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Figure I . Free body diagram of the
ulna after inserting the prosthesis.

The mathematical mode ls were used to
analyze the bending stresses developed
in the prosthesis stem as well as the
ulna bone. The locations where the
maximum bending stresses occurred
were identified. Special attention was
given towards identifying locations of
stress concentrations in both the bone
and prosthesis stem as " el l as the

The proximal and distal ends of the
ulna are denoted by NP and NO
respectively. R) and R" arc the
components of the reaction at the
elbow j oint and F.... is the contraction
force of the brachialis muscle. Fa. F~

and F, are components of the exrer naI
force .applied at the proximal end of
the ulna. The mathematical models
were used 10 analyze the bending
stresses that developed in the
prosthesis stem and the bone due to
statie loads applied at the distal end of
the ulna. r ile Youngs modulii of
acrvlic cement. bone and prosthesis
we~e taken as 2. 20 and 200 GPa
respectively while the Poisson' s ratios
were taken as 0.3 for the three
materials.
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In troduction
Biomecha nics stud ies on jouu
replacement have received a great deal
of attention during the past three
decades. With rapid developmen t of
computer hardware and software
technology. numerical methods such
as Finite Element Analysis have been
extensively used in prosthesis design,
the current study focuses on results of
a closed form solution for an elbow
prosthesis with a simplified analytical
model. The variation of stresses
deve loped in the prosthesis stem as
well as the bone due to static loading
depends on the s ire and shape of the
compone nt. The effects of variation of
geometry of the ulna stem of elbow
prosthesis. on the bending stresses in
the prosthesis stem and the bone have
been inves tigated.

Ma terials and Methods
It has been established by Huiskes et
.1. 1. ( 1983) and Rupasinghc et .1. 1. (2009)
that the bending stress distribution of
the bone-prosthesis system can be well
represented by using the beams on
elastic foundations model.
Mathematical models incorporating
simple beam them) ' and beams on
elastic foundat ions theory were used to
obtain bending stress variation of the
prosthesis stem as well as the bone.
Figure I illustrates the bas ic geometry
of the model used in thc analysis. The
elbow joint the proximal end and the
distal end of the prosthesis stem are
denoted by J. EP and ED respectively.
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effects of stress shie lding (reduction of
the bending stress in the bone due to
the insert ion of the prosthesis). The
variation of stress patterns with
changes in the geometry of the
prosthesis stem was invest igated.
Figure 2 illustrates the different types
of cross sections and prosthesis stem
geometries used in the analyses.

It was of part icular interest to identify
the geometric parameters such as
prosthesis cross sectio n type, length,
shape (uniform or tapered at the distal
end) etc. that would have a significant
effect on reducing stress
concentrat ions and effects of stress
shielding while at the same time
reducing the amount of material used
for the component.

Figure 2. Different types of cross
sections of prosthesis stems used in
the study.
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Results
The resu lts of the study indicate that
the variation of the length of the
prosthesis has little effect on the
bending stresses in the stem. Ilowever
the reduction in prosthesis length was
found to have a positive effect on the
bending stresses in the bone since it
reduces the effect of stress shielding
and renders the stress distribution to be
more natural.

The longitud inal geometric parameters
of Ihe stem that were used in the
ana lysis are given in figure 3.

x. measured from join t Fi . l " I-fr .rxanon .engtn " r
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(a) Uniform longitudinal section ,
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(b) Tapered longitudinal sect ion

Figure 3. Different types of
longitud ina l geometries of prosthesis
stems used in the study.
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Figure 4. Effect of stem length on
the longitudinal stress in prosthesis
stem top fibre.

The results also indicated that there is
an increase in the stress concentrations
in top fiber of the bone cross section
with the reduction of prosthesi s length.
Stress concentration factors of 1.22,
1.36 and 1.41 were observed for
prosthesis lengths of 200 mm, 150 min
and 100 mm respective ly.
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Figure 6. Effect of radius ofstem on
bending stresses in the bone.

Conclusion
The resuIts of the study arc
recom mended to be used on ly as a
guidel ine in the design of the ulna
stem of e lbow prosthesis. Further
study penn its the devel opment of a
genera lized design methodo logy that
co uld be easily used by the designe r
reducing the time taken to design a
fully functiona l elbow joint implan t

prosthe sis stems having a lternate cross
sec tiona l geo metries based on the
bend ing stresses developed in the ulna
bone and prosthesis stem due to sta tic
loading in e lbow flexion . It was found
that stress shie ld ing co uld be reduced
by using a stem that is tapered at the
distal end. Tapered rectan gular
sections gave the best resu lts in te rms
of cost effectiveness and reduction of
stress shield ing.
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Figure 5. Effect of stem length on
the longitudinal st ress in the bone
top fibre.

I .

~ ,:J '~ ! : !'I E:]
: : .-: : : . ..

o · ..: j ...• -..( ~ .. · t······ ~····· i ····· ~

• • • ~ 1~ ~ • _ •_.. .1- _..

Discussion
Result s of the stud)' illustrate the
differences between seve ral types of

Figure 7. Effect of tapering of stem
on bending stresses in the bone.
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