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Abstract

Background:

The size of the clinical impact of corrosion of the taper junction of metal-on-metal total hip
replacements (MOM-THRs) is unclear. Examination of a large number of retrieved MOM resurfacing

and total hip replacements can help us understand the role of taper corrosion in metal ion release.

Methods:
We graded the severity of corrosion at the taper junction of 395 MOM-THRs and compared the pre-

revision whole blood metal ion levels of these hips with 529 failed MOM hip resurfacings.

Results:

Virtually all MOM-THR hips (n=388) had evidence of corrosion of the head-stem taper junction and
graded as severe in 31% (n=124). The median Co/Cr ratio was 1.58 (0.01-13.82) and 1.08 (0-4.86) for
MOM-THR and MOM hip resurfacing respectively; this difference was significant (p<0.001). THR

hips with severely corroded tapers had the highest median Co/Cr ratio of 1.86 (0.01-10).

Conclusions:

This study demonstrates the high prevalence of severe taper corrosion, which may be related to an

elevated Co/Cr ratio prior to revision.

Keywords: Taper, Corrosion, Metal-on-Metal, Retrieval, Cobalt, Chromium
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Introduction

The size of the clinical impact of metal ions released from the taper junctions of metal-on-
metal total hip replacements (MOM-THR) is unknown. Numerous studies have reported on
the wide range of volumetric material loss that has been measured at the surface of the
femoral head taper [1-3] and it is largely accepted that the mechanism of material loss may be

due to mechanical wear, corrosion or a combination of both.

The volume of material loss at the taper has been shown to be significantly moderately
correlated with a well-published visual scoring scale for the severity of corrosion [4, 5]. It
was found that virtually all tapers that had evidence of no, mild or moderate corrosion had
volumetric material loss of less than Smm’, however tapers that were visually severely
corroded (score 4) revealed a large variation in material loss of between Imm’ and over

25mm’.

The black surface deposits associated with severe taper corrosion have been shown to be rich
in chromium (Cr) with comparatively fewer cobalt (Co) ions [5]. It is speculated that as the
severity of corrosion increases, an increase will also be detected in the whole blood Co/Cr
ratio as more chromium will be retained on the taper surface whilst a greater concentration of

cobalt 1ons will be released into the blood.

It is proposed therefore that a greater focus on the analysis of severely corroded tapers may
be key in understanding the role of the taper junction in implant failure. The magnitude of the
clinical frequency of severe taper corrosion however is unclear. Recent studies that have
reported on corrosion of failed contemporary hips have examined a relatively low number of

components, ranging from 12 to 150 [4, 5, 6-12]. Goldberg et al. [5] reported evidence of
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severe corrosion in 10% of 221 tapers however these were of hips explanted over a decade
ago. It remains unclear to what extent severe taper corrosion is present in a wider cohort of

failed modern MOM hips.

The purpose of this study therefore was to: (1) report on the prevalence and severity of
corrosion in the largest study of retrieved MOM-THR hips of current designs (n=395) and (2)
determine whether this damage mechanism can be detected prior to revision by comparing
corrosion scores with pre-revision blood metal ion levels of the 395 MOM-THRSs and a series

of 529 failed MOM hip resurfacings.
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Methods

This was a retrospective cohort study involving a consecutive series of 395 failed MOM-
THR hip implants received at our retrieval centre that had an unobstructed female head taper
surface which could be visually assessed. Implants were collected from over 38 contributing
hospitals during the period July 2009 to April 2014. Pre-revision cobalt and chromium blood
metal ion levels were collected, together with patient demographic data relating to gender,
age at primary surgery and time to revision, Table 1. The hip designs consisted of the Adept
(27), ASR XL (68), BHR (66), Conserve (10), Cormet (35), Magnum (50), Metasul (42),
Mitch (10), Pinnacle (66), Ultima (6) and others (15), with a median head diameter of 45mm

(28-60); these consisted of 19 small heads (<36mm) and 376 large heads (>36mm).

