
Unlike in cemented total hip arthroplasty (THA), several 
types of polyethylene liners can be used in cementless 
THA. Selection of the appropriate polyethylene liner af-
fects the long-term stability after THA.1,2) One of the main 
causes for revision surgery is postoperative dislocation, 
and the use of elevated polyethylene liners can effectively 
correct the inclination of metal cups, thereby preventing 
future dislocations. In cementless THA revision, there are 
some cases where the metal cup has no looseness, but the 
polyethylene liner is worn down and progressive osteolysis 

is seen. Significant malalignment of the metal cup requires 
removal of the metal cup, adjustment of the angle, and re-
installation. However, in cases of mild malalignment of the 
metal cup, the polyethylene insert may be changed from 
flat to elevated, with the metal cup preserved, to reduce 
polyethylene wear and prevent postoperative dislocation; 
this procedure is also less invasive for patients.3-5) Never-
theless, no studies have compared flat and elevated-rim 
polyethylene liners in terms of stress distributions on the 
bearing surface of the liners. Our hypothesis was that the 
high stress area on the bearing surface would decrease 
when an elevated-rim polyethylene liner is used rather 
than a flat liner. By identifying the differences in stress 
distributions of the 2 types of liners, it may be possible to 
determine whether the elevated-rim liner is useful for re-
ducing polyethylene wear. Furthermore, this could reveal 
other valuable practices for the use of elevated-rim liners. 
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In the field of THA, useful information has been obtained 
from simulation studies using the finite element method 
(FEM).6) In this study, we used the FEM to investigate the 
differences in stress distributions of the flat and elevated-
rim polyethylene liners.

METHODS

We designed a 3-dimensional finite element analysis 
model. The component models used were the Trinity Ac-
etabular cluster shell with 3 screw holes and the TriFit TS 
Cementless Tapered Femoral Stem (Corin Ltd., Cirences-
ter, UK), and the linear model used was the ECiMa Vita-
min E-stabilized, highly cross-linked ultrahigh molecular 
weight polyethylene (UHMWPE; Corin Ltd.). The outer 
diameter of the cup was 50 mm, and the bearing surface 
diameter of the polyethylene liner was 36 mm. The diam-
eter of the BIOLOX delta ball head (CeramTec, Baden-
Württemberg, Germany) was 36 mm without additional 
stem neck length. A bone model was created by the extrac-
tion and configuration of the bone shape in the pelvis and 
femur from the computed tomography image of a woman 
who was 58 years old, which is the mean age of those 
undergoing THA. The bone model and computed tomog-
raphy image that we used are owned by the Research Cen-
ter of Computational Mechanics in the MECHANICAL 
FINDER Technical Department (Tokyo, Japan).

To make it simpler to evaluate the effect of stress 
distribution on the elevated-rim liner, the load had to be 
secured on the elevated rim. Thus, the cup placement 
angles were fixed at 80°, 70°, and 60°, which are larger than 
the usual operative cup inclination angles; however, the 
elevated-rim certainly contacted the ball head at each in-
clination angle in this study. For the flat polyethylene liner, 
we used 20° of operative anteversion angle. For the elevat-

ed polyethylene liner, the cup placement angles were also 
fixed at 80°, 70°, and 60° for the operative cup inclination 
angle and at 20° for operative anteversion. The elevated 
polyethylene liner was elevated by 10° from the cup. The 
shape of the elevated liner is shown in Fig. 1. The equato-
rial plane of the flat liner was offset by 1.49 mm from the 
plane of the cup. The bearing surface of the flat liner was 
formed up from the center to the edge with a curvature 
radius of 18.225°. The elevated surface of the elevated liner 
was formed in the same direction as the curvature of the 
bearing, but in flat shape. Thus, to be precise, the curva-
tures were slightly different between the bearing and the 
elevated-rim’s surface. When the elevated liner was viewed 
from the bearing surface, the elevation from the equatorial 
plane has a maximum height of 4 mm at the center, and 
when it is viewed from the side, it has an inclination of 
10°. In the liner of this model, the center of the elevation 
rim faced the outermost position with cup inclination and 
anteversion angle of 0°. From there, it was rotated with an 
anteversion of 20° and inclination of 60°, 70°, or 80°. The 
zenith of the elevation rim was facing 12 o’clock.

