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Abstract
Purpose: An original technique of introducing hamstring graft into the femoral tunnel and its’ fixation which forms an anatomic 
double bundle anterior cruciate ligament (ACL).

Materials and Methods: Hamstring tendon graft is prepared with a “head”, “body” and two “tails”. The femoral tunnel is drilled at 
the Resident’s and Bifurcation ridge junction through the anteromedial portal and subtunnels are prepared. The graft is introduced 
into the knee - “body” in the femoral tunnel, “tails” in one subtunnel and “head” in the other. Fixation is done by an absorbable in-
terference screw. The “head” and the “tails” are twisted inside the tibial tunnel. Fixation in the tibial tunnel is done by an absorbable 
interference screw.

Discussion and Conclusion: This technique eliminates “bungee” and “windshield wiper” effect, anatomic position of the graft is 
achieved and risk of “blow out” effect and graft damage during screw insertion is significantly reduced.
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Introduction
Arthroscopic techniques of anterior cruciate ligament (ACL) 

brought to enormous increase in number of performed ACL re-
constructions enabling increased stability and better function of 
the knee, shorter post-operative period and quicker recovery and 
comeback to regular every-day and sports activities [1]. It is esti-
mated that one in 3000 persons would undergo ACL reconstruc-
tion [2]. Today two grafts are in everyday use [2, 3]: 1. patellar 
tendon (Bone-tendon-Bone, BTB), and 2. gracilis and semiten-
dinosus muscle tendon (hamstring). Both are used at almost the 
same rate, both have some advantages and drawbacks and only 
surgeon’s experience choses a better graft for a particular patient 
[4,5]. It is considered that ACL reconstruction procedure depends 
on achieving anatomical position and maintaining the graft in bone 
tunnels [3]. For the tibial tunnel most commonly an absorbable 
interference screw is used to rigidly fixate the graft [6]. Femoral 
tunnel graft fixation could be classified into two major groups: 1. 

suspended fixation, and 2. rigid fixation. Suspended fixation means 
that the graft is attached to the tunnel only at its’ top while through 
the rest of the tunnel it just leans on the bony walls [5]. Most com-
monly used techniques from this group are Endo button (ACL Tight 
Rope, Artrex) and transfemoral screw (Bio-TransFix, Artrex). Main 
drawbacks of this technique are the graft stretching - “bungee” ef-
fect, and circular or semi-circular movements of the graft inside the 
tunnel - “windmill” or “wind-shield wiper” effect, resulting in tun-
nel enlargement and graft loosening. This can affect graft ingrowth 
to the bone and bring to the procedure failure [7, 8]. Rigid fixation 
or as it is also known “near aperture” fixation is a method in which 
the graft is firmly positioned in the tunnel or at least at its’ lower 
end (aperture) most commonly by an interference screw or by spe-
cial transfemoral pins (RIGIDFIX Cross Pin System, DePuy Mitek). 
Drawbacks of this method are possible graft damage by the screw 
or posterior tunnel wall disruption - “blow out” effect [8].
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Material and Methods
Graft preparation

First gracilis tendon is separated from the pes anserinus and 
3 cm “fish bone” suture is made at distal end of the tendon using 
absorbable thread (we use PDS II, Polydioxanone Suture, Size 1, 
ETHICON) leaving some 10 cm of the thread free at the end of the 
graft. This end of the future graft is called the “tail”. The tendon is 
then separated from the muscle and the same procedure is repeat-
ed at semitendinosus tendon. Beginning from “the tail” 20 cm is 
measured and the rest of the tendons is cut off. Tendons are placed 
parallel to each other and stitched together at the opposite end of 
the “tails” using the same “fish-bone” suture also leaving free some 
10 cm of the thread. This end of the graft is called the “head”. In 
this way a double graft, 20 cm long, with one “head” and two “tails” 
is obtained. The exact middle point of the graft is determined and 
using the same thread type and the same “fish-bone” technique an-
other suture 6 cm long (3 cm on each side from the midpoint of the 
graft) is made (this time we use softer thread VICRYL, Polyglactin 
910 Suture, Size 2-0, ETHICON). This part of the graft is called the 
“body”.

Figure 1: Graft. 

Tunnel preparation

Knee is flexed to 110 - 120 degrees. A K-wire with en eyelet is 
introduced through the anteromedial portal to the knee and at 
the connection point of Resident’s and Bifurcation Ridge is drilled 
until is exits the skin at lateral thigh. Along the K-wire drilling is 
made with a drill 0.5 mm wider than the width of the graft. A 3.5 
cm long femoral tunnel is made. Then, using a 2 - 3 mm abrader, 
subtunnels are made. For the right knee subtunnels are positioned 
at 06:15 hours and for the left knee at 06:45 hours. Length of the 
subtunnels should be 10 mm, width 3 - 4 mm and depth 2 - 3 mm. 
Through the eyelet of the K-wire a guide thread around 30 cm long 

is pulled through and the wire is extracted on the lateral side of the 
knee pulling two ends of the thread with it. In this way a double 
thread with a loop going out form the anteromedial portal is ob-
tained. Tibial tunnel is prepared the same way as at the other ham-
string graft techniques.