The implants were retrieved from 162 male and 233 female patients with a median age of 61
years (23-83) and a median time to revision of 50 months (7-200). Median whole blood
cobalt (Co) and chromium (Cr) levels pre-revision were 7.02 ppb (0.47-212.4) and 3.93 ppb
(0.2-111) respectively. The Co/Cr ratio was calculated individually for each patient; the

median ratio was 1.58 (0.01-13.82).

In order to assess the clinical significance of corrosion at the modular junctions of the MOM-
THRs, we also considered in this study pre-revision whole blood metal ion levels of a series
of 529 retrieved MOM resurfacing hips previously collected at our centre, Table 1. Median
cobalt and chromium levels were 5.83 ppb (0-273.8) and 5.92 ppb (0.3-343) respectively; the
median Co/Cr ratio was 1.08 (0-4.86). These implants had been retrieved from 216 male and
313 female patients with a median age of 55 years (16-74) and a median time to revision of

59 months (8-178). The median head diameter was 46mm (38-58).
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Corrosion Assessment

Each head taper surface was inspected macroscopically and with the aid of a Leica M50 light
microscope [Leica Microsystems, Germany]| at up to x40 magnification. A well-published
corrosion classification method [5] was used to grade each surface with a score of 1 (no
corrosion), 2 (mild corrosion), 3 (moderate corrosion) or 4 (severe corrosion), with increasing
evidence of black debris, pitting and etching indicating greater corrosion. This method has
previously been demonstrated as being both repeatable and reproducible [4]. The statistical
significance of any differences between the corrosion scores in relation to (1) time to
revision; (2) head size; (3) Co and Cr blood metal ion levels; (4) age at primary were
examined. Following this the statistical significance of any differences in the Co/Cr ratios
between: (1) all resurfacing hips, (2) all THRs and (3) THR hips in each of the four corrosion
score categories was investigated. We also tested to see if there was a significant association

between time to revision and Co/Cr ratios for both the resurfacing and total hips.

The Shapiro-Wilk test for normality revealed that all the parameters under investigation were
not normally distributed. Therefore Kruskal-Wallis non-parametric ANOVA tests were
initially performed to detect the presence of significant differences and post-hoc analysis

using Mann Whitney testing was used to identify which specific differences were significant.

Source of Funding

Two authors received funding from the British Orthopaedic Association through an industry
consortium of nine manufacturers: DePuy International Ltd (Leeds, UK), Zimmer GmbH
(Winterthur, Switzerland), Smith & Nephew UK Ltd (Warwick, UK), Biomet UK Ltd

(Bridgend, South Wales, UK), JRI Ltd (London, UK), Finsbury Orthopaedics Ltd
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(Leatherhead, UK), Corin Group PLC (Cirencester, UK), Mathys Orthopaedics Ltd (Alton,

UK), and Stryker UK Ltd (Newbury, UK). This did not play a direct role in this investigation.

Results
We found that that 98% (n=388) of retrieved head tapers showed evidence of corrosion and

31% (n=124) of tapers were severely corroded (Figure 1).

There was a significant difference in the time to revision (months) between the corrosion
scores (p<0.001). Post hoc analysis confirmed that the time to revision for hips with
corrosion score 3 was significantly greater than score 2 (p<0.05) and the time to revision for
score 4 was significantly greater than scores 2 and 3 (p<0.05). There was no association
between head size and corrosion scores (p=0.141) and there was no statistically significant
difference between the corrosion scores of small (<36mm) and large (>36mm) diameter
heads (p=0.685). We also examined the effect of categorising 36mm heads as small diameter;
there was again no significant difference in corrosions scores between heads <36mm and
>36mm (p=0.4106). Corrosion scores were not affected by patient age (p=0.998) and no
significant association was found with cobalt (p=0.286) or chromium (p=0.115) blood metal

ion levels.

