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Biomechanical Comparison of Single-
Tunnel-Double-Bundle and Single-Bundile
Anterior Cruciate Ligament Reconstructions

Hemanth R. Gadikota,* MS, Jong Keun Seon,”’ MD, Michal Kozanek,* MD, Luke S. Oh,* MD,
Thomas J. Gill,* MD, Kenneth D. Montgomery,” MD, and Guoan Li,*® PhD

From the "Bioengineering Laboratory, Department of Orthopaedic Surgery, Massachusetts
General Hospital and Harvard Medical School, Boston, Massachusetts, the "Department of
Orthopaedics, Chonnam National University Hwasun Hospital, Jeonnam, South Korea, and
*TH-County Orthopaedic & Sports Medicine, Morristown, New Jersey

Background: Anatomic double-bundle reconstruction has been thought to better simulate the anterior cruciate ligament anat-
omy. It is, however, a technically challenging procedure, associated with longer operation time and higher cost.

Hypothesis: Double-bundie anterior cruciate ligament reconstruction using a single femoral and tibial tunnel can closely repro-
duce intact knee kinematics.

Study Design: Controlled laboratory study.

Methods: Eight fresh-frozen human cadaveric knee specimens were tested using a robotic testing system to investigate the kine-
matic response of the knee joint under an anterior tibial load (130 N), simulated quadriceps load (400 M), and combined torques
(5 N-m valgus and 5 N-m internal tibial torques) at 0%, 15°, 30°, 60°, and 30° of flexion. Each knee was tested sequentially under 4
conditions: (1) anterior cruciate ligament intact, {2) anterior cruciate ligament deficient, (3) single-bundle anterior cruciate ligament
reconstruction using quadrupled hamstring tendon, and (4) single-tunnel-double-bundie anterior cruciate ligament reconstruction
using the same tunnels and quadrupled hamstring tendon graft as in the single-bundle anterior cruciate ligament reconstruction.

Results: Single-tunnel-double-bundle anterior cruciate ligament reconstruction more closely restored the intact knea kinamatics
than single-bundle anterier cruciate ligament reconstruction at low flexion angles (30" under the anterior tibial load and simu-
lated muscle load (P < .05). However, single-tunnel-double-bundle anterior cruciate ligament reconstruction overconstrained the
knee joint at high flexion angles (260°) under the anterior tibial load and at 0° and 30° of fiexion under combined torques.

Conclusion: This double-bundle anterior cruciate ligament reconstruction using a single tunnel can better restore anterior tibial
transtations to the intact level compared with single-bundle anterior cruciate ligament reconstruction at low fiexion angies, but it
overconstrained the knee joint at high flexion angles,

Clinical Relevance: This technigue could be an alternative for both single-bundie and double-tunnel-double-bundle anterior
cruciate ligament reconstructions to reproduce intact knee kinematics and native anterior cruciate ligament anatomy.

Keywords: anterior cruciate ligament (ACL); knee kinematics; single-tunnel~double-bundle ACL reconstruction: robotic testing

Many clinical outcome studies have demonstrated satisfac- long-term clinical studies have reported a high incidence of

tory stability of the knee joint after a single-bundle ante-
rior eruciate ligament {ACL) reconstruction.” ™ However,
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ostecarthritis. and knee pain in the ACL-reconstructed
knge, B0 oo varal progpective studies have reported
no differences in the rate of osteoarthritis between patients
treated operatively or nonoperatively.'™™ "' Improving
ACL reeonstruction techmigues that may restore normal
knee kinematics and prevent joint degeneration remains a
subject of continuing debate in sports medicine research,
Double-bundle ACL reconstruction was introduced to
reconstruct the 2 functional bundles (anteromedial [AM)]
and posterclateral [PL]) of the ACL.™*® The 2 functional
bundles were reconstructed by creating different numbers
of femoral and tibial tunnelz (2 tibial/2 femoral, 2 tibial/l
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femoral, 1 tibial/2 femoral,and 1 tibial/1 femoral) ! 41544546
There are clinical and biomechanical studies that have
reported that double-bundle ACL reconstruction restores
the knee joint stability more clesely to the intact level than
single-bundle ACL reconstruction, ' #45848 b
contrary, there are also elinical and biomechanical studies
showing no significant advantage of the double-bundle
ACL reconstruction over the conventional single-bundle
ACL reconstruction.| Several factors, such as the tunnel
position for single-bundle and double-bundle ACL recon-
struction technigues, initial grafl tension, angle of graft
fixation, fixation devices, and clinical examinations, may
have contributed to the discrepancies found in these stud-
ies that compared single-bundle and double-bundle ACL
reconstruction technigues. Accepted standards for these
factors are vet to be established. There is no consensus in
the literature showing a significant advantage of the
double-bundle ACL reconstruction over the single-bundle
ACL reconstruction,

