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Background and purpose — There have recently been highly
publicized examples of suboptimal outcomes with some newer
implant designs used for total hip replacement. This has led to
calls for tighter regulation. However, surgeons do not always
adhere to the regulations already in place and often use implants
from different manufacturers together to replace a hip, which is
against the recommendations of the Medicines and Healthcare
Products Regulatory Agency (MHRA) and the directions of the
manufacturers.

Patients and methods — We used data from the National Joint
Registry of England and Wales (NJR) to investigate this practice.

Results — Mixing of components was common, and we iden-
tified over 90,000 cases recorded between 2003 and 2013. In
the majority of these cases (48,156), stems and heads from one
manufacturer were mixed with polyethylene cemented cups
from another manufacturer. When using a cemented stem and a
polyethylene cup, mixing of stems from one manufacturer with
cups from another was associated with a lower revision rate. At
8 years, the cumulative percentage of revisions was 1.9% (95%
CI: 1.7-2.1) in the mixed group as compared to 2.4% (2.3-2.5) in
the matched group (p = 0.001). Mixing of heads from one manu-
facturer with stems from another was associated with a higher
revision rate (p < 0.001). In hip replacements with ceramic-on-
ceramic or metal-on-metal bearings, mixing of stems, heads, and
cups from different manufacturers was associated with similar
revision rates (p > 0.05).

Interpretation — Mixing of components from different manu-
facturers is a common practice, despite the fact that it goes against
regulatory guidance. However, it is not associated with increased
revision rates unless heads and stems from different manufactur-
ers are used together.

Total hip replacement (THR) has become the standard treat-
ment for end-stage arthritis of the hip, and it is used in a sig-
nificant proportion of patients with a subcapital fracture of the
femoral neck.

The majority of manufacturers stipulate in their “instruc-
tions for use” that surgeons should use all the components
from the same manufacturer, otherwise the surgeons will
be working “off label”. However, many surgeons in the UK
have matched a femoral component from one manufacturer
with an acetabular component from another manufacturer.
The surgeons who do this are encouraged by the excellent
results that can be achieved following this practice—results
that are at least comparable to those obtained when mixing
and matching has not been performed. This group of excel-
lent results has usually involved a metal or ceramic head on
a polyethylene acetabular component. For example, the NJR
10th Annual Report recorded that between 2003 and 2011
over 6,000 Exeter V40 stems (manufactured by Stryker) were
implanted with Elite plus polyethylene cups (manufactured by
DePuy), with excellent implant survivorship. In 2013, 11,496
out of 78,479 hip replacements undertaken in England, Wales,
and Northern Ireland were “mixed”, i.e. components from dif-
ferent manufacturers were used together. In all, 820 different
combinations of stems and cups were used, out of which 487
different combinations were mixed.

Recently, the practice of mixing and matching has again
come under close scrutiny with the use of large-head “metal-
on-metal” devices (LHMOM), where both the femoral head
and the acetabular components are made of metal (Telegraph
2014). It is known that LHMOM is associated with a high
implant failure rate (Smith et al. 2012), and not only has the
bearing surface come under scrutiny but also the “taper junc-
tion” where the tapered trunnion of the neck of the femo-
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ral implant engages the modular femoral head (Nassif et al.
2014). It has been shown that poorly fitting femoral heads
will lead to increased fretting and wear at the taper junc-
tion, which has been suggested as a cause for early failure
of LHMOM implants (Donaldson et al. 2014, Bolland et al.
2011). It is logical to assume that when components that are
made by different manufacturers—with different tolerances
and designs—are used together, the fretting will be worse.

We investigated the practice of “mixing and matching” of
components from different manufacturers in total hip replace-
ment in England and Wales using data from the National Joint
Registry. Our hypothesis was that the mixing and matching
of components from different manufacturers in primary THR
would lead to higher implant revision rates.

Material and methods

The National Joint Registry of England and Wales has been
recording total hip replacements since April 1, 2003. As part
of a routine search for “outlying” implants, data sets are “cut”
twice a year for further scrutiny, with all primary operations
entered since the start of the registry up to the “cut-point” date
included. This report describes a data set cut on September 6,
2013.

Our analysis focused specifically on the 5 main groups
of hip procedures, the first 2 of which were “hard-on-soft”
and the rest “hard-on-hard”. These were (1) a cemented stem
(modular or monobloc), used together with a polyethylene
monobloc acetabulum, or modular stems (both cemented and
uncemented) used specifically with (2) a metal shell with a
polyethylene liner (including a pre-assembled shell/liner), or
(3) a metal shell with a metal liner or an all-metal acetabu-
lum (but excluding resurfacing cups), (4) a metal shell with a
ceramic liner, or (5) a resurfacing cup used with a metal head.

