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Osteoarthritis (OA) is the leading cause of knee pain for adults over 50 years old and may lead to 1 

functional limitations, decreased mobility, and reduced quality of life.1 To treat the symptoms 2 

and functional deficits imposed by OA, approximately 700,000 adults annually elect to undergo 3 

a total knee arthroplasty (TKA).2 For this patient population, it is critical for clinicians to utilize 4 

appropriate measures to objectively report patient status, establish patient prognosis, and 5 

recognize those at risk for poor outcomes.  6 

Patient reported outcome measures (PROMs) are commonly utilized in clinical practice to collect 7 

subjective patient information. However, PROMs measure patient perception of function and 8 

have been described as less appropriate to assess function after surgery.3 The Patient Reported 9 

Outcomes Measurement Information System (PROMIS) was initiated in 2004 by the US 10 

National Institutes of Health.4,5 PROMIS utilizes psychometric techniques to collect information 11 

with relative brevity from subjective responses provided by patients.4-7 The item response theory 12 

is used to recognize the underlying constructs being measured by each question and selects 13 

subsequent questions to be used to measure a participant on a construct continuum.5,8 14 

Additionally, by using computerized adaptive testing (CAT), a computer program is able to 15 

interpret an answer to a question and administer the following question at a higher or lower level 16 

to more accurately measure a construct.8 Through these methods, the PROMIS CAT is able to 17 

estimate health-related domains, such as pain intensity, fatigue, or physical function, in 18 

approximately 4 to 6 questions.8 CAT has the advantage of tailoring the measure to an 19 

individual, which reduces the burden of test administration and makes a comprehensive 20 

assessment more clinically feasible.9 21 
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The PROMIS physical function domain is pertinent for use in a patient population with knee OA 22 

because it measures an individual’s ability to complete activities ranging from activities of daily 23 

living to more vigorous activities, which require mobility, strength, or endurance.4 Items in this 24 

domain address the degree to which health limits physical abilities, such as climbing stairs; 25 

patient responses may range from “not at all,” indicating no physical limitation, to “cannot do,” 26 

indicating complete limitation.10 Other items address the level of difficulty experienced while 27 

carrying out activities, such as vacuuming; responses range from “without any difficulty” to 28 

“unable to do.”10 Knee OA is significantly associated with functional limitations,11 and people 29 

with severe knee pain report difficulties going up and down stairs, standing, walking, and 30 

completing heavy domestic duties.12 Therefore, it is clinically relevant to utilize a tool to assess 31 

the physical function of patients considering TKA surgery. 32 

The PROMIS CAT has the potential to quickly assess a patient’s physical function before and 33 

after a TKA, but there is little research available comparing it to other functional measures. The 34 

Timed Up and Go (TUG) test is a simple functional outcome measure commonly used in clinical 35 

practice to assess mobility and fall risk in adults.13 Research indicates that knee OA is 36 

significantly associated with slower walking times,11 demonstrating the utility of the TUG test 37 

for individuals considering a TKA. Furthermore, literature describes the ability of the TUG test 38 

to predict post-surgical functional status and hospital length of stay following a joint 39 

replacement.3 However, the TUG test might be prohibitive due to lack of space, reluctance of the 40 

patient to perform the test, and inability of the patient to follow multi-step commands. Currently, 41 

there is a lack of available evidence comparing the PROMIS CAT with the TUG test. Therefore, 42 
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the purpose of this study was to determine the strength of the relationship between the PROMIS 43 

CAT physical function domain and the TUG test in patients with severe knee OA who are 44 

candidates for a TKA. 45 

Methods 46 

Participants. 47 

Participants were recruited from a university-affiliated orthopedic surgery clinic between August 48 

2015 and March 2016. Participants were required to have a diagnosis of severe knee OA and be 49 

offered the option to undergo a TKA by an orthopedic surgeon to be included in the study. 50 

Participants were excluded from the study if they had the following characteristics: under the age 51 

of 18 years old; unable to speak English; history of previous major knee surgeries, traumatic, 52 

and/or rheumatic arthritis; and/or concomitant physical or psychological conditions which would 53 

prevent participation in physical therapy. The study was approved by the Institutional Review 54 

Board (IRB), and all subjects provided informed written consent for participation. 55 

