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CurrentConceptsReview

Patient-Reported Outcomes in Orthopaedics
MOTION Group*

� Patient-reported outcomes (PROs) assess a patient’s perspective of health, function, and quality of life associated
with health conditions and medical interventions.

� Health-care value is the ratio of health outcomes achieved relative to the total cost of care for a medical
condition.

� Common PRO designs assess general quality of life, system or region-specific conditions, disease-specific con-
ditions, or mixed outcome measure designs.

� Patient-Reported Outcomes Measurement Information System (PROMIS) measures domains of health (e.g.,
fatigue, physical function, and depressive symptoms), not disease or injury-specific outcomes, allowing for
comparability across conditions and normative scoring.

� PROs offer a unique format to the clinician for understanding the impact of medical conditions or interventions and,
as a result, may improve the care provided.

Recent paradigm shifts in the delivery and quality assessment of
health care in the United States emphasize patient-centered
care and health-care value1-3. Patient-reported outcomes
(PROs) can be used to quantify patients’ perceptions into a
value-based model of health-care results4,5. The collection of
PROs is becoming increasingly common among health-care
providers, medical societies, and payers6. PRO data collection
has been encouraged by the Centers for Medicare & Medicaid
Services, which incentivize PRO collection through voluntary
quality reporting initiatives7. Within orthopaedics, the value of
PROs is evidenced by the fact that the American Board of
Orthopaedic Surgery is now collecting PROs as part of the Part
II Board Certification process8.

PROs quantify a patient’s perceptions of his or her health
and/or response to a medical intervention as it affects the pa-
tient’s health, function, or quality of life9. PROs have the po-
tential to inform health-care providers and policy makers with
respect to the health-care value that specific medical and/or
surgical interventions provide to patients and the impact that
these interventions have on patient well-being and function10.
Understanding patient well-being and function is a prerequisite
toward quantifying improvements in patient care. The purpose
of this article was to review PROs that are relevant to ortho-
paedic health-care value, the basic constructs of PROs, the
clinical benefit of PRO data, barriers to implementation, and
the future direction of PROs in orthopaedics.
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Value-Based Health Care
Value in health care is defined as the ratio of outcomes to cost,
but the optimal methods to accurately and reliably assess
outcomes are debated1,11. A plethora of methods exist for de-
fining health-care outcomes, including clinical measurements
determined by health-care professionals (e.g., physical exami-
nation findings, radiographic studies, operative time, and
length of stay) and those reported by patients (e.g., PRO
data)12,13. Additionally, evaluations of patient experiences, such
as satisfaction or process metrics measuring timeliness of care
or patient interactions, are often used as proxies for patient
outcomes14. The patient experience is an important aspect for
quality improvement but is not equivalent to quality of health-
care delivered or functional outcomes. For example, patient
satisfaction is a broader term, independent of outcomes, which
may be high if the process of care delivery is perceived as ac-
ceptable, even in the setting of a poor health outcome15.

Clinical outcomes used for assessment of health-care
quality and value require stratification that is based on patient-
specific factors. Associated disease conditions, expectations, and
behavioral and psychometric baseline characteristics may sub-
stantially affect outcomes; consequently, assessment of health-
care value improves when outcomes are risk-stratified, allowing
for more appropriate comparisons16-18. Furthermore, assessment
of health-care quality, and thus value,may be strongly influenced
by who collects the measurement, the type of data collected, the
bias inherent in those who respond to outcome data collection,
as well as when the outcomes are collected19,20. In addition,
translation of health-care outcomes into a quality-based and
then value-based equation offers opportunity for substantial
variability, if outcomes are not standardized.

The denominator of the health-care value equation is the
cost of care for the measured intervention or episode of care.
Accurate cost assessments are difficult to calculate because of the
multifactorial nature of health care, including, but not limited to,
anesthesia, facility, surgeon, implant, and rehabilitation costs, all
of which vary widely. Bundled payment initiatives seek to im-
prove health-care value by better aligning financial incentives
with quality-based outcomes, while also standardizing costs
relative to the traditional fee-for-service model that preferen-
tially rewarded quantity over quality21. Consequently, PRO data
are increasingly connected to reimbursement through legislative
actions, including most recently the Medicare Access and CHIP
(Children’s Health Insurance Program) Reauthorization Act of
2015, which assigns both financial incentives and penalties on
the basis of various quality measures21-23. While cost is a critical
factor in the overall value equation, this review focuses on the
numerator—health-care outcomes. As in all fractions, the de-
nominator side of the equation carries equal weight, but the
factors that define costs and their relationship to value are wholly
different and outside the scope of this review24.

