A) sl 485 158 gy

Uerad ) &S gyeb 4 ol iyl alisee ydlde calisre Gllllas 43 03 ol (sl aasuis 55 slayle wyy p
dopd Ae=Veo polde (g dys0 )0 g dopd Vo BT o calisee cldlls o cuwlus 50 Anterior drawer cos
B 08 yolie NPV 500 10 g duoyd AD-AY ,3lae positive predictive value (PPV) )50 0 (peizcen .Cuwl 01335 3l
@l blys b jlcwY o Sie bl oder ol R o) Camlues lillles ply ool 0ads ol Ao yo AY
Sy Cow el (SHb el ogde a4y ad i LA job 4 Cund gl Gl Sas (SMae 3,8 5 pye5 0y
bl @ls wilgy o @l (gboyud Al oads a8l S o bhd Ldo (LIS & Jalid o e caol Jo8 S
e g 5g0j Ulg & s plogl & Cawl ol o 0> slacudgae 1)l e il s @l gy ol 9 S

s

83950 Vo 1 0108 oo IR Comur] (SLCUT (e (W35)] 9 Cmuo oty 33 ¢l S0 9 (63,5 (ool




Y oyl oA 090 N Fe Y bl 999 SwWo g dlxo

2 A& b ply PPV 5 wspn A Jlade & Shs MADT L Modified anterior drawer cuws aaseis (bj,) 350
ol odd (Byme (SiU 4 cud oyl cCuol oad o)Ll FY-AY dlely & Couwlus dy50 10 5 Jopd Ae lade NPV 500
@il 2 &S e Ko )l gyt Sllllae 4 5l o et Cono e (g Casl oS ol o)l Slallas
5 il Slallas 45 gygbods 3L o [OVET SIgN s 395 o o3kl ol ol LB slo coul 5 oMSEs L
dy90 33 g doyd Voo UPPV 47 o p M U YF Como wuoyd Voe UYY Cuwlus o pd Voo G0 pdlie (559 090
559 4 G Db Lulpd > ol plowl a8 canl cpl cans ol g8 bl slesls (5155 1 eyd AV B e polie NPV
2 S0l 4z 8l a8 el by Slalllas )3 pisman 58 o JLE M 5,8 53,0 wile loles 5T cod yieS s
Wyles €55 45 39 plosl oy lais b & Canl ol s ) pbol lacudgioe )l o8 Cuns ol Comlas <o)
2 o ol (Byb 51l YU awsl g a8 Jos pyal wle S5 o Bl Sygo ol )3 &S I bl 5 lakinl g b
Socs & g0 13 205 (oS B3] pal (Sik b sl JolS (Sik g9 5l ol abo LS ol LT Sl
s ol 95 s 3 Ls (ol8 ol wls e )3 sab 4xyd 3o, 5l Pivot shift , Lachman Anterior Drawer
Pivot shift cus dad 0 edlaiwl o8 ulo (LS cluls wyp & 6,500 cus (VFN) dtus 0058 S8
YY¥ polie NPV o pp A B AY polie PPV o )d 45 UY)Y) Cuwlus o pdp A B AY polde  Sho (ogas bl

O 0 &S Sl ol cwd opl @igB dai )b 6 5YL Cuwles Anterior Drawer cuws 1 4,51 cuol Lachman cus
5 Mas 3)8 5 pygi 99,0 8l cod sl Ll pd )3 Cunl Sen 5 Cond opl Dy |y Sy cp YL osd aiS glacs
Slite Sylae g 28 sk b o) Sgeil g o pll g 09 JSie plonil g Cans (il (ol (sl Cadgazma 10,8
Voo U Y yolie Lachman pasuis cud cuwlus gwyp (VO OVFAA) sod Lis 1) glate jluw zuls cul San
Juopd ¥ B AY yoolie 55 NPV 550 13 g ud o i 1) 3o jd AV BAF 150lae PPV o 3 SY B Ve v polde  Shg cduoyd
coho LB cunl s 53 (63)8g pime g cped s 3 ds 5LEL s > as Lachman cus .ol sas b))
s s plo] Cundg g ) ] @l (ST oo tB o LIRS (55 095 & g b g sl ol
W = olE glaynd b5yl el ks cws cpl (Jls opl bbb e Anterior Drawer cud 4y Cuwd (5560 Ses
Sl &8 Canl cpl s cpl sbljo 5l 0)l05 )y 95 S 2 GUe bl Ul 9 WS e o (el (oo (LIS
3o Cad opl el ond o L YL b cud ple 4 Cand B o LY canl s cwd o)
plo @ Cus i opl &S Sglas cpl Loyl 349 i axaS Anterior Drawer cos b bly 55 assl asle placodgisxe

