Dear congress participants,
As you might know, selected proceedings from the 10th International Congress of
Arthroplasty Registries (2nd Virtual) will be published in Clinical Orthopaedics and
Related Research®, as we have done for five prior Congresses of the International Society
of Arthroplasty Registers.
The ISAR / CORR® relationship helps to extend ISAR’s brand around the world, which
helps inform the practices of many more surgeons around the world than would otherwise
be possible. CORR also is the official journal of our Society. We entered this relationship
because publishing work from our annual meetings in CORR offers you unparalleled
global reach for the important work that you do. As you know, our Official Journal has
also promoted ISAR’s work in other ways, including on the Editor’s Spotlight / Take 5
page and through social media.
For these reasons, the ISAR steering committee and I are especially hopeful that you will
submit your work from this meeting for consideration by CORR in our selected
proceedings in that journal, and help make this year’s proceedings—our sixth with
CORR—the best one yet.
The deadline for submission of a full-length manuscript would be January 15th 2022. All
manuscripts should be submitted at www.editorialmanager.com/corr. All manuscripts
submitted to CORR will be evaluated according to the Journal’s peer-review and editorial
process, and it is important that you know that this invitation to submit work does not
guarantee publication. Please see the short “Instructions for Author” document, attached,
for details about the process.
If you think you have an article that you could submit by January 15th 2022, we would be
delighted to consider it for publication in our upcoming ISAR proceedings in CORR. You
may submit your manuscript at any time before the meeting if you wish.
We hope that you will join us in this important project, and we hope to hear from you
soon.
Respectfully,

Ola Rolfson, MD, PhD
President, Guest editor
ola.rolfson@vgregion.se
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Abstract
Background Hip replacements are successful in restoring
mobility, reducing pain, and improving quality of life.
However, the association between THA and the potential
for increased life expectancy (as expressed by mortality
rate) is less clear, and any such association could well be
inﬂuenced by diagnosis and patient-related, socioeconomic, and surgical factors, which have not been well
studied.
Questions/purposes (1) After controlling for birth year
and sex, are Swedish patients who underwent THA
likely to survive longer than individuals in the general
population? (2) After controlling for relevant patientrelated, socioeconomic/demographic factors and
surgical factors, does relative survival differ across the
various diagnoses for which THAs were performed in
Sweden?

Methods Data from the Swedish Hip Arthroplasty Register, linked to administrative health databases, were used
for this study. We identiﬁed 131,808 patients who underwent THA between January 1, 1999, and December 31,
2012. Of these, 21,755 had died by the end of followup.
Patient- and surgery-speciﬁc data in combination with socioeconomic data were available for analysis. We compared patient survival (relative survival) with age- and sexmatched survival data in the entire Swedish population
according to Statistics Sweden. We used multivariable
modeling proceeded with a Cox proportional hazards
model in transformed time.
Results Patients undergoing elective THA had a slightly
improved survival rate compared with the general population for approximately 10 years after surgery. At 1 year
after surgery, the survival in patients undergoing THA was
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1% better than the expected survival (r = 1.01; 95% conﬁdence interval [CI], 1.01-1.02; p < 0.001); at 5 years, this
increased to 3% (r = 1.03; 95% CI, 1.03-1.03; p < 0.001); at
10 years, the difference was 2% (r = 1.02; 95% CI, 1.021.03; p < 0.001); and by 12 years, there was no difference
between patients undergoing THA and the general population (r = 1.01; 95% CI, 0.99-1.02; p = 0.13). Using the
diagnosis of primary osteoarthritis as a reference, hip
arthroplasties performed for sequelae of childhood hip
diseases had a similar survival rate (hazard ratio [HR],
1.02; 95% CI, 0.88-1.18; p = 0.77). Patients undergoing
surgery for osteonecrosis of the femoral head (HR, 1.69;
95% CI, 1.60-1.79; p < 0.001), inﬂammatory arthritis (HR,
1.49; 95% CI, 1.38-1.61; p < 0.001), and secondary osteoarthritis (HR, 2.46; 95% CI, 2.03-2.99; p < 0.001) all had
poorer relative survival. Comorbidities and the Elixhauser
comorbidity index had a negative association with relative
survival. Level of achieved education (middle level of
education: HR, 0.90, 95% CI, 0.87-0.93, p < 0.001; high
level: 0.76, 95% CI, 0.73-0.80, p < 0.001) and marital
status (single status: HR, 1.33; 95% CI, 1.28-1.38; p <
0.001) were also negatively associated with survival.
Conclusions Whereas it has been known that in most
patients, THA improves quality of life, this study demonstrates that it also is associated with a slightly increased life expectancy that lasts for approximately 10
years after surgery, especially among patients whose
diagnosis was primary osteoarthritis. This adds further
proof of a health-economic value for this surgical intervention. The reasons for the increase in relative survival are unknown but are probably multifactorial.
Level of Evidence Level III, therapeutic study.

Introduction
The number of electively performed THAs has been increasing worldwide and THA is considered one of the
fastest growing surgical interventions, because of its track
record in consistently restoring patients’ mobility, reducing
pain, and improving health-related quality of life [8, 11, 20,
24, 43]; it also appears to be cost-effective [18]. Further
increases in demand are expected [17, 31, 32] and the
burden of hip diseases is likely to remain high [10].
Whereas the operation is “life-changing” in most patients,
one should still consider, like with all other major planned
surgery, the mortality rate and the inﬂuence on life expectancy after the operation. There are strong indications that
patients’ survival is improving and generally patients undergoing THA have a tendency to live longer than a matched
general population [3, 21, 25]. Register studies have shown
that patients undergoing THA have lower mortality than
a decade ago despite the increased patient complexity and
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increase in medical comorbidities [25, 46]. Studies highlighted a slightly elevated early mortality rate [2, 5, 6, 13,
21]. Differences in survival rates have been associated with
different indications [21, 33].
However, a number of unanswered questions remain,
including how, exactly, survival after THA compares with
survival in age- and sex-matched individuals from the general population. This is important because we have not yet
found the “eternal hip prosthesis” and so a patient’s lifetime
risk for revision surgery will depend, to some degree, on that
patient’s expected survival [1, 4, 39]. In addition, a patient’s
expected survival may inﬂuence a surgeon’s choice of implant, bearing, and ﬁxation technique. To our knowledge,
long-term survival has only been described for patients with
osteoarthritis and without the added beneﬁt of having access
to information on socioeconomic and comorbidity status
[25]. Finally, potential differences in survival among
patients with different preoperative diagnoses that precipitated the THA (such as primary osteoarthritis, inﬂammatory arthritis, sequelae of childhood hip diseases, and
osteonecrosis of the femoral head) have been explored [21,
29] but not deﬁnitively characterized. Having more information on this topic might help in the decision-making
process on the basis of the underlying diagnosis for the
surgical intervention.
The primary purpose of this study, therefore, is to describe
the survival rate for a cohort of Swedish patients who underwent elective hip arthroplasty. The survival of this cohort
is compared with the observed survival in the entire Swedish
population controlling for sex and age corresponding to the
relative survival of this THA population. Speciﬁcally, we
asked: (1) After controlling for birth year and sex, are Swedish
patients who underwent THA likely to survive longer than
individuals in the general population? (2) After controlling for relevant patient-related, socioeconomic/
demographic factors and surgical factors, does relative
survival differ across the various diagnoses for which
THAs were performed in Sweden?

