Effect of Bearing Type on Taper Material Loss in Hips from One Manufacturer
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Abstract

Background: Numerous studies have reported on clinical significant volumes of material loss
and corrosion at the head-stem junction of metal-on-metal (MOM) hips; less is understood
about metal-on-polyethylene (MOP) hips. We compared the effect of bearing type (MOM vs

MOP) on taper material loss for a hip system of a single design.

Methods: In this cohort study, we recruited retrieved MOM (n=30) and MOP (n=22) bearing
hips that were consecutively received at our centre.

We prospectively collected associated clinical and imaging data. We measured the severity of
corrosion and volumes of material loss at each head taper surface and used multivariate

statistical analysis to investigate differences between the two bearing types.

Results: The median rate of material loss for the MOM and MOP groups was 0.81 mm?/year
(0.01-3.45) and 0.03 mm?/year (0-1.07) respectively (p<0.001). 29 out of 30 MOM hips were

revised for adverse metal reactions, compared with 1 out of 22 MOP hips.

Conclusion: MOP hips lost significantly less material from their taper junctions than MOM
hips.
Our results can reassure patients with MOP Pinnacle hips that they are unlikely to experience

clinically significant problems related to material loss from the taper junction.
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Introduction

Adverse reaction to metal debris (ARMD) is a common reason for revision of metal-on-metal
(MOM) total hip replacements (THRs) [1]. The source of this debris is a combination of
material lost from the cup-head bearing surface and the head-stem taper junction. Numerous
studies have speculated that metal release (specifically cobalt and chromium) from the head
taper surface, plays a large role in early failure [2-5]; indeed, clinical studies have shown that
some resurfacing hips have a lower revision risk compared to hips with this junction [6].
More recently, several clinical studies have reported complications due to ARMD in metal-on-
polyethylene (MOP) bearing THRs, with the source of metal debris attributed to the head-stem
junction [7-8]. The Pinnacle (DePuy) THR cup is one of the most commonly implanted
worldwide and has most often been paired with a MOP bearing [1]. The metal-on-metal
(MOM) combination of this design was discontinued by the manufacturer in 2012 based on
low market demand. In 2016, the National Joint Registry (NJR) of England, Wales and
Northern Ireland reported a 10-year revision risk of 14.59% for the MOM Corail-Pinnacle [1].
It is speculated that material loss from the taper junction is a contributor to some of these early
revisions.

Retrieval centres analysing MOM Pinnacles revised due to ARMD, have reported volumes of
material loss as high as 23 mm? from the taper surfaces [9-11]; this is in contrast to 1.45 mm?
of metal loss which has previously been shown to be clinically insignificant [12]. It is unclear
however whether surgeons and patients should expect to see the same scale of taper problems
in the MOP hips.

In this study we collected Pinnacle hips with MOM and MOP bearings. We (1) analysed the
taper surfaces of each component and (2) used multivariate statistical analysis to evaluate the

scale of the differences in taper corrosion and material loss between the two groups.



Methods

In this cohort study we included all consecutively retrieved Pinnacle hips, received by our
laboratory during a 24-month period, that had MOP bearings and 12/14 head-stem junctions
(n=22). The bearings had been paired with either a Corail (n=16) or Summit (n=11) femoral
stem, both made of the same titanium alloy. We also included the first thirty consecutively
retrieved MOM bearing Pinnacle hips received at our laboratory. The bearings had been paired
with 12/14 stems consisting of the Corail (n=11) and Summit (n=19). The metal heads in both
groups were composed of the same cobalt-chromium alloy.

We prospectively collected preoperative, intraoperative, and postoperative data concerning the

revised arthroplasty.

Visual Assessment of Head Taper Corrosion:

The taper surfaces of all heads were examined macroscopically and with the aid of a Leica
M50 microscope [Leica Microsystems, Germany]| at up to 40x magnification to assess the
presence and severity of corrosion. Each taper was graded with a score of between 1 (no
corrosion) and 4 (severe corrosion) using the scoring system defined by Goldberg et al. [2];
this is known to be a reliable visual method which has shown to be correlated with measured
volumetric material loss at the taper [3]. Higher corrosion scores were graded based on

evidence of greater black debris, discolouration, pitting or etching on the surface.

Measurement of Head Taper Material Loss:
The volume of material loss at each of the head taper surfaces was measured using a Talyrond
365 (Taylor Hobson, Leicester, UK) roundness-measuring machine, using methods previously

published [13]. A series of 180 vertical traces were taken along the axis of the taper surface



using a Sum diamond stylus. These were combined to form a rectangular surface from which

unworn regions were identified and the volume of material loss in worn regions calculated.