Figure 2 plots the distribution of Co/Cr ratios of the resurfacing and THR hips and also the
subgroups of the THRs categorised by corrosion score. The data for hips with a corrosion
score of 1 were omitted in the graph and subsequent statistical analysis due to their low
numbers (n=7). The Kruskal-Wallis test revealed that there was a highly significant
difference in the Co/Cr ratios between the groups (p<<0.001). Post-hoc analysis showed that

the median Co/Cr ratio of 1.58 (0.01-13.82) for the THR group was significantly greater than
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the resurfacing group, which had a median ratio of 1.08 (0-4.86) (p<0.001). The median
CoCr ratios for the THR hips with corrosion scores 2, 3 and 4 were 1.30 (0.03-8.94), 1.67
(0.29-13.82) and 1.86 (0.01-10) respectively (Table 2); all three groups had significantly
greater CoCr ratios than the resurfacing hips (p<0.05). Comparison of median Co/Cr ratios
for THRs with different corrosion scores suggested that there was a trend towards greater
corrosion being associated with higher Co/Cr ratios. Statistical analysis showed that ratios for
corrosion scores 3 and 4 were significantly greater than for corrosion score 2 (p<0.05)
however no significant differences were found between corrosion scores 3 and 4 (p=0.461),
Table 3. We did not find any significant associations between the time to revision and Co/Cr

ratios for the resurfacings (p=0.721) or total hips (p=0.808).
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Discussion

In a recent commentary by Jacobs and Wimmer [13], the importance of implant retrieval
analysis by centres with access to large retrieval cohorts was emphasised as significant in
understanding mechanisms of failure and also for developing future preclinical testing
models. In this study we have presented the results of retrieval analysis of the largest number
of failed MOM-THRs to date; we report findings on the corrosion of the taper junction of
almost 400 MOM-THRs and have compared blood metal ion ratios of these hips with ratios

of over 500 failed MOM hip resurfacings.

We found that virtually all retrieved head tapers (98%) displayed visual evidence of
corrosion, with a statistically significant trend towards increasing severity with longer time to
revision. Surprisingly almost one-third of all tapers were severely corroded with considerable
evidence of black debris and in many cases clear imprinting of the thread of the stem
trunnion. Analysis of Co/Cr ratios revealed that these were significantly greater for THRs
than resurfacings. When the THR hips were subdivided in relation to their taper corrosion
scores, comparisons of median ratios appeared to suggest that greater corrosion was
correlated with higher ratios; statistical analysis however only found a significant difference
between the Co/Cr ratios of mildly corroded hips and moderately/severely corroded hips.
Whilst significance was not detected, the severely corroded group of THRs had the highest

median Co/Cr ratio of 1.86.

The National Joint Registry of England, Wales and Northern Ireland [14] reports that
revisions rate of MOM-THRs are approximately 50% greater than their equivalent

resurfacing counterparts, which are absent of a taper junction. Our study demonstrates the
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high prevalence of severe corrosion at this junction, which may help to explain these
accelerated failure rates due to a greater release of metal debris.

Additionally, material may be lost at the taper junction through mechanical means such as
fretting or toggling of the implant due to incomplete engagement or differences in stem-
trunnion tolerances [15]. Assessment of fretting was not performed in the current study as it
has previously been shown that visual scoring of this damage mechanism is an unreliable
method and is difficult to quantify accurately [4]. Increased modularity, such as with a neck-
stem junction or the use of modular cups with interchangeable liners and shells, has been
shown to introduce additional regions of corrosion which are likely to contribute to elevated
blood metal ions [7, 9, 10]. Another source of metal ions may be from the corrosion of
cemented stems; Bryant et al. [16] reported on considerable evidence of surface changes and

chromium rich black debris at the stem-cement interface of a series of retrieved CoCr stems.