The models were divided into tetrahedral elements 
(element size, 0.3–2.5 mm) and analyzed. The number of 
elements in the models was 1,450,000 and the number of 
nodal points was 280,000. The Young’s moduli and Pois-
son’s ratios were as follows: cup and stem produced from 
titanium alloy, 109 GPa and 0.28, respectively; polyethyl-
ene liner, 1.00 GPa and 0.46, respectively; and metal head 
of cobalt and chromium alloy, 223 GPa and 0.31, respec-
tively. The Young’s modulus of bone was 0.4, and the value 
was obtained by using the methods of Keyak and Poisson’s 
ratios. Because the X-axis was defined as the medial to 
lateral direction, the Y-axis was defined as the anterior 
to posterior direction, and the Z-axis was defined as the 
distal to proximal direction. Two thousand N of force was 

Height: 4 mm

Curvature radius: 18.225 mm

Top thickness: 5.3 mm

Thickness: 3.92 mm
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Fig. 1. The shape of an elevated polyethylene liner. (A) A photograph of the actual polyethylene liner. It is cross-linked and has a curvature radius of 
18.225 mm in the bearing surface. The liner thickness is 5.3 mm at the center of the bearing surface. (B) Cross section of the polyethylene liner. The 
polyethylene thickness is 5.3 mm at the center of the bearing surface and 3.92 mm in the elevated part. The shape of the polyethylene liner is elevated 
at an angle of 50° from the equator plane of the liner opening and immediately reaches a height of 4 mm.
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loaded onto the knee joint surface of the femur toward the 
proximal of the z-direction. To implement a restraint con-
dition, the sacral joint surface was completely restrained, 
the pubic joint symmetry was confirmed for the yz-plane, 
and the femoral distal end was restrained (except in the z-
direction).

Interfaces were completely fixed by bond fixation 
between the femur and the stem, between the acetabular 
bone and the cup, and between the stem and the ball head. 
The coefficient of friction was set to 0 under contact con-
ditions between the liner and cup or the ball head.

The 3 conditions for each type of liner—80°, 70°, 
and 60° of inclination angles—were simulated by using the 
finite element analysis with the MECHANICAL FINDER 
ver. 10.0 Extended Edition (Research Center of Computa-
tional Mechanics).

RESULTS

The von Mises equivalent stress distribution on the bear-
ing surface of the liner is shown in Fig. 2. The area of high 
stress was the largest in the 80° flat liner, followed in de-

Fig. 2. Equivalent stress on the bearing 
surface of the polyethylene liner. The von 
Mises equivalent stress distribution of 
the polyethylene liner is shown. The flat 
liner with an inclination angle of 80° has 
a wide high stress area concentrated at 
the edge portion of the liner. In the ele-
vated-rim liner with an inclination angle of 
80°, the stress is concentrated inside the 
edge. The high stress area is narrower 
in the liners with an inclination angle of 
70°.

20 80 Flat 20 60 Flat20 70 Flat

20 80 Elevated 20 60 Elevated20 70 Elevated
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Fig. 3. Equivalent stress on the cup side 
of the polyethylene liner. The von Mises 
equivalent stress distribution of the 
polyethylene liner is shown from the cup 
side. The results are similar to those of 
stress distribution on the bearing surface 
as seen in Fig. 2.
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scending order by the 80° elevated-rim liner, 70° flat liner, 
and 70° elevated-rim liner. When the inclination angle of 
the metal cup was 80°, the flat liner was highly stressed 
at the edge. Conversely, when the inclination angle of the 
metal cup was 80°, the 10° elevated-rim liner was highly 
stressed away from the edge. The stress was high at the 
surface corresponding to the metal cup edge, which was 
more central than the edge of the elevated-rim liner. When 
the inclination angle of the metal cup was 70°, the areas 
showing high stress were scarce. From the cup side, the flat 
liner with an inclination angle of 80° was highly stressed at 
the edge, while the elevated-rim liner was highly stressed 
at the fitting interface with the metal cup (Fig. 3). In all 
cases, the high stress was spread to the back of the liner. 
All metal cups had high stress at the edge. The area of high 
stress was the largest for the 80° flat liner, followed in de-
scending order by the 80° elevated-rim liner, and 70° flat 
liner (Fig. 4). 

The von Mises equivalent stress on each element of 
the liners is shown in a graph, which depicts the increase 
in volume every 5 MPa (Fig. 5). The 80° flat liner had a 
larger high stress area (volume) than the 80° elevated-rim 
liner; the elevated-rim liner had reduced volume compred 
to that of the flat liner under the same stress. However, the 
total equivalent stress became extremely small and the dif-
ference between flat and elevated-rim liners became very 
small in the 60° inclination. The size of the contact area 
was the smallest for the 80° flat liner, followed in ascend-
ing order by the 80° elevated-rim liner, and 70° flat liner. 
The contact area limited to the elevated-rim liner was 35.5 
mm2 in 80° inclination, 12.8 mm2 in 70°, and 2.6 mm2 in 

60°, respectively. The average contact pressure was the 
highest for the 80° flat liner, followed in descending order 
by the 80° elevated-rim liner, and 70° flat liner (Table 1). 
Regarding the location of maximum contact pressure, 
it was found at the edge for flat liners with 70° and 80° 
inclinations; however, for flat liners with 60° inclination, 
the maximum contact pressure was found to be closer to 
the center than the edge (Fig. 6). On the other hand, the 
maximum contact pressure of the elevated-rim liners was 
located more centrally than that of the flat liners at any in-
clinations of the cup.

