430 WE7|A St =5EH AH, A33d A4Z, pp. 430~439, 2009

(St=3 DOI:10.3795/KSME-A.2009.33.4.430
A ol ¥ 27 o83 AEHFE I e -‘?‘—HJ’SZ}?JBH NAE
A R o FTAA FA HE 2794 @ 85E Wt -

7|5<4%* CH R E . 2ES

(200811 119 3Y A<, 20099 29 18 7, 20094 2¢¥ 18 AAISER)

The Posterior Cruciate Ligament (PCL) Reconstruction by the Transtibial
Tunnel Method using Cadaveric Achilles Tendon Grafts

- Evaluation of the Initial Lengthening and the Slippage Ratio due to the Interference
Screw Fixation and Double Cross-Pin Fixation -

Cheol-Woong Kim, Ji-Hoon Bae and Dong-Joon Oh
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Abstract

Posterior Cruciate Ligament (PCL) plays an important role in knee extension. Rotational instability
due to injured PCL can be restored by various PCL reconstruction methods. In this study, the initial
lengthening affected by fixation device and location was demonstrated, and furthermore, the slippage
and the relationship between lengthening ratio and slippage ratio in the calcaneus and soft tissue
fixation methods was newly suggested. Eight specimens of proximal tibia and Achilles tendon grafts
were harvested from four cadavers and divided into four groups in regard to the four different types of
transtibial fixation techniques. The cyclic load ranged from 50 N to 250 N applied to each graft fixed
to proximal tibia in 55 degrees. The initial lengthening ratio to the total elongation has been
approximately constant regardless of the fixation methods. The soft tissue fixation method with an
interference screw showed about 56.4% slippage ratio to the total elongation and the same method with
a double cross-pin presented about 45.4% slippage ratio. The soft tissue fixation method with an
interference screw demonstrated approximately 2 mm less total elongation and about 13% more slippage
than lengthening because of poor fixation compared to the same method with a double cross-pin.
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Table 1 Proximal Tibia list by four male's fresh frozen

cadaver
. Notice of Disease
Regist. | No. death Year | Gender entity
07-26 || 20070512 | 563 | male brain
2 edema
07-11 >+ 20070030 | 69.8 | male | 93U
4 cancer
07-29 é’ﬁ 2007.06.02 | 40.9 | male hepatoma
7 intracranial
07-10 =— 2007.01.29 | 30.3 male
8 hemarrhage

* transtibial one-tunnel with interference screw fixation

** transtibial one-tunnel with double cross-pin fixation

*# transtibial one-tunnel with interference screw fixation and
cancellous screw

**# transtibial one-tunnel with double cross-pin and cancellous
screw
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Cross pin kit
(Depuy Mitek, J&J)

Achilles tendon
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(b) Preparation of PCL reconstruction with bio-absorbable 2-pin RigidFix (2.7mm BTB Cross pin kit)

Fig. 2 Preparation of fresh frozen cadaver tibia specimen classed by (a) PCL reconstruction with
interference screw (Inion Hexalon, Poly Lactic Acid (PLA)); (b) PCL reconstruction with

bio-absorbable double cross-pins (RIGIDFIX_2.7 mm BTB CROSS PIN KIT,

Acid (PLA))
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(a) Interference screw (Inion (b) 2-pin RigidFix 2.7mm
HEXALON, Biodegradable}  (Depuy, Johnson & sohnson)

2-pin RigidFix
{Depuy}llﬁe'

(c) Interference screw with
cancellous screw

(d) 2-pin RigidFix 2.7mm

with cancellous screw

Fig. 3 Schematic drawing of four different fixation
device in the transtibial one-tunnel; (a)
calcaneus fixation using interference screw, (b)
calcaneus fixation using double cross-pin, (c)
Achilles tendon soft tissue fixation using
interference screw and cancellous screw, and
(d) Achilles tendon soft tissue fixation using
double cross-pin and cancellous screw
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Fig. 4 Experimental setup for the PCL reconstruction
by autogenous graft using Achilles tendon in
proximal tibia of fresh frozen cadaver; (a) Jig
setup with proximal tibial specimen, (b)
determination of oblique angle at the transtibial
tunnel

