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Abstract: Gait 1s a one of the umversal motion in daily activities and its analysis becomes one of the important

aspects in conveying information about one’s physical condition. Normal gait 1s assumed to be symmetrical
but some research reported there are differences in the action of lower extremities although in able-bodied.
People who suffer from osteoarthritis will use the hip prosthesis to replace the damage hip joint. Ostecarthritis
1s a disease which affects the gait cycle of a human. Some of the patients undergoes single replacement of hup
jomt while the others undergoes both the left and right joint replacement. Asymmetrical gait will actually affect
the performance of both right and left hip joint since the wear mechanism were difference between them. The

aim of this study was to define asymmetrical gait towards the hip joint and to explore the design concept of

biped hip simulator that mimics physiological loading of hip joint replacement. A simulator 1s designed as to

obtain sigmficant result from asymmetrical gait where parameters are assumed to be different.
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INTRODUCTION

Many researchers assume that normal gait is
symmetrical (Gouwanda and Senanayake, 2010
Sant’ Anna and Wickstrom, 2010) in order to streamline
data collection and gait analysis (Jiang et af., 2010,
Gregg et al, 2012). Besides, kinematic and kinetic
variables are also assumed to have no significant
difference between dommant and contralateral legs of a
healthy person (Van der Harst et al., 2007). In some
researches, gait asymmetry has been used as an indicator
to track patient’s walking performance (Illyes and Kiss,
2005) since people with gait asymmetry are assumed to
have lower limb disease. Besides that, gait analysis 1s one
of the tools used to study patients with total hip
arthroplasties (Schmalzried et al, 996; Cuckler et al.
(2004). Osteoarthritis is one of the disease that affect
the gait cyele of human. Patient who undergoes single
replacement of hip joint normally will face the
asymmetrical gait. However, there were also patient that
undergoes replacement for both hip jomt. Since, the gait
of human was considered as asymmetrical in this
study, result of wear mechanism for patient with both hip
replacement was important in order to see the different of
wear between left and right hip joint. The purpose of
this study was to comsider the asymmetrical gait
able-bodied. Gait differences for both right and left

limbs in able-bodied have been reported frequently
(Sadeghi et al, 2000). Growing evidence shows that
sometimes able-bodied exhibits the behavior of impaired
walking (Gregg et al, 2012, 2011, Seeley et al., 2008,
Rodano and Santambrogio, 1987). In the last decades, hip
joint prosthetics have been widely used in world’s
orthopaedic surgery where 400,000 operations were
performed every year and >100 designs of orthopedic
construction have been proposed (Galams and
Manolakos, 2009, 2011). In addition, Total Hip
Replacement (THR) becomes one of the most successful
medical operation in orthopaedic surgery which restores
diseased hip function affected by osteoarthritis or
theumatoid arthritts (Uddin, 2015). Furthermore, the
hip simulator was evolved over the year to test the
biomaterials, wear mechamism and dislocation of artificial
hip.

The aim of this study 1s to review the effect of gait
asymmetry to hip joint and present hip simulators which
are available in the market in terms of its applications and
technologies. Furthermore, this study proposes a new
design of hip simulator known as biped lup sunulator.

GAIT ASYMMETRY ANALYSIS

Many methods were proposed m order to quantify
gait asymmetries motion between left and right leg
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Table 1: The results of the angular parameters of healthy elderly and young subjects (Paroczai et of., 2006)

Elderty Young

Parameters Sides/unit (degree) Female Male Female Male
Hip flexion range Dominant 52.34+3.56 59.20+3.50 61.64+4.56 64.0243.56

Non-dominant 50.12+4.78 54.30+3.30 69.2+3.450 62.76+3.56
Maximum Dominant 64.23+6.78 69.30+£9.10 66.76+4.56 68.62+5.63

Non-dominant 60.12+4.57 63.67+8.50 64.32+£3.12 67.54+5.23
Minirmum Dominant 11.89+3.78 9.91+£5.78 5.12+1.34 4.60+£1.44

