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Abstract
Background Patient-reported outcome measures
(PROMs) are a pragmatic and efficient means to evaluate
the functional quality of arthroplasty beyond revision rates,
which are used by most joint replacement registries to
judge success. The relationship between these two mea-
sures of quality—revision rates and PROMs—is unknown,
and not every procedure with a poor functional result is
revised. It is logical—although still untested—that higher
cumulative revision rates correlate inversely with PROMs
for individual surgeons; more revisions are associated with
lower PROM scores.
Questions/purposes We used data from a large national
joint replacement registry to ask: (1) Does a surgeon’s early
THA cumulative percent revision (CPR) rate and (2) early
TKA CPR rate correlate with the postoperative PROMs of
patients undergoing primary THA and TKA, respectively,
who have not undergone revision?
Methods Elective primary THA and TKA procedures in
patients with a primary diagnosis of osteoarthritis that were
performed between August 2018 and December 2020 and
registered in the Australian Orthopaedic Association

National Joint Replacement Registry PROMs program
were eligible. THAs and TKAs were eligible for inclusion
in the primary analysis if 6-month postoperative PROMs
were available, the operating surgeon was clearly identi-
fied, and the surgeon had performed at least 50 primary
THAs or TKAs. Based on the inclusion criteria, 17,668
THAs were performed at eligible sites. We excluded 8878
procedures that were not matched to the PROMs program,
leaving 8790 procedures. A further 790 were excluded
because they were performed by unknown or ineligible
surgeons or were revised, leaving 8000 procedures per-
formed by 235 eligible surgeons, including 4256 (53%;
3744 cases of missing data) patients who had postoperative
Oxford Hip Scores and 4242 (53%; 3758 cases of missing
data) patients who had a postoperative EQ-VAS score
recorded. Complete covariate data were available for 3939
procedures for the Oxford Hip Score and for 3941 proce-
dures for the EQ-VAS. A total of 26,624 TKAs were per-
formed at eligible sites. We excluded 12,685 procedures
that were not matched to the PROMs program, leaving
13,939 procedures. A further 920 were excluded because
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they were performed by unknown or ineligible surgeons, or
because they were revisions, leaving 13,019 procedures
performed by 276 eligible surgeons, including 6730 (52%;
6289 cases of missing data) patients who had had post-
operative Oxford Knee Scores and 6728 (52%; 6291 cases
of missing data) patients who had a postoperative EQ-VAS
score recorded. Complete covariate data were available for
6228 procedures for the Oxford Knee Score and for 6241
procedures for the EQ-VAS. The Spearman correlation
between the operating surgeon’s 2-year CPR and 6-month
postoperative EQ-VAS Health and Oxford Hip or Oxford
Knee Score was evaluated for THA and TKA procedures
where a revision had not been performed. Associations
between postoperative Oxford and EQ-VAS scores and a
surgeon’s 2-year CPR were estimated based on multivari-
ate Tobit regressions and a cumulative link model with a
probit link, adjusting for patient age, gender, ASA score,
BMI category, preoperative PROMs, as well as surgical
approach for THA. Missing data were accounted for using
multiple imputation, with models assuming they were
missing at random and a worst-case scenario.
Results Of the eligible THA procedures, postoperative
Oxford Hip Score and surgeon 2-year CPR were correlated
so weakly as to be clinically irrelevant (Spearman correlation
r = -0.09; p < 0.001), and the correlation with postoperative
EQ-VAS was close to zero (r = -0.02; p = 0.25). Of the
eligible TKA procedures, postoperative Oxford Knee Score
and EQ-VAS and surgeon 2-year CPR were correlated so
weakly as to be clinically irrelevant (r = -0.04; p = 0.004 and
r = 0.03; p = 0.006, respectively). All models accounting for
missing data found the same result.
Conclusion A surgeon’s 2-year CPR did not exhibit a
clinically relevant correlation with PROMs after THA or
TKA, and all surgeons had similar postoperative Oxford
scores. PROMs, revision rates, or both may be inaccurate or
imperfect indicators of successful arthroplasty. Missing data
may limit the findings of this study, although the results were
consistent under a variety of different missing data scenar-
ios. Innumerable factors contribute to arthroplasty results,

including patient-related variables, differences in implant
design, and the technical quality of the procedure. PROMs
and revision rates may be analyzing two different facets of
function after arthroplasty. Although surgeon variables are
associated with revision rates, patient factors may exert a
stronger influence on functional outcomes. Future research
should identify variables that correlate with functional out-
come. Additionally, given the gross level of function that
Oxford scores record, outcome measures that can identify
clinically meaningful functional differences are required.
The use of Oxford scores in national arthroplasty registries
may rightfully be questioned.
Level of Evidence Level III, therapeutic study.

Introduction

The original mandate for most joint replacement registries
was to identify underperforming prostheses by recording
revision surgeries. This was a qualitative, binary, “all or
none” outcome measure that successfully flagged some
problem implants [17] and improved arthroplasty outcomes.
This system is important, but because some problem sur-
geries never proceed to revision, registries underestimate
poor outcomes [26]. Some patientsmay be unwilling or unfit
to undergo further surgery, and some surgeons may decline
to perform certain revisions [50]. An indicated revision may
not be done; a patient may be advised to live with limited
motion or instability after TKA. Some infections go un-
diagnosed, and some are managed without implant ex-
change or with chronic antibiotic suppression. A
maltracking patellamay be dismissed as not worth the risk of
revision. Expectations may not be reached.

By contrast, implant revision may not be indicated,
despite a poor outcome. Residual pain after a well-
performed TKA can originate in the hip, low back, or
other source [11]. If knee pathology existed concurrent
with other pathology before primary arthroplasty, the pa-
tient may perceive partial improvement as a failure. If
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significant knee pathology did not exist, then surgery may
have failed because of misdiagnosis. Technically sound
arthroplasties performed for minimal arthritis with modest
radiographic findings can result in patient dissatisfaction
[13, 31, 34]. Accordingly, some arthroplasties are prob-
lematic but should not be revised. Assuming that unrevised
arthroplasties are performing well, registry data based on
revision rates alone overestimate patient function and the
success of surgery.