Further subdivisions were made by component composition
and fixation, as deemed appropriate to the analysis:

In group (1), we looked for mixing of manufacturers of the
stems and cups and then, in separate analysis of just the modu-
lar stems, we looked at mixing of head and stem. In the latter,
the heads were either metal or ceramic, but mostly the former.

Polyethylene cups in group (1) were always cemented.
Group (2), (3), and (4) metal cups/shells were normally unce-
mented whereas their stems (which included modular heads,
distal/proximal stems, and modular necks) may have been (i)
cemented or (ii) uncemented, and these were analyzed sepa-
rately. In group (2), either metal or ceramic heads were used.
Group (3) mostly had metal heads; the few ceramic heads
are reported separately. Group (4) heads were predominately
ceramic, and only these are discussed.

In groups (2) and (3), we looked at mixing of stem and head
as well as head and cup. We defined 4 subgroups for compari-
son, which are shown diagrammatically in Figure 1, namely
“All matched” (i.e. stem, head, and cup made by the same

STEM HEAD  CUP
All matched A A A
Differentcup | A A B

Figure 1. Diagram to show )

mixing of stem, head, and cup Different stem | B A A

components between different

manufacturers (modular stems A B c

only), where A, B, and C are “All mixed” { _or

manufacturers A B A

manufacturer), “Different cup” (stem and head made by the
same manufacturer but cup made by a different manufacturer,
thus mixing only head and cup), “Different stem” (head and
cup made by the same manufacturer but stem made by a differ-
ent manufacturer, thus mixing only stem and head), and “All
mixed” (stem and head were made by different manufacturers
and the head and cup were made by different manufacturers).
Note, however, that this last group did include some cases in
which the stem and cup were made by the same manufacturer
(as in the bottom row of Figure 1).

In group (4), we looked only at mixing with respect to head
and cup.

In group (5), we again split the stems into (i) cemented and
(i1) uncemented, as for (2)—(4), and looked at mixing of stem,
head and cup (as in Figure 1).

Statistics

Statistical survival analyses were used to compare mix-and-
match subgroups with respect to their implant survivorship,
i.e. the need for a subsequent revision, censoring at September
6, 2013 or at the date of the patient’s death if that was ear-
lier. Cumulative percentages of revision were estimated using
Kaplan-Meier curves and the curves for the subgroups were
compared using log-rank tests. The age and sex distributions
of the subgroups were summarized. Given that revision rates
were known to differ between men and women and to vary
differently with age in men and women, adjustment for age
and sex was made by stratifying the data into 7 x 2 = 14 age-
sex subgroups (age < 55, 55-59, 60-64, 65-69, 70-74, 75-79,
and = 80 years for each sex) and performing stratified log-rank
tests. The log-rank test compares the observed numbers of
revisions (O) with the numbers expected (E) if the subgroups
were to have the same underlying revision rates; in stratified
analyses, the expected numbers were calculated separately
within each stratum and summed (Altman 1991). Subgroups
with higher revision rates are those with higher O:E ratios.
They would also be expected to have higher patient-time inci-
dence rates (PTIRs), which were also calculated, but they do
not take sex/age differences into account.

In order to match our groups as closely as possible, where
group sizes were sufficiently large, we extended our analyses
by looking at specific brands, for example focusing on a com-
monly used stem brand together with cup(s) made by the same
manufacturer or cup(s) made by different manufacturers.
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Table 1. Mixed stem and cup manufacturers in cemented modular stem, or monobloc stem, used with a polyethylene cemented cup

Age at primary

Approximate

Mix-and- Men operation Observed  Expected  patient-years PTIR P [95% ClI]
match status n (%) (%) median (IQR) revisions  revisions 2 (x100) per 100 patient-years
Matched 158,178 (77) 34 74 (68-80) 2,155 2,080 6,800 0.32[0.30-0.33]
Different stem and cup 48,156 (23) 34 74 (68-80) 662 2,200 0.27 [0.25-0.29]

2 Calculated under the assumption of no difference in implant survival between the 2 mix-and-match subgroups, correcting for differences in

group size and sex/age composition.
b PTIR: patient-time incidence rates.