Non-dominant 10.00+5.08 9.63+3.89 5.32+£2.10 4.79+1.45
Pelvic rotation range 8.59+2.96 7.42+1.69 4.46+£2.34 6.57+2.01
Maximum 2.91+£2.60 6.37+1.30 2.12+1.23 6.57+2.01
Minirmum -5.38+0.35 -1.26+1.15 -2.3441.23 -1.2342.23
Pelvic obliquity range 2.65+0.38 3.12+1.87 1.42+0.33 1.75+0.44
Maximum 5.64+1.58 3.97£1.55 4.56+2.34 3.12+1.23
Minirmum 2.99+1.19 0.85+0.85 3.14+1.03 1.37+0.76

(Hsiao-Wecksler et al., 2010). The hypothesis of
functional asymmetries in able-bodied 15 each leg have
different role in term of vertical support, mediolateral
control and anterior-posterior propulsion. Fast walking
trals by Seeley er al. (2008) shows that there are
between leg and proposes that
challenging locomotor requires asymmetric strategies.
reports by Rodano and Santambrogio (1987) and
Carpes ef al. (2010). Conclude that asymmetry in athletic
race walking, runmng and cycling were caused by
ground irregularities, shoes and curved tracks condition.
Spatial-temporal and kinematic parameter was used to
observe the asymmetrical behavior of lower extremities
such as velocity profiles (Law, 1987, Allard et af., 1996),
step, stride, length, foot placement angle, maximum knee
flexion and a range of motion (Gregg et al., 2012). As
reported by some study gait asymmetry was found in
able-bodied subjects which few parameters were
examined (Gouwanda and Senanayake, 2010). Damholt
and Termansen (1978) asymmetry was discovered in
plantar flexor strength and circumference. Furthermore,
differences also found i left and right lower limbs of
62 able-bodied subjects for the variation of peak
vertical, anterior-posterior and medial-lateral components

differences roles

(Herzog et al, 1988). Leg dommmance is common
explanation for gait asymmetry although there were
conflicts exist for this theory as reported by
Gundersen et al. (1989). Table 1 shows the differences in
the angular parameter between elderly people and young
people.

PREVIOUS HIP SIMULATOR

One of the simulator developed by Kiguchi ef al.
(2008) shown in Fig. la. The simulator can generate 3
Degree of Freedom (DOF) motion: flexion/extension,
abduction/adduction and mtermnal/external rotation. By
using artificial hip jomt which consist of cup and ball
joint, the simulator will test the dislocation that
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involve m hip prosthesis. Other than that, AMTI-Boston
hip simulator shown in Fig. 1b simulates hip jomt motion
with synchronous loading in a physiologic surrounding.
Tt provides rotation in 3 axes: Sagittal plane, frontal plane
and the vertical axis. Besides that it also duplicate loading
profiles of walking and climbing stairs. The system in
simulator operates in four degree of freedom which
are load and three motions. In addition, the simulator
also assembled with an additional 4 load-soak stations
(Affatato et ai., 2006).

Besides that, 12-station HUT-4 simulator in Fig. 1c
has been developed which the hip prosthesis
mounted in anatomical positon and self-centring.
Motion of electromechamcal nclude m this simulator are
Flexion-Extension (FE) and Abduction-Adduction (AA)
of the femoral head. Mark T Durham hip simulator is a five
stations machine where the hip jomt are in the anatomical
position and followed the dynamic loading cycle with
independent two axis motion. Figure 1d show the Mark 1T
Durham simulator and the measured variation of the
motion. Another simulator that possess similar design to
Mark II Durham 1s a Leeds PA II sunulator shown in
Fig. 2e. This simulator is able to control flexion-extension
motion and internal-external rotation and the load is
applied 1n vertical axis. Multidirectional motion between
femoral head and acetabular cup 1s generated by using
simplified cycle. Amplitude of 90° in internal/external
rotation out of phase with the flexion-extension is applied
as it generated open elliptical wear path between the
components (Affatato et al., 2006, Galvin ef al., 2005).
ProSim Limited hip joint simulator in Fig. 1{ developed by
University of Leeds is a machine with 10 stations arranged
in row. The jomt mounted at anatomical position which
the cup 1s placed above the femoral head inclined at 35°
with respect to horizontal axis (Galvin et al., 2005). The
design focus on to simplify the kinematics of the machine
and to provide practical motion to six degree of freedom
system (Goldsmith and Dowson, 1999). MATCO hip
simulator (Model EW08 MMED) is a simulator that
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Table 2: The available hip simulator specifications