How can registries identify unrevised yet poorly per-
forming implants? Simple scoring systems were developed
to assess the functional quality of arthroplasty, with a focus
on the implant [28]. Then, to avoid bias when practitioners
collect data directly, patient-reported outcome measures
(PROMs) were introduced to allow patients [5] to complete
questionnaires themselves [32, 55]. PROMs have largely
superseded clinical scoring systems performed by a clinical
care team. More recently, extremely basic questionnaires
have been sent by mail, asking patients whether they were
satisfied with their arthroplasty. These provided sobering
insights: Typically, about one of five respondents reported
they were either dissatisfied or unsure whether they were
satisfied [38]. The factors that contribute to satisfaction are
as complex as the questionnaires are simple. Satisfaction
assessments have become an unfortunate, misappropriated,
and much-repeated trope in many current papers, and it may
be difficult to even measure satisfaction meaningfully [36].

PROMs have been studied by numerous national reg-
istries [24, 52] to evaluate the functional quality of
arthroplasty beyond simple revision rates. PROMs should
identify measurable benefits from surgery. The relationship
between the two measures of arthroplasty quality, revision
rates and PROMs, is unknown. Variables related to the
surgeon are recognized as having a substantial influence on
revision rates for primary THA and TKA [27, 42]. It is
logical, although as yet untested, that higher cumulative
revision rates would correlate inversely with PROMs; that
is, surgeons with more revisions that result from technical
errors or complications would tend to have patients with
lower PROM scores for unrevised procedures.

We suggest that if revision rates and PROMs are some
legitimate measures of the quality of surgery, then surgeons
with higher early revision rates after THA and TKA will
also have patients with lower scores. If this thinking is
wrong, either PROMs or revision rates alone, or both, may
be inaccurate or imperfect indicators of the quality of sur-
gery. Testing this theory should either support the re-
sources allocated to PROMs collection or the validity of
PROMs themselves might be questioned, leading registries
to consider whether they represent the best expenditure of
resources.

We therefore used data from a large national joint re-
placement registry to ask: (1) Does a surgeon’s early THA
cumulative percent revision (CPR) rate and (2) early TKA

CPR rate correlate with the postoperative PROMs of pa-
tients undergoing primary THA and TKA, respectively,
who have not undergone revision?

Patients and Methods

Study Design and Setting

This observational study analyzed the association between
the early (2-year) revision rates of THA and TKA surgeons
and their patients’ postoperative PROMs where revision
has not occurred, using data from a large national arthro-
plasty registry. The Australian Orthopaedic Association
National Joint Replacement Registry (AOANJRR) began
collecting data on September 1, 1999. Registry data are
validated against patient-level data provided by each of the
state and territory health departments in Australia with the
use of a sequential, multilevel matching process. A
matching program is run monthly to search for all primary
and revision arthroplasties recorded in the AOANJRR that
involved the same side and joint for the same patient, thus
enabling each revision to be linked to the primary pro-
cedure. Data are also matched to the Australian Institute of
Health and Welfare’s National Death Index to obtain in-
formation on the patient’s date of death. After cross-
checking data, the registry can obtain data on more than
97% of joint arthroplasties performed in Australia [1].

In 2018, the AOANJRR began a pilot program of elec-
tronically recording preoperative and 6-month postoperative
PROMs as the sole postoperative timepoint from patients in
44 hospitals before and after elective THA and TKA. A total
of 44 hospitals across Australia were included, comprising
metropolitan and regional facilities as well as private and
public hospitals from all states and one territory [24]. After
the pilot studywas concluded, recruitment of additional sites
commenced with the expansion of the PROMs program
nationally. As of December 31, 2020, 47 sites had formally
commenced data collection and had data available for
analysis in this study. All patients undergoing primary or
revision hip or knee arthroplasty at these sites were eligible
to participate in the PROMs program. Upon registering and
providing consent to participate in the program, patients
could provide responses to the preoperative and post-
operative surveys when convenient for them via an elec-
tronic data collection system. Patients could provide
preoperative responses up to 5 months after the index pro-
cedure, while postoperative responses could be provided
between 5 and 8 months postoperatively. Patients who had
not completed their surveys within these periods were con-
sidered to have been lost to follow-up for assessing pre-
operative and postoperative completeness. Procedure and
patient details routinely collected by the AOANJRR are
subsequently matched to each PROMs registration.
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For the study, we considered THA and TKA procedures
for a diagnosis of osteoarthritis performed by eligible
surgeons at sites eligible for inclusion in the AOANJRR
PROMs program. Surgeons were eligible if they had per-
formed at least 50 primary THAs or TKAs for osteoarthritis
as of December 31, 2020 that had a 2-year CPR and pre-
operative and postoperative PROMs recorded.

Patients

Between August 2018 and December 2020, a total of
82,849 primary THA procedures were recorded in the
AOANJRR nationally. A total of 17,668 of these THAs
were performed at sites that had registered to participate in
the PROMs program. The registration rate, defined as the
proportion of THA procedures performed at each site that
were registered in the PROMs program, ranged from 0% to
95.1%, with an overall registration rate of 49.8%.
Procedures that were not registered, accounting for 50%
(8878) of procedures at participating sites, were excluded,
leaving 8790 procedures. A further 790 of these were ex-
cluded because they were performed by unknown or in-
eligible surgeons or were revised before postoperative
PROMs were collected, leaving 8000 procedures per-
formed by 235 eligible surgeons, including 4256 (53%;
3744 cases of missing data) patients who had postoperative
scores for the Oxford Hip Score and 4242 (53%; 3758
cases of missing data) patients who had a postoperative
EQ-VAS recorded. Complete covariate data, including the
preoperative score and patient age, gender, American
Society of Anesthesiologists (ASA) score, BMI, and sur-
gical approach, were available for 3939 procedures for the
Oxford Hip Score and for 3941 for the EQ-VAS for the
final study group (Fig. 1).

For TKA, 131,952 primary procedures with a di-
agnosis of osteoarthritis were recorded in the AOANJRR
between August 2018 and December 2020, of which
26,624 TKAs were performed at sites registered in the
PROMs program. As for THA, the registration rate
across sites varied widely, from 0% to 91.5%, with an
overall registration rate of 52.4%. We again excluded
procedures that were not registered, corresponding to
48% (12,685 procedures) of procedures at participating
sites, leaving 13,939 procedures. A further 920 were
excluded because they were performed by unknown or
ineligible surgeons or were revised before postoperative
PROMs were collected. This left 13,019 procedures
performed by 276 eligible surgeons, including 6730
(52%; 6289 cases of missing data) patients who had had
postoperative Oxford Knee Scores and 6728 (52%; 6291
cases of missing data) who had a postoperative EQ-VAS
score recorded. Complete covariate data on preoperative
score, patient age, gender, ASA score, and BMI were

available for 6228 procedures for the Oxford Knee Score
and 6241 procedures for the EQ-VAS for the final study
group (Fig. 2).

