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1) AE 1

1570¢] A9 tE = 5 5709 49 =2 7H2te] Q) ¥
2k7ol v AFy 42 WeEo 7 FE9 (guide pin) Y F
5.0 mm f¥AHSolco, Korea) & Aakith A4 Ax+s
2001d % Annual book of ASTM standards®] insertion of
the test specimen®] A3 5.0 mm YA} AR
60%RF A EFATHY. 4Hq] % 858 table top system® Q1% 7
A1 (MTS Systems Corporation, USA) 9] $1& &9 x| 4]
WAL E75 1A4s D ok dlE =1 Ao A9 dE =S 17
sF e (Fig. 1). 2001@ % Annual book of ASTM standards
9] axial pullout strength of the test specimen®ll =7 3Fo3?
T3 5 mme A Y 28 FASY] I A

o] o g Qlgsto] Ao o1 AeE SHF oA A

27

Sl UEz A F25-9] = ARE SA L, ol 715

(X%: Time, YZ: Force) o] A3t} (Fig. 2).

2) del 2

&, 25 mm?] &4 1M YAk (Linbatec, USA) S o] 4-8}o]
117g k3l 858 table top system® Q13 HA]9] 9% &£
Aol diE d9Ee nAs ol E B AR o)A

.
ABE ol 1A 27t vl Ae F9 g

Sch(Fig. 3). 014712

F3FG0 N, 30 sec) 5 Fol A1 HAM] Aol Faho}
WE 2 Qg A9 E BAehL
55 fA8 AdFste] olF 715 A (XF: Time, Y&
Force) ol #AletdA FHof 1 i
strength, MPS) & 743l Ao S B4t (Fig. 2).

Force (N)

350
300
250
200
150
100
50

MPS

0 50 100 Time (sec)

Fig. 2. Maximum pull out strength was measured according to
the time (MPS: maximal pullout strength)

Fig. 1. Cannulated screw was inserted into the each ligamentous attach site of ACL, PCL, MCL, LCL of cadaveric femur (B) and the
head of cannulated screw was linked with the grip of the 858 table top system® to measure maximum pull out strength (A).
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3. SAHX =4

L7187 H2A2 SPSS (Version 11, USA)E ©
Friedman ZAFE Zh Qi) §-2F 29| o] A3E
© 1 Wilcoxon signed rank FAME Al&sto] Z}zte] + 7+ A
= vlwstsich 78] F0] 0.05 olatyd W FAFCE ©
7k e Ao sk

lo

I'__|I-x|_§_ . )EIXHOI . OFALS . 7I%§| . 0|I:él-|?.

ol
=1

i

o1% ouA AR FUEE A 10] H 1.236+0.089
g/cm® 9131 (Table 1), 23 27} H+ 1.205+0.137 g/em®
o (Table 2), A3 17 2 3 Abo] ] f2) ek 2poli= ¢l o
(p>0.05), ¥ AP =% HwE 1.225%0.103 g/em” At

Fig. 3. 858 table top system® (A) and each of ACL, PCL, MCL, LCL was reconstructed on it's own native foot print with porcine
tendon and reconstructed graft was pulled according to the natural axis of the ligament.

Exp1 - )
p F I* *

700r N
600¢
500
400+
300
200+
100!

