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ABSTRACT

However, due to the long-term recovery process in anterior cruciate
ligament injury and the occurrence of secondary problems after surgery, as well as
the lack of adherence to postoperative rehabilitation programs, however, there is a
risk of re-rupture of this ligament. Therefore, the aim of the present study was to
compare the kinematic parameters of the trunk and lower limbs during shear
Available Online: 23 July 2022 maneuvers in healthy and reconstructed athletes of the anterior cruciate ligament.
The subjects of this study included 34 male athletes who were randomly
divided into experimental (reconstructed cruciate ligament) and control (healthy)
groups. Kinematic and Kinetic data were recorded using a camera motion capture
system (Vicon, Oxford Metrics Ltd) sampling at 200 Hz, synchronously with ground
reaction forces from force platform at 1000 Hz (Kistler AG, Winterthur, Switzerland).
The calculation of kinematic variables from initial foot contact to toe-off with force
plate was performed by Visual3D (C-Motion Inc) software.

The results of independent t-test concerning trunk flexion, hip and ankle
flexion did not show a significant difference between the healthy and ACLR groups
(P>0.05), but decrease in knee joint flexion in the ACLR group, was significant
(P=0.008) compared to the healthy group Also in the ACLR group, an increase in
Anterior Cruciate knee joint valgus was significant (P=0.05). ACLR group's tibia rotation with respect
to femur was also significant (P=0.038) compared to that of the healthy group.

Due to the change in the kinematics of ACLR group compared to that of
the healthy individuals and the increased risk of re-rupture in ACLR individuals, it is
suggested that in designing exercises and postoperative rehabilitation courses, proper
training of techniques and movements be performed to reduce the likelihood of re-
injury by achieving the desired kinematics in the joints and limbs as well as the
athletes' awareness. injury by achieving the desired kinematics in the joints and limbs
as well as the athletes' awareness.
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Extended Abstract

1. Introduction

Anterior cruciate ligament rupture is one of the most important parts of the knee joint that is common among
athletes [1]. One of the most common treatments for ACL rupture is surgical reconstruction of the ligament,
which is recommended for athletes who want to work at a high level after surgery [6]. The most important
mechanisms of ACL injury include: valgus of the knee joint, anterior movement of the tibia relative to the femur,
reduction of knee flexion [5,6] and external rotation of the tibia on the pronated foot [9], abrupt changes in the
center of mass of the body at high acceleration and slowing down in activities such as such as one-legged landing
and cutting maneuvers [10]. Kylie et al. Similar activities such as walking, running, jump-landing and cutting
maneuvers, cause the ACL to rupture and re-damage in these people [11]. Because the trunk and lower extremity
joints act as an interconnected system, understanding the kinematic variables in healthy and reconstructed ACL
athletes improves our understanding of the biomechanical factors associated with ACL injury as well as its re-
rupture [11].

2. Methods

The subjects of this study included 34 male athletes who were randomly divided into two groups of 17
experimental (reconstructed anterior cruciate ligament) and control (healthy). Kinematic and kinetic information
of these subjects was recorded by 8 cameras, 3-D motion analysis system (Vicon Motion Capture, England) and
force platform (9260AA, Kistler, Switzerland) with sampling frequencies of 200 and 1000 Hz, respectively
[12,19]. In this study, athletes in the healthy group and ACLR were matched in terms of superior and non-
superior legs. Model bar of recorded movements and the naming of markers and eliminating the distances
between the path of markers were done by Nexus software, version 2. 8. 2, made by the British company Vicon.
Then, Visual 3D software (Visual3D, C-Motion Inc) was used to build a 3D model of the trunk and lower limbs.
According to the results of the previous literature, for the purposes of this study, only the initial deceleration
stage was considered, which was from the moment the foot collided with the lifting of the toes (stance phase)
with the force platform, because this stage is the period of time in which the prevalence of non- contact injuries
of the anterior cruciate ligament is higher [13]. After preparing the subjects and static and dynamic calibration
of 3-D motion analysis system, each subject was to travel the calibrated path of movement of 10 meters long
with maximum speed and in a predetermined place on the force platform with his superior foot at an angle of 45
degree performed the shear maneuver five times, from which three appropriate repetitions were selected for
subsequent analysis (Figure 1). An appropriate test was one in which the right foot came in contact with the
force platform and was performed at the specified angle [18]. Then, in order to filter the data, a fourth-order low-
pass Butterworth filter with a cutting frequency of 14 Hz was used [18]. The statistical method used in this study
included descriptive statistics and inferential statistics at a significance level of 0.05.

Figure 1. Runway, cutting at 45°, camera and force platform setup.

Aziminia M & Abbasi A. Trunk and Lower Extremity Kinematic Variables during Side-Cutting Maneuver. J Sport Biomech .2022; 8(1):50-64.




Journal of

3. Results

The results of independent t-test in trunk flexion, hip and ankle flexion did not show a significant difference
between the healthy and ACLR groups (P>0.05), but in the ACLR group, there was a significant decrease
(P=0.008) in knee joint flexion compared to the healthy group. Also in the ACLR group, there was a significant
increase in knee joint valgus (P=0.05) and tibia rotation with respect to femur compared to the healthy group
(P=0.038) (Table 1).

