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Comparison of the biomechanical characteristics of the
lower limb between ' normal alignment " and "abnormal

alignment" TaiChi

Yatai Chai, Meijin Hou, Xiangbin Wang
Fujian University of Traditional Chinese Medicine, Fujian Fuzhou 350122
Abstract: Objective: Knee osteoarthritis (KOA) causes subjects to suffer from joint pain and

limited mobility, which seriously affects the quality of life. TaiChi can effectively relieve joint
pain, stiffness, limited mobility and improve functional activities in individuals with KOA.
However, it has been reported that TaiChi beginners experience knee pain during practice, while
many individuals with KOA experience increased pain after practicing TaiChi, which may be
related to the increased abnormal mechanical loads on the lower limbs of individuals with KOA.
Lower extremity force lines, joint moments, and joint contact forces are common mechanical

loading factors associated with joint pain. Lower extremity force line alignment is reflected in
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good alignment of the femur, tibia and patella. Combined with modern rehabilitation concepts,
"normal alignment " is mainly manifested as strong bone marrow and flexible joints, maintaining
good alignment of joints and normal bone metabolism balance, while "abnormal alignment " is
manifested as poor alignment of joints and abnormal bone metabolism, which affects mobility,
stability and control of the lower limbs. Due to the imbalance of tendon and bone metabolism
caused by the disease, individuals with KOA essentially show " abnormal alignment ", which is
often exhibited as uneven dynamic and static force lines of the joints of the lower limbs, resulting
in uneven load distribution of the knee joints' medial and lateral compartments, and accelerating
the occurrence and development of KOA.Long-term TaiChi practitioners are chosen as " normal
alignment " references because their lower limb force line and bone metabolism are normal, their
standardized TaiChi movement ensures that the lower limb joints are aligned normally in the
process of practice. In addition, long-term practice improves the lower limb muscle strength and
coordination, enhances the joint stability, and also embodies the " normal alignment " principle of
TaiChi. Therefore, comparing the biomechanical characteristics of " normal alignment " and "
abnormal alignment " TaiChi exercises and analyzing the differences in lower limb kinematics,
dynamics, and muscular force during the practice of different stances will help to provide targeted
guidance for subsequent rehabilitation training and better improve the effectiveness of TaiChi on
KOA. This will help to reduce the possible adverse effects during the learning process for
beginner.Method : Ten Tai Chi beginners with KOA ("abnormal alignment group") and ten
long-term Tai Chi practitioners ("normal alignment group") were recruited, and their kinematic
and kinetic data during the eight-form Tai Chi were collected using a 3D motion analysis system
(Qualisys, Sweden). KOA patients' "abnormal alignment" and long-term practitioners' "normal
alignment" models were constructed using OpenSim platform, and the differences in lower limb
kinematics, dynamics, and muscle forces during Tai Chi practice between the two groups were
observed using musculoskeletal simulation analysis.Result: Biomechanical characteristics of each
stance: (DForearm rolling: the maximum extension moment and the maximum abduction moment
of the hip joint were significantly lower in the abnormal alignment group than in the normal
alignment group. The average muscle forces of gluteus medius was greater in abnormal alignment
group than that in the normal alignment group (P < 0.05), while the average muscle force of

biceps femoris and tibialis anterior was smaller in the abnormal alignment group than in the
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normal alignment group (P < 0.05). At the peak vertical contact force of the knee joint, the muscle
force of tibialis anterior in the abnormal alignment group was smaller than that in normal
alignment group (P < 0.05). @ Brush knee and twist step: The maximum moments in all
directions of the lower limb joints, including hip extension, abduction, and knee flexion, were all
significantly lower in the abnormal alignment group than in the normal alignment group (P < 0.01)
and the ankle plantar flexion moments were also lower than in the normal alignment group (P <
0.05).3Wild Horse Parts Its Mane: The maximum hip extension moment (P < 0.05), abduction
moment, internal rotation moment and maximum knee flexion moment were all significantly
lower in the abnormal alignment group than in the normal alignment group (P < 0.01). At the hip
abduction angle of the normal alignment group was larger than that of the normal alignment group
at the moment of peak knee vertical axis contact force (P < 0.05). @ Cloud hands: The maximum
hip abduction moment and internal rotation moment of the hip joint in the abnormal alignment
group were significantly smaller than those in the normal alignment group (£ < 0.01).

(® Golden cock standing: The horizontal joint mobility of the hip joint of the abnormal alignment
group was significantly greater than that of the normal alignment group (P<0.01). & Kick with
heel: The range of hip joint rotation and knee joint flexion/extension in the whole stance was
significantly greater in the abnormal alignment group than in the normal alignment group
(P<0.01); the knee joint flexion angle in the abnormal alignment group was smaller than in the
normal alignment group at the moment of peak contact force in the vertical axis of the knee joint
(P<0.05), and the muscle force of the gluteus medius and gluteus maximus was also smaller than
in the normal alignment group (P<0.05). (DGrasp the bird's tail: The maximum hip extension
moment and internal rotation moment in the abnormal alignment group were significantly smaller
than those in the normal alignment group (P<0.01), the maximum flexion moment of the knee
joint was smaller than those in the normal alignment group (P<0.05), and the average muscle
force of the biceps femoris was smaller than that in the normal alignment group
(P<0.05).(®Crossed hands: The maximum hip extension moment (P < 0.05), adduction moment,
extorsion moment and maximum knee flexion moment were significantly smaller than those of the
normal alignment group (P < 0.01); the average muscle force of quadriceps was significantly
smaller than that of the normal alignment group (P < 0.01); At the moment of peak contact force

of the vertical axis of the knee joint, the hip flexion, knee flexion and ankle dorsiflex angles of the
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abnormal alignment group were smaller than those of the normal alignment group (P < 0.05),
while the muscle force of biceps femoris and tibialis anterior was greater than that of the normal
alignment group (P < 0.05). Conclusion: There are differences in the maximum torque of the
joints of the lower limbs, the range of motion of the joints, and the muscular force of the lower
limb muscles in the exercises of each movement of Tai Chi for “abnormal alignment” and “normal
alignment”. KOA subjects with abnormal neuromuscular activation patterns may not have an
impact on the contact force of the knee joint due to their uneven lower limb force lines. When
training Tai Chi for those with normal alignment, you need to select the movements in a gradual
manner according to their abilities. Beginner of Tai Chi for individuals with KOA should pay
attention to basic exercises to establish the correct neuromuscular activation patterns and gradually
combine them with the correct stance instruction to achieve better rehabilitation results.
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