(a) Experimental setup
(Jig and upper tibial
specimen)

A (P = 50 N2 A4 1,000 cycles®
Fobek =09 frAbeltkal Barskqlvk Bk Brand
S & Kousa T B AgoA] Hed AT F
A3t 7HduAle} Bone-Patellar Tendon Bone (BPTB)
S olgste] AAES TS AV, Pux =
0 N, Puin = 215 No| 3177 %= (fixation strength)7}
SAH A Bk & ATl = AAAL
2 AWyl #8 Zantopd H-3HHE o]83)o]
NG = (Pra) = 250 N, 22078735 (Prin)
50 N9 shsz=7dA 1 Hze] A &AI= 1,000 cycles
7HA Fepete] opdul e A (R UAL vs.
olFgy) B o A~ IAHAX(FT= vs. A
Aol wE 2714 W dgel tiE Gt
okt

3. ZAZelY Oféﬂﬂ
ZHILIAL 2 olF

PCL Aol A& 5= oo mE &7
(patellar tendon),*® <2 73 (hamstring tendon),***
ofd# =~ F A7F FL FF o]zl At&d
t}, S| F-eH o2 PCLS <] Z(anterolateral, AL)
opk 2 3= (posteromedial, PM) thd = A4
ol Atk X“’J*‘ b =5 Al thE e A4
H AZo THFAQE ol o= WS E I
(medial femoral condyle)2] |51 1] H 1ol A

e Tl ] A% 433

Phase-| Phase-ll  Phase-lll = Phase-IV |
; e »

;[fallure) "

PCL-1 : male / 56Y / brain edema

.| PCL-4 :male [ 70Y ! gastric cancer

PCL-5 : male / 41 | hepatoma

¥ PCL-8 : male / 30Y / intracranial hemorrhage'
PRR | L P | | Y PN TV 1 H

0 100 200 300 400 500 600 700 800 900 1 0oo
Mumber of Cyclic Loading (MNo)
(a) Interference screw (Inion HEXALON) of PCL-1, -4, -5,
and interference screw with cancellous screw of PCL-§
* PCL-1, -4, -5 : bone plug fixation in Achilles tendon
* PCL-8 : soft tissue fixaton in Achelles tendon
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(b) Double cross-pin (2.7mm BTB RigidFix) of PCL-2, -3, -6,
and double cross-pin with cancellous screw of PCL-7
* PCL-2, -3, -6 : bone plug fixation in Achilles tendon
* PCL-T7 : soft tissue fixaton in Achelles tendon
Fig. 5 Relationship between elongation and slippage
versus number of cyclic loading after posterior
cruciate ligament reconstruction; (a) interference
screw (PCL-1,-4,-5) and interference screw with
cancellous screw (PCL-8), (b) double cross-pin
(PCL-2,-3,-6) and double cross-pin  with
cancellous screw (PCL-7)
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Table 2 Definition of initial elongation rate ( &ag)
using comparison between total elongation
versus initial elongation (phase-I)

Initial Total Initial
. Spec. elongation  elongation  elongation
Joint method Npo. ( Ag)w’ (g)’ rate(gJMB),
(mm) (mmy) (%)
PCL-1 failure failure -
IS PCL-4 5.6 failure -
PCL-5 4.3 5.7 75
IS with CS™ PCL-8 10.3 12.8 80
PCL-2 3.4 4.8 71
DCP’ PCL-3 6.2 7.9 78
PCL-6 6.1 7.4 82
DCP with CS™ | PCL-7 11.1 13.7 81

* Interference Screw fixation

** Interference Screw with Cancellous Screw

# Double Cross-Pin fixation

## Double Cross-Pin fixation with Cancellous Screw
y Region of phase-l in Figure 5.

Wear region

(a) Fracture mode (l) : only elongation behavior with tear
and wear in the case of interference screw

