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Abstract 1 

Background Patient-reported outcome measures (PROMs) are validated questionnaires that are 2 

completed by patients. Arthroplasty registries vary in PROM collection and use. Limited current 3 

information is available about registry collection and use of PROMs; this information is required 4 

to improve methods of PROMs data analysis, reporting, comparison, and use toward improving 5 

clinical practice. 6 

Questions/purposes To characterize PROM collection and use by registries, we asked: (1) What 7 

is the current practice of PROM collection by arthroplasty registries that are current or former 8 

members of the International Society of Arthroplasty Registries, and are there sufficient 9 

similarities in PROM collection between registries to enable useful international comparisons 10 

that could inform the improvement of arthroplasty care? (2) How do registries differ in PROM 11 

administration and demographic, clinical, and comorbidity index variables collected for case-mix 12 

adjustment in data analysis and reporting? (3) What quality assurance methods are used for 13 

PROMs, and how are PROM results reported and used by registries? (4) What recommendations 14 

to arthroplasty registries may improve PROMs reporting and facilitate international 15 

comparisons? 16 

Methods An electronic survey was developed with questions about registry structure and 17 

collection, analysis, reporting, and use of PROM data and distributed to directors or senior 18 

administrators of 39 arthroplasty registries that were current or former members of International 19 

Society of Arthroplasty Registries. There were 25 registries (64%) that responded and completed 20 

the survey. Missing responses from incomplete surveys were captured by contacting the 21 

registries, and up to 3 reminder emails were sent to nonresponding registries. Recommendations 22 
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about PROMs collection were drafted, revised, and approved by the International Society of 23 

Arthroplasty Registries PROMs Working Group members. 24 

Results In the 25 registries that completed the survey, 15 registries collected generic PROMs, 25 

most frequently the EuroQol 5 Dimension survey; 16 registries collected joint-specific PROMs, 26 

most frequently the Knee Injury and Osteoarthritis Outcome Score and Hip Disability and 27 

Osteoarthritis Outcome Score; and 11 registries collected a satisfaction item. Most registries 28 

administered PROM questionnaires within 3 months before and 1 year after surgery. All 16 29 

registries that collected PROMs data collected patient age, sex or gender, body mass index, 30 

indication for the primary arthroplasty, reason for revision arthroplasty, and a comorbidity index, 31 

most often the American Society of Anesthesiologists classification. All 16 registries performed 32 

regular auditing and reporting of data quality, and most registries reported PROMs results to 33 

hospitals and linked PROMs data to other data sets such as hospital, medication, billing, and 34 

emergency care databases. Recommendations for transparent reporting of PROMs were grouped 35 

into four categories: demographic and clinical, survey administration, data analysis, and results. 36 

Conclusion Although registries differed in PROM collection and use, there were sufficient 37 

similarities that may enable useful data comparisons. The provided recommendations may help 38 

guide registries and improve transparency in the collection, analysis, and reporting of PROMs. 39 

Clinical Relevance By collecting PROMs, registries can provide patient-centered data to 40 

surgeons, hospitals, and national entities in order to improve arthroplasty care.   41 
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Introduction  42 

Patient-reported outcome measures (PROMs) are validated questionnaires that provide data 43 

about the impact of arthritis and arthroplasty. PROMs are completed by patients and complement 44 

existing clinical measures by providing standardized assessments of the perception of patients 45 

about their health, quality of life, and mental and social well-being [9, 20, 51]. Generic PROMs 46 

assess overall health-related quality of life, and joint-specific PROMs assess outcomes associated 47 

with the affected joint [39, 40]. Preoperative and postoperative PROMs are collected and 48 

reported by arthroplasty registries [39, 40, 52] and provide essential information for achieving 49 

patient-centered, value-based health care. Health systems may use PROMs to assess symptoms 50 

and quality of life before and after treatment, evaluate the efficacy of treatment options, monitor 51 

variability in indications and outcomes between providers, allocate finite healthcare resources, 52 

and identify areas for quality improvement [35].  53 

International variation may occur in the use of PROMs scores by arthroplasty registries [34, 35]. 54 