The proportion of potentially eligible procedures reg-
istered in the PROMs program at participating sites and by
eligible surgeons varied widely. To assess whether the
relationship between postoperative scores and surgeon re-
vision rate differed according to the registration com-
pleteness achieved by the center or surgeon, we undertook
sensitivity analyses in which only sites or surgeons
achieving a registration rate of 60%, corresponding to
previously recommended levels of completeness [39],
were included.

In addition to differences in registration rates, hospitals
and surgeons also differed in the level of completeness of
the preoperative and postoperative survey responses col-
lected for their procedures. Among patients with THA
procedures registered in the PROMs program who had at
least 5 months of follow-up, and hence had either provided
their preoperative responses or had been lost to follow-up,
the overall rate of preoperative survey completion was
85%, with this rate varying from 57% to 100% across sites.
The postoperative completion rate, based on procedures
that had reached the end of their postoperative collection
period at 8 months postsurgery, was 74%, and this varied
from 37% to 100% across sites. For eligible TKA proce-
dures, the corresponding preoperative and postoperative
completion rates were 85% and 73%, respectively, with
site completeness rates varying from 45% to 100% pre-
operatively and from 20% to 89% postoperatively. To
better address possible biases arising from missing re-
sponse data for otherwise eligible procedures, multiple
imputation was used to examine the relationship between
postoperative scores and surgeon revision rates, as de-
scribed below.

Response rates for completion of preoperative PROMs
varied from 50% to 100% of registered procedures across
sites, with an overall preoperative completion rate of 85%
(19,241 of 22,729) of THA and TKA procedures. Among
patients who had at least 8 months of follow-up, 73%
(11,718 of 15,962) had complete postoperative data. The
response rate for postoperative completion varied between
33% and 88% across sites.

Descriptive Data

Compared with THAs performed since the commencement
of PROMs that were either not registered in the PROMs
program or performed by an ineligible or unknown sur-
geon, the 8000 eligible THA procedures tended to have
been performed in younger patients and had a higher pro-
portion of procedures using the posterior approach, but
they were similar in terms of other demographic factors
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such as gender, ASA class, and BMI (Supplemental
Table 1; http://links.lww.com/CORR/B153). The mean
patient age, age groupings, gender, ASA class, BMI,
surgical approach, and preoperative PROMs were similar
between surgeons in all quartiles of revision rates for
procedures with recorded postoperative Oxford Hip Scores
(Table 1) and EQ-VAS scores (Supplemental Table 2;
http://links.lww.com/CORR/B154).

For TKA, the 13,019 eligible procedures were per-
formed more often in younger patients, but these patients
were otherwise similar in demographics to the unregistered
or otherwise ineligible patients with TKAs performed since
the commencement of the PROMs program (Supplemental

Table 3; http://links.lww.com/CORR/B155). The mean
patient age, age groupings, gender, ASA class, BMI, and
preoperative PROM scores were similar between surgeons
in all quartiles of revision rates for procedures with
postoperative Oxford Knee Scores (Table 2) and EQ-VAS
scores (Supplemental Table 4; http://links.lww.
com/CORR/B156).

Outcomes

To estimate the THA and TKA revision rate of individual
surgeons, we analyzed data for the CPR for all THAs and

Fig. 1 This flowchart shows a summary of inclusions and exclusions from the analysis of postoperative Oxford Hip Score and
EQ-VAS Health in primary conventional THA.
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TKAs performed for osteoarthritis registered in the
AOANJRR from September 1, 1999, when collection be-
gan, to December 31, 2020. The 2-year CPR for each
surgeon was obtained from the Kaplan-Meier survival
function estimate based on a surgeon’s total conventional
THAs and TKAs with a primary diagnosis of osteoarthritis,
excluding THA procedures in which a prosthesis with a
large head (head size > 32 mm) and metal-on-metal bear-
ings was used. The 2-year CPR was used as early revision
surgery is mainly because of technical factors, surgical
complications, and infection [27]. THAs and TKAs were
grouped based on the quartiles of 2-year CPR values for

THAs or TKAs for calculating descriptive statistics.
Validated PROMs included the Oxford Hip and Knee
Scores (range 0 to 48; scored according to worst-best hip or
knee function) [15, 16, 41] (the meaningful or minimum
important change for both after primary THA and TKA is 5
points [3, 10], although this is typically felt to be
population-specific) and EQ-5D-5L and the EQ-VAS
Health (range 0 to 100; scored according to worst-best
health) [7, 14, 25, 33].

We calculated the correlation between a surgeon’s 2-year
CPR for THA and TKA and postoperative PROMs for
patients who had procedures with postoperative Oxford Hip

Fig. 2 This flowchart shows a summary of inclusions and exclusions from the analysis of postoperative Oxford Knee Score and
EQ-VAS Health in primary TKA.
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Scores, Oxford Knee Scores, or EQ-VAS Health performed
by the included surgeons.

Primary Study Endpoints of Interest

The primary study aim was to identify whether there was a
correlation between a surgeon’s 2-year CPR for THA and
TKA and the postoperative Oxford Hip Score, Oxford
Knee Score, and EQ-VAS for patients who had not un-
dergone revision. To achieve this, we identified the 2-year
CPR of eligible THA and TKA surgeons and examined the
correlation with the respective postoperative PROMs.

Ethical Approval

Ethical approval for this study was obtained from
the Australian Government Department of Health.
AOANJRR collection of joint replacement and PROMs
data is approved by the Commonwealth of Australia as a
federal quality assurance activity (QAA 3/2017) under
section 124X of the Health Insurance Act, 1973. All
AOANJRR studies are conducted in accordance with
the ethical principles of research (the Helsinki
Declaration II). All patients undergoing joint re-
placement in Australia provide consent for routine
AOANJRR data collection on an opt-out basis.

