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Abstract
Background and Objective: Recently, a consensus process specified a core out-
come set (COS) of domains to be assessed in each comparative effectiveness re-
search and clinical practice related to acute postoperative pain. Physical function 
(PF) was one of these domains. The aim of this review was to investigate which 
patient-reported outcome measures (PROMs) are used to assess PF after total 
knee arthroplasty (TKA) in clinical trials and if they fulfil basic requirements for 
a COS of PROMs based on their psychometric properties.
Methods: A systematic review of randomized controlled trials and observational 
studies based on a search in MEDLINE, EMBASE and CENTRAL was under-
taken. PROMs and performance measures were extracted and investigated, in-
cluding evaluation of psychometric properties of PROMs based on COSMIN 
recommendations.
Results: From initially 2896 identified records, 479 studies were included in the 
qualitative synthesis. Only 87 of these trials (18%) assessed PF using PROMs, 
whereas especially performance outcome measures were used in 470 studies 
(98%). Application of the ‘COSMIN Risk-of-Bias-Box 1’ to 13 of the 14 identified 
PROMs resulted in insufficient content validity of the included PROMs regarding 
the target population based on the inauguration or development articles.
Conclusion: Our data indicate that a patient-centred postoperative assessment 
of PF in pain-related clinical trials early after TKA is not common, even though 
patient-reported assessment is widely recommended. In addition, none of the ap-
plied PROMs shows content validity based on their inauguration or development 
articles for the assessment of postoperative pain-related PF after TKA.
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1   |   INTRODUCTION

Postsurgical pain is often insufficiently managed (Vollert 
et al., 2024), leading to acute and long-term complications 
including impaired recovery, chronic postsurgical pain 
and persistent opioid use—the latter exacerbating the opi-
oid crisis (Brat et al., 2018; Lawal et al., 2020; Rosenberger 
& Pogatzki-Zahn,  2022). Orthopaedic surgeries, notably 
total knee arthroplasty (TKA), have particularly high 
rates of severe acute postsurgical pain (Vollert et al., 2024) 
and persistent opioid use (Kent et  al.,  2019; Sitter & 
Forget, 2021). Optimizing pain management for surgeries 
like TKA is essential to reduce suffering and prevent long-
term repercussions.

Clinical practice guidelines and evidence-based rec-
ommendations for perioperative pain management are 
based on Randomized Controlled Trials (RCTs) with con-
siderable limitations (Terkawi et  al.,  2017). The quality 
of outcome assessment in trials is crucial for interpreting 
study results, synthesizing data, drawing meta-analyses 
and future allocations of patients (Kersting et  al.,  2020; 
Pogatzki-Zahn et al., 2019). However, the observable lack 
of standardization, and consequently, the heterogeneity in 
outcome assessment across clinical trials hampers com-
parability of results. Inconsistent use of outcome mea-
sures, especially of patient-reported outcome measures 
(PROMs), and the lack of adequate development and con-
tent validity for their corresponding indication, further 
complicate matters (Chiarotto et  al.,  2018). Establishing 
core outcome sets (COSs) aims to harmonize outcome as-
sessment (Kirkham et al., 2017; Williamson et al., 2017). 
The process of defining COS of outcome domains (what to 
measure) and subsequently of outcome measures for the 
respective domains (how to measure) is guided by system-
atic literature reviews, evidence synthesis and finally, a 
multi-stakeholder consensus process. Appropriate psycho-
metric properties of PROMs are required for inclusion in 
future COS (Prinsen et al., 2016; Williamson et al., 2017). 
Following the consensus-based standards for the se-
lection of health measurement instruments (COSMIN) 
initiative, these are validity, reliability, sensitivity and, 
essentially, content validity (sufficient assessment of the 
construct of interest). If content validity cannot be con-
firmed, other psychometric properties should not be eval-
uated (Mokkink et al., 2010; Patrick et al., 2011; Prinsen 
et al., 2018; Terwee et al., 2018).

We recently started a core outcome measures in effec-
tiveness trials (COMET) initiative-guided development 
process of a COS of PROMs for perioperative management 
of acute postsurgical pain for several types of surgery in-
cluding TKA within the Innovative Medicines Initiative's 
(IMI) PainCare subproject PROMPT (PROMs to im-
prove management of acute and chronic pain) (Kaiser 
et  al.,  2020). Facing the heterogeneous and inconsistent 
outcome assessment in perioperative pain trials related to 
TKA among others (Bigalke et al., 2021), an international 
and interdisciplinary consensus panel recommended five 
core outcome domains, including physical function (PF; 
with complete agreement by all stakeholder groups and 
suggestions to consider surgery-specific PROMs), pain 
intensity, self-efficacy and adverse events (Pogatzki-Zahn 
et al., 2021).