Comparisons of results between registries and countries may be limited because varied PROMs 55 

questionnaires are used, limited validated algorithms are available to convert scores between 56 

different questionnaires, and there is limited ability to control for case-mix or comorbidity 57 

variations between registries [34, 35]. The International Society of Arthroplasty Registries 58 

PROMs Working Group was established to develop best practices for selecting, collecting, 59 

reporting, and advancing the use of PROMs. In a previous working group survey of registries, 60 

there was variation in the collection of joint-specific PROMs between registries [39, 40]. As 61 

registries evolve and use newer and varied PROMs, updated information about the registry 62 
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collection and use of PROMs is needed to enable improved methods for PROM collection, 63 

analysis, reporting, and use, but there is limited current information available.  64 

The purpose of this study was to characterize current PROM data sources, collection, analysis, 65 

and reporting methods by registries, and to develop some general recommendations that could be 66 

used by registries to improve PROMs reporting and facilitate international comparisons. To 67 

satisfy these objectives, we asked: (1) What is the current practice of PROM collection by 68 

arthroplasty registries that are current or former members of the International Society of 69 

Arthroplasty Registries, and are there sufficient similarities in PROM collection between 70 

registries to enable useful international comparisons that could inform the improvement of 71 

arthroplasty care? (2) How do registries differ in PROM administration and demographic, 72 

clinical, and comorbidity index variables collected for case-mix adjustment in data analysis and 73 

reporting? (3) What quality assurance methods are used for PROMs, and how are PROM results 74 

reported and used by registries? (4) What recommendations to arthroplasty registries may 75 

improve PROMs reporting and facilitate international comparisons? 76 

Materials and Methods 77 

Survey Development 78 

In this cross-sectional descriptive study, data were collected from an electronic survey that was 79 

developed using previously described methods [3, 12]. The survey was created from March 2018 80 

to August 2018 with an iterative method. After we reviewed the findings from our previous 81 

studies about the use of PROMs in arthroplasty registries [39, 40], the survey was drafted by two 82 

coauthors (ERB and SK). The survey draft was reviewed and discussed by the entire 83 

International Society of Arthroplasty Registries PROMs Working Group in an online conference 84 
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call and emails, and modified to the satisfaction of all group members who included orthopaedic 85 

surgeons and nonsurgeon scientists with expertise in PROMs and survey research.  86 

The survey items were formatted on an internet-based survey platform (SurveyMonkey, 87 

www.surveymonkey.com, San Mateo, CA, USA) as closed-ended, structured multiple-choice 88 

questions, with a response option of “other” that included an open-ended free-text response 89 

comment field. Survey items were revised according to observations from preliminary testing of 90 

three registries. The final survey included 10 pages and 37 items (Supplementary Material 1; 91 

supplemental materials are available with the online version of CORR®). The survey opened with 92 

general questions about registry structure and continued with detailed questions about the 93 

collection, analysis, reporting, and use of PROM data. Adaptive questioning was used to reduce 94 

participant burden, and participants were able to change answers before survey completion by 95 

using a back button. No personal information was collected or stored. 96 

Survey Administration 97 

The survey was distributed in August 2018 by email to the senior medical leads and senior 98 

administrators of 39 arthroplasty registries that comprised all current or former members of the 99 

International Society of Arthroplasty Registries. The email included a description of the purpose 100 

of the study, request that 1 person from the registry complete the survey regardless of whether 101 

the registry routinely collected PROMs, and a hyperlink to the survey. In addition to the initial 102 

survey request, three reminder emails were sent, as required. 103 

Survey responses were collated and reviewed by the lead author (ERB). When more than one 104 

response was received from different personnel of a registry, the responses were manually 105 

combined into a single response.  106 
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Missing responses from incomplete surveys were captured by contacting the registries. Further 107 

clarifications that were required for a small number of items during manuscript preparation were 108 

requested from respondents by email.  109 

Development of Recommendations 110 

Based on the results of the survey, review of registry reports that include PROM methods and 111 

reporting [1, 10, 13, 21, 30, 32, 47], standardized reporting recommendations for observational 112 

studies from the Strengthening the Reporting of Observational Studies in Epidemiology 113 

