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O
rthopaedic registries were intro-
duced as a way of collecting infor-
mation on joint replacements at a 
population (often national) level. 

They allow for a combination of monitoring 
both clinician and implant performance. Ini-
tially they only included failure rates, but more 
recently data collected on patient-reported out-
come measures (PROMs) have provided a fur-
ther insight into the success rates and outcomes 
following knee arthroplasty. 

There are now 31 members of the Interna-
tional Society of Arthroplasty Registers (ISAR) 
that collect data on patients undergoing knee 
arthroplasty.1

Table I. What makes a good registry2

Ownership – with clinician involvement

Data quality and reliability

Availability and delivery – with regular, publicly 
published reports

Integration

Collaboration

The majority of these are national registries 
(such as the Swedish Registry that fi rst started 
collecting data in 1975), although in the United 
States there are a number of regional or privately 
funded registries also collecting data (ten in to-
tal). There is very little standardisation between 
registries; not all require compulsory entry, not 
all collect outcome data other than failure rates 
(such as PROMs), and not all produce public 
reports. Before any data from registries are ana-
lysed, it is important to understand the registry 

design and methodology behind the process 
of data collection for each one (for instance the 
compliance rate, data entry time and entry clerk 
varies signifi cantly between individual registries). 
Many registries collect data at a population level 
and despite the inclusive nature and huge vol-
ume of data collected, they are still subject to 
possible bias as previously described in our fi rst 
registry review.3 Tables I and II describe what fea-
tures make a good registry, and what their main 
purposes are. 

Table II. What is the purpose of registries?

There is no doubt that registries are developed 
with the best possible intentions. Registries can 
be privately funded (by hospitals, individuals or 
societies), publicly funded (by government), or 
more often by a combination of industry (implant 
companies), private institutions and government. It 
is interesting to consider what each of these groups 
seeks to prove through registry data. Implant com-
panies would like to provide independent evidence 
to prove that their implant is safe, or possibly infer 
better survival than with its competitors. Surgeons 
seek information to make an evidence-based 
decision on the implant they use, or to prove that 
the implant that they use is safe. It is likely that the 
national governments have diff erent intentions, 
seeking to demonstrate that they are regulating 
the health services in their country to ensure that 
quality remains high and that services are evenly 
distributed. This has been demonstrated by the 
recent public publishing of surgeon-level mortality 
data after joint replacement in the UK.

Each registry collects their data and analyses it 
in a particular way. This article aims to provide the 
reader with unbiased information from registry 
data that is freely available on knee  arthroplasty 

replacement in published annual reports or arti-
cles in peer-reviewed journals. We have referred 
predominantly to reports from the larger, more 
established registries with high compliance rates. 
Table III demonstrates the diff erences between the 
registries providing source information referred 
to in this article. Information on all registries that 
collect data on knee arthroplasty that are not in-
cluded in Table III are presented in Supplementary 
table a (available online). 

WHAT ARE THE DIFFERENCES BETWEEN 
KNEE ARTHROPLASTY PRACTICES 
WORLDWIDE AND HOW HAVE THESE 
CHANGED OVER TIME?
As one would expect, the most common pri-
mary knee arthroplasty procedure performed 
worldwide is total knee replacement (TKR), 
making up 89% to 96% of the primary knee 
arthroplasties implanted. Unicompartmental 
knee replacements (UKR) make up between 5% 
and 10%, and patellofemoral joint (PFJ) replace-
ments make up between only 0.4% and 1.5% of 
primary surgeries. 

Kurtz et al4 projected that the incidence of 
primary knee arthroplasty in the United States 
would increase by 673% between 2007 and 2030. 
The numbers of cases that registries collect are 
strongly biased by their compliance entry rates, 
however, the Scandinavian registries (which have 
high compliance rates) have demonstrated an in-
crease of 21% between 2006 and 2010 in Sweden 
alone (Fig. 1),5 an increase of over 400% in Nor-
way between 1995 and 2010, and an increase of 
76% between 2003 and 2012 in Australia.6,7 Over 
the last year, the  numbers of recorded procedures 