Study Design. 56 

This study was a secondary analysis of an ongoing randomized controlled trial examining the 57 

effect of pre-operative physical therapy on patient outcomes following a TKA. A single time 58 

point from among the 4 time points collected for the original study was used in this secondary 59 

analysis. The enrollment time point was chosen for this analysis because participants had not yet 60 

been randomized to an intervention, which limits potential confounding factors. Enrollment data 61 

was collected approximately 12 weeks before anticipated surgery. The PROMIS CAT physical 62 

function domain, TUG test, and numeric pain rating scale (NPRS) were collected. 63 



Running head: THE RELATIONSHIP BETWEEN PATIENT REPORTED OUTCOMES 

MEASUREMENT INFORMATION SYSTEM AND TIMED UP AND GO TEST IN 

PATIENTS AWAITING TOTAL KNEE ARTHROPLASTY 

5 
 

Measures. 64 

PROMIS: The PROMIS physical function domain was accessed through 65 

http://www.assessmentcenter.net and administered through CAT on a handheld tablet device. 66 

Survey length typically consisted of 4 questions. Patients were blinded to PROMIS results. Raw 67 

PROMIS scores were converted into a T-score with a mean of 50 and a standard deviation (SD) 68 

of 10.14 Therefore, scores lower than 50 indicated poorer physical function compared to the 69 

national average.14 Broderick et al 6 has validated the PROMIS physical function domain for 70 

people with OA compared to the general population. Additionally, adequate test-retest reliability 71 

has been described.6 72 

TUG Test: The TUG test is a measure of the time for a participant to stand from a chair, walk 73 

ten feet, turn around, walk back to the chair, and sit down.3 Research indicates that adults 74 

between the ages of 60 to 69 years old complete the TUG test in a mean time of 8 seconds.15 The 75 

TUG test has been validated for use in a patient population of community dwelling older adults 76 

and has demonstrated reliability in patients awaiting a TKA.2,15-17 Moreover, the TUG test is 77 

responsive for detection of deterioration and improvement in the early post-operative period.17 78 

Pain Intensity: Pain was recorded using the NPRS, typically before the TUG test and PROMIS 79 

CAT were administered. For this self-report measure, the subjects were asked to indicate the 80 

intensity of their current pain by using an 11-point numeric scale, ranging from 0 (no pain) to 10 81 

(worst pain).18 The general population has been reported to have a pain average ranging from 1 82 

to 3 on the NPRS, while people with OA typically have a higher average score ranging from 5 to 83 

6 on the NPRS.6 The NPRS has been described as valid for a patient population with chronic 84 
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pain conditions and has demonstrated high test-retest reliability in patients with rheumatoid 85 

arthritis.19  86 

Statistical Analysis. 87 

Participant characteristics were tabulated using REDCap (REDCap Software, Version 6.5.16). 88 

All other statistical analyses were performed using JMP (SAS Institute Inc., Version 12.0.1). The 89 

analyses reported were limited to enrollment data obtained from participants who met eligibility 90 

criteria and were enrolled in the study. Missing variables were addressed using the restricted 91 

maximum likelihood (REML) method. Pearson’s r was used to measure the linear correlation 92 

between the variables. Pearson’s r values were used to determine the convergent validity of the 93 

TUG test, PROMIS CAT, and NPRS. A p-value ≤ 0.05 was used to identify correlation 94 

probability. 95 

Results 96 

The analysis included data from 59 participants (female = 63.3%, mean age = 62.57 years, mean 97 

BMI = 32.75 kg/m2) (Table 1). The data set had missing values: a single TUG test was not 98 

recorded secondary to subject refusal, a single NPRS score was not recorded, and 4 PROMIS 99 

CAT physical function scores were not recorded secondary to a faulty internet connection and/or 100 

difficulties with the handheld tablet device.  101 

Simple statistics for the PROMIS CAT physical function scores, TUG test, and NPRS were 102 

reported in Table 2.  PROMIS CAT physical function scores had a significant moderate, negative 103 

correlation with the TUG test (r = -0.47, 95% CI = -0.66 to -0.23) (Table 3). This indicates that 104 

better ratings of physical function were associated with faster times on the TUG test. The 105 
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PROMIS domain accounted for 22.9% of the variance (R2) in the TUG test. NPRS had no 106 

significant correlation to PROMIS CAT physical function scores (r = -0.24, 95% CI = -0.48 to 107 

0.03) or to the TUG test (r = 0.24, 95% CI = -0.02 to 0.47) (Table 3).  108 

Discussion 109 

The TUG test is a commonly utilized functional outcome measure that assesses mobility and fall 110 

risk in adults.13 Bade et al20 examined the predictive ability of the TUG test in adults waiting to 111 

undergo a TKA, reporting that patients completing the TUG test pre-operatively in greater than 112 

