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Background and purpose — We aimed to systematically 
review studies of crosswalks for converting patient-reported 
outcome measure (PROM) scores used in joint replacement, 
and develop a database of published crosswalks.

Methods — 4 electronic databases were searched from 
January 2000 to May 2023 to identify studies reporting the 
development and/or validation of crosswalks to convert 
PROM scores in patients undergoing elective hip, knee, or 
shoulder replacement surgery. Data on study and sample 
characteristics, source and target PROMs, and crosswalk 
development and validation methods were extracted from 
eligible studies. Study reporting was evaluated using the 
Mapping onto Preference-based measures reporting Stan-
dards (MAPS) checklist.

Results — 17 studies describing 35 crosswalks were eli-
gible for inclusion. Unidirectional crosswalks were avail-
able to convert hip-specific (Oxford Hip Score [OHS]) and 
knee-specific (Oxford Knee Score [OKS]) scores to the EQ-
5D-3L/EQ-5D-5L. Similar crosswalks to convert disease-
specific scores (WOMAC) to the EQ-5D-3L, EQ-5D-5L, 
and ICECAP-O Capability Index were identified. Bidi-
rectional crosswalks for converting OHS and OKS to the 
HOOS-JR/HOOS-12 and KOOS-JR/KOOS-12, for convert-
ing WOMAC to the HOOS-JR/KOOS-JR, and for convert-
ing HOOS-Function/KOOS-Function to the PROMIS-Phys-
ical Function were also available. Additionally, crosswalks 
to convert generic PROM scores from the UCLA Activity 
Scale to the Lower Extremity Activity Scale in both direc-
tions were available. No crosswalks were identified for con-
verting scores in shoulder replacement. Development meth-
ods varied with the type of target score; most studies used 

regression, item response theory, or equipercentile equating 
approaches. Reporting quality was variable, particularly for 
methods and results items, impacting crosswalk application.

Conclusion — This is the first synthesis of published 
crosswalks for converting joint-specific (OHS, OKS, HOOS, 
KOOS), disease-specific (WOMAC), and generic PROMs 
scores (PROMIS-Physical Function, UCLA Activity Scale, 
Lower Extremity Activity Scale) used to assess joint replace-
ment outcomes, providing a resource for data harmoniza-
tion and pooled analysis. Crosswalks were developed using 
regression methods (9 studies), equipercentile equating 
methods (5 studies), a combination of equipercentile equat-
ing and item response theory methods (2 studies), and a com-
bination of regression and equipercentile equating methods 
(1 study). A range of crosswalk validation approaches were 
adopted, including the use of external datasets, separate sam-
ples or subsets, follow-up data from additional time points, 
or bootstrapped samples. Efforts are needed to standardize 
crosswalk methodology and achieve consistent reporting.

Despite standardization efforts [1,2], there remains substan-
tial international variation in patient-reported outcome mea-
sures (PROMs) used to assess joint replacement outcomes 
[3,4]. Most arthroplasty registries (64% of those recently sur-
veyed [3]) administer a defined set of PROMs instruments 
and adding further measures has implications for responder 
burden, data completeness, and resourcing. In this context, 
methods that can facilitate data harmonization and support the 
pooled analysis of PROMs data from arthroplasty registries or 
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clinical trials, without the need for additional data collection, 
are of potential value. Crosswalks are algorithms or scoring 
tables that enable a score from one PROM instrument to be 
converted (or “mapped”) to another PROM score. A variety 
of methods can be used to create crosswalks between PROMs, 
including equipercentile equating methods, item response 
theory methods and regression models (linear equating meth-
ods) [5-7]. While primary collection of PROMs data in the first 
instance will always be preferable, numerous crosswalks have 
been developed in recent years for PROMs instruments com-
monly used to assess joint replacement outcomes; for exam-
ple, crosswalks between the HOOS or KOOS instruments and 
Oxford Hip or Knee Scores, respectively [8-10]. Regulatory 
requirements or jurisdictional norms require arthroplasty reg-
istries in some regions to collect certain PROMs. For exam-
ple, in the United States, the KOOS-JR instrument is required 
to meet Center for Medicare and Medicaid Services require-
ments for knee replacements while in Europe the Oxford Knee 
Score is well accepted and used. Crosswalks may enable these 
groups to collaborate in ways otherwise not possible.

The extent of available crosswalks between generic, joint-
specific or disease-specific PROMs has not been systemati-
cally examined and whether consistent approaches have been 
used to generate or report these crosswalks is unknown. A 
recent systematic review examined studies across 17 broad 
disease areas that mapped scores from quality of life or clini-
cal measures to the EQ-5D health-related quality of life instru-
ment [11]. This information was used to generate a database of 
crosswalks to support future cost-utility analyses. To the best 
of our knowledge, a similar resource has not been developed 
for published crosswalks pertaining to joint replacement out-
comes. This systematic review aimed to synthesize contem-
porary evidence on crosswalks for converting PROMs scores 
used to assess hip, knee, and shoulder replacement outcomes. 
Specifically, we sought to understand: 
1. What crosswalks have been developed for PROMs that are 

used to assess joint replacement outcomes? 
2. What methods were used to develop and validate the cross-

walks? 
We also aimed to develop a freely available database of 

published crosswalks as an enduring resource for arthroplasty 
registries, clinicians, and researchers, to facilitate data harmo-
nization efforts and dataset pooling and analysis.

Methods
Study design
This study was a systematic review, reported according to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 checklist [12]. The protocol was 
registered on the Open Science Framework (https://osf.io/
b6fm7/), with a registered amendment to data extraction pro-
cedures in August 2023. 

Eligibility criteria
Studies were eligible for inclusion if they reported the devel-
opment and/or validation of crosswalks to convert a PROMs 
instrument score (scale and/or summary score[s]) to another 
PROMs instrument score (scale and/or summary score[s]) in 
patients undergoing elective primary or revision hip, knee, or 
shoulder replacement. Studies involving patients undergoing 
unilateral, bilateral, total, or unicompartmental joint replace-
ment were eligible. Studies involving mixed cohorts were 
eligible where the cohort included patients undergoing elec-
tive primary or revision joint replacement. We included stud-
ies reporting crosswalks for any PROMs instrument (includ-
ing generic, disease-specific, and joint-specific instruments) 
in any language, where the study was reported in English, 
Danish, Norwegian, Swedish, or German. Studies focusing 
solely on patients undergoing joint replacement for trauma 
(for example, for treatment of fractures) or malignancy were 
ineligible. Literature reviews, conference abstracts, abstract-
only publications, and grey literature were excluded.

Search methods
We searched the Medline (OVID), EMBASE, CINAHL, and 
PsychINFO databases from January 1, 2000 to May 1, 2023. 
The search strategy combined 3 concepts: joint replacement 
surgery, PROMs instruments, and crosswalks. Search terms 
relating to PROMs instruments were based on University of 
Oxford PROM Group recommendations [13] and adapted for 
the context of this review. Search terms relating to crosswalks 
were informed by the search strategy used for a systematic 
review of crosswalks involving the EQ-5D instrument [11]. 
Key terms were mapped to subject headings, where possi-
ble, and exploded to include subheadings and related terms. 
Appropriate customized terms and Boolean operators were 
used for greater sensitivity. To broadly identify crosswalks 
relating to any instrument with relevance to the assessment 
of joint replacement outcomes, the search strategy was not 
restricted to specific PROMs instruments. The search strat-
egy was initially developed for Medline and adapted for the 
other databases. A known set of relevant crosswalk studies in 
joint replacement settings [8-10] was used to test and refine the 
search strategy. The final search strategy and search yield is 
provided in Table S1 (see Supplementary data).