All statistical analysis used the software package Stata ver-
sion 13.1. A 5% level of significance was used throughout.

Cumulative % probability of revision

3.0

— (0) Matched
2.5 -{ | — (1) Different stem and cup
2.0
1.5 1
1.0
0.5 Z
0.0 T T T T T T T T

0 1 2 3 4 5 6 7 8 9

Years since primary operation
Number at risk
mixmatch =0 158,178 136,599 115,545 97,244 80,182 63,936 47,459 32,287 19,835 9,628
mixmatch =1 48,156 42,764 36,899 31,187 25718 20,299 15,240 10,600 6,511 2,986

Figure 2. Effect of stem and cup manufacturer mismatch on revision of cemented
modular stem or monobloc stem used with a polyethylene cemented cup. Kaplan-
Meier estimates of cumulative % probability of revision. Shaded bands indicate
point-wise 95% ClI.

Cumulative % probability of revision

6
— (0) Matched
5 -{ | — (1) Different stem and head
4]
3
‘] —
14
0 T T T T
0 1 2 3 4 5
Years since primary operation
Number at risk
mixmatch =0 180,778 155,144 129,994 108,011 87,844 68,733
mixmatch = 1 527 478 415 344 244 149

Figure 3. Effect of stem and head manufacturer mismatch on revision of cemented
modular stem used with cemented polyethylene cup. Kaplan-Meier estimates of
cumulative % probability of revision. Shaded bands indicate point-wise 95% CI.

Results
Hard-on-soft bearings

(1) Cemented modular stem, or a monobloc
stem, used in combination with a polyethylene
cemented cup. Table 1 and Figure 2 document
the implant survivorship of 206,334 hip replace-
ments consisting of a cemented femoral stem (a
metal monobloc stem or a metal stem with a metal
or ceramic head) in combination with a cemented
polyethylene cup.

The overall implant survivorship was better in
the mixed group than in the matched group (p =
0.001; p = 0.001 with age/sex stratification). This
is illustrated in Figure 2 and in Table 1, where
mixed cases had fewer revisions than expected.
At 8 years, the cumulative percentage of revisions
was 1.9% (95% CI: 1.7-2.1) in the mixed group
and 2.4% (2.3-2.5) in the matched group.

Among the 183,523 cemented modular stems in
group (1), we further compared 527 cases where
the stem and head were mixed (i.e. were from dif-
ferent manufacturers) with 180,778 cases where
the stem and head were matched (Table 2, see
Supplementary data, and Figure 3). Using a head
from a different manufacturer was associated with
significantly higher failure rates than using a stem
and head from the same manufacturer (p < 0.001;
stratified p < 0.001). Figure 3 has been truncated
at 5 years, at which point the number at risk in the
smaller group fell below 150.

(2) Modular stems used with an uncemented
metal shell with a polyethylene liner. Implant
survivorship of this group is documented in
Table 3. Cemented and uncemented stems have
been analyzed separately, looking for mixing of
stem, head, and cup components in each case (see
Figure 1). Parallel results for ceramic heads are
available on request.

Table 3 (together with Tables 5 and 8) is refer-
enced to the head manufacturer. For example, in
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Table 3. Mixed stem, head, and cup manufacturers in modular stems with a metal head and a metal shell with a polyethylene liner

Age at primary

Approximate

Stem fixation Men operation Observed  Expected  patient-years PTIR P [95% ClI]
Mix-and-match status n (%) (%) median (IQR) revisions  revisions 2 (x100) per 100 patient-years
(i) Cemented (n = 60,167)
All matched 35,588 (59) 85 74 (68-79) 469 477 1,200 0.38 [0.35-0.41]
Different cup 24,004 (40) 36 73 (67-78) 386 385 1,000 0.38 [0.34-0.42]
Different stem 136 (0.2) 32 79 (74-82) 2 1 4 0.54 [0.13-2.15]
All mixed 439 (0.7) 26 77 (72-81) 11 5 13 0.88 [0.49-1.58]
(ii) Uncemented (n = 79,117)
All matched 72,742 (92) 40 71 (65-77) 1,386 1,379 2,500 0.55 [0.52-0.58]
Different cup 5,906 (7.5) 39 72 (65-78) 107 114 205 0.52[0.43-0.63]
Different stem 317 (0.4) 39 71 (65-77) 5 5 85 0.59 [0.24—-1.41]
All mixed 152 (0.2) 38 71 (65-77) 3 3 4 0.69 [0.22-2.12]

2 Calculated under the assumption of no difference in implant survival between the 2 mix-and-match subgroups, correcting for differences in

group size and sex/age composition.
b PTIR: patient-time incidence rates.