Table 1. Summary of primary conventional THA with postoperative Oxford Hip Score by surgeon 2-year CPR (primary diagnosis
osteoarthritis)

Variable
< 25th percentile

(n = 993)
25th to < 50th percentile

(n = 1220)
50th to < 75th percentile

(n = 920)
‡ 75th percentile

(n = 1123)

Surgeon 2-year CPR 0.8 (0.5-0.9) 1.2 (1.2-1.4) 2 (1.8-2.1) 2.9 (2.5-3.7)

Follow-up in years 1.5 (1.1-1.9) 1.5 (1.1-1.8) 1.4 (1.1-1.8) 1.5 (1.1-1.9)

Age in years 68 (61-74) 68 (60-74) 67 (59-73) 68 (61-75)

Preoperative Oxford Hip Scorea 21 (15-27) 21 (15-28) 20 (13-26) 21 (15-28)

Postoperative Oxford Hip Score 45 (40-47) 44 (39-47) 44 (38-47) 43 (39-46)

Age in years

< 55 9 (85) 13 (164) 13 (119) 10 (114)

55-64 28 (279) 25 (309) 30 (272) 26 (295)

65-74 39 (386) 37 (448) 37 (339) 38 (431)

$ 75 24 (243) 25 (299) 21 (190) 25 (283)

Women 55 (550) 54 (661) 54 (497) 54 (605)

ASA classb

ASA 1 8 (76) 11 (135) 7 (65) 6 (66)

ASA 2 64 (635) 54 (664) 57 (522) 53 (598)

ASA 3 28 (275) 33 (399) 35 (325) 40 (448)

ASA 4 0.7 (7) 2 (21) 0.9 (8) 0.9 (10)

BMI in kg/m2c

Underweight < 18.5 0.5 (5) 0.8 (10) 0.7 (6) 0.5 (6)

Normal 18.5 to 24.9 22 (219) 23 (283) 18 (163) 18 (197)

Preobese 25.0 to 29.9 37 (366) 36 (437) 33 (302) 34 (381)

Obese Class 1 30.0 to 34.9 25 (244) 23 (281) 28 (258) 30 (329)

Obese Class 2 35.0 to 39.9 11 (108) 11 (128) 12 (111) 12 (135)

Obese Class 3 $ 40.0 5 (49) 5 (66) 8 (73) 6 (67)

Surgical approachd

Anterior 21 (205) 19 (232) 29 (271) 25 (280)

Lateral 14 (138) 13 (158) 13 (119) 9 (101)

Posterior 65 (650) 68 (827) 58 (530) 66 (742)

Data are presented as median (IQR) or % (n).
aExcludes 287 procedures with unknown preoperative Oxford Hip Score.
bExcludes two procedures with unknown ASA score.
cExcludes 32 procedures with unknown BMI category.
dExcludes three procedures with unknown surgical approach. CPR = cumulative percent revision; ASA = American Society of
Anesthesiologists.
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Additional informed consent was obtained from all
participants in the PROMs program.

Statistical Analysis

The relationship between the postoperative Oxford and
EQ-VAS scores and surgeon 2-year CPR is described
graphically using scatter plots of the postoperative score
for individual procedures versus the 2-year CPR of the
surgeon who performed the procedure. Potential non-
linear relationships between postoperative scores and
surgeon 2-year CPR were examined using locally
weighted regression curves [12], with 95% CIs. No strong
evidence for nonlinearity was observed, and further ad-
justed analyses assumed a linear relationship between
postoperative score and surgeon 2-year CPR. The crude
association between each postoperative score and the
surgeon’s 2-year CPR was further characterized using the
Spearman rank correlation, r, as a measure of the strength

of the monotonic association between the postoperative
PROMs and surgeon CPR. For both primary THA and
TKA, we evaluated the Spearman r using all eligible
procedures for which both the postoperative score and
surgeon CPR were available.

We obtained adjusted estimates of the association between
postoperative PROMs and surgeon 2-year CPR based on
multiple regression analyses of postoperative scores on sur-
geon 2-year CPR, patient age, gender, ASA class, BMI cat-
egory, and preoperative PROMs, as well as surgical approach
to THA. We analyzed preoperative scores, patient age, and
surgeon CPR as continuous variables. Patient BMI was
treated as a categorical variable, with procedures assigned
BMI categories according to the recommended WHO clas-
sification of adult BMI [51]. Because of a small number of
procedures with an ASA class of 5 or a BMI of less than 18:5
kg/m2, the categories ASA 4 and ASA 5 were combined, as
were BMI categories of underweight (< 18.5 kg/m2) and
normal weight (18.5 to 24.99 kg/m2). Only main effects were
included for all associated factors.

Table 2. Summary of primary TKA with postoperative Oxford Knee Score by surgeon 2-year CPR (primary diagnosis osteoarthritis)

Variable
< 25th percentile

(n = 1558)
25th to < 50th percentile

(n = 1495)
50th to < 75th percentile

(n = 1969)
‡ 75th percentile

(n = 1708)

Surgeon 2-year CPR 0.6 (0.5-0.7) 1.1 (0.9-1.2) 1.8 (1.6-2) 2.8 (2.5-3.5)

Follow-up in years 1.4 (1.1-1.8) 1.4 (1.1-1.8) 1.5 (1.1-1.8) 1.5 (1.1-1.9)

Age in years 67 (62-73) 69 (62-74) 68 (62-73) 67 (60-73)

Preoperative Oxford Knee Scorea 22 (16-28) 23 (17-29) 22 (16-28) 23 (17-28)

Postoperative Oxford Knee Score 40 (34-44) 40 (34-44) 39 (33-44) 39 (34-43)

Age in years

< 55 6 (87) 6 (92) 7 (140) 8 (139)

55-64 29 (457) 27 (406) 28 (555) 33 (562)

65-74 44 (689) 43 (650) 44 (873) 40 (679)

$ 75 21 (325) 23 (347) 20 (401) 19 (328)

Women 55 (862) 60 (900) 57 (1121) 53 (913)

ASA classb

ASA 1 5 (72) 4 (55) 6 (110) 6 (110)

ASA 2 54 (839) 52 (776) 56 (1097) 54 (916)

ASA 3 41 (634) 43 (643) 38 (744) 39 (670)

ASA 4 0.8 (12) 1 (19) 0.8 (16) 0.7 (12)

BMI in kg/m2c

Underweight < 18.5 0 (0) 0 (0) 0.1 (1) 0.2 (4)

Normal 18.5 to 24.9 11 (163) 10 (149) 9 (174) 9 (156)