Registry review
This is the second of a series of reviews of registries. This review looks specifi cally at 
worldwide registry data that have been collected on knee arthroplasty, what we have 
learned from their reports, and what the limitations are as to what we currently know.
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in the UK, Swedish and New Zealand registries 
have been relatively static, while there are still in-
creasing numbers of knee arthroplasty being per-
formed in Australia, Norway and Denmark (4%, 
13% and 13%, respectively), perhaps refl ecting the 
slowdown in the global economy and restrictions 
in healthcare provision.5-10

A striking change in practice is the reduc-
tion in the number of patients undergoing UKR 
in Australia. Since 2003 there has been a 49% 
decline in UKR procedures compared with the 
latest report in 2012 (from 14.5% of all primary 
procedures to 4.4%).6 A drop in the number of 
UKR procedures performed in Sweden has also 
been noted, but the rate of UKA has increased 
in New Zealand (18% increase),9 Denmark (13% 
increase), 8 and Norway (5% increase).7 A 57% in-
crease was seen in the rate of PFJ arthroplasty 

in Sweden, although numbers are still very low 
(only 52 were performed), and make up only 
0.5% of the total number of primary procedures.5 

There has also been a marked increase of 17% 
in knee revision surgery in 2013 compared with 
the previous year in the UK, which was echoed 
by the Danish registry (22% increase). Only a 2% 
increase was seen in Australia, however, since 
2003 the incidence of knee revision surgery has 
increased by approximately 60%.6,8,10 Clearly, 
how a revision procedure is classifi ed is important. 
Should patellar resurfacing be classifi ed as revision 
surgery? Should a polyethylene insert exchange 
for infection be classifi ed as revision surgery? 
Aseptic loosening is the main cause of revision 
(32% in UK; 30% in Australia; 31% in Denmark), 
with infections making up approximately 22% of 
revisions in the UK, Australia and Denmark.6,8,10

Patellar resurfacing continues to be an area 
of much debate with large national variations. 
The resurfacing rate is 38% in the UK (the largest 
national registry), 54% in Australia and 66% in 
Denmark, while only 2% in Sweden and 3% in 
Norway. Despite this variation, revision rates are 
broadly similar between these registries.5-8 Such 
national variations in the rates of patellar resur-
facing are likely to refl ect traditional practices, 
compounded by the lack of strong evidence on 
the subject. 

Cemented knee replacements are the most 
commonly used prostheses in the UK, Sweden, 
Canada and New Zealand (all over 90%), while 
hybrid and uncemented TKR prostheses remain 
popular in Australia (where 20% are uncement-
ed and 22% are hybrid fi xations).6,10,11 A  similar 
pattern is seen in navigation rates remaining low 
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Table III. Worldwide registries collecting data on knee arthroplasty. Summary of other registries registered with ISAR can be seen online with this article in Supplementary 

table a. 

 England, 
Wales and 
Northern 
 Ireland 
(NJR) 10

Australia6 Sweden5 Canada11 Dutch 
Arthroplasty 
Register26

New 
 Zealand9

Denmark8 Norway7 American  
Joint 
 Registry 
(AAOS)27

Finland 
Arthroplasty 
Register (no 
reference or 
website)

National/
Regional

National National National National National National National National National National

Year started 2003 1999 1975 2003 2007 1999 1997 1994 2010 1980

Total 
no. knee 
 implants 
registered

589,028 429,228 188,093 147,328 140,420 64,799 60,049 41,567 14,016 N/A

Percentage 
 compliance

91% Not 
 Available 
(N/A)

97% 43% 92% N/A >90% N/A <50% N/A

Most recent 
 published 
review

2013 2012 2011 2011 2012 2012 2010 2009 2013 N/A

PROMS 
data

EQ5D, OKS, 
satisfaction
Pre-op, 
6 months 
post-op

No Pilot study. 
EQ5D, 
KOOS, 
 Satisfaction
Pre-op, 
1 year 
post-op

No Starting 
2014

Selected 
 Oxford-12 
(20% 
response)
6-months, 
5-years,
10-years

Satisfaction, 
American 
Knee Society 
Score
Pre-op
6-18 months 
post-op

No No N/A

Follow-up 
to date

9 years 12 years 38 years 10 years 5 years 13 years 16 years 19 years 3 years N/A
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in the UK, Sweden and Denmark (3%, <1% and 
<1%, respectively), but more popular in  Australia 
(22%) and Norway (19%).5-8,10 These two techno-
logies are both relatively newer and may refl ect 
the ‘early adopter’ tendency in diff erent health-
care systems. Many individuals who tried naviga-
tion have moved away from the techno logy, like-
ly due to the extra cost, increased  surgical time 
and lack of long-term evidence that navigation 
leads to improved outcomes.