The primary aim of this investigation was to systemat-
ically identify and analyse PROMs for the domain of PF 
used in clinical studies evaluating effectiveness of pain 
management post-TKA. The second step was to evaluate 
psychometric properties of the retrieved PROMs and the 
quality of their developmental process, including content 
validity, based on the respective inauguration articles fol-
lowing COSMIN guidelines.

2   |   METHODS

The study protocol was designed and registered in ad-
vance (PROSPERO: CRD42020148012). For reporting, we 
followed the preferred reporting items for systematic re-
views (PRISMA) statement (Liberati et al., 2009).

The IMI PainCare PROMPT COS Initiative is reg-
istered via COMET database (https://​www.​comet​-​initi​
ative.​org/​Studi​es/​Detai​ls/​1731).

2.1  |  Inclusion and exclusion criteria

Eligibility criteria were predefined according to the 
PICOS scheme (Table S1) and documented in the proto-
col. We considered prospective randomized controlled 
or observational trials, including at least 20 adult partici-
pants who had undergone TKA surgery on one or both 
knees. In the case of mixed surgery samples (e.g. TKA 
and total hip replacement), studies were only included if 

Significance: A systematic search for patient-reported outcome measures as-
sessing postoperative, pain-related physical function after total knee arthroplasty 
in clinical trials and assessment of their content validity revealed none that ful-
filled requirements based on COSMIN recommendations.
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a subgroup analysis of the TKA data was performed. The 
studied interventions had to be pain related as indicated 
by postsurgical pain intensity used as a primary or sec-
ondary outcome. Furthermore, the intervention had to be 
part of the surgical procedure or an additional medicinal, 
physiotherapeutic, psychological or any other treatment. 
Besides pain intensity, PF had to be measured as an out-
come within the first 2 weeks after surgery.

Because the definition of PF includes the ‘ability’ to 
carry out activities, we searched not only for PROMs but 
also for ‘performance outcome measures’ (PerfOMs) and 
‘clinician reported outcome measures’ (ClinROMs).

2.2  |  Information source and 
search strategy

Studies were identified by searching EMBASE (via Ovid), 
MEDLINE (via PubMed) and CENTRAL databases. The 
search was conducted without date limitation and run 
in April 2022 (an updated search from December 2023 is 
shown in Figure S1; Appendix S1). Initially, we created 
a search string for application on PubMed (Methods 
S1) and adapted it for use in EMBASE and CENTRAL. 
Search terms included MeSH terms (if applicable) and 
free-text terms regarding pain, TKA, PF, study design 
and language.

2.3  |  Study selection

After removing duplicates, predefined eligibility criteria 
(PICOS; Table S1) were applied independently by four re-
viewers (DCR, HH, KS and SB) to all potentially relevant 
titles and abstracts. After title–abstract screening, the re-
maining studies were screened as full texts by three in-
dependent reviewers (DCR, DH and HH). Any conflicts 
were adjudicated by all reviewers or under supervision of 
EPZ in case of remaining disagreement. We did not ap-
praise the methodological quality of trials because our 
focus was on identifying common instruments measuring 
PF in clinical trials and observational studies after TKA, 
rather than assessing the efficacy of interventions.

2.4  |  Data extraction

Data extraction was conducted by the same review-
ers (DCR, DH and HH). The employed data extraction 
sheet was pilot tested on 10% of the included studies and 
adapted accordingly. Data extracted referred to (i) gen-
eral study characteristics, (ii) information about the pain-
related intervention and (iii) the outcome assessment 

concerning PF (Table S2). To complete the list of potential 
instruments for the IMI COS, we additionally extracted 
the time period of PROM assessment distinguishing be-
tween ‘within 2 weeks after surgery’ or later.

2.5  |  Data synthesis

2.5.1  |  Patient-reported outcome measures

For each PROM identified in the reviewed trials, we sub-
sequently examined their relevance using the following 
three steps (Figure S2):

Step 1: Identification of relevant PROMs
All articles were hand searched as full texts and the follow-
ing eligibility criteria were applied: First, the instrument 
had to contain at least one item which corresponded to the 
FDA definition of ‘patient-reported’ (U.S. Department of 
Health et al., 2006). Instruments using only objective or 
clinician-reported measurement methods were excluded. 
Second, the instrument had to contain at least one item 
which assessed PF. Instruments assessing related con-
structs (e.g. pain interference and fatigue) were excluded. 
Third, all items assessing PF had to do this site specifically 
for the lower extremities. In case there was any ambigu-
ity regarding these criteria, instruments were initially in-
cluded. Eligibility was further discussed during the next 
steps.

Step 2: Identification of development or inauguration 
articles for identified PROMs
For all PROMs passing step 1, we hand-searched articles 
about the PROM's development process for further data 
extraction and in order to evaluate content validity (see 
Step 3 and Figure S2). For each article, a further extrac-
tion sheet was developed (incl. pilot testing and adaption) 
(Table S3). The relevant data for extraction included gen-
eral study characteristics, as well as detailed information 
regarding the assessed construct and population in which 
PROMs were validated.