Preobese 25.0 to 29.9 28 (439) 30 (441) 30 (560) 31 (520)

Obese class 1 30.0 to 34.9 31 (476) 30 (450) 34 (622) 30 (518)

Obese class 2 35.0 to 39.9 18 (275) 17 (253) 19 (348) 17 (295)

Obese class 3 $ 40.0 13 (194) 12 (184) 13 (250) 12 (206)

Data are presented as median (IQR) or % (n).
aExcludes 456 procedures with unknown preoperative Oxford Knee Score.
bExcludes five procedures with unknown ASA score.
cExcludes 52 procedures with unknown BMI category.
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Because of floor and ceiling effects arising from boun-
ded PROMs, we expected the assumptions underlying
standard linear regression analyses to be violated, which
may have yielded biased effect estimates. To address this,
several authors have proposed the use of Tobit models [47]
for analyzing bounded measures of health status [2, 43]. In
this approach, the observed score is assumed to be a cen-
sored observation of an underlying normally distributed
latent score. When the underlying latent score is between
the lower and upper bound for the scale, the observed score
is equal to the latent score. For latent scores outside this
range, the observed score is instead fixed to the lower or
upper bound, as appropriate. Tobit models were used for
both the postoperative Oxford scores and EQ-VAS Health,
including the associated factors described above.
Censoring of values less than 0 or more than 48 is assumed
for the Oxford scores and of values less than 0 or more than
100 for the EQ-VAS Health. To account for non-
independence of postoperative scores between procedures
performed by the same surgeon, we included a random
intercept for each surgeon, with models fitted by the re-
stricted maximum likelihood. In the following, estimated
changes in the mean latent score, which are conditional
based on the estimated random surgeon effect, are reported
for a one percentage point increase in the surgeon’s 2-year
CPR. We assessed the impact of either neglecting bounds
on the PROMs scores or accounting for possible curvilin-
earity in the scale by additionally fitting linear mixed
models and cumulative link mixed models [8], re-
spectively, with the same fixed and random effects.
Because the results were similar to those found using the
Tobit model, we only report the Tobit model analyses here.

A large proportion of the eligible procedures in our sample
had missing data for one or more covariates. For missing
PROMs scores, previous studies have found that responders
are largely representative of nonresponders in this population
[21, 22]. Despite this, missing predictors and outcome values
were assumed to be missing at random, and they were
accounted for using multiple imputation. Imputation models
based on a fully conditional specification that included all
associated factors included in the analysis models, as well as
the postoperative Oxford score and EQ-VAS Health, were
used for drawing imputed values. Preoperative responses to
other PROMs collected by the AOANJRR, including the EQ-
5D-5L, lower back painVAS, joint pain VAS, expectations of
postoperative mobility, general health and joint pain, and
presence or absence of problems with the nonsurgical joint or
with walking were included as auxiliary variables. Clustering
of procedures by surgeons was accounted for by using mul-
tilevel specification for each imputation model, which in-
cluded the cluster means for each predictor. Imputations were
constructed using predictive mean matching as implemented
in the mice R package [49]. All procedures performed by
eligible surgeons and that were registered in the PROMs

program were included in constructing and analyzing the
imputed datasets. For all outcomes, 20 imputations were used.
Additionally, a complete case analysis for each outcome was
performed to assess possible sensitivity to the imputation
model, and, as noted above, the analysis was also repeated
restricted to sites and surgeons with a registration rate of at
least 60%. Because the results obtained when considering ei-
ther the complete cases or imputed datasets were very similar,
we report the results of the complete case analysis and provide
estimates based on multiple imputation (Supplemental Digital
Content 1; http://links.lww.com/CORR/B157).

The estimated associations between the postoperative
scores and surgeon 2-year CPR may be severely biased if
postoperative outcomes are not missing at random. For ex-
ample, this would be the case if patients with poorer post-
operative scores were more likely to not provide postoperative
responses. If surgeons with a high 2-year CPR had on average
lower postoperative scores and hence a greater proportion of
missing data, then a complete case analysis would be expected
to underestimate the association between the surgeon’s CPR
and postoperative PROMs. To assess the sensitivity of our
results to potential violations of the missing at random as-
sumption, we additionally constructed imputed datasets
under a simple scenario in which patients with missing post-
operative responses were assumed to have systematically
worse postoperative outcomes than those with observed
postoperative scores. This was achieved by shifting the im-
puted postoperativeOxfordHip andKnee Score andEQ-VAS
Health scores by fixed constants dOxf < 0 and dVAS < 0. All
models were then refitted to the resulting imputed data to
examine the effect of systematically lower missing post-
operative scores (Supplemental Digital Content 1; http://links.
lww.com/CORR/B157). In general, the estimated associations
were shifted to larger negative values for increasing values of
the shifts in the unobserved postoperative scores. However,
even for very large values of the shift parameters ðdOxf ; dVASÞ,
the estimated association between the surgeon’s 2-year CPR
and the mean latent postoperative score remained small, sug-
gesting our conclusions would not be changed under this
simple violation of the missing-at-random assumption.

All tests were two-tailed at the 5% level of significance.
Statistical analysis was performed using SAS software
version 9.4 (SAS Institute Inc) and the R Environment for
Statistical Computing, version 4.2.0 (R Core Team 2022),
using the packages mice [49], mgcv [53, 54], cenGAM [19]
and ordinal [9].

Results

THA

We found no clinically important correlation between
postoperative Oxford Hip Score and surgeon 2-year CPR
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(Spearman correlation r = -0.09; p < 0.001). Furthermore,
we found no correlation between postoperative EQ-VAS
and surgeon 2-year CPR (Spearman correlation r = -0.02;
p = 0.25). These results were consistent with all statistical
modeling.

After adjusting for patient age, gender, ASA class, BMI
category, preoperative PROMs, and surgical approach, the
association between the postoperative Oxford Hip Score and
surgeon 2-year CPR was clinically negligible. A one per-
centage point increase in surgeon 2-year CPR was estimated
to be associated with a 0.48-point decrease in the latent
Oxford Hip Score (95% CI -0.74 to -0.23) (Table 3), well
below the minimum clinically important difference for this
instrument. For the EQ-VAS, the corresponding change in the
mean latent score was -0.24 points (95% CI -0.78 to 0.29)
(Table 4) and was of similarly limited clinical significance.
The results remained if floor and ceiling effects were
neglected and when the underlying scale was allowed to be

curvilinear. Similar results were obtained when multiple im-
putation was used to account for missing data (Supplemental
Digital Content 1; http://links.lww.com/CORR/B157). When
missing postoperative responses were assumed to be
systematically lower than the observed scores, the estimated
changes in PROMs remained well below the minimum
clinically important difference, even for implausibly large
shifts in the missing postoperative outcomes.