(b) Fracture mode (ll) ; superposition behavior by elongation
and slippage in the case of interference screw and
cancellous screw

Fig. 6 Photographs of two different fracture mode
due to the elongation behavior in the case
of interference screw versus the elongation
with slippage in the case of interference
screw and cancellous screw
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(a) interference screw (PCL-1)

. mam vy ) (i (v)
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(1) =11.4mm / (1V) = failure

(b) interference screw (PCL-4)
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(f) double cross-pin (PCL-3)
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(9) double cross-pin (PCL-6)

7.1mm / (IV) =

(h) double cross-pin with
cancellous screw (PCL-7)

Fig. 7 Relationship between load and lengthening with slippage after posterior cruciate ligament reconstruction with
interference screw (Inion HEXALON™) of calcaneus in (a) to (c), with interference screw and cancellous
screw of soft tissue fixation in (d), with double cross-pin (2.7 mm BTB RigidFix, Depuy Mitek) of
calcaneus in (e) to (g), and with double cross-pin and cancellous screw of soft tissue fixation in (h)
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Table 3 _Definition of slippage r_atio ip the case of PCL-1 : failure at 94 cycles
interference screw fixation with cancellous o _PCL-4 failure at 759cyc|es
screw at the soft tissue in Achilles tendon | S
using PCL-5 and PCL-8 64 : i
Lengthening(A) Lengthening Lengthening  Slippage % 1
Phase (mm); with slippage®  ratio® (%)  ratio (%) g 54 1
(PCL-5) (mm); (PCL-8) . (AB) ; (100-C) @
I 4.3 103 417 58.3 g 4'_ i
I 4.9 11.2 43.8 56.2 & g il
c
i 5.3 11.9 44.5 55.5 o
D 2-ig iR cdes
v 57 128 445 555 EJ E .Purélengthemng
14 PCL-L.PCL4;. PCLEE |
Table 4 Definition of slippage ratio in the case of ] “:Ihenlrjg%sllg%alt_gz
double cross-pin fixation with cancellous 0 T
screw at the soft tissue in Achilles tendon 10° 10
using PCL-6 and PCL-7 Number of cyclic loading (N)
- - - - a) Lengthening and slippage in the case
Lengthenmg(A) Lengthening Lengthening  Slippage ( . A
Phase m; with slippage®  ratic® (%)  ratio (%) of interference screw fixation
(PCL-6) (mm); (PCL-7) ; (A/B) ; (100-C)
[ 6.1 111 55.0 45.0 7
I 6.7 12.2 54.9 45.1 6
i 7.1 13.0 54.6 45.4 3
\% 74 137 54.0 46.0 g5
=
3 4
Fe B8 wldoR Byl Stk Fig. £,
72 Prin = 50 N ~ Ppax = 250 N, 1 Hz Hdu}o] wt %
- c :
otz oA AU T8 2R (Fig. g? ] D gPureIengthenmg
7@)~(c)), THAHAke] ARA AR (Fig. 7(d)), ©f 14 £-2.PCL:3 PCL |
sagae] T4 AW (Fig. 7(e)~(9)), °lTargd R U ‘PCL:7 |
v/] ?_i_ }_Z]' ixq}j'](l:lgl 7(h))0ﬂ ﬂ:l?l— ‘6‘]_%—:1—’/], Odﬁﬁ]— IIIIII01 T T IIIIIII02 T T IIIIIII03
, _ 1 1 1
TF(FAANH) Ase vERd 2efzolnt Flg 701]}‘1 Number of cyclic loading (N)
(a)-(e), (b)-(f), (c)-(g) @)-(h)= LA J9- (b) Lengthening and slippage in the case
Aoty HUALe] 23 g9l Fig. 7(a),(b) of double cross-pin fixation
= 1,000 cyclesell =galx] Ealal 23} o 7 Fig. 8 Relationship between lengthening and slippage
A} olero] WrAEIG o m R EAALA (a)-(e), (b)-(HE of Achilles tendon and number of cyclic
- JRUC PR o A 3B 3A loading under tension-tension at Pmax = 250 N
a7k el M ALl 2 ATellA 3 © and Pmn = 50 N ; (a) interference screw
W(Fig. 7(c),(@)! d-Foll= opAus=zie] Axlwt fixation, (b) double cross-pin fixation
st aL, nAZAE AR Add 4--(Fig.
7(d),(h)ell= A2l sure 571 dAslon g u] 58.3%, ©]% 7+A3te] Phase-IVY ] 55.5%7}4]
Fig. 7(c),(d)°] #AIE ol-&atd IHdUARe] AF-x4] D23l F 2.8%2 7HAfo] WAET) o]Fa
el BANRo] ¥ BERS AN 5 AW AS, FANF F BT ANk v
Tk Fig. 7(g),(n)2] #AE o] &3l olFugw 9] i7l°&ﬁ(Phase-|)?§_ w 45.0%, °]3F %713}
Avzx LAl M FANEo] TFE BFeSe  Phaseve v 46.0%714 F7HH9AL F 10% 57t
Aret 4 Qlnk o]l S Ay Table 3 2 Eol WAISIIT: o]4e] A¥E EAs1/|914 Fig. 8
Table 49} ﬂu} Table 3& HguAbe] ARx2] 14 I e AxparH oz ATAEIT Fig. 8(a): 7+
Hol| o] B580]al Table 4= o|FAT e A¥ =z AUAbe] F=45 314 (PCL-1, PCL-4, PCL-5)%} <1
=] '7;<4H40ﬂ}\14 FFgolt}. HAYALe] HS 4 -z AAH(PCL-8)= HEF Zlolth. Fig. 8(b)=
2= T 57 AAEHE HlES 27192 (Phase-) Y olF g el FZE 1AYM(PCL-2, PCL-3, PCL-6)}