Step 3: Evaluation of psychometric properties of the 
included PROMs
First, we evaluated if the population in which each PROM 
had been developed matched our population of interest. 
The aim was to examine content validity for patients in the 
acute postoperative stage after TKA of each PROM based 
on the inauguration or development article. Second, to ad-
dress the aspect of construct, we compared the description 
of PF used in the PROMs' inauguration studies with the 
definition agreed upon by the IMI PainCare PROMPT COS 
steering committee. Finally, we investigated, according to 
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the COSMIN checklists, the quality of the development 
process by using COSMIN Risk of Bias Checklist—Box 1 
and, if applicable due to a good or at least decent quality of 
the development process of the PROM, content validity of 
relevant PROMs using the user manual (v1.0) ‘COSMIN 
methodology for assessing the content validity of PROMS’ 
(accessible: https://​cosmin.​nl/​wp-​conte​nt/​uploa​ds/​
COSMI​N-​metho​dolog​y-​for-​conte​nt-​valid​ity-​user-​manua​
l-​v1.​pdf) (Terwee et al., 2018).

By answering the following questions, we identified 
indications of the development process of the PROM and 
content validity related to the indication of the present 
aim (acute pain after TKA) (Reeve et  al.,  2013; Terwee 
et al., 2018), when development or inauguration articles 
were available for a single PROM. First, the target popu-
lation of the PROM was assessed (questions were as fol-
lows: What kind of patients are addressed by the PROM? 
Do they match with our population of interest regarding 
diagnosis (TKA) and clinical timeframe of 2 weeks after 
surgery?). Second, data on participants of PROM devel-
opment studies were extracted and compared with the 
future target population of the COS application, which 
are patients with acute pain, receiving perioperative pain 
management within the first 2 weeks after surgery (TKA). 
Here, a construct of the PROM (conceptual framework 
and/or conceptual model) was evaluated (questions were 
as follows: Is the underlying concept and/or definition of 
the PROM explained? Does the description of PF for the 
PROM development (if applicable) conceptually match 
with the PROMIS definition chosen by the IMI PainCare 
PROMPT COS steering committee?). The reporting of 
an explicitly described conceptual model, framework or 
definition was extracted and, if available, compared with 
the definition of IMI PROMPT for PF (see above). Third, 
the study quality of the PROM development or inaugu-
ration article was evaluated by using the COSMIN Risk 
of Bias Checklist—Box  1 guided the evaluation of the 
developmental process if sufficiently described (Terwee 
et  al.,  2018). Evaluation was performed by the 4-point 
Likert scale (very good, adequate, doubtful, inadequate and 
N/A), considering 35 different items in 6 sub-scores. The 
overall study quality was summarized by the lowest rating 
of any of the items in the entire box (‘worst score counts’ 
method). Rating was provided independently by two rat-
ers (DH and HH) and adjudicated afterwards. Only if the 
development process for a PROM was rated as very good 
or adequate, the content validity was assessed by using the 
COSMIN Checklist Box 2 and further psychometric prop-
erty assessment (Figure S2).

Ultimately, only PROMs were considered eligible for 
the IMI COS to assess PF after TKA that corresponded to 
general eligibility criteria (step 1) and matched quality cri-
teria for PROM development and content validity.

2.5.2  |  ClinROMs and PerfOMs

For further information about clinician-reported and per-
formance outcomes, we extracted additional data in terms 
of indicators of PF (i.e. active/passive range of motion, 
muscle strength and self-care), measured by a ClinROM 
or PerfOMs. These findings in combination provide a 
more comprehensive overview of the general way of as-
sessing PF in a postoperative setting. Thus, we were able 
to compare the use of PROMs and ClinROMs/PerfOMs in 
relation to the year of publication, the country of study 
conduct, the type of pain-related intervention and the 
time point of outcome assessment after surgery.

3   |   RESULTS

3.1  |  Study selection

The database search yielded 5408 potentially eligible re-
cords, of which 2896 remained after duplicate removal. 
After screening of titles and abstracts, 736 full-text articles 
were assessed for eligibility. The main reason for article 
exclusion was missing PF assessment within 14 days after 
surgery (n = 73 of 257 excluded articles). A list of excluded 
studies based on full-text screening is available from the 
corresponding author. Finally, 479 full-text articles ful-
filled predefined eligibility criteria and were included for 
extraction and qualitative synthesis (Figure 1).