Patients and Methods
A retrospective analysis of longitudinally maintained information from the Swedish Hip Arthroplasty Register
(SHAR) was conducted. All patients undergoing THA in
Sweden are entered in the SHAR database. The SHAR is part
of the Swedish Quality Registers [12] and is known to have
high completeness (98%) and full coverage (100%) [40]. In
patients who had died, the date of death was collected from
the Swedish Tax authorities.
Ethical review approval was obtained from the Regional
Ethical Review Board in Gothenburg, Sweden (decision
271-14). The data set for this study includes only patients
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undergoing elective THA (not acute hip fractures nor tumor surgery) whom underwent the operation(s) between
January 1, 1999, and December 31, 2012, as registered in
the SHAR. The most frequent indication for hip arthroplasty was primary osteoarthritis (91% [120,677 of
131,808]). A total of 131,808 patients underwent elective
THA. Of these, 21,755 had died by the end of followup.
There were differences for most covariates considered
between survivors and patients who died (Table 1). The
median followup was 5.62 years (interquartile range [IQR],
6.40 years; maximum, 14 years) for survivors and the
median followup was 5.43 years (IQR, 5.16 years) for
those who died.
We used a ﬂowchart illustrating patients’ selection for
this analysis (Fig. 1). Whereas there is a theoretical risk of
leakage out of the register, so far only four patients have
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requested to withdraw their data. The level of emigration in
Scandinavian countries is extremely low and, in any event,
emigration would have to be communicated to the tax ofﬁce and as such would be recorded in the SHAR. The
SHAR database has always considered patients who have
emigrated (and as such lost their personal ID number) as
dead. It is impossible within the study database and within
the SHAR database to retrace the exact number of emigrated patients.
This longitudinal, comparative study compared survival
(that is, patient survival, not implant survival) between
patients who underwent THA in Sweden with aggregated
survival data at the national level from the general population as calculated by Statistics Sweden (Human Mortality Database [http://www.mortality.org]). The main
purpose of the comparison—and the primary study

Table 1. Baseline population demographics of the whole cohort, the surviving and the dead cohorts, and p values
Demographics

All

Alive

Dead

Number
Sex = female (%)
Age (mean [SD])
Education (%)
Low
Middle
High
Civil status (%)
Couple
Single
Widow
Diagnosis (%)
Primary osteoarthritis
Inﬂammatory joint disease
Sequelae of a childhood hip disorder
Femoral head necrosis
Secondary osteoarthritis
Fixation (%)
Cemented
Uncemented
Hybrid
Reversed hybrid
Elixhauser index (mean [SD])
Elixhauser index tabulated (%)
0
1
2
3
Year of operation (mean [SD])
Followup (mean [SD])

131,808
76,035 (58)
68.16 (11)

110,053
64,228 (58)
66.77 (10)

21,755
11,807 (54)
75.19 (8)

54,738 (42)
49,928 (38)
27,142 (21)

42,147 (38)
43,330 (39)
24,576 (22)

12,591 (58)
6598 (30)
2566 (12)

p value
< 0.001
< 0.001
< 0.001

< 0.001
74,472 (57)
34,067 (26)
23,269 (18)

63,884 (58)
29,471 (27)
16,698 (15)

10,588 (49)
4596 (21)
6571 (30)
< 0.001

120,677 (92)
3233 (3)
3002 (2)
4637 (4)
259 (0)

10,1267 (92)
2500 (2)
2811 (3)
3319 (3)
156 (0)

19,410 (89)
733 (3)
191 (1)
1318 (6)
103 (0)

104,342 (79)
13,874 (11)
3447 (3)
10,145 (8)
0.60 (1)

83,644 (76)
13,513 (12)
3083 (3)
9813 (9)
0.57 (1)

20,698 (95)
361 (2)
364 (2)
332 (2)
0.73 (1)

82,519 (63)
29,948 (23)
12,613 (10)
6728 (5)
2005.91 (4)
5.91 (4)

69,777 (63)
25,094 (23)
10,144 (9)
5038 (5)
2006.54 (4)
5.96 (4)

12,742 (59)
4854 (22)
2469 (11)
1690 (8)
2002.72 (3)
5.64 (3)

< 0.001

< 0.001
< 0.001

< 0.001
< 0.001
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outcome of interest—is to determine whether patients who
undergo THA live longer than age- and sex-matched
patients who have not undergone THA. The secondary
study purpose was to evaluate diagnosis-speciﬁc survival
(again, patient survival, not implant survival) among
patients who have undergone THA. Those comparisons
were made here by using the different diagnoses as coded
in the SHAR, comparing them with survival data taken

from the Human Mortality Database. To study the inﬂuence of covariables, data from the SHAR were combined
with data from Statistics Sweden and registers under the
umbrella of the National Board of Health and Welfare in
Sweden. These three main sources of data have been successfully linked with the help of the unique 10-digit personal ID number [22]. In detail, a description of the data
acquisition and the merger can be found in a previous

Fig. 1 The ﬂow diagram illustrates patient selection for the relative survival analysis of
Swedish patients undergoing primary THA.
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article on the linkage of Swedish health data registers [9].
We were able to identify patient- and surgery-speciﬁc data
relating to elective THAs from the SHAR including data
about the date of operation, underlying diagnosis, and
ﬁxation technique. Mortality data are obtained by crossmatching with the Swedish population register governed
by the Swedish Tax Agency [30]. Level of education
characteristics, where we deﬁned low, middle, and high
level of education to respectively describe the ﬁrst 9 years
of education (up to the end of the secondary school level),
an extra 2 or 3 years (college level) and higher education
(university or similar), and civil status are available from
Statistics Sweden. The Elixhauser comorbidity index was
calculated using the algorithm by Quan and collaborators
[38] based on the comorbidities (International Classiﬁcation
of Diseases, 10th Revision) recorded in the Patient Register of
the National Board of Health and Welfare of Sweden. We
decided to use the Elixhauser comorbidity index because this
has previously been identiﬁed as being the most predictive of
mortality [7, 41]. Different variables were studied (Table 1).

