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Utilization of Computer Adaptive Tests in Patients with Knee Conditions: A Systematic 
Review 

 
Abbreviations: 
PROM: Patient-reported Outcome Measure 
CAT: Computer adaptive test 
PROMIS: Patient Reported Outcomes 
Measurement Information System 
FOTO Knee FS: Focus On Therapeutic 
Outcomes Knee Functional Status 
OA: Osteoarthritis 
PF: Physical Function 
PI: Pain Interference 
PB: Pain behavior 
D: Depression 
M: Mobility 
HAQ-II: Health Assessment Questionnaire 
Disability Index 
MLQOL: Multi-ligament Quality of Life;  
WOMAC: Western Ontario and McMaster 
Universities Osteoarthritis Index 
KOOS: Knee injury and Osteoarthritis 
Outcome Score 
IKDC: International Knee Documentation 
Committee 

MARS: Marx Activity Rating Scale 
EQ-5D-5L: European Quality of life-5 
Dimension-5 level 
SF-36: Short Form 36 
GROC: Global Rating Of Change 
NPS: Numeric Pain Scale 
FTSST: Five Time Sit to Stand Test 
TUG:  Timed Up and Go 
IPAQ: International Physical Activity 
Questionnaire 
SANE: Single Assessment Numeric 
Evaluation 
MLKI: Multi-Ligament Knee Injury 
BEMD: Bilateral Extensor Mechanism 
Disruption 
BTP: Bicondylar Tibial Plateau 
CR: cruciate retaining 
ICC: intraclass correlation coefficient 
TKA: Total Knee Arthroplasty
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Introduction 

Patient-reported outcome measures (PROMs) are widely recognized in the field of 

orthopedics as important tools to evaluate the value of care and the effectiveness of treatment 

from the perspective of the patient.1,2 As healthcare in the United States continues to shift 

towards value-based reimbursement, data from PROMs increasingly influence patterns of care 

delivery and clinical decision-making.2 An abundance of validated PROMs for orthopedic knee 

conditions are historically used in clinical practice such as the International Knee Documentation 

Committee (IKDC) subjective knee form, the Knee Injury and Osteoarthritis Outcomes Score 

(KOOS), and the Lysholm Knee score, among others.1,3,4 These fixed scale PROMs typically 

carry a trade-off between test length and score precision and they require responses to most, if 

not all, of the questions to produce a valid score.5 Administering these tests burden patients and 

clinicians by increasing time required for completion, especially when multiple PROMs are 

indicated.5,6 User fatigue and respondent burden may preclude the collection of accurate data and 

render the results less meaningful. 

For a PROM to be implemented successfully, it should possess sound psychometric 

properties, minimize respondent fatigue, and improve the feasibility of scoring and 

interpretation.1,3 Computerized adaptive testing (CAT) is a measurement methodology that meets 

these metrics. In contrast to fixed length PROMs, CATs measure patient-reported outcomes 

using algorithms based on item response theory (IRT). IRT tailors item delivery to the patient by 

selecting each successive item from an item bank based on the patient’s response to the previous 

item, in order to generate an estimation of the construct being measured.5 This allows for precise 

and accurate data collection with fewer questions.5 CATs reduce administrative and respondent 

burden, as well as improve the efficiency of patient-reported data collection and 
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interpretation.3,5,7 With development of CATs such as the Patient Reported Outcomes 

Measurement Information System (PROMIS-CAT)8 and Focus On Therapeutic Outcomes 

(FOTO)9, there has been an increase in published literature evaluating the utility of these tests in 

research and practice. Recent studies have validated the use of CATs in spine surgery10–12 and 

upper limb trauma.13 They reported precision and efficiency of CATs, strong correlations with 

fixed scales, and adequate psychometric properties compared to fixed length PROMs.10–14 

For people with orthopedic knee conditions, there are several fixed length legacy PROMs 

used in research and clinical practice.1,3,4  However, it is unclear how and to what extent CATs 

are used in this population, and the utility of CATs compared to legacy PROMs. Therefore, the 

purpose of this study was to systematically review the use of CATs to measure patient-reported 

data in people with knee conditions. Specifically, our aim was to (1) assess how and for what 

purposes CATs have been used, (2) evaluate the psychometric properties of CATs, and (3) 

determine correlations between legacy PROMs and CATs for people with knee conditions.   
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Methods  

Literature search  

This systematic review was performed in compliance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines15 and the review protocol was 

registered in PROSPERO. A literature review was performed to identify articles published prior 

to December 3, 2019. The following electronic databases were systematically searched: PubMed, 

Sport Discus, EMBASE, CINAHL, and Web of Science. The following search strategy was used 

to identify relevant articles: ((“computer* adapt* test*” OR “item response theory” OR 

“PROMIS” OR “patient reported outcomes measurement information system”) AND (“Knee” 

OR “ACL” OR “cruciate ligament” OR “MCL” OR “LCL” OR “PCL” OR “menis*” OR 

“patellofemoral” OR “tibiofemoral” OR “patella” OR “tibia” OR femur”)). A step-by-step 

PubMed search query can be found in Appendix 1. The lead author (T.H.) performed 

supplemental manual bibliographic reference searches to identify relevant studies missed during 

the initial database search.   