Detailed Visual Inspection

Detailed macroscopic and microscopic inspection of the bearing surfaces was performed using
a previously published method [14]. All inspections were performed by a single examiner
experienced in retrieval analysis. The presence and severity of damage features of scratching
(light, moderate, heavy), discolouration, pitting, presence of visible wear scars and any other
notable surface changes were recorded.

In cases where the shell and liner components were retrieved and separated, we examined this
junction for evidence of corrosion of the metal components or damage of the polyethylene

components.

Statistical Analysis:

An initial set of analyses compared the characteristics of the two groups: (1) head size, (2)
gender, (3) age, (4) time to revision, (5) inclination, (7) horizontal femoral offset and (7)
vertical femoral offset. Categorical variables were compared between groups using Fisher’s
exact test. All continuous variables were found to be approximately normally distributed, and
were compared between groups using the unpaired t-test.

Next the two outcome measures were compared between groups using a regression approach.
A first analysis compared the groups without adjusting for any potentially confounding
variables. The analysis was repeated, comparing groups after adjusting for factors found to
show any difference between groups from the initial analyses (factors with a p-value of <0.2).
Taper wear rate was a continuous variable, and was thus analysed using linear regression. An

examination of the distribution of the values suggested it was highly positively skewed. Thus,



the variable was analysed on the log scale. A small constant was added onto all values before
the transformation to enable the transformation to be applied to those with a zero wear rate.

The Goldberg score took values from 1-4. The four outcome values were distinct categories,
and cannot be considered as a continuous score. Due to the ordinal nature of the outcome, the

analysis was performed using ordinal logistic regression.

Source of Funding

This independent study was funded by DePuy Synthes.

We confirm that all investigations were conducted in conformity with ethical principles of
research, that informed consent for participation in the study was obtained and that institutional

approval of the human protocol for this investigation was obtained.

Results

The two groups, MOM and MOP, were similar except for head diameter and time to revision
(Table 1): 12 out of 22 MOP hips had 36mm heads whereas all MOM hips had 36mm heads
(p<0.001); and the mean time to revision was 54 months for the MOP hips and 91 months for
the MOM hips (p=0.005).

The MOM implants were retrieved from 13 female and 17 male patients, whilst the MOPs were
retrieved from 12 female and 10 male patients. The median age of patients in the MOM and
MOP groups was 63.7 years (48.8-75.3) and 63.1 (36.0-80.4) respectively.

The median cup inclination angles for the MOM and MOP groups were 45° (33-61) and 46°
(32-58) respectively; 7 of the MOM and 4 of the MOP cups were positioned outside of the

Lewinnek safe zone, Figure 1.



The median horizontal femoral offset of the implants in the MOM and MOP groups were 48mm
(30-55) and 44.5mm (28-57) respectively. The vertical femoral offset for the two groups was

measured as 79.5mm (57-93) and 77.5mm (62-98) respectively, Figure 2.

Reason for revision
29 of the MOM hips were revised due to ARMD; 1 was revised for infection. The reasons for
revision of the MOPs were cup loosening (n=11), infection (n=5), pain (n=2), ARMD (n=1),

recurrent dislocations (n=2) and a periprosthetic fracture of the proximal femur (n=1).

Head-Stem Taper Corrosion

A summary of the corrosion scores in the two groups are given in the Table 2. The figures are
the number and percentage of patients with each score in each of the two groups. Ordinal
logistic regression was used to compare the scores between groups, Table 3. The sizes of the
group differences are expressed as odds ratios. This give the odds of being in the next highest
score category (e.g. score 3 relative to score 2) for the MOP group relative to the MOM group.
The results suggested a highly significant difference between groups both before and after
adjusting for potentially confounding variables, with significantly lower scores in the MOP
group, Figure 3. After adjusting for possible confounders, the odds of being in the next highest
category were only 0.05 times as large (or 20 times lower) in the MOP group than in the MOM

group. Typical examples of the taper damage of the two groups are presented in Figure 4.

Measurement of Material Loss
The median rate of material loss from the taper surfaces of the MOM and MOP groups was
0.81 mm?/year (0.01-3.45) and 0.03 mm?/year (0-1.07) respectively, Figure 5. The total volume

of material lost from both groups was 6.13 mm? (0.09-23.42) and 0.15 mm? (0-3.80); typical



wear maps of the taper surfaces are presented in Figure 6. Of the single MOP hip that was
revised for ARMD, the total taper material lost was 3.8 mm? and the annual rate was 0.35

mm?/year.