Statistical Analysis
Continuous variables were summarized as means and SDs
and categorical variables as percentages. Group comparisons were run with Student’s t-test and chi-square test.
Survival data were summarized as Kaplan-Meier survival
curves and relative survival ratios [35-37, 45]. The relative
survival ratio is deﬁned as the observed survival in the
patient group divided by the expected survival of a comparable group from the general population. The formula is
reproduced subsequently:
rðtÞ =

5

and 8 years. Thus, we introduced a step function that split
the data into three epochs: up to 5 years, between 5 and 8
years, and above 8 years. The regression model then included an interaction term between the Elixhauser
comorbidity index and step function for time. The hazard
rates for the Elixhauser comorbidity index for the different
epochs are sums of the main and interaction terms.
All analyses were performed using R Statistical Software (R Foundation for Statistical Computing, Vienna,
Austria). A p value < 0.05 was set to deﬁne statistical
signiﬁcance. Conﬁdence intervals have a nominal coverage of 95% and we consider a hazard ratio (HR) signiﬁcant
if the associated 95% conﬁdence interval does not include
the reference value of 1.

Results
Patients undergoing elective THA had a slightly improved
survival rate compared with the general population for
approximately 10 years after surgery (Fig. 2). At 1 year
after surgery, the survival in patients undergoing THA was
1% better than the expected survival (r = 1.01; 95% conﬁdence interval [CI], 1.01-1.02; p < 0.001); at 5 years, this
increased to 3% (r = 1.03; 95% CI, 1.03-1.03; p < 0.001); at

SO ðtÞ
Sp ðtÞ

Where SO(t) denotes the observed survival in the studied
group and SP(t) is the population or expected survival. The
latter was extracted from publicly available mortality tables
maintained by the Human Life-Table Database (http://
www.lifetable.de/; although this website is owned and
maintained by a German-based international organization,
we only used the table that contained Swedish data) and
Human Mortality Database (http://www.mortality.org).
We accessed life tables between 1999 and 2012 tabulated
for birth year and sex. Multivariable modeling proceeded
with a Cox proportional hazards model in transformed time
[44]. Model assumptions were checked with Brownian
bridges [45]. We observed signiﬁcant deviation from the
assumption of proportionality for the Elixhauser
comorbidity index. We mitigated the problem with
introducing time-dependent coefﬁcients. Graphic examination of the effect of the Elixhauser comorbidity index
indicated that there are changes in the effect measures at 5

Fig. 2 Relative survival of the cohort is presented up to 14
years postoperatively. The horizontal gray line represents the
relative survival rate of 1 when the survival of patients undergoing hip arthroplasty equals the survival rate of their sexand birth year-matched peers from the general population.
Deviation from the reference line represents better or worse
survival (patient survival).
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10 years, the difference was 2% (r = 1.02; 95% CI, 1.021.03; p < 0.001); and by 12 years, there was no difference
between patients undergoing THA and the general population (r = 1.01; 95% CI, 0.99-1.02; p = 0.13). Patients
with primary osteoarthritis had better survival than most
other diagnoses when matched for age, sex, education,
marital status, and comorbidity throughout the followup
period (Fig. 2). Using the diagnosis of primary osteoarthritis as a reference, hip arthroplasties performed for sequelae of childhood hip diseases had a similar survival
rate (HR, 1.02; 95% CI, 0.88-1.18; p = 0.77). Patients
undergoing surgery for femoral head necrosis (HR, 1.69;
95% CI, 1.60-1.79; p < 0.001), inﬂammatory arthritis (HR,
1.49; 95% CI, 1.38-1.61; p < 0.001), and other types of
secondary osteoarthritis (HR, 2.46; 95% CI, 2.03-2.99; p <
0.001) all had poorer relative survival than did patients with
primary osteoarthritis (Fig. 3). Comorbidities and speciﬁcally the Elixhauser comorbidity index had a negative association with the relative survival at the different epochs
(Table 2). Level of achieved education (middle level of
education: HR, 0.90, 95% CI, 0.87-0.93, p < 0.001; high
level: 0.76, 95% CI, 0.73-0.80, p < 0.001) and marital
status (single status: HR, 1.33; 95% CI, 1.28-1.38; p <
0.001) were also negatively associated with survival.
Females had generally better survival than males (HR,

0.97; 95% CI, 0.94-1.00; p = 0.025). Patients operated on at
more advanced ages had an overall better relative survival
than their peers of the same birth year from the general
population (HR, 0.96; 95% CI, 0.96-0.96; p < 0.001). Of
the different ﬁxation types, only the uncemented ﬁxation
type differed from the cemented type (reference) and
uncemented ﬁxation was associated with better survival
(HR, 0.78; 95% CI, 0.70-0.87; p < 0.001) (Table 2). Hybrid
(cemented stem/uncemented cup) (HR, 0.93; 95% CI,
0.83-1.03; p = 0.15) and use of reverse hybrid hips
(uncemented stem/cemented cup) (HR, 0.93; 95% CI,
0.83-1.04; p = 0.18) had no statistically signiﬁcant association with relative survival (Table 2). The year of operation was positively associated with survival rate with
patients operated on in the later years of the study period
showing better survival (HR, 0.95; 95% CI, 0.95-0.96; p <
0.001) (Table 2). Thus, patients operated on in the later
years had better short-term survival than those operated on
in the beginning of the observation period. No conclusions
could be drawn regarding longer time survival because of
the short observation period for patients operated on during
the last years of the observation period.

Discussion

Fig. 3 Relative survival is presented for patient groups based
on diagnostic indications for THA (chi square = 321.5, df = 4,
p < 0.001). The horizontal gray line represents the relative
survival rate of 1 when the survival of patients undergoing hip
arthroplasty equals the survival rate of their sex- and birth yearmatched peers from the general population. Deviation from
the reference line represents better or worse survival (patient
survival).

