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Abstract

Background Total joint arthroplasty (TJA) registries tra-
ditionally have focused on implant longevity and rates of
revision surgery. Registries would benefit from the addition
of standardized patient-reported outcomes (PROs) such as
pain relief and improved physical function. However,
PROs have not been routinely adopted, and their incorpo-
ration into TJA registries presents challenges.
Questions/purposes We review current PRO use by
existing national registries, challenges to integrating PROs
in national registries, lessons from national registries that
have integrated PROs, and suggestions to guide future
adoption of PROs.

Methods We conducted a literature search of papers
addressing PRO use in national knee and hip arthroplasty
registries, resulting in 15 articles. These publications were
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supplemented by discussions with thought leaders from
international registries.

Where Are We Now? Some national TJA registries are
collecting PROs and valuable research is emerging. How-
ever, challenges exist, such as selecting suitable PROs,
selection bias in countries without government-mandated
participation for all hospitals, and challenges with missing
data.

Where Do We Need to Go? The ideal system will
incorporate PROs into TJA registries. In so doing, it will be
important to choose suitable PROs and develop innovative
methods to collect PROs to ensure complete data and
sustainability.

How Do We Get There? New methods are required to
meet the challenges related to registry design, logistics of
PRO collection, and registry cost and sustainability.
Modifications to the traditional hospital- and implant-cen-
tric design and new procedures to collect complete data
from both patients and clinicians may be necessary. For
instance, England and Wales, New Zealand, and Sweden
developed methods to collect PROs after TJA directly from
patients and a US TJA registry collects PROs as the pri-
mary outcome. Finally, to assure long-term sustainability,
PRO data must be valuable to multiple stakeholders,
including patients, clinicians, researchers, and policy
makers.

Introduction

Total joint arthroplasty (TJA) provides pain relief and
improves physical function for many patients with
advanced arthritis whose symptoms failed to improve using
nonsurgical interventions. In the United States, approxi-
mately one million patients had a knee or hip replaced in
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2009 [4]. With the number of TJAs and associated costs
growing annually, a new emphasis on improving the
“value” of TJA has emerged. To achieve this goal, sur-
geons must continue to improve functional and pain-related
outcomes after TJA, while reducing the numbers of post-
operative complications and poor clinical results.

Traditional TJA registries monitor the frequency of
revision surgery and define success based on a low number of
revisions. Such an approach has its limitations, as revision-
oriented registries cannot determine whether unrevised
implants are functioning well or poorly or whether the
patient achieved satisfactory pain relief and functional gain.
This limitation is underscored by the recent recall of metal-
on-metal hip implants where significant numbers of patients
experienced unusual pain due to soft tissue pathology asso-
ciated with the metal ions [14, 18]. On the other hand,
patient-reported outcomes (PROs) that measure pain relief
and improved function could be an important addition to a
registry by quantifying optimal outcomes from TJA proce-
dures as defined by the patient. PROs also capture presence
of persistent pain and unsatisfactory functional gains in
patients who fail to achieve the desired outcome. Some of the
international TJA registries now incorporate PROs that
emphasize the patient’s perception of pain and physical
function [20], and recent evidence-based research has called
attention to the value of incorporating PROs in national joint
registries [19].

The addition of PROs to TJA registries introduces
challenges related to the registry design, logistics of PRO
collection, cost, and sustainability. Each of these chal-
lenges necessitates modifications to the traditional hospital-
and implant-centric design of many registries. Beyond
these issues that affect all registries, the United States faces
unique barriers due to the sheer volume of annual TJA
procedures, the lack of a single national payer to capture all
procedures, and stringent privacy regulations that constrain
secondary uses of patient health information.

In this paper, we review the current use of PROs by
national registries, the challenges to integrating PROs in
national implant registries, and lessons from the subset of
national registries that have integrated PROs. Future oppor-
tunities to systematically collect PROs in TJA registries to
quantify both patient- and implant-centric outcomes will be
discussed.

Where Are We Now?

To assess the current use of PROs in TJA registries, we
searched PubMed for the terms “joint registry and patient
reported outcome”; 132 articles were identified. An addi-
tional, similar search was conducted in Google Scholar.
Only the papers addressing the use of PROs in a national

knee and hip arthroplasty registry were reviewed in detail,
resulting in the review of 15 articles (Appendix 1; sup-
plemental materials are available with the online version of
CORR™). These publications, as well as presentations and
discussions with thought leaders from international regis-
tries, form the basis for this review.