The trend between longer time to revision and increasing corrosion scores are to be expected
and are in agreement with previous work [5]. This re-emphasises the importance of
considering the effect of implantation time when interpreting data related to damage of the
taper junction. There was however no association between time to revision and the Co/Cr
ratio for either of the two hip groups; this may be due to metal ions being continuously

excreted from the body rather than accumulating over time.

It has been suggested that higher frictional torques due to increasing femoral head size can
lead to greater corrosion at the taper junction [6, 17]. There is some debate over the
classification of 36mm bearings as being of ‘large’ or ‘small’ diameter, however the majority
of retrieval studies suggest that it should be considered as large head, with Dyrkacz et al. [6]

reporting significantly higher corrosion in 36mm heads in comparison to 28mm heads. We
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found that there was no significant difference in corrosion scores between large and small
heads regardless of if 36mm was categorised as large or small diameter. Whilst these findings
do not add to the debate of the classification of 36mm bearings, it does highlight that severe

corrosion can occur in all hip designs and sizes.

The absence of significant correlations between corrosion scores and either cobalt or
chromium blood metal ion levels are perhaps not surprising when considering the differences
in material loss between the taper and bearing surfaces that have previously been reported.
Matthies et al. [1] showed that up to 228mm’ and 194mm’ of volumetric material loss was
measured at the head and cup bearing surfaces respectively, whilst a maximum of 25mm’
was lost at the corresponding head taper surface. The considerably greater amount of metal
ions released from the bearing surface are likely to mask the individual effect of the taper

junction on increasing cobalt or chromium levels in the blood.

Our findings in relation to Co/Cr ratios are however clinically significant. We have shown
that the Co/Cr ratios of the MOM-THRs were significantly greater than that of the
resurfacings, Figure 2. Whilst the bearing bulk alloy has a Co/Cr ratio of approximately 2, the
resurfacing hips had a median whole blood Co/Cr ratio closer to 1. This may be explained by
considering that Co ions are more soluble and readily excreted whereas Cr ions tend to be
retained in surrounding soft tissue, Figure 3. The increase in the median Co/Cr ratio for the
MOM-THRs by approximately 50% must therefore be due to corrosion at the modular
junctions; a damage mechanism which results in much of the chromium ions being retained
in the black corrosive surface debris whilst much of the cobalt ions are released into the
blood, Figure 4. These findings are in agreement with the study by Cooper et al. [7] who

reported elevated Co/Cr ratios in modular neck hips with non-MOM bearings and evidence of

11
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severe corrosion at the modular junctions. Hart et al. [18] also found evidence of considerably
more Co than Cr in their analysis of periprosthetic tissue of patients with problematic MOM-
THRs that were found, after retrieval, to be substantially corroded. We acknowledge however
that some of the differences in the ratios may be explained by the finding that the resurfaced

hips have comparatively higher Cr levels than the total hips.

We observed a clear positive trend between increasing taper corrosion score and increasing
median Co/Cr ratios, such that hips with severely corroded tapers had the highest median
ratio (almost 2) in comparison to all other groups. There was a significant difference between
the Co/Cr ratio for hips with corrosion score 2 (mild) and those with a score of 3 (moderate)
or 4 (severe). This may be explained by the fact that tapers were scored as being mildly
corroded if there were signs of discolouration or surface dullness but if there was evidence of
black corrosive debris, these tapers were classed as moderately or severely corroded,
according to Goldberg’s scoring system [5]. Whilst hips with severely corroded tapers had a
higher median Co/Cr ratio than those with moderately corroded tapers, this difference was
not significant. As discussed earlier, it is possible that high wear of the MOM bearing
surfaces may obscure the contribution of metal ions released from the taper, thus making it
difficult to distinguish between moderate and severe corrosion pre-revision. Indeed it has
been speculated that increased bearing surface wear and edge wearing of the cup are
associated with greater material loss at the head taper. Nevertheless we have shown that the
severity of corrosion increases over time, therefore the Co/Cr ratio could be used as a
biomarker for monitoring the increase in taper junction corrosion over the course of regular

clinical follow ups.
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Limitations

We have reported metal ion data based on the last available blood test prior to revision; we
acknowledge that the time between blood test and revision may not be consistent for all hips
in this study. As metal ions are continuously excreted from the body, differences in the time

of blood test may have influenced the ratios measured.

