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Abstract
With over 3.5 decades dedicated exclusively to total joint replacement, our arthroplasty unit has repeatedly iden-
tified and reported a clear correlation between cup wear on the one hand, and pain, interface widening and oste-
olytic failure on the other1. However, in view of the fact that this statement has sparked some controversy, clar-
ification of this correlation became imperative, particularly in view of important clinical consequences.

Materials and methods were provided by a potentially long-lasting gamma crosslinked cup. The arthroplasty fol-
low-up ranged from 10-33 years. Objective clinical, radiographic and pathological evaluations were backed by
computer analysis through the Department of Statistics at the University of Pretoria.

We are able to conclude that the statistical correlation between wear, on the one hand, versus pain, interface
effects and osteolysis on the other, was no coincidence but instead proved to be clearly conclusive. Of great
importance is the fact that this study allowed us to set new objective criteria for true failure as well as impend-
ing failure, thus guiding us towards sensible decision-making in terms of revision surgery in these complex
issues. Cup wear was thus clearly identified as the overwhelming leading variable in long-term prognosis in this
type of total hip replacement.

Introduction
The criteria for revision surgery, due to worn polyethyl-
ene hip cups, have long been controversial.
Disadvantages of premature revision of a well-perform-
ing arthroplasty are obvious, and can only be surpassed
by revision performed too late when osteolytic bone dam-
age may already be irreversible. Although over three
decades, many surgeons2-5 have identified the relevant
variables, wear versus P, I, O (pain, interface changes,
osteolysis and revision), we still needed statistical proof
of correlation. In this computer-assisted study, these asso-

ciations have been conclusively verified. It went further
to quantify these variables and thus enabled us to be very
specific, objective and scientific in decision-making in
terms of revision surgery.

To date, traditionally the diagnosis of implant failure
essentially depended on the time of implantation to revi-
sion surgery. It is our firm belief that failure needs to be
identified on a much more sensitive basis and should also
include pain, poor function and radiographic issues.
Redefinition of failure has thus become imperative
(Figure 1). 
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Materials and methods
A cohort of 272 total hip arthroplasties was studied. All
operations were performed between 1976 and 1983 by the
same surgeon. Only patients with a 10 year minimum fol-
low-up were included. There were 97 cases followed over
a 10-33 year postoperative period, in this retrospective
study. Table I gives the case summary, Table II the inclu-
sion and exclusion criteria, and Table III the demograph-
ics. Of particular interest was the relative youth of our
patients.

All hips studied utilised a stainless steel monoblock
femoral design with a 30 mm head diameter, articulating
on a gamma crosslinked ultra high molecular weight
polyethylene (UHMWPE) acetabular socket. Clinical fol-
low-up was according to Merle d’ Aubigne and Postel6 at
6 months post operation at follow-up 1, when interfaces
were considered to have stabilised, and again at their most
recent consultation at follow-up 2. Wear measurement at
follow-up 2 was according to the Digital Magnification
Method (DMM), which became available only in 20027.
Earlier measurements were according to a combination of
Charnley and Livermore methods, used mainly in follow-
up 1 examinations. Interface widening and osteolysis
were measured on the same digital magnified radi-
ographs.

Results and discussion
Compared with the internationally accepted mean wear
tempo of virgin polyethylene of 0.1 mm/year8, the results
with crosslinked cups in this series was 0.015 mm – a 6.6
times improvement in potential longevity (Table IV).

Our study involved four important aspects of cemented
arthroplasty follow-up as shown in Table V.

Of particular importance was osteolysis conforming to
one of the degrees given in Table VI.

On the basis of these findings, four groups were identi-
fied:
Group 1: (7 hips = 7.2%): True failures due to wear
The average total wear over 20.12 years in this group was
1.586 mm (study average was 0.302 mm). Average pain
was mode 4 (n=6) and average acetabular interface was 
2 mm (n≤1 mm). Osteolysis was classified as degree 
3 (n=0). Clearly every value proved to be in the ‘true fail-
ure’ range. Consequently seven of the 97 cases had to be
revised, and they represented the only wear-related revision
operations in the study (‘true wear-related revisions’).

