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Fig. 1-A. Steuctwral propenties of the femur-ACL~tibia complex (FATC) as represcnted by a $oad deformation curve.

B. Deformation of collagen fiber,

ACL COMPLEX

Stress-Strain Curve
(Mechanical Properties of Ligament Substance)

Tensile Strength

60

. Modulus
a
%— 40 Ultirnat
ACL 8 /  Strain
b7
20
N - \
0 2 4 € 8
Strain (%)

Fig. 2. Mechanicalimateriaf) propenties of the femur-ACL-tibia complex(FATCY represented by a stress-sirain curve.

The slope of this curve is the Young modulos of elasticity.
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d)shgol 1725 2269N oilam :o9le) A4 22t 129+ v 8% {bone avulsion) & #HAol V)M, WF
3N, 7342 266N oletn spirt{Table 1}, 19874 - AGAAA - Ak o] WA EHSRA-2F#
Roauch $7& ool M3 243 30 dkgo) 2 B3 l](fomm MCL-tibia complex)iz 2F2F 10% ¢}
250N/mm, 2500N°lZtn ket Woo F7%& ACLE 0%elA 79 HAGch AU E WERAY
T2H BAelal el WEge A ARE 4Estd o} g2 5% E(fascicular) FZ2F 7HiEw B ¢
ol g- A4 2RI -3 E 283l (femur- ACL-tibia com- 2l %-'—H%‘%l(intrafaseicular space) ¥ -£8 AR
plex : FATO 2| #Hdll 3Fe] HE%HE w2t 3F& 7t {loose connective tissue}-§ 7}tk WHE&EQIdel m
g 74 e 3 AR Yadin s 2 2 A28 AR R v 933 23 {packed)
avh Qlulel &% wiel 3H5-8 718 e W) il slol Az o8 FYE Pl (uniform) 8 FERG, A
o shslch et BEE qel gl el B9t AN E Al 38 @4 K{type I collagen)ol
AEZe WEen lel AR g& A2, Hd 12%°]3, W&EAde 9%olo. AgaRldes WS
oh, H4E oluix] 4R I-}E}Lﬁﬁiil'—} ks Adl AR} glyrosaminoglycan®] <o} o], £y
ZQluhe] 58t ako] AN H-fel B 4 # 7 e ZHEHF 2AE T (reducible collagen
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A AWl AgAAQULG ol Zavhi  pgek] Aekal 2ol Yus) B84 Mk vhekasl
Kennedy "¢ wasigdd, I sl
HYaxtelciel LiEFolche| X2 542 HeM gt8
SU-UYE BN 7187 (modulus) & 4% 7% Qo) g - el L &5 o)FAoIn, 1A 3
WA Aole] glov] WPAlAdie] AMARE  Fel £WA <ulel Wyl HE go] Yoldch 33l
Table 1. Material and swuctad propertics of the anterior crucide ligamentiNoves et al. = [984)
Tissue Width Arca Max Stiffness Moxlolus Max stress  Elongation”
e tan) {w) load(N) (KN/MY (MPa} (MFa) (%)
Anierior eruciate figamens - 44 1730 182 110 40 44
Patclar iendontene-third) 15 30 2900 700 340 6} 20-25
Semitendinosus - 14 1300 180 350 Iy 35
Fascia katac 16 8 0620 120 400 8¢ 27
45 1770 40
Gracihs 8 850 170 600 110 27
Hiotibiai band 18 37 660 1N - - -
Quidriceps tendon 25 920 Lok
Medial third 13 X - 370 S0
Central third 16 17 270 4t
Lateral third 13 24 250 kit

Bane-hgament-bone
SNornod width avakaie for transfer
Abbreviatons: MPua=1ON7AT =N/
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zation} 7t Fojvdth 20% WRHEFE J4sA 5-10m 3
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2409 WellA S8k w2t njAisihe]l A el
2 A% #(bundle) Ateled nAlsk Hrella ol

plane) <l 4]

T ek,
LS
Noves -e.°~ ddule) 2ol nPel ANE AT

o, #del HAd §FA F4Y A= 4 39%,

32%7MA Fasivri ok 8% 265 —‘?’-"ﬂ e -
daARNG-AE Bie dd ghd bl FEALE
HEHAUT, Woo F°& H5Ade 31@0!1 digt #gel
A 8% nAX Ng 23, HulatE, Dge] FoE ol
A7F Aol o 4 eEoldcin siArk ARF 1dF
HulskE, F4E ouAe 48 sHAT e 5
2= ¢oel Cabaud &' & 79 WA 5ol
&30 ANE 2ASe FF5E HdM A 2
zs Aot A7) skt @t Wang % W&
gl T4 A83 BANA ol dAEte] &
BN zasid Q1gEet it ¥yo] &%l Al
violol wal 30%¢F 20%
modulusE 20% F7hAizltia stdch
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2EAE (Kinematics)