Future Work

Future work continuing from this study will involve quantifying volumetric material loss at
the bearing (cup and head) and taper junction surfaces of hips identified in the current work
as having severely corroded tapers. The comparatively higher wear rates of the bearing
surfaces may mask the true extent of the impact of taper damage; we will therefore seek to
isolate and further examine cases that have: (1) elevated metal ion levels or ratios, (2) severe
taper corrosion and (3) low bearing surface wear rates. It will also be of great interest to
investigate differences observed from cross-sectional imaging between cases with elevated
Co/Cr ratios and those with comparatively lower ratios. A number of recent studies have
reported on the corrosion of modular neck junctions in THRs [7, 19, 20]. Future work from
our centre will also investigate the clinical impact of this increased modularity in the stem-

neck junction relative to the neck-head junction.

Conclusions

This was the largest retrieval study to date to report on the corrosion of failed contemporary
MOM-THRs. Almost all head tapers showed signs of corrosion and one-third were severely
corroded. The greater Co/Cr ratios in the MOM-THRs in comparison to the MOM
resurfacings support a mechanism of corrosion at the taper junction, which retains chromium

on the surface and releases more cobalt into the blood. The results of our study suggest that

13
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an elevated blood metal ion ratio could be used as a biomarker for detecting corrosion at the

modular junctions of MOM-THRs. However this may be masked by high bearing surface

wear, meaning that the absence of an elevated Co/Cr ratio may not necessarily mean the

absence of corrosion at the modular junction.

14



351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

References

[1] Matthies AK, Racasan R, Bills P, Blunt L, Cro S, Panagiotidou A, Blunn G, Skinner J and
Hart AJ. 2013. Material loss at the taper junction of retrieved large head metal-on-metal total

hip replacements. J Orthop Res, 31(11): 1677-1685.

[2] Langton DJ, Sidaginamale R, Lord JK, Nargol AVF and Joyce TJ. 2012. Taper junction

failure in large-diameter metal-on-metal bearings. Bone Joint Res, 1: 56-63.

[3] Bolland BJ, Culliford DJ, Langton DJ et al. 2011. High failure rate with a large diameter
hybrid metal-on-metal total hip replacement: clinical, radiological and retrieval analysis. J

Bone Joint Surg Br, 93-B: 608-615.

[4] Hothi HS, Matthies AK, Berber R, Whittaker RK et al. 2014. The reliability of a scoring
system for corrosion and fretting, and its relationship to material loss of tapered, modular

junctions of retrieved hip implant. The Journal of Arthrplasty, 29(6): 1313-1317.

[5] Goldberg JR, Gilbert JL, Jacobs JJ, Bauer TW, Paprosky W and Leurgans S. 2002. A
multicentre retrieval study of the taper interfaces of modular hip prostheses. Clin Orthop,

401: 149-161.

[6] Dyrkacz RMR, Brandt J, Ojo OA, Turgeon TR and Wyss UP. 2013. The influence of

head size on corrosion and fretting behaviour at the head-neck interface of artificial hip

joints. J Arthroplasty, 28: 1036-1040.

15



376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

[7] Cooper HJ, Urban RM, Wixson RL, Meneghini RM and Jacobs JJ. 2013. Adverse local
tissue reaction arising from corrosion at the femoral neck-body junction in a dual-taper stem

with a cobalt-chromium modular neck. J Bone Joint Surg Am, 95: 865-872.