Insertion of a THA aims to relieve pain, increase function,
and improve quality of life, goals that are typically achieved. In addition, we observed that patients who underwent THA in Sweden had a slightly greater life
expectancy for the ﬁrst 10 years after THA compared with
the general population. We also identiﬁed that patients with
primary osteoarthritis of the hip had improved relative
survival compared with most other preoperative diagnoses.
Finally, worse Elixhauser comorbidity index scores, lower
levels of achieved education, and being a widow or single
all were associated with poorer survival.
This study has some limitations. Because this a registerbased study without a control group, there are no data
available about mortality in these patient groups should
they not have undergone THA. With an observational
study design, the possibility of selection bias can never be
fully compensated for. Clinicians select certain patients for
procedures. However, because the present study is a nationwide observational study from a country with a publicly funded welfare system, considering all hospitals and
all patients, and with adjustment for socioeconomic factors,
the possibility of a remaining selection bias is limited and is
not regarded to reach such a magnitude as to inﬂuence our
main ﬁndings substantially. Transfer bias was unlikely to
be a problem in this study, because leakage from the register is virtually nonexistent. The comorbidity calculations
are based on diagnosis established as a result of contacts
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with the secondary care setting (out- and inpatients within
hospitals); this will to a certain extent underestimate
comorbidity if this comorbidity has been addressed by the
general practitioner and this can well be considered
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assessment bias. We can only claim to be able to provide
information on potential associations and we do not intend
to prove causality; speciﬁcally, one cannot infer from our
data that the act of replacing a hip increases life expectancy.

Table 2. Associations among diagnosis for hip surgery, comorbidities, socioeconomics, and surgical factors with patient survival
Crude
Studied variables
Diagnosis
Primary osteoarthritis
Inﬂammatory joint disease
Sequelae of a childhood hip disorder
Femoral head necrosis
Secondary osteoarthritis
Sex
Male
Female
Age
Civil status
Couple
Single
Widow
Education
Low
Middle
High
Fixation
Cemented
Uncemented
Hybrid
Reversed hybrid
Year of operation
Elixhauser up to 5 years
0
1
2
3+
Elixhauser between 5 and 8 years
0
1
2
3+
Elixhauser over 8 years
0
1
2
3+

HR

95% CI

Adjusted
p value

HR

95% CI

p value

1.38-1.61
0.88-1.18
1.60-1.79
2.03-2.99

< 0.001
0.77
< 0.001
< 0.001

2.21
1.25
1.68
2.35

2.05-2.38
1.09-1.45
1.59-1.78
1.93-2.85

< 0.001
< 0.001
< 0.001
< 0.001

Reference
1.49
1.02
1.69
2.46

0.93
0.96

0.90-0.95
0.96-0.97

< 0.001
< 0.001

Reference
0.97
0.96

0.94-1.00
0.96-0.96

0.025
< 0.001

1.35
0.98

1.30-1.40
0.95-1.02

< 0.001
0.31

Reference
1.33
1.14

1.28-1.38
1.10-1.17

< 0.001
< 0.001

0.94
0.79

0.91-0.97
0.76-0.83

< 0.001
< 0.001

Reference
0.90
0.76

0.87-0.93
0.73-0.80

< 0.001
< 0.001

1.00
1.27
0.96
0.95

0.90-1.11
1.15-1.41
0.86-1.07
0.95-0.95

0.96
0.01
0.42
< 0.001

Reference
0.78
0.93
0.93
0.95

0.70-0.87
0.83-1.03
0.83-1.04
0.95-0.96

< 0.001
0.15
0.18
< 0.001

1.37
1.79
2.76

1.31-1.44
1.69-1.90
2.59-2.94

< 0.001
< 0.001
< 0.001

Reference
1.49
2.07
3.32

1.42-1.57
1.95-2.20
3.11-3.55

< 0.001
< 0.001
< 0.001

2.20
2.76
3.67

1.99-2.43
2.42-3.15
3.13-4.30

< 0.001
< 0.001
< 0.001

Reference
1.52
1.96
2.63

1.36-1.68
1.72-2.25
2.23-3.10

< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

Reference
1.33
1.74
2.40

1.18-1.49
1.48-2.04
1.95-2.94

< 0.001
< 0.001
< 0.001

2.62
3.32
4.47

2.36-2.92
2.86-3.85
3.67-5.45

HR = hazard ratio; CI = conﬁdence interval.
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In fact, there is considerable reason to think this is not the
case; for example, in this study, we found that patients who
underwent surgery at older ages had greater survival than
their peers. This may simply reﬂect the fact that for older
patients, only patients with otherwise good health status are
considered ﬁt for THA. However, it also is possible that by
increasing activity levels and helping patients to discontinue nonsteroidal antiinﬂammatory drugs (as may
occur after successful THA), the procedure indeed may
contribute to longevity. Future studies will need to evaluate
the causality (or lack of causality) of the ﬁndings made
here.
The result of the present study, based on a nationwide
longitudinally maintained collection of data, largely
upholds ﬁndings up to 12 years postoperatively as reported
by others and corroborates the perception of many clinicians: patients undergoing THA have better survival than
that of the general population [21, 25, 33]. A common
reasoning behind this is patient selection. Generally to have
hip arthroplasty, the patient should be in good health or will
undergo some measures to improve their health status as
part of their perioperative workup for surgery. A similar
reasoning most likely explains the apparent discrepancy
between our ﬁndings and previous work from the SHAR
[14]. Interestingly, Gordon et al. found that patients alive 8
years after their primary operation had a lower survival rate
than the reference population [14]. There are some important methodological differences between the studies,
but perhaps the major difference is the study population.
The population studied by Gordon and collaborators was
older and spanned a different time period (1992-2005). We
found that the year of the primary operation was associated
with better survival; the more recent the operation, the
better the survival rate. The assumption of clinicians and
care workers is that improvements in surgical practices and
perioperative care have caused mortality from hip arthroplasty to decline. The increased relative survival will likely
have some consequences on the lifetime risk for revision
surgery.
Patients with primary osteoarthritis who underwent
THA had a higher survival rate than patients with hip
disease resulting from most other diagnoses. The survival
rate in the group with primary osteoarthritis was also
higher than in the general population during the time
period for our study. The results were similar to that of Lie
et al. with the exception of sequelae of childhood hip
disorders [21]; that study found that those patients had
better survival than the corresponding Norwegian population up to 10 years after surgery. However, their data
date back to 1987 until 1998, whereas the present study
contains data between 1999 and 2012. Thus, it is possible
our data contain patients who, for reasons of surgical
complexity, would not have been considered for arthroplasty before 1999. Although Norway and Sweden are
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culturally and socioeconomically similar, there are considerable differences in patient survival rates [23]. The
increased mortality risk in patients with inﬂammatory
arthritis has been previously described whether or not
they have received a joint replacement and is consistent
with our ﬁndings [27, 28]. We found that having lower
completed levels of education and being widowed or
single were associated with an adverse effect on survival;
the effect of socioeconomic factors on survival has been
long recognized [19]. A recent study concluded that
mortality, attributable to lower levels of completed education, is comparable in magnitude to mortality attributable to individuals being current rather than former
smokers and the association between education and
mortality could be causal [16]. Likewise, it is well known
that widowers have higher mortality rates than married
people [42] and that married people have a longer life
expectancy compared with unmarried persons [15, 34].
As might be predicted, the higher a patient scored on the
Elixhauser comorbidity index, the stronger the association
with mortality became. The Elixhauser comorbidity index
ranks highest among different comorbidity indices that
have the ability to predict long-term mortality [41]. Of the
studied ﬁxation techniques, patients with cemented, hybrid, and reverse hybrid implants had similar survival rates.
The increased mortality rate in the early postoperative period in the patients receiving a cemented implant has once
again been demonstrated but is reversed in our series between 50 and 60 days (Fig. 3A, inset). Patients with
uncemented prostheses had better survival. This ﬁnding
was corroborated by McMinn and collaborators [26], but it
requires some caution because the mean age in patients
who receive cemented prostheses usually is higher (in our
study, the mean age of patients receiving a cemented implant was 70 years), whereas the mean age of patients with
uncemented prostheses is considerably lower (in our study,
the mean age of this group was 55 years at the time of their
primary operation). We adjusted for age, but such differences cannot be easily and completely adjusted away, because of the excessive differences in mean age at the time of
surgery. If only the relative survival graph is considered, it
would be tempting to think that cement has a protective
effect after the initial period of excess mortality, but this is
more likely to be the result of an increased effect of patient
selection in the older age group. An alternative explanation
that well could be considered is the smaller incidence of
periprosthetic fracture in the cemented group in the postoperative period avoiding the increased mortality of further
surgical intervention. This hypothesis will be the subject of
further research.
In general terms, elective hip arthroplasty not only
provides improvement in health-related quality of life, but
is also associated with improved relative survival during
the ﬁrst decade after the operation. This has health
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economic implications and might cause a shift in the understanding of the lifetime revision risk. Further research in
the long-term effects of the increase of the relative survival,
the effect on the patient, the implications for healthcare
providers, and how we can possibly further modify and
improve relative survival is indicated. The effect of ﬁxation
technique on mortality will also need to be further
scrutinized.
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Abstract
Background Patellofemoral arthroplasty (PFA) is one
option for the treatment of isolated patellofemoral osteoarthritis, but there are limited data regarding the procedure
and results. Because isolated patellofemoral arthritis is
relatively uncommon, available case series generally are

