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The sensory, motor and cognitive abilities will be declined with
aging. The muscle strength, muscle endurance, range of motion and
balance will also be decreased with aging. However, the reduction
rate of the physical performance is dependent on the individual and
the exercise habit. It has been investigated in literature that exercise
is one of the most efficient methods to decrease the aging effect. A
comprehensive exercise course for elder people includes muscle
strengthening, cardiopulmonary endurance training, range of motion
exercise and balance training. The importance of exercise for elder
people has been widely promoted by the following institutions,
ACSM, WHO, US surgeon general and department of health in
Taiwan. However, there was lack of science based evidencesin
literature for evaluating the exercise for elder people. ’ Senior
functional chair exercise’ is developed as the health promotion
exercise in the American Council on Exercise in United Status. It
consists of muscle strength, muscle endurance, flexibility and
balance. The powers of senior functional chair exercise are minimal
equipment needed and no environment limitation. The aim of this
study was to compare the difference on the parameters of physical
fitness and biomechanical analysis between pre-exercise and post-
exercise. The results showed that there were significant differences
on the muscle strength endurance of arm curl test, chair stand test



(muscle strength endurance of lower limbs), shoulder flexibility
(back scratch test), cardio endurance (2-minute Step Test), and the
agility/dynamic balance (8-Foot Up-And-Go-Test) in the functional
fitness assessment after exercise. Besides, there was significant
decrease in leading foot toe-obstacle distance during obstacle
crossing. There were also significant increases on the knee joint
range of motion and ankle plantar-flexion moments. With the
scientific analysis of this exercise, it provides the strong objective
support to promote the exercise for elder people so asto reduce the
social cost and improve the quality of life in the elders.
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The sensory, motor and cognitive abilities will be declined with aging. The muscle strength, muscle endurance,
range of motion and balance will also be decreased with aging. However, the reduction rate of the physical
performance is dependent on the individual and the exercise habit. It has been investigated in literature that
exercise is one of the most efficient methods to decrease the aging effect. A comprehensive exercise course for
elder people includes muscle strengthening, cardiopulmonary endurance training, range of motion exercise
and balance training. The importance of exercise for elder people has been widely promoted by the following
institutions, ACSM, WHO, US surgeon general and department of health in Taiwan. However, there was lack
of science based evidences in literature for evaluating the exercise for elder people. “Senior functional chair
exercise” is developed as the health promotion exercise in the American Council on Exercise in United Status.
It consists of muscle strength, muscle endurance, flexibility and balance. The powers of senior functional
chair exercise are minimal equipment needed and no environment limitation. The aim of this study was to
compare the difference on the parameters of physical fitness and biomechanical analysis between pre-exercise
and post-exercise. The results showed that there were significant differences on the muscle strength endurance
of arm curl test, chair stand test (muscle strength endurance of lower limbs), shoulder flexibility (back scratch

test), cardio endurance (2-minute Step Test), and the agility/dynamic balance (8-Foot Up-And-Go-Test) in the
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functional fitness assessment after exercise. Besides, there was significant decrease in leading foot
toe-obstacle distance during obstacle crossing. There were also significant increases on the knee joint range of
motion and ankle plantar-flexion moments. With the scientific analysis of this exercise, it provides the strong
objective support to promote the exercise for elder people so as to reduce the social cost and improve the
quality of life in the elders.

Keywords: Older Adults Activity, Biomechanics, Health Promotion
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Step Length (cm) 54.21 2.9 54.96 +5.30
Swing Time jead (%) 53.46 +2.58 53.54 +4.51
Swing Time i (%) 43.26 +2.35 43.81+2.81
Peak Approach Speed (cm/s) 104.00 +14.28 108.49 +13.32
Heel Clearance jeaq (CmM) 10.25 +3.08 13.55 +3.13
Heel Clearance i (cm) 34.35 +6.25 32.39 +4.36
Toe-OBS Distance i (Cm) 19.36 +4.34 19.68 +2.53
Toe Clearance jeaq (CmM) * 17.36 £5.51 15.68 +3.94
Toe Clearance i (cm) 14.10 +2.79 13.99 +1.99
O pre O post
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ROM (degrees)
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Joint Moment (Nm/kg)
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Opost

0.0
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Hip_E

Knee_E Knee_F

Ankle_PF

Bl7: o 32k 2 7R & F % & (Range of motion, ROM) 2 R & 4 4=(moment); F/E:

flexion/extension; Ab/Ad: abduction/adduction; rot: rotation; PF/DF: plantarflexion/dorsiflexion; F:

flexion; E: extension. PF: plantarflexion
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Three-Dimensional Kinetic Analysis of Lower
Limbs in Barbell Squat

Hong-Wen Wu', Su-Ya Lee?, Jia-Yu Kao', Shin-Yuan Wang®
'Graduate Institute of Physical Education, *Department of Exercise and Health Science, National Taiwan College of Physical
Education, Taichung, TAIWAN
*Department of Biomedical Engineering, National Cheng Kung University, Tainan, TATWAN