Table 3, of the 60,167 cases with a cemented stem together
with a metal head, 35,588 cases (59.1%) had stem, head, and
cup made by the same manufacturer (matched). In 24,004
cases (39.9%), the head and stem were from one manufacturer
and the cup was from another. In 136 cases (0.2%), the head
and cup were from one manufacturer but the stem was from
another manufacturer, and in 439 cases (0.7%), the stem and
head and cup were mixed.

In this group, there were differences between the 4 groups
after age-sex adjustment (p = 0.07, log-rank test; p = 0.04 with
age/gender stratification). Implant survivorship was not sig-
nificantly different between the matched cases and the mixed
cases where only the cup manufacturer was different (p = 0.5),
but it was markedly worse in the 2 groups where the stem and
head were from different manufacturers.

When an uncemented stem was used, there was similar
implant survivorship between the subgroups overall (p = 1.0;
stratified p = 0.9).

In order to match our groups as closely as possible, we
compared a subgroup of 29,003 hip replacements where a
cemented Exeter V40 stem (manufactured by Stryker) was
used with metal head in all cases either combined with a
matched uncemented cup (Trident) or mixed cups (Duraloc
or Pinnacle, both manufactured by DePuy, or Trilogy, man-
ufactured by Zimmer). Results are shown in Table 4(1) (see
Supplementary data). There was no statistically significance
difference between the various combinations overall (p = 0.6;
stratified p = 0.5)

We then compared a subgroup of 32,629 hip replacements
where an uncemented Corail stem (manufactured by DePuy)
and metal head were used in all cases; either combined with
“matched” cups (Duraloc or Pinnacle) or “unmatched” cups
(Trilogy, manufactured by Zimmer) (Table 4(11), see Supple-
mentary data). There was no overall statistically significant
difference in implant survivorship between the groups (p =
0.08; stratified p = 0.06).

Parallel results for ceramic, rather than metal, heads are not
shown, but are available on request. There were no statisti-
cally significant differences between the matched group and
the subgroups with different cups (p = 0.1 and p = 0.3, respec-
tively, for cemented and uncemented stems), but other groups
were too small for meaningful analysis.

Hard-on-hard bearings

(3) A metal shell with a metal liner or an all-metal acetabu-
lum (but excluding resurfacing cups). Cemented and unce-
mented stems were analyzed separately, in each case looking
for mixing of stem, head, and cup components (Figure 1).

The combination of a cemented stem with a metal head,
metal cup, and metal liner was rarely employed—with only
1,382 cases—so the data are not shown but are available on
request.

Results for the 15,913 cases with uncemented stems are
shown in Table 5 (see Supplementary data). There were
few mix-and-match cases in this group, so we have simply
tabulated numbers of revisions, patient-years at risk, and the
PTIRs.

(4) A metal shell with a ceramic liner. Table 6 documents
the implant survivorship of hip replacements consisting of a
femoral stem used with a ceramic head and a metal shell with
a ceramic liner. Cemented and uncemented stems are shown
separately.

There were no statistically significant differences in implant
survivorship when using either a cemented stem (p = 0.063,
stratified p = 0.057) or an uncemented stem (p = 0.9; stratified
p=1.0).

In order to match our groups as closely as possible, we com-
pared a subgroup where a cemented Exeter V40 stem (man-
ufactured by Stryker) and a ceramic head were used in all
cases: either combined with matched cups or with unmatched
cups (Exceed cups made by Biomet, or Trilogy cups made by
Zimmer (Table 7(1), see Supplementary data)). Failure rates
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Table 6. The mixing of head and cup manufacturers in modular stems using a ceramic head and a metal shell with a ceramic liner

Age at primary

Approximate

Stem fixation Men operation Observed  Expected  patient-years PTIR ® [95% ClI]
Mix-and-match status n (%) (%) median (IQR) revisions  revisions @ (x100) per 100 patient-years
(i) Cemented (n = 16,045)
Matched 14,836 (93) 40 61 (54-66) 192 186 622 0.31[0.27-0.36]
Different head and cup 1,209 (7.5) 44 62 (54-69) 5 11 32 0.16 [0.06-0.37]
(ii) Uncemented (n = 71,111)
Matched 68,459 (96) 46 61 (54-67) 1,250 1250 2100 0.59 [0.55-0.62]
Different head and cup 2,652 (3.7) 39 62 (55-68) 41 41 63 0.65 [0.48-0.88]

2 Calculated under the assumption of no difference in implant survival between the 2 mix-and-match subgroups, correcting for differences in

group size and sex/age composition.
b PTIR: patient-time incidence rates.