s A5k oldsty] Asld &3] o7t
H4&Aolr), &£HL $FL I & AR UARE
2] Cartesian coordinate system®} #std 7%
g 4 Ak adeg e7txe aAgsst Avk &, 3
A A4 (translation: anterior-posterior, medial-
lateral, superior-interior) €k 37Ex0 24 (flexion-
varus-valgus, internal-external}el ¢l

extension,

t(Fig. 9).
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Fig. 9. The knee joint has six degrees of Freedom in o Cartesian

caordinate sysiem,

adel 255 A9 AL AR AN
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Olehi= wERlA AT Zof st ol A A r2

Wistatic stabilizer)ele], T8& H£IE) A& A
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3l AEA FNPZE (dvnamic stabilizer)oltt, 4
AQlefsl F& AAN-FFA M2 FAYE hlidhe 33
A A {mechanical linkage} & @At o)zl v|He)
cEg w38} four-bar cruciate linkage<lth(Fig.
1007, #ale) #F5 e @Eed 24 (instantaneous
center) & At o] A& g ARl ¢ ) ARIA AL
olZ madsty AMolvk WEel s8k{geometry) 7t EF,
AAA) Walsty] wifoll, #3049 & F oFel disly
A ez ’Sl CAoRe R ARITHRg 11). ATl ¢
Heofl ¥o]7] wifol WEITE FU4
22 HR FRR (ol!} ZEol sl gz ou
thglide). °1@13t R 7|A & BHLBY A YA
g Zol AFe) Fuhiteid FE B A& WA
(Fig. 12),

A Aicle] 4 fdd B, AAA U sy
23Y 7o) iR QHA] A ARIgE ok
FAPAE ARel Hisheet)olth, AP i
FARE Aol 30 opyrn). A FFA] MY
ZAQrie] Hee Tha mo)n wASh Gk, A4 A
Aaidie] ot F MRe 2330 o Fo 9
s}, §EERAl R g}7) ddiHer MR :31-'1‘_1 o
M, b @e gl mERE ARAe o ol E3b
Hu A% F3E9 el RPEK UL % i"’r?li €,
A ARG Agel 3ok Y Hee 28

et DYgFAE TE el v

Fig. 11. Transverse oxis of lesion-extension motion ot knee,

Fig. T0, Sagittal section of the luman knee joint. demonstrat-

ing the crugciate tour-har finkage. AB represenms the
ACL, and CD represents the PCL. The instantaneous
venter of rotaiion 1Y i ihe poim @t which the ACL

and PCL cross at any given angle of flexion.

C

Fig. 12. Flexion-extension molion.
A Rolling motion, B : Ghding motion,

€ : Combination of normal rolling and gliding mation.
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c}. ai At 5
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) vhgan Aol Bold HuE
A% TSl AARSE el S Aol s

¢ oHk ok 9 ngee, A Edel sl ug
gto) giAsha P AN RATY WP BEE PO
713 g,

AR eEdste 2B £EF VAN 28
(congruity) & s Wadold, Faol gl A

ARSI 2 @Al S A 2ride] o
4232 RAAQ 28l BAIZ REAAN uHARA) H
23 (contact force) 2 Btk

FHe 4@ E42 primary motion) 2 92 52
{coupled motion) 2t 2713 "dle] 22 veliel o
¥ B9 #ia 99 torquel 22y Avie A Ee
W E R Uy Faeoin, A¥e] Wwienr
A A A7 R - A S AE B},

extension

XutM2| (anterior translation)

ARt AFe Aubag)el ¢alA
(primary static restraint}eln], Aol &l59] 75%0)
A 85%F HEgich A Ee A %i”&%{?l (5-8mm) 3= #

B8 e

F 304 slelxieH{Table 2). & - 0 A9l g%
Fo} B gEY ok 30% v Yol 74%"-15474 Hgalaketal

gh &R W vhEe) FRMUIZSIN, £2% 3
A ek WE Al ol 3 BB T2 2hyela] b l

VAN A

B AL ARl F9)% T

PRGN AL B

Hf] 5 wbx] ghel, 15500 4]
90E Alo] FIA] A E =) F},

282 (posterior translation)

AR E A¥e FHAPAE wshe oay A

A Ngoln), 30Es} 90 FTA 85%0IN 100% 65

% Wagic), A4 wddoia] 90 FFAlol A 4-5mn
o] W Holzl Yoyttt (Table 2). AT-e] 5]HdA] o)
248 A S AGAH T WY B A4zl Fak4l