Lengthening and slippage

10" 10

Number of cyclic loading (N)

(a) Lengthening and slippage in the case
of interference screw fixation

7 T T T
R : !
64 \‘- i
3]
g } ;
a 54.....L-Superposition:of - * 4
% :lengthening and slippage
B 41 i PURE Lengthening ]
o “hL ‘?‘%\-"‘"‘h-.:
g S T 1
é’ 2 L s
2 21 o= PUYRE Slippage
[} : :
_]1_ R JO0 OO N X SO DRI IS SRRt
i PCL-7 (soft tissue fixation:
0 : with double cross-pin):
T T

T
10" 107 10°
Number of cyclic loading (N)

(b) Lengthening and slippage in the case
of double cross-pin fixation

Fig. 9 Superposition of lengthening and slippage of
Achilles tendon and number of cyclic
loading under tension-tension at Pmax = 250
N and Pmin = 50 N ; (a) interference screw
fixation, (b) double cross-pin fixation under

ARxA AFYPCL-T)S  vERE Blelh
E FHow BA& wd, 1) 3
=25 1AW(Fig. 8@)e] PCL-4, PCL-5
F71E ZeTh 2) olvigAY T
(Fig. 8(b))?1 PCL-2, PCL-3, PCL-6%= &
£ etk 3) WA AR ERA A
yAFe] AFxA uAHH(PCL-7
A7} dolgholl = BTtetal sdg 77
HEo 72717 Skl

o O
I
©«

Afe

o |
SR ot T
O
N oo o (o

o o2l

g 2
5s)
@)
-
2

s

k|
oL
o

~

e o
P
rlr
O

Je|2710) 9] (dalds) S
12 452 7343 Ao

ol wEbA Fig. 8ol4 YAt 718717 Atk

oy
_OL
rr
o
o Y

SEHEWA S FHAARAY Ade 437

AL opdeElade] xrIdalat 7194l Apel 7t
Ak omjojt). 1@} PCL-8%} PCL-7-> 57}
SHE 7] Wil iR rtEAY RaR e A
spetar AzbeEy dvkstd opdHl A2 E AT
<=’J(cumulative superposition damage)e] ¥Ho = H