Table 8. Mixed stem, head, and cup in modular stems with metal heads used with a metal monobloc cup designed for use in hip resurfacing

Age at primary Head size Approximate
Stem fixation Men operation (mm) Observed Expected patient-years PTIR ® [95% Cl]
Mix-and-match status n (%) (%) median (IQR) median (IQR) revisions revisions? (x100)  per 100 patient-years
(i) Cemented (n = 1,467)
All matched 952 (65) 52 64 (56-75) 48 (46-50) 87 94 54 1.63[1.32-2.01]
Different cup 1(0.1) 0 64 28 0 ® 0.03 =0
Different stem 514 (35) 52 61 (55-67) 46 (46-50) 75 68 32 2.37 [1.89-2.98]
All mixed 0 = = = = = = =
(ii) Uncemented (n = 12,847)
All matched 11,350 (88) 55 61 (54-68) 46 (44-50) 1,507 1434 595 2.53 [2.41-2.67]
Different cup 0 = = = = = = =
Different stem 1,492 (12) 57 61 (54-67) 46 (44-50) 109 183 78 1.40[1.16-1.69]
All mixed 5(<0.1) 60 52 (50-56) 48 (46-48) 2 -c 0.1 -c
(ili) Uncemented excluding the ASR resurfacing cup (n = 9,881)
All matched 8,391 56 61 (54-68) 48 (44-50) 609 609 437 1.40 [1.29-1.51]
Different cup 0 = = = = = = =
Different stem 1,485 57 61 (54-67) 46(44-50) 108 109 77 1.40[1.16-1.69]
All mixed 5 60 52 (50-56) 48 (46-48) 2 -c 0.1 -c

2 Calculated under the assumption of no difference in implant survival between the 2 mix-and-match subgroups, correcting for differences in

group size and sex/age composition.
b PTIR: patient-time incidence rates.
¢ Excluded from analysis as numbers too small.

were very low in all groups and there was similar outcome (p
= 0.4; stratified p = 0.4).

We compared a subgroup where an uncemented Corail stem
(manufactured by DePuy) was used with a ceramic head in all
cases—either combined with matched cups (Duraloc or Pin-
nacle) or unmatched cups (Trinity, manufactured by Corin;
CSF Plus, manufactured by JRI; or Delta TT, manufactured
by Lima) (Table 7(11), see Supplementary data). There was
similar implant survivorship between the groups (p = 0.8;
stratified p = 0.8).

(5) Metal heads used with a metal monobloc cup designed
for use in hip resurfacing. Results are shown separately for
cemented and uncemented stems in Table 8. Summary statis-
tics for head size have been added, as this is known to cor-
relate strongly with revision rates in metal-on-metal total hip
replacements (Smith et al. 2012).

When using a cemented stem, the implant survival in the
group with a “different stem” appeared worse than the “all
matched” group, but the difference was not statistically sig-
nificant (p = 0.06; stratified p = 0.2).

When using an uncemented stem, the “all matched” group
had a higher revision rate than the group with a different head
and stem (p < 0.001; stratified p < 0.001). The head sizes were
similar between these 2 groups (p = 0.4, Mann-Whitney U-test
with adjustment for ties).

We repeated the last analysis, excluding the ASR resurfac-
ing cup, as this had been shown to have an unusually high
failure rate (Langton et al. 2011) and has subsequently been
withdrawn (Table 8(111)). With the ASR excluded, the differ-
ence in revision rates was no longer significant (p = 0.9; strati-
fied p = 1.0).



676

Acta Orthopaedica 2015; 86 (6): 671677

Discussion

The use of total hip replacement implants is not tightly regu-
lated—thereby allowing rapid innovation, but also increasing
the risk of introducing new problems. Recent publications
have highlighted the need for tighter implant regulation and
surveillance (Sedrakyan 2012, Cohen 2012) following the
failures associated with metal-on-metal articulations (Smith
et al. 2012).

