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The Benefit of KT-2000 Knee Ligament Arthrometer
in Diagnosis of Anterior Cruciate Ligament Injury

Jai-Hyung Park, MD., Hyoung-Soo Kim, M.D., Jeong-Hyun Yoo, M.D., Kwang-Gyn Jung, M.D.

Department of Orthopaedic Surgery, Myongji Hospital, College of Medicine, Kwandong University, Koyang, Korea

ABSTRACT: Purpose: In this study, we intended to asceriain the benefit of KT-2000 Knee arthrometer(KT-2000) in the diagno-
sis of ACL(Anterior cruciate ligament) injury by comparing the anterior displacement of normal knee with that of ACL deficient
knee.

Materials and Methods: We designated two examiners to measure the anterior displacement of the knee joint of 30 healthy indi-
viduals, using KT-2000, at 30° flexion setting of muscle full relaxation, contraction, 25° internal rotation and 25° external rotation and
analyzed these results according to the variables and measured the preoperative anterior displacement of the ACL injured knee in the
30 patients who have gone through an arthroscopic ACL reconstruction later. '

Results: The results of examiner 1 are 6.5+1.5 mm, 2.5£09 mm, 4812 mm, 6431.3 mm in right knee and 5.6 1.3 mm,
2.1+0.8 mm, 4.5+ 1.2 mm, 5.2-+13 mm in left knee, in order of muscle full relaxation, contraction, 25° internal rotation and
25%xternal rotation. The results of examiner 2 are 6.9+1.2mm, 2.9+1.1 mm, 5.6 1.6 mm, 69+ 1.5 mm in right, 5.5+ 1.7 mm,
19409 mm, 5.1 +1.9 mm, 5.7+ 1.6 mm in left knee, The side to side difference of examiner 1 in the setting of muscle relaxation is
0.9+ 1.0 mm. The anterior displacement of ACL injured knee is average 11+£2.93 mm and difference of average 6.5+£2.31 mm
from that of normal knee. In comparison between the right and left knees of healthy individuals, the both results of two examiners
showed the statistical difference in the setting of muscle full relaxation but, the results showed the side to side difference below 2 mm
in 25case(83%), 21case(70%) respectively and above 3mm in just 1 case. In the comparison between the normal and ACL injured
knees, the results show the statistical difference of the side to side difference in the setting of muscle relaxation{p<0.05).

Conclusion: The KT-2000 result is affected by relaxation of muscles around knee, flexion angle of knee joint, rotation of tibia, the
strength of displacing force, time of the test and physical factors as height and weight. However, the Accuracy of diagnosis of ACL
injury by KT-2000 will increase if the examiner is skillful and the tests are made on the exact position of knee joint.
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A, 5%, %A Il b2 728 oA & 2 B4
-eje] =7] B shs/de] ot YA A% AN %
o] w3kt Srhkesich, ¢ Aak Q] el A
oz o] 7kA] o) AP, < Al B, A7) F
2 g, A7 A4 T ook whio] A2yt oty A
At b A 3l AR 9 ARAel Zdoislx, 2}
71 3% 4ot BA7 AAE BAH vl Y] 3w
ul9] 9 Hge] al2& el ek, ofell wie}l 1A
A Az Qo] &4 A o)o] At kS 7 AAH
Wyl F9 sl E KT-2000 Knee Ligament
Arthrometer7} ¢85}, o] 71717} 22 FullellA) A
57} AR o] F E A dwede) S A A
Qe Qekg vlA = AAETE dokin, gt AW 4
A &4 zickol) Qo] 1 F-§A4S ol iz} Ao},
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[Ha) S 9

- Ede] #AFH) g 3099 49l dAE Ui
o2 P n(HTF A7 28.94), AF 72.2 kg, A 172
cm), AA AR A tige] 7], AlF, ol, dEt EuliE
AEA 10 cm 4D, k=% SA(ENEA 10 cm 31D)
Z 715310k, =3 19969 195E] 19974 69 7IA)
2 Ao 2l Wsle] A 412 ) £4o2 A
chby A A Az A S Al e 307
2 32E e sl 44 KT-2000 Ligament
Arthrometer®] Z3E 4oz B 4sigic,