Linear regression was used to compare the taper wear rate between the two hip types, Table 4.
Due to the analysis on the log scale, the difference in outcome between groups is expressed as
a ratio. This gives the ratio of wear rate in the MOP group relative to the wear rate in the MOM
group. Corresponding confidence intervals are also reported, along with p-values indicating the
significance of the results.

The results suggested that there was a significant difference between the two hip types in the
analysis unadjusted for possible confounding variables. Wear rate was significantly lower in
the MOP group, with wear rate values that were only 0.27 times as large (or 73% smaller) than
those in the MOM group. The results were almost unchanged after adjusting for baseline factors

found to vary between the two hip types.

Detailed Visual Inspection

Visual inspection of the bearing surfaces of the MOM hips revealed light scratching of all
components. A clear wear scar was visible on 19 out of 30 hips; 9 of the metal liners had clear
scars at their rims. 23 out of 30 of the metal liners were available for inspection of their backside
surfaces. Virtually all components were found to have minimal damage at this junction, limited
to light scratching and mild discolouration. One case had evidence of mild corrosion with some
pitting of the surface.

Inspection of the MOP bearing surfaces showed that all components had evidence of light
scratching. 3 out of 22 of the polyethylene liners had evidence of mild deformation or

delamination of the surfaces near the rims. Examination of the backside of the polyethylene



liners showed light scratching at the point of engagement between the shell and liner however

there was no considerable damage at this junction.

Discussion

Summary

We sought to better understand the function of the head-stem taper junction in patients by
studying retrieved hips together with clinical and imaging data. Whilst there has been a recent
increase in reports on this subject for MOM hips, there have been very few reports for MOP
hips and our study is one of the first to compare the effect of bearing type on head-stem taper
wear for one hip system. We used multi-variate statistical analysis of seven variables from 52
hips (30 MOM and 22 MOP) and found that the amount of corrosion and volumes of material

loss at the tapers of MOP hips was significantly less (p<0.001) than in the MOM hips.

Clinical Relevance

Our study has immediate clinical relevance to the estimated 400,000 patients who have the
Pinnacle system implanted with metal-on-polyethylene bearings. These patients can be
reassured that wear of the head-stem taper junction is unlikely to cause them clinically
significant problems. This is a pertinent discovery because of recent reports that several designs

of metal on polyethylene hips have caused catastrophic wear at this junction [7, 8, 15].

Quantification of Material Loss from Taper Junction
The methods for analysing material lost at this junction have improved dramatically in recent
years so it has only been recently possible to estimate a clinically relevant level of taper material

loss.



The rate of material loss at the taper junction of the MOM group was 0.81 mm?/year, which is
approximately 10-fold greater than those previously reported as being clinically insignificant
(0.084 mm?/year) [12]. The rate of material loss was 3 times greater from the bearing surfaces
when compared to the taper surfaces and because Cobalt-Chromium is the main constituent of
the material loss from both areas, it is difficult to establish the clinical effect of material from
the taper surfaces of MOM hips.

In contrast, the rate of material loss from the taper surfaces of the MOP group was similar to
that found in hips revised for reasons other than ARMD [12]. This makes sense because only
one of the MOP patients were revised due to ARMD. It is of note that the rate of taper material
loss of this patient was over 11-fold greater than the median rate of all the MOP hips however
still less than half that of the MOM group.

We found no difference in the severity of corrosion of material loss between using a Corail or
Summit stem in both groups. This also makes sense given the similarities in trunnion geometry

and material between the two stems.

Strengths of our study

Our study is the first to compare the extent and severity of corrosion and material loss at the
taper junction surface of MOM and MOP bearing hips of a single design. We consecutively
recruited a relatively large number of MOP hips. We used highly accurate measurement
methods and then used multivariate statistical analysis to control for differences identified
between the two groups and found that the MOP group has significantly less taper corrosion

and material loss than in the MOM group.
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Limitations

Our study has two main limitations. First, our sample was only 30 and 22 in each group.
However, a group of 22 MOP retrievals with comparative 30 MOM retrievals of the same
design makes our study one of the largest retrieval studies of its kind. Secondly, the recruitment
process led to potential confounding variables between the two groups, with dissimilar means
for time to revision, head diameter and reasons for revision. This is understandable given that
the failure rate of MOP hips is low and often explainable, such as from infection or mal-
position, so surgeons do not keep the retrievals for analysis. In contrast, the generally higher
revision rates of MOM hips are well documented and more likely to be related to ARMD, due
to metal debris released from the hard-on-hard bearing.