20 80 Flat 20 60 Flat20 70 Flat

20 80 Elevated 20 60 Elevated20 70 Elevated
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0.0

Fig. 4. Equivalent stress on the metal 
cup. All metal cups have high stress at 
the edge. The size of the area with high 
stress is the largest for the 80° flat liner, 
second largest for the 80° elevated-rim 
liner, and third largest for the 70° flat 
liner.
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Fig. 5. Element volume for each threshold value of equivalent stress. The 
graph shows the von Mises equivalent stress at an interval of 5 MPa on 
each element of a liner. The area (volume) was larger where the stress 
was higher. The size of the stress area was the largest for the 80° flat 
liner, second largest for the 80° elevated-rim liner, and third largest for 
the 70° flat liner.
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DISCUSSION
According to our FEM stress analysis, the elevated-rim 
liners reduced the maximum stress and high stress areas 
of the bearing surface. The elevated-rim liner increased 
the load area and dispersed the stress, although the effect 
of the elevation was proportional to that of the inclination 
angle of the metal cup. However, the elevated-rim liner 
has a boundary between the portion where polyethylene is 
supported by the metal cup and the portion where it is not. 
This causes deflection of the polyethylene and occurrence 
of new stress. Thus, the flat liner exhibits high stress at 
the edge of the liner, while the elevated-rim liner exhibits 
high stress in the inner area, which is at the same point as 
the edge of the metal cup. In view of the load direction, 
compression is on the back side of the liner and tensile 
strength, on the bearing surface. Thus, there is a concern 
that the elevated-rim liner may be damaged. By contrast, 
the stress when the angle of inclination of the cup is re-
duced is less than that of the elevated-rim liner when the 
inclination angle is the same. With respect to polyethylene 
supported by a metal cup, the boundary was not formed 
and the effect of reducing the inclination angle was suf-

ficiently exhibited. The rise in stress at this boundary often 
depends on the shape of the metal cup end and the shape 
and quality of the polyethylene liner; therefore, these fac-
tors should be taken into consideration in the future devel-
opment and manufacture of implants. Although there are 
other causes of THA failure such as impingement, cases 
of failure with elevated-rim polyethylene liners have been 
reported.7-9)

While the contact area was increased and average 
contact pressure was decreased according to decrease of the 
cup inclination, the maximum contact pressure of the flat 
liner with 70° inclination was higher than that of the elevat-
ed-rim liner with 80° inclination. The same applies to the 
relationship between the 70° and 60° inclinations. When 
using a flat liner, the metal cup and polyethylene liner have 
the same edge, so the polyethylene liner is completely lined 
with metal, and therefore, it cannot be allowed to bend and 
receive the stress decently. This may be the reason why the 
maximum contact pressure of the flat liner with 70° incli-
nation was higher than that of the elevated-rim liner with 
80° inclination, although the influence of the size of the 
mesh in the FEM analysis could also be a contributing fac-
tor.

Table 1. Contact Areas and Contact Pressures

Variable
20−80 20−70 20−60

Flat Elevated Flat Elevated Flat Elevated

Contact area (mm2) 85.6 146.2 170.7 200.0 202.2 248.9

Maximum contact pressure (MPa) 80.9 31.9 38.8 24.2 34.1 18.4

Average contact pressure (MPa) 17.9 9.7 7.8 7.1 6.7 5.8

20 80 Elevated 20 60 Elevated20 70 Elevated

20 80 Flat 20 60 Flat20 70 Flat

Fig. 6. Location of the maximum contact 
pressure. The maximum contact pressure 
of flat liners with 70° and 80° inclinations 
was at the edge, whereas that of the flat 
liner with 60° inclination and all elevated-
rim liners was more distant from the edge.
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The ability of surgeons to select a liner with several 
variations during the initial surgical treatment with ce-
mentless THA is useful for fine adjustment to achieve op-
timal leg and joint stability.2) Elevated-rim liners can adjust 
the angle of the liner opening and increase the jumping 
distance and are used for improving joint stability by pre-
venting dislocation.1) In case of revision with good fixation 
of the artificial joint, liner replacement is advantageous to 
the patient and the surgeon: the operative procedure of 
liner replacement is simple, the surgical invasion is small,4) 
and postoperative recovery is quick.10) Some reports have 
shown that mid- and long-term results of revision with 
only liner replacement are good; revisions with liner re-
placements are also effective for wear management.11-13)