Recently, a few authors have proposed surgical tech-
nigues to reconstruct both the functional bundles using &
single femoral and tibial tunnel."*** Using these tech-
niques, the ACL reconstruction could reproduce the 2 func-
tional bundlez by separating the bundles in a single
femoral and tibial tunnel. Furthermore, such a reconstruc-
tion adheres to a more familiar tunnel placement than a
technically challenging double-tunnel ACL reconstruction.
To our knowledge, there are no biomechanical studies that
have investigated the kinematics of a double-bundle ACL-
reconstructed knee using a single tunnel. The purposze of
this study was to quantitatively measure the kinematics of
the kmee joint under 3 external loading conditions after
single-tunnel—double-bundle ACL reconstruction and to
compare these kinematics with those obtained after a
single-bundle ACL reconstruction using a robotic testing
gystem. We hypothesized that single-tunnel-double-bundle
ACL reconstruction ean restore the anterior-posterior and
rotational stabilities to the intact level more closely than
the single-bundle ACL reconstruction.

MATERIALS AND METHODS

Eight fresh-frozen human cadaveric knee specimens (age
range, 58-64 vears) were used in this study, Fluoroscopy
and manual stability tests were performed to examine the
specimens for ostecarthritis and ACL injuries. If the speci-
men had either of these conditions, they were eliminated
from the study. Each specimen was thawed at room tem-
perature for 24 hours before the testing. The femur and the
tibia were trancated approximately 25 em from the joint
line without damaging the soft tissues around the knee,
The fibula was fixed in its anatomic position to the tibia by
using a bone screw, The musculature around the shafts of
the femur and tibia waz removed to facilitate the installa-
tion of the specimen on the robotic testing svstem.

The robotic testing system consists of a robotic manipula-
tor (Kawasaki UZ150, Kawasaki Robotics USA Inc, Wixom,

“References 2, 5. B, 15, 16; 25, 27, 34, 38, 46.
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Michigan) and a 6 degrees of freedom load cell (JR3 Inc,
Woodland, Californial. This system can ba used to study the
biomechanics of the knee joint. Several studies have been
published to describe the operation of this robotic testing
system.” " To simulate muscle function, quadriceps
muscles were sutured to a rope that was passed through &
pulley system on the femoral clamp. Quadriceps musele
loading was simulated by hanging weights on the free end
of the ropes. Each specimen was manually flexed 10 times,
from full extension to full flexion, to precondition the speci-
men before it was installed on the robotic testing system.

After the specimen was installed on the robotic testing
system, the robotic testing system was used to determine a
passive flexion path in the unloaded knee. The passive
flexion path was determined by finding the passive posi-
tions from full extension to H0° of flexion in 1* increments,
The passive position is described as a position of the knee
at which all resultant forces and moments at the knee
center were minimal (<5 N and <0.5 N-m, respectively).

In this study, each knee was tested under 3 differsnt
external loading conditions (anterior tibial load [130 Nj,
simulated quadriceps load [400 N|, and combined torques
[5-N-m valgus and 5-N-m internal tibial torques]) at selected
flexion angles of 07, 15%, 30°, 60°, and 80° along the passive
path. The anterior tibial load was used to simulate clinical
examinations such as Lachman and anterior drawer tests,
The gquadriceps load (applied parallel to the femoral shaft)
was used to simulate an isometric extension of the knee. The
knees were also subjected to combined torques (5-N-m val-
gus and 5-N'm internal tibial torques) at 0° and 30° of knee
flexion. Under each load, the robot manipulated the knee
joint in 5 degrees of freedom until the applied load was bal-
anced by the knee at a selected flexion angle. This position
of the knee represents the kinematic response of the knee to
the applied lond. In this article, the anterior-posterior tibial
translations and internal-external tibial rotations of the
knee are reported under each external leading condition
mentioned above at all selected flexion angles.

After the knee was tested in the intact condition, the
knee was tested in 3 different conditions sequentially. First,
the ACL was regected through a small medial arthrotomy
with the knee flexed to 30° to simulate an ACL-deficient
knee condition. The arthrotomy and the skin were repaired
in lavers by sutures. The ACL-deficient knee kinematics
were determined under the same external loading condi-
tions used for the intact knee. Second, single-bundle ACL
recongtruction (Figure 1A) was then performed using a
gquadrupled hametring (semitendinosus and gracilis ten-
dons! graft, Single-bundle ACL-reconstructed knee kine-
matics were determined under the 3 external loading
conditions, Finally, single-tunnel-double-bundle ACL recon-
struction (Figure 1B} was then performed using the same
quadrupled hamstring {(semitendinosus and gracilis ten-
dons) graft and tunnels that were used for the single-bundle
ACL reconstruction. The kinematic responses of the single-
tunnel-double-bundle ACL-réconstructed knee under the 3
external loading conditions were détermined.

For testing the knee under the 4 different conditions
(intact, ACL-deficient, single-bundle ACL-reconstructed,
and single-tunnel-double-bundle ACL-reconstructed), the
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