There was also a difference in the head size between the groups. All MOM hips were 36mm
whilst 45% of heads in the MOP group had smaller diameters. Head diameter is positively
correlated with frictional torque at the bearing [16] which is transmitted to the head-stem taper
junction. However, the difference in head size in the current study may be mitigated by the
lower frictional torque found with bearings that have fluid-film lubrication, such as MOM.

It is also difficult to quantify patient activity levels and relate these to retrieval findings.
However, age can be a surrogate for activity and this was similar in both groups. We note
however that the majority of the reasons for revision of the MOP group are likely to have been
associated with considerable pain. Coupled with the shorter time to revision of this group, it

may be that patients with MOP hips were less active over a shorter period of time.

Mechanism of Material Loss from the Taper Surfaces of MOM hips
Unlike the bearing surfaces, the head—stem taper junction is not expected to wear or corrode
because there should be no movement or fluid ingress at the junction. Numerous studies suggest

the following sequence of events: large head diameter; increased frictional torque; increased
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turning force transferred from the bearing to the head-stem junction; increased micro-motion
at the taper junction; resulting in greater mechanically-assisted corrosion [13, 16]. Our study
suggests that the presence of metal debris from the bearing surface is also probably an
important factor for generating clinically significant levels of material loss form the taper
junction because 55% of the MOP hips had a bearing diameter of 36mm (all MOM hips had a
bearing diameter of 36mm) and yet had minimal material loss from the taper junction. We
suggest a mechanism whereby there is an electrochemical current transfer from the MOM
bearing to the taper junction, leading to corrosion and material loss. We also speculate that
synovial fluid containing metal ions released from the metal bearing surfaces enter the junction
between the stem and head and strengthen the electrochemical galvanic corrosion process

taking place.

Conclusion

The rate of material loss from the head-stem taper junctions of Pinnacle MOP hips is negligible,

clinically insignificant and 27-fold less than Pinnacle MOM hips.
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Variable Category MOM MOP P-value
(n=30) (n=22)

Head size (mm) 28/32 0 (0%) 10 (45%) <0.001
36 30 (100%) 12 (55%)

Gender Female 13 (43%) 12 (55%) 0.58
Male 17 (57%) 10 (45%)

Age (years) - 62.9+6.1 62.2+12.5 0.78

Time revisions - 91 (18) 54 (49) <0.001

(months)

Inclination - 45.8 (6.7) 45.3 (6.4) 0.76

Horizontal offset (mm) | - 45.6 (5.9) 44.5 (7.0) 0.51

Vertical offset (mm) - 78.1 (9.5) 78.4 (10.9) 0.91

Table 1: Summary of the differences in the baseline characteristics between the two groups.
The figures are the number and percentage in each group for the categorical variables, or the

mean and standard deviation for the continuous measures.

Goldberg score MOM MOP
Number (%) Number (%)
1 0 (0%) 10 (45%)
2 4 (13%) 7 (32%)
3 9 (30%) 4 (18%)
4 17 (57%) 1 (5%)
Table 2: Summary of taper corrosion scores for the two groups
Adjustments Odds Ratio ) (95% CI) P-value
None 0.04 (0.01, 0.14) <0.001
Head size, time revision 0.05 (0.01, 0.27) 0.001

Table 3: (*) Odds ratios given as values for MOP group relative to MOM group

Adjustments Ratio  (95% CI) P-value
None 0.26 (0.15, 0.44) <0.001
Head size, time revision 0.27 (0.12, 0.60) 0.002

Table 4: (*) Ratios given as values for the MOP group relative to MOM group
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Figure 1: Distribution of the measurements of cup inclination of the implants in the two

groups. The vertical lines represent the upper (50°) and lower (30°) limits of the safe zone

defined by Lewinnek.
11014 MOM MOP
=
£ 100- .
é 90- * o ® s
= * e, t.
g 80'I L) N : ..' X
E ° o © o
qJ [ ]
LI_ 70- [ ] ° . .: [ ]
E .o . ®e :
© 60 .
> °
50 1 | || 1
20 30 40 50 60

Figure 2: Distribution of the measurements of horizontal and vertical femoral offset of the

two groups.
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Figure 3: Distribution of the Goldberg corrosion scores for the taper surfaces of the two

bearing types
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Figure 4: Examples of taper damage observed in the MOM (left) and MOP (right) groups
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Figure 5: Box plots of the rate of volumetric material loss from the taper surfaces of the two

bearing types
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Figure 6: Wear maps generated from the roundness measuring machine showing a typical
scan from the surface of a MOM head taper (left) and MOP taper (right). Both heads in this
example were paired with a Corail stem. The worn regions are representative of the areas of

engagement between stem trunnion and head taper
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