(STROBE) statement [50], published analyses about reporting issues [2, 6, 9, 11, 14, 16, 18, 24, 114 

25, 29, 30, 38, 42, 43, 44, 49], and the experiences of International Society of Arthroplasty 115 

Registries PROMs Working Group members, we updated the previous recommendations of the 116 

International Society of Arthroplasty Registries PROMs Working Group to help guide registries 117 

about the selection and analysis of PROMs, transparency of reporting, and use of PROMs [39]. 118 

The updated recommendations were drafted by 2 coauthors (ERB, ET) as a tabulated list of 119 

recommendations and sent to all coauthors for comments, suggestions, revisions, and references. 120 

A revised draft was sent to all coauthors for additional review, revisions, comments, and 121 

approval. 122 

Ethical Approval 123 

Ethical approval for this study was not sought. 124 

Results   125 

Current Practice of PROM Collection by Arthroplasty Registries 126 
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In the 39 registries from which survey responses were requested, 25 registries (64%) responded 127 

to and completed the survey with no replies unanswered, including 16 registries that collected 128 

PROMs (Table 1). Most respondents were national registries that collected generic and joint-129 

specific PROMs, and many registries also collected a patient satisfaction metric (Table 2). The 130 

14 nonrepondents included 9 national, 2 regional, and 3 local registries. Most responding 131 

registries that used PROMs collected only one generic PROM, most frequently the EuroQol 5 132 

Dimension health outcome survey, and multiple joint-specific PROMs, most frequently the Knee 133 

Injury and Osteoarthritis Outcome Score and Hip Disability and Osteoarthritis Outcome Score 134 

surveys. Most responding registries that collected a patient satisfaction metric used a single-item 135 

question about satisfaction. 136 

PROM Administration and Variables Collected for Case-mix Adjustment 137 

A census method (i.e., inclusion of all patients in the registry) was used by most of the registries 138 

for collecting preoperative and postoperative PROMs (Table 3). Most registries captured 139 

preoperative and postoperative PROMs for at least 40% of patients in the registry, and most 140 

registries reported that patient responses were provided by at least 40% of patients who were 141 

requested to provide PROMs, but many registries did not know the proportion of patients in the 142 

registry with PROMs captured or frequency of response for patients requested. Most registries 143 

administered PROM questionnaires to all patients in the registry coverage area within 3 months 144 

before surgery and by 1 year after surgery (Table 3). There was variation between registries in 145 

the timing of postoperative PROM collection; four of seven registries that collected 6-month 146 

postoperative PROMs did not collect 1-year postoperative PROMs, but no earlier postoperative 147 

PROMs were collected by six of 11 registries that collected 1-year postoperative PROMs and 148 
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one of five registries that collected 2-year postoperative PROMs. All 16 registries collected 149 

patient age, sex or gender, body mass index (BMI), indication for the primary arthroplasty, 150 

reason for revision arthroplasty, and a comorbidity index, most often the American Society of 151 

Anesthesiologists classification (Table 4). Most registries collected demographic, clinical, and 152 

comorbidity index variables in the registry or by linking with other databases, but we did not ask 153 

registries to specify whether comorbidity information was obtained from self-report vs database 154 

linkage (Table 4).  155 

Quality Assurance, Reporting, and Use of PROMs by Registries 156 

For quality assurance, all 16 registries that collected PROMs data performed regular auditing and 157 

reporting of data quality (Table 5). Simultaneous bilateral procedures were analyzed by 11 of the 158 