Cruciate-retaining (CR), fi xed bearing im-
plants are the most commonly used in the UK 
(70% of total), with posterior-stabilised (PS) 
fi xed bearing the next most popular (23%), 
followed by CR mobile bearing (5%), and PS 
mobile bearing (1%).10 Interestingly, only 1% of 
procedures performed in the UK were simulta-
neous bilateral procedures. 

One of the eff ects of registry data on surgi-
cal practice is that the feedback loop may occur. 
Close analysis and widespread adoption of prac-
tice supported by registry data can lead to con-
vergence, with increasing conservatism and lack 
of innovation. To encourage innovation while still 
under close independent supervision and scru-
tiny, a system called ‘Beyond Compliance’ (Table 
IV) has been introduced in the UK that enables 
surgeons and manufacturers to innovate in a safer 
environment for patients.12

Table IV. Beyond Compliance

Beyond Compliance was developed in the UK to 
support the safe and stepwise introduction of new 
or modifi ed orthopaedic implants.12 It is a voluntary 
service that encourages surgeons and implant 
manufacturers to work together to ensure new 
implants are introduced to the market safely.

Registries support conservative surgical prac-
tice by publishing long-term outcomes on estab-
lished implants. New products that may confer 
advantages to patients are unable to provide 
long-term outcome data and therefore patients, 
surgeons and industry may suff er as a result. 

Beyond Compliance therefore encourages 
innovation, but does so in a regulated environ-
ment to ensure patient safety. Beyond Compli-
ance seeks to go beyond complying with the 
bare minimum standards that are required for 
the introduction of new implants, through:
1. Setting up and designing post-market sur-
veillance programmes.
2. Ensuring that centres have appropriate clini-
cal experience and infrastructure.
3. Collecting independent follow-up and out-
come data and providing independent scrutiny 
and analysis.
4. Providing regular feedback to participating 
clinicians and manufacturers.

REVISION RATES
Most registries calculate the risk of revision 
surgery by using the Cumulative Percentage 
Probability (CPP) of a fi rst revision since the pri-
mary operation. Alternatively, this is referred 
to as the Cumulative Revision Rate (CRR). This 
survival analysis takes into account patients 
who have died (censored) and are then ex-
cluded from further analysis. Most commonly 
this is calculated using a Kaplan–Meier method 
although it may also be calculated using pro-
portional hazards modelling (commonly using 
a Cox method). Data can be presented as the 
probability of survivorship (Kaplan–Meier – 
starting point 100%), or probability of revision 
(where the starting point is 0%). Confi dence 
intervals should not be used to infer signifi -
cant diff erences in revision between groups. 
Instead, hazard or relative risk ratios should 
be used to judge clinical and statistical signifi -
cance.7 Instead of using CPP, the New Zealand 
Registry calculates revision rates by the num-
ber of revisions per 100 component-years. One 
of the perennial diffi  culties that occurs with 
survival analysis is that registries analyse their 
data in diff erent ways. While this can produce 
diff erent and unique insights into each aspect 
of arthroplasty surgery, it makes comparison 
between registries diffi  cult. The UK and Aus-
tralian registries concentrate on comparing 
‘types’ of implants, such as the type of con-
straint or fi xation method, while the Scandina-
vian registries prefer comparing specifi c brands 
and regional performances. Clearly, detailed 

and reliable analysis of survivorship depends 
upon the age of the individual registry, fi delity 
and completeness of data and the total num-
ber of joints entered. Table III demonstrates the 
information collected in the registries referred 
to in this article.