Group 2: (9 hips = 9.2%): Impending failure
This was a most important and interesting group. Average
total wear over 20.12 years was 1.35 mm, which is clear-
ly in excess of the accepted cut-off point of 1 mm. Other
variables (dependent) were only moderately raised: pain
was 5 M d’ A (normal=6), acetabular interface was 1.361
mm (n≤1 mm) and osteolysis was degree 2 (n=0). 

Total hips
Follow-up

hips 
<10 yrs

Follow-up
hips 

10-33 yrs

Mean 
follow-up

yrs

1775 272 97 20.12

Table I. Case summary

Table II. Inclusion and exclusion criteria

Figure 1. A new approach to failure in hip
replacement

Inclusion criteria

All patients with wear, plus symptoms and signs

All patients with wear, but no symptoms

All patients with neither wear nor symptoms

Exclusion criteria

Cases failed for reasons other than wear

97 operations in 91 patients

Male hips: 35

Female hips: 62

Right hips: 62

Left hips: 35

Mass: range 48-105 kg (mean 68.96)

Age: range 17-78 yrs (mean 50.1 yrs)

Table III. Demographics

Table IV. Wear results of gamma crosslinked
cups

Combined total wear, 97 cases,
20.12 years

29.308 mm

Individual total wear, 20.12 years 0.302 mm

Individual annual wear, 1 year 0.015 mm
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Revision surgery was not indicated yet; nevertheless the
prognosis was poor. All this information was fed into rel-
evant computer programs. Association between wear and
the other three variables (P, I, O), again proved convinc-
ing with excellent P-values. Perhaps due to especially
moderate pain levels, no case in this group reported for
revision surgery. 

The following statistical figures depicted pain difference
between the seven true revisions and the nine impending
revisions, and also the effect of wear ≥1 mm versus 
<1 mm (Figure 2).

Group 3: (13 hips = 13.4%): Very limited wear
The average total wear in this group was only 0.466 mm,
while the average annual wear was 0.019 mm, compared
with the series average of 0.015. Dependent variables (P,
I, O) also correlated well with only slightly raised values:
pain, mode 6 (normal value = 6); acetabular interface 1.15
mm (normal value = 1 mm); and osteolysis amounted to
degree mode 0 (normal value < 1). Only routine follow-
up was required in this group.

Group 4: (68 hips = 70.1%): No wear
There was no measurable wear in Group 4. In keeping
with findings in Groups 1 to 3, there was once again com-
plete association between the independent and dependent
variables, i.e. no wear – no pain, no interface widening,
no osteolysis (no P, I, O). These findings promised an
excellent long-term prognosis. Of particular prognostic
value were the 16 cases in Groups 3 and 4 with clear
interface improvement, demonstrated in Figure 3 (regres-
sion graph) (narrowing).

Table V. The four variables and degrees of deterioration

Normal Moderately affected Severely affected

1.    Wear (mm) 0 0-1 >1

2.    Pain (M d’ Aubigne) 6 5 4 or less

3.    Interface (mm) <1 02-Jan >2

4.    Osteolysis (degrees) 0 02-Jan >2

Figure 2: Column graph: Group 1 (already
revised) accounted for 5 of the 7 (71.4%) with
severe pain levels. In Group 2 (impending
revisions) pain levels were much lower, with
only 3 of the 9 (33%) presenting with signifi-
cant pain of grade 4.

Figure 3. Regression scatter plot depicting a
clear association between the degree of radio-
graphic wear and the maximum interface
widening in acetabular zones 1 to 3.

Table VI. Degrees of osteolysis

0 = nil

1 = slight

2 = moderate

3 = diffuse
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Examples of statistical analysis
The purpose of this study was to prove the association
between wear, as the independent variable, with the three
dependent variables P, I, O. For this purpose Least Square
Means comparisons, Chi Square Test, Correlation
Analysis, Regression, Frequency Procedure and Fisher’s
Exact Test were considered. 