Abstract—Barbell squat can improve the lower body strength
for weightlifter to enhance their performance. Previous studies
mentioned that the full three-dimensional biomechanical
analysis of lower limbs is greatly helpful for understanding the
musculoskeletal mechanism in barbell squat exercise. The
purpose of this study was to estimate the joint kinetics of lower
limbs during the barbell squat. Thirteen male weightlifters
from college weightlifting team members performed barbell
squat with 85% weight of his one repetition maximum in the
motion analysis laboratory. Motion analysis system and two
force plateforms were used to collect the kinematic and kinetic
data. The results showed that the major joint movements were
not only occurred in the sagittal plane, but also in the frontal
plane and transverse plane. The knee and hip joints suffered
high compression forces and shear forces. The results also
showed that ankle plantarflexor, knee extensor, hip flexor, and
abductor were dominant muscles in barbell squat exercise.
These finding could provide the additional guidelines for sports
injury prevention and treatment, as well as guidelines of
strength training program design for the coaches and athletic
trainer.

1. INTRODUCTION

Barbell squat can improve the lower body strength for
weightlifters to enhance their performance. Squat is a
powerful movement. Weightlifters used barbell squat with
high bar and 85% weight of his/her one repetition maximum
(1RM) as the training programs to train their lower body and
trunk strength. Barbell squat technique may determine
success in a weightlifting competition. Previous studies only
reported the kinematical and kinetic data in the sagittal plane.
However, there is hip joint abduction as the feet turn outward
in barbell squat exercise. It is necessary to study the full
three-dimensional joint kinematics and kinetics of lower
limbs during barbell squat exercise. Hence, the purpose of
this study was to estimate the full three-dimensional joint
forces and moments during a barbell squat.

II. METHODS

Thirteen male weightlifters (age: 20.0 =2 years old; body
height: 170.7 & 6.8; body weight: 88.8 = 20 kgw) from
college weightlifting team members were recruited in this
study. Informed consent was obtained from all participants
before experiment. Each subject was asked to perform the
barbell squat with high bar position and 85% weight of his
IRM (barbell’s weight: from 135 kgw to 180 kgw). Twenty-
five reflective markers were placed on selected anatomic
landmarks bilaterally of lower limbs of each subject and
barbell. VICON motion analysis system (VICON Motion

978-1-61284-826-6/11/$26.00 ©2011 IEEE

System Ltd., UK) was used to collect the trajectories of the
markers at 250 Hz. Two force plateforms (Kistler
Instrumente AG, Switzerland) were synchronized with the
motion analysis system to collect ground reaction forces and
moments at 1000 Hz. The events of barbell squat were
defined by movements in truck and knee. Three events
include initial movement, maximum knee flexion, and end
point in this study. The descending phase is from initial
movement to maximum knee flexion. The ascending phase is
from maximum flexion to end point.

III. RESULTS AND DISCUSSION

Previous study mentioned that a three-dimensional
biomechanical analysis of the squat is more accurate than a
two-dimensional biomechanical analysis. The full three-
dimensional biomechanical results were showed in this study.
For the results of joint kinematics showed that the joint
movements were not only occurred in the sagittal plane, but
also in the frontal plane and transverse plane. During
descending phase, the major movements were hip flexion,
hip joint flexion, hip abduction, hip internal rotation, knee
flexion and ankle dorsiflexion. The results in Table 1 were
the range of motion of major joint movements for ankle,
knee, and hip joints during barbell squat.

The peak joint forces and joint moments normalized by
subject’s body weight were showed in Figures 1 and 2. The
peak compression forces of hip, knee, and hip joints
increased with knee flexion and reached 14.47 N/kg,
15.43N/kg, and 17.99 N/kg, respectively. The peak knee
joint forces toward anterior direction and peak hip joint
forces toward posterior direction reached 11.82 N/kg and
15.86 N/kg, respectively. It suggested that the knee and hip
joints suffered high compression forces and shear forces. It
maybe major factors that resulting in joint osteoarthritis in
weight-lifter. During the descending phase, the peak knee
extensor moments increased with knee flexion and reached
3.49 N-m/kg at maximum knee flexion position. The hip
flexor moments and abductor moments also increased with
knee flexion. The peak hip flexor moment and abductor
moment reached 3.28 N-m/kg and 1.61 N-m/kg, respectively.
During the early ascending phase, the peak ankle
plantarflexor moments increased and reached 1.58 N-m/kg.
These results suggest that ankle plantarflexor, knee extensor,
hip flexor, and abductor play an important role in barbell
squat exercise.



Hales ME et al.,Kinematic analysis of the powerlifting style squat and
the conventional deadlift during competition: is there a cross-over
effect between lifts? J Strength Cond Res. 2009, 23(9): p.2574-2580.

Table 1: The range of motion of ankle, knee, and hip joint [4]
during barbell squat (degrees)

Ankle Dorsiflexion/Plantarlexion 39.82+4.01
Knee Flexion/Extension 125.21£10.70
Hip Flexion/Extension 89.94+9.10
Adduction/Abduction 21.32+6.24
Internal/External Rotation 29.25+7.18 4] ke dut
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Figure 1: The peak forces for ankle, knee and hip joints.
Ant: anterior, Pos: posterior, Med: Medial, Lat: lateral,
Com: compression
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