TOTAL KNEE REPLACEMENT
The Australian Registry has published a 6.5% 
(95% Confi dence Interval (CI) 6.2 to 6.7) re-
vision rate for all total knee replacements at 
12  years.6 The New Zealand Registry has pub-
lished a 5.51% revision rate at 13 years (no CI).9

The UK registry found the lowest revision 
rates (at nine years) in unconstrained knees 
(CR), fi xed bearing TKRs (CRR 2.90; 95% CI 2.77 
to 3.04).10 Revision rates were marginally higher 
in PS fi xed bearing TKRs (CRR 3.32; 95% CI 3.08 
to 3.52), and higher still in the PS mobile bear-
ing TKRs (CRR 5.01; 95% CI 3.55 to 7.06). All 
polyethylene tibias had a similar revision rate 
to modular designs with a revision rate of 2.64 
(95% CI 1.96 to 3.55). Similar results were found 
in the Australian Registry, with the lowest revi-
sion rates being in the unconstrained fi xed bear-
ing group (6.1 at 12 years; 6.2 to 6.7) when com-
pared with the posterior-stabilised group (7.6 at 
12 years; 6.9 to 8.4). These data are presented 
in Table V. Only the UK and Australian registries 
published detailed analysis of the survivorship 
of not only specifi c implants, but also the types 
of knee replacements.6,10 Implant-specifi c data 
are referred to in each of the annual reports. It 
is important that all data are used and applied 
with caution, taking the context into account. 
For instance, consistently throughout the regis-
tries, CR TKRs have been shown to have lower 
revision rates than PS mobile bearing TKRs. Why 
is this so? Registries do not give any explana-
tions, they merely state the facts. If fewer of a 
certain type of implant are used, the confi dence 
intervals will be wider. If an implant only has a 
small number of cases implanted and a revision 
occurs, the revision rate will appear high until 
more cases have been performed. This is the 
same with individual surgeon data; if a surgeon 
who only performs 20  TKRs per year has one 
failure, straight away he or she then has a revi-
sion rate of 5%, and needs to perform a further 
80 joint replacements (taking four more years) 
to bring their revision rate to 1%. Registries also 
do not necessarily take into account case com-
plexity (which may impact failure rate), and nor 
do they account for all variables such as age 
(which has been shown to have a signifi cant 
impact on revision rates). Thus, there are two 

Fig. 1 Incidence of primary knee arthroplasty 

per 100 000 inhabitants in Sweden5 (permission 

granted from Knee Arthroplasty Register; Swedish 

 Annual Report 2012).

120

100

80

60

40

20

140

C
o

p
yr

ig
h

t 
©

 2
0

1
2

 S
K

A
R

160

180

1975 1980 1985 1990 1995 2000 2005 2010

Year of operation

Females
Males



Bone & Joint360 | volume 3 | issue 3 | june 2014

5

possible explanations for the observed higher 
revision rate in cruciate-substituting knees. 
 Either the design is inferior and has higher revi-
sion rates, or the cases in which these implants 
are used are more complex (such as signifi cant 
valgus knees) which have an innately higher re-
vision rate. Both are equally plausible and reg-
istries currently do not provide the answers to 
these questions.

The registries uniformly demonstrate that 
rates of revision are higher for uncemented 
TKRs when compared with fully cemented TKRs 
(Table V). The Swedish and Danish registries 
calculated that the risk of revision is higher for 
uncemented TKRs compared with cemented 
prostheses (Swedsh: Relative Risk 1.6 (1.3 to 
1.9), Danish: Hazard Ratio 1.46 (1.29 to 1.66)).5,8 
Figure 2 from the UK registry demonstrates the 
diff erence between cemented and uncemented 
TKR revision rates. 

The Australian Registry has performed a 
detailed analysis looking at how CPP changed 

with age at time of primary surgery.6 Younger 
 patients have higher revision rates, confi rm-
ing previously published data.5,13 The CPP at 
12 years, if the age was less than 55 years, was 
13.6 (12.6 to 14.7), compared with 6.0 (5.6 to 
6.3) between 65 and 74 years, and 3.1 (2.9 to 3.3) 
when over 75 years. The Hazard Ratio (calculat-
ed by the Danish) for patients over 75 years was 
0.39 (0.34 to 0.44) compared with patients less 
than 66 years, confi rmed also by the Australian 
registry.6,8 

The Danish Registry also found an increased 
risk of revision in males (HR 1.13 (1.03 to 1.23), 
a fi nding confi rmed by the New Zealand and 
 Australian registries.6,8,9 

