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Abstract

Total hip replacement (THR) is one of the most ssstul orthopedic surgical procedures for replacirtgroken hip
joint. In THR, wear may occur at the articulatingface of the acetabular cup and the femoral heabhdonesia, the
country with the largest Muslim population in thend, most of the inhabitants do salat (prayinggrgvday. THR
users are banned from doing salat for fear it @édimage the hip joint prostheses. The previous webulation
methods on the hip joint prostheses use the grasianeoordinate measuring machine (CMM), profilend geometric
method. The disadvantages of the previous methadthat the geometry of the wear patch and the welame are
only known at the end of the experiment, so theyoabe used to calculate the specific wear raligegain real time.
So far, in every modeling of the hip joint prostbgsthe values of the specific wear rate are assumeée constant.
This paper reports on the design modification piraon-ring tribometer that is used to measurewkar volumes in
hip joint prostheses. The result shows that madlifimis of the femoral head holder, reciprocatingiomp elastic joint,
and extra displacement transducer is needed tihgedpecific wear rate value. The calculation mettwofind the delta
volume that is the value of displacement less tiendisplacement minimund,) is based on a graph, while the
calculation method to find the delta volume thatthe value of displacement that is more than trspldcement
minimum @i, iS based on an equation. In the salat test prgtabel longest test time was during the sujud
(prostration) motion, which took 1034.17 minuteshia experiment.

Abstrak

Desain Modifikasi Tribometer Pin-on-Ring untuk Pengukuran Tulang Pinggul Buatan: Studi Kasus pada
Gerakan Shalat. Total hip replacement (THR) adalah salah satu sdiedah ortopedi yang paling sukses untuk
mengganti tulang pinggul yang rusak. Dalam THR, alen terjadi pada permukaan accetabular cup daoré head.
Indonesia, negara dengan penduduk muslim terbesganih, kebanyakan penduduknya mengerjakan séetiaip hari.
Pengguna THR dilarang mengerjakan shalat karenhadiftirkan akan merusak tulang pinggul buatan. Neeto
perhitungan aus sebelumnya pada tulang pinggulabuatenggunakan metode gravimetric, Coordinate Me®gsu
Machine (CMM), profiller dan geometric. Kekurangaari metode-metode sebelumnya adalah bentuk ausadame
aus hanya dapat diketahui ketika pengujiannya aieleshingga tidak dapat digunakan untuk menentakanspecific
wear rate secara kontinyu. Sampai sejauh ini, pgtamodelan dari tulang pinggul buatan menggunakanspesific
wear rate yang konstan. Makalah ini melaporkanidesadifikasi tribometer pin-on-ring untuk mengulagiume aus
pada tulang pinggul buatan. Hasil dari penelitianmenunjukkan bahwa untuk mendapat nilai spesifdar rate
dibutuhkan modifikasi pada femorhéad holder, gerakreciprocating, elastic joint, dan penambahadi splacement
transducer. Metode perhitungan untuk menghitung volume ausadaperpindahan kurang ddrsplacement minimum
(dmin) Menggunakan grafik, sedangkan metode perhitungauk umenghitung volume aus dimana perpindahan lebih
dari displacement minimum @) menggunakan rumus. Dalam prosedur tes untuk gerstkalat, waktu terpanjang
adalah gerakan sujud yang mecapai 1034,17 menit.

Keywords: hip joint prostheses, pin-on-ring tribometer, specific wear rate, test protocol
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1. Introduction

Total hip replacement (THR) is one of the most
successful orthopedic surgical procedures for capda
the broken hip joint [1].The total hip replacement
(THR) system consists of a femoral stem, femoralhe
femoral neck, acetabular shell, and acetabular[2lip

All employed materials are biocompatible. The poesi
research on THR materials reported that many nadgeri
have been combined for the acetabular cup and the
femoral head to obtain the best performance of THR,
e.g. Metal-on-Plastic (MoM), Metal-on-Metal (MoM),
Ceramic-on-ceramic (CoC), etc. [3-6].

Indonesia is the country with the largest Muslim
population in the world. Islam has some charadieris
religious activities, one of which is the prayetuai
called salat. In Indonesia, THR users have beendzhn
from doing salat for fear it will damage the hignjp
prostheses. Research on the range of motion gioes
activities has been conducted by Saputra [7].

In the previous research, it was difficult to detare the
wear volumes that occur in the hip joint prostheses
real time. The wear volumes and the geometry of the
wear path that occurs were analyzed only at theaénd
the experiment. The geometry of the wear path is
influenced by the direction of the load [8]. Finite
element method calculations to determine the gegmet
of the wear path were carried out by Sfantos [8] by
using equation (1):

XX

X' = % %+ h(x

e (/e h(s)
h(x,s)=kp(x,s)s

In equation (1), the specific wear rate (k) valaes
assumed to have a constant value. In fact, theevaiu
the specific wear rate (k) is always changing iergv
sliding distance during the running-in phase [9].