Outcome Measures
The fundamental design, types, characteristics, and timing of
the collection of PROs influence their clinical interpretation
and importance (Table I)25-28. Wilson and Cleary proposed a

classification system for health outcome measures with 5 levels
ranging from simple measures to complex ones that incorpo-
rate multiple inputs (intrinsic and extrinsic, controllable and
noncontrollable)18. This classification model demonstrates the
difficulty in interpreting biological functions without consid-
ering other factors important to the patient, which highlights
the necessity for both PROs and clinician-measured outcome
measures. Furthermore, the choice of an outcome measure
must be weighed against both the patient’s complaint and the
physician’s intervention. Outcome measures must be appro-
priately selected to coincide with the purpose of the interven-
tion; selection must account for the type of measure with
choices including general quality of life, system-specific mea-
sures, and/or PROMIS (Patient Reported Outcomes Mea-
surement Information System) measures.

Common Patient Outcome Measure Designs
Mixed Outcome Measure
Mixed outcome measures incorporate data from answered
questions and a clinician-completed physical assessment.
There are several limitations with current mixed outcome
measures: (1) physical assessments are highly dependent on the
physician’s examination, (2) the patient’s willingness to comply
and provide satisfactory effort is required, and (3) most mixed
outcome measures are not validated26. Furthermore, mixed
outcome measures focus on unique descriptors of function
(e.g., range of motion and pain) that may or may not directly
translate to overall well-being and function.

General Health-Related and Overall Quality-of-Life Outcome
Measures
General health-related quality of life includes physical, mental,
and social factors that influence an individual’s health and
determine how the individual’s health affects his or her ability
to perform the activities of daily living (ADLs)26,29. Overall
quality-of-life measures attempt to quantify a patient’s overall
well-being, satisfaction, or happiness with life in general18,26.
Health-related quality-of-life outcome measures are com-
monly the preferredmeans for measuring primary outcomes in
clinical research as they focus broadly on the impacts a disease
and treatment have on overall health instead and are useful in
evaluating changes in health status over time. As there is cur-
rently no method by which to customize quality-of-life mea-
surements to each individual patient, the use of clinically
validated quality-of-life measures with large sets of normative
data may be the best alternative30,31. Quality-of-life measures
can assess whether a treatment restores a patient to a superior,
equivalent, or inferior degree of health compared with a
meaningful reference group with or without the disease in
question. These measures greatly improve the external validity
of the data and are essential in health-care economic studies
because of the ability to compare the economic benefit of
specific interventions. Thus, they have an important utility for
both clinicians and health-care administrators. While general
measures have unique benefits, a specific limitation is the lack
of specificity and responsiveness to system or disease-specific
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deficits in health status and/or interventions, which limits a
clinician’s ability to assess small differences between patients.

System-Specific Compared with Disease-Specific Outcome Measures
System and disease-specific PRO measures can provide cli-
nicians the ability to assess specific changes in an outcome
tied to elements of a body region or a specific pathology,
respectively32,33. System-specific questionnaires evaluate a
specific body system (e.g., hip joint) while disease-specific
questionnaires evaluate the impact that a specific diagnosis
has on the patient (e.g., hip osteoarthritis). While system-
specific questionnaires provide a more precise outcome
measure on a single body system, they may lack the granu-
larity needed to identify differences among patients with
specific diagnoses. Disease-specific outcome measures gen-

erally have better sensitivity than system-specific measures
and provide clinicians with the information needed to assess
changes in a patient’s specific disease26. It should be noted
that system and disease-specific outcomes generally do not
account for the more global psychological and sociological
factors in contrast to the general health outcomes that are
commonly collected in the orthopaedic setting, such as the
Short Form (SF)-36 and SF-1232.

Patient-Reported Outcomes Measurement Information System
(PROMIS)
In 2002, the director of the National Institutes of Health (NIH)
initiated the “Roadmap for Medical Research,” which led to the
development of PROMIS, a tool designed to provide accessible
and flexible measures of patient-reported symptoms and health

TABLE I Psychometric Properties of PROs

Psychometric Property Definition Clinical Importance

Validity25 The degree that the questionnaire accurately
measures the content and/or concept of interest.

Content validity26,27 The degree that the content of interest is
systematically evaluated within the questionnaire.

Content validity primarily ensures that the
questionnaire meets its intended objective (e.g.,
evaluation and discrimination) and addresses
concepts relevant to the population of interest.