The New Zealand Registry analysed the 
 eff ect of laminar fl ow on revision rate, and 
found that revision rates within six months of 
primary surgery were higher if laminar fl ow 
was used (0.25%), compared with when lami-
nar fl ow was not used (0.11%), which appears 
counterintuitive and may be an association 

rather than a causation.14 
Mortality data obtained from the UK joint 

registry revealed that the 90-day mortality 
(CPP) for men after arthroplasty was only 0.07% 
(0.04 to 0.13) if younger than 55 years, 0.34% 
(0.29 to 0.39) if between 70 and 74 years, 0.63% 
(0.56 to 0.71) if between 75 and 79 years, and as 
high as 1.6% (1.47 to 1.75) if over 80 years.10 

The risk of 90-day mortality for women was 
less, but still almost 1% (0.92; 0.84 to 1.00) for 
women over 80 years. Figure 3, taken from the 
Norwegian registry Registry, demonstrates how 
revision rates have improved compared with 
historical prostheses.9

UNICOMPARTMENTAL KNEE 
REPLACEMENT (UKR) 
The UK registry published a CRR of 11.57 (11.11 
to 12.66) for all UKR at nine years.10 Rates were 
even higher in New Zealand (15.79; no CI cal-
culated) at 11 years, and 18.0 (17.0 to 19.0) for 
the Australian Registry at 12 years.6,9 The Austral-
ian results possibly explain why the rate of UKA 
in Australia has dropped by 49% over the past 
eight years.

The UK registry discovered that higher revi-
sion rates were found for mobile bearing UKRs 
(11.86; 11.11 to 12.66) compared with fi xed bear-
ing prostheses (10.72; 9.34 to 12.29), although 
there is a large overlap of the confi dence inter-
vals and no Hazard Ratio published to confi rm 
the clinical signifi cance of this fi nding.10 The 
Danish Registry calculated the Hazard ratio for 
the risk of revision of UKA compared with TKR 
to be 2.25 (2.01 to 2.52).8 A paper published us-
ing the UK registry data found no diff erences 
in revision rates between lateral and medial 
implants.15

The interpretation of revision rates of UKR 
using registry data has been a subject of much 
scrutiny and criticism.16 The New Zealand regis-
try has found that patients with a lower Oxford 
Knee Score (OKS)17 with a UKA are more likely to 
undergo revision surgery than the same OKS in 
a TKR (likely due to the fact that it is less diffi  cult 
to revise a UKR than a TKR). Revision data, when 
applied to UKR or PFJ replacements must there-
fore be interpreted with care. 

The single most important factor in the success of 
surgery is the attention to detail during surgery

Table V. Comparison of available data on survivorship after knee arthroplasty. Cumulative Probability Percentage 

of Revision unless stated (*= Rate/100 component years). This is all of the available published data from all registries. 

Many registries only publish comparison rates between implants rather than publishing absolute revision rates.

Registry Australia6 UK10 New Zealand9

Duration of follow-up 10 years  9 years 13 years

All TKR  5.5 (5.4-5.7) N/A  5.51

All fi xed bearing  5.2 (5.0-5.3) N/A

All mobile bearing  6.5 (6.2-6.7) N/A

Cruciate-Retaining  5.3 (5.1-5.4) N/A  0.40 (0.37-0.44)*

Fixed Bearing  2.9 (2.8-3.0)

Mobile Bearing  3.8 (3.2-4.4)

Posterior-Stabilised  6.4 (6.1-6.8) N/A  0.70 (0.64-0.76)*

Fixed Bearing  3.3 (3.1-3.6)

Mobile Bearing  5.0 (3.6-7.1)

Patella resurfaced  6.0 (5.9-6.2) N/A

Patella not resurfaced  4.9 (4.7-5.1) N/A

All poly tibia  5.4 (4.2-7.0)  2.6 (2.0-3.6)

Cemented  5.3 (5.2-5.5)  3.1 (3.0-3.2)

Uncemented  6.2 (6.0-6.5)  4.0 (3.6-4.5)

Hybrid  5.1 (4.8-5.3)  3.4 (2.7-4.4)

UKA 15.2 (14.7-15.7) 11.6 (10.9-12.3)  1.29 (1.18-1.41)*

PFJ 15.5 (13.8-17.5) 16.1 (14.1-18.4)  2.02 (1.20-3.19)*
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PATELLOFEMORAL JOINT (PFJ) 
REPLACEMENT
Rates of revision are even higher for PFJ replace-
ments. The UK registry published CRR of 16.11 
(14.09 to 18.39) at nine years and the Australian 
Registry published CRR of 28.9 (25.7 to 32.4) at 
12 years.6,10 