 

Study Selection and Eligibility Criteria  

The title and abstracts for each study were screened independently by the lead author 

(T.H.) and one other author (E.S., G.D.) in a stepwise manner (figure 1 (PRISMA flow 

diagram)). The full-text review was performed in the same manner with each study receiving two 

independent reviews. Disagreements were independently resolved by a third author (L.T.). Our 

inclusion criteria were as follows: (1) full-text publication (2) level I-IV studies as defined by the 

Oxford University Centre for Evidence-Based Medicine (OECBM)16 including randomized 

controlled trials, cohort studies, case-control studies, cross sectional studies, case series, and 
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clinical measurement studies (3) study sample of adults or children with a knee condition (4) 

reported patient-reported data collected via CAT. Articles were excluded if they were not 

published in English, did not include patients with knee conditions, had a study sample of 

patients with lower limb amputations, or only looked at non-computerized short form versions of 

a measure that can also be administered as a CAT. Review articles, editorials, conference 

abstracts, and protocols were excluded. Corresponding authors were contacted by the lead author 

if CAT utilization was not specified. 

  

Data Extraction and Synthesis 

The lead author (T.H.) independently extracted the following data into an electronic 

database (Microsoft Excel; Microsoft, Redmond, WA): (1) academic journal, study type, study 

design, sample size, patient demographics (age, sex, BMI, knee-related diagnosis), level of 

evidence, measurement domain, interventions where applicable, and length of follow-up) 

(2) psychometric properties including measures of validity, reliability, responsiveness, 

interpretability, and feasibility (3) correlations between legacy PROMs and CATs.   

Studies were classified into 3 categories: development, testing, outcome assessment in 

the manner described by Jayakumar et al.13 Studies were classified as combinations of categories 

where applicable. “Development” entailed studies that utilized methods of developing a CAT.13 

“Testing” was used to describe studies that evaluated psychometric properties of a CAT and 

“outcome assessment” was used to denote studies that used CATs to measure outcomes alone or 

in combination with fixed scales.13 Psychometric properties of CATs were evaluated 

using previously described criteria and were summarized in table format as suggested 

by Terwee et al.17   
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Statistical Analysis   

When possible, data were pooled for synthesis. Correlation of CATs to legacy 

PROMs and other outcome measures were interpreted using previously established guidelines—

with 0.1 ≤ |r| < 0.3, 0.3 ≤ |r| < 0.5, and |r| ≥ 0.5 signifying low, moderate, and strong correlations, 

respectively.18  

Risk of Bias Assessment 

The Cochrane Risk of Bias 2 tool was used to evaluate risk of bias in randomized 

controlled trials in this review.19 This tool was designed to detect risk of bias due to the 

randomization process, bias due to deviation from intended interventions, bias due to missing 

data, bias in the measurement of outcomes, and bias in the selection of reported results.19 Risk of 

bias for cohort, cross-sectional, and non-randomized studies was evaluated using the Risk of 

Bias Assessment tool for Non-randomized Studies (RoBANS).20 The RoBANS tool evaluates 6 

domains including selection of participants, confounding variables, measurement of exposure, 

blinding of outcomes, incomplete outcome data, and selective outcome reporting.20 Risk of Bias 

for studies that reported psychometric properties was assessed using the COnsensus-based 

Standards for the selection of health status Measurement INstruments (COSMIN) Risk of Bias 

checklist.21 The COSMIN checklist contains standards for study design and preferred statistical 

methods of studies that examine measurement properties such as validity, reliability, and 

responsiveness.21 
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Results 

Study Selection  

The initial search identified 346 studies that were screened for eligibility. Of these, 278 

were excluded during title/abstract screening, leaving 67 studies for full text review. Twenty-

seven studies were excluded during the full text review due to: use of fixed length short form 

CAT only (n = 17), failing to report data from CAT (n = 6), full text unavailable (n = 3), and less 

than 50% of the patient sample had knee conditions (n = 1). Forty studies met the criteria and 

were included in this review. (Fig. 1) Three unique CATs were identified from the search: 

PROMIS, FOTO knee FS, and Osteoarthritis-CAT (OA-CAT). PROMIS CATs, FOTO knee FS, 

and OA-CAT were used in 30 (75%), 7 (17.5%), and 4 (10%) studies, respectively.   