Criterion validity27 The degree that the questionnaire score(s) relates to a
gold standard.

Criterion validity ensures that the questionnaire can
effectively serve as a proxy for the gold-standard of
measurement for the measurement of interest.

Construct validity26,27 The degree that the questionnaire score(s) relates to
other measures in ways that are consistent with
theoretically derived a priori hypotheses.

Construct validity must be determined when criterion
validity is unable to be determined, as is often the
case. This occurs in the absence of a true gold
standard for a measurement.

Consistency27 The degree that items in a questionnaire are
correlated (i.e., measure the same concept).

Consistency allows clinicians to determine how
reliably patients respond to questions that ask about
similar concepts.

Reproducibility26,27 The degree that repeated measurements in stable
populations yield consistent results.

Agreement26,27 The degree that scores on repeated measures are
close to each other (absolute measurement error).

Good agreement (small measurement error) allows
clinicians to differentiate between clinically
important changes and measurement error.

Reliability26,27 The degree that the questionnaire can distinguish
patients from each other (relative measurement error).

High reliability allows clinicians to differentiate
between patients (e.g., varying degrees of severity of
the same condition).

Responsiveness27 The degree that a questionnaire can detect clinically
important changes over time (i.e., longitudinal
validity).

Responsiveness allows clinicians to detect changes
that occur over time and differentiate between true
changes and measurement error.

Interpretability26,27 The degree that a clinician can assign a clinically
meaningful qualitative assessment to quantitative
score.

Interpretability allows clinicians to interpret the
clinical meaningfulness of changes or differences in
questionnaire scores (minimally important change
[MIC]).

Floor and ceiling effects26 The number of respondents who score at the lowest
(floor) or highest (ceiling) score on the questionnaire.

Floor and ceiling effects limit the questionnaire’s
ability to differentiate between patients and to
determine change in an individual’s health. Selecting
population-appropriate questionnaires limits floor and
ceiling effects.
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outcomes covering a range of chronic conditions34. PROMIS
measures can be used across a multitude of conditions as they
are not limited to specific body systems or diseases. They are
not focused on overall summaries of well-being, but on specific
symptoms and functions, termed domains, that are the target of
clinical intervention (e.g., depression or physical function).
This represents a subtle shift in focus consistent with the World
Health Organization’s International Classification of Func-
tioning, Disability and Health, focusing health-care delivery
away from disease treatment and toward health promotion and
function35.

PROMIS measures are based on item (question) banks
that span all levels of the symptom or outcome being measured.
Items within an item bank are “calibrated” using item response
theory (IRT) models; that is, the characteristics of each item are
mathematically defined (e.g., the difficulty of the item is esti-
mated), allowing scoring that is based on probability equa-
tions36,37. PROMIS uses T-scores with a mean of 50 and a
standard deviation of 10, representing the general population
of the United States, while subgroup norms for sex and age are
also available38.

Computer adaptive testing (CAT) allows additional
flexibility in administration. With CAT administrations, an
initial item is presented, and based on the respondent’s
selection, a computer algorithm selects subsequent items to
administer. This tailored administration continues until a
stopping rule is reached. The algorithm narrows in on an in-
dividual’s level, resulting in a reduction in response burden
while gaining precision39-41. Testing is stopped automatically
once a given level of precision (i.e., measurement error) is
reached, after a set number of items are administered (a min-
imum of 4 and a maximum of 12 items), or a combination of
the 2.

PROMIS measures allow direct comparison of scores
between all CATs with different questions and short forms36,37.
Furthermore, PROMIS measures can be compared and cor-
related with scores from legacy measures using PROsetta
Stone42. Clinical trials utilizing different outcome measures can
use PROsetta Stone tables to translate all scores to a common
metric, facilitating new comparisons. While PROMIS provides
much freedom and flexibility in outcomes assessment and
continues to grow in use, there is limited evidence to support
widespread adoption or substantial benefit over legacy
measures.

Outcomes Selection
The selection and timing of PRO collection is highly dependent
on the question being asked and the population being exam-
ined43. The specificity and depth required of a clinical re-
searcher may be different from that of a private practitioner.
Thus, a “one size fits all” approach to all of outcome mea-
surement should be discouraged, although there may be value
in defining a minimal data set that minimizes patient and
provider burden while optimizing data relevant to the com-
munity as a whole. The optimal outcomes platform should be
sufficiently broad to allow data comparisons across disease and

population samples and sufficiently deep for comparisons
within these parameters. The system must have the flexibility
necessary to answer the researcher’s question. The infrastruc-
ture for the collection, storage, and analysis of the selected
outcome measures is equally varied, with multiple options
available.