3.2  |  Study characteristics

Of these 479 trials, 455 (95%) employed a randomized 
controlled design, whereas 24/479 (5%) were prospective 
observational studies. A total number of 44,440 patients 
participated in these studies (range: 20–600). Most of the 
studies were conducted in Asia (219/479; 46%), followed 
by Europe (130/479; 27%), North America (110/479; 23%), 
Australia (12/479; 3%), Africa (4/479; <1%) and South 
America (1/479; <1%). Three of 479 trials (<1%) were 
performed across different continents (‘worldwide’). The 
date of publication ranged from 1983 to 2022: 396/479 tri-
als (82%) were published after 2010, 67/479 studies (14%) 
were published between 2000 and 2009, 19/479 studies 
(4%) between 1990 and 1999 and 2/479 studies (<1%) 
between 1980 and 1989. In most cases, the pain-related 
intervention was pharmacological, including regional an-
algesia techniques (301/479; 63%), whereas surgical and 
physiotherapeutic interventions were studied in 82/479 
(17%) and 55/479 (11%) studies respectively (Table 1; for 
more detailed information about the extracted studies' in-
dividual characteristics, see Table S4).
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In 87/479 studies (18% of all studies), PF was assessed 
by PROMs. However, most of these studies additionally 
used other outcome assessment methods. In 9/479 studies 
(2%), PF was assessed exclusively by PROMs, compared to 
78/479 studies (16%) applying both PROMs and PerfOMs/
ClinROMs. In 392/479 studies (82%), the authors assessed 
the domain only by PerfOM and/or CLinROMs but not 
by PROMs (Table 2). For an overview of the used instru-
ments in all included studies individually, see Table S5.

3.3  |  Patient-reported outcome measures 
(PROMs)

3.3.1  |  Step 1: Identification of 
relevant PROMs

In total, 11 different PROMs fulfilled the criteria of 
being at least partly patient reported and assessing site-
specific PF for the lower extremities within 2 weeks after 
surgery (Figure  2a). These PROMs were used 97 times 
in 87 studies. The most frequently applied PROM was 
the ‘Knee Scoring System’ (KSS, 29/87; 33%) followed 
by the ‘Western Ontario and McMaster Universities 
Osteoarthritis Index’ (WOMAC, 23/87; 26%), the ‘Hospital 

for Special Surgery Scoring System’ (HSS, 17/87; 20%), the 
‘Knee Injury and Osteoarthritis Outcome Score’ (KOOS, 
11/87; 13%), the ‘Oxford Knee Score’ (OKS, 7/87; 8%), 
the ‘Knee Society Clinical Rating System’ (KSCRS, 4/87; 
5%), the ‘Knee Injury and Osteoarthritis Outcome Score—
Joint Replacement (KOOS-JR, 2/87; 2%)’, the ‘Knee Injury 
and Osteoarthritis Outcome Score—Physical Function 
Short Form’ (KOOS-PS, 1/87; 1%), the Lysholm Score 
(LS, 1/87; 1%), the Knee Outcome Survey (KOS, 1/87; 
1%) and the ‘Self-Reported Barthel Index’ (1/87; 1%). We 
identified three additional PROMs which were used later 
than 14 days after surgery (‘Lequesne Index’ [LI], ‘Lower 
Extremity Function Scale’ [LEFS] and ‘British Orthopedic 
Association Knee Function Assessment Chart’ [BOA]). 
Six of the included 14 outcome measures were a combina-
tion of patient and clinician reported/performance based 
(BOA, HSS, KSCRS, KSS, LI and LS).

3.3.2  |  Step 2: Identification of 
development or inauguration articles for 
identified PROMs

For 13 of the 14 identified PROMs, we found correspond-
ing inauguration or development articles (Table  3). We 

F I G U R E  1   PRISMA flow chart. 
Abbreviations: pOP, postoperative; 
PRISMA, preferred reporting items for 
systematic reviews; TKA, total knee 
arthroplasty.
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did not find any appropriate article for the ‘Self-Reporting 
Barthel Index’.

3.3.3  |  Step 3: Evaluation of psychometric 
properties of the included PROMs

Target population of the PROM
The hand-searched inauguration and development ar-
ticles showed that, based on the initial development, 
none of these PROMs corresponded with the exact scope 
of our interest. Six PROMs were developed on patients 
after TKA (Aichroth et  al.,  1978; Dawson et  al.,  1998; 
Insall et al., 1989; Lyman et al., 2016; Noble et al., 2012; 
Ranawatt et al., 1976; Ranawatt & Shine, 1973), whereas 
all other studies included patients after different surger-
ies (Lysholm & Gillquist, 1982; Roos et al., 1998) or with 
none-surgical disorders (Bellamy & Buchanan,  1986; 
Binkley et al., 1999; Irrgang et al., 1998; Lequesne, 1997; 
Lequesne et  al.,  1987; Perruccio et  al.,  2008). In case of 

included postsurgical patients, the assessments during 
development studies did not take place within 2 weeks 
after surgery (Noble et al., 2012; Roos et al., 1998) or the 
authors did not provide information about the time point 
of assessment (Aichroth et al., 1978; Dawson et al., 1998; 
Insall et al., 1989; Irrgang et al., 1998; Lyman et al., 2016; 
Lysholm & Gillquist, 1982; Ranawatt et al., 1976; Ranawatt 
& Shine, 1973) (Table 3).