Table 1. Results of descriptive and inferential statistics for the studied parameters in the two groups

Kinematic parameters Groups Mean+SD p-value

peak of trunk flexion Healthy 7.693 + 18.532 0.08
ACLR 4.366 + 14.279

peak of hip joint flexion Healthy 4.884 +48.109 0.963
ACLR 8.157 + 47.637

peak of knee joint flexion Healthy 6.786 + 46.814 0.008*
ACLR 7.824 +37.483

peak of knee joint valgus Healthy 1430 +4.414 0.05*
ACLR 3.675 +8.493

tibiofemoral rotation ratio Healthy 4.402 +£9.073 0.038*
ACLR 7.978 £12.536

peak of Ankle joint flexion Healthy 1.782 +£21.022 0.764
ACLR 1.916 +21.430

*= Significant difference between the results of ACLR and control groups

4. Discussion and Conclusion

The results of the present study showed a significant reduction in the peak of knee joint flexion in ACLR athletes
compared to healthy ones. The studies on the risk factors for ACL injury and its re-rupture with motion video
analysis systems, have shown that the reduction in range of motion and flexion angle of the knee joint is usually
associated with ACL ligament injury. In this case, the quadriceps muscles produce enough anterior shear force,
which causes the ACL to rupture. Studies also show that the anterior shear force is the most important
determinant of the amount of load applied to the ACL [20]. Increasing the amount of this variable has a
significant relationship with decreasing knee flexion [14,21]. Knee valgus is one of the most important
mechanisms of ACL injury and re-rupture [22]. The results of the present study on knee valgus were in line with
the results of the study by Montgomery et al. (2016), The researchers report that 80% of the mechanisms of ACL
rupture are caused by pressure of the valgus on the knee joint [23]. This biomechanical abnormality can also
cause a different force distribution on the upper surface of the tibia, which increases the risk of primary
osteoarthritis and re-injury of the ACL ligament [24]. The results of the present study showed that the
tibiofemoral rotation ratio in the horizontal plane was significantly higher in the ACLR group than in the healthy
group. Increasing the tibiofemoral rotation ratio causes valgus loads on the knee joint, which in turn causes
excessive pressure on the ACL ligament. Because non-contact ACL injuries can be caused by a force that causes
the tibia to rotate inward and outward, disruption of the large natural direction relative to the femur may increase
the pressure on the ACL ligament and rupture it again [7,26]. In the study of Hantes et al. (2012), the findings
showed that the altered anterior shear force due to the reduction of knee joint flexion in ACLR patients has a
significant relationship with the increase of tibial rotation relative to the femur, which can be due to the reduction
Muscle strength in the hamstring and gastrocnemius muscles in ACLR individuals who are responsible for
controlling large rotation [27]. The mentioned results were consistent with the present study. The results of the
present study showed that despite the decrease in the mean peak of trunk flexion segment in the ACLR group
compared to the healthy group, no significant differences were found between the two groups. Decreased trunk
angle in the affected group may be due to lack of control and neuromuscular stability of this part in these people
[28]. The joints of the trunk and lower limbs act as an interconnected system, and since a change in a joint or
limb can affect the joints and upper and lower limbs, this causes the line of transmission of forces in this Joints
to be altered, causing excessive loading and increasing the likelihood of injury [29]. In the study by Hewett et
al. (2009), dealing with the effect of trunk and lower limb kinematics on the risk factors for ACL injury and its
re-rupture, it was reported that ACL reconstructed individuals lack optimal trunk kinematics compared to healthy
individuals. The results of studies show that reducing trunk flexion in the sagittal plane increases axial pressure.
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Therefore, it can be concluded that reducing the angle of the trunk segment in the stance phase can be a high risk
pattern in ACL injury [30]. In the present study, the mean peak of hip joint flexion at the moment of foot collision
with the force platform during shear maneuver was lower in the ACLR group than in the healthy group, but it
was not statistically significant. According to the findings of Marry et al. (2016), considering that the side cutting
maneuvering skill is performed in a closed kinetic chain and the reduction of trunk flexion angle is in line with
the reduction of hip flexion, it can be concluded that less hip flexion increases the risk of ACL injury. This can
be due to the weakening of the anterior thigh muscles in ACLR patients and lead to re-rupture of this ligament
[31]. The mean rate of ankle flexion changes at stance phase was almost the same in both groups and the findings
did not show any significant difference between the two groups. In the study of Sahebzmani et al. (2012) it was
stated that increasing ankle flexion during sports maneuvers reduces the likelihood of lower limb injury [32].
On the other hand, reducing the dorsi flexion of the ankle, due to the reduction of flexion of the knee joint, has
a greater impact on the knee joint, which increases the risk of ACL injury [33]. The findings of this study were
not consistent with the results of the present study, because there was no significant relationship between the
two groups due to the slight increase in ankle flexion in the ACLR group.
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