By contrast, there are reports showing that revision 
surgery with only liner replacement should be selectively 
performed and that the mid- and long-term results are af-
fected when liner replacement is performed without such 
discretion.5,14,15) However, when there is no loosening of 
the artificial joint and the inclination of the cup is not sig-
nificantly deviated, but the polyethylene is weakened be-
cause of wear, if a flat liner was used in the last operation, 
then 1 option is to replace it with an elevated-rim liner. By 
replacing the flat polyethylene liner with the elevated-rim 
liner, the inclination angle of the liner opening is reduced, 
and the contact area of the load is increased. However, 
there is no report on the stress analysis comparing elevat-
ed-rim and flat liners. Moreover, there is no report on the 
mechanism by which the elevated-rim liner changes the 
stress of the load section or how it differs from that of the 
inclined metal cup.

Stress analysis studies have reported that the load 
applied to the bearing surface varies with the inclination 
of the cup.9) The larger the inclination angle of the cup, the 
higher the maximum stress on the liner bearing surface 
and the wider the region of high stress. Long-term clinical 
results decline if the inclination angle of the cup is large.16) 
However, when the inclination angle of the opening is 
changed in the elevated-rim liner, the polyethylene elevat-
ed-rim liner receives the load of the ball head. If the cup 
inclination is below the normal range and the contact area 
between the ball head and polyethylene liner is sufficient, 
then we regard the presence or absence of an elevated rim 
has little effect on the stress distribution on the bearing 
surface. In order to secure the load on the elevated rim, the 
inclination angles of the cup were set to 80°, 70°, and 60° 
in this study. Although these are extreme inclination an-
gles, the cup opening angle becomes large with respect to 
the horizontal plane of the ground and therefore, generally 
resembles the conditions of this study in the following sit-

uations: when a leg length discrepancy or abnormal align-
ment of the spine is present; and when the coronal plane of 
the pelvis is inclined proximally on the operated side even 
if the cup was intraoperatively set to the acetabulum with 
a normal opening angle area. In addition, we speculate 
that, during a person’s daily life, in vivo stresses often place 
loads on the polyethylene liner, which are almost equal to 
the loads used in our simulation. For example, this could 
occur during hip adduction. Based on the results pre-
sented in Fig. 5, it can be understood that the elevated-rim 
liner is effective for load distribution when the inclination 
angle of the metal cup is more than 60°. However, the evi-
dence was not sufficient to determine that the criteria for 
the use of an elevated-rim liner for load distribution on 
the bearing surface in cementless THA is more than 60° of 
cup inclination. Further research is required since we only 
simulated the standing state in this study and the results 
may not be applicable to all positions involved in human 
activities.

The principal limitation of this study is that we 
only used the same type of elevated-rim liner (increased 
by 10° from the equatorial plane). The stress behaviors of 
elevated-rim liners could be evaluated in more detail by 
comparing our results with results obtained at different 
elevation angles, for example, 20° or 30°. The angle setting 
of the cup was 80°, 70°, and 60°, and revision with metal 
cup replacement was performed under these conditions 
in actual clinical practice. However, it could be expected 
that the elevated-rim was hardly stressed at tilt angles less 
than 60° because the contact area limited to the elevated-
rim was 2.6 mm2 in 60° inclination in the present study. 
In addition, daily movements were not reproduced since 
the analysis did not consider the ligament and muscle 
strength. Although we believe that simulation studies for 
stress analysis under various conditions using a more real-
istic model are necessary to understand the biomechanical 
features in greater detail, we also think that the knowledge 
gained in this study is essential and valuable.

In conclusion, as compared with flat liners, elevated-
rim liners can increase the contact area of the load and re-
duce the areas of maximum and high stress. When using a 
flat liner, high stress generated by the boundary of support 
from the metal cup is seen at the edge of the liner. By con-
trast, when using an elevated-rim liner, high stress is gen-
erated at the inner boundary of the elevated-rim liner. The 
inner boundary is distant from the edge of the elevated-
rim liner, resulting in damage to the elevated component. 
Adjusting the inclination angle of the metal cup is more 
effective for stress dispersion in elevated-rim and flat lin-
ers. Surgeons have to consider a variety of factors, such as 
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age and general condition, when selecting the best surgi-
cal procedure, especially in cases of revision THA. Our 
findings should help surgeons who are considering liner 
options (e.g., exchange to an isolated liner from a flat liner 
and elevated orientation) or acetabular cup revision for a 
well-fixed metal cup with a higher inclination angle.
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