(VTN NY) 3l g0l 4555 9 )lee prdaw 4y (65268 (Stanly s

2 (5 domS

ogli5 15l Chlizka Y3 & Lolt$ b SlS (sln cm] o) (sl 005 4GS (clacens § gl Ll odlizl o le
blpd 3 o plin jlan Cundy ;3 Solis ((S)h ) ond sy Gloj e > glis 01,5 0igeil LI 5 (b w8

e85 33155 s S il gt 5 (o o 4 ol i ko Slallas 3 Lol b 5 Bgaer 5 sikbsn

Lably

3950 Vo 1 018 oo LRI ool ((BCUI andunld (1)) § Como owy s eyl )Sod 9 (65,5 cymol




109 SBagey e

M Ol

Ry G Jeo! 51 (595w

ol 025 o3lizal ] 3 Sles b lusl gd 5l loagiiiens 5 ol (y9p0 £55 5 s )

Jb o

sl 03,55 28> (2lil g pogad (9> sla lojle | (Jlo SoS L5 mn ingl (]
OB Mg 8 Lo

lazdly ¢S lhe pilo gk sla iy den ()5 g Il (2l ) (Bt s ples
02,8

Reference

1. Neumann DA. Kinesiology of the musculoskeletal system-e-book: foundations for rehabilitation: Elsevier Health
Sciences; 2016.

2. Cimino FM, Volk BS, Setter D. Anterior cruciate ligament injury: diagnosis, management, and prevention.
American family physician. 2010;82(8):917-22.

3. Jarbo KA, Hartigan DE, Scott KL, Patel KA, Chhabra A. Accuracy of the lever sign test in the diagnosis of
anterior cruciate ligament injuries. Orthopaedic journal of sports medicine. 2017;5(10):1-7.
[DOI:10.1177/2325967117729809] [PMID] [PMCID]

4. Lelli A, Di Turi RP, Spenciner DB, Domini M. The "Lever Sign": a new clinical test for the diagnosis of anterior
cruciate ligament rupture. Knee surgery, sports traumatology, arthroscopy. 2016;24(9):2794-7.
[DOI:10.1007/500167-014-3490-7] [PMID]

5. Leblanc M-C, Kowalczuk M, Andruszkiewicz N, Simunovic N, Farrokhyar F, Turnbull TL, et al. Diagnostic
accuracy of physical examination for anterior knee instability: a systematic review. Knee Surgery, Sports
Traumatology, Arthroscopy. 2015;23(10):2805-13. [DOI:10.1007/s00167-015-3563-2] [PMID]

6. Makhmalbaf, H., et al., Accuracy of lachman and anterior drawer tests for anterior cruciate ligament injuries. The
archives of bone and joint surgery, 2013. 1(2): p. 94-97.

7. Giirpmar T, Polat B, Polat AE, Carkg1 E, Oztiirkmen Y. Diagnostic accuracy of lever sign test in acute, chronic,
and  postreconstructive ~ ACL  injuries. BioMed Research International.  2019;2019; 1-8.
[DOI:10.1155/2019/3639693] [PMID] [PMCID]