Eligibility screening
2 review authors (INA and YYF) independently screened the 
titles and abstracts of the identified papers in Covidence to 
determine eligibility for inclusion. Full texts of potentially 
eligible papers were reviewed independently by 2 authors 
(INA and YYF) to confirm eligibility. Any discordance was 
resolved through consensus and arbitrated by a third author 
(SES), where needed. 

Additional reference searching
The reference lists of included studies were reviewed to iden-
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tify further papers; a forward citation search was undertaken 
using Web of Science. Any potentially eligible studies were 
screened using methods described above.

Assessment of reporting of key information
In the absence of a quality assessment or risk of bias tool 
designed specifically for crosswalk studies, the 23-item MAp-
ping onto Preference-based measures reporting Standards 
(MAPS) checklist [14] was used to summarize the reporting 
of key information in the included studies. As specified by the 
developers, the MAPS checklist aims to promote clarity, trans-
parency, and completeness of reporting of mapping studies 
rather than assessing methodological quality. As the checklist 
was developed for crosswalks to utility scores, the wording of 
3 items (items 1, 17, and 18) was revised for the purpose of 
this review to refer to any score or target measure. 2 review 
authors (SES and LHI) independently assessed the reporting of 
information in the included studies according to MAPS check-
list items and discussed any disagreement to reach consensus. 
For each item, reporting was classified as “yes,” “partly” (as 
some checklist items include multiple elements), “no,” or “not 
applicable,” consistent with previous methods [11].

Data extraction 
Data was extracted using a standardized Excel form (Micro-
soft Corp, Redmond, WA, USA). 1 author (INA) extracted 
data from all included studies, and a second author (SES or 
LHI) independently extracted data from a randomly selected 6 
studies to confirm accuracy. The following data was extracted: 
• publication details: first author, year, journal, volume, issue, 

page numbers; 
• study details: design, country, setting, research aim(s), 

research question(s);
• sample details: sample size for estimation and/or validation 

cohorts, proportion of patients undergoing joint replace-
ment, primary/revision surgery, unicompartmental/total 
joint replacement, indication for surgery, descriptive statis-
tics for age and sex;

• PROMs details: description of source and target PROMs 
(language, version, scoring range, scoring direction), data 
collection time point(s); and 

• crosswalks details: crosswalk direction, development meth-
ods, validation methods, indicators of performance, accu-
racy, or error. 
Where reported, we extracted electronic links and/or the 

published location of crosswalk tables, algorithms or other 
resources for converting PROMs scores. 

Data synthesis
All data is reported descriptively and no meta-analysis was 
planned given the nature of this data.

Ethics, funding, data availability, and disclosures
Ethics approval was not required. Professor Ackerman was 

supported by a Monash University Faculty of Medicine, 
Nursing and Health Sciences Senior Postdoctoral Fellow-
ship. Dr Hallstrom’s institution receives partial salary sup-
port from Blue Cross Blue Shield of Michigan for his work 
as Director of the Michigan Arthroplasty Registry Collabora-
tive Quality Initiative (MARCQI). These institutions had no 
role in the study design, collection, analysis, and interpreta-
tion of data, in the writing of the manuscript, or in the deci-
sion to submit the manuscript for publication. All relevant 
data is available in the Tables, Supplementary data, and at the 
Open Science Framework as indicated. There are no conflicts 
of interests to declare. Complete disclosure of interest forms 
according to ICMJE are available on the article page, doi: 
10.2340/17453674.2024.41384

Results
Study screening 
1,678 papers were identified from the database searches, 
including 503 duplicates, which were removed (Figure 1). 
A total of 1,175 papers underwent title and abstract screen-
ing, and 1,151 were excluded at this stage. Of the 24 full-text 
papers screened, 10 were excluded as they did not meet the 
eligibility criteria. Through backwards and forwards citation 

Records identified (n = 1,678):
– EMBASE, 591
– OVID MEDLINE, 551
– CINAHL, 371
– PsycINFO, 165

Excluded
Duplicate records

n = 503

Excluded
Not relevant

n = 1,151

Records screened
n = 1,175

Full-text studies assessed
n = 24

Eligible studies
n = 14

Additional studies identified
from backwards and forwards 

citation searching
n = 4

Studies excluded (n = 10):
– wrong patient population, 4
– wrong study type, 4
– wrong publication type, 2

Excluded
Wrong study type

n = 1

Studies included in review
n = 17

Figure 1. Flow diagram of included studies.
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searching, an additional 4 papers were identified and screened; 
of these, 1 was excluded. In total, 17 studies met the inclusion 
criteria and were included in the review.

Characteristics of the included studies
Of the 17 studies, 7 were conducted in the United States (US), 
4 in the United Kingdom, 3 in Spain, 1 in Egypt, 1 in France, 
and 1 in Australia. The studies were predominantly con-
ducted in hospital or arthroplasty registry settings (Table 1). 
Sample sizes ranged from 105 to 79,523 patients. 12 studies 
exclusively involved patients undergoing hip or knee replace-
ment [8-10,15-23], 3 studies involved people with hip or knee 
osteoarthritis where a proportion underwent joint replacement 
[24-26], 1 study involved patients who were evaluated for hip 
replacement although some ultimately did not receive surgery 
[27], and 1 study involved patients with hip or knee osteoar-
thritis who required joint replacement [28]. Cohort character-
istics are reported in Table 1.

Reporting quality
Most studies reported key information of relevance in the title 
(16 studies), abstract (14 studies), and introduction (16 studies) 
(Table 2). However, the reporting of methods information was 
limited or absent in several studies; specifically, information 
pertaining to the external validation sample (partly reported 
or not reported in 6 studies), exploratory data analysis (partly 
reported or not reported in 8 studies), and the estimation of 
predicted scores or utilities (partly reported or not reported in 
6 studies). Descriptive information was reported in 12 stud-
ies (and partly reported in the remaining 5 studies) and model 
uncertainty was infrequently reported (only 5 studies reported 
or partly reported this). All studies reported comparisons with 
previous studies and most (15 studies) reported limitations; 
the scope of applications was only partly reported in 6 studies.

Available crosswalks 
The Oxford Knee Score (6 studies), Oxford Hip Score (5 
studies), and WOMAC Index (4 studies) were the most 
common source PROMs, while the EQ-5D instruments 

(either the 3-level or 5-level version) were the most common 
target PROM (7 studies) (Table 3). 10 studies reported uni-
directional crosswalks (from the source PROM to the target 
PROM), while 7 studies reported bidirectional crosswalks. An 
overview of the published crosswalks, categorized by source 
PROM, is provided in Figure 2. 