PROMS DATA
PROMs are becoming widely recognised as be-
ing increasingly important in the evaluation of 
joint replacements. Revision rates are only one 
of a number of indicators of success after ar-
throplasty. The collection of PROMs data adds 
another layer of complexity to data collection in 
registries, and a signifi cant extra health economic 
burden. Potentially adding to the value of the 
registry, PROMs also potentially adds to the pit-
falls. Which scores should be used? When should 
data be collected and for how long? This is still 
a matter of debate. Again, before any analysis 
of such data is performed it is important to un-
derstand when and how data are collected and 
what the compliance rates for data collection are 
(even PROMs suff er from signifi cant bias such 
as reporting bias, i.e. unhappy patients may be 
more likely to report their outcomes than satis-
fi ed ones). Table III explains which outcome 
measures are collected for each registry.

The UK collects data pre-operatively and 
at six months post-operatively. The registry 
claims 99.7% compliance pre-operatively, and 
74.6% compliance at six months.10 Patients clas-
sifi ed their satisfaction with their operation as 
 excellent (23%), very good (35%), good (26%), 

fair (12%) and poor (4%), and 88% of patients 
had improved scores post-operation while 6.5% 
were worse. Improvements in the EQ5D index, 
EQ5D VAS and OKS were signifi cantly better at 
six months (p < 0.001). Health benefi ts across 
the main fi xation types and knee replacement 
subgroups showed improvements in all groups. 
The PFJ replacements, while showing signifi cant 
improvements in PROMs data, showed smaller 
improvements when compared with other 
types of knee arthroplasty. 

The Swedish Registry implemented a pilot 
study in two regions (prior to collecting PROMs 
nationally, which is now their intention), col-
lecting EQ5D and KOOS scores pre-operatively 
and at one year post-operatively.5 Approximate-
ly 80% were satisfi ed with their surgery and 
72% had improved their general health since 
their surgery (EQ5D VAS), slightly lower rates 
than in the UK registry.

The New Zealand Registry send OKS scores 
to patients at six months, fi ve years and ten 
years post-TKR.9 The methodology behind data 
collection involved attempting to achieve a 
20% response rate at six months (deemed am-
ple enough by power analysis), and then these 
 patients were sent questionnaires at fi ve and 
ten years. Patients who had undergone revi-
sion surgery were excluded from analysis. It is 
not clear how many of the original sample were 
followed-up at fi ve and ten years, however, OKS 
were a mean of 37 at six months, and 40 at both 
fi ve and ten years post-TKR. The authors then 
went on to perform ROC analysis at fi ve years 
to  demonstrate that a patient with a score of 

less than 35.5 has fi ve times the risk of revision 
within two years compared with a patient with 
a score of greater than 35.5. The risk of revision 
within two years is 3.2% if the Oxford score is 
less than 27, and 0.33% if the Oxford score is 
between 34 and 41. At six months, using the 
same analysis, an OKS > 42 had a 0.48% risk of 
revision within two years compared with a 6.2% 
risk of revision with an OKS of < 27. The New 
Zealand study also performed the same analysis 
for UKR.9 The OKS was 39 at six months, 41 at 
fi ve, and 41 at ten years. At six months, the risk 
of revision (within two years) was 1.16% if OKS 
was between 34 and 41, but the risk of revision 
was a startling 20.6% if the OKS was less than 
27. These data suggest that the OKS may be 
suitable for PROMs based follow-up.

Satisfaction rates after TKR in Denmark were 
90% at one year after primary surgery, and 78% 
at one year after revision surgery. A total of 86%  
reported improved function at one year.8 The 
Californian registry collected WOMAC data pre-
operatively and at six months, and showed an 
improvement from 53 to 76 (p < 0.0001).18

INTERESTING ARTICLES PUBLISHED FROM 
JOINT REGISTRY DATA
In addition to the annual reports, the regis-
tries are spawning a plethora of registry-based 
papers. While many of these fall into the ‘data 
trawl’ category, many also yield insights into 
patient outcomes that could never be achieved 
with a traditional methodology.