Risk of Bias  

 Across studies, failure to adjust for confounding variables (33%) and selection bias 

(20%) were the most frequently implicated domains at risk of bias (Appendix 2, Table 2). Risk 

of bias for studies assessing psychometric properties of CATs varied. The estimates of reliability 

and measurement error were rated as doubtful for the OA-CAT subscales, FOTO Knee FS, and 

PROMIS PF-CAT. The reasons for doubtful ratings included inadequate time intervals between 

administrations22–25, recall bias23,24, multiple testing bias23,24, and inadequate descriptions of 

intraclass correlation coefficients (ICC) 22–25 (Appendix 2, Table 3). Risk of bias for each study 

included in this review can be viewed in detail in Appendix 2. 

Publication and Study Characteristics  

Study and population characteristics for all included studies can be found in Tables 1 and 

2, respectively. Studies that included CATs for patients with knee conditions were published in a 

variety of different journals with the most common journals being The Journal of Knee Surgery 
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(n = 8, 20%), and The Orthopaedic Journal of Sports Medicine (n = 5, 12.5%). Cohort (n = 22, 

55%) and cross-sectional (n = 9, 22.5%) studies were the most common study designs. 

Regarding study purpose, studies were classified as development (n = 3, 7.5%), testing (n = 13, 

32.5%), outcome assessment (n = 14, 35%), and combination of testing and outcome assessment 

(n = 10, 25%) (Table 1). There were a variety of domains of health assessed with studies 

administering a range of 1 to 6 domains (Table 1). The most frequently administered CAT 

domains were PROMIS Physical Function-CAT (PF-CAT) (n = 30, 75%), PROMIS Pain 

Interference-CAT (PI-CAT) (n = 15, 37.5%), PROMIS Depression-CAT (D-CAT) (n = 9, 

22.5%), and FOTO Knee Functional Status (FS) (n = 7, 17.5%). Additional study characteristics 

can be found in Appendix 3. 

Sample sizes ranged from 30 to 28,320 and were 49% female on average. Mean age and 

BMI ranged from 24-67 years and 26.3-36.7 kg/m2, respectively. Mean follow-up among studies 

that utilized CATs as outcome measures ranged from 6 weeks to 3 years. CATs were used in a 

wide variety of diagnoses and surgical procedures (Table 2). The most frequently observed 

populations included TKA (n = 8, 20%), knee impairments receiving rehabilitation services (n = 

7, 17.5%), ACL injury and reconstruction (n = 5, 12.5%), and meniscal injury and knee surgery 

(n = 5, 12.5%).  

 

Psychometric properties  

The psychometric properties for each measure and patient population are summarized in 

Table 3 and can be viewed in greater detail in Appendix 4.   

Validity 

 Content validity and internal consistency were assessed for each domain of the OA-

CAT23,24 and the FOTO Knee FS CAT22 but not the PROMIS CAT measures. Construct validity 
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was assessed in multiple versions of the PROMIS PF-CAT7,25–33, the PROMIS PI-CAT34,35, the 

OA-CAT-disability23, and the FOTO Knee FS CAT.9,22,36,37 Criterion validity of the PROMIS 

PF-CAT27,29–31 and PROMIS PI-CAT35 was established with the IKDC.  

Reproducibility 

 Reliability was assessed in one version of the PROMIS PF-CAT (v1.0)38 and all domains 

of the OA-CAT23,24 and FOTO Knee FS22 using various methods (Table 3 & Appendix 4).   

Responsiveness 

 Responsiveness was assessed for multiple versions of PROMIS PF-CAT7,29,30,38,39, 

PROMIS PI-CAT34,39, PROMIS D-CAT39, all domains of the OA-CAT40, and the FOTO knee 

FS measure.9,41 A variety of methods were used to calculate the responsiveness of measures 

including receiver operating curve area under the curve, effect size, and minimal detectable 

change. For this reason, pooling of results was not possible.  

Interpretability 

 Minimal Clinical Important Differences (MCID) were calculated using both anchor and 

distribution-based methodologies. The MCID’s for the PROMIS PF- and PI-CAT ranged from 

1.97-22.530,38,39,42,43 and -3.2-4.4330,39,43 T-score units, respectively. The MCID for the PROMIS 

D-CAT was found to be -4.9 T-score units in patients undergoing ACL reconstruction (ACLR).39  

The MCID for FOTO Knee FS ranged from 4-14 FS units.9,41,44 Table 4 summarizes the MCIDs 

for CAT domains and patient populations.  