The New Zealand registry was an early adopter of
postoperative PROs for hip and knee procedures, beginning
at its inception in 1998. Other long-standing European
implant registries have more recently added PRO mea-
surement: the Swedish hip registry in 2002, the England
and Wales registry in 2009, and the Norwegian hip fracture
registry in 2005 [20]. In the United States, the Function and
Outcomes Research for Comparative Effectiveness in Total
Joint Replacement (FORCE-TJR), which was funded in
2010 and represents a national sample of 121 diverse
orthopaedic surgeons in 22 states performing TJA [8], is
collecting PROs before and after surgery on 100% of
participants.

Traditional TJA registries were designed to collect data
useful to monitoring implant survival and failure, defined
by revision rates. National registries typically attempt to
enroll 100% of patients from all hospitals to assure com-
plete capture of data at the time of surgery and data from
subsequent revision surgeries. The dates of both the initial
surgery and revision are necessary to quantify the time to
revision and failure rate. In this model, national registries
incorporate large numbers of surgeries to identify relatively
low annual failure rates. For example, New Zealand reports
post-TKA implant failure rates of approximately 0.5%/year
in the first 12 years [16].

In contrast to failure rates that concern a minority of
patients, pain relief and improved physical function are rel-
evant to all patients. A recent review of the use of PROs in
registries concluded: “omitting patient-reported outcomes
precludes us [surgeons] from having a full understanding of
the factors that contribute to pain relief, restoration of
function, and patient satisfaction” [20].

The Value of PROs

The PROs collected by a subset of TJA registries are
contributing new information, spurring growing interest in
the value of incorporating PROs in TJA registries. Beyond
clinical care, PROs are increasingly used in the allocation
of healthcare resources and comparative effectiveness
research. Beginning in April 2009, the UK Department of
Health mandated collection of generic and condition-spe-
cific PROs from patients before and after four surgical
procedures, including TKA and THA [6]. Goodfellow et al.
[10] analyzed data from the New Zealand Joint Registry to
compare the effectiveness of TKA and unicompartmental
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knee arthroplasty (UKA) and found that PROs were a more
sensitive outcome than revision. Thus, PROs may be useful
as a measure of positive outcomes (such as pain relief and
improved function) and as a marker of risk for negative
outcomes (such as persistent pain or higher risk for implant
failure).

Challenges of Selecting Suitable PROs

One of the challenges in selecting suitable PROs comes
from the lack of consensus as to the ideal PRO measure(s)
to include. The UK required both global health status and
condition-specific outcomes for each of four surgical pro-
cedures [6]. Generic measures are required to compare
across surgical procedures, while condition-specific data
are useful for evaluating outcomes associated with varied
techniques within a single procedure. The UK and Sweden
also emphasize collecting pre- and postoperative data so
that individual change can be detected. In contrast, New
Zealand mandates postoperative PROs. In the United
States, FORCE-TJR selected joint-specific function and
pain surveys that allow knee or hip pain relief to be
quantified independent of functional gains. For example,
the WOMAC [3] and Hip Disability and Osteoarthritis
Outcome Score (HOOS)/Knee Injury and Osteoarthritis
Outcome Score (KOOS) [5] provide subscores for joint
pain, stiffness, activities of daily living, and function. Other
joint-specific PROs such as the Oxford are shorter, but its
items integrate both pain and function domains and sepa-
rate scores are not calculated [5]. While global function
surveys such as the SF-36 [23] and EQ-SDTM [7] enable
measurement of general health and well-being and facili-
tate outcome comparisons with other medical and surgical
interventions, they are unable to attribute specific postop-
erative health changes to the TJA procedure or other health
interventions.

Assuring Representative and Complete Data

Another challenge faced by registries is that most collect
data at the hospital operating room at the time the patient
undergoes the TJA procedure. This process has proven
effective in countries with national health insurance or
government mandates for all hospitals to participate in the
TJA registry but inadequate in countries lacking these
attributes. In the United States in particular, if a patient
chooses a different surgeon or hospital for postoperative
care due to dissatisfaction or a change of residence, fol-
lowup information (eg, key postoperative events such as
revision or infection) will be missed. Similarly, in the case
of US registries based on a single insurance plan, valuable

@ Springer

followup data elements will be lost if the patient changes to
a different insurance plan. The missing data from these
analyses are not random and may result in underreporting
of implant failures. Finally, US registries relying on the
Medicare beneficiary files would not be representative of
the current US TJA population as almost 45% of current
patients are younger than 65 years, introducing an age bias
to the outcome measurement. Such challenges in the Uni-
ted States and other countries without a centralized
healthcare system must be met with creativity in registry
design to avoid systematic bias. Of note, these concerns
apply to both the collection of implant survival data and the
addition of PROs.