16 registries per joint and not per patient. Most registries reported and compared PROM results 159 

using mean or median scores, removed patients with missing questionnaires from analyses, and 160 

performed case-mix adjustment when reporting PROMs. Case-mix adjustment included potential 161 

confounders such as age, gender, diagnosis, and BMI. However, when a PROM questionnaire 162 

was missing several item responses, only seven registries completely excluded these PROMs 163 

from analysis, and other registries attempted to calculate the missing summary score with 164 

methods such as imputation. Most registries reported PROMs to hospitals and national-level 165 

entities and provided surgeons and administrators with access to reports (Table 6). PROM data 166 

were linked to diverse databases, most frequently hospital databases, using unique personal or 167 

personal health identification numbers, date of birth, or gender (Table 6).  168 

Recommendations 169 
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The Working Group recommendations for transparent reporting of PROMs were grouped into 170 

four categories: demographic and clinical, survey administration, data analysis, and results 171 

(Table 7). It was recommended that registries document the joint, date of surgery, arthroplasty 172 

details, comorbidity variables, PROMs surveys and one-item questions used, any modifications 173 

to original survey wording or structure, quality assurance methods for data entry, follow-up for 174 

unreturned survey responses, and PROMs scoring methods. It was recommended that registries 175 

document data analyses with clear definitions of variables in a data dictionary and detailed 176 

descriptions of statistical methods, linkage between data sets, and methods of addressing missing 177 

data. It also was recommended that reports of results include joint- and patient-specific outcomes 178 

and separate report categories for unilateral vs bilateral arthroplasty (Table 7). 179 

Discussion 180 

The 2 previous articles from this Working Group provided basic information about PROMs and 181 

suggestions about how arthroplasty registries may set up PROMs collection [39, 40], whereas the 182 

present study focused on developing recommendations about improving the quality of reporting 183 

and potential for comparison between registries. As limited current information is available 184 

about registry collection and use of PROMs, updating this knowledge may improve the 185 

feasibility of making comparisons between registries. Findings from the present survey, coupled 186 

with recommendations from the STROBE guidelines and other studies (Table 7), facilitated the 187 

development of recommendations specific to PROMs reporting by registries [50].     188 

The present results showed that joint registries varied substantially in whether generic and joint-189 

specific PROMs were collected and used. However, there were sufficient similarities between 190 

responding registries that may enable useful PROMs data comparisons, evidenced by the high 191 
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frequency (≥ 69%) of multiple variables including similar administration method, variables 192 

collected for case-mix adjustment, method of collecting case-mix adjustment variables, quality 193 

assurance methods, and report use variables. Although most survey respondents collected and 194 

used PROMs, nine of the 25 responding registries did not collect PROMs. The absence of a 195 

response to the survey request from 14 of the 39 registries (36%), despite sending three reminder 196 

emails, may be indirect evidence that some of these registries may not have been collecting 197 

PROMs.  Of the 14 nonresponders, 10 were national registries with no on-line evidence of 198 

comprehensive national PROMs collection and reporting, 3 were university-based local registries 199 

(including 2 registries that had a long publication track record that included PROMs), and 1 was 200 

a regional registry with incomplete coverage. 201 

Limitations 202 

The limitations of the present study include those inherent with survey research, including 203 

selection bias due to the inclusion of motivated participants and the high percentage of registries 204 

that did not participate. The low frequency of responses is in the range typical of surveys of 205 

health professionals, and surveys with a 60% or higher frequency of responses may have 206 

acceptable face validity [4], but the results should be interpreted with caution because of the high 207 

frequency of nonrepondents. As most respondents were national registries, the interpretation of 208 

results cannot be generalized to regional, local, or multicenter registries (Table 1). Survey terms 209 

may have been misinterpreted because of varied use internationally, such as the term “provider,” 210 

which was intended to be synonymous with surgeon but in the United Kingdom may refer to a 211 

hospital unit, and future surveys should include unambiguous terms with clear definitions to 212 

minimize potential misinterpretation by respondents. The present survey did not include a 213 
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question to follow up our previous recommendation to include a one-item pain question [39] 214 

because we aimed to limit the survey length, but information about pain was provided from pain 215 

assessments that were included in PROMs used by respondents such as the Hip Disability and 216 