[8] Cross MB, Esposito C, Sokolova A, Jenabzadeh R, Molloy D, Munir S, Zicat B, Walter
WK and Walter WL. 2013. Fretting and corrosion changes in modular total hip arthroplasty.

Bone Joint J, 95-B (SUPP 15) 127.

[9] Higgs G, Kurtz S, Hanzlik J, MacDonald D, Kane WM, Day J, Klein GR, Parvizi J, Mont
M, Kraay M, Martell J, Gilbert J and Rimnac C. 2013. Retrieval analysis of metal-on-metal

hip prostheses: Characterising fretting and corrosion at modular interfaces. Bone Joint J, 95-B

(SUPP 15) 108.

[10] Kop AM and Swarts E. 2009. Corrosion of a hip stem with a modular neck taper

junction. J Arthoplasty, 24(7): 1019-1023.

[11] Nassif NA, Nawabi DH, Stoner K, Elpers M, Wright T, Padgett DE. 2013. Taper design

affects failure of large-head metal-on-metal total hip replacements. Clin Orthop Relat Res,

472:564-571.

[12] Fricka KB, Ho H, Peace WJ and Engh CA. 2012. Metal-on-metal local tissue reaction is

associated with corrosion of the head taper junction. J Arthroplasty, 27(8): 26-31.

16



399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

[13] Jacobs JJ and Wimmer MA. 2013. An important contribution to our understanding of the
performance of the current generation of metal-on-metal hip replacements. J Bone Joint Surg

Am, 95(8): e53.

[14] National Joint Registry for England and Wales (NJR) 10" Annual Report. 2013.

Available at www.njrcentre.org.uk

[15] Shareef N and Levine D. 1996. Effect of manufacturing tolerances on the micromotion
at the morse taper interface in modular hip implants using the finite element technique.

Biomaterials, 17: 623-630.

[16] Bryant M, Ward M, Farrar R, Freeman R, Brummitt K, Nolan J, Neville A. 2013. Failure
analysis of cemented metal-on-metal total hip replacements from a single centre cohort.

Wear, 301: 226-233.

[17] Panagiotidou A, Meswania J, Hua J, Muirhead-Allwood S, Hart A, Blunn G. 2013.
Enhanced wear and corrosion in modular tapers in total hip replacement is associated with the

contact area and surface topography. J Orthop Res, 31(12): 2031-2039.
[18] Hart AJ, Quinn PD, Lali F, Sampson B et al. 2012. Cobalt from metal-on-metal hip

replacements may be the clinically relevant active agent responsible for periprosthetic tissue

reactions. Acta Biomaterialia, 8: 3865-3873.

17



422  [19] Meftah M, Haleem AM, Burn MB, Smith KM and Incavo SJ. 2014. Early corrosion-
423  related failure of the Rejuvenate modular total hip replacement. J Bone Joint Surg Am, 96(6):
424  481-487.

425

426  [20] Molloy DO, Munir S, Jack CM, Cross MB et al. 2014. Fretting and corrosion in
427  modular-neck total hip arthroplasty femoral stems. J Bone Joint Surg Am, 96(6): 488-493.
428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

18



Figure 1
Click here to download high resolution image

200

150

100

Number of Head Tapers
4
o

1 2 3

Corrosion Score



Figure 2
Click here to download high resolution image

15
4
3

O

==

©

X 2

-

O

s |
L |
0

&

\}{\00\(\
Q¥



Figure 3
Click here to download high resolution image

g"‘ Ratio: 60:30:7
3= Cr Gaide passivation Layer
Cr axide passvation layer
S
o Bulk Alioy: Co-Cr-Mo
Ratio: 60:30:7




Figure 4

Click here to download high resolution image

-5

27
1Cr oxide punwvation Lryes

coude pERNETON Lyer

Aoy
Favo: 50:6:4

Cr lons peeferentialty
retained in corrosive

gummmmmm

Maln mechanism of
material loss =
Mechanical Wear

Cr onde passvazan Leyes

1!