Construct of the PROM (conceptual framework and/or 
conceptual model)
In all but one case, no information about the definition 
of PF underlying the PROM development was provided. 
Only Binkley et  al. (Binkley et  al.,  1999) reported the 
WHO definition as basis for the development of the LEFS. 
It is, however, unclear to which extent this corresponds 
with the definition of PF recommended by PROMIS (see 
Discussion).

Study quality of PROM developmental or inauguration 
article
The risk of bias evaluation of the PROM development 
process using the COSMIN risk of bias Checklist—Box 1 
showed, also based on the initial development, a lack 
of high-quality methodology. All PROM developments 
were rated as inadequate related to their general design 
requirements, especially—as mentioned above (Step 
3b)—because almost none of the authors provided in-
formation about the construct to be measured. And even 
if a development study was performed, which was the 
case for six PROMs (Bellamy & Buchanan, 1986; Binkley 
et  al.,  1999; Dawson et  al.,  1998; Lyman et  al.,  2016; 
Noble et  al.,  2012; Perruccio et  al.,  2008), the applied 
method was rated at least ‘doubtful’, implying a lack 
in concept elicitation. Finally, the authors of only two 
studies conducted pilot testing or cognitive interviews 
to evaluate comprehensiveness and/or comprehensibil-
ity of the PROM (Bellamy & Buchanan, 1986; Dawson 
et al., 1998). Detailed information is shown in Table 4. 
Since basic criteria for content validity and general 
PROM design requirements were not fulfilled, further 
evaluation of content validity and additional psychomet-
ric properties (Steps 3d and 3e in the COSMIN method-
ology) were not indicated, as per COSMIN instructions 
(Terwee et al., 2018).

3.4  |  PerfOM/ClinROM

We identified the following eight indicators measuring 
PF by a PerfOM or ClinROM (Figure  2b): knee range of 
motion (ROM, 371/470; 79%), walking and ambulation 
(W&A, 211/470; 45%), muscle strength (MS, 206/475; 44%), 

T A B L E  1   Study characteristics.

Variable n (%)

Included studies 479 (100)

Study design

Randomized controlled trials 455 (95)

Prospective observational studies 24 (5)

Total number of participants 44,440 (range: 20 to 
600)

Continent of study implementation

Asia 219 (46)

Europe 130 (27)

North America 110 (23)

Australia 12 (3)

Afrika 4 (<1)

South America 1 (<1)

Worldwide 3 (<1)

Year of publication

2020–2022 98 (20)

2010–2019 298 (62)

2000–2009 67 (14)

1990–1999 19 (4)

1980–1989 2 (<1)

Pain-related intervention

Pharmacological/regional analgesia 301 (63)

Surgical 82 (17)

Physiotherapy 55 (11)

Psychological 3 (<1)

Others 38 (8)
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transfer (e.g. from sitting to standing) (Tr, 96/470; 20%), 
walking stairs (St, 82/470; 17%), use walking aids (WA, 
53/470; 11%), performing activities of daily living (ADL, 
20/470; 4%) and balance issues (BAL, 9/470; 2%). Due to 
our focus on PROMs in this article, a detailed analysis of 
the PerfOMs and ClinROMs will be reported separately.

4   |   DISCUSSION

We aimed to investigate PROMs assessing PF in effec-
tiveness studies on managing acute pain post-TKA and 
to investigate their psychometric properties guided by 
COSMIN. Our main result, based on 479 included studies, 
shows an unexpectedly rare implementation of PROMs 
to assess PF (only 18% of studies; Figure 2) and a lack of 
content validity in relation to our patient population of 
interest.

Although the necessity of PROMs in clinical trials is 
widely recognized (Mercieca-Bebber et al., 2018; Mokkink 
et al., 2010), our results indicate that PF in clinical studies 

on acute postoperative pain improvement is primarily 
assessed by PerfOMs and ClinROMs but not by PROMs. 
While only 87 trials assessed PF using PROMs, 392 trials 
used only PerfOMs and/or ClinROMs. Applying different 
forms of measurement can make sense as they evaluate 
different aspects of PF (Bean et al., 2011; Luna et al., 2017; 
Nielsen et al., 2016). Yet, neglecting PROMs means a lack 
of patient perspectives in treatment evaluations. While we 
have observed a clear increase in PROM implementation 
in this field since 2010, it still needs acceleration.

Our review underscores the need for identification and 
use of appropriate PROMs, including their harmoniza-
tion, particularly after recognizing PF assessed by PROMs 
as a core domain for perioperative pain trials (Pogatzki-
Zahn et  al.,  2021). After COSMIN, for content validity, 
qualitative research methods need to ensure comprehen-
siveness and comprehensibility of the pilot instrument, 
involving representatives of the target population and 
considering the specific research and/or clinical context 
(Patrick et  al.,  2011; Prinsen et  al.,  2016; Staniszewska 
& Haywood,  2012; Terwee et  al.,  2018; Weldring & 

T A B L E  2   Study characteristics of clinical trials in regard to PROMs and PerfOMs/ClinROMs used for comparative effectiveness 
research of postoperative pain management in patients after TKA.