Floor-ceiling effects 

No studies reported floor or ceiling effects for ³15% of the study sample. The majority of 

the studies that evaluated PROMIS CATs reported no floor or ceiling effects.26,28,32,33,35,45 For the 

PROMIS PF-CAT, 0.2-0.5% floor effects and 0.4-9% ceiling effects were reported in 3 
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studies7,27,31 (Appendix 3). The OA-CAT domains of disability, functional difficulty, and 

functional pain had ceiling effects of 4.02-6.1%23,40, 0.6%24, and 0.6-6%23,40, respectively. The 

FOTO Knee FS CAT exhibited minimal floor and ceiling effects of 0.05 to 0.7% and 0.4 to 5%, 

respectively.9 

Feasibility 

The average number of questions answered on the PROMIS PF-CAT was 4.34 (range, 4-

6.59) with an average completion time of 71 seconds (Table 5).7,25–29,32,33,45–47 Other PROMIS 

domains (PI45,46, M45, and D46) averaged 5.1, 5.53, and 6.4 questions answered. Completion 

times were 43 and 46 seconds for PI and D, respectively.46 Patients who completed the FOTO 

knee FS answered an average of 6.43 questions.9,22 The OA-CAT FD took an average of 85 

seconds to answer 5-10 questions24,25,40 and the OA-CAT FP required an average 52 seconds to 

answer an average of 5 questions.40  

Correlations of CATs with fixed length measures  

A summary of the correlations of CAT domains to fixed length measures, the OA-CAT, 

and performance measures can be found in Table 5. Raw values from each included study can be 

found in Appendix 5.  

PROMIS PF-CAT 

The PROMIS PF-CAT demonstrated moderate-strong correlations to a majority of the 

fixed length disease-specific outcome measures including the IKDC27,29–31, Lysholm45, 

KOOS7,26,32,33 and WOMAC26 subscales, and KOOS, JR.28 PROMIS PF-CAT also correlated 

strongly with the OA-CAT (r = 0.65-0.79).25 Low-moderate correlations were reported with SF-

36 GH (r = 0.12-0.43)7,32,33 and MARS (r = 0.01-0.42).7,26,32,33 Low correlations were found with 

the Press Ganey Medical Outcomes Survey (r = -0.18-0.22).47  
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PROMIS PI-CAT 

The PROMIS PI-CAT demonstrated strong correlations with the IKDC30,35, Tegner 

ARS35, MLQOL45, and NPS knee pain.35 Moderate correlations were reported with the MARS, 

IPAQ, and NPS body pain.35  

PROMIS M-CAT 

The PROMIS M-CAT demonstrated strong correlations with the Lysholm and the 

MLQOL-AL.45 Moderate correlations were reported with the Tegner ARS and MLQOL-PI.45  

FOTO knee FS and OA-CAT disability 

Low-strong correlations were reported with FOTO knee FS and global rating of change 

(GROC).48 The OA-CAT disability correlated strongly the Health Assessment Questionnaire 

(HAQ-II).23   
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Discussion 

 The measurement of patient-reported outcomes has become an increasingly important 

component of establishing value in healthcare. This systematic review identified 3 unique CAT 

tools used to collect patient-reported data in patients with knee conditions. Both the OA-CAT 

and PROMIS have multiple subscales that are used to assess different domains of health while 

the FOTO Knee FS measure is designed only to capture functional status.9,22,36,37,41,44,48 The OA-

CAT measures 3 domains relevant to individuals with OA including disability23, functional 

difficulty24, and functional pain.24 PROMIS CAT domains covered a broader range of health 

constructs including physical function7,25,26,28–35,38,39,42,43,45–47,49–60, pain 

interference30,34,35,39,43,45,46,49,51–54,57,58,60, depression35,39,46,49,53,54,57,58,60, mobility45, pain 

behavior34, social satisfaction35,57,60, and anxiety.35,57,58,60  

CATs were administered and used for a variety of purposes. In general, the studies 

included in this review sought to establish psychometric properties, assess correlations with fixed 

length PROMs, characterize normal recovery patterns, and determine differences in outcomes 

between patient groups. The psychometric properties of validity, reliability, responsiveness, 

clinical feasibility and interpretability were found for all 3 CATs in reference to a variety of knee 

conditions. The majority of the included publications reported moderate to strong correlations of 

CATs to a variety of established fixed length PROMs.  

Utilization of CATs   

Studies varied greatly with regard to patient demographics, sample size, and length of 

follow-up. This finding is somewhat expected given the broad search strategy that was utilized to 

identify all pertinent literature. PROMIS measures were the most frequently utilized CATs in 

patients with knee conditions. No studies detailing the development of PROMIS CAT measures 
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were identified in this review. However, it should be noted that rigorous development and 

calibration of PROMIS item banks has been previously detailed for the general U.S. 

population.61–64 A large majority of the studies sought to establish the psychometric properties of 

PROMIS CAT measures for specific knee conditions.7,25–33,35,39,45,47,56,60 Studies testing the 

psychometric properties of CATs for specific conditions are important catalysts for establishing 

validity of CATs for use in research and routine clinical practice.13 Thus, it is reasonable to infer 

that promising results from psychometric studies have led to an increase in utilization of 

PROMIS CATs as primary outcome measures and replacing traditional fixed length measures. 