Osteoarthritis Outcome Score, Knee Injury and Osteoarthritis Outcome Score, Oxford Hip Score, 217 

and Oxford Knee Score [31, 41, 48, 53]. Furthermore, we did not ask registries about 218 

preoperative and postoperative sampling methods such as queries in person or by telephone or 219 

postal mail. Documenting sampling methods may be important for improving sampling and 220 

comparing data between different registries.  221 

Transparency of reporting PROM results was recommended previously [39] but not assessed in 222 

the present survey. A recent example of excellent transparency in reporting PROMs after 223 

primary shoulder arthroplasty showed that the frequency of responses may be low, and failure to 224 

collect a preoperative PROM survey prospectively may introduce recall bias when it is collected 225 

after surgery [30]. A detailed comparison of annual reports of participating registries was beyond 226 

the scope of the present study but may provide a useful evaluation of the transparency of current 227 

PROM reporting that may enable the assessment of potential sources of bias. 228 

Current Practice of PROM Collection by Arthroplasty Registries 229 

In our survey in 2014, 15 registries routinely collected PROMs, including one registry that was 230 

planning to begin PROM collection [40]. In these 15 registries, the present survey showed that 231 

11 registries were still collecting PROMs, two registries (Italian Register of Orthopedic 232 

Prosthetic Implants and Lithuanian Arthroplasty Register) had stopped collecting PROMs 233 

(reasons for termination unknown), and two registries did not respond. The present survey 234 

showed that registries varied in the PROMs instruments that were collected, with ongoing use of 235 
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the EuroQol 5 Dimension health outcome survey, 12-item SF Health Survey, Hip Disability and 236 

Osteoarthritis Outcome Score, Knee Injury and Osteoarthritis Outcome Score, Oxford Hip Score, 237 

Oxford Knee Score, and Western Ontario and McMaster Universities Osteoarthritis Index, and 238 

an increase in the use of Patient-Reported Outcomes Measurement Information System 10 239 

(PROMIS-10) that was not represented in the previous survey [7, 17, 26, 28, 40, 41, 45]. The 240 

previous International Society of Arthroplasty Registries PROMs Working Group 241 

recommendation to include a one-item measure of satisfaction was not followed by most 242 

registries, even though patient satisfaction is an important indicator treatment outcome, possibly 243 

because satisfaction may be difficult to standardize and may vary with patient age, sex, 244 

comorbidities, expectations, perioperative pain, and duration of hospital stay [33, 39]. Although 245 

we reaffirmed the previous recommendation that registries consider using a one-item question 246 

for satisfaction, this may be superseded with the development and testing of validated 247 

satisfaction instruments [15]. 248 

PROM Administration and Variables Collected for Case-mix Adjustment 249 

Registries that collected PROMs had some uniformity of methods such as census method of 250 

administration and similar variables collected for case-mix adjustment. The high frequency of 251 

registries that reported unknown proportions of patients in the registries with PROMs captured 252 

and unknown patient response frequency suggested that registries may not be tracking these 253 

important measures of data completeness, and these observations formed the basis for our 254 

recommendations that registries should collect and report these data (Table 7). The collection of 255 

case-mix variables may enable an adjustment of PROM data for comparisons between registries 256 

(Table 4) [39]. All registries that collected PROMs captured age, sex or gender, and diagnosis, as 257 



16 

AU: Please do not delete query boxes or remove line numbers; ensure you address each 

query in the query box.  You may modify text within selected text or outside the selected 

text (as appropriate) without deleting the query. 