Overall (n (%)) 
n = 479

Trials using PROMs n = 87 (18) Trials NOT using PROMs

PROMs only (n 
(%)) n = 9 (2)

PROMs + ClinROMs/
PerfOMs (n (%)) n = 78 (16)

ClinROMs/PerfOMs only 
(n (%)) n = 392 (82)

Continent

Europe 130 (27) 6 (67) 23 (29) 101 (26)

North America 110 (23) 1 (11) 19 (24) 90 (23)

South America 1 (<1) 0 0 1 (<1)

Asia 219 (46) 1 (11) 34 (44) 183 (47)

Australia 12 (3) 0 2 (3) 10 (3)

Africa 4 (<1) 1 (11) 0 3 (<1)

Worldwide 3 (1) 0 0 3 (<1)

Year of publication

1980–1989 2 (<1) 0 0 2 (<1)

1990–1999 19 (4) 0 2 (3) 17 (4)

2000–2009 67 (14) 0 6 (8) 61 (16)

2010–2019 298 (62) 6 (67) 48 (62) 244 (62)

2020–2022 98 (20) 3 (33) 22 (28) 73 (19)

Pain-related intervention

Pharmacological/regional 
analgesia

301 (63) 3 (33) 29 (37) 271 (69)

Surgical 82 (17) 2 (22) 21 (27) 61 (16)

Physiotherapy 55 (11) 1 (11) 19 (24) 35 (9)

Psychological 3 (<1) 0 1 (1) 2 (<1)

Other 38 (8) 3 (33) 8 (10) 28 (7)

Abbreviations: ClinROMs, clinician reported outcome measures; PerfOMs, performance outcome measures; PROMs, patient reported outcome measures; 
TKA, total knee arthroplasty.
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Smith, 2013). Our stepwise approach reveals that none of 
the identified PROMs was developed for and in our spe-
cific target population. Application of the COSMIN risk 
of bias—Box 1 for each identified PROM revealed insuf-
ficient development processes for all PROMs, for reasons 
such as lack of a conceptual model or lack of patient in-
volvement. Per COSMIN, evaluating other psychomet-
ric properties only makes sense if good content validity 
is evident for the specific indication in the development 
process (Prinsen et al., 2018). PROMs with unclear con-
tent validity should not be considered for COS (Terwee 
et al., 2018), thus, further evaluation of the PROMs' qual-
ity was obsolete.

PROM development guidelines demand a detailed 
presentation of the underlying construct (PRO) through 
a conceptual model or framework (Terwee et al., 2018). In 
our review, only one development paper (LEFS; Binkley 
et al., 1999) provided a conceptual framework, based on 
the World Health Organization's model of disability and 
handicap. However, as the shift from ICIDH (International 
Classification of Impairment, Disabilities and Handicaps) 
to ICF (International Classification of Functioning, 
Disability and Health) took place in 2001 (WHO, 2002), it 
can be assumed that the conceptual framework of LEFS 
corresponds to dysfunction (or impairment), rather than 

function. All other PROMs lack information about the 
measured construct's origin or a conceptual framework. 
However, their individual items suggest they also address 
disability rather than capability (e.g. using questions fo-
cusing on what someone ‘can NOT do’). As none of the 
developers provide sufficient information about their con-
struct, it remains unclear whether any of these 10 PROMs 
properly assess PF or different constructs like physical dys-
function or pain interference.

The methodological quality of the PROM developmen-
tal studies was mainly limited by the absence of appropri-
ate pilot studies. Comprehensibility was only evaluated for 
the WOMAC's development (Bellamy & Buchanan, 1986), 
and comprehensiveness for the OKS (Dawson et al., 1998). 
No other development process described the evaluation of 
any quality criteria. In none of the development studies, 
both core elements to ensure content validity, compre-
hensibility (i.e. items reflect patients' perspectives) and 
comprehensiveness (i.e. easy to understand), were assessed 
(Patrick et al., 2011; Terwee et al., 2018), thus measure-
ment and interpretation of results obtained by all PROMs 
are insufficient.