The PROMIS was developed out of an National Institutes of Health (NIH) initiative for 

improved patient-reported outcome measurement efficiency, precision, and reduced test burden.8 

Since 2004, the NIH has been developing large item banks to measure relevant symptoms and 

health constructs designed to be applicable in both research and clinical practice.8 In 2014, Rose 

et al.62 described the development of the physical function item bank and PF-CAT. Recent 

publication trends suggest that PROMIS CAT use is increasing.  Prior to 2018, only 4 studies 

had been published on PROMIS CATs compared to 26 published between 2018 and 2019, 

suggesting that there is a move towards embracing these assessments as valid PROMs for 

patients with knee conditions. It is not surprising then that a trend was observed for PROMIS 

CAT assessments to be utilized to compare and analyze outcomes between two or more patient 

groups34,42,51,52,54,55,57,58, characterize normal recovery patterns after surgery43, and analyze 

postoperative variations49,59 in patients undergoing knee surgery. It is noteworthy that PROMIS 

CAT usage has primarily been reported in surgical populations. Only one study by Chang et al.25 

utilized the PROMIS PF-CAT as an outcome measure in a sample of patients with knee OA not 

indicated for surgery. 
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The increasing trend for CATs to be used as outcome measures was not observed 

consistently with the OA-CAT scales or FOTO Knee FS. The OA-CAT scales were only 

reported in 4 publications. Two23,24 of the 4 studies described the development of 3 different OA-

CAT scales and were published in 2009. The other two studies25,40 published between 2016 and 

2018, tested the psychometric properties and used OA-CAT scales as outcome measures. The 

relatively small number of publications is somewhat unsurprising considering the OA-CAT is 

intended only for use in patients with lower extremity OA.23,24 In contrast to the OA-CAT, the 

FOTO Knee FS measure can be administered to any patient with a knee impairment, broadening 

its application. The FOTO Knee FS literature was published from 2005-2013 and described the 

development of the scale and testing of its psychometric properties. To our knowledge, no 

studies utilizing FOTO Knee FS as an outcome measure have been published in the last 7 years. 

This is likely because FOTO Knee FS is primarily intended for use as an outcome measure in 

outpatient physical therapy practice. The current body of literature has validated the use of 

FOTO Knee FS measure in large populations of patients seeking care for knee impairments in 

outpatient settings.9,22,36,37,41,44,48 This is in contrast to PROMIS measures, which were designed 

to be used in both research and clinical practice.8,61    

The increased use of PROMIS in comparison to other CATs is also likely related to it 

being a generic measure of health, whereas the OA-CAT and FOTO Knee FS aim to assess 

disease- and region-specific areas, respectively. Distinct advantages of generic CAT measures 

such as PROMIS is that they have wide clinical applicability and allow for comparability across 

patient conditions and diseases.61 Jevotovksy et al.53 demonstrated this feature of PROMIS CATs 

by comparing preoperative and postoperative scores of an ACLR cohort with a cohort of patients 

undergoing lumbar discectomy to determine the relative value of the two procedures. 
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Comparisons of the value of interventions are likely to become more common as PROMIS 

instruments continue to be used more wisely. Furthermore, the results of these comparative 

studies can direct future research and clinical practice habits.  

Psychometric properties  

Validity 

Evidence on the psychometric properties of CATs for patients with knee conditions is 

promising. As mentioned previously, PROMIS measure development occurred in the general 

population. As such, content validity and internal consistency of PROMIS scales were not 

addressed in the studies included in this review. These properties have been established for the 

general U.S. population for which PROMIS was designed to be used and have been described 

previously.61,62,64 The results presented in Table 3 reflect the psychometric properties that were 

tested specifically in patients with knee conditions and not the full body of literature on PROMIS 

measures. Rose et al.62 reported the internal consistency of the PROMIS Physical function item 

bank to be 0.95. The PROMIS PF- and PI-CAT scales appear to be valid instruments for multiple 

classifications of knee conditions (Table 3). The PROMIS PF- and PI-CAT demonstrated 

criterion validity with the IKDC in multiple knee conditions, suggesting that they could be used 

where the IKDC was previously indicated. Construct validity of the PROMIS PI- and PF-CAT 

was established with a variety of validated disease-specific and generic PROMs across different 

knee conditions. (Table 5, Appendix 5).  

