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ABSTRACT

Anterior cruciate ligament (ACL) reconstruction in young male athletes is typically
performed using various methods, including hamstring tendon autograft (HT), patellar tendon autograft
(PT), or allograft (QT). However, no consensus exists on the optimal graft choice for ACL reconstruction.
This study aimed to compare the lower limb biomechanics in young male athletes following ACL
reconstruction using allograft, patellar tendon autograft, and HT.

[VETELEE This study compared the biomechanics of directional changes in young athletes with
unilateral ACL reconstruction using HT (n=6), PT (n=6), and QT (n=6). The participants were in the active
rehabilitation phase and performed change-of-direction movements (side-step change of direction,
forward change of direction, and running with directional change). Biomechanical assessments were
conducted using a three-dimensional motion analysis system with eight cameras (Vicon, Vicon Motion
Systems Ltd, Oxford, UK) and two analog force plates (AMTI OR6-5, Advanced Medical Terminology,
Watertown Inc, MA, USA). Data were analyzed using multivariate analysis of covariance (MANCOVA),
which was employed to evaluate intergroup differences in SPSS software, version 26 at a significance
level of 0.05.

ST MANCOVA revealed a significant difference in vertical ground reaction force (GRF) between
the HT, PT, and QT groups (P=0.021), independent of movement direction (P =0.984). Other force
variables, such as internal-external and anterior-posterior GRF, loading rate, and hip and knee flexion/
extension torques, showed no significant differences between groups or group-direction interactions
(P>0.05). However, adduction/abduction and internal/external rotation torques of the hip and knee
demonstrated significant dependence on movement direction (P<0.001 and P=0.032). Additionally, hip
and knee adduction/abduction and internal/external rotation angles exhibited significant intergroup
and directional interactions (P=0.001 and P=0.002 for the hip and P=0.001 for the knee). In contrast,
no significant differences were observed in other angles, such as knee flexion/extension and internal/
external rotation, across groups or movement directions.

[@TEIERT Overall, the findings indicate reduced knee and hip loading in adolescents following ACL
reconstruction. Moreover, athletes with PT or QT grafts experienced greater deficits in knee and hip
performance during rehabilitation than with HT grafts. Therefore, graft choice in ACL reconstruction
should be tailored to the individual conditions of athletes and planned to optimize movement
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Introduction

nterior cruciate ligament (ACL) injuries

are among the most common and de-

bilitating injuries in young male athletes,

particularly in high-impact sports such as

basketball. The ACL plays a crucial role in
stabilizing the knee joint by preventing excessive anterior
translation and rotational movements of the tibia relative
to the femur. A torn ACL can lead to pain, instability, and
functional deficits, significantly hindering an athlete’s
ability to return to competitive play. ACL reconstruction
is the preferred treatment for individuals seeking to re-
store full knee function and resume sports activities. Three
primary graft options for ACL reconstruction include the
hamstring tendon autograft (HT), the patellar tendon au-
tograft (PT), and the allograft (donor tissue). The graft
choice depends on several factors, including the patient’s
age, activity level, rehabilitation goals, and surgeon pref-
erence. While the PT autograft offers high tensile strength
and superior stability, it is associated with anterior knee
pain and an increased risk of patellar tendinitis.

The HT autograft provides excellent biomechanical prop-
erties with lower donor-site morbidity but may lead to
hamstring weakness. The allograft, derived from cadav-
eric tissue, eliminates donor-site complications but has a
higher risk of graft failure due to slower biological incor-
poration. Despite these considerations, there is no con-
sensus on the optimal graft choice, particularly regarding
lower limb biomechanics and functional performance dur-
ing dynamic sports movements. This study addresses this
gap by comparing the lower limb biomechanics of young
male basketball players undergoing ACL reconstruction
with different graft types. Specifically, it examines how
ACL reconstruction influences movement patterns during
running and change-of-direction maneuvers, critical com-
ponents of basketball performance. By analyzing key bio-
mechanical variables, including ground reaction forces,
joint torques, and movement angles, this study provides
insights into the optimal graft choice for maximizing func-
tional recovery and minimizing re-injury risk.