@)

The previous wear calculation methods on the hiipt jo
prostheses are the gravimetric, geometric, cootgina
measuring machine (CMM), and most recently, profile
method [10-13]. The disadvantage of these metheds i
that the geometry of the wear paths and the wear
volumes are only known at the end of the experiment
so they cannot be used for calculating the spewiéar
rate value. To determine the specific wear rateiejait

is necessary to know the wear volumes of eachngfidi
distance.

This study will focus on the design modification a&f
pin-on-ring tribometer that is used to measureviiar
volumes of every sliding distance. The wear volumies
each sliding distance can be used to determingate
of the specific wear rate. The tribometer test ot
for measuring the specific wear rate of salat mmtidth
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dimensions according to the Indonesian peoplealsth
be conducted in this study.

2. Methods

The pin-on-ring tribometer equipment used was letat
in the Engineering Design and Tribology Laborataty
Diponegoro University as depicted in Figure 1. he t
present pin-on-ring tribometer, the functions ok th
tribometer were to measure the friction coefficiantd
create a Stribeck curve. The pin-on-ring tribometas
controlled by a computer. The data acquisition and
amplifiers used to record the signal from the pirrimg
tribometer were read by a computer. A work schemati
of the pin-on-ring tribometer is provided in Figie

The pin-on-ring tribometer should be modified to be
used as a hip joint tribometer that is capable of
producing the hip joint specific wear rate values
formulated by Archad (2):

k = ﬂ
f.s

In this modification, only flexion-extension motiaan
be analyzed. The geometric method was applied to
calculate the wear volumes in this study. A
morphological analysis was used to obtain the agtim
design for each modification. The acetabular cug an
femoral head dimensions according to the Indonesian
people were R= 14 mm, B = 14.024 mm, and =
17.5 mm [7].

(2)

Figure 1. Pin-on-ring Tribometer

Pin-on-ring Data
tribometer »  acquisition
v
HBM
Computer < amplifier

Figure 2. Work Schematic of Pin-on-Ring Tribometer
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To modify the design of the pin-on-ring tribometerbe
used as a hip joint tribometer, some importantghin
must be considered, such as the reciprocating matio
the hip joint; the size of the femoral head, whinhst

be smaller than the ring in the previous tribometiee
holder of the cup and the head must be differeminfr
the holder of the pin and ring; and the mechanisiiné
tribometer has to measure the wear volumes of every
sliding distance. To solve these problensome
modifications are required, as follows.

Reciprocating motion. In the previous pin-on-ring
tribometer, the motion is rotational, whereas thaiom
that occurs at the hip joint is a reciprocating iomt
Therefore, a modification is needed to convert the
rotational motion into reciprocating motion. During
daily activities, every motion of the leg has afaliént
angle. A tribometer should be able to produce aipee
result in the small angle and in the large angte. |
general, converting the rotational motion into
reciprocating motion has two solutions: a mechdnica
solution and an electronic solution.

Elastic joint. In principal, the center of the upper
bearing has to be above the contact. If not, some
additional frictional movement will occur, resulgirin

an oscillation of the forces during a test. Duenar,

this oscillation will occur anyhow, but it shoula lept

to a minimum. Therefore, the geometry of each bipt;j
requires a different position for the elastic joint

Femoral head holder. In the previous tribometer, the
pin and ring are used to analyze the friction.Ha hew
tribometer, the femoral head and the acetabularacep
used. The holders between the ring and the ferhesd

are different. Therefore, modifications of the rexklare
needed. The femoral head holder must have a strong
grip and minimize the detached probability betwéen
holder and the femoral head.

Displacement transducer mechanism. This is an
important part of measuring the wear on hip joint
prostheses during an experiment. Based on the
displacement of the hip joint prostheses posititme
wear volumes that occur during experiments can be
calculated. The displacement must be known in real
time so that it can be used to calculate the vafude
specific wear rate. The displacement must elimimiage
effect of increases in the length of the materizé¢ do
heat and moisture during an experiment.

3. Results and Discussion

Design modification of pin-on-ring tribometer. To
convert the rotational motion into reciprocatingtimo
with an electronic solution is using an AC servotono
For this solution, the moment of inertia, rotatibna
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speed, and torque must be considered. An electronic
solution has a high initial cost, but the results precise
and maintenance is easier. During daily activitegry
motion of the leg has a different angle from theabm
angle to the large angle. An AC servo motor can
produce a highly accurate reciprocating motionha t
mechanism.

The elastic joint requires high accuracy due to feu
that displacement at the point of contact in theeta of
hip joint geometries is very small. Therefore,akes a
small shift to get the right resultBigure 3 shows the
design using a crank tab to minimize the motionhef
arm twist due to the load, and this crank tab deange
the position of the elastic joint piecemeal.