The OA-CAT scales are valid and reliable for patients with lower extremity knee or hip 

OA (Table 3). Jette and colleagues23,24 described the development and content validity of the 

OA-CAT measures in 2009. The construct validity of the OA-CAT disability was established 

with the Health Assessment Questionnaire-II (HAQ-II).23 The psychometric properties of the 
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OA-CAT FD and FP scales were compared to the WOMAC, which is widely used in OA 

research.24 However, we were unable to give a positive rating for construct validity because no 

predefined hypotheses were formed.17 Future studies utilizing the OA-CAT scales should form 

specific, predefined hypotheses to avoid bias in interpretation of the results.17 McDonough et 

al.40 conducted further psychometric testing on all 3 OA-CAT scales and found the internal 

consistency values to be between 0.86 and 0.88. The FOTO Knee FS measure is valid and 

reliable for patients with knee impairments receiving outpatient physical therapy services. Hart 

et. al.22 detailed established the content validity and internal consistency (a = 0.96) of the FOTO 

Knee FS measure in 2005. The FOTO Knee FS measure is based on the 18-item Lower 

Extremity Functional Scale (LEFS), a measure with wide clinical applicability and sound 

psychometric properties.22 Criterion validity was not tested in the OA-CAT scales or the FOTO 

Knee FS measure (Table 3). 

Reproducibility 

Acceptable levels of agreement and reliability for PROMIS measures have been 

established for the general population.61 As we only intended to capture the literature with regard 

to patients with knee conditions, this is one potential reason that these properties were rarely 

described for PROMIS CAT measures in studies included in this review (Table 3). Another 

potential explanation for the lack of PROMIS publications reporting measures of reproducibility 

in knee-specific populations could be due to the high number of observational and cross-

sectional study designs and limited number of longitudinal studies. A recent review by 

Jayakumar et al.13 observed a similar trend for psychometric reporting on CATs in patients with 

upper limb trauma corroborating the findings of this review that CATs have not yet been fully 

embraced in orthopedics. Agreement concerns the absolute measurement error and is important 
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when trying to distinguish clinically meaningful change from measurement error.17 High 

reliability is important for distinguishing between patients with various levels of a disease or 

construct.17 Together, agreement and reliability concern the reproducibility of a measure.17 In 

order to be fully integrated into routine clinical use, further testing and improved reporting of 

these properties in cohorts of patients with knee conditions is warranted.  

Values for agreement and reliability were found for the OA-CAT scales and the FOTO 

Knee FS measure. However, the type of ICC used was often poorly described or unclear. As 

such, the potential for risk of bias should be considered when interpreting the results from Table 

3. The ICCagreement is preferred because systematic differences are considered to a part of 

measurement error.17  

Responsiveness and Floor/Ceiling Effects  

All 3 CATs demonstrated responsiveness comparable to fixed length measures (Table 3, 

Appendix 4). Scott et al.7 assessed the responsiveness of the PROMIS PF-CAT in patients who 

underwent ACLR up to 6 months after surgery. However, responsiveness in this study was 

presented as effect sizes. Indices of responsiveness such as effect size and standardized response 

mean are more representative of treatment effects rather than the properties of the measure in 

question.17 Responsiveness can be considered a measure of longitudinal validity, as it concerns 

the ability of a measure to detect change over time.17 The responsiveness of a measure as 

represented by area under (AUC) the receiver operating curve (ROC) can also be used in 

predictive modeling.29,39 The PROMIS PF-CAT demonstrated responsiveness in patients with 

knee impairments, patients undergoing ACLR, and patients undergoing knee surgery.7,29,30,38,39 

Papuga et al.29 reported preliminary evidence that preoperative and early postoperative PROMIS 

PF-CAT scores could predict poor outcomes in a cohort of patients who underwent ACLR. Chen 
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et al.39 determined optimal cutoffs for preoperative PROMIS PF-, PI, and D-CAT scores that 

could predict the likelihood of achieving an MCID postoperatively. Applications of 

responsiveness, such as the previous two examples, should be replicated in other patient 

populations to aid clinicians in stratifying patients and adjusting interventions.  

There were very minimal floor and ceiling effects observed across multiple knee 

conditions (Table 3). We defined floor and ceiling effects as “favorable” when <15% of the 

respondents scored at the upper or lower limits of the measure.14,17 All 3 CATs demonstrated 

favorable floor and ceiling effects in all populations of patients with knee conditions observed in 

this review, consistent with the findings of a recent review on the floor and ceiling effects of 

CATs in various orthopedic populations.14 The highest ceiling effects observed (9%) for the 

PROMIS PF-CAT v1.2 occurred in a young and active population of patients undergoing ACLR 

at the 2-year follow-up.7 This is potentially concerning when considering administration of the 

PROMIS PF-CAT to younger, active patients. However, it should be noted that the developers 

have since refined the item bank (PROMIS PF-CAT v2.0) to improve item coverage for higher 

level patients.62 Three studies26,46,59 utilized PROMIS PF-CAT v2.0 and only one study26 

reported on floor and ceiling effects. Carender et al.26 found no floor or ceiling effects for 

patients with patellofemoral malalignment and chondral disease undergoing Fulkerton 

osteotomies and concomitant cartilage procedures. However, these results should be interpreted 

with caution as the preinjury level of physical function was not reported. Future studies should 

utilize the PROMIS PF-CAT v2.0 in populations that report higher physical function (i.e. ACLR) 

to determine if the item coverage is sufficient. 