Figure 2: ACL footprint on femur. 

Figure 3: ALC footprint.

Figure 4: Femoral tunnel.
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Graft introduction and fixation in the femoral tunnel

Double graft is pulled through the loop of the guide thread. 
Through the anteromedial portal, one by one, the “tails” of the 
graft along with the free thread on its’ end are introduced inside 
the knee and pulled out through the tibial tunnel using an instru-
ment. The guide thread is pulled on the lateral side of the knee 
introducing the “body” of the graft into the femoral tunnel. In this 
way the “tails” of the graft are in the tibial tunnel, the “body” in 
the femoral tunnel and the “head” goes out of the knee through 
the anteromedial portal. An interference screw (we use MILAGRO, 
DePuy Mitek) is introduced into the femoral tunnel above the graft 
“body” (8 x 30 mm screw for 7.5 - 8 mm tunnel; 9 x 30 mm screw 
for 8.5 - 9 mm tunnel). During the screw insertion each double part 
of the graft must be laid down in one subtunnel - this is achieved by 
the separation of the graft ends - the “head” is in the anteromedial 
portal and it is placed in the 06:15 subtunnel for the right knee 
and 06:45 for the left; the “tails” are in the tibial tunnel and are 
placed in 06:15 subtunnel for the right knee and 06:45 subtunnel 
for the left.

Figure 5: Graft introduction.

Figure 6: Graft position, operative view.

Final positioning and graft fixation in the tibial tunnel

In the same way as the two “tails” before, the “head” is inserted 
into the knee and pulled out through the tibial tunnel. Two “tails” 
held together and the “head” are twisted and positioned in the tib-
ial tunnel so that final form of anatomic ACL is achieved and two 
major bundles are clearly visible. Fixation in the tibial tunnel is 
done in the same way as in other hamstring techniques using an 
interference screw, knee flexed at 30 degrees.

Figure 7: Final positioning.

Figure 8: Reconstructed double bundle ACL.

Discussion
No specific ACL reconstruction technique satisfies all the needs 

of this procedure [9,10]. Today it is considered that the greatest 
influence on this surgical procedure success have two factors: 1. 
anatomical position of the graft, and 2. fixation of the graft that can 
withstand long enough for the graft to grow into the bone and take 
form of natural ACL [11]. Along with these two factors special at-
tention is directed to at least two major bundles of this ligament, 
anteromedial (AM) and posterolateral (PL) [12]. Surgical technique 
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described above should be called “double bundle - single tunnel”. 
Similar techniques had been described previously. Morgan CD., 
et al. [13] published a technique with femoral tunnel notches but 
technique is more orientated towards tibial tunnel position and 
retrograde screw insertion and does not concern femoral tunnel 
in details. Further on, femoral tunnel is drilled through the tibial 
tunnel making it almost impossible to achieve anatomical position 
of the ACL, position of the femoral subtunnels is different (01:35 
for the left knee) and finally our technique describes a unique way 
of graft introduction that ensures that the graft stays in place and 
represents the natural ligament bundles. Other similar techniques 
use complex (AperFix System, Cayenne Medical) [14] and more ex-
pensive fixation system (Femoral INTRAFIX, DePuy Mitek). Some 
of them use combine BTB and hamstring tendon graft and make 
four tunnels to achieve double bundle [9]. Making of subtunnels 
and placing the two bundles of the graft in them enables forming 
AM and PL bundle and also, decreases pressure at the tunnel walls 
thus significantly reducing risk of the “blow out” effect. Further on, 
an advantage of this technique is the position of the femoral tun-
nel which in relation to the Resident’s ridge mostly corresponds 
to the anatomical position of a natural ACL. Together with bundles 
separation inside the tunnel, this additionally enables achieving 
optimal position of the bundles so that they almost completely re-
semble the bundles of a natural ACL [15]. It has been proven that 
the weakest link in ACL reconstruction is initial graft stability [8]. 
Rigid fixation avoids “bungee” and “windshield wiper” effect de-
scribed at suspended fixation. Finally, making suture in the middle 
of the graft and forming the “body” reduces the risk of graft dam-
age and rupturing described as a complication of other rigid fixa-
tion techniques.

Conclusion
This technique is simple, it eliminates or significantly reduces 

risk described at other both rigid and suspended fixation tech-
niques. The “bungee” and “windshield wiper” effects are elimi-
nated, the anatomic position of the graft is achieved and the risk 
of the “blow out” effect and graft damage during screw insertion is 
significantly reduced. This technique allows body to renew the ACL 
that will in anatomic and biomechanical aspect almost completely 
represent the natural ACL.
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