oks ul, Fat Fol WS dFrt oyt
TFANE Adletar WHREtEe] dRTF 5ol 4
BEE 7o w MHESN] witelth AdHow
ANz uAHE T LG (Fig. 8(a) PCL4,5
2 Fig. 8(b) PCL-2,-3,-6)%} WS w] Ha}Fute
B 4FE A=A 71e7] 2 9 Axvke 9
M= AN agRAT g 2 aies o
mghe}, uhebA Fig. 89 A¥kE wlForol Ihu
ARl IFEA IAY(PCL-8)o] olF gl AN
Z4 AAFYPCL-T) BT o E9Hgsh aggx|etar
Arga = Qlvh 3, Fig. 8ol 7RIS} o
ZaAMe] AR zz aAH(PCL-8, PCL-7)olA it
AT FANFE T o] AHshe &S HUt
b = fldoh wheEbA Table 3, 40l A AX&
3 @559 A 2 Fig. 89 WAS Fisle] 3t

Avabel  olz Ayl ARFA ALARY(PCL-S,
PCL-7)0ll A
H &S ALt I A3= Fig. 99 Zrh
Fig. 9= Mdvhibel ARz a4 R(PCL-8)
gk A¥tolal, Fig. 9(b)= olT AT AR-z7
AW PCL-7)el gk AFtolth Fig. 9@l 1Hiu
Ab ARZZ AP PCL-B)NA ALl E571 54
THE FANES 100%ow WS w, I
(lengthening)©] 43.6%% =143} aL, E5=(slippage)
56.4%% #FA|3H3itt REE Fig. 9(b)e] olFiig«d
AR-z2 aHYPPCL-7T)AM = drle] 546%s =)
AlstaL, &7t 45.4%E AABIITE o) ds FAA
Foz shletd, IMHUALY] AREA W
(PCL-8) FAXNH 128 mm FolA drlHo] 56
mm, &Fo] 72 mm=E o] AAIFR
2 16 mm @Wolth 34, olT o] dAFxA A
AH(PCL-7)> FAAZo] 137 mm=Z A
 wr} FAMN] 09 mm FUbEAA, L F A
Aol 7.5 mm, 5] 6.2 mmE xA|5HSITE ©]
SagAe ARxA AP E dALlFge] &

Frok 1.3 mm Btk wEbd I UARY] AR
2] 317 H(PCL-8) B o]F gLl Ax=
(PCL-7)E FAA A Y] 2-¢-FalAloA F=4 oA
=z 7te] wjuAddelng ofFdy e &