Interpretability 
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PROMIS CAT measures and the FOTO Knee FS measure also demonstrated properties 

of clinical interpretability (Table 3). The MCID values for these CATs have been determined for 

multiple clinical populations including patients with knee pathology and knee impairments 

(Table 4). Surgical populations, including patients undergoing ACLR, TKA, and knee 

arthroscopy have also had MCID values calculated (Table 4). The MCID has not yet been 

reported for the OA-CAT scales.  

The MCID is critical to applying meaningful interpretation of scores and guide clinical 

decision-making.38 Both anchor-based and distribution-based methods were utilized to derived 

MCIDs. Anchor-based methods define change using an external criterion while distribution-

based methods use statistical characteristics of a sample.17,38 Hung et al.60 utilized both methods 

to determine the MCID for the PROMIS PF-CAT and found a wide range of MCID values 

(Table 6) and highlighted that there is no correct or incorrect way to calculate MCID. While 

anchor-based methods are generally preferred, MCID values derived from both methods can 

provide a reference for clinicians to make individual judgements about interpreting meaningful 

change.60 Studies on the FOTO Knee FS measure9,41,44 also used a combination of methods for 

deriving the MCID, providing clinical guidance to clinicians that work with patients who have 

knee impairments.  

Clinical Feasibility  

Consistent with findings from other reviews,12–14 this review found that CATs reduce 

respondent burden by significantly reducing the number of questions asked and the total time 

required for completion when compared to fixed length PROMs (Table 5). Robins et al.27 

reported average administration times of 55 seconds and 268 seconds for the PROMIS PF-CAT 

and IKDC, respectively. The ability of CATs to be clinically feasible without compromising 
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measurement precision lend support toward adopting the measures in routine clinical practice. In 

busy practices where patients may be interrupted while completing an assessment, CATs have 

the ability to generate a score estimate even if a stopping rule is not met. This unique feature of 

CATs is likely to mitigate the shortcomings associated with incomplete respondent data from 

traditional fixed length PROMs. There are some potential limitations for CATs to be feasibly 

incorporated into clinical practice. Costs associated with startup and maintenance may preclude 

widespread adoption of CATs. Lizzio et al.46 determined the initial and maintenance costs of a 

PROMIS-based registry in an ambulatory sports medicine clinic to be $2,045 and $1000 

monthly, respectively. However, without an existing outcome collection database such as 

REDCap, initial costs can approach $9000.46 The initial startup costs could be a barrier to 

implementation for smaller institutions and private clinics. Clinical feasibility may also be 

affected by an individual’s familiarity with using electronic devices. Lizzio et al.46 recorded 

compliance rates greater than 80% for patients over the age of 62. However, this was 

significantly lower than the >95% compliance rates for patients under the age of 62.46 Hence, 

some patient populations may be less familiar with using electronic devices which should be 

taken into consideration when these instruments are delivered in the clinic. In spite of any 

unfamiliarity with electronic device use, the efficiency of CAT tools is likely to offset the 

learning curve for electronic administration.  

Correlations of CATs to other outcome measures 

  The PROMIS PF-CAT was strongly correlated with other fixed length assessments that 

measure physical function such as the IKDC, SF-36 PF, KOOS Sport, KOOS ADL, and 

WOMAC function, among others. Further, the PROMIS PF-CAT demonstrated low to moderate 

correlations with measures that do not directly assess physical function such as the SF-36 GH, 
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MARS, and the Press Ganey Outpatient Medical Practice Survey. These correlations maintain 

the construct validity of the PROMIS PF-CAT. However, strong correlations were observed with 

the EQ-5D-5L, an instrument designed to measure general health and not physical function. One 

explanation is that the patients in the 4 studies7,26,32,33 that administered the EQ-5D-5L were 

otherwise healthy and more likely to report better general health and physical function than other 

clinical populations.32  

The PROMIS PI-CAT was studied less frequently but demonstrated similarly strong 

correlations to the IKDC in 2 studies. One study found strong (r = 0.58) correlations between the 

PROMIS PI-CAT and the NPS for body pain and knee pain, respectively. In their analysis, 

Nadarajah et al. found that pain intensity and PROMIS PI-CAT shared only approximately 25% 

of the variance. Thus, while these measures were strongly correlated, they may assess different 

domains of pain. PROMIS PI-CAT may be a more clinically useful assessment as it goes beyond 

a simple measurement of pain intensity to determine how pain impacts a person’s life.   