Surgeons in England and Wales often mix components from
different manufacturers, despite this being against manufac-
turers’ guidelines and not being endorsed by the MHRA who
have written: “The manufacturers state in their Instructions for
Use that their components should not be used with those of
other manufacturers. The regulators expect that hip replace-
ments are used in accordance with the manufacturer’s “Instruc-
tions for Use” and it should be noted that the safety of mixed
and matched combinations has not been assessed. Therefore,
surgeons implanting not approved mixed and matched com-
binations do so under their own liability.” (MHRA on-line,
accessed 2014).

We have shown that it is particularly common to mix metal
heads from one manufacturer with polyethylene cups from
another manufacturer. Surprisingly, this has been associated
with lower implant revision rates. However, in hard-on-soft
bearings, when mixing metal heads from one manufacturer
with stems from another manufacturer, the revision rates were
worse than with matched combinations. A possible mecha-
nism for this could be mechanical corrosion at the taper junc-
tion (Panagiotidou et al. 2013) and, while accepting that this
has been well described in matched prostheses, the question
is whether it may be more likely to occur in unmatched com-
binations. This occurs in matched large-head metal-on-metal
implants and metal-on-polythene bearings (Cooper et al.
2012).

Modular implants are attached by a Morse taper that is
reciprocal on the trunnion and the femoral head. Many differ-
ent dimensions are used and are described by measurements in
millimetres, taken from the apex and the base of the trunnion;
12/14 is the commonest in current usage. There is, however,
a third critical measurement that determines the geometry,
the length of the trunion, resulting in a wide range of shapes
within the 12/14 subset of taper designs and few are compat-
ible. This has been widely recognized for many years, but the
apparent closeness of the designs leads some to ignore the
potential problems (AAOS on-line).

Furthermore, the surface finish on both sides of the taper
differs between manufacturers, which can increase the prob-
lems generated by any geometric incompatibility.

Mixing of hard-on-hard bearing surfaces from different
manufacturers did not appear to be associated with either
higher or lower revision rates. These components are manu-
factured with tight tolerances, and a perfectly round femoral
head of a certain diameter from one manufacturer should have

the same outer dimensions as one from another manufacturer.
Almost all ceramic bearings are manufactured for the implant
companies by the same manufacturer.

It can be argued that as it is not necessary to mix and match
hard-on-hard bearing surfaces in the primary hip replace-
ment setting and as mixed hard-on-hard bearing surfaces do
not confer an advantage, the practice should be discouraged.
However, in the revision setting, often only one component
has failed and needs to be replaced and no matched compo-
nent is available. The surgeon is then faced with a choice of
either mixing components from different manufacturers or
revising a well-functioning component with the associated
trauma, blood loss, and prolonged operating time. It is there-
fore encouraging that our data suggest that using hard-on-hard
bearings from different manufacturers is not associated with
higher revision rates, albeit in the primary setting.

It is important to note that individual mix-and-match combi-
nations can still be implant outliers, just as individual matched
combinations can be implant outliers. Our data should not
be seen as an endorsement of all mix-and-match combina-
tions. For the sake of clarity, we would like to add that the
NJR “Implant Performance Committee” has indeed identified
some “‘mix-and-match” combinations as being outliers. This
means that their PTIR is more than twice the average of the
group. This information has been passed to the MHRA, who
have taken up the matter with the appropriate manufacturers.
It must also be added that the same process has been followed
with a greater number of outlier components where mixing
and matching has not taken place.

The strengths of our study include the very large sample
sizes in most groups and the length of follow-up. Registry
data are comprehensive, and one therefore avoids some of
the pitfalls associated with single-center or single-surgeon
data, which may not be generalizable. The weaknesses of
the study include the fact that registry data are observational
and therefore cannot infer causality. Selection bias cannot
be discounted, and may partially explain some of the dif-
ferences. Data are validated against implant sales and cor-
relate strongly (NJR 10th Annual Report). However, NJR
audit suggests that there may be selective under-reporting of
revisions in some centers. If there is widespread systematic
under-reporting of mixed components, then this might alter
the findings.

In summary, we have used data from the largest arthro-
plasty database in the world and shown that in hip replace-
ment surgery in England and Wales, mixing of components
from different manufacturers is extremely common despite
being contrary to manufacturers’ and MHRA guidelines. This
practice is not associated with increased implant revision rates
except in certain combinations when heads and femoral stems
from different manufactures are used together. The regulatory
authorities should be able to use the data presented here for
incorporation in any future guidance.
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Supplementary data

Tables 2, 4, 5 and 7 are available on the Acta Orthopaedica
website at www.actaorthop.org, identification number 8603.
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