Where Do We Need to Go?

The ideal system by which PROs are incorporated into TJA
registries involves choosing suitable PROs and developing
innovative methods to collect PROs to ensure complete
data and sustainability. Finally, registries must address the
technical challenges of extracting data from electronic
health records, as possible, to enhance sustainability and
outcome measurement.

Broadening Registry Data to Include PROs

Data on relative implant longevity and implant revision
rates will always be important clinical information; how-
ever, as implant designs, materials mature, and survival
times lengthen, patient factors, such as younger age at time
of surgery, greater BMI, and greater demands on the joint,
are emerging as key factors in predicting implant survi-
vorship among the growing total population of patients
with TJA. In addition, existing outcome research on TKA
and THA have demonstrated variation in functional out-
come after surgery correlated to patient attributes such as
greater BMI, older age, female sex, poorer emotional
health, and higher number of medical and musculoskeletal
comorbidities [9, 15, 17]. Other risk factors for suboptimal
postoperative function include poorer self-care skills and
self-efficacy [1, 22]. Thus, these patient attributes, as well
as PROs related to pain relief and functional gains, will be
important to future TJA registry design.

Collecting Electronic PRO and Clinical Data

To minimize patient burden and to assure PRO sustainabil-
ity, brief, electronic, computer-adapted PRO measures may
be preferable. Ongoing research, such as the Patient-reported
Outcomes Measurement Information System, PROMIS™
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initiative in the United States, will refine computerized
adaptive testing (CAT) outcome measures. PROMIS®™ was
funded by the NIH to define valid, reliable, consistent mea-
sures to be used in research and delivered through a variety of
methods, including CAT. CAT measures are web-accessi-
ble, to deliver surveys in surgeon offices and at patient
homes, incorporate independent pain and function measures
and minimize patient response burden by tailoring questions
to individual responses. Further psychometric research is
needed to define summary scores specific to TJA, to deter-
mine outcome norms for patients with TJA at specific time
intervals after TJA, and to map these new scores to legacy
measures currently in use. When these research goals are
met, electronic, CAT PROs may greatly improve the ease
and sustainability of PRO administration by TJA registries.

Because TJA requires a hospital stay, the key preopera-
tive patient risk factors and postoperative adverse events and
PRO data may be best captured in the surgeons’ office
records. With the adoption of electronic health records, the
possibility for registries to extract key clinical factors elec-
tronically may support expanding the scope of registry data.
However, current electronic health records support clinician
data entry and rarely include capture of patient-entered data,
such as PROs. In the future, surgeon office electronic health
records may be an optimal source of clinical data and
electronic health record software may be modified to capture
PROs. With these modifications, registries will benefit by
systematic office-based data capture. In addition, direct-to-
patient collection of PROs will be supported by web-based
software and use of mobile phones and other technology.
The integration of electronic data across time will assure
complete longitudinal followup data.

Assuring Representative and Complete Data

The International Society of Arthroplasty Registries defines
a full member registry as one that captures more than 90%
of all cases and clinically validates the data [13]. This
standard supports stable measures of low prevalent events
such as revision or infection. As discussed previously, the
100% enrollment model is more feasible in a country with
a single payer and a moderate volume of surgeries. In
contrast to countries performing 10,000 to 20,000 annual
procedures, the Unites States performs more than one
million TJA procedures each year and no all-payer data-
base exists to define the total population of patients with
TJA. Capturing more than 90% of all US patients is a
daunting task. In this situation, the registry must follow the
patient over time to assure complete longitudinal outcomes
independent of site, insurance, or provider. The challenges
to followup of US patients with TJA has been highlighted
by Greenbaum et al. [11] in a study conducted at a major

referral center, in which 65% of confirmed post-THA
complications were from hospitals other than the site of the
original surgery. In summary, to assure complete followup
data, new methods to monitor all TJA care over time must
follow the individual patient to diverse hospitals, surgeons,
and geographic regions.