Relationship between radiographic wear 
and acetabular interface
The following model was fitted to the data by means of
non-linear least squares:

Y=AXB, (which implies a log-log relationship
between Y and X), where X = radiological wear and
Y = maximum acetabular interface over zones 1 to 3.

The result of the analysis is shown is Table VII.
The observed and predicted values are depicted in the
scatter plot (Figure 3).

There is a clear association between the degree of radi-
ographic wear and the maximum interface widening in
acetabular zones 1-3.

Relationship between degree of 
radiographic wear and pain
On the basis of the measured radiological wear, patients
are divided into two groups: those with wear less than 1
mm and those with wear of 1 mm or more. The pain expe-
rienced by the patients was categorised as 4 (severe), 5
(moderate) or 6 (no pain). The relationship between wear
and pain is summarised in the cross table shown in Table
VIII.

85.4% of patients with less than 1 mm wear had no pain,
but of the patients with more than 1 mm wear, 46.7% had
severe pain and 33.3% experienced moderate pain. 

The relationship was significant, with Fisher’s Exact
Test yielding a P-value of <0.0001. The bar chart in
Figure 4 illustrates the relationship.

Relationship between radiological 
wear and osteolysis
Osteolysis measurements were categorised into four
groups:

0 = nil, 1 = slight, 2 = moderate, 3 = diffuse.

The relationship between radiographic wear and osteoly-
sis is summarised in the cross table in Table IX.

The purpose of this study was to prove the 
association between wear, as the independent 

variable, with the three dependent variables P, I, O.

Table VIII

Figure 4. Bar chart of associated pain levels of
wear values that depicted 1 mm as the cut-off
value

Table VII

Parameter Estimate Std error P-value

A 1.345 0.201 <0.001

B 1.644 0.183 <0.001

Follow-up pain
4 5 6

Total
Severe Moderate No pain

Radiographic
wear

< 1 mm
Count 4 8 70 82
% within radiographic wear
<1 mm

4.90% 9.80% 85.40% 100.00%

≥ 1 mm
Count 7 5 3 15
% within radiographic wear
≥1 mm

46.70% 33.30% 20.00% 100.00%

Total
Count 11 13 73 97

% of total 11.30% 13.40% 75.30% 100.00%

R-squared = 0.628
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Of the patients with wear less than 1 mm, 95.1% had no
osteolysis. Of the patients with wear of 1 mm or more,
46.7% had diffuse osteolysis, and only 20% had no 
osteolysis. The relationship is statistically significant, the 
P-value according to Fisher’s Exact Test being less than
0.0001. The relationship is depicted in the bar chart in
Figure 5.

Relationship between radiographic 
wear and revision
In terms of revision, patients were classified into four
groups:
1 = Already operated
2 = Impending revision
3 = Wear but no impending revision
4 = No wear
The relationship between revision and wear is shown in
the cross table in Table X (all 97 cases evaluated).

Table IX

Table X

Figure 5. Strong association between the degree of
osteolysis and the cut-off wear value of 1 mm

Osteolysis
0 1 2 3

Total
Nil Slight Moderate Diffuse

Radiographic
wear

< 1 mm

Count 78 3 0 1 82

% within
radiographic
wear < 1 mm

95.10% 3.70% 0.00% 1.20% 100.00%

≥1 mm

Count 3 3 2 7 15
% within
radiographic
wear ≥1 mm

20.00% 20.00% 13.30% 46.70% 100.00%

Total
Count 81 6 2 8 97

% of total 83.50% 6.20% 2.10% 8.20% 100.00%

Revision
Already 

operated
Impending

revision

Wear, no
impending

revision
No wear Total

Degree of 
radiographic
wear

< 1 mm

Count 1 0 13 68 82
% within degree of 
radiographic wear 
<1 mm

1.20% 0.00% 15.90% 82.90% 100.00%

≥ 1 mm

Count 6 9 0 0 15
% within degree of
radiographic wear 
≥1 mm

40.00% 60.00% 0.00% 0.00% 100.00%

Total Count 7 9 13 68 97

% within degree of
radiographic wear

7.20% 9.30% 13.40% 70.10% 100.00%
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Of the patients with less than 1 mm wear, only 1.2% had
already been operated and 15.8% had some wear but no
impending revision. Of the patients with wear of 1 mm or
more, 40% had already been operated and 60% had impend-
ing revision. The relationship is statistically significant
(Fisher’s Exact Test giving a P-value of less than 0.0001.)
The relationship is depicted in the bar chart in Figure 6.