BE A 299 AR odl AdRR £A% 2
AZF 1, Z2AA 22 AR sigivh. 244 12 24 ol
2] KT-2000 Ligament Arthrometer 82 944 24
o] e AFelgl, AAzE 2+ AR 1E8E 25E
Wol 670 ol4}e] 717hE<t ol diihg Bl 94 B4
= o Aglelnie), 93¢ KT-2000 Knee Ligament
ArthrometerE AMg3isin, ZAAA Ated 7haiRlE
P2 30Ib, €32 TH ZEE 30°2 25 FUsid
th A4 SR dig 4 12 ez 34 o)
mA dF SHA disle] 5 LA A alER 25
£ oISkl deiE 2 ZAE ARk oA S8-%

FEAZ] 5 Alsgct. olal, 59| olgke] FHEA kg
7350 2ol A2 £3A4S Ao oA & H
SHg 59 o] o] Fo|7l F MR AEsrt. 1 o
Foll tg] Z52] sHAg ol eleld] ZES] 25" %A
e, zelx 25° 22 BeflellA Ay ANE S8 F o
o2 AAR 200 o FUA A}, ), s8R
At A2 Ao Sgoz A A7 Ad) WA A v
Z 3049 A 3AE dEeR slo], o5 e
KT-2000 Knee Ligament Arthrometer?] 233 %
oz AUt T4 ALK RE Y 77h A& 3
MYellA 2z 113EHEF27. 700102, BTFAGE
27.7A19c}. oldll HAE A SWAS FA HAR 1,
200 2l A T2 Asgen, £33 #x) o
A Al A2fdk Ao}, AL 30°FR FulE dEY 2
& 9] o)A | A ol A AN AAE A
AJslo] o]& KT-2000 Knee Ligament Arthrometer2
715312et,

Statistical Analysis System Package(SAS,
Cary, North Carolina)& o83}y FA| A& &sir},

2

B4 04 Ay A9 ARE 2 25 9l olsh, 2
F 5%, 25", 234 AKXl ae} HAR 19 F3A
A AgE %52 6.5£1.5 mm, 2.5+0.9 mm,
4.84+1.2 mm, 6.4%1.3 mm #5L 5.6£1.3 mm,
2.120.8 mm, 4.5£1.2 mm, 5.2%+1.3 mmolgic}t
(Table 1), ZARA} 28] 34 A e 952 6.9%
1.2 mm, 2.9%x]1.1 mm, 5.6+1.6 mm, 6.9+1.5
mm 5 5.5+1.7 mm, 1,.9+0.9 mm, 5.1+1.9
mm, 5.7+1.6 mmelici(Table 2). AA=} 19] 3¢
34 A A9 Aol 242 0.9£1.0 mm, 0.5+
1.2 mm, 0.3%1.1 mm, 1.3£1.2 mm, HA=} 2&
1.4+1.1 mm, 1.0£1.2 mm, 0.5£1.6 mm, 1.2+
1.6 mme|cH(Table 3,4). AR vl 52
SRANAE TF $EA, 22l 257Uz A)el EAIE
Al A7l YRR 35 LB 25°UHAE 25°

Table 1. Anterior displacement measurement in both knce of the subjects (Tester 1)

. Mean+SD Minimum Maximum

Position

Rt Lt Rt Lt Rt Lt
Muscle relaxation 65+1.5 56+13 36 30 1 i.3 . 84
Mouscle contracture 25409 2.1+08 08 10 56 50
25° Internal rotation 48412 45+12 25 2.8 78 82
25° Extcrnal rotation 64:+13 52413 3.2 22 8.0 8.2

Rt: nght Lt left (unit: mmy
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(P)0.05)(Table 5). AR 19 2% €4 T% o2

AE Aoz s Az, AZF, WL Eoll. s o)
So) QAAY RET F POz vhrol Mg At S
gt 2oz} ggici(Table 6). 345- £HA 9 H|azellA 7