Multiple unidirectional crosswalks have been published to 
convert Oxford Hip Scores and Oxford Knee Scores to the 
EQ-5D-5L and EQ-5D-3L. According to Pinedo-Villanueva et 
al. [21], the mean EQ-5D-5L index score (Êi)  can be estimated 
from Oxford Hip Scores (OHSi)  using the following formula:

 
Êi  = –0.070 + (0.022 × OHSi);

In order to estimate EQ-5D-3L utility scores from Oxford 
Knee Scores, a mapping algorithm fitted using multinomial 
logistic regression can be applied using Excel and Stata code 
available online [16]. Similar crosswalks to convert disease-
specific measures such as the WOMAC to the EQ-5D-3L and 
EQ-5D-5L are also available. Using a 5-class mixture model, 
EQ-5D-3L utility scores can be reliably estimated using a cal-
culator available online [23]. In contrast, 2 equivalent algo-
rithms [24] can be used to map the WOMAC to the EQ-5D-5L 
(Êi):

  
Pain2 Pain3

1.   Êi  = 0.9516 + 0.0034*–––– – 0.0044*–––– – 0.0062*Function
 

Pain*Function
 100 104

–  0.0042*––––––––––;
 100

2.   Êi  = 1.4162*B – 0.4162;   

where  B = eA/(1 + eA);  
 

Pain3
and  A = 3.7265 – 0.0091*–––– – 0.1145*Function + 

 Function2 
104 

Function3
     0.1633*–––––– – 0.0948*––––––;
 100  104

Bidirectional crosswalks, mainly using equipercentile equat-
ing methods, to convert Oxford Hip Scores and Oxford Knee 

Source PROM: Hip-specific

Oxford Hip Score:
– EQ-5D-3L
– EQ-5D-5L
– HOOS-Function
– HOOS-JR
– HOOS-12

HOOS-Function:
– Oxford Hip Score
– PROMIS-Physical function

HOOS-JR:
– Oxford Hip Score
– WOMAC Index

HOOS-12:
– Oxford Hip Score

Source PROM: Knee-specific

Oxford Knee Score:
– EQ-5D-3L
– EQ-5D-5L
– KOOS-12
– KOOS-JR

KOOS-Function:
– PROMIS-Physical function

HOOS-JR:
– Oxford Knee Score
– WOMAC Index

KOOS-12:
– Oxford Knee Score

Original Knee Society Score:
– 2011 Knee Society Score

Source PROM: Disease-specific

WOMAC Index:
– ICECAP-O Capability Index
– EQ-5D-3L
– EQ-5D-5L
– HOOS-JR
– KOOS-JR

Source PROM: Generic

PROMIS-Physical function:
– HOOS-Function
– KOOS-Function

UCLA Activity Scale:
– Lower Extremity Activity Scale

Lower Extremity Activity Scale:
– UCLA Activity Scale

Figure 2. Overview of published crosswalks, by source instrument.
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Study Country Setting Sample size
% undergoing joint 
replacement

Type of joint 
replacement

Dia-
gnosis

Mean age 
(SD), years

% female/ 
women a

Bilbao 2020 [24] Spain 6 hospitals and 
21 primary care 
centers

758 20 at 6 months HR or KR 
(type NS)

OA 70 (11) 62

Clement 2022 [15] UK 2 arthroplasty data-
bases

Prediction 
cohort: 5,857
Validation 
cohort: 721

100 Primary TKR NR Prediction 
cohort: 71 (9) 
Validation 
cohort: 70 (9)

Prediction 
cohort: 62
Validation 
cohort: 56

Dakin 2013 [16] UK Randomized trial 
data plus PROMs 
dataset

Develop-
ment cohort: 
79,523 
Validation 
cohort: 4,505

100 Primary or 
revision TKR

NR NR NR

Fawaz 2023 [25] Egypt NR Estimation 
cohort: 456 
Validation 
cohort: 115

Estimation sample: 
13 (+ 24 b for TKR) 
Validation sample: 
24 (+ 18 b for TKR)

TKR (primary 
or revision 
NS)

OA Estimation 
cohort: 48 (13)
Validation 
cohort: 49 (14)

Estimation 
cohort: 70
Validation 
cohort: 81

Fleisher 2022 [17] USA Single institution 
arthroplasty registry

HC: 4,649
KC: 3,751

100 Primary THR 
or TKR

OA HC: 64 (11)
KC: 67 (10)

HC: 52
KC: 60

Ghomrawi 2017 
[18]

USA 2 arthroplasty 
registries from 1 
institution

HC: 403
KC: 364

100 Primary THR 
or TKR

NR HC: 66 (11)
KC: 67 (9) 

HC: 59
KC: 67

Heng 2021 [19] USA 2 academic medical 
centers and 2 com-
munity hospitals

1,003 100 Primary TKR 98% 
OA

67 (8) 60

Heng 2022 [27] USA 2 academic medical 
centers and 2 com-
munity hospitals

3,382 NR Primary THR OA 66 (11) 57

Martin-Fernandez 
2020 [26]

Spain Traumatology, 
rheumatology 
and primary care 
consultations in 3 
areas

HC: 361 
KC: 397

Baseline: 18 HR 
and 18 KR

THR or TKR 
(primary or 
revision NS)

OA HC: 68 (12)
KC: 71 (9)

HC: 47
KC: 30

Mitchell 2013 [28] UK Single hospital 105 100 requiring joint 
replacement

Primary HR or 
KR (type NS)

OA 70 (9) 49

Odum 2017 [20] USA 8 high-volume 
orthopedic clinics

815 100 Primary THR 96% 
OA

67 (9) 58

Pinedo-Villanueva 
2013 [21]

UK 4 acute National 
Health Service 
Trusts

1,719 100 Primary or 
revision THR

62% 
OA

70 (11) 64

Polascik 2020 [8] USA Hip registry (11 
surgeons) and knee 
registry (8 sur-
geons)

HC: 486
KC: 340

100 Primary THR 
or resurfacing 
HR or primary 
TKR or UKR

NR HC: 64 (11)
KC: 66 (9) 

HC: 48
KC: 54

Putman 2021 [9] France Tertiary care univer-
sity hospital

500 100 Primary THR OA or 
AVN

61 (14) 41

Soh 2022 [10] Australia National joint 
replacement 
registry

HC: 4,513 
KC: 5,942

100 Primary THR 
or TKR

OA HC: 66 (10) 
KC: 67 (9)

HC: 54
KC: 56

Tang 2022 [22] USA 2 academic medical 
centers and 2 com-
munity hospitals

3,667 100 Primary TKR NR 66 (11) 57

Wailoo 2014 [23] Spain 15 hospitals in 3 
regions

1,768 100 Primary HR or 
KR (type NS)

OA 69 (10) Unclear

a Reported according to the terminology used in each study (sex/gender). 
b Indicated but not further defined.
AVN: avascular necrosis; HC: hip cohort; HR: hip replacement; KC: knee cohort; KR: knee replacement; NR: not reported; NS: not specified; 
OA: osteoarthritis; THR: total hip replacement; TKR: total knee replacement; UKR: unicompartmental knee replacement.