Analysis of all 16 cases with measurable wear is shown in
Figure 7.

A strong association also existed between the degree of
wear and pain in the 16-case cohort with radiographic wear
(Figure 8).

Conclusion
This study was directed primarily towards statistical proof
in favour of a strong association between cup wear on the
one hand, and pain, interface changes and osteolysis 
(P, I, O) on the other. In our experience with hip replace-
ment over three decades, we have regularly observed these
associations. The literature however, is divided on this issue.
Wroblewski12 was unable to prove clear correlation between
cup wear and particularly osteolysis, and favoured the view
of mechanical impingement resulting in looseness of the
implant. Other important world leaders in total joint
replacement like W. Harris2, Ian Clarke9, Revell11 or Hans
Willert10 were individually convinced that at least some of
these associations existed. However, the literature still need-
ed positive statistical proof in an ultra-long-term follow-up
study. This evidence was successfully provided by our
Department of Statistics at the University of Pretoria as
summarised in Figure 9.

In this study we have proposed cup wear as the main
dependent variable, recorded on the y-axis of column
graphs and scatter plots. On the x-axis the three relevant
independent variables are represented, namely, pain,
interface changes and osteolysis. An exceptionally high
level of association was found with p-values as low as
0.0001. According to Fisher’s Exact Test, R-Squared
equalled 0.628 or better. The association thus proved to be
no coincidence, and the null hypothesis could be rejected
with confidence.

Figure 6. Bar graph confirming findings
obtained in previous cross table. Cases with
wear more than 1 mm were already revised
(40%), or were classed as impending revisions
(60%). 82.9% had no wear and no revision
operations.

Figure 7: 15 of the 16 cases with radiographic
wear more than 1 mm (94%) were already
revised, or were classified as impending revi-
sions.

Figure 8. All cases with wear examined: When
wear exceeded 1 mm pain became prevalent.
Thus, correlation was obvious between wear
and follow-up pain. Again, the cut-off point
of 1 mm wear was confirmed.
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Finally
The findings reported in this study revealed a new per-
spective in polyethylene-on-metal total hip replacement.
By using computerised calculations we have already
reported on a method to predict the remaining lifespan of
the implant. Now we are enabled to apply set criteria for
routine follow-up versus revision surgery (Table XI).

The choice of treatment in cup wear clearly depends on
the quantification (degree) of the three categories of
dependent variables, viz. pain, interface status and osteol-

ysis (P, I, O). In this respect we hope that we are able to
provide irrevocable proof of the all-important associa-
tions of these variables to facilitate a more scientific
approach towards management of our arthroplasty
patients. 

Figure 9. Associations were studied not only between independent and
dependent variables, but also between these variables respectively. Cut-off
values for wear, pain, interface, osteolysis and revision were put into 
perspective.

Indicated treatment Wear mm Pain Md’A    (3-6)
Acetabular 

interface mm
Osteolysis 

degree 0-3

No treatment (Ideal) <1 6 0 0

Regular follow-up ≥1 5 02-Jan 02-Jan

Revision surgery ≥1 <4 >2 >2

Table XI. Criteria for management of cup wear

The findings reported in this study revealed 
a new perspective in polyethylene-on-metal 

total hip replacement. 
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The content of this article is the sole work of the authors.
No benefits of any form have been received from a com-
mercial party related directly or indirectly to the subject
of this article. All subjects included in this study provided
their written informed consent.
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