ot
T

BN

>
K o2
2



Tz 9
< % =
<0 K
Bl A N N o= X
W%M% ﬁauvmhl,_ta
%%@ﬂ ﬂghww B R
ﬂx_.lruﬂ%@o»ne 3 L|Exﬂ|
ﬁ%o%ﬂﬁiwm wmz@%531
B o BT &zem SIS B ECS
ﬂw%ﬁmvﬁszw &%ﬁ%%%%gwA%,
_ziog%lwmﬂﬁ% 7QHTHLM$J_§@ e
A _16r7qoomz|§1r o:@@om_.}i EA@%WMQH
Ofm.wwm%,&wlgur_/ ma;o}m/ozv lﬂﬂﬁgﬁ% 7t
Gt ;omﬂﬂ; ,,muzu ﬂo1ﬂAluTﬁwmﬁmA9| Aau,mg\ Jﬂ
e @mﬁogz o 1&4%@0%%3&%% g i
z&%zw__z%m@, 1m§l}5wnﬂou§meﬁéar x 35 S 5
F_E aTc_a%m %LﬂLoAmMéJ%ma e = PES T
ﬂ%ﬂﬂ%ﬁ%%ﬁb ﬁw%%4¢ﬂxﬂ@%%@ 758 MAmm 558
T = _oi]x T ﬁm@u T;dﬁ Mo o P 8 V,.muo.w.nmn
i VLQ%; @;wi;aisﬂfiw N dfm
SoLotizEEs %WM%H&M%@@A@&% ¥ LTI
A @%}%&Ww RO z%ﬂﬂkﬁ%ig%%ﬂ — < &g o.m.umnsmgmm
J|7n_u E7Lﬂﬂ4ﬂ,_4“ ﬂmuﬂo ﬂ.ﬂJlXo _ZTHTLooo N HTL.N Y.mmwpdd.n !
afra#ﬁi)%l 0 zmoﬂﬂr AN ﬂVl@ﬂ T = ,dCo,mnwm7
mﬂfim\ T H T lvﬂ:iﬂ.]%?aﬂ wA%ﬂE o 4 e mﬁr.JG,m c g
Pé%m ° Eﬁ%wﬂaaﬂ,_mro B Eim\ i m&.m._,Mmk&nwp
7@amqaa@@gmﬂ Héufmﬂm@ o 2L b smmw,vm_MJL
o BT 8 %mngmmﬂw{ﬂ%w 227 a mkﬁﬂamwmm
s = et N — T £<5° 2 2
i aﬂu.%gajrﬂ @ﬂ%?ﬂ@ %ﬂoo% REL mmere.mmm&
OMﬂJuan]Mu o XA o W X \RW;o_ﬂo o%;l 5 = am%R.
Lﬁmayﬁu}%mxﬂﬂ %;ﬂ(woﬂiﬂ NI mm:m.mw,Jmew
7@ﬂ)ﬂAﬁls%§§1é I N g m_m_Mnta
m gy T T Nf- W R _Pﬂl ix_zlo U.Jn Ann-
wzaz%@@awﬁﬂ@ggrzw = R B g Kg_mp%L"m_m_w
%ﬁarur.gﬂ%@_ ﬂz}%1k T 4 mmmmwm,mmm
Yo & nzﬂwf_/ o o w Mgl o%asocmums
,Ul ‘UI L.Zl C‘# ﬂﬂLHL] o of o an o 0
HWHHT ey 3.;]5.0 ey E‘.ﬂll vﬁq _AJ|_|_] o{ m OOS ~ Py
@Emgzyﬂﬂli%%ﬁg )a%%ﬁ < )Mmmmmmﬁm
oy muzoﬁﬂww zTOHTﬂ%MQE a}o J%ﬂr%ze]ﬂ ) RrTnmm.me
WM%M @zmmgﬁ@m & o Pﬁ@rwﬂ@z%mﬂ@ﬂ A)mmmm
O uy )1< dgwrl i ~ o ~ o _ & = T
%sziﬂgqé ﬁ;;:ifiu 75T <
i%@ﬁgqo%gﬁgbqa@ LT Fifzgis 2575552
g s O T 5 -z X R %w_z_ko o =N R
WD%WWMm%@mwwﬂo@q . %%mma%qﬂwu% i%wqakg@ ok
= 1F_ ~ Iy - ™ 1]_ ;
}ﬂr}2ﬂo70_§w_loﬂma%ic7& al io- aw%gomouxlmaab Zﬁuuquog;gban/o ole%z
,V,I,A ﬂéoPMAﬂLoﬂ _Goﬂtn‘.r‘*AT oﬂanru ALUWAL Nl N ;oijux_]rn@ Lz.ﬁoT
POMM;HL.# JEIHMM@.E NHWML%L o @ﬂbwmﬂ@ﬂ_@@ o HT%HTﬂuMﬂ__Ml 1% 30
N A ur]ﬂa. WSV anli~e ,W_sa S0« IJ._éo.ﬂﬂ%oﬂjlﬂ B0 _ T~ j oo
ayrzoz%zzizgéguwﬁ aermL ,V_zyﬁw.ﬁ ﬂmmhﬁ/%% wEnE
L_ﬁeLIﬁOH3 dlog ldn,mu OMALﬂuﬂ hunlﬁiox ) ﬂL}__oo/7azT R ,W.LSWM
CEELT az%m% B %@maﬂ @%me iii3@%@1 B E
%&%W%tﬂﬂ% i Hom@ﬂgmﬂA7qwﬂ@z s BMT
%@%W%M@%% wmwoﬂqﬂwwwiﬁawﬁ%M%%M Xy
Huﬂl‘ }mﬁﬂaao mﬁ}fr%aral-qaoo_/ o 2
cl Gl + 8% wo e oﬂ%15z mﬂg]
2E K mwzacwzir_jfﬂ% ,@Mzcﬁlo T o
izomu;o m B i F o X %ﬂr?@ﬂmﬂ AR
’ W 1 B ° ﬂo%AﬁoBa];o - ra
gg%ﬂ ;oyaoﬁz Urﬁw%o o 2 ~ 5%
ATﬂor]oEP)_U\&] oEHH‘m] N2 ,oT,.Wao/ .Llo.wt
qc_o(_]VHﬂvauJ )= B ALO.q;o I~
X 2 % o ﬂJﬁo@%mﬁ%
qu]x_.EA) 11ﬁru i Ln]WQHEo
omo1QomW/oﬂrﬂ7num%o@1
N ﬁoémoamuué]u% T
@%Pﬁo%o]aaamwmﬂl
CNE 7])5
OE.?OnIJ.\ mﬂ
owc Mﬁo
s A