TKA

We found no clinically important correlation between
postoperative Oxford Knee Score and surgeon 2-year CPR
(Spearman correlation r = -0.04; p = 0.004). Likewise, for
postoperative EQ-VAS, we found no clinically important
correlation (Spearman correlation r = 0.03; p = 0.006).
These results were consistent with all statistical modeling
performed.

Table 3. Change in the mean latent postoperative Oxford Hip
Score in primary conventional THA (primary diagnosis
osteoarthritis)

Term Estimate (95% CI) p value

Age -0.02 (-0.04 to 0.01) 0.26

Surgical approacha

Anterior 1.04 (0.34 to 1.75) 0.004

Lateral -1.48 (-2.35 to -0.61) < 0.001

ASA classificationb

ASA 1 2.99 (0.42 to 5.56) 0.023

ASA 2 2.15 (-0.24 to 4.53) 0.08

ASA 3 0.95 (-1.42 to 3.31) 0.43

BMI in kg/m2c

BMI underweight < 18.5 or
normal 18.5-24.9

3.53 (2.30 to 4.75) < 0.001

BMI preobese 25.0-29.9 2.65 (1.49 to 3.81) < 0.001

BMI obese Class 1 30.0-34.9 2.08 (0.92 to 3.23) < 0.001

BMI obese Class 2 35.0-39.9 0.46 (-0.79 to 1.71) 0.47

Surgeon 2-year CPR -0.52 (-0.78 to -0.27) < 0.001

Preoperative Oxford hip score 0.19 (0.16 to 0.22) < 0.001

Gender

Men 1.04 (0.53 to 1.55) < 0.001

Variance components

Surgeon 1.00 (0.45 to 2.20) < 0.001

The total number of patients was 3965; residual variance
estimate = 59.5.
aThe reference category for surgical approach is posterior
approach.
bThe reference category for ASA is ASA 4 or 5.
cThe reference category for BMI is obese Class 3 ($ 40.0 kg/m2).
ASA = American Society of Anesthesiologists; CPR = cumula-
tive percent revision.

Table 4. Change in mean latent postoperative EQ-VAS
Health in primary conventional THA (primary diagnosis
osteoarthritis)

Term Estimate (95% CI) p value

Intercept 60.27 (53.85 to 66.69) < 0.001

Age 0.00 (-0.06 to 0.05) 0.87

Surgical approacha

Anterior 0.52 (-0.93 to 1.96) 0.48

Lateral -2.39 (-4.19 to -0.59) 0.01

ASA classificationb

ASA 1 6.21 (0.98 to 11.45) 0.02

ASA 2 3.08 (-1.81 to 7.97) 0.21

ASA 3 0.05 (-4.81 to 4.90) 0.99

BMI kg/m2c

Underweight < 18.5 or
normal 18.5-24.9

5.94 (3.49 to 8.40) < 0.001

Preobese 25.0 to 29.9 5.08 (2.75 to 7.42) < 0.001

Obese Class 1 30.0 to 34.9 3.81 (1.47 to 6.15) 0.001

Obese Class 2 35.0 to 39.9 1.92 (-0.60 to 4.45) 0.14

Surgeon 2-year CPR -0.30 (-0.83 to 0.23) 0.27

Sex

Male -0.36 (-1.38 to 0.67) 0.49

Preoperative EQ-VAS Health 0.24 (0.22 to 0.27) < 0.001

Variance components

Surgeon 5.35 (2.91 to 9.85) < 0.001

The total number of patients was 3965; residual variance
estimate = 59.5.
aThe reference category for surgical approach is posterior
approach.
bThe reference category for ASA is ASA 4 or 5.
cThe reference category for BMI is obese, Class 3 ($ 40.0 kg/
m2). ASA = American Society of Anesthesiologists; CPR =
cumulative percent revision.
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After adjusting for patient age, gender, ASA class, BMI
category, and preoperative PROMs, we estimated that a
one percentage point increase in surgeon 2-year CPR was
associated with a 0.27-point decrease in Oxford Knee
Score (95% CI -0.49 to -0.04) (Table 5). For the EQ-VAS,
the estimated increase in the mean latent score was 0.18
points (95% CI -0.24 to 0.60) (Table 6). In both cases, the
estimated change in score was too small to be clinically
significant. The results remained if floor and ceiling effects
were neglected, and when the underlying scale was
allowed to be curvilinear. Similar results were obtained
when multiple imputation was used to account for missing
data and the estimated changes in PROMs remained well
below the minimum clinically important difference, even
for implausibly large shifts in missing postoperative
outcomes.

Discussion

Arthroplasty revision rates are used by most joint re-
placement registries as one measure of a successful pro-
cedure. Surgeon performance, distinct from implant and

patient factors, has a strong association with revision rates,
but not every procedure with a poor functional outcome
results in revision surgery. PROMs evaluate the functional
quality of arthroplasty with quantitative patient-level data,
rather than the binary “yes or no” aspect of whether re-
vision was performed. The relationship between PROMs
and revision rates as a measure of arthroplasty quality, if
any, is unknown. It is logical that higher revision rates
should correlate inversely with PROMs for individual
surgeons; if more of a surgeon’s procedures result in re-
vision, the functional quality of that surgeon’s procedures
might be reduced as well. Contrary to our hypothesis, this
study identified no correlation that could be considered
clinically relevant between a surgeon’s 2-year CPR for
THAs and TKAs with the 6-month postoperative Oxford
Hip Score, Oxford Knee Score, and EQ-VAS for their
patients, after adjusting for patient age, gender, ASA class,
BMI category, preoperative PROMs, and surgical ap-
proach to THA. This challenges the assumption that both
revision rates and PROMs are valid measures of the quality
of surgery. One, or both, may be inaccurate or imperfect.
Given the gross level of function recorded by Oxford
scores, identification and use of alternate, more-sensitive

