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Recently, the interest on anatomical ACL reconstruction with double bundle technique is increased to reproduce the original load 
distribution,and kinematics of the knee. We developed an arthroscopic double bundle ACL reconstruction technique using autoge
nous quadriceps tendon with 2 splitted graft and patellar bone plug. The anteromedial bundle and posteolateral bundle of the ACL is 
replicated with each splitted graft of quadriceps tendon and fixed with biodegradable interference screw on the 2 femoral tunnels. 
The patellar bone plug of quadriceps tendon is fixed with biodegradable interference screw within the 1 tibial tunnel. We suggest 
that our technique using quadriceps tendon may be an alternative in arthroscopic double bundle ACL reconstruction.
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Introduction

Recently, several studies reported that the 
anatomic structure of the ACL should be recon
structed to restore not only anterior-posterior 
tibial stability but also rotational stability, 
although the single bundle ACL reconstruction 
is still widely used method with a satisfactory 
result.1-9 Single bundle reconstruction that pre
dominantly reproduce anteromedial bundle can
not withstand the load distributed in the nor
mal ACL, because 2 bundle have different 
behavior according to the amount of stress and 

direction on which they are loaded.3 Gabriel et 
al.10 have shown that anteromedial bundle and 
posterolateral bundle have different distribu
tions of in situ forces when the knee is subject
ed to anteroposterior and rotary loads. Based on 
these research, the interest on anatomical ACL 
reconstruction with double bundle technique to 
reproduce as much as possible the original load 
distribution and kinematics of an intact knee is 
increased.26,7 Various surgical techniques and 
graft selection for double bundle ACL recon
struction have been presented.!*6,8,91118 We suc
cessfully performed an arthroscopic double bun
dle ACL reconstruction using autogenous 
quadriceps tendon with 1 tibial tunnel and 2 
femoral tunnel. We suggest that our technique 
using quadriceps tendon may be an alternative 
in arthroscopic double bundle ACL reconstruc
tion.
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Surgical Techniq니e

A 7 cm long longitudinal midline incision is 
placed on the proximal site of the patella, 
extending proximally to provide adequate expo
sure. After dissection of the soft tissue layers 
over the anterior surface of the patella, a trape
zoidal shaped bone plug with a width of 11 
mm, length of 20 mm, and depth of 10 mm is 
harvested with the attached quadriceps tendon 
using a small oscillating saw. The tendon por
tion is 50 to 55 mm long, 11 mm wide and 10 
to 11 mm thickness, including the full thick
ness of 3 tendon(the rectus tendon, vastus lat
eralis obliq니e-vastus medialis oblique tendon 
and vastus intermedius tendon) layers. Special 
care should be given to avoid entering the 
underlying synovium and suprapatellar pouch, 
and a curved Kelly instrument is placed behind 
the 3 tendon layers to protect the underlying 
joint synovium.19 If the synovium is perforated, 
meticulous repair should be done.Then, the 
q니adriceps tendon split coronally into the ratio 
of about two to three, resulting in a diameter of 
7 and 9 mm thickness bundle and set aside in a 
saline soaked moist sponge for later use. High 
anterolateral portal and low anteromedial portal 
are established.20 After a complete diagnostic 
arthroscopy is performed, the inured ACL is 
examined using a arthroscopic probe. The rem
nant of the ruptured ACL on the lateral femoral 
condyle is excised using a motorized shaver and 
Arthrocare bipolar radiofrequency device 
(Arthrocare, S니nnyvale, CA) to allow anatomic 
ACL attachment sites to be visualized. If neces
sary, adequate intercondylar notchplasty is per
formed. First, the posterolateral femoral tunnel 
is drilled. This is performed via an accessory 
anteromedial portal located 1cm medial to the 
antreomedial portal just above the medial 
meniscus. A 3.2 mm guidepin is passed into the 
center of posterolateral bundle which is located 
approximately at the crossing point of the 2 
lines, the long axis line of the ACL attachment 
and the vertical line drawn through the contact 
point between the femoral condyle and the tib
ial plateau at 90 degree of the knee flexion.8,9 