83950 Vo 1 0108 oo IR Comur] (SLCUT (e (W35)] 9 Cmuo oty 33 ¢l S0 9 (63,5 (ool

YA



https://doi.org/10.1177/2325967117729809
https://www.ncbi.nlm.nih.gov/pubmed/29051898
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5639970
https://doi.org/10.1007/s00167-014-3490-7
https://www.ncbi.nlm.nih.gov/pubmed/25536951
https://doi.org/10.1007/s00167-015-3563-2
https://www.ncbi.nlm.nih.gov/pubmed/25763847
https://doi.org/10.1155/2019/3639693
https://www.ncbi.nlm.nih.gov/pubmed/31281835
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6590604

Y oyl oA 090 N Fe Y bl 999 SwWo g dlxo

- 0

8. Zhao G-I, Lyu J-y, Liu C-g, Wu J-g, Xia J, Huang G-y. A modified anterior drawer test for anterior cruciate
ligament ruptures. Journal of orthopaedic surgery and research. 2021;16(1):1-6. [DOI:10.1186/s13018-021-
02381-x] [PMID] [PMCID]

9. Butler, D.L., F.R. Noyes, and E.S. Grood, Ligamentous restraints to anterior-posterior drawer in the human knee.
A biomechanical study. JBJS, 1980. 62(2): p. 259-270. [DOI:10.2106/00004623-198062020-00013]

10. Huang, W., et al., Clinical examination of anterior cruciate ligament rupture: a systematic review .and meta-
analysis. Acta Orthop Traumatol Turc, 2016. 50(1): p. 22-31. [DOI:10.3944/A0TT.2016.14.0283] [PMCID]

11. Sobrado MF, Bonadio MB, Ribeiro GF, Giglio PN, Helito CP, Demange MK. Lever sign test for chronic acl
injury: a comparison with lachman and anterior drawer tests. Acta Ortopédica Brasileira. 2021;29(3):132-136.
[DOI:10.1590/1413-785220212903238345] [PMID] [PMCID]

12. Soucacos, P.N., M. Papadopoulou, and A. Georgoulis, The" Noulis" behind the Lachman test. Arthroscopy: The
Journal of Arthroscopic & Related Surgery, 1998. 14(1): p. 75-76. [DOI:10.1016/S0749-8063(98)70124-0]
[PMID]

13. Mulligan, E.P., et al., The diagnostic accuracy of the lever sign for detecting anterior cruciate ligament injury. Int
J Sports Phys Ther, 2017. 12(7): p. 1057-1067. [DOI:10.26603/ijspt20171057] [PMID] [PMCID]

14. Noyes, F.R., et al., An analysis of the pivot shift phenomenon: the knee motions and subluxations induced by
different examiners. The American journal of sports medicine, 1991. 19(2): p. 148-155.
[DOI:10.1177/036354659101900210] [PMID]

15. Lane, C.G., R. Warren, and A.D. Pearle, The pivot shift. J Am Acad Orthop Surg, 2008. (12): p. 679-88.
[DOI:10.5435/00124635-200812000-00001] [PMID]

16. Musahl, V., et al., The pivot shift: a global user guide. Knee Surgery, Sports Traumatology, Arthroscopy, 2012.
20(4): p. 724-731. [DOI:10.1007/500167-011-1859-4] [PMID]

17. Arilla, F.V., et al., Experimental Execution of the Simulated Pivot-Shift Test: A Systematic Review of
Techniques. Arthroscopy: The Journal of Arthroscopic & Related Surgery, 2015. 31(12): p. 2445-2454.e2.
[DOI:10.1016/].arthro.2015.06.027] [PMID]

18. Jakob, R.P., H.U. Stdubli, and J.T. Deland, Grading the pivot shift. Objective tests with implications for
treatment. J Bone Joint Surg Br, 1987. 69(2): p. 294-9. [DOI:10.1302/0301-620X.69B2.3818763] [PMID]

19. Chong AC, Whitetree C, Priddy MC, Zimmerman PR, Haeder PR, Prohaska DJ. Evaluating different clinical
diagnosis of anterior cruciate ligament ruptures in providers with different training backgrounds. The lowa
orthopaedic journal. 2017;37:71.