Table 1. Characteristics of the included studies
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methods. All the studies that sought to convert PROMs scores 
to EQ-5D-3L or EQ-5D-5L utility scores did so using regres-
sion methods. Among the studies that used regression models, 
the types of models varied substantially; for example, gen-
eral linear models, tobit models, ordinary least squares, and 
quantile regression were used (Table 4, see Appendix). Across 
the included studies, crosswalk performance was assessed 
in a broad range of ways but was commonly evaluated by 
comparing actual and converted PROMs scores. Estimates 
of mean absolute error or root mean squared error were fre-
quently reported; other indicators of crosswalk performance 
included intraclass correlation coefficients, Pearson’s or 
Spearman’s correlation coefficients, Bland–Altman limits of 
agreement, R-squared values, and the proportion of accurate 
(or inaccurate) score predictions. There was no consistency in 
crosswalk validation approaches, which varied widely across 
the studies (Table 4, see Appendix). While some studies used 
external datasets, separate samples, or follow-up data from 
additional time points to validate their crosswalks, other stud-
ies used subsets of their crosswalk development cohorts or 
bootstrapped samples (resampling with replacement from the 
original cohort).

A database of published crosswalks, including details of 
study settings, samples, source, and target instruments and 
their scoring, and methods used for crosswalk development 
and validation, is provided in Supplementary data.

Discussion

This systematic review is the first to synthesize the available 
international evidence on crosswalks for converting PROMs 
scores used to assess hip and knee replacement outcomes. 
We found 35 published crosswalks, with hip- or knee-specific 
PROMs being the most common source instruments. The 
identified crosswalks provide a relatively simple mechanism 
for converting PROMs scores where these are not directly col-
lected, and for deriving preference-based utility scores from 
joint-specific or disease-specific scores. While primary data 
collection will always be preferable, these crosswalks can 
assist in aligning PROMs datasets to support pooled analysis 
and benchmarking, without expanding existing PROMs data 
collection or increasing responder burden. 

Our review identified substantial variation in the ways that 
crosswalks are developed and validated, and inconsistencies 
in how crosswalk performance (or accuracy, with respect 
to converted versus actual scores) is evaluated. A range of 
regression models, item response theory methods, and equi-
percentile equating approaches were used in the included 
studies. The observed variation in statistical methods likely 
relates to differences in the types of target instruments and 
scores. For example, mapping PROMs scores to the EQ-
5D-3L or EQ-5D-5L requires the use of regression methods 
to generate utility scores, rather than item response theory 

Table 2. Reporting of key information according to the MAPS checklist

   Reported?  Not
Checklist item a Yes Partly No applicable

Title and abstract    
    1. Title 16 1  
    2. Abstract 14 2 1 
Introduction    
    3. Study rationale 16 1  
    4. Study objective 16 1  
Methods    
    5. Estimation sample 14 3  
    6. External validation sample 1 4 2 10
    7. Source and target measures 16 1  
    8. Exploratory data analysis 9 5 3 
    9. Missing data 12 2 3 
  10. Modelling approaches 16 1  
  11. Estimation of predicted 
    scores or utilities 9 2 4 2
  12. Validation methods 14 2 1 
  13. Measures of model performance 12 2 1 2
Results    
  14. Final sample size(s) 15 2  
  15. Descriptive information 12 5  
  16. Model selection 14   3
  17. Model coefficients 8 2 1 6
  18. Uncertainty 3 2 4 8
  19. Model performance and face validity 15 2  
Discussion    
  20. Comparison with previous studies 17   
  21. Study limitations 15 2  
  22. Scope of applications 11 6  
Other    
  23. Additional information 17   

a See Petrou et al. [14] for a detailed description of the 
  recommendation for each item.
Numbers represent totals across the 17 included studies.
The ‘not applicable’ option was used for studies where methods per-
taining to the specific checklist item were not applied; for example, 
the reporting of external validation sample details was not applicable 
for studies that did not perform any external validation. 

Scores to HOOS scores (including HOOS-Function, HOOS-
JR, and HOOS-12 versions) and KOOS scores (including 
KOOS-Function, KOOS-JR and KOOS-12 versions) have 
also been published. Likewise, scoring tables to convert 
WOMAC scores to HOOS-JR and KOOS-JR are available. 
Details regarding the location of published crosswalk tables 
and links to online algorithms, calculators, and relevant code, 
where available, are outlined in Table S2 (see Supplementary 
data). 

Methods used to develop, assess, and validate the 
crosswalks
Substantial variation was identified in the methods used to 
develop the crosswalks. 9 studies exclusively used regression 
methods to develop the crosswalks while 5 studies exclusively 
used equipercentile equating methods (Table 4, see Appendix). 
Of the remainder, 2 studies used a combination of equipercen-
tile equating and item response theory methods, and 1 study 
used a combination of regression and equipercentile equating 
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or equipercentile equating methods. However, among the 
crosswalk studies that utilized regression approaches, there 
was still substantial variation in the type of model and use 
of interaction terms. Various methodological approaches 
have their unique advantages and limitations. For example, 
although item response theory methods may be advanta-
geous as different items from 2 PROMs instruments that 
measure the same construct can be calibrated on a shared 

underlying scale [5], they rely strongly on the assumption of 
unidimensionality. The assumption that one dominant trait 
is being measured would not be met by multidimensional 
PROMs instruments that concurrently assess joint pain, 
function, and/or quality of life. There is also some evidence 
(from joint replacement [19] and other clinical contexts [6]), 
to suggest that item response theory approaches can produce 
bias, compared with equipercentile equating methods. The 

Study Details of source instrument(s) Details of target instrument(s)
Crosswalk
direction

Time point(s) used for crosswalk 
development

Bilbao 2020 [24] WOMAC Index (Spanish version, 
24 items)

EQ-5D-5L (Spanish version, 5 
items; utility score derived from 
Spanish 

Unidirectional Baseline (preoperative for those 
who later underwent surgery)

Clement 2022 [15] Oxford Knee Score (12 items) EQ-5D-3L (5 items; utility score 
based on UK weights)

Unidirectional Preoperative and 1-year postop-
erative

Dakin 2013 [16] Oxford Knee Score (12 items) EQ-5D-3L (5 items; utility score 
based on UK weights)

Unidirectional Preoperative and up to 11 years 
postoperatively 

Fawaz 2023 [25] Oxford Knee Score (translated 
version NS), 12 items)

EQ-5D-5L (5 items; utility score 
based on weights from multiple 
countries)

Unidirectional NS

Fleisher 2022 [17] WOMAC Index (24 items) HOOS-JR (6 items)
KOOS-JR (7 items)

Bidirectional Preoperative and 2 years post-
operative

Ghomrawi 2017 
[18]

UCLA Activity Scale (10 items) Lower Extremity Activity Scale 
(18 items)

Bidirectional Preoperative and 2 years post-
operative

Heng 2021 [19] KOOS-Function (17 items from 
KOOS-PS or full KOOS) 

PROMIS-Physical function 
(version 1.0 SF 10a, 10 items)

Bidirectional Preoperative and postoperative 
(median 62 days after surgery) 

Heng 2022 [27] HOOS-Function (5 items) PROMIS-Physical function 
(version 10a, 10 items)

Bidirectional Preoperative or postoperative 
(timing NS)

Martin-Fernandez 
2020 [26]