small, and even within national registries, sample sizes are
limited. Combining data from multiple registries may aid in
assessing worldwide PFA usage and survivorship.
Questions/purposes We combined and compared data
from multiple large arthroplasty registries worldwide to
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ask: (1) What proportion of patients undergoing primary
knee arthroplasty have PFA? (2) What are the patient and
prosthesis characteristics associated with PFA in common practice, as reﬂected in registries? (3) What is the
survivorship free from revision of PFA and what are the
reasons for and types of revisions?
Methods Data were provided by eight registries that are
members of the International Society of Arthroplasty
Registries (ISAR) who agreed to share aggregate data:
Australia, New Zealand, Canada, Sweden, Finland,
Norway, the Netherlands, and the United States. Deidentiﬁed data were obtained for PFA performed from
either the beginning of year 2000, or the earliest recorded
implantation date after that in each individual registry
when PFA data collection commenced, up to December
31, 2016. This included patient demographics, implant
use, all-cause revision rate (determined by cumulative
percent revision [CPR]), and reasons for and type of
revision.
Results During the data collection period, 6784 PFAs
were performed in the eight countries. PFAs comprised
less than 1% of primary knee replacements in all registries. Patient demographics were comparable in all
countries. Patients were generally more likely to be
women than men, and the mean age ranged from 50 years
to 60 years. All registries showed a high rate of revision
for PFA. The 5-year CPR for any reason ranged from
8.0% (95% CI 4.5 to 11.5) in Norway to 18.1% (95% CI
15.5 to 20.7) in the Netherlands. The most common reason for revision across all countries was disease progression (42%, 434 of 1034). Most PFAs (83%, 810 of
980) were revised to a TKA.
Conclusions The revision risk of PFA in all registries
surveyed was more than three times higher than the
reported revision risk of TKA at the same times. The
survivorship of PFA is similar to that of the no-longerused procedure of metal-on-metal conventional hip replacement. Although there may be potential functional
beneﬁts from PFA, these ﬁndings of consistent and
alarmingly high rates of revision should create concern,
particularly as this procedure is often used in younger
patients.
Level of Evidence Level III, therapeutic study.
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Introduction
Isolated patellofemoral osteoarthritis may cause substantial
knee pain and loss of function. Although isolated patellofemoral osteoarthritis is an uncommon form of knee osteoarthritis, when severe painful arthritis is present, joint
arthroplasty may be recommended [13, 17, 18]. TKA has
predictable, durable, and generally good results [19, 24,
26], while patellofemoral arthroplasty (PFA) has been
promoted as a more bone- and soft-tissue preserving option
and is also reported to produce good-to-excellent outcomes
in selected patients [15, 39, 41, 43].
Although PFA has been reported to have the potential
for improved recovery, biomechanics, and function compared with TKA, concerns about high revision rates persist
[9, 39]. First-generation PFA involved isolated patella
resurfacing, while second-generation implants included
narrow and short trochlea inlay implants that were somewhat limited in their ability to accommodate the native
anatomy [41]. Although ﬁrst- and second-generation
prostheses did not provide consistent results, these have
now largely been replaced by third-generation anterior-cut
onlay implants that appear to have a more anatomic design,
which may result in better function and survivorship
[22, 41].
Because of the infrequency of the procedure, data on the
use of PFA are limited to a small number of published
series reporting short- to mid-term follow-up [1, 2, 9, 25,
44]. Even registry data are also limited by size, particularly
with regard to prosthesis-speciﬁc results and reasons for
revision [31]. As a result of these problems, a systematic
review approach has been used, combining registry data
with clinical studies [6, 44]. However, this approach included studies of older-style prostheses, and only included
data from three selected registries (UK, New Zealand, and
Australia) and, therefore, may not represent worldwide
current practice.
Combining data from registries has been helpful when
studying infrequent occurrences, such as the outcome of
hip arthroplasty in patients younger than 22 years of age or
the risk of re-revision with tantalum acetabular implants
[14, 18].

Each author certiﬁes that neither he or she, nor any member of his or her immediate family, has funding or commercial associations
(consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conﬂict of interest in connection
with the submitted article.
Each author certiﬁes that his or her institution approved the reporting of this investigation and that all investigations were conducted in
conformity with ethical principles of research.
This work was performed at Australian Orthopaedic Association National Joint Replacement Registry, based at the South Australian Health
and Medical Research Institute, Adelaide, South Australia.