Beyond acute postoperative pain, prior systematic re-
views investigated psychometric properties of some iden-
tified PROMs (Alviar et  al.,  2011; Gagnier et  al.,  2017; 
Harris et  al.,  2016). All these authors concluded that 
there is no PROM for assessing PF with good psychomet-
ric properties, including content validity. The WOMAC 
and the OKS seem the most investigated PROMs for site-
specific PF. Two reviews evaluated the OKS, attesting to 
fair content validity for long-term PF after TKA (Alviar 
et al., 2011; Gagnier et al., 2017). They cited Xie et al., who 
investigated content validity during cross-cultural adap-
tion of the Singapore English and Chinese versions of the 
OKS (Xie et al., 2006). However, this study's process focus-
ing on item comprehensiveness and comprehensibility did 
not fully meet current guidelines (Terwee et al., 2018). A 
similar approach indicated the KOOS's good content va-
lidity (Alviar et al., 2011). Another review, including the 
OKS developers, reported good evidence for content valid-
ity for the OKS and limited evidence for the KOOS, LEFS 
and WOMAC (Harris et al., 2016). However, the authors 
did not provide information on the criteria used for evalu-
ation, making these ratings difficult to replicate. The new 
guidelines for rating content validity (Terwee et al., 2018) 
disqualify both, OKS and KOOS, possibly explaining dis-
crepancies between our and earlier assessments using 
older tools (Terwee et al., 2007, 2012).

Our review's limitations mainly refer to our search 
strategy, where we deviated from recommendations by 
focusing on clinical trials to identify potential PROMs for 
PF (Prinsen et al., 2016). We may have missed PROMs 
specifically developed for the assessment of PF in the 

F I G U R E  2   Frequency of applied PROMs (a) versus PerfO/
ClinRO indicators measured by PerfOM/ClinROM (b) within 
2 weeks after surgery. Abbreviations: ADL, activities of daily living; 
Bal, balance; ClinROM, clinician reported outcome measure; HSS, 
Hospital for Special Surgery Scoring System; KOOS, Knee Injury 
and Osteoarthritis Outcome Score; KOOS-JR, Knee Injury and 
Osteoarthritis Outcome Score—Joint Replacement; KOOS-PS, 
Knee Injury and Osteoarthritis Outcome Score—Physical Function 
Short Form; KOS, Knee Outcome Survey; KSCRS, Knee Society 
Clinical Rating System; KSS, Knee Scoring System; LS, Lysholm 
Score; MS, muscle strength; OKS, Oxford Knee Score; PerfOM, 
performance outcome measure; PROM, patient reported outcome 
measure; ROM, range of motion; SRBI, Self-Reporting Barthel 
Index; St, stairs; Tr, transfer; W&A, walking and ambulation; 
WA, walking aids; WOMAC, Western Ontario and McMaster 
Universities Osteoarthritis Index.
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T A B L E  4   COSMIN Risk of Bias Checklist—Box 1 applied for each PROM.

Note: , very good; , adequate; , doubtful; , inadequate; -, not investigated regarding COSMIN manual.
Abbreviations: BOA, British Orthopaedic Association Knee Function Assessment Chart; HSS, Hospital for Special Surgery Scoring System; KOOS, Knee Injury and 
Osteoarthritis Outcome Score; KOOS-JR, Knee Injury and Osteoarthritis Outcome Score—Joint Replacement; KOOS-PS, Knee Injury and Osteoarthritis Outcome 
Score—Physical Function Short-Form; KOS, Knee Outcome Survey; KSCRS, Knee Society Clinical Rating System; KSS, Knee Scoring System; LEFS, Lower 
Extremity Function Scale; LS, Lysholm Score; n/a, not applicable; OKS, Oxford Knee Score; POM, postoperative month; WOMAC, Western Ontario and McMaster 
Universities Osteoarthritis Index.

Items – COSMIN risk of bias checklist for PROM 
development

KOOS
KOOS-

JR
KOOS-

PS
KOS KSCRS LEFS

Leques
ne

LS OKS
WOMA

C
KSS HSS BOA

1a. PROM design

General Design requirements

1. clear construct description

2. origin of construct clear

3. clear description of target population

4. description of context of use

5. PROM development study performed

Concept elicitation (relevance and comprehensiveness)