Displacement transducers were used to determine the
displacement in the acetabular during the experimen
which is caused by the wear on the cup. Thingseto b
considered are the effects of thermal expansion and
moisture in the materials. Figure 4 shows thatettae

two transducers to measure the displacement of the
material. Displacement transducer | produces digpla
ment caused by the wear of the material and treetedf
extension due to temperature and moisture. Displane
transducer Il produces displacement caused by sigan
due to the influence of temperature and moistureisT

the results that represent displacement causedday w
were obtained.

The geometry of the dummy femoral head material is
not the same as the original femoral head, and the
geometry of the dummy cup material is not the same
the original acetabular cup. But the same matena

the same horizontal length will minimize the ertbat
may happen because of the influence of temperanade
moisture. The shaft, femoral head, and dummy femora
head material have the same material, i.e., Stasnle
Steel 316L. The acetabular cup and dummy cup have
the same material, i.e., Ultra High Molecular Weigh
Polyethylene (UHMWPE).

Figure 3. Elastic Joint Structure

December 201#Vol. 18| No. 3
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The optimal design of the femoral head holder can b Test protocol for salat motion. The test protocol used
seen in Figure 5. When the femoral head has a to obtain the specific wear rate of the salat motan

reciprocating motion, the most important desigmecia be seen in Table 1. Each motion contributes to the
is that the femoral head does not slip and comeTaiis whole motion of salat and has a different rotationa

can happen when a polygon shaped holder is usatl. Wi speed. The experiment used times for a year ot sala
this design, the installation is also easier. motion that are different for every motion of saléhe

longest time in the experiment was for the sujud
(prostration) motion, which needs 1034.17 minutes.

Method for measjring wear volumes. The measurement Calculating the Value Of the SpeCifiC wear rateéach
of the wear volumes was calculated from the leg can be done with equations (4) and (5). Therast
displacement of the acetabular cup that occurremthglu  design of the hip joint tribometer can be seenigufe 8.

the experiments. This study, using geometric method

assumptions [10], assumed that the geometry of the z kg =Cgkg +C K, +Cqr kg +Cr ki
wear path is equal to the shape of the femoral .head (4)
Wear that occurs only in the acetabular cup wuthe Z ko =Cgkg +C, K, +Cq kg +C Ky 5)
acetabular cup material (UHMWPE) is softer thathim

femoral head material (ST-316L). Figure 6(a) shaws
overview of the assumptions in this study. Figufe) 6

shows the point of contact where the vertical raditi Dfnn;?;)r/i;l P Transducer I
the femoral head is touching the surface of the \lf (&%)
acetabular cup, called minimum displacemeimif). ] -

The wear volume in the range of displacement is les Same e
than the displacement minimuningin) for geometric material Transducer |
formulas of R= 17.5 mm, B= 14.024 mm, and R 14 (dwear+”)
mm can be found using the graph in Figure 7. Traply

was obtained from a SolidWorks simulation. Figu(e) 6

shows that the wear continues after the process in

Figure 6(b). To determine the wear volumes in Fégur

6(c), equation (3) can be applied. This equatiam loa cup

applied to various dimensions of the hip joint.
Viweary,, =Vivear, +\iwear, Figure 4. Displacement Transducer M echanism

= %[2;75&2 ~ 2R + 78(8,,+0)' |

-{2r{R-Rcost 6] | &, +R, cogo)| =) A

/
\
+§nR§—§n(R;—(5min+5)2) (R,—&~omin) ‘(A
where 68=a-p Q
=Tg'1M—Tg'1% Figure 5. Femoral Head Holder

min

JR=(3, +d’)2 R, 3)

K~ N

i

(a) (b) (©)

Figure 6. Assumptions of Wear Path Geometry
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o
=
o

400
T 300
E
2 200
100 -
0 01 02 03 04 05 06 07 08
Displacement [mm]
Figure 7. Delta Volume-Displacement Diagram Figure 8. Optimal Design of Tribometer
Table 1. Test Protocol for Salat M otion
Slid. o Rotational Time for 1
Prayer Activities Cycles/year Distance/ COI’]E&E}UIIOH Speed year
year [mm] [cycle/s] [minutes]
Standing 62.01
Bowing (ruku’) 6205 263.713 5.35 0.33 313.38
Prostration (sujud) 12410 663.19 10.69 0.20 1034.17
Sitting 12.52 0.33 313.38
a. Right Leg 6205 235.17
b. Left Leg 6205 242 .91
Sitting (tahiyat) 9.43 0.33 313.38
a. Right Leg 6205 241.25
b. Left Leg 6205 252.17

4. Conclusions

The conclusion can be summarized as follows: 1) To
obtain the value of the specific wear rate in thejbint
prostheses, modifications of the femoral head holde
reciprocating motion, and the addition of a displaent
transducer and elastic joint are needed; 2) Wear
volumes are measured by displacement transducers
using a geometric method; 3) To calculate the $ipeci
wear rate for the whole salat motion, the testquoft

for the new tribometer consists of the rotationeshe
the amount of time required for a year of salatiomt
and the contribution of each motion to salat.
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