2l B AAl 90% ZFojA Y 97 15-20mm
2 Hdz Jehdok Foiw BEks 9)3Rcinie] A
Al 0%t 30%elx] tAIARI thE gl deub

FRA5171 FrskA g,

ZAE JEHE (interpal tibial rotation)
U AE 20500 405 Aol FFHAl Heirt = ot

fiexion

4 Fig. 13,

Diageam of the anicrior cruciate Bga-
ment is extension and flexion. Note
that in exiension the postero-ateral
builk is twt. whereas in flexion the
amtere-medind hand is vight and the

post-tteral bulk relatively relaxed.
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Table 2. KT-1000 measorements in 100 aormal subjects and 100 chrenic unilateral ACL injuries

Tibial displacement(mn)

Posterior Inrce Anterior foree Manual {ompliane
20} Ibs 20 Ths maximum index |15-20Hbs

Nepast subjects

Right knee 23 6.5 7.2 0y

Lel knee 2.4 09 75 (1.9

Average 2.320.5 8D 0.7«1.4 8D 73+1.585D 080,251

Range 1.5-3.7 28-10 4311 0.5-2

Right-left ditfevence 0.) 0.4 0.3 0.4
ACL injuries

Noninjured hnee 29 6.6 7.7 09

lnjured kace 3.0 129 15.9 22

Injured-noninjured 0.1 6.3 82 1.3

Knge dilfference (+3.4%:) (+95%) (4 1 (65%) (+ b4}

SD ez gandird deviation

FRAd, TS vt DAk Aot ARy
= gakal-ol A Mgl (primary-secondary restraint)

olv] FEA A4 AL AHEshe Yol Ak

A= Q1% M {external tibial rotation)
Eaa gaA Foleld 22 305004 408
Aol P8 A}, ejRi, ey FTRBo] Adsw

-“"] 9i x'] &=

2ifzel Frhgch AN E 23 de olxtd g
Aje]r},
etz (valgus anguiation)

ArE e AxA A UWEFdde] HY A
(superficial portien}eltt, &84 2FA Friei, 2!
FUE W 2 FPYaRie
e oixl 50%§ WESnt

128 2Nz Feao,

A oz ghuel

xere] ef 50%%

ghggie), AR o
L{etE3 (varus angulation)
sj&23elh 7} 9l a2 gk o),

rr_

Folw wEdE MY
~4§m 9%

3 (varus angulation)d)] M¥ateE P&

Al gt S8 (varus rotation} of AH2E| 3
el i

= ERE SMSE BT

=2

ol F#glol 305:elA) ):JT'*EI sk el 2y A9

. gHe) e 1ol

-

A-]lﬂ-)‘\__l,{}ol[,u u.l-\E_,j.@... L].EI.L]]C,} """’“"JR}?_II'HRI- ‘-H?—,j-"—
Sliel 83 &A1t gol v
AA sk FE g Agel Frle Fog BRA =
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R 17 A S S S R e
Hg g elulge}, 30mel 905 @A) FurAe), 3
o] Fzhstn, 0592} 305chA] UivkA]l 28 anie] #
A FRAAAN, AE7dd FepvRiel B &4
ojmtgict. 2|shyol 30molA Frksta 90eiA Al
2 ogstm, Ui olstd (varus laxity) 7l F7FstR
TFRe] Edl FFE AL elvjEch 0%olAM suk
o] 2Hd (valgus laxity) b AG8] EvistE, WM& F=e

g, 9

#oeigld glop gt ALk

43 Gk Al £ & eilstale} goh,
SorEe) ojglol| CfE 2HEstEel W

In vitrof @A st5-& 23 %} & e

A A4 Yol FRRE AnNc 3. e
P P
e} A %s.%oua-r W olehg gaAG E ALF

Dizo] HE wQelM el APAE WA Ao
2 gonate) 2

AR L)

1, ol iy "]"f el 2hRe nc} Hlyp

of @jFghcl, mdl £3Tel ghEe] g

I AX) T},
g*“]-oltﬂsf Aol g2
u] 7 2le] *;l-t?}. 7 -L'ol breo: 12 P I
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Biomechanics of Anterior Cruciate Ligament

Hee Soo Kyung, M.D.

Department of Orthopedic Surgery, School of Medicine, Kyungpook Nationat University, Taegu, Korea

Biomechanics of the soft tissue are different from that of bone. Soft tissue has characteristics of nonhomogencous.

no-tincar, anisotropic, viscockastic, and finite deformation. Biomechanics of ACL, one of the soft tissue, are bricfly

described @ struciural and mechanical properties, viscoelastic response, immobilization, kinematics and static function.