Oxford Hip Score (Spanish 
version, 12 items)
Oxford Knee Score (Spanish 
version, 12 items)

EQ-5D-5L (5 items; utility score 
based on Spanish population 
weights)

Unidirectional Baseline (preoperative for those 
who later underwent surgery)

Mitchell 2013 [28] WOMAC Index (24 items) ICECAP-O Capability Index (5 
capability attributes)

Unidirectional Preoperative

Odum 2017 [20] Original Knee Society Score 
(number of items not specified)

2011 Knee Society Score (number 
of items not specified)

Unidirectional Either preoperative or post-oper-
ative (timing NS)

Pinedo-Villanueva 
2013 [21]

Oxford Hip Score (12 items) EQ-5D-3L (version inferred based 
on 243 health states; 5 items; util-
ity score based on UK value set)

Unidirectional Preoperative and 6-month post-
operative

Polascik 2020 [8] Oxford Hip Score (12 items) 
Oxford Knee Score (12 items)

HOOS-JR (6 items extracted from 
full HOOS)
KOOS-JR (7 items extracted from 
full KOOS)

Bidirectional Hip replacement: preoperative, 
6 months, and 1–6 years post-
operative
Knee replacement: preoperative, 
3 months, 6 months, and 1-year 
postoperative

Putman 2021 [9] Oxford Hip Score (French ver-
sion, 12 items)

HOOS-Function (French version, 
5 items extracted from full HOOS)
HOOS-JR (French version, 6 
items extracted from full HOOS)

Bidirectional Preoperative and postoperative 
(timing NS)

Soh 2022 [10] Oxford Hip Score (12 items)
Oxford Knee Score (12 items)

HOOS-12 (12 items)
KOOS-12 (12 items)

Bidirectional Preoperative and 6 months 
postoperative

Tang 2022 [22] KOOS-Function (7 items) PROMIS-Physical function 
(version 10a, 10 items)

Unidirectional Preoperative or post-operative 
(timing NS)

Wailoo 2014 [23] WOMAC Index (24 items) EQ-5D-3L (number of items not 
specified; utility score based on 
UK tariffs)

Unidirectional Preoperative, 3, 6, and 12 
months postoperative

Table 3. Source and target instruments

Information on the scoring range and direction of the source and target instruments, where reported, is provided in Supplementary file 2.
NS: not specified.
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advantage of regression models is that they allow equiva-
lent scores to be estimated based on the observed mean and 
standard deviation for each PROM, but this assumes a linear 
relationship between scores on the 2 scales and may produce 
predicted scores beyond the range of possible scores. Finally, 
the equipercentile equating approach (which is based on 
non-parametric ranking methods) has been shown to result in 
less systematic bias [6]. However, this approach requires that 
the source and target instruments measure the same construct 
and are moderately correlated [29]. It also requires both 
scales to have sufficient range to reliably distinguish differ-
ent percentiles [6]. The lack of consensus around the optimal 
statistical approach is evidenced by numerous included stud-
ies that used and compared multiple methods for crosswalk 
development [9,16,21,22,24-27]. Of the 3 included studies 
that used a combination of approaches, equipercentile equat-
ing methods showed either the lowest bias, smallest mean 
difference, or closest approximation of predicted to observed 
scores [9,22,27]. Where studies used multiple methods, the 
final crosswalks were often based on consideration of per-
formance across a set of indicators, such as error estimates 
and prediction accuracy. We are unaware of any guidance for 
assessing crosswalk appropriateness (with respect to whether 
constructs or domains in the source and target instruments 
are sufficiently similar), although we note many crosswalks 
in this review were between instruments measuring closely 
related constructs such as pain and function.

There was considerable variation in the reporting of MAPS 
checklist items, particularly for the reporting of methods and 
results. While not an indicator of study quality per se, the 
incomplete reporting of methodological information limits the 
ability to decide whether a published crosswalk is appropriate 
for use by others. The importance of transparent reporting of 
crosswalk measurement and conversion errors has also been 
noted previously [30]. We are aware of efforts by ISPOR to 
develop guidance for conducting, appraising, and using map-
ping studies to convert scores from non-preference-based 
measures to utility values for health economic analysis [31]. 
We are not aware of similar initiatives that focus on non-pref-
erence-based measures as target instruments, including those 
used to evaluate pain and function. It is noteworthy that of the 
17 studies included in this review, 8 were published in the past 
3 years. These efforts reflect burgeoning interest in crosswalk 
development in the joint replacement field and underscore the 
need to establish consensus around statistical methods and 
consistent reporting to ensure a high-quality evidence base. 
We are also aware of accelerating US efforts to develop cross-
walks between HOOS, KOOS, legacy joint-specific measures, 
and global pain and function measures of the Patient Reported 
Outcome Measurement Information System (PROMIS); these 
crosswalks are archived online [32].

Our joint replacement crosswalks database provides key 
details concerning study settings, sample characteristics, 
source and target PROMs, and crosswalk development and 

validation methods. To ensure practical value, the database 
provides links to available algorithms, code, and crosswalk 
tables that can be used to efficiently convert PROMs scores 
without technical input. We anticipate that this resource can 
be used within registry, clinical and research settings to allow 
group-level comparisons of previously collected PROMs data 
to promote data harmonization, enable pooled data analysis 
and support benchmarking efforts. However, given uncer-
tainty in score predictions across the included studies, we 
do not recommend that crosswalks be used at the individual 
patient level. We suggest that potential users of crosswalks 
test these in their own setting (using published crosswalks that 
were derived from broadly similar patient samples, in terms of 
demographic and clinical characteristics). We also recognize 
the need for further research to evaluate the generalizability 
of developed crosswalks by validating the crosswalks in other 
cohorts.

This systematic review has also been important for identify-
ing PROMs instruments for which multiple crosswalks already 
exist (to avoid future duplication of resources) and highlight-
ing areas where new crosswalks are needed. A major gap is 
the absence of crosswalks to convert PROMs scores in the 
setting of shoulder replacement surgery. Through our database 
searches, we did identify 1 study that reported a crosswalk to 
map the Oxford Shoulder Score onto the EQ-5D utility index 
[33]; however, it used data from 4 clinical trials in shoulder 
arthroscopy, proximal humeral fracture, rotator cuff disease, 
and adhesive capsulitis. These trials either did not include 
shoulder replacement or included it only for the treatment 
of fractures. Given marked growth in shoulder replacement 
populations internationally [34-36] and the potential benefits 
of data pooling (given the relatively small size of shoulder 
cohorts in arthroplasty registries), the development of cross-
walks for this patient group should be considered for situa-
tions where expanding the collection of PROMs data is not 
feasible. This could include crosswalks between the Oxford 
Shoulder Score and American Shoulder and Elbow Surgeons 
Score, which are used by multiple arthroplasty registries [3]. 

Strengths
Key strengths include the use of accepted methods for search-
ing, screening, data extraction, and evaluation of reporting. We 
considered all types of PROMS instruments with relevance to 
joint replacement and included studies involving people under-
going elective primary, revision, partial, or total joint replace-
ment. The review was not restricted to English-version PROMs 
instruments and the included studies came from 6 countries. 