Table 2. Anterior displacement measurement in both knee of the subjects (Testcr 2)

. MeanxSD Minimum Maximum
Position
Rt Lt Rt Lt Rt Lt
Muscle relaxation 69+12 55+1.7 46 20 96 100
Muscle contracture 29+1.1 19+09 10 0.5 37 40
25° Internal rotation 5616 5119 29 10 96 100
25° External rotation 69+15 57+16 40 2.1 115 95
Rt right Lt left (unit: mm)

Table 3. Side to side difference in anterior displacement measurements (Tester 1)

Position Mean+SD Minimum Maximum P-value
Muscle relaxation 09+10 0.1 38 0.0010
Muscle contracture 05+12 02 4.3 0.0460
25° Internal rotation 03+1.1 0.0 2.1 0.2243
25° External rotation 13+12 0.1 2.7 0.0001
(unit: mm)
Table 4. Side 10 side difference in anterior displacement mecasurements (Tester 2)
Position Mean+SD Minimum Maximum P-value
Muscle relaxation 1411 0.1 3.1 0.0001
Muscle contracture 1.0+1.2 00 33 0.0001
25° Internal rotation 05+1.6 0.0 4.1 0.0941
25° External rotation 12+16 0.2 59 0.0002
(unit: mm)
Table 5. Intcrobserver difference in anterior displacement
Positi Mean+SD P-value
osttion Rt Lt Rt Lt
Muscle Relaxation 0.3+1.1 02+1.2 0.1100 0.4565
Muscle contracturc 03+07 02+ 1.1 0.0187 0.3635
25° Internal rotation 08+14 05+ 14 0.0049 0.0403
25° External rotation 0517 0.5+ 1.1 0.1634 00154
(unit: mm)
Table 6. anterior displacement according to factors
Heigh Bod o, Thigh Calf
eight (cm) y weight (kg) circumference (cm) Circumference (cm)
173> 173« = < 46> 46< 39> 39«

Mean+SD 6624266 6451215

631133 6.83+3.13

6.3

8§+3.13 672156 626x1.16 6821354

(unit: mm)
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A2 13 29 79 27 Z5 ol% A] 258I83%), 214
(70%)l1A 2% Aol7t 2 mm vjgtell, 3 mmeld
T 25 1zl Eatsigler. A AR Al S4e2 33
A AAes g ko] &4 ke SabAe] Ak H9Y
= H3 14.5 mmolA HA 7 mm(mean=11+2.93)0]
Az A&FH}e] Heole HAx 8.5 mm, A 3.2
mm{mean= 6.5+2.31 mm)& A4 A2 z 218
AR Aol ek (p(0.05)(Table 7).

u &

A A2 A ARAE ARE 7T & ARHeE
Hrke) 3 2 kA9 £ QAT AEiglen,

T AW ] Ao Qi AVAE Folm AL

ego} viHlel AW $E8 el KT-1000, KT-
2000 Knee Ligament Arthrometer® AR&siA| =g
t}®, KT-1000 Knee Ligament Arthrometer 3%
B 2919 AR F4E %) Daniel 3ol & HE 3
¥z MLERct of 717]%= Lachmann JAE A%
33 Ao Manual testingiel o] AYsin], )&
grading techniques2ct ¥ ZHAR-HAATE HA7E 3
e}, KT-2000 Knee Ligament Arthrometere
KT-1000 Knee Ligament Arthrometerol] 315! 4
 3E9 A9 BEE b € 0.1 mm T2 E3kel] o}
el X-Y plotter7h B8] 71olek(Fig. 1). o] 7]+
9 Agg A F 7R T A, A2 Adie A

Table 7. Anterior displacement in the ACL deficient patients

Anterior displacement 11+£293 mm
Side to side difference 6.5+2.31 mm
Duration 27.7 Month
Age 27.7 Years