SURVIVORSHIP OF TKR AFTER 
PREVIOUS HTO 
Analysis of the Finnish Registry showed sur-
vivorship rates for TKR after previous HTO 
to be 95.3% at fi ve years, 91.8% at ten years, 
and 88.4% at 15 years based on a large co-
hort of 1036 patients.19 They found survivor-
ship to be lower in this group compared with 
patients who had not undergone HTO previ-
ously (97.2%, 94.5% and 90.6%, respectively, 
p = 0.01).19 The same authors analysed data on 
UKR patients, comparing survivorship between 
UKR and TKR at 15 years. Survivorship was only 
69.6% at 15 years in the UKR group, compared 
with 88.7% in the TKR group (p < 0.001).20 

Fig. 2 Hazard ratio for a fi rst revision for diff erent 

types of primary knee replacement at increasing 

years after the primary surgery. Reprinted with 

permission from the England, Wales and North-

ern Ireland National Joint Registry (2013 Annual 

Report; www.njrcentre.org.uk)10

22

20

18

16

14

12

10

8

6

4

2

0 1 2 3 4 5 6 7 8

Years since primary surgery

C
um

ul
at

iv
e 

ha
za

rd
 x

 1
00

Cemented

Uncemented

Hybrid

490,939

31,382

7,307

7,881

51,474

413,315

28,199

6,845

6,679

44,107

337,600

24,441

6,295

5,361

36,376

267,439

20,415

5,471

4,181

28,915

202,689

15,975

4,508

3,071

21,999

142,760

11,425

3,504

2,028

15,428

91,079

7,320

2,595

1,202

9,918

54,676

4,369

1,778

712

5,825
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2,142
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DOES DIABETES AFFECT 
CLINICAL OUTCOMES?
Analysis of the Mayo Clinic Regis-
try found that diabetes, as well as 
its severity, was associated with 
poorer functional outcomes at 
two and fi ve years post-TKR.21 This 
was based on a cohort of 677 (out 
of 7139) with diabetes at two-year 
 follow-up, and 353 (out of 4234) 
at fi ve years. Patients were more 
likely to suff er moderate-severe 
limitations of activities of daily liv-
ing (ADL) at two years (Odds Ratio 
(OR) 1.7), and fi ve years (OR 1.7). 
Patients with complications related 
to their diabetes were even more 
likely to suff er limitations of ADL 
(OR 2.7 at two and fi ve years).

DOES PATELLAR RESURFACING 
LEAD TO IMPROVED CLINICAL 
OUTCOMES?
Analysis of the UK registry looked at 
whether resurfacing the patella im-
proved functional outcome scores 
after TKR (OKS).22 No diff erence 
was identifi ed irrespective of the 
implant brand or design to a maxi-
mum of 12 months post-operation. 

WHAT FACTORS INCREASE 
INFECTION RATE?
Analysis of the Kaiser Permanente 
Registry of 56 000 patients in California (USA) 
showed that BMI > 35 (HR 1.47), diabetes mel-
litus (HR 1.28), male gender (HR 1.89), Ameri-
can Society of Anesthesiologist (ASA) Grade > 
3 (HR  1.65), osteonecrosis (HR 3.65) and post-
traumatic arthritis (HR 3.23) independently 
increase the risk of deep infection after TKR.23 
The same paper also found that lower hospital 
volume and bilateral procedures appeared to 
reduce the infection rate.

HOW DOES SURGEON OR UNIT VOLUME 
AFFECT RESULTS?
A diff erent paper based on the NJR looking at the 
revision rate based on surgeon and unit volume of 
UKR showed that high-volume surgeons and units 
had superior results.24 A minimum of 13  proce-
dures per year was suggested. The New Zealand 
Registry looked at the individual surgeon volume 
and the resultant revision rate (for TKRs), and 
found that surgeons who performed between 
ten and 25 TKRs per year had  statistically higher 

r evision rates than surgeons who performed be-
tween 25 and 100 TKRs per year.

HOW DO REGISTRY-COLLECTED DATA 
COMPARE WITH REVISION RATES IN 
CLINICAL STUDIES?
Researchers in Austria compared registry- 
collected data for 36 knee arthroplasty systems 
with revision rates in clinical studies.25 Revision 
rates from all the clinical studies they examined 
did not diff er signifi cantly from registry data, 
but a signifi cant diff erence was noted between 
revision rates published by developers and reg-
istry data.25

LIMITATIONS OF REGISTRIES
As demonstrated by this article, registries can 
provide a huge amount of information about 
implants, individual surgeons and units. They 
do not, however, tell the whole picture, and 
are essentially large observational studies. 
It is important to remember that no matter 
how successful the implant, the single most 

important factor in the success of 
surgery is the attention to detail 
during surgery. Careful patient se-
lection and good surgical training 
is paramount. 