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

1224

Clinical Orthopaedics and Related Research®

Lewis et al.

We combined and compared data from multiple national and regional arthroplasty registries worldwide to ask:
(1) What proportion of patients undergoing primary knee
replacement have PFA? (2) What are the patient and
prosthesis characteristics associated with PFA in common
practice, as reﬂected in registries? (3) What is the survivorship free from revision for any cause of PFA and what
are the reasons for and types of revisions?

Patients and Methods
Data were provided by seven large national, and one
insurance-based arthroplasty registries that report PFA
and their revision procedures, and who consented to
contribute aggregate data for the purpose of this analysis.
These included the Australian Orthopaedic Association
National Joint Replacement Registry, the New Zealand
Joint Registry, the Canadian Joint Replacement Registry,
the Swedish Knee Arthroplasty Register, the Finnish
Arthroplasty Register, the Norwegian Arthroplasty
Register, the Dutch Arthroplasty Register, and the Kaiser
Permanente Total Joint Replacement Registry in the
United States. All registries involved in this study have
achieved quality standards enabling membership in the
International Society of Arthroplasty Registries (ISAR)
[16] and share a common aim to improve the outcomes of
individuals undergoing joint replacements. De-identiﬁed
aggregate-level data were requested for all knee arthroplasty procedures performed from January 1, 2000 or the
date of ﬁrst recorded PFA up to December 31, 2016. The
Australian Orthopaedic Association National Joint
Replacement Registry, New Zealand Joint Registry,
Norwegian Arthroplasty Register, and Swedish Knee
Arthroplasty Register provided data from 2000. Kaiser
Permanente provided data from 2002, the Finnish
Arthroplasty Register provided data from 2006, the Dutch
Arthroplasty Register provided data from 2007, and the
Canadian Joint Replacement Registry provided data from
2012.
The responding registries have data completeness of 95%
to 99% for primary knee and more than 85% for revision
procedures [4, 10, 11, 29, 33, 36, 47] with the exception of
Canada, where the capture rate is 72% due to the voluntary
nature of data contribution in some provinces [7]. Although
the completeness of Canadian data may be lower, this would
be likely to affect this country’s PFA, TKA and revision knee
arthroplasty data equally, and because this registry only
contributed 6% (431 of 6784) of the PFA procedures for the
total analysis, the potential for any missing data to affect the
overall results would be minimal. Although the participating
registries differ in some ways, such as being national or
insurance-based, our intention was to compare these registries
to ﬁnd similarities and differences in knee surgical practice.

Registries were initially contacted between May 2017
and June 2017 to conﬁrm their willingness to participate.
Between September 1, 2017 and February 1, 2018, registries
provided the requested summary-level data electronically,
which included patient demographics (age, sex, BMI, and
operative side), prostheses used, number of revisions for all
causes, reason for revision, and type of revision. Revision
was deﬁned as a reoperation of a previous knee arthroplasty
where one or more components were removed, replaced, or
added. Data received enabled maximum follow-up periods
of 5 years for the Canadian cohort, 9 years for those from the
Netherlands, 10 years for Finnish patients, 15 years for the
Kaiser-Permanente group, and 17 years for those from
Australia, New Zealand, Norway, and Sweden.

Statistical Analysis
Frequencies, proportions, means, and SDs were used to
describe each registry’s cohort. All descriptive analyses
were completed by each participating registry to protect
individual patient information, and summary-level information was provided to the coordinating registry
(Australian Orthopaedic Association National Joint
Replacement Registry) for aggregation. All analyses were
performed using SAS (Statistical Analysis System), version
9.4 (SAS Institute Inc, Cary, NC, USA) [40]. Participating
registries were provided with SAS code so that they could
obtain Kaplan-Meier estimates of survivorship. The KaplanMeier method was chosen because not only is it the standard
method for registry data analysis, but also in this patient
group the competing risk of death is low. These were then
used to calculate the cumulative percent revision (CPR),
which is the complement (in probability) of the KaplanMeier survivorship for each year of follow-up. The CPR
95% CIs were also calculated. The proportion of knee
replacements that were PFA were calculated for each
country for each year. We had also intended to perform
prosthesis comparisons by manufacturer and type but found
that the differing data formats and detail regarding revision
timing was insufﬁcient for this type of analysis.

Results
Usage of Patellofemoral Arthroplasty
As a proportion, PFA comprised 0.45% of all knee
replacements in the recorded registries during the study
period. A total of 6784 PFA procedures were recorded,
during which time 1,492,950 knee replacements were performed. The use of PFA was small in all countries, ranging
from 0.066% in Finland (76 of 114,814 knee replacements)
to 0.64% in the Netherlands (1234 of 191,487 knee
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replacements). The yearly proportions of PFA remained less
than 1% in all countries during the study period, with
the exception of Norway for the year 2016 only (Fig. 1). The
annual number of PFA procedures increased across the
registries over time, particularly for Australia, Norway, and
Canada (Table 1). PFA as a proportion of all knee arthroplasties increased only slightly for Norway, Finland, Kaiser
Permanente and New Zealand, while staying constant in
Australia, Canada, Sweden and the Netherlands (Fig. 1).
Patient and Prosthesis Characteristics Associated
with PFA
The mean age of patients ranged from 50 years in Finland to
60 years in Australia, and 76% of the 6784 patients were
women, ranging from 62% (47 of 76) in Finland to 79% (341
of 431) in Canada. Where BMI data were available
(Australia, Kaiser Permanente, Sweden, Finland, and the
Netherlands), the pre-obese category (BMI of 25 kg/m2 to
29.9 kg/m2) was the most common group in all ﬁve countries with 39% (644 of the 1662 with BMI data) (see
Supplemental Table 1, http://links.lww.com/CORR/A337).
Most (95%) PFAs were performed because of osteoarthritis (6419 of 6854 with a recorded diagnosis); fracture was
the primary diagnosis in 1.6% (112 of 6854). Rheumatoid or
“other inﬂammatory” arthritis was the primary diagnosis in
0.6% (44 of 6854) of procedures, and osteonecrosis was
recorded for three PFAs. The primary diagnosis was given
as “other” or unrecorded in 2.4% (165 of 6854) procedures.
Diagnosis data was missing in one procedure from Sweden,
57 from Norway, and 21 from the Netherlands. In New
Zealand and Norway, more than one primary diagnosis may
have been provided for each procedure (see Supplemental
Table 2, http://links.lww.com/CORR/A338).
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PFA prosthesis details were available for 90% (6192 of
6854) of procedures. Of these, 97% (6006 of 6192) were a
third-generation design. The Gender Solutions® (Zimmer Inc,
Warsaw, IN, USA) was the most commonly used prosthesis
across most registries (New Zealand, Kaiser Permanente,
Sweden, and the Netherlands) but the proportional use of this
prosthesis varied between countries (Fig. 2). The Avon™
(Stryker, Kalamazoo, MI, USA) and Journey™ (Smith and
Nephew, Memphis, TN, USA) were the most commonly
used prostheses in Finland and Norway, respectively. In
Australia, the Avon and Gender Solutions were equally the
most commonly used prostheses. No prosthesis details were
available for the Canadian PFA cohort.