The tunnel is pkiced at 9-30 o'clock(right) and 
2： 30 o*  clock(left) when using conventional clock 
direction. Once the pin is in an. acceptable posi
tion through an accessory anteromedial portal, 
the tunnel is drilled with an 7mm diameter 
headed reamer(the same diameter as that of the 
proximal diameter of splitted graft for postero
lateral bundle) over the guidepin with to a 
depth of approxiraately 35 mm. The posteroinfe- 
rior border of th。tunnel should be on the pos- 
teroinferior border of the footprint of posterolat
eral bundle. Then, femoral tunnel for anterome
dial bundle is made. A transtibial technique is 
used in the same fashion as a single bundle 
reconstruction. A 6 mm over-the-top guide is 
placed on the proximal cortex of the notch at 
about 11 o'clock [right) and 1 o' clock(left). The 
guidepin is passed. The tunnel is drilled over 
the guidepin with 9 mm diameter headed ream
er to a depth of z：0 mm. The anterosuperior bor
der of the tunnel should be on the anterosuperi
or border of the footprint of anteromedial bun
dle. (Fig. 1) The distance between the 2 sockets 
should be more than 4mm to avoid socket 
bridge breakage. (Fig. 2) The edges of femoral 
socket and tibial socket are chamfered to reduce 
stress concentration on the graft. And then the 
intraarticular lengths of each bundle of the ACL 
are measured wiih slightly posterior translation 
load maintained on the proximal tibia and with 
the knee in 90 degree of flexion for the antero
medial bundle and 10 degree flexion for the 
posterolateral bundle. The length of intraarticu
lar anteromedial bundle is measured by a cali
brated headed i-eamer used on anteromedial 
femoral tunneling. The length of intraarticular 
posterolateral bundle is measured by a ruler 
that is placed between the tibial tunnel and 
posterolateral femoral tunnel as follows.The 
each end of thin paper ruler is stitched with a 
1-0 ethibond sutures. The plastic cannula with 
4.5 mm diameter (Linvatec Largo Florida) is 
positioned on accessory anteromedial portal. 
The leading suture of ruler is pulled out 
thro니gh the accessory anteromedial portal via 
tibial tunnel. Ard then guidepin with ey인et is 
passed through posterolateral socket through 
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plastic cannula positioned on the accessory 
anteromedial poral. The proximal leading suture 
of ruler is connected to eyelet of guidepin. After 
passage of guidepin out of the posterolateral 
socket, the ruler is positioned within posterolat
eral tunnel. And then we measure the exact 
intraarticular length with slightly posterior 
translation loads maintained on the proximal 
tibia with the knee in 10 degree of flexion. The 
suturing with baseball stitches on each bundle 
are done from the point of intraarticular length 
from the bone tendon junction about 30 mm 
long. -The 7 mm and 9mm diameter 
EndoPearKLinvatec, Largo, FL) devices are fixed 
to each end using No.2 ethibond suture. Two 
drill holes are made in the patellar bone plug. 
We pass 2 ethibond sutures through the bone 
plugs(Fig. 3) Viewing through the high antero
lateral portal, two guidepins with the slotted

Fig. 1. A .The posterolateral bundle (PL) is located at the cross
ing point of the 2 lines,the long axis of ACL attach- 
ment(AX) and vertical line(VL) drawn through the con
tact point between the femoral condyle and tibial 
plateau at 90 degree of the knee flexion .The posteroin- 
ferior border of the tunnel should be on the posteroinfe- 
rior border of the footprint of posterolateral bundle. 
B.The tunnel for anteromedial bundle(AM) is created 
by transtibial technique as a single bundle reconstruc
tion .The anterosuperior border of the tunnel should be 
on the anterosuprerior border of the footprint of antero- 
medi시 bundle.

eye are advanced proximally until the slotted 
eyes are inside both anteromedial and postero
lateral femoral socket. A leading suture is 
passed through the tibial tunnel and pulled out 
with the grasper through the anteromedial por
tal with 4.5 mm plastic cannula. The leading 
sutures attached to the end of bone plug is 
pulled from proximal to distal. The anteromedi
al portal is widened by using a knife for easy 
passage of the graft. The distal bone plug is 
passed through the anteromedial portal and 
placed in the tibial tunnel by pulling the lead
ing sutures distally. Then the tip of guidepin 
with the slotted eye is withdrawn into the joint

Fig. 2. The distance between tunnel for anteromedial 
bundle(AM) tunnel and tunnel for posterolateral(PL) 
bundle should be more than 4mm to avoid socket bridge 
collapse.

Fig. 3. Two bundles using auto응enous quadriceps tendon are 
prepared. The graft is consist of 2 coronally splitted 
graft for replication of anteromedial and posterolateral 
bundle.
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from the femoral socket for the posterolateral 
bundle. The leading suture of the posterolateal 
graft bundle is hooked into the eye of the 
guidepin and the guidepin is pulled out to the 
lateral femoral condyle. The graft is g니ided into 
the closed end of the femoral socket for the pos
terolateral bundle. In the same manner, the 
anteromedial graft bundle is guided into the 
femoral socket for the anteromedial bundle. 
First, femoral fixation of the posterolateral bun
dle graft is obtained with the absorbable inter
ference screw through the accessory anterome
dial portal with the knee in 90 degree of flex
ion. And then tension is applied by pulling of 
ethibond sutured to bone plug in the tibial tun
nel while moving the knee 20 times through a 
full range of motion. The knee is brought to the 
10 degree flexion position. The distal bone plug 
is tensioned and secured by an absorbable 
interference screw. The proper advancement of 
the screw is confirmed by viewing through the 
high anterolateral portal. Once more, tension is 
applied on the graft in the femoral socket for 
the anteromedial bundle while moving the knee 
20 times through a full range of motion. Next, 
femoral fixation of the anteromedial graft bun
dle is obtained with the absorbable interference 
screw through the low anteromedial portal with 
the knee in 100 degree of flexion while an pos
teriorly directed force is applied. (Fig. 4)