 

recommended previously [35, 39], but the collection of general health status variables was 258 

inconsistent between registries, evidenced by the registries that did not collect information about 259 

smoking status, medical comorbidities, alcohol use, activity level, and socioeconomic variables 260 

(Table 4).  261 

Quality Assurance, Reporting, and Use of PROMs by Registries 262 

Registries typically audited PROM results and reported data quality but varied in the handling of 263 

missing data (Table 5), PROM use, and methods of dataset linkage (Table 6). Comparisons of 264 

outcomes between registries may be facilitated by harmonization of methods, language 265 

translation, cross-cultural adaptation, and validation of PROMs for diverse languages and 266 

cultures [9, 26, 36]. However, variation between registries may occur because of variation in 267 

local resources, disease profiles, and purposes of PROM collection [35], and the lack of 268 

standardized methods between registries may confound comparative analyses of outcomes 269 

between different countries.  270 

Recommendations 271 

In the present recommendations about PROMs quality assurance, reporting, and use, we 272 

attempted to highlight issues common to diverse registries and health systems and provide 273 

guidance about methods to optimize data quality and comparisons between registries, while 274 

avoiding recommendations that may be unrealistic for registries with limited resources or scope. 275 

With the previous and present recommendations, we avoided recommending a specific PROMs 276 

instrument to incorporate into registries because of variation in PROM instruments in use and 277 

potential challenges to registries associated with a change in PROMs instruments [39]. However, 278 

PROMs selected for use by registries should have been developed with good measurement 279 
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properties in a relevant population, which are characteristics of most or all of the PROMs 280 

currently in use. It is important to recognize and address the limitations of specific PROMs, but 281 

these limitations may be unknown upon implementation. When the limitations of a PROM 282 

instrument are identified, such as during application of the instrument to a different cultural 283 

setting or surgical procedure, a modification of the instrument may be considered [8, 27], and we 284 

recommended that the modifications be specified and reported. Future work may include the 285 

development of a procedure that may enable instrument modification or updating that would 286 

facilitate validation and adoption of the updated version by registries and maintain the potential 287 

for evaluation of longitudinal trends. Flexibility in updates of PROMs instruments with 288 

structured elements may prevent obsolescence of the instruments caused by rapid advances in 289 

technology and may improve learning from the data [23, 37].  290 

When PROMs have floor and ceiling effects that may have implications for analysis and 291 

reporting, it is advisable to report the proportion of patients who have scores at the floor or 292 

ceiling levels [8, 42]. A critical evaluation of PROM use in other fields such as the foot and 293 

ankle shows that widely used but unvalidated scores may continue to be used for several decades 294 

despite the lack of validation [19, 22]. The use of recently released guidelines [35] may be 295 

considered toward the development of a prescriptive checklist of recommended items for 296 

inclusion by registries that may facilitate standardization, analogous to the successful 297 

development and application of guidelines to improve the conduct and reporting of observational 298 

clinical research studies [46, 50]. 299 

Conclusion 300 
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In summary, arthroplasty registries may vary in PROMs collection and use because of variation 301 

in resources and goals in different health systems, but the surveyed registries had sufficient 302 

similarities in the use of PROMs that may provide a foundation toward harmonizing methods 303 

that may enable data integration and comparisons between countries and varied cultures. 304 

Variation between registries including PROMs selection, collection methods, and timing of 305 

surveys may be dictated by variation between health systems covered, resources available, and 306 

local use of survey data. The International Society of Arthroplasty Registries PROMs Working 307 

Group recommendations primarily serve to identify issues that may be important to most 308 

registries such as the need to make decisions about survey times and collection methods, select 309 

generic and joint-specific surveys, handle missing data and attrition, report data, and ensure 310 

representativeness of the sample. Transparent and detailed reporting of these issues by registries 311 

may enable the performance of high-quality studies using registry data and comparative analyses 312 

of data between different registries toward improving arthroplasty care globally.  313 
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