Limitations
We also acknowledge the limitations. We focused on the pub-
lished peer-reviewed literature and recognize other crosswalks 
may be available from websites or reports. Other studies have 
generated crosswalks with potential relevance to joint replace-
ment outcome assessment (for example, crosswalks from the 
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SF-12 to the EQ-5D [37, 38]); however, they utilized general 
population samples and did not meet our inclusion criteria. 
Finally, we did not intend to assess the quality or appropri-
ateness of crosswalk development and validation methods as 
there are currently no criteria to enable this.

Conclusions
This systematic review identified 17 studies describing 35 
crosswalks for converting PROMs scores in joint replacement. 
These include crosswalks to convert hip-specific (Oxford Hip 
Score and HOOS variants), knee-specific (Oxford Knee Score 
and KOOS variants), disease-specific (WOMAC), and generic 
PROM scores (PROMIS-Physical Function, UCLA Activity 
Scale, and Lower Extremity Activity Scale), with the EQ-5D 
(3L or 5L) being the most common target instrument. Cross-
walks were developed using a range of approaches, including 
regression methods, equipercentile equating methods, item 
response theory methods, or a combination of these. Crosswalk 
validation methods varied across the studies and included the 
use of external datasets, separate samples or subsets, follow-
up data from additional time points, or bootstrapped samples. 
We did not find any crosswalks for converting PROM scores 
in shoulder replacement and this is a notable area for future 
research. While derived scores should never replace collected 
scores and crosswalks should be tested in local contexts, our 
database of published crosswalks represents a new resource 
for arthroplasty registries and researchers where modifying 
existing PROMs data collection procedures is not feasible. 
This resource can be updated as new crosswalks emerge and 
as further crosswalk validation studies are published. Efforts 
to standardize crosswalk development and validation and 
report these processes consistently will be helpful for facilitat-
ing future data harmonization. 

Supplementary data
Tables S1 and S2 and a detailed database of published cross-
walks are available as supplementary data on the article page, 
doi: 10.2340/17453674.2024.41384

INA: conceptualization, methodology, data curation, formal analysis, inves-
tigation, writing – original draft, writing – review and editing. SES and LHI: 
conceptualization, methodology, data curation, formal analysis, investiga-
tion, writing – review and editing. BRH: conceptualization, methodology, 
writing – review and editing. YYF: data curation, formal analysis, investi-
gation, writing – review and editing. PF: conceptualization, methodology, 
writing – review and editing. JL: methodology, writing – review and editing.

The authors would like to thank Micheline Turnau from the Canadian Insti-
tute for Health Information for her input into the development of the system-
atic review protocol and review of the manuscript.

Handling co-editors: Jeppe Vejlgaard Rasmussen and Robin Christensen
Acta thanks Alma B Pedersen and Anne Mørup-Petersen for help with peer 
review of this manuscript.

1. Rolfson O, Wissig S, van Maasakkers L, Stowell C, Ackerman I, 
Ayers D, et al. Defining an international standard set of outcome mea-
sures for patients with hip or knee osteoarthritis: Consensus of the Inter-
national Consortium for Health Outcomes Measurement Hip and Knee 
Osteoarthritis Working Group. Arthritis Care Res 2016; 68(11): 1631-9. 
doi: 10.1002/acr.22868.

2. Rolfson O, Bohm E, Franklin P, Lyman S, Denissen G, Dawson J, et 
al. Patient-reported outcome measures in arthroplasty registries. Report 
of the Patient-Reported Outcome Measures Working Group of the Inter-
national Society of Arthroplasty Registries Part II. Recommendations 
for selection, administration, and analysis. Acta Orthop 2016; 87(Suppl 
362): 9-23. doi: 10.1080/17453674.2016.1181816.

3. Bohm E R, Kirby S, Trepman E, Hallstrom B R, Rolfson O, Wilkin-
son J M, et al. Collection and reporting of patient-reported outcome 
measures in arthroplasty registries: multinational survey and recom-
mendations. Clin Orthop Rel Res 2021; 479(10): 2151-66. doi: 10.1097/
CORR.0000000000001852.

4. Ingelsrud L H, Wilkinson J M, Overgaard S, Rolfson O, Hallstrom B, 
Navarro R A, et al. How do patient-reported outcome scores in interna-
tional hip and knee arthroplasty registries compare? Clin Orthop Rel Res 
2022; 480(10): 1884-96. doi: 10.1097/CORR.0000000000002306.

5. ten Klooster P M, Oude Voshaar M A H, Gandek B, Rose M, Bjorner 
J B, Taal E, et al. Development and evaluation of a crosswalk between 
the SF-36 physical functioning scale and Health Assessment Question-
naire disability index in rheumatoid arthritis. Health Qual Life Outcomes 
2013; 11(1):199. doi: 10.1186/1477-7525-11-199.

6. Marrie R A, Dufault B, Tyry T, Cutter G R, Fox R J, Salter A. Devel-
oping a crosswalk between the RAND-12 and the Health Utilities Index 
for multiple sclerosis. Multiple Sclerosis J 2020; 26(9): 1102-10. doi: 
10.1177/1352458519852722.

7. Rothmund M, Pilz M J, Schlosser L, Arraras J I, Groenvold M, Hol-
zner B, et al. Equipercentile equating of scores from common patient-
reported outcome measures of physical function in patients with cancer. J 
Clin Epidemiol 2024; 165: 111203. doi: 10.1016/j.jclinepi.2023.10.019.

8. Polascik B A, Hidaka C, Thompson M C, Tong-Ngork S, Wagner J 
L, Plummer O, et al. Crosswalks between knee and hip arthroplasty 
short forms: HOOS/KOOS JR and Oxford. J Bone Joint Surg Am 2020; 
102(11): 983-90. doi: 10.2106/JBJS.19.00916.

9. Putman S, Preda C, Girard J, Duhamel A, Migaud H. Mapping and 
crosswalk of the Oxford Hip Score and different versions of the Hip Dis-
ability and Osteoarthritis Outcome Score. Clin Orthop Rel Res 2021; 
479(7): 1534-44. doi: 10.1097/CORR.0000000000001675.

10. Soh S E, Harris IA, Cashman K, Graves S E, Ackerman I N. Cross-
walks between the Oxford Hip and Knee Scores and the HOOS-12 and 
KOOS-12 instruments. Osteoarthritis Cartilage 2022; 30(4): 570-7. doi: 
10.1016/j.joca.2022.01.004.

11. Dakin H, Abel L, Burns R, Yang Y. Review and critical appraisal of 
studies mapping from quality of life or clinical measures to EQ-5D: an 
online database and application of the MAPS statement. Health Qual Life 
Outcomes 2018; 16(1): 31. doi: 10.1186/s12955-018-0857-3.

12. PRISMA. PRISMA checklist. Available from: http://prisma-statement.
org/PRISMAstatement/checklist.aspx (accessed February 13, 2024).

13. University of Oxford Patient-Reported Outcome Measurement 
Group. PROM Group construct and instrument type filters February 
2010. Available from: https://cosmin.nl/wp-content/uploads/prom-
search-filter-oxford-2010.pdf (accessed March 23, 2023).