Survivorship of PFA, Reasons for, and Types
of Revisions
The risk of all-cause revision was high in all eight registries
surveyed. At 2 years, the CPRs were 2.9% (95% CI 1.3 to
4.5) for New Zealand, 2.2% (95% CI 0.6 to 3.7) for Norway,
and 3.0% (95% CI 1.5 to 4.6) for Sweden. The 2-year CPRs
for Australia, Kaiser Permanente, and Canada were 4.1%
(95% CI 3.4 to 4.8), 4.1% (95% CI 2.0 to 6.2), and 4.6%
(95% CI 2.1 to 7.2), respectively, followed by 5.6% (95% CI
4.2 to 7.0) for the Netherlands and 8.9% (95% CI 1.4 to 16.4)
for Finland. By 6 years, the CPR was 25.8% (95% CI 4.5 to
47.2) and 20.4% (95% CI 17.5 to 23.2) for Finland and the
Netherlands, respectively. Kaiser Permanente and Australia
had similar 6-year CPRs of 14.9% (95% CI 10.1 to 19.7) and
15.9% (95% CI 14.5 to 17.4), respectively, while the lowest
CPRs were 10.8% (95% CI 7.4 to 14.3) for Sweden, 10%
(95% CI 6.4 to 13.4) for New Zealand, and 9.2% (95% CI
5.3 to 13.1) for Norway. At 10 years, Australia had a CPR of

Fig. 1 This graph shows the proportion of primary patellofemoral arthroplasty procedures
per year by country or registry.
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Table 1. Primary patellofemoral arthroplasty by year of procedure and country or registry (2000 to 2016)
Australia
Procedure
year
n = 3282
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

23
58
96
151
180
174
181
195
232
229
268
247
225
246
234
243
300

New Zealand
n = 466
1
4
7
9
9
17
17
26
8
23
35
51
36
49
64
61
49

Canada
n = 431

70
80
71
98
112

Kaiser Permanente
n = 419

2
7
6
6
14
10
24
27
35
38
30
44
57
54
65

26.6% (95% CI 24.4 to 28.7), Sweden had a CPR of 22.1%
(95% CI 15.5 to 28.7) and Norway had a CPR of 16.9%
(95% CI 9.8 to 24.0) (Table 2).
Because the number of revisions in each of the registries
was small, data on the reasons for revision and type of revision performed were amalgamated. Reasons for revision
included disease progression, 42% (434 of 1034 of all
revisions), ongoing pain, 17% (176 of 1034), implant
loosening or lysis, 14% (146 of 1034), malalignment and
mal-tracking, 6% (62 of 1034), patella implant breakage or
wear, 5% (48 of 1034), instability or dislocation, 4% (41 of
1034), infection, 3% (31 of 1034), fracture, 1% (10 of 1034),
with other or undocumented 9% (86) (Fig. 3). Some revisions had more than one reason documented.
In 98% (980 of 1001) of the combined registry data, the
revision procedure was recorded. Revision to a TKA was
performed in 83% (810 of 980) of the procedures; the patella only was revised in 10% (101 of 980) of procedures,
patella and trochlea revision was performed in 5% (46 of
980), and other unicompartmental arthroplasty (tibiofemoral) was performed in 2% (15 of 980). Eight patients
underwent two-stage revision for infection (1%), and in 21
patients, no data were available (Fig. 4).

Discussion
Patellofemoral arthroplasty is used for the treatment of isolated
patellofemoral osteoarthritis, but as this form of knee osteoarthritis is relatively uncommon, there are limited data regarding

Finland

Norway

Sweden

Netherlands

n = 76

n = 359

n = 517

n = 1234

2
0
1
3
9
4
13
9
8
10
17

1
0
5
4
3
9
11
8
21
19
23
29
33
38
38
39
78

17
12
9
10
16
21
9
12
17
37
31
52
43
56
58
65
52

47
88
134
141
111
168
132
116
154
143

the procedure and results. Therefore, we amalgamated data
from one insurance-based and seven national registries to address this problem, to describe patient demographics and implant usage and survival, as well as the reasons for revision.
The ﬁnding of greatest interest was the uniformly high shortterm rate of revision for PFA in all eight registries surveyed,
even with the predominant use of third-generation prostheses.
This study has several limitations. This study was restricted to demographic detail, prosthesis use, and overall
survivorship. There may be aspects of PFA that have not
been measured in this study, such as superior knee function
or patient satisfaction compared with TKA. However, these
potential advantages may not counter-balance the high revision rates shown [38]. Registry-calculated survivorship
may underestimate the true failure rates, as some patients
with poorly performing prostheses may elect not to or be too
unwell to undergo revision surgery. As patients undergoing
PFA are generally younger than patients undergoing TKA,
the number of patients with failing PFA in this category
would most likely be small. Registry-derived revision data
may also suffer from the occasional difﬁculty matching
primaries to revision procedures, missing data when
implants are removed and not revised [10], and because of
migration away from the region. For these reasons, registry
data may overestimate the true survivorship. However, although it is likely to be an overestimate, the survivorship
calculated from registries where almost all procedures are
included would more accurately reﬂect revision rate than the
rates calculated from selected case series. When comparing
revision rates of PFA with TKA, some caution must be used,
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Fig. 2 This graph shows the percentage of prostheses used in primary patellofemoral arthroplasty by prosthesis name and country
or registry.

as both patients and surgeons may have a lower threshold for
undertaking a revision of a partial replacement due to the
perceived lower morbidity. However, this concept would be
unlikely to entirely explain a greater than threefold difference. Although we showed uniformity in patient demographics and usage rates for primary PFA, there may be
variations between countries with regard to surgeon experience, patient selection, revision threshold, as well as
waiting times and facilities for reoperation, which may differentially affect revision rates. These factors may explain
some of the differences in CPR for the countries studied. The
fact that PFA is uncommon may limit surgeon experience,
perhaps leading to less reproducibility of the procedure and
raising revision rates. However, revision rates determined by
registry data would be a more accurate reﬂection of community practice than case studies performed by surgeons
with a subspecialty interest in the procedure. We were unable to amalgamate data for a combined overall CPR or for
individual prostheses because data are recorded differently
and prosthesis use also varied between countries and multiple and different implant combinations were used.
Although an overall CPR was not possible, we were able to
obtain the CPR for each registry, which showed uniformly
high rates of revision, so we feel this allows a global perspective. This limited approach does not aid in detecting
poorer performing prostheses within this group, and this
may be a possible future study.