20. Swain MS, Henschke N, Kamper SJ, Downie AS, Koes BW, Maher CG. Accuracy of clinical tests in the
diagnosis of anterior cruciate ligament injury: a systematic review. Chiropractic & manual therapies.
2014;22(1):1-10. [DOI:10.1186/s12998-014-0025-8] [PMID] [PMCID]

21. Jayakumar S, Sounderajah V, Normahani P, Harling L, Markar SR, Ashrafian H, et al. Quality assessment
standards in artificial intelligence diagnostic accuracy systematic reviews: a meta-research study. npj Digital
Medicine. 2022;5(1):1-13. [DOI:10.1038/s41746-021-00544-y] [PMID] [PMCID]

22. Deveci A, Cankaya D, Yilmaz S, Ozdemir G, Arslantas E, Bozkurt M. The arthroscopical and radiological
corelation of lever sign test for the diagnosis of anterior cruciate ligament rupture. Springerplus. 2015;4(1):1-5.
[DOI:10.1186/s40064-015-1628-9] [PMID] [PMCID]

3950 Vo 1 018 oo LRI ool ((BCUI andunld (1)) § Como owy s eyl )Sod 9 (65,5 cymol



https://doi.org/10.1186/s13018-021-02381-x
https://doi.org/10.1186/s13018-021-02381-x
https://www.ncbi.nlm.nih.gov/pubmed/33853620
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8045226
https://doi.org/10.2106/00004623-198062020-00013
https://doi.org/10.3944/AOTT.2016.14.0283
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6197589
https://doi.org/10.1590/1413-785220212903238345
https://www.ncbi.nlm.nih.gov/pubmed/34290559
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266281
https://doi.org/10.1016/S0749-8063(98)70124-0
https://www.ncbi.nlm.nih.gov/pubmed/9486337
https://doi.org/10.26603/ijspt20171057
https://www.ncbi.nlm.nih.gov/pubmed/29234557
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5717481
https://doi.org/10.1177/036354659101900210
https://www.ncbi.nlm.nih.gov/pubmed/2039066
https://doi.org/10.5435/00124635-200812000-00001
https://www.ncbi.nlm.nih.gov/pubmed/19056917
https://doi.org/10.1007/s00167-011-1859-4
https://www.ncbi.nlm.nih.gov/pubmed/22210541
https://doi.org/10.1016/j.arthro.2015.06.027
https://www.ncbi.nlm.nih.gov/pubmed/26321110
https://doi.org/10.1302/0301-620X.69B2.3818763
https://www.ncbi.nlm.nih.gov/pubmed/3818763
https://doi.org/10.1186/s12998-014-0025-8
https://www.ncbi.nlm.nih.gov/pubmed/25187877
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152763
https://doi.org/10.1038/s41746-021-00544-y
https://www.ncbi.nlm.nih.gov/pubmed/35087178
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8795185
https://doi.org/10.1186/s40064-015-1628-9
https://www.ncbi.nlm.nih.gov/pubmed/26753117
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4695483

109 SBagey e

23. Lichtenberg MC, Koster CH, Teunissen LP, Oosterveld FG, Harmsen AM, Haverkamp D, et al. Does the lever
sign test have added value for diagnosing anterior cruciate ligament ruptures? Orthopaedic journal of sports
medicine. 2018;6(3):1-7. [DOI:10.1177/2325967118759631] [PMID] [PMCID]

24. Massey PA, Harris JD, Winston LA, Lintner DM, Delgado DA, McCulloch PC. Critical analysis of the lever test
for diagnosis of anterior cruciate ligament insufficiency. Arthroscopy: The Journal of Arthroscopic & Related
Surgery. 2017;33(8):1560-6. [DOI:10.1016/j.arthro.2017.03.007] [PMID]

83950 Vo 1 0108 oo IR Comur] (SLCUT (e (W35)] 9 Cmuo oty 33 ¢l S0 9 (63,5 (ool



https://doi.org/10.1177/2325967118759631
https://www.ncbi.nlm.nih.gov/pubmed/29568784
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5858649
https://doi.org/10.1016/j.arthro.2017.03.007
https://www.ncbi.nlm.nih.gov/pubmed/28499922