0
ACL PCL MCL LCL

Exp2 .
p2 . = *

400 = %
350
300
250
200
1501
100!
50
0

ACL PCL MCL LCL

*: p<0.05

Fig. 4. There was no significant difference of maximal pull out strength between ACL and PCL group and between MCL and LCL
group. However, the maximal pullout strength of MCL and LCL group were significantly lower than that of ACL and PCL
group (p<0.01). Experiment 2 showed the same results of experiment 1.
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2.4 1 signed rank 7AAF] pgh), W5 S5 < ool
TH2 fo)g Apol g Kolx]| Aokrh(Fig. 4, pW=0.075). 34|
ol -2 w9le) Ao Q1 FEs A A le) ol WA A ) T UF FH A F w95 FP 2
T 578.91148.3 N, % A7 It o] 4t 606.9+£141.9 o 2 2 oAl A A Il e AT %9kl (Fig.
N, U5 S5 Q) o] Bt 211.6£106.4 N, &5 S5 2| 4, pW=0.028), $% A <t 73 v= o o E=
To| H 22562981 NOB F0 214k Aeh &, A AR A5 FF Q6] T e fAsA 4 A4 vl 29 B0t
Q) €, 9= S Ay &, US SH ad + o)y E9tH(Fig. 4, pW=0.028). A &2 ZE olollA YAt
(Table 2, pF<0.05, pF: Friedman AAF] ph). 2H2ke) +& A B3 v
vl B A AAp el e S AAE Il 7 e 79
8l 2ol 5 Ho|A| 949k (Fig. 4, pW=0.075, pW: Wilcoxon
Table 1. Results of experiment 1
Maximum pullout strength (N)
Specimen No Sex/Age BMD (g/cm?)
ACL PCL MCL LCL
1 M/74 1116 3219 3579 103.4 107.6
*2 M/79 1.103 585.5 668.3 112.4 164.4
*3 M/79 1115 680.1 680.6 202.2 203.3
54 M/73 1.281 669.9 701.3 311.2 327.7
55 M/73 1411 637.9 626.6 328.7 325.2
Average 1.205 578.9 606.9 211.6 225.6
ACL: Anterior cruciate ligament attachment site
PCL: Posterior cruciate ligament attachment site
MCL: Media collateral ligament attachment site
LCL: Lateral collateral ligament attachment site
BMD: Bone minera density
*, 3. Same cadaver
Table 2. Results of experiment 2
Maximum pullout strength (N)
Specimen No Sex/Age BMD (g/cm?)
ACL PCL MCL LCL
*1 F/65 1.216 321.2 311.3 147.3 151.7
*2 F/65 1161 341.1 377.1 141.2 159.7
3 F/70 1194 414.6 481.7 138.8 130.0
54 M/43 1422 347.0 447.6 93.2 114.9
55 M/43 1.366 543.6 539.5 141.0 148.7
‘6 F/69 1.167 430.6 480.1 142.7 150.7
7 F/69 1.176 2789 346.7 144.1 142.5
8 M/53 1.254 285.1 293.5 86.5 109.0
9 M/63 1184 278.1 299.9 85.5 33.7
10 M/73 1.216 265.3 2214 89.8 91.3
Average 1.236 350.0 379.9 121.0 128.2

ACL: Anterior cruciate ligament attachment site
PCL: Posterior cruciate ligament attachment site
MCL: Media collateral ligament attachment site
LCL: Lateral collateral ligament attachment site
BMD: Bone minera density

* 3 9. Same cadaver
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A AR QY 23 U5 S8 ) & T 95 S
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=ABSTRACT =

Comparative Biomechanical Study of Stiffness on
Ligamentous Attached Sites of Distal Femur
- Experimental Laboratory Study on Cadaver Femora -

Ji Hoon Kwak, M.D., Jae Ang Sim, M.D., Sang Hoon Yang, M.D.,
Dong Hee Kim, M.D., Beom Koo Lee, M.D.

Department of Orthopedic Surgery, Gil Medical Center, Gachon University Incheon, Korea

Purpose: This study was performed to compare the strength of ligamentous attached sites of cadaveric dis-
tal femur and to obtain reliable biomechanica datato use in ligamentous reconstruction or augmentation.
Materials and Methods: Fifteen cadaveric distal femurs were used for this study. After measuring the
bone density, 5.0 mm cannulated screw (Experiment 1) or reconstructed porcine ligament (Experiment 2)
was inserted into the each ligamentous attached sites of anterior cruciate ligament (ACL), posterior cruci-
ate ligament (PCL), media collateral ligament (MCL) and lateral collateral ligament (LCL). In experi-
ment 2, reconstructed porcine graft was fixed with bioabsorbable screw in ligamentous insertion sites.
And we measured the maximal pullout force of each ligamentous attached sites of cadaveric distal femur.
Results: Average bone mineral density was 1.205+ 0.137 g/cm? in experiment 1, 1.236+0.089 g/cm?
in experiment 2, which showed no statistically significant differences. In experiment 1, average pull-
out strength of ACL, PCL, MCL and LCL group were 519.1+111.7 N, 638.9+144.4 N, 169.7 +56.0
N, 225.661.5 N respectively. In experiment 2, the average pull-out strength were 310.631.0 N,
379.9147.4 N, 104.0£14.4 N, 131.5£21.9 N respectively. In experiment 1, there was no significant
difference between ACL and PCL group and between MCL and LCL group. However, the maximal
pullout strength of MCL and LCL group were significantly lower than that of ACL and PCL group
(p<0.01). Experiment 2 showed the same results of experiment 1.

Conclusion: Because stiffness of MCL and LCL attached sites are much lower than that of ACL and PCL
attached sites, we may consider augmented fixation in ligamentous reconstructions of MCL and LCL.

Key Words: Knee, Cadaveric study, Ligament attached site, Maximal pull out strength
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