Table 5. Change in mean latent postoperative Oxford Knee
Score in primary TKA (primary diagnosis osteoarthritis)

Term Estimate (95% CI) p value

Intercept 28.85 (26.21 to 31.50) < 0.001

Age in years 0.00 (-0.02 to 0.03) 0.69

ASA classificationa

ASA 1 4.14 (1.92 to 6.36) < 0.001

ASA 2 2.76 (0.71 to 4.81) 0.01

ASA 3 1.94 (-0.09 to 3.97) 0.06

BMI class in kg/m2b

Underweight < 18.5 or
normal 18.5-24.9

0.81 (-0.07 to 1.69) 0.07

Preobese 25.0 to 29.9 0.62 (-0.10 to 1.34) 0.09

Obese Class 1 30.0 to 34.9 0.13 (-0.55 to 0.81) 0.70

Obese Class 2 35.0 to 39.9 -0.09 (-0.80 to 0.62) 0.80

Surgeon 2-year CPR -0.29 (-0.51 to -0.06) 0.01

Preoperative Oxford Knee
Score

0.28 (0.25 to 0.30) < 0.001

Gender

Men 0.31 (-0.09 to 0.71) 0.13

Variance components

Surgeon 1.53 (0.95 to 2.45) < 0.001

There were 6240 patients; residual variance estimate = 57.1.
aThe reference category for ASA is ASA 4 or 5.
bThe reference category for BMI is obese Class 3 ($ 40.0 kg/
m2). ASA = American Society of Anesthesiologists; CPR =
cumulative percent revision.

Table 6. Change in the mean latent postoperative EQ-VAS
Health in primary TKA (primary diagnosis osteoarthritis)

Term Estimate (95% CI) p value

Intercept 49.8 (44.5 to 55.2) < 0.001

Age in years 0.00 (-0.05 to 0.05) 0.99

ASA classificationa

ASA 1 11.9 (7.5 to 16.4) < 0.001

ASA 2 8.6 (4.5 to 12.7) < 0.001

ASA 3 5.8 (1.7 to 9.9) 0.01

BMI class in kg/m2b

Underweight < 18.5 or
normal 18.5-24.9

2.1 (0.3 to 3.9) 0.02

Preobese 25.0 to 29.9 1.8 (0.38 to 3.2) 0.01

Obese Class 1 30.0 to 34.9 0.75 (-0.6 to 2.1) 0.28

Obese Class 2 35.0 to 39.9 0.52 (-0.92 to 1.96) 0.48

Surgeon 2-year CPR 0.12 (-0.30 to 0.55) 0.58

Gender

Men 0.10 (-0.69 to 0.89) 0.81

Preoperative EQ-VAS Health 0.31 (0.29 to 0.33) < 0.001

Variance components

Surgeon 4.3 (2.4 to 7.8) < 0.001

The total number of patients was 6253; residual variance
estimate = 230.19.
aThe reference category for ASA is ASA 4 or 5.
bThe reference category for BMI is obese Class 3 ($ 40.0 kg/
m2). ASA = American Society of Anesthesiologists; CPR =
cumulative percent revision.
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outcome measures capable of identifying important per-
formance differences may be required. The ongoing role of
current PROMs as an outcome measure in joint re-
placement registries may be limited given the findings of
this research.

Limitations

Missing data, especially when coupled with the pooling of
data from surgeons and sites that captured < 5% of data with
those that captured > 90%, are a limitation. We addressed
this by considering surgeons and sites that achieved ac-
ceptable registration rates, as well as by imputing missing
response data and examining the impact on our results when
missing outcomes were assumed to be systematically worse
than observed outcomes. In all cases, the estimated associ-
ation between the surgeon’s 2-year CPR and their post-
operative PROMs was small enough to be of little clinical
relevance, suggesting our findings hold even when allowing
for differential rates of completeness between surgeons.
Furthermore, responding and nonresponding patients are
similar in this patient population [21, 22]. Another limitation
is that the proportion of potentially eligible procedures
registered in the PROMs program at participating sites and
by eligible surgeons varied widely. Previous studies in this
population found that differences in site registration rates are
not associated with patient characteristics recorded by the
AOANJRR, such that high rates of completeness are not
required for a representative sample [22]. Thus, we initially
included all eligible procedures from all sites in our analysis.
Providers with low registration rates may nevertheless differ
meaningfully from those with high registration rates in other
respects.

Another limitation is the outcomemeasures used.Oxford
scores record gross levels of function, and a correlation
might exist between a surgeon’s revision rates and more
sensitive PROMs that reveal more subtle functional differ-
ences. The timing of outcome data collection may be
problematic. Postoperative PROMs were recorded at
6 months, and different results may appear at earlier [6, 35]
or later assessment intervals. Recording outcomes at a single
timepoint is a limitation of traditional paper-based research.
Continuous sensor-based recording of mobility, impact
load, asymmetry, and ROM may overcome this limitation,
provided clinical significance can be established [4]. Sensor-
based recording is likely to be more sensitive than most
paper-based PROMs. Technology has advanced rapidly for
surgical planning and surgical technique; innovation in
outcome measures should follow a similar trajectory.

The number of procedures in this study may be a limi-
tation. Although we identified statistically significant re-
sults, our study was powered to detect differences that are
not clinically important, so judgement must be applied

when evaluating differences. For example, statistical dif-
ferences were identified after correlating 2-year CPR and
PROMs. These were well below the minimally identifiable
clinical difference [4, 11] and “no difference”was reported;
more procedures would not change these findings. The
inability to explain why a surgeon’s 2-year CPR does not
correlate with that surgeons’s postoperative PROMs is
perplexing when surgeon variables are clearly important
for CPR [18]. Enhanced patient-, prosthesis-, and surgeon-
related data collection could address this question.

Why is There No Correlation Between Revision Rates and
Postoperative PROMs?

A negative correlation (higher CPR and lower PROMs) is
expected if CPR and PROMs both accurately measure the
quality (or success) of surgery. We found, however, no
clinical correlation between increasing revision rates at the
surgeon level and poorer PROM scores among patients
cared for by the same surgeons, after adjusting for many
baseline factors.