14. Petrou S, Rivero-Arias O, Dakin H, Longworth L, Oppe M, Froud 
R, et al. Preferred reporting items for studies mapping onto preference-
based outcome measures: the MAPS Statement. Pharmacoeconomics 
2015; 33(10): 985-91. doi: 10.1007/s40273-015-0319-2.

15. Clement N D, Afzal I, Peacock C J H, MacDonald D, Macpherson G 
J, Patton J T, et al. Mapping analysis to predict the associated EuroQol 
five-dimension three-level utility values from the Oxford Knee Score: a 
prediction and validation study. Bone Jt Open 2022; 3(7): 573-81. doi: 
10.1302/2633-1462.37.BJO-2022-0054.R1.



Acta Orthopaedica 2024; 95: 512–523 521

16. Dakin H, Gray A, Murray D. Mapping analyses to estimate EQ-5D 
utilities and responses based on Oxford Knee Score. Qual Life Res 2013, 
22(3): 683-94. doi: 10.1007/s11136-012-0189-4.

17. Fleisher I T, Thompson M C, Mensah C J, Joseph A D, McLawhorn 
A S, Padgett D E, et al. Development and validation of crosswalks 
between the Western Ontario & McMaster Universities Osteoarthri-
tis Index and Hip Disability and Osteoarthritis Outcome Score Joint 
Replacement/Knee Injury and Osteoarthritis Outcome Score Joint 
Replacement. J Arthroplasty 2022; 37(6): 1034-9. doi: 10.1016/j.
arth.2021.11.009.

18. Ghomrawi H M, Lee Y Y, Herrero C, Joseph A, Padgett D, Westrich 
G, et al. A crosswalk between UCLA and Lower Extremity Activity 
scales. Clin Orthop Relat Res 2017; 475(2): 542-8. doi: 10.1007/s11999-
016-5130-7.

19. Heng M, Tang X, Schalet B D, Collins A K, Chen A F, Melnic C M, 
et al. Can the Knee Outcome and Osteoarthritis Score (KOOS) Func-
tion subscale be linked to the PROMIS Physical Function to crosswalk 
equivalent scores? Clin Orthop Relat Res 2021; 479(12): 2653-64. doi: 
10.1097/CORR.0000000000001857.

20. Odum S M, Fehring T K and the Knee Society Crosswalk Writing 
Group. Can original Knee Society Scores be used to estimate new 2011 
Knee Society Scores? Clin Orthop Relat Res 2017; 475(1): 160-7. doi: 
10.1007/s11999-016-4886-0.

21. Pinedo-Villanueva R A, Turner D, Judge A, Raftery J P, Arden N K. 
Mapping the Oxford Hip Score onto the EQ-5D utility index. Qual Life 
Res 2013; 22(3): 665-75. doi: 10.1007/s11136-012-0174-y.

22. Tang X, Schalet B D, Heng M, Lange J K, Bedair H S, O’Brien T 
M, et al. Linking the KOOS-PS to PROMIS Physical Function in knee 
patients evaluated for surgery. J Am Acad Orthop Surg 2022; 30(6): 
281-9. doi: 10.5435/JAAOS-D-21-00461.

23. Wailoo A, Hernandez Alava M, Escobar Martinez A. Modelling the 
relationship between the WOMAC Osteoarthritis Index and EQ-5D. 
Health Qual Life Outcomes 2014; 12: 37. doi: 10.1186/1477-7525-12-37.

24. Bilbao A, Martin-Fernandez J, Garcia-Perez L, Arenaza J C, Ariza-
Cardiel G, Ramallo-Farina Y, et al. Mapping WOMAC onto the EQ-
5D-5L Utility Index in patients with hip or knee osteoarthritis. Value 
Health 2020; 23(3): 379-87. doi: 10.1016/j.jval.2019.09.2755.

25. Fawaz H, Yassine O, Hammad A, Bedwani R, Abu-Sheasha G. Map-
ping of disease-specific Oxford Knee Score onto EQ-5D-5L utility index 
in knee osteoarthritis. J Orthop Surg Res 2023; 18(1): 84. doi: 10.1186/
s13018-023-03522-0.

26. Martin-Fernandez J, Morey-Montalvo M, Tomas-Garcia N, Martin-
Ramos E, Munoz-Garcia J C, Polentinos-Castro E, et al. Mapping 
analysis to predict EQ-5D-5 L utility values based on the Oxford Hip 
Score (OHS) and Oxford Knee Score (OKS) questionnaires in the Span-
ish population suffering from lower limb osteoarthritis. Health Qual Life 
Outcomes 2020; 18(1): 184. doi: 10.1186/s12955-020-01435-8.

27. Heng M, Stern B Z, Tang X, Schalet B D, Collins A K, Chen A F, 
et al. Linking Hip Disability and Osteoarthritis Outcome Score-Physical 
Function Short Form and PROMIS Physical Function. J Am Acad Orthop 
Surg 2022; 30(15) :e1043-e1050. doi: 10.5435/JAAOS-D-21-00736.

28. Mitchell P M, Roberts T E, Barton P M, Pollard B S, Coast J. Predict-
ing the ICECAP-O Capability Index from the WOMAC Osteoarthritis 
Index: is mapping onto capability from condition-specific health status 
questionnaires feasible? Med Decis Making 2013; 33(4): 547-57. doi: 
10.1177/0272989X12475092.

29. Dorans N J. Equating methods and sampling designs. Appl Meas Educ 
1990; 3(1): 3-17.

30. Kendir C, de Bienassis K, Slawomirski L, Klazinga N, Turnau M, 
Terner M, et al. International assessment of the use and results of 
patient-reported outcome measures for hip and knee replacement sur-
gery: findings of the OECD Patient-Reported Indicator Surveys (PaRIS) 
Working Group on hip and knee replacement surgery. OECD Health 
Working Papers No 148. Paris: Organization for Economic Co-operation 
and Development; 2022.

31. Wailoo A J, Hernandez-Alava M, Manca A, Mejia A, Ray J, Craw-
ford B, et al. Mapping to estimate health-state utility from non-prefer-
ence-based outcome measures: an ISPOR Good Practices for Outcomes 
Research Task Force Report. Value Health 2017; 20(1): 18-27. doi: 
10.1016/j.jval.2016.11.006.

32. PROsetta Stone. Available from: https://www.prosettastone.org/ 
(accessed February 13, 2024).

33. Valsamis E M, Beard D, Carr A, Collins G S, Brealey S, Rangan A, 
et al. Mapping the Oxford Shoulder Score onto the EQ-5D utility index. 
Qual Life Res 2023; 32(2): 507-18. doi: 10.1007/s11136-022-03262-4.

34. Klug A, Herrmann E, Fischer S, Hoffmann R, Gramlich Y. Projec-
tions of primary and revision shoulder arthroplasty until 2040: facing 
a massive rise in fracture-related procedures. J Clin Med 2021; 10(21): 
5123. doi: 10.3390/jcm10215123.

35. Padegimas E M, Maltenfort M, Lazarus M D, Ramsey M L, Wil-
liams G R, Namdari S. Future patient demand for shoulder arthroplasty 
by younger patients: national projections. Clin Orthop Relat Res 2015; 
473(6): 1860-7. doi: 10.1007/s11999-015-4231-z.