Usage of Patellofemoral Arthroplasty
We found that PFA use was uncommon in the eight registries we studied, representing less than 1% of knee
replacements from the study period. Still, this resulted in
nearly 7000 such procedures being tracked during this study
period, which is a considerable number for an approach that
is relatively unproven. Previous metanalytic approaches
have only gathered less than half of this number [23, 44].
Although the PFA proportion of knee replacements varied
slightly, in all cases the use of PFA was lower than 1.2% of
knee replacement reported by the National Joint Registry of
England, Wales, Northern Ireland and the Isle of Man [30].
We feel the consistently low usage across the registries
studied not only conﬁrms the rarity of isolated patellofemoral arthritis but also reﬂects a similar level of surgeon
acceptance of this procedure [45].

Patient and Prosthesis Characteristics Associated
with PFA
In general, patients undergoing PFA were younger than those
having TKA, more likely to be women than men, and in the
pre-obese BMI class. We found the demographics of patients
were generally comparable across the eight registries, with
these ﬁndings also similar to other reports [23, 28, 46].
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Number
revised

Total

Australia

601

3282

New Zealand

44

466

Canada

24

431

Kaiser
Permanente
Finland

41

419

11

76

Norwaya

37

443

Sweden

56

517

Netherlandsb

187
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a

1 year, %
(95% CI)

2 years, %
(95% CI)

5 years, %
(95% CI)

6 years, %
(95% CI)

8 years, %
(95% CI)

9 years, %
(95% CI)

10 years, %
(95% CI)

11 years, %
(95% CI)

0.8 (0.5
to 1.1)
0.7 (0.0
to 1.4)
1.8 (0.4
to 3.1)
0.8 (0.0
to 1.7)
5.7 (0.0
to 11.4)
0.2 (0.0
to 0.7)
0.2 (0.0
to 0.6)
0.7 (0.2
to 1.1)

4.1 (3.4
to 4.8)
2.9 (1.3
to 4.5)
4.6 (2.1
to 7.2)
4.1 (2.0
to 6.2)
8.9 (1.4
to 16.4)
2.2 (0.6
to 3.7)
3.0 (1.5
to 4.6)
5.6 (4.2
to 7.0)

13.2 (11.8
to 14.5)
8.7 (5.6
to 11.8)

15.9 (14.5
to 17.4)
9.9 (6.4
to 13.4)

21.7 (19.9
to 23.5)
16.4 (10.7
to 22.1)

24.0 (22.1
to 26.0)
18.9 (12.4
to 25.5)

26.6 (24.4
to 28.7)

29.4 (27.0
to 31.7)

12.6 (8.4
to 16.9)
15.7 (4.1
to 27.2)
8.0 (4.5
to 11.5)
9.1 (6.0
to 12.1)
18.1 (15.5
to 20.7)

14.9 (10.1
to 19.7)
25.8 (4.5
to 47.2)
9.2 (5.3
to 13.1)
10.8 (7.4
to 14.3)
20.4 (17.5
to 23.2)

15.7 (9.2
to 22.2)
15.1 (10.4
to 19.8)
24.4 (20.7
to 28.0)

16.9 (9.8
to 24.0)
20.9 (14.6
to 27.2)

16.9 (9.8
to 24.0)
22.1 (15.5
to 28.7)

27.2 (19.3
to 35.0)
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Additional procedures from 2017 were included in the survival estimates from Norway.
Six procedures from the Netherlands were excluded from survival analysis.
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Fig. 3 This graph shows revision diagnoses of primary patellofemoral arthroplasty procedures by country or registry.

Osteoarthritis was the most frequent diagnosis. Some authors
have reported lower revision rates when the primary pathology was trochlear dysplasia [3, 30]. Unfortunately, registry
diagnosis records are not sufﬁciently granular to subclassify
underlying reasons for osteoarthritis, such as trochlear dysplasia or patellar malalignment. Although there were interregistry variations of the protheses used, 97% of the recorded
prostheses were third-generation designs, which we feel
represents current practice.

Survivorship of PFA, Reasons for, and Types
of Revisions
In the eight registries we studied, PFA survivorship could
only be characterized as poor, with 2-year CPR risk ranging

from more than 4% to nearly 9% in these registries, and the
10-year revision risk exceeding 20% in two large national
registries. The PFA revision risk is similar to that seen with
large-head metal-on-metal conventional hip replacement;
a ﬁnding that contributed to abandonment of that procedure
and withdrawal of that bearing style [5]. This contrasts to the
ﬁnding for TKA survivorship from registries, which is less
than 3% at 2 years and less than 6% at 10 years [4, 28, 42].
The high proportion of revisions for disease progression and
persistent pain (61%) after PFA suggest that appropriate
patient selection for this procedure may be of greater importance than implantation technique or prosthesis durability. This aspect has also been highlighted by others [23, 46].
When a PFA was revised, in 83% TKA conversion was the
revision procedure. Previous reports of PFA revision also
show this, while also highlighting that revision is usually

Fig. 4 This graph shows the type of revision of patellofemoral arthroplasty procedures by country or registry.
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possible with primary total knee components and the use of
stems or augments is infrequent [8, 14, 21, 22, 27, 32]. The
poor survivorship of the TKA used to revise a PFA has been
previously reported [21]. It had been our intention to compare PFA prosthesis performance, but this proved too difﬁcult as the nomenclature of the components varied between
countries, and the use of aggregate data did not allow for
calculation of individual prosthesis survival.
Future collaboration between registries would be useful
for analyzing other procedures that are not frequently
performed, but to allow this to occur, registries must work
closely to align data collection and sharing practices [12].
The International Prosthesis Library (IPL), which was
jointly created by the International Society of Arthroplasty
Registries (ISAR) and the orthopaedic industry (and is
currently hosted by the American Joint Replacement
Registry), provides information regarding attributes and
description of orthopaedic devices, and this resource may
help unify prosthesis classiﬁcation and aid future multiregistry studies [37]. However, collaborations to combine
data from registries create a new set of challenges including
data protection, patient privacy, and consent issues [20,
34, 35].
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