Fig. 1. KT-2000 Knee Ligament Arthrometer

& F578 A2 A, BEHAY A" 417 Adie
Ag F 7% 3% 9 & AE PPl Aot ol F
A8l e HAE ARlE o Al wiet A4 2F)
7t cheksAl vy, 22 Al E Al A7
A= Al el Azl Xolr) viebdct, ofgt A
A9 A7 EAGE Bolx 93, o|stEr) AW A
SR, A AA Al A e ol el At Az
Auie] &) e 1RIE 5 glen] =i, ¢ A
S} ¢ Follx FE BEE AMNA A FEE 5 AP
KT-2000 Knee Ligament Arthrometer® AH&-% o
AAZE, azln 34 A7kl e A2 kg Ao} veld
G ek, olEdt SRF] o[ %Al uit U FH 4
%E o o2 £0EY F 4=, BEY 4,
AR 9 ZE 34 A4 %, A" 2=, H
£ A1, B, aez e S IR ol T2 £
F Qe ol el AnorczkydTol s Fag
£21e g KT-2000 Knee Ligament Arthrometer&-2
ol ¥t 7y 77t g}, o2 A Ak Aig]
A A9 FAel dolA FAFA] Fh EF AL &
WA F TR AR o)) BF wifolnt. olF WA
3171 93 uidAe d9slelA A B3E Bl S8 o)
S8 FelR QA Aok 3, ol wlEl 25 o9 A
57} el wle} Xoi7) Qlet, oleldt 4 AA A7 A
=59 SR olgte] FS5am, Al it A 7174
A, azlzm, AAHY AR i EjteE ) op)g
c}h. o) F 7] Slsled THEE o) B3] SR FHY
THES] AT ol I Aol Egel A,
Markolf §'oll &3, ¥AE A= BE THE 2
A2 o|ge] A ik Fob a2|=g AR 7t
Hstodol 3t AR /9] o)t AEE Wkl &
AR sledg T8 FE3 ol FellE FASA slof &
o} 2 Ayl gl TH9 olgte] FAdlol AL 2%
7t Eoi%g & T Ark F 30°FF Aeelld] T8 o9
A7l Beigr 288 FFA7 FAE AR AERE o,
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Fig. 2. Diagram During the test
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CH3rEvE 24stE|R] M 8 A H) 25 200443

= Aol Yol HEF 4 mm ol Kolrt et AA|
2 B A7) AdAe N8 9 =7 A%, F AR
7 A $9% Aol e, AR Avke {2
Xol7t Al RAdbe wel, AR Aolele £33
9} fixlell wieh 28l AARMIE AollA T F2l3 2o
7t Qlgen, oy Halg B9yt & UL AR
S5 Boke 231 244 did 3] At TR ol
o] o] R x)A| giokr] wiEeZ AZEcHTable. 5)

Ty, 2)8e] doj otk A A A= HAE
e AE, ALEE AR, zla w3k XKool v} o
3 ukst, A2 o 25 U2 £ o, ¥A 1
oli2 M c}2 Alell HEAZ o, 2l WSS 2AF
o2 39 uhske] £21F uwl A=y} Aol vehd®,
P4 YAE 5 cm Aot HEAR ¢, 2Rl U
Hof A2 739} vlasie] 7h & 9§ ek 4%
o il tisled H A=) oYl Xelg E4957 9
3] BE AR tisto] 22 Ao AE ok ¥)n,
B4EE 5 779 &Folthandle)st T2 Aol
7heh Aol o)y, B FACAE KT-2000 Knee
Ligament Arthrometer®] <7/1Z ¥h&(pad) £
Uiz g 944 V1EN, 3 W A vl 22
YR ko] FQE Aol o) ANAA st 28
U A4 digke] A o)zt sl 9l AAIE HEEe
2AF Z2] A7) oS 9 Ao}, AxpHeg P A
ololl w2 A AN EANHLE FAF Aol7t §l3d
tHTable 6).