Sustainability

Before dedicating efforts to redesign registries to incorporate
PROs, TJA registry leaders must be confident that repre-
sentative PRO collection can be sustained, and that the data
will enhance the knowledge obtained from the registry and
benefit multiple stakeholders, including patients and sur-
geons. For instance, integration of implant registry data with
comprehensive clinical data from medical records can gen-
erate tailored outcome analyses for diverse patient subgroups
with varied clinical profiles at the time of surgery, as illus-
trated in recent analysis from the UK registry data [2].

To assure sustainability, PRO data must be valuable to
multiple stakeholders to justify the incremental costs of
their collection. For instance, patient-centric outcomes are
valuable to public health leaders and policy makers when
the “value” of TJA is defined in relation to healthcare
costs. The Institute of Medicine calls for patient-centered
care where the patients’ preferences and values are
included in healthcare decisions [12]. PROs are one
method for including the patient’s voice in assessing TJA
outcomes. At the clinical level, surgeons and hospitals can
use summary PRO data to monitor postdischarge outcomes
(including quality of care as measured by pain relief and
functional gain or unexpected postdischarge adverse
events) and to identify subgroups of patients with persistent
pain who may be at risk for future implant failure. Com-
parative effectiveness research based on PROs and
comprehensive TJIA outcome data are valuable to guiding
the orthopaedic community to define best practices.
Finally, postmarketing surveillance based on registry PROs
and implant data is valuable to regulatory agencies and
orthopaedic implant manufacturers. In summary, while the
addition of PROs to a TJA registry is time-consuming, if
stakeholders value and use the data, the PROs will gain
broader use and dissemination.

How Do We Get There?
Selecting Suitable PROs
To date, the orthopaedic community has not defined a

national or international standard for optimal measure of
PROs after TJA. However, general PRO preferences can be
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identified from early PRO users. Many TJA registries, such
as the UK registry and FORCE-TJR, include both general
health status measures (eg, EQ-SDTM, SF-36) and joint-
specific measures (eg, Oxford, HOOS/KOOS). General
health measures assure that TJA outcomes can be com-
pared to other healthcare interventions while changes in
joint-specific measures are more easily attributable to the
TJA procedure. The second decision is whether to include
independent measures of pain relief and functional gain.
Sweden uses both a VAS pain score and a brief functional
assessment, and FORCE-TJR uses the pain and function
subscores of the HOOS/KOOS. In contrast, the UK and
New Zealand selected a measure that, while quicker to
complete, integrates the two outcomes. Research demon-
strates, while almost all patients receive pain relief after
TJA, functional gain varies widely and is related to non-
surgical factors [9]. Thus, surgeons may prefer PROs that
can discriminate the two outcomes of pain and function.

Assuring Representative and Complete Data

New methods are emerging to address some of the chal-
lenges of collecting consistent and complete longitudinal
data after TJA. For instance, England and Wales, New
Zealand, and Sweden have developed methods to collect
PROs directly from patients at specific intervals after TJA.
In addition, FORCE-TJR developed a unique registry
design to collect PROs as the primary registry outcome
directly from patients across settings [8]. Direct-to-patient
PRO collection is not dependent on surgeon office visits.
Because surgeon office visits can vary in timing, depending
on clinical need and surgeon preference, direct-to-patient
PRO administration allows annual assessments that do not
require the patient to visit the surgeon’s office. Additional
benefits include minimizing the burden on office staff and
assuring consistent measurement intervals. Lessons learned
from these direct-to-patient models will guide future reg-
istry adoption of PROs.

Other design modifications to assure complete PRO
capture include patient consent-based enrollment at the time
TJA surgery is scheduled, well in advance of the surgery
date. The FORCE-TIJR design assures time to collect pre-
operative PROs and minimizes surgeon burden. To that
effect, office systems and patient consent procedures are
simplified and supported by a telephone-based registry
coordinator. Followups are centralized and patients receive
reminders and postoperative PRO surveys by mail or email at
prearranged times. In addition to PROs on pain and func-
tional status, patients report any post-TJA events that
required surgical or medical treatment. Events that occur at
settings other than that of the initial procedure are captured
and medical records are reviewed to verify diagnoses and
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procedures. In aggregate, these PRO collection methods
assure complete patient followup independent of surgeon,
hospital, patient geography, timing, or insurer.