Cr ovide pasuwaon Layer




Figure Legend Page (if figures are used)

Figure Legends

Figure 1: Distribution of corrosion scores of the THR head tapers

Figure 2: Distribution of Co/Cr ratios between the resurfacing and all THR groups and the
subgroups for THRs with a taper corrosion score of 2, 3 and 4 (THR Cr 4)

Figure 3: Schematic explanation of the Co/Cr ratio observed for resurfacing hips

Figure 4: Schematic explanation of the Co/Cr ratio observed for modular hips



Table 1

Number THR Median Resurfacing p-Value
(Range) Median
(Range)
Gender (Male : Female) 162 : 233 216:313
Age at Primary Surgery (years) - 61(23-83) 55 (16-74) <0.01
Time to Revision (months) - 50 (7-200) 59 (8-178) <0.01
Femoral Head Diameter (mm) - 45 (28-60) 46 (38-58) 0.184
Whole Blood Cobalt (ppb) - 7.02 (0.47-212.4)  5.83 (0-273.8) 0.144
Whole Blood Chromium (ppb) - 3.93(0.2-111) 5.92 (0.3-343) <0.01
Cobalt/Chromium Ratio - 1.58 (0.01-13.82) 1.08 (0-4.86) <0.01
Biomet Magnum 50 - - -
Corin Cormet 35 - - -
DePuy ASR XL 68 - - -
DePuy Pinnacle 66 - - -
Bfgilflg Finsbury Adept 27 - - -
Design S&N BHR 66 - - -
Stryker Mitch 10 - - -
Wright Conserve 10 - - -
Zimmer Metasul 42 - - -
Others 21 - - -
Corin Cormet 98 - - -
DePuy ASR 35 - - -
Finsbury Adept 29 - - -
Resurfacing g N BHR 304 i i i
];’)ea‘f‘“g Stryker Mitch 12 ; ] ]
esign
Wright Conserve 10 - - -
Zimmer Durom 17 - - -
Others 24 - - -

Table 1: Patient and implant data for the MOM-THRs and MOM Resurfacings



Table 2

Hip Type Number CoCr Ratio - Absolute Co - Absolute Cr -
of Hips median (range) median (range) median (range)
Resurfacing 529 1.08 (0 - 4.86) 5.83 (0-273) 5.92 (0.3-343)
All THRs 395 1.58 (0.01 - 13.82) 7.02 (0.12-212) 3.93 (0.2-111)
THR Corrosion 1 7 1.58 (0.53-2.01) 27.67 (7.4-26.1) 15.1 (4.1-29.8)
THR Corrosion 2 116 1.30 (0.03 - 8.94) 6.5 (0.5-167) 4.1 (0.4-76)
THR Corrosion 3 148 1.67 (0.29 - 13.82) 7.3 (0.12-153) 4.1(0.4-111)
THR Corrosion 4 124 1.86 (0.01 - 10) 6.8 (0.46-212) 3.7 (0.22-109)

Table 2: Median (range) values for Co and Cr and Co/Cr ratios found for each group



Table 3

Mann Whitney Significant Difference in p-Value
Comparison Test Co/Cr Ratio?

Resurfacing vs All THRs Yes <0.001
Resurfacing vs THR Cr 2 Yes <0.001
Resurfacing vs THR Cr 3 Yes <0.001
Resurfacing vs THR Cr 4 Yes <0.001
All THRS vs THR Cr 2 No 0.1247
All THRS vs THR Cr 3 No 0.4121
All THRS vs THR Cr 4 No 0.5227
THR Cr 4 vs THR Cr 3 No 0.9224
THR Cr 4 vs THR Cr 2 Yes 0.0434
THR Cr 3 vs THR Cr 2 Yes 0.0495

Table 3: Summary of statistical analysis of differences in Co/Cr ratios
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