Methods

This cross-sectional study compared the biomechan-
ics of directional changes in young basketball athletes
(aged 18-35 years) who had undergone unilateral ACL
reconstruction using (HT, 6 participants), (PT, 6 partici-
pants), and allograft (QT, 6 participants). All participants
were in the active phase of functional rehabilitation and
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performed directional change movements while running,
including side-step change of direction, forward change
of direction, and running with directional change. Biome-
chanical assessments were conducted using an advanced
3D motion analysis system with eight high-speed cam-
eras (Vicon, Vicon Motion Systems Ltd, Oxford, UK)
and two analog force plates (AMTI OR6-5, Advanced
Medical Terminology, Inc., Watertown, MA, USA), al-
lowing precise measurement of joint angles, ground re-
action forces (GRF), and loading rates during movement
execution. The primary biomechanical variables analyzed
included ground reaction forces in vertical, internal-ex-
ternal, and anterior-posterior components; joint torques
in hip and knee flexion/extension, adduction/abduction,
and internal/external rotation; and joint angles in the same
movement planes. A multivariate analysis of covariance
(MANCOVA) was used to determine significant differ-
ences between the three graft groups while controlling
for potential confounders, with a significance level of P <
0.05 established to determine statistical significance.

Results

The results of the MANCOVA revealed significant dif-
ferences in several key biomechanical parameters among
the three groups. A significant difference in vertical
ground reaction force (GRF) was observed between the
HT, PT, and QT groups (P=0.021). In contrast, no signifi-
cant differences were found in GRF components related
to movement direction (P=0.984) or in internal-external
and anterior-posterior GRF and loading rates (P>0.05).
Regarding joint torques, adduction/abduction, and in-
ternal/external rotation torque at both the hip and knee
joints were significantly influenced by movement direc-
tion (P<0.001 and P=0.032, respectively). In contrast, no
significant intergroup differences were observed in hip
and knee flexion/extension torques (P>0.05). Regarding
joint angles, significant intergroup and movement direc-
tion interactions were found in hip and knee adduction/
abduction and internal/external rotation angles (P=0.001
and P=0.002 for the hip; P=0.001 for the knee), but no
significant differences were noted in knee flexion/exten-
sion and internal/external rotation angles between groups
or movement directions (P>0.05). These findings suggest
that graft type has a measurable impact on biomechanical
performance during high-intensity movements. Notably,
PT and QT graft recipients exhibited greater deficits in
knee and hip performance than HT graft recipients, indi-
cating potential biomechanical disadvantages associated
with these graft choices.
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Conclusion

The findings of this study highlight the complex biome-
chanical adaptations that occur following ACL reconstruc-
tion, with differences in GRF and joint torques suggesting
that graft type influences mechanical loading patterns
during sports-specific movements. The higher vertical
GRF observed in certain groups may indicate altered neu-
romuscular control or compensatory strategies to protect
the reconstructed knee. The significant dependence of hip
and knee torques on movement direction suggests that
athletes may experience varying degrees of mechanical
stress based on their cutting and directional movement
patterns, emphasizing the need for targeted rehabilitation
programs that account for directional biomechanics. The
deficits in knee and hip performance observed in PT and
QT graft recipients may result from factors such as graft
harvesting techniques, muscle imbalances, and altered
proprioception, as PT autografts are known to cause ante-
rior knee pain and quadriceps weakness, while allografts
may exhibit delayed biological incorporation, leading to
functional deficits during early rehabilitation.

This study provides valuable insights into the biome-
chanical outcomes of ACL reconstruction using different
graft types, indicating that HT grafts may offer superior
biomechanical advantages compared to PT and QT grafts,
particularly regarding knee and hip performance during
dynamic movements. Given the importance of optimal
movement biomechanics for injury prevention and sports
performance, these findings underscore the need for in-
dividualized graft selection based on an athlete’s specific
needs and functional demands. Future research should ex-
plore long-term functional outcomes and re-injury rates
associated with graft choices. Incorporating neuromuscu-
lar training programs tailored to the observed biomechan-
ical deficits may help optimize rehabilitation and enhance
return-to-sport outcomes. Ultimately, ACL reconstruction
is not a one-size-fits-all procedure, and careful consider-
ation should be given to graft selection to minimize com-
plications, reduce re-rupture risks, and promote long-term
athletic success.
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4. Thigh wand

5. Patella marker

6. Tibia wand

7. Proximal tibial crest marker
8. Knee alignment devices

9. Virtual markers

10. Knee flexion axis

11. Ankle joint axis

12. Medial and lateral malleoli
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