Our findings are perplexing, given the strength of associ-
ation between a surgeon’s performance and revision rates [27,
44]. Why are two widely accepted measures of the quality of
surgery apparently unrelated? First, current PROMs, such as
Oxford scores and EQ-VAS, may not detect important dif-
ferences, especially when very high or very low function are
operational—the so-called “floor and ceiling effects.” Subtly
poor results because of minor pain, occasional stiffness, slight
instability, leg length inequality, or ambiguous dissatisfaction
may not be discernible with PROMs. This is a contentious
issue that new non-PROM scoring systems have attempted to
overcome [18, 29, 45]. Apologists for the Oxford Knee Score
argue that it does not exhibit ceiling or floor effects.
Nonetheless, revision rates may correlate with more sensitive
measures of functional outcome.

Second, there is an important threshold phenomenon for
some variables. For example, if a surgeon poorly positions
acetabular components, revision for instability will only
ensue if dislocations recur. All other patients, despite poor-
quality positioning of the acetabular component, will enjoy
excellent pain relief unless dislocations occur. The poor
quality of acetabular component positioning will not reduce
PROM scores for most patients, even thoughmore revisions
occur. Other surgeons who routinely replace knees with
increased laxity in flexion will tend to have patients with
above-average scores for flexion, except for those who
surpass a threshold and experience flexion instability treated
with revision. PROMs record continuous variables that may
not indicate a problem until a threshold has been passed.

Third, postoperative PROMs appear to correlate most
reliably with preoperative PROMs, suggesting that pre-
operative patient factors may leave an immutable effect on
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surgical results. Most patients benefit from arthroplasty as
shown by a general increase in PROMs, but those who start
with lower scores seem to have lower scores postsurgery.
Patient factors are likely a greater determinant of functional
outcome than either surgeon or implant. Numerous patient
factors influence the results of surgery. Although satisfac-
tion is a vague measure of the outcome of surgery, it is
associated with many patient-related variables [13, 37, 40,
48], including expectations [23]. Despite advances in
arthroplasty, the percentage of dissatisfied patients has not
decreased appreciably in well-conducted studies over the
past two decades. Additionally, dissatisfaction rates of
18% to 23% have been reported for disparate surgical
procedures, ranging from unicompartmental to bicom-
partmental and TKAs [42]. This suggests a patient’s dis-
position or circumstance may exert an overwhelming
influence on postoperative satisfaction [20, 30]. Personal
experience may influence PROMs scores so heavily that it
is difficult to detect other functional differences.

Balanced against the premise that patient factors have the
strongest, if not an overwhelming effect on outcome, all
surgeons in our study, when divided into quartiles by CPR,
cared for a similar cross-section of patients with respect to
age, gender, ASA score, and BMI, all of which influence
revision rates. These four factors, although significant, are
still a small sample of important considerations. Smoking
and comorbidities in general affect revision rates, as do the
degree of radiologic arthritis, concurrent spine disease, pa-
tients’ expectations, patient health literacy, socioeconomic
status, and mental health status [31, 48]. Patient factors in-
clude details of knee pathology that are beyond the scope of
this analysis. Some attributes of arthritic knees such as poor
preoperative motion, severe deformity, prior incisions, in-
stability, polyarticular involvement, retained metal ware,
and extra-articular deformity may independently lead to
revision. Variations in themix of these factors in the practice
of an individual surgeon could explain the lack of correlation
between PROMs and CPR. Because revision is a relatively
uncommon event, even a few procedures could alter a sur-
geon’s CPR independently from general PROMs. On the
other hand, an abundance of patients who are at risk of
having limited functional results that nonetheless represent
improvement and who should not undergo revision could
unlink the relationship between PROMs and CPR.

Fourth, could CPR be less valid as a measure of the
quality of surgery than we believe? Revision performed,
although an incontrovertible expression of failure, is not the
whole story. Four permutations of two important variables
must be considered: whether revision was performed and
whether there was a true problem with the implant and a
legitimate indication for revision [50]. Accordingly, we
usually construe revision as solving a real problem or being
performed for a true indication such as instability.
Additionally, revision can be performed for an incorrect

indication (such as pain from the hip or spine in TKA),
revision might not have been performed but should have
been (such as undiagnosed infection), and revisionmight not
have been performed and should not have been (for exam-
ple, dissatisfaction related to depression). Because revision
rates are low, a few procedures can make a large difference.

Fifth, nonuniform access to revision surgery and vari-
able thresholds for performing revision may create anom-
alies in the CPR, compromising its reliability as a measure
of success. This correlates to situations in which revision is
performed although not indicated and in which indicated
surgery is not performed. Our PROM data show that pri-
mary THA and TKA reliably produce salutary results, with
most surgeons achieving similar good outcomes. Whether
the original surgeon is confident with revision techniques
may influence whether revision will be performed.
Conversely, communities with surgeons who are adept at
revision surgery may have higher revision rates, quite
possibly without there being any worse quality of primary
surgery [46]. Accordingly, the success of surgery as mea-
sured by PROMs may be relatively uniform, but thresholds
for revisions may be inconsistent. Although plausible, this
has yet to be tested. Until these concerns have been
explained, CPR is probably the most efficient and reliable
measure of arthroplasty surgery.

Conclusion

A surgeon’s early revision rate, as a surrogate of technical
performance, has no clinically important correlation with
postoperative OxfordHip Score, OxfordKnee Score, and EQ-
VAS for primary hip and knee arthroplasty performed for
osteoarthritis.Missing datamay limit thefindings of this study,
although results were consistent under a variety of different
missing data scenarios. When using Oxford scores, no dif-
ference in PROMs exists between Australian surgeons.
PROMs or revision rates, or both, may be inaccurate or im-
perfect indicators of successful arthroplasty. Innumerable
factors influence arthroplasty results, including patient-related
variables, differences in arthroplasty design, and the technical
quality of the procedure. PROMs and revision rates may track
two different facets of arthroplasty function. Although the
surgeon plays an important role in arthroplasty revision rates,
the patient may play a more influential role in postoperative
PROMs improvement. There are either no real differences in
patient function after arthroplasty (except those inherent in the
patients themselves), or conventional PROMs cannot detect
the differences that exist. This dichotomy can only be in-
vestigated with enhanced instruments to measure function.
Future research should focus on how detailed surgeon, patient,
and prosthesis variables affect postoperative function.
Outcome measures that are more sensitive than Oxford scores
are probably required. Given measurable differences in CPR
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between surgeons and implants, revision rates remain the
foundation of registry data collection. Resources currently
allocated by registries to PROMsmay need to be re-evaluated.
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