AA fL A EAL ol g AR

(3) Claude T. Moorman, Siobhan Murphy Zane,
Sanjiv Bansai, Stephen J. Cina, Thomas L.
Wickiewicz, Tussel F. Warren, and Maria Kyriaki
Kaseta, 2008, "Tibial Insertion of the Posterior
Cruciate Ligament: A Sagittal Plane Analysis Using
Gross, Histologic, and Radiographic Methods,"
Arthroscopy: The Journal of Arthroscopic & Related
Surgery, Vol. 24, Issue 3, pp. 269~275.

(4) Dong Chul Lee, Oog Jin Sohn, Woo Hyuk Jang,
and Sang Keun Bae, 2006, "Evaluation of Posterior
Cruciate Ligament Reconstruction Using the Femoral
Double Tunnel and Tibial Inlay Techniques,"
Journal of Korean Orthopaedic Association, Vol.
41, No. 4, pp. 658~664.

(5) Christopher J. Wahl and Gregg Nicandri, 2008,
"Single-Achilles  Allograft  Posterior  Cruciate
Ligament and  Medial Collateral  Ligament
Reconstruction: A Technique to Avoid Osseous
Tunnel Intersection, Improve Construct Stiffness, and
Save on Allograft Utilization,” Arthroscopy: The
Journal of Arthroscopic & Related Surgery, Vol.
24, Issue 4, pp. 486~489.

(6) Andre Weimann, Alexandra Wolfert, Thore Zantop,
Anne-Kathleen Eggers, Michael Raschke, and Wolf
Petersen, 2007, "Reducing the "Killer Turn" in
Posterior Cruciate Ligament Reconstruction by
Fixation Level and Smoothing the Tibial Aperture,"”
The Journal of Arthroscopic and Related Surgery,
Vol. 23, No.10, pp. 1104~1111.

(7) Yong Seuk Lee, Young Bok Jung, Jin Hwan Ahn,
Bun Jung Kang, Yun Chang Shin, and Chae Gwan
Kong, 2006, "Transtibial Double Bundle PCL
Reconstruction  Using TransFix Tibial Fixation
-Technical Note-," Journal of Korean Arthroscopy
Society, Vol. 10, No. 2, pp. 203~208.