Data analysis is only as good as 
the data entry. This highlights the 
importance of understanding the 
limitations of the particular registry 
being analysed. If compliance rates 
are low then the results are less reli-
able. It is a fi ne balance between col-
lecting suffi  cient information from 
surgeons and patients before com-
pliance rates drop. 

Registries are slow to react to 
new changes in practice. For exam-
ple, the UK registry does not collect 
data on ‘Patient Specifi c Instrumen-
tation’, and neither does it collect 
data on local anaesthetic infi ltration 
nor tranexamic acid use in knee ar-
throplasty. This may change with 
the increased awareness of early 
survival of new implants and initia-
tives such as Beyond Compliance.

This paper has analysed implant 
survivorship on published registry 
data. This has been limited by the 
ways that data have been aggre-
gated and analysed by individual 
registries. The way data are pre-
sented means that it is diffi  cult to 
create direct comparisons between 

individual implants or techniques, particularly 
across registries. We would encourage registries 
to work together to publish data that could be 
compared. This would then help surgeons to 
make informed decisions to use implants with 
proven outcomes. 

Registries are, however, extremely good at 
identifying information at a population level. 
There is no better way of auditing outcomes, 
and information collected is valuable in the fu-
ture planning of service provision. It has also 
been able to identify failing implants, such as 
the ASR (Depuy Orthopaedics) hip resurfacing.

THE FUTURE FOR REGISTRIES
As registries increase in size and number, it is 
important that data entry compliance rates 
remain high. Attention must be paid to how 
registries are paid for in this age of austerity. 
The collection of PROMs data has a signifi cant 
health economic impact on already stretched 
healthcare resources. Industry or government 

Fig. 3 Survivorship of historical knee prostheses. Reprinted with permission 

from The Norwegian Arthroplasty Register; The Annual Report 2010 (www.

haukeland.no/nrl)7
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involvement in the payment for registries must 
be publicly declared, and any analysis of data 
must be impartial and unbiased. In our opin-
ion, it is vital that the base data collected by 
 registries are published regularly, are available 
for public scrutiny and are made accessible to its 
surgeons for detailed interrogation and analy-
sis. Table VI describes what we feel to be some 
of the key fi ndings that we have identifi ed from 
current registry data. 

It is likely that registry data will be used in the 
decision making behind implant choices, either 
at a unit, regional, or even national level. The 
linkage of PROMs data with survivorship data 
provides valuable information that can be used 
for the justifi cation of either the use of certain im-
plants, or the decision not to use other types of 
implants, however, this will need to be done with 
care and in the light of published research trials.

There are now a number of large registries. 
We look forward to these registries becoming 
more established. The growing communication 
between registries (such as the ISAR meetings), 
and collaboration (such as the collaboration 
between many of the American registries), will 
add to their strength. These qualities will im-
prove their ability to identify failing implants 
and drive up standards of care.
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Table VI. Key fi ndings from joint registries

Key Findings

Knee arthroplasty numbers have signifi cantly increased worldwide

The revision rate for all TKRs at 12 years is 6.5% (Australia)6

The lowest revision rates are found in cruciate-retaining fi xed bearing cemented TKRs

Revision rates are higher in uncemented TKRs (compared with cemented), young patients (< 66 years 
 compared with > 75 years), and males

The 90-day mortality rate after TKR for men > 80 years is 1.6%

The revision rate for UKR is 12% at nine years (UK) and 18% at 12 years (Australia). The revision rate for PFJ 
replacement is 16% at nine years (UK) and 29% at 12 years (Australia)6,10

88% of patients after TKR have improved by six months post-operation; 6.5% are worse6

At fi ve years post-operation, a patient with an Oxford Knee Score (OKS) of < 35.5 has fi ve times the risk of 
 revision than a patient with OKS > 35.59

At fi ve years post-operation the risk of revision of a TKR (within two years) is 3.2% if OKS < 279

At six months post-operation the risk of revision of a UKR (within two years) is 21% if the OKS < 279