6. appropriate qualitative data collection - - - -

7. skilled moderators/interviewers n/a n/a - n/a n/a n/a n/a - - -

8. appropriate interview guide n/a n/a - n/a n/a n/a n/a - - -

9. recording and transcribed verbatim n/a n/a - n/a n/a n/a n/a - - -

10. appropriate data analysis n/a - n/a - - -

11. at least part of data independently coding n/a n/a - n/a n/a - - -

12. data collection continued until saturation n/a n/a - n/a n/a - - -

13. sample size appropriate - n/a n/a - - -

SUBTOTAL QUALITY ELICITATION STUDY n/a - - -

TOTAL QUALITY OF THE PROM DESIGN n/a

1b. Cognitive interview study or other pilot test

14. cognitive interview or pilot testing conducted

General design requirements

15. relevant target population - - - - - - - - -

Comprehensibility

16. patients asked about comprehensibility - - - - - - - - -

17. all items tested in final form - - - - - - - - - - - -

18. appropriate qualitative method - - - - - - - - - - - -

19. appropriate number of patients - - - - - - - - - - - -

20. skilled interviewers - - - - - - - - - - - -

21. appropriate interview guide - - - - - - - - - - - -

22. recording and transcribed verbatim - - - - - - - - - - - -

23. appropriate data analysis - - - - - - - - - - - -

24. analysis by at least two researchers - - - - - - - - - - - -

25. PROM comprehensibility adaption  - - - - - - - - - - - -

SUBTOTAL QUALITY OF COMPREHENSIBILITY 
STUDY - - - - - - - - - - -

Comprehensiveness

26. patients asked about comprehensiveness - - - - - - - - -

27. final set of items tested - - - - - - - - - - - -

28. appropriate method - - - - - - - - - - - -

29. appropriate number of patients - - - - - - - - - - - -

30. skilled interviewers - - - - - - - - n/a - - - -

31. appropriate interview guide - - - - - - - - n/a - - - -

32. recording and transcribed verbatim - - - - - - - - n/a - - - -

33. appropriate data analysis - - - - - - - - - - - -

34. analysis by at least two researchers - - - - - - - - - - - -

35. PROM comprehensiveness adaption  - - - - - - - - - - - -

SUBTOTAL QUALITY OF COMPREHENSIVENESS 
STUDY - - - - - - - -

TOTAL QUALITY OF THE PILOT STUDY

TOTAL QUALITY OF THE PROM DEVELOPMENT 
STUDY
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acute postoperative phase, especially those not yet used 
in clinical trials. Nonetheless, our main aim and search 
strategy demonstrate the current status of PROM usage 
in assessing PF in acute postoperative pain research, 
and we found no additional relevant instruments by 
hand search (e.g. in identified systematic reviews or 
an updated search). Another limitation is that inaugu-
ration or development publications were searched by 
hand for each PROM and not systematically. Finally, 
three PROMs (i.e. LI, LEFS and BOA) were included 
for the second step (rating of content validity), although 
used later than 14 days postoperatively, as we could not 
exclude that their development processes included the 
acute postsurgical phase.

Reflecting the limitations of PROMs for PF, we face 
the lack of an adequate PROM for PF to be included in 
the future IMI PROMPT COS of measures. Thus, the next 
step should be an ISPOR- and COSMIN-guided develop-
ment of a suitable PROM for assessing self-reported PF 
in patients early after TKA (Basch et  al.,  2011; Patrick 
et al., 2011; Prinsen et al., 2016). During this process, con-
structs other than PF, such as pain interference, should be 
considered as possible alternatives to be implemented into 
a COS, especially because pain interference was recently 
included in a COS for acute pain in general by a large in-
ternational consensus process (Bova et al., 2023). Both are 
possibly based on different constructs, thus, a thorough 
differentiation between supposedly related constructs 
such as function, dysfunction and interference is important. 
Another challenge will be promoting widespread use of 
future COS in clinical trials. PF was only rarely measured 
from patients' perspective in pain management effective-
ness trials post-TKA, and applied PROMs date back up to 
five decades. Manifest barriers seem to hinder implement-
ing new PROMs in comparative effectiveness research, 
possibly due to trial authors unaware of current outcome 
research and advances in this field. Furthermore, trial 
designs often default to employ frequently used tools for 
outcome assessment, regardless of their validity or appro-
priateness for specific scientific purposes.

Moreover, PF as a domain is also commonly unat-
tended in half of the studies on perioperative pain man-
agement for patients after TKA (Bigalke et al., 2021). In 
contrast, the IMI PainCare COS Panel has recommended 
PF as a core domain for the future IMI PROMPT COS do-
mains for perioperative management of acute pain after 
surgery (Pogatzki-Zahn et al., 2021). This implies that cur-
rent evidence for best pain management after TKA is still 
hampered by missing PF as one of the major outcome do-
mains. Thus, and because of the unsatisfactory situation 
of PROMs for PF illustrated by this review, the develop-
ment of a PROM with profound psychometric properties 

is urgently needed, also for further establishment of 
transculturally adapted and translated PROMs (Beaton 
et al., 2000; Rupareliya & Shukla, 2020).

5   |   CONCLUSION

Despite widespread recommendations, our data demon-
strate the prevailing lack of patient-reported assessment 
of PF in context of clinical trials on acute pain manage-
ment post-TKA. Notably, none of the currently applied 
PROMs was specifically developed for this target popula-
tion, and methodological quality of PROM development, 
based on the inauguration or development articles, lacks 
comprehensibility and comprehensiveness. The overall 
limited quality of the PROMs for evaluating early post-
operative pain-related PF after TKA does not allow to 
recommend any of the PROMS for a COS. Rather, the 
lack of conceptual framework for postsurgical PF leads to 
the urgent need for its establishment as a foundation for 
the development of a new PROM tailored to this specific 
target population to ensure a more comprehensive and 
patient-focused assessment of PF in future research and 
clinical practice.
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