  Chang et al.25 found a strong correlation between the PROMIS PF-CAT and OA-CAT 

FD scale before and after a 6-week exercise intervention. The OA-CAT was slightly more 

responsive, but the difference in the effect size was not statistically significant, suggesting that 

either measure can be used to assess physical function in patients with OA.25 Chang and 

colleagues25 also examined the correlation of the two CATs to the FTSST. Interestingly, only 

low to moderate negative correlations were observed suggesting that the construct of physical 

function is not necessarily analogous to improved lower extremity strength. Similarly, Givens et 

al.56 observed only moderate correlations between PROMIS PF-CAT and TUG in patients with 

OA indicated for TKA. This data suggests that the PROMIS PF-CAT should be considered an 

adjunct and not a replacement to performance-based outcome measures.  
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 A potential explanation is that during development, each CAT tool was compared to 

well-established fixed length assessments with wide clinical applicability.22–24 Thus, both the 

FOTO Knee FS and OA-CAT scales are appropriate for clinical use. However, there are gaps in 

the current body of literature that could be filled to improve the applicability of these measures. 

As mentioned previously, the correlation of the OA-CAT FD and FP scales with the WOMAC 

should be assessed in future studies along with predefined hypotheses about the degree of 

correlation. Additionally, only 2 studies25,40 have been published with knee OA-specific cohorts. 

The OA-CAT scales were intended for use with all patients with lower extremity OA. However, 

it is important to determine psychometric properties for specific populations as there 

measurement properties differ between populations.17 The FOTO Knee FS measure, to our 

knowledge, has not been compared to any other measures of function with regard to assessing 

correlations with other measures. It would be useful to determine the degree of correlation 

between the PROMIS PF-CAT and FOTO Knee FS in patients with knee conditions to determine 

if they measure the same construct.  

Limitations 

This review is not without limitations. First, only studies included before December 3, 

2019 were included in this review. We acknowledge publication bias, as only full text articles 

published in English were included. Additionally, we only sought to capture literature on CAT 

tools used in populations of patients with knee conditions. Hence, literature on the psychometric 

properties of CAT tools that were developed for the general population could have been missed. 

However, we sought to mitigate this limitation by referencing previously established properties 

where applicable. Publication trends since 2017 suggest that the volume of PROMIS CAT 

literature is increasing year after year. Thus, relevant studies published after database retrieval 
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could have been missed. However, we consider the increase in PROMIS CAT publications to 

justify the timing of this review. Selective reporting bias is a concern as well; not all studies 

included in this review reported correlations to fixed length measures or appropriate methods for 

deriving psychometric properties. We acknowledge potential selection bias as many of the 

studies were performed at single institutions and excluded non-English speakers. Additionally, 

younger, high functioning patients could have been underrepresented as only 4 studies7,29,32,39 

had a patient sample with an average age less than 30-years-old. Thus, our finding that CATs 

have minimal ceiling effects should be interpreted cautiously. A search strategy with broad 

inclusion and exclusion criteria yielded studies with variability in study design, patient 

populations, and data reporting. As such, pooling of results was not possible and analyses of 

subgroups were not performed. However, a sensitive strategy was chosen to ensure that all 

relevant studies were included to provide a complete review of CAT utilization in the knee 

literature.  

Future Research 

Future outcomes research should utilize evidence-based criteria, such as the criteria 

proposed by Terwee et al.17 to design and evaluate studies on psychometric properties of 

PROMs. Future studies evaluating PROMIS CAT measures should examine the reproducibility 

and longitudinal validity of PROMIS CATs in both surgical and nonsurgical knee-specific 

populations to further validate PROMIS CAT measures as surrogates to fixed length PROMs. 

Additionally, PROMIS CAT measures should be used in younger, high-functioning populations 

to determine measurement properties such as ceiling effects. The OA-CAT scales have potential 

for use in OA research, however, further establishment of responsiveness and MCID is 

warranted before being implemented into clinical practice. Additionally, future research should 
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address the longitudinal and construct validity of the OA-CAT in cohorts of patients with knee 

OA. Knee OA is a lifelong condition. Hence, a measure that possesses longitudinal validity and 

responsiveness is important to capture change over long periods of time. The FOTO Knee FS 

measure should be utilized in prospective research designs to assess longitudinal validity. 

Furthermore, the PROMIS PF-CAT should be compared to the FOTO Knee FS to determine if 

they measure similar constructs of physical function.  

Conclusions 

 This systematic review aimed to identify how CATs were used in patients with knee 

conditions as well as examine the psychometric properties and correlations to fixed length 

measures. There is a growing trend for PROMIS CAT measures to be used in outcomes research, 

primarily for patients with knee conditions indicated for surgery. PROMIS CATs, OA-CAT 

scales, and the FOTO Knee FS all demonstrated sound psychometric properties and were more 

efficient than traditional fixed length PROMs without sacrificing measurement precision. 

Furthermore, studies on PROMIS CAT measures and the FOTO Knee FS measure have derived 

clinically relevant values, such as the MCID to assist clinicians and patients in shared decision-

making about treatment goals. As such, the PROMIS CAT measures and FOTO Knee FS 

measure are recommended for clinical use in patients with knee conditions. All 3 measures are 

appropriate for use in health outcomes research in populations of patients with knee conditions.   
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