) AR AYE o S5ie] 948 Fob £ AF
o o]&5]E Arthrometers €7/0F WH3ul(sensor
pad)$} AE AR whEth(sensor pad)e] A
£39g 23sHE Aol o2yt AITH diEE2) YA
ol g3ele] A e Al #ME HS(sen-
sor pad)7} EAF) sl HAeA IR ook,
ol oAl Tel giEel diElEe] Sl A
Aspedol Yok Folet, EME yhEl(sensor pad)ol)
do] UASA FolAA) ke ol S0l oA 22
7} whsle 9o zhgsl Yol AAE AAL e
T AR Zolrt B & Qe d] ol Aot AR
7} 74 QolA] el ENFN WEkE 2oke] whgd
(sensor pad)E & QAT FAXNFNA F3p] wlFe]
o, w3 el digle] 2 AR TF o)k A X
A7) wRelck, xRt A$e 71T RS vPolAl #
A% ¢ glont e A= 7IRske Agle] BHoR
AL AR 59, aee SEE ARG
Age] 224 FAAZ] A AS) Aelrt glezizt
Ay B AFoAde 3% ool FARRES] Aol
EAH 0 g Fo|7} glo TF oltel T o)FolAw A
A7) RolE 2Y ¢ e R Asle AR

ol T o|fAlE HAAL 1, 22514 F5-Apt v
Ak ZAZ 1, 2 724 2581(85%)9 21:8(70%)014 2
mm ©Jste] ZolE Hem 3 mm olde] Aol EF
1212 A Az} Qo) g Alele & Aor) dE ¢
Agiet.

BA- LAy} Jeln A Az A S5 WS
EAANA YZ ZAT 2HRE: 959 AP A7)
Aot 2 ol WIE AT 2] UiSy v} dF
o] 34+ QI(coronary ligament)9} 342 Al(pos-
terior oblique ligament)oll &J3fl Z3Foll F45]o] glof
ol <lat i AF R At A=) wigolct.
vhy | 9&Re oY o &R MY AF2 JHEAel
aw, 9% ZAT 2 259 Ju2 A A9t A
10 Fiebert$-2 4, 234, WA Xl =
ol Ui} HE A ANE KT-2000 Knee Ligament
Arthrometerd o|&slod &A% 2z, kg A7 =55
vRIAZ ZE9) Wizjdo) diEFel Wit FEe] A A
38 AREckn FARRT KennedyS#H Kings2 72
FE 30°FTF AdolA uild A2 of 233, 39} 4
22 wioll ujste] 2wk A7 HA Lolderx FH30

At Ao} ik Agiel Yol 7l 2 ool Y ol
2ol 2ol AL dojh}, Fukubayashi 57l 28t
q A ASAE AE9) A FikER, b A
E ZBe $j2Ao| Fukslel ot Al Aldte] A&

Couf AT AT 30%013 Fittcln Basisict

ol2)gt £ e Rl w2 Arke] XolE | A
R AAXY ERe Ayt A0t Fe3ic, #AE
o] Aol o3, 71&ES] EPol(handle)E WA T2
3 Aol A Poll AT 3HHe) L AUllE
FU3 A& A A} 2hEgrfa el 2o AT
AR A7k} ¢1X)e] Aol & FRY, 25°I3A, 25°
23 Aol afe} AR} 19 3% FERAE VER 3T
HF 6.5+1.5 mm, 4.8%+1.2 mm, 6.4£1.3 mm,
AAZ 29) 7% 6.9+1.2 mm, 5.6%£1.6 mm, 6.9t
1.5 mmZ 25" AR &34 A A7 ARHE
o 4= glsieH(Table. 1).