Authors Simulator Station Classification Motion simulated Design

Kiguchi et al. (2008) Artificial 1 3-axis FE (£100°), AA (£157), IN-EX (£20°) Non-anatomical
Bragdon et al. (2003) AMTI 12 3-axis FE (+25°), AA (+9°), IN-EX (+20°) Anatomical
Saikko HUT-4 12 2-axis FE (46°), AA (12°) Anatomical
Smith Mark TT Durharm 5 2-axis FE (+30°/-15%), IN-EX (+10°) Anatomical
Nevelos Leeds PA IT 6 2-axis FE (+30°/-15%), IN-EX (10°) Anatomical
BRarbour PROSIM Limited 10 2-axis BI-AX (£30°) Anatomical
McKellop MATCO, EW08 MMED 16 2-axis FE (£22.5°), AA (£22.5%) Non-anatornical
Affatato et af. (2006) Shore Western (SW) 12 2-axis BI-AX (£30°) Non-anatomical
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Fig. 1: Previous hip simulator: a) artificial lnp joint sumulator; b) AMTI lup simulator; ¢) HUT-4 simulator; d) Mark I
Durham simulator; e) leeds PA II sinulator; ) ProSim linited simulator; g) MATCO simulator and h) shore

Western simulator

perform non-anatomical position for the joint. As shown
m Fig. 1g, this simulator configure with two bank of eight
channel each and provide symmetrical shift of the cup
over a stationary head through a range approximate to 45°
(£22. 5) in both sagittal and frontal plane but no rotation
in transverse plane (Medley et ad., 1997).

Besides that, there are another simulator that also
configure non-anatomical which is 12 station Shore
Western (SW) hip joint simulator shown m Fig. 1h All
unplants m each station are mounted in non-anatomical
and the ball bearing in the head holder provide the head
alignment in the machine. The load has maximum value of
2.0 kN running in frequency of 1.0 Hz (Mizoue ef al,
2003). Table 2 summarize the hip simulator that has been
discussed based on their characteristics.

Biped hip simulator: The main characteristics of the gait
asymmetry has been taken into consideration in desigming
new concept of 3-axis bilateral hip simulator which
capable in combining movement and rotation in the three
different angles. Figure 2 shows the design of biped hip
simulator which consist of right and left part, both
assemble with artificial hup and cup. This simulator enable
to show direct comparison between left and right artificial
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Fig. 2: Biped hip simulator

hip which are designed to move and rotate in different
parameters  (flexion-extension, abduction-adduction,
internal/external rotation). Different parameters for 3
important angles are set according to analysis of gait
asymmetry in Table 1.

The new biped hip simulator design as shown
in Fig. 2 is able to be used to test wear rate and load
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applied The simulators joint are mounted anatomically
and the motions provides 1s flexion-extension (0°-120-°/0-
“30°), abduction-adduction (0°-45°/0°-30°) and internal
external rotation (0°-40°/0°-40°) with 3 axis. Besides, the
maximum load applied for the simulator is up to 3 kN
based on the Paul’s studies. That mean, the simulator 1s
able to support +£300 kg mn weight. Generally, the biped hip
simulator design is according to the TSO standard 14242-1.

CONCLUSION

This study discussed the effect of gait asymmetry on
human gait cycles by proposing new design of hip
simulator which 18 biped hip simulator for walking
condition. As compare to previous single sided hip
simulator, the new design capable to imitate closely the
human hip joint as it is built for both right and left hip
jomt. The simulator can be used to test the hip mmplant for
both right and left simultaneocusly m terms of wear test
and load applied. However, it is limited to the other gait
cycle of human such as jumping, squad and sitting that
produced similar load at the same time for both hip’s left
and right. The future research would considers the reliable
motion of the hip joint mechanism for any movement
produced by human.
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