Clinical Use and Benefits of PROs
An important feature of any PROmeasure is its ability to detect
clinically relevant changes over time in the same patient.
Quantifying subtle changes allows time for interventions that
may change the patient’s clinical course. Recently, the Inter-
national Knee Documentation Committee (IKDC) scale was
compared with the PROMIS physical function (PF) CAT at 5
different time points44. The IKDC detected changes at only the
latter 2 of 4 postoperative visits, while the PROMIS PF CAT
detected changes at all postoperative visits. Earlier identifica-
tion of changes in a patient’s perceived health may allow for
more effective interventions or reduce the cost and invasiveness
of interventions (e.g., getting a patient to therapy sooner for a
specific symptom detected by PROs). That study is one in a
growing body of literature comparing PROMIS and legacy
measures demonstrating positive correlations with decreased
question and time burden on patients (see Appendix)44-51.

Building on previously published work in which legacy
foot and ankle instruments were compared with PROMIS
measures, Ho et al. identified threshold preoperative PROMIS
scores that could predict which patients would achieve or fail to
achieve the minimum clinically important difference52,53.
Similarly, using PROs, Wylie et al. found that, in patients with
full-thickness rotator cuff tears, mental health was more highly
correlated with shoulder pain and function than tear size, al-
though the postoperative impact of this relationship remains
unclear54. Utilizing PROs to identify preoperative threshold
scores enables surgeons to quantify the severity of patient
symptoms and improve indications for surgery. Thus, PROs
can provide individual physicians and the orthopaedic com-
munity with data that, when combined with relevant clinical
measures, improve the ability to risk-stratify patients into those
more likely to improve following surgery and those who are less
likely to benefit53. Thus, PROs may serve as an important ad-
junct to traditional risk stratification classification methodol-
ogy (e.g., American Society of Anesthesiologists classification
or the American College of Surgeons National Surgical Quality
Improvement Program) and provide a more holistic view of a
patient’s potential for improvement or lack thereof55.

Efforts to define and improve the quality of health care
have precipitated the ongoing transition of PROs from a pre-
dominantly research focus toward an increasing utilization in
clinical practice56. PROs are often documented in research
registries that neither connect with the electronic medical
record (EMR) nor provide real-time data to the clinician to
influence patient care57. Thus, most EMRs focus on data from
the physician’s perspective and lack concrete data from the
patient’s perspective. In 2007, an ambulatory clinic successfully
implemented a PRO collection system utilizing electronic data
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entry in the clinic waiting room. A report was generated that
contained trend data from prior visits. This report was then
available for immediate use during the clinical encounter58. The
success of this system demonstrated the successful im-
plementation of PROs into busy clinical practices, with reports
available in the EMR.

PRO data that are directly populated into the EMR im-
prove patient-physician communication and monitoring of
patients’ symptoms and trends over time57-59. Papuga et al. re-
cently reported on an office-based real-time PRO collection
method integrated with the EMR, providing specific examples
of PRO data influencing clinical encounters59. In addition,
Wagner et al. reported on the successful integration of a pre-
dominantly home-based PRO collection system into the pa-
tient’s EMR in an oncology practice60. Completion rates for
first-time messages were 50%; however, the study demon-
strated that completion of PRO collection outside the clinic
with results available in the patient’s EMR is feasible. Responses
that exceeded a predetermined threshold triggered an alert to
the patient’s care team facilitating the early identification of
patients reporting values outside normal expected limits. This
earlier identification of suboptimal outcome may reduce re-
source utilization, save costs, and improve quality of care.
These examples offer a variety of methods by which PROs may
be integrated into a clinical setting; however, there remains
much to be done to identify the optimal method of clinical
integration. The collection of PRO data does not strictly equate
with improved care; the physician must be able to efficiently
utilize these data within clinical practice to facilitate improve-
ments in patient care. The methods by which PRO collection
occurs continue to be refined and will likely vary widely on the
basis of subspecialty needs, practice environment, as well as
patient and physician-specific factors.

Barriers to PRO Utilization
There is considerable potential benefit in utilizing PROs in
orthopaedics. However, barriers to PRO clinical implementation
exist; thus, identifying and understanding these barriers will aid
in successful execution of PRO program development.