Sherman $'7¢] i<l o)spm, 773 At o|g4=
9] AAE Agtell wlel BA 2353 o), FYE A
Zel 2 WA olME A9 Heol7} gidw, 92~
95%9ll4 2 mm v|ge] XolF ek, =¥ A5 <PA
&g Bhe Ao} 730l glolA] o)t 23l nlvld
2 ok s3] 2Al(side-to-side difference)?t AL
o 95~96%°l4 2 mm o] XeolF B3t
Daniel V9] Ao oJzivd 8IN9] P22 4y AL o
A7 Aol A4 5.7 mm. A A Qo S5 2
& Aol 4% 13.0 mme HE A AE B3l A
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3 Ae] A5 # wlzA 92%7F 2 mm vk, A
AR Q] &g e AL 7159 n|zale] 96%71 2
mm |49 )& Helel In vitro A Al A A}
Qg Ak { AR A AYEE HF 6.3 mm F7t
o ol AW AF QA &4 2hx}e) Aot FA) )
P dAx olgk A fA%t ARE By &, A%
3 Are) 9% SUAL J|FeE ¥ o), AR} 1S HF
6.5 mm2 AW AL, A7 28 HF 6.6 mme] 2
HE Vebda #¢ 8|24 AR 12 HF 0.9 mm, 3
A 25 HE 1.2 mme] Aol Esivh =3 4AR} 1
& 258(85%)4 #H-% A7t 2 mm T|HelglxE 3
mm o4+ 1zl BFsislct. elejdt Azke 2t 7
9] A3 B ¥ FA%d 3 A Az Ad
4oz $4% e ARt A% & B2 1919 A
A= % 11£2,93 mm, A53}] Aol 6.5+2.31
mmE YEPIR A gl 452 Aeo|7t 2 mm o)delo]
Aoz o7tk AUACHP(0.05). ol Z3E &
ol BARHeg A7 vz, AAAUS] bzl AR
el A8F Jent FE3 THE olFATL FARE
SAEE 2ok JdHes Sabd £449 A3 3
5e] Aelol] njz] A @A vePdE & F et

g £

04 &4 Zgk A A7 Zzke] B flolA KT-
2000 Knee Ligament Arthrometers 7|1E9 A+ 2
FollAl & = U] Aol L FE3 7l9telvt. 1
U B e Amel UehRel ME kg AARIZES)
Az}, =3 QAN Aol A s FA ez Aelzt 9
< 9 gler o vt A S5 71T Agel &
a3} oldel o] Fag AL A4 i) 38 £ 2
S A% oldE ¢ T AUk, T ol Rt FAIY
9l A7l AolE E7tm, AA S S48 Uk
e dYH2E & Aolg Rol7) aiEel KT-2000
Knee Ligament Arthrometert A% 42} Aol gk
AR 7IEZ FE8] H-8% 7ol o8 S < A
2 A9 7 9 e ZAAE A3Y o ek
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X KT-2000 Knee Ligament ArthrometerE 0]8310] HAl obgo| HY MRIE Fdstn, dajol] d&2
o)k QXSS YolEo], MY AKX} Qlof &4 #X| S2HEe MW WS FHs0] 0| Hig 2z Faele] Hy
M MTE MW MX} olc &4 gxjel vlmslo] of 7|7(2] B84 Lo} E1X} sict

A o EHY: DN SAte| Do) gis Ml HX NUE o2 28e] AAXPE 30be ez S3d
30°2FoIM 28 olgh W £=H. 25° ST, 25° 22| XM= HY MAE FHsI0] F HAXZe JY Hel
I} Xo[€ d|@BIR. MM =0l w2t F 22 Lo Z42te| Aol was MY MHE dlmstict Y
MX} QIch 4 BXF 0HOIA SUHE 0IBAIZ! MEf2 it oY T M BAE AYsic)

DL AR 18] S2HE My M9je 0°2F AEE 28 2F olgh 2] £5 AEl, 26U, 25" 22|H
xloIM = SVHS 6.5£1.5 mm, 2.620.9 mm, 4.8£1.2 mm, 6.411.3 mmAR EF SE2 5.6+
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A2 KT-2000 Knee Ligament Arthrometere| ZEol|l 988 F= iz S Fyl 2K ol2 =y
o 23 zix, A2 M, MYHe| zg, HSAHE, 18jx 7|, MES2 JHH 22l 50| A2 558 71AH
AH2DF MEE SE YX|olA ZAKE of Je MxL olch mhdol| chEk Tctol| /7% Z1Folct

Aol CHY: Fe AR} elc, Hek M, KT-2000 Knee Ligament Arthrometer

— 88—