미 scission

Various surgical procedures and graft selec
tion for double bundle ACL reconstruction have 
been presented in the literature. Some proce
dures used 1 tibial and 1 femoral tunnel3,1517and 
other procedures used 1 tibial and 2 femoral 
tunnels21418 or 2 tibial and 2 femoral tunnels14' 
9,12or 3 tibial and 2 femoral tunnels.16 The 
selected grafts in these procedures are also vari
ous： hamstring tendon, quadriceps tendon, 
hamstring-patallar tendon composite autograft 
and tibialis posterior allograft. Some authors 
recommend the anatomic anterior cruciate liga
ment reconstruction using the EndoButton fixa
tion device loaded two double-looped hamatring 

tendon grafts wi:h 2 femoral and 2 tibial tun
nels.1,6-9 The optirial method for anatomical dou
ble bundle ACL reconstruction is controversial 
yet. We developed the technique under several 
considerations. First, the number of tunnel 
should be decreased, if possible, for later revi
sion with preservation of biomechanical charac
teristics of anatomical reconstruction.21 
Considering the importance of PL bundle for 
resistance of r■아tary motion of the knee, 2 
femoral tunnels are necessary for reconstruction 
of anatomical ACL reconstruction. However, the 
intraarticular location of tibial aperture appear 
to be less critical relative to femoral side, even 
though some aut/iors reported the importance of

Fig. 4. (A) First, femoral fixation of the posterolateral bundle 
graft is obtained with the absorbable interference screw 
through the accessory anteromedial portal with the knee 
in 90 degree oi flexion. (B) After pretensioning, the dis
tal bone plug placed in the tibial tunnel is secured in 10 
degree of flexion by an absorbable interference screw. 
(C) After prete nsioning, femoral fixation of the antero
medial graft bundle is obtained with the absorbable 
interference screw through the low anteromedial portal 
with the knee in 100 degree of flexion while an posteri
orly directed force is applied
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tibial tunnel to replicate anteromedial and pos
terolateral bundle more anatomically when con
sidering the direction of graft and graft tension. 
The comparison between one tibial tunnel with 
2 femoral tunnel and 2 tibial tunnel with 2 
femoral tunnel is not reported by this time. Mae 
T et al.2 presented that double bundle ACL 
reconstruction w辻h 2 femoral tunnel and single 
tibial tunn이 showed better clinical results and 
restoration of normal kinematics of the knee in 
biomechanical study. So we made two femoral 
tunnel and one tibial tunnel instead of two tib
ial tunnel. Secondary, we tried to search the 
graft materials to improve the fixation strength 
with small number of adjunctive fixation 
instrument. Recently, some surgerns prefer an 
EndoButton fixation using hamstring tendon on 
the femoral site for both the anteromedial and 
posterolateral bundle reconstructions. However 
complications associated with the EndoButton 
fixation device have been reported. Endobutton 
drill bit failure, intraarticular migration, soft 
tissue interposition between the Endobutton and 
the femoral cortex., bungee effect and malposi
tion within the cancellous bone of the femoral 
tunnel in double bundle ACL reconstruction.22 
Using the quadriceps tendon, many advantages 
have been reported in aspect of graft materi
al.23,24,25 Moreover in some report, the laxity was 
much higher that used the hamstring as graft 
source than autologous patella tendon,26 The 
intraarticular length of the ACL measured in 
the procedure makes the interference screw fix 
the graft to the original ACL attachment site, 
which may increase knee stability by decreasing 
the so-called bungee, windshield and stress 
shield effect. To enhance the femoral interfer
ence screw fixation of the grafts, the EndoPearl 
device are applied to end of the each splitted 
graft, which add fixation strength to more than 
50% of the loads.27 We experienced total of 8 
cases of patients since Nov. 2004 and showed 
good preliminary results. Beca니se arthroscopic 
double bundle ACL reconstruction including this 
procedure and other procedure are in a time of 
evolution and is technically demandable, it is 
not recommended for all orthopaedic surgeons.

However, it is worthwhile for surgeons to seek 
the better clinical results especially in the 
patients who have generalized laxity. In conclu
sion, our technique 니sing quadriceps tendon 
may be an alternative in arthroscopic double 
bundle ACL reconstruction but clinical and bio
mechanical studies to investigate the long term 
results of this procedure are necessary.
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