(8) Jin Hwan Ahn, Jae Chul Yoo, and Joon Ho
Wang, 2005, "The Clinical Results of Posterior
Cruciate Ligament Reconstruction - Preservation of
Remnant Posterior Cruciate Ligament-," Journal of
Korean Orthopaedic Association, Vol. 40, No. 7,
pp. 889~896.

(99 Eun Kyoo Song and Jong Kuen Sun, 2005,
"Comparative Study of Posterior Cruciate Ligament
Reconstruction -Transtibial Tunnel Method Versus
Tibial Inlay  Method-," Journal of Korean
Arthroscopy Society, Vol. 9, No. 1, pp. 13~15.

(10) Thore Zantop, Markus Ruemmler, Barbara
Wibers, Martin Langer, Andre Weimann, and Wolf
Petersen, 2005, "Cyclic Loading Comparison
Between Biodegradable Interference Screw Fixation

FEERA Y $AARIY A 439

and Biodegradable Double Cross-Pin Fixation of
Human Bone-Patellar ~ Tendon-Bone  Grafts,"
Arthroscopy: The Journal of Arthroscopic and
Related Surgery, Vol. 21, No. 8, pp.934~941.

(11) Brand J., Weiler A., Caborn D.N.M., Brown C.,
and Johnson D., 2000, "Graft Fixation in Cruciate
Ligament Reconstruction,” American Journal of
Sports Medicine, Vol. 28, pp. 761~773.

(12) Kousa P., Jarvinen T.L., Pohjonen T., Kannus P.,
and Jarvinen M, 2001, "Initial Fixation Strength of
Biodegradable and Titanium Screws in Anterior
Ligament Reconstruction. Biomechanical Evaluation
by Single Cycle and Cyclic Loading,” American
Journal of Sports Medicine, Vol. 29, pp. 420~425.

(13) Kleipool, AE., Van Loon, T. and Morti, RK.,
1994, "Pain After use of the Central Third of the
Patellar Tendon for Cruciate Ligament
Reconstruction: 33 Patients Followed for 2-3 Years,"
Acta Orthop Scand, Vol. 65, pp. 62~66.

(14) Patricia Niedzwietzki, Thore Zantop, Andre
Weimann, Mirco Herbort, Michael J. Raschke, and
Wolf Petersen, 2007, "Femoral Fixation of Hamstring
Grafts in Posterior Cruciate Ligament Reconstruction:
Biomechanical Evaluation of Different Fixation
Techniques,” The American Journal of Sports
Medicine, Vol. 35, No.5, pp. 780~786.

(15) Song, E.K., Yoon, T.R. and Jung, J.W. 2001,
"Widening of Bony Tunnel After ACL
Reconstruction using Hamstring with  Ligament
Anchor (LA) Screw, Journal of Korean Arthroscopy
Society, No. 5, pp. 69~73.

(16) In, Y. Bahk, WJ. and Kwon, O.S., 2004,
"Cross-Pin Femoral Fixation for Hamstring Posterior
Cruciate Ligament  Reconstruction,”  Arthroscopy
Association of North America, Vol. 33, No.12, pp.
29~33.

(17) Thomas Nau, Yan Chevalier, Nicola Hagemeister,
Jacques A. deGuise and Nicolas Duval, 2005,
"Comparison of 2 Surgical Techniques of
Posterolateral Coner Reconstruction of the Knee,"
The American Journal of Sports Medicine, Vol. 33,
No.12, pp. 1838~1845.

(18) Thore Zantop, Andre Weimann, Kerstin Wolle,
Volker Musahl, Martin Langer, and Wolf Petersen,
2007, "Initial and 6 Weeks Postoperative Structural
Properties of Soft Tissue Anterior Cruciate Ligament
Reconstructions  With  Cross-Pin  or  Interference
Screw Fixation: An In Vivo Study in Sheep,"
Arthroscopy Association of North America, Vol. 23,
No.1, pp. 14~20.