36. Wagner E R, Farley K X, Higgins I, Wilson J M, Daly C A, Gott-
schalk M B. The incidence of shoulder arthroplasty: rise and future pro-
jections compared with hip and knee arthroplasty. J Shoulder Elbow Surg 
2020; 29(12): 2601-9. doi: 10.1016/j.jse.2020.03.049.

37. Sullivan P W, Ghushchyan V. Mapping the EQ-5D index from 
the SF-12: US general population preferences in a nationally rep-
resentative sample. Med Decis Making 2006; 26(4): 401-9. doi: 
10.1177/0272989X06290496.

38. Le Q A. Probabilistic mapping of the health status measure SF-12 onto the 
health utility measure EQ-5D using the US-population-based scoring models. 
Qual Life Res 2014; 23(2): 459-66. doi: 10.1007/s11136-013-0517-3.



Acta Orthopaedica 2024; 95: 512–523  522

Study Development methods Validation methods Assessment of crosswalk performance 

Bilbao 2020 [24] 3 approaches: 
• general linear models
• tobit models
• beta models 

6-month follow-up data was used to 
validate the preferred models 

• goodness-of-fit measures were used to 
   select the preferred model per approach 
• mean absolute error
• root mean squared error
• intra-class correlation coefficients

Clement 2022 [15] Generalized linear regression 
analyses

Separate validation cohort was used; 
generalized linear regression analyses 
were used to predict utility scores for 
the modelling cohort and the validation 
cohort 

• difference between predicted and actual  
   utility scores 
• Bland-Altman limits of agreement 

Dakin 2013 [16] 4 approaches: 
• ordinary least squares
  regression
• generalized linear models 
  with log link or gamma family
• fractional logistic models 

External dataset was used to test the 
different mapping models with a full set 
of interaction terms

• mean squared error 
• mean absolute error

Fawaz 2023 [25] 4 approaches: 
• cumulative probability for 
  ordinal data
• penalized ordinal regression
• classification and regression 
  trees
• ordinal random forest

External validation sample was used to 
determine accuracy

• proportion of accurate predictions
• mean absolute errors 
• mean squared error 

Fleisher 2022 [17] Equipercentile equating method 
using 70% of the full cohort

Preliminary validation using scores 
from the remaining 30% of the full 
cohort, then validated using 100 
bootstrap samples with replacement for 
each crosswalk cohort 

• comparison of actual vs derived scores
• Spearman’s rank correlation coefficients
• root mean square errors

Ghomrawi 2017 
[18]

Equipercentile equating method • comparison of mean actual vs converted 
  scores
• comparison of standard response means 
  for actual vs converted scores; 
• area under the receiver operating 
  characteristic curve (to assess 
  discrimination ability) 

Heng 2021 [19] Equipercentile approach, with 
and without polynomial functions 
to smooth score distributions  

Separate validation dataset not used • comparison of derived vs observed 
  T-scores
• mean and standard deviation of differences 
  between scores
• intraclass correlation coefficients 
• Bland-Altman plots

Heng 2022 [27] 4 methods: 
•  equipercentile approach: with 
   and without loglinear smoothing 
•  IRT-based methods: fixed item 
   parameter calibration method 
•  separate parameter calibration
   method with Stocking-Lord   
   constants 

All available data points were used 
to validate the selected crosswalks in 
the non-surgical, pre-operative and 
post-operative subgroups using the 
Stocking-Lord approach

• Pearson correlations between observed 
  and linked T-scores
• mean and standard deviation of differences 
  between T-scores
• root mean squared difference

Martin-Fernandez 
2020 [26]

4 methods: 
• ordinary least squares model
• tobit regression models
• generalized linear models
• beta regression models 

Validation sample was used; intra-
class correlation coefficients used to 
test relationship between predicted 
and observed values; mean absolute 
error and mean squared error used to 
assess predictions; Bland-Altman plots 
used to ascertain agreement between 
observed and predicted values

• distribution of residuals
• coefficients of determination
• standard error of the coefficients
• intraclass correlation coefficients
• mean absolute errors 
• mean squared error

Table 4. Methods used to develop, validate, and assess the crosswalks

Appendix
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Study Development methods Validation methods Assessment of crosswalk performance 

Mitchell 2013 [28] 2 methods:
• ordinary least squares model
• multinomial logistic regression 
  model

Follow-up data (1-year and 3-year 
postoperatively) were used to validate 
the predictions using ordinary least 
squares regression and multinomial 
logistic regression models; error was 
evaluated using mean absolute error, 
mean squared error and R-squared 
metrics

• mean absolute error
• mean squared error 
• goodness of fit 

Odum 2017 [20] Regression models 10-fold cross-validation where 10 dif-
ferent, equally sized data sets were 
randomly constructed from the overall 
dataset. Error between predicted and 
actual scores was measured for each 
of the 10 data sets

• mean absolute error
• mean error
• proportion of observations with errors 
  >10 points relative to the minimal clinically
  important difference
• Bland-Altman plots of agreement between
  observed and estimated scores

Pinedo-Villanueva 
2013 [21]

4 methods: 
• linear regression using 
  continuous predictor data 
• linear regression using 
  categorical predictor data
• combined logistic/linear 
  regression
• response mapping

• internal validation using the estimation 
  dataset  
• external validation using a subset of 
  the original cohort 

• difference between observed means and 
   fitted means
• range of residuals
• % within 0.10 utility points of the observed 
  score 
• R-squared
• root mean square error
• mean absolute error
• linear correlation between observed and    
  fitted utility scores 

Polascik 2020 [8] Equipercentile equating method • comparison of mean actual vs derived 
  scores
• Spearman correlation coefficients for each 
  timepoint and overall
• root mean square error for actual and 
  derived score distributions

Putman 2021 [9] 5 methods: 
• linear regression
• tobit regression
• quantile regression
• linear equating
• equipercentile equating

Cross-validation using 100 bootstrap 
iterations with ≤500 individuals ran-
domly drawn with replacement from the 
study cohort

• mean absolute error
• R-squared 
• Kolmogorov-Smirnov distance

Soh 2022 [10] Equipercentile equating method, 
with score distribution smoothed 
using log-linear models

Validation sample (a random one-third 
of each of the total hip replacement and 
total knee replacement cohorts) was 
used to evaluate crosswalk performance 

• comparison of mean actual vs derived 
  scores
• Pearson correlation coefficients
• root mean square errors 
• Bland-Altman plots

Tang 2022 [22] 5 methods: 
• fixed-parameter calibration
• separate-parameter calibration 
  with Stocking-Lord constants
• calibrated projection
• equipercentile methods with 
  log-linear smoothing
• equipercentile methods with 
  non-smoothing

Validated in a larger sample with the 
non-surgical, preoperative and post-
operative groups, and in an external 
sample 

• mean difference
• standard deviation 
• root mean squared deviation of score
  differences
• intraclass correlation coefficient for
  observed vs derived T-scores

Wailoo 2014 [23] 2 methods: 
• mixture model
• linear model

None specified • mean absolute error
• root mean squared error
• Akaike Information Criterion
• Bayesian Information Criterion 
• comparison of mean, median, standard 
  deviation, minimum and maximum scores,
  proportion of highest scores

Table 4 continued