The universal implementation of PROs is challenging.
Methods for PRO collection and time frames for administration
are not standardized or agreed on. Additionally, complete and
accurate data collection is limited by existing technological
platforms and dedicated manpower to make the collection,
tracking, and reporting of PROs possible61. Financial and
infrastructure requirements for PRO adoption necessitate
commitments from individual physicians or health-care orga-
nizations. Collaborative outcomes initiatives that aim to provide
multisystem or national organizational adoption of PRO pro-
cesses optimize data collection and efficiency but face unique
challenges. These collaborative or national-level programs are
costly and may become fragmented from variations in methods,
quality, data content, response rates, and follow-up times that
may compromise the primary benefit of “big data” collection.

Large-scale aggregated data (i.e., “big data”) collection
aims to capture common data elements at common time points

for similar diseases and treatments to enable meaningful
comparisons that can inform evidence-based process im-
provement with a focus on the comparative effectiveness of
interventions. This assumes, however, that “big data” are valid,
accurate, complete, and able to overcome multiple biases. The
contrast between the lucidity of the concept (i.e., PROs are
good and will enable and improve quality of care) and the
ambiguity of implementation threatens the impact of such a
process. Accordingly, it remains paramount for physicians to
both engage as stakeholders in the redesign of health-care de-
livery and commit to a value-based model.

A major concern is related to the use of paper surveys for
PRO data collection. Higher response rates are observed with
the use of electronic surveys and staff involvement62,63. Risk
factors reported for poor paper survey completion in a popu-
lation of patients managed with arthroplasty include an age of
>75 years, Hispanic ethnicity or black race, Medicare insur-
ance, and revision arthroplasty62. Paper measures require time
for score calculation and making results accessible to the cli-
nician in addition to the added burden of physical storage.

Another concern is the logistics of collecting PRO data
from patients. The time required for collection, the potential
for survey fatigue or simply an unwillingness to participate, as
well as scoring and review by staff are not unimportant and
must be considered potential barriers64. Administratively, de-
bate has surrounded the issue of who bears the responsibility of
the costs associated with these initiatives as the costs can be
substantial, especially considering the increased need for in-
formation technology and administrative staff support as well
as the potential decreased volume from flow limitations61. In-
terestingly, in the now retired Physician Quality Reporting
System, Duncan et al. demonstrated that financial penalties
associated with not collecting PROs were far less than the costs
associated with PRO collection and reporting61. PRO collection
is being debated as a potential billable expense that can be
reimbursed by insurance and government payers65. Financial
incentives for both providers and patients may substantially
improve motivation on both sides of PRO collection and
minimize this barrier. An alternative consideration is the use of
an independent contractor, separated from the physician or
treating hospital, to collect postoperative PROs65. The down-
sides of this model include physicians losing access to valuable
patient data in addition to a data set never seen or evaluated by
the treating provider, impacting financial reimbursement.

One additional and major challenge is the absence of
agreement on the optimal PROs for orthopaedic practice and
research. Each subspecialty and anatomic area uses multiple
PROs without consensus. Additionally, the minimal clinically
important difference is not always clearly defined, which may
limit how best to use data even after collection. The promise of
PROMIS is that the embracement of a universal PRO can allow
for comparisons across disciplines, both within the field of
orthopaedic surgery and beyond. Whether PROMIS will gain
widespread acceptance as a stand-alone tool to meet all PRO
assessment needs remains to be seen as it does not incorporate
disease or injury-specific measurement.
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Future Directions
The ability to quantify and compare health-care quality is an
evolving concept; however, it is likely that patients’ perception
of care and outcomes will remain an integral aspect in the
determination of the quality of care delivered66. The Compre-
hensive Care for Joint Replacement (CJR) program encourages
voluntary reporting of PRO data65. While the CJR model im-
pacts only arthroplasty surgeons, it is possible that this re-
quirement will expand to the entire orthopaedic community.
Appropriate selection and timing of the collection of PROs are
critical to effectively quantify the patient perception of ortho-
paedic interventions. Incentive systems for patients to com-
plete PRO feedback electronically without requiring a return to
the treating physician need to evolve. However, while auto-
mation improves the data acquisition process and integration
into the medical record, effective utilization of that data ulti-
mately requires human involvement and intentional planning

to determine how best to interpret and thus utilize the data. It is
critical that orthopaedic surgeons proactively engage in this
changing paradigm to ensure that true measures of patient care
remain the focus of outcomes assessment.

Appendix
A table showing studies comparing the use of PROMIS
and legacy measures in orthopaedic populations is

available with the online version of this article as a data sup-
plement at jbjs.org (http://links.lww.com/JBJS/E598). n
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