A challenge with the collection of PROs is the variation
in survey completion rates, which requires focused efforts
to manage consistent patient response. To engage patients
over time, the FORCE-TJR registry adapted principles
from the US Women’s Health Initiative [24] because this
national cohort study successfully followed more than 90%
of patients for 10 years. This high level of ongoing par-
ticipation is important to assure credible conclusions and
can only be achieved by actively engaging the patient as
partner in the registry efforts. From the start, the patient is
engaged as partner during the consent process. If the
patient fails to return the PRO, a FORCE-TJR registry
coordinator contacts the patient directly to encourage par-
ticipation. Patients have convenient options for PRO
completion, such as email/password-protected simple web
surveys with “save and complete later” options or scan-
nable paper surveys available in multiple languages
(eg, English/Spanish). This patient-focused protocol can be
adapted in countries where 100% of patients receive the
survey. For instance, the region or hospital could manage
the process to assure adequate data are obtained to be able
to quantify and compare PROs across settings.

In a country with such a large number of annual pro-
cedures as the United States, the 100% enrollment model
might be difficult to achieve. FORCE-TIJR is instead using
a representative sample of surgeons and patients across the
country. The potential of a selection bias at enrollment is
minimized by inviting sites from a random sample of
orthopaedic practices with attention to diverse settings
(ie, size, payers, hospital, geographic location). For example,
a country with a 100% implant tracking system could choose
to adopt PROs for a representative subset of its patients to
focus resources on complete data, but on fewer patients.

Demonstrate Value of Long-term Sustained
PRO Collection

To assure longevity of national TJA registries, the data
infrastructure and data collection procedures must support
a complete and accurate database so that analyses will
inform best practices in TJA implant selection and patient
care. To engage surgeons and hospitals, registry procedures
must be simplified to ensure continued participation. In
addition, returning registry data to the surgeon encourages
ongoing commitment to complete data collection. Surgeons
value benchmarks by which to compare individual out-
comes. In the UK and FORCE-TJR, surgeon-specific web
reports present a summary of postoperative PROs over time
to inform practice management. In an era of public
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reporting, this feedback is increasingly important to sur-
geons and hospitals for quality monitoring, contract
negotiations, and patient care.

The unfortunate metal-on-metal THA implant recall
highlights the potential public health importance of detecting
early persistent pain in a large cohort of patients. Systematic
analysis of pain trends across patients may have allowed
earlier detection of implant-associated morbidity and facil-
itated earlier warnings to clinicians, manufacturers, and
regulatory agencies. While this experience may be unique, it
highlights a potential public health role for PRO collection in
TJA registries.

Discussion

Some national registries have started collecting PROs and
the added value is evident from the research that is emerging
from these data [2, 19, 21]. Broader PRO adoption by TJA
registries will require modified registry designs that include
judicious selection of PRO measures and careful attention to
complete data capture to assure valid analyses. Lessons
learned from the early PRO implementation in a subset of
international registries will inform future adoption.

Financial models to support PRO collection in TJA reg-
istries will vary across countries. To date, direct-to-patient
collection methods have proven successful. This process
operates in parallel to the hospital-reported implant data
required by registries. It is possible that the two mechanisms
will be integrated in the future if all data are captured in
electronic medical records. Before this is feasible, incre-
mental funding will be required for PRO capture. Whether
government-funded or supported by orthopaedists, manu-
facturers, or research agencies, the costs of registry data
collection must be justified by the value of the knowledge
gained from the analyses. Innovative efforts to minimize
data costs, including web and smart phone-based surveys,
may also accelerate PRO data collection in the future.

In summary, the addition of PROs to TJA registries
introduces challenges related to the registry design, logistics
of PRO collection, and cost and sustainability. Each of these
challenges requires modifications to the traditional hospital-
and implant-centric design of many registries. Beyond these
issues that affect all registries, the United States faces unique
barriers owing to the volume of TJA procedures performed
each year, the lack of a single national payer, and stringent
data privacy regulations. Innovative, unbiased, and clinically
refined TJA registries designed to evaluate the relative
contributions of patient, clinical, and device factors to
patient-reported function and pain relief, postoperative
adverse events, and device failure hold great promise to

guide best practices in TJA care. Implementation of lessons
learned from comprehensive registries that include PROs
will assure patients achieve optimal pain relief and func-
tional gain with minimal adverse events and implant failures.
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