10.1 seconds and who were older than 72 years had the poorest results on the TUG test 6 months 113 

post-TKA. This study sample included 7 subjects who completed the TUG test in greater than 114 

10.1 seconds and who were older than 72 years, indicating they may be at risk for poorer 115 

outcomes. Their mean PROMIS CAT and NPRS scores were 36.86 ± 8.29 and 6.71 ± 2.43, 116 

respectively. Furthermore, Poitras et al3 described a post-operative TUG test time greater than 117 

30.9 seconds as an indicator of slower functional recovery following a total joint replacement. 118 

Though the TUG test has utility in a patient population with severe knee OA, inadequate space, 119 

decreased patient motivation, and inability to follow multi-step commands may prevent the test 120 

from being performed. 121 

PROMIS CAT is a unique system, which can quickly assess a patient’s subjective appraisal of 122 

physical function. However, PROMIS CAT only showed a moderate, negative correlation to the 123 

TUG test in this study, indicating its limited convergent validity with this physical function test. 124 

These results are similar to those published by Driban et al10 who determined PROMIS physical 125 

function domain scores correlated well with SF-36 physical function scores (r = 0.79) but did not 126 
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correlate as strongly with functional measures, such as gait speed (r = -0.43) and 6-minute walk 127 

times (r = 0.46). Therefore, important information about patient-reported physical function may 128 

be gained using PROMIS CAT; however, it does not seem to be a surrogate for physical 129 

performance measures.  130 

Interestingly, results of this study also revealed no significant correlation between a self-report 131 

measure for pain, the NPRS, and measures of physical functioning, including the TUG test and 132 

the PROMIS CAT physical function domain. Terwee et al21 published similar results when 133 

assessing a physical function test compared to the self-report pain subscales of the Western 134 

Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and the SF-36 in a patient 135 

population awaiting a TKA. Convergent validity between the physical function test and 136 

subjective pain subscales was limited and reported as r = 0.20 for the WOMAC and r = 0.26 for 137 

the SF-36.21 Further literature suggests that the NPRS is inadequate for patients with knee OA 138 

because it is unable to capture the complex nature of symptom fluctuations.19  139 

Continued research should be performed to examine the utility of different PROMIS domains 140 

and CAT for a patient population with severe knee OA. Additionally, this study only evaluated 141 

measures at a single time point; further research should be performed to describe the predictive 142 

validity of outcome measures, such as the PROMIS, over time. By examining the predictive 143 

qualities of these measures, clinicians may better identify patients at risk for poor functional 144 

outcomes before undergoing a TKA. As a result, additional rehabilitation and appropriate 145 

discharge planning may be performed to maximize patient outcomes.   146 

Study Limitations. 147 
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There are limitations to note in this study. First, the order of outcome measures administered 148 

typically followed a standardized pattern across participants; therefore, fatigue and order bias 149 

may have influenced patient responses on the NPRS and PROMIS CAT or physical performance 150 

on the TUG test. Second, analysis included any data collected from participants at enrollment. 151 

Therefore, data was missing if a participant was unable to complete an outcome measure. In 152 

total, a single TUG test, a single NPRS score, and 4 PROMIS values were missing from the data 153 

set. However, missing data was accounted for using the REML method, which uses available 154 

data to calculate an acceptable estimate. 155 

Conclusion 156 

In conclusion, the TUG test had a significant moderate, negative correlation with the PROMIS 157 

CAT physical function domain in participants with severe knee OA. Additionally, the PROMIS 158 

CAT accounted for a limited amount of variance in the data. The NPRS had no significant 159 

correlation to the TUG test and the PROMIS CAT physical function domain. Therefore, 160 

clinicians should consider utilizing a variety of self-report and functional outcome measures to 161 

adequately assess patients with severe knee OA who are candidates for undergoing a TKA.  162 
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 Table 1: Participant Characteristics 233 

 234 

n 59 

Male 36.7% 

Female 63.3% 

Age* (Mean ± SD+) (Range) 62.57 ± 8.51 (38.8 – 78.4) 

BMI± (Mean ± SD+) (Range) 32.75 ± 5.46 (22.7 – 47.3) 

 235 

*Age reported in years; +SD = Standard Deviation; ±BMI = Body Mass Index reported in units of 236 

kg/m2  237 
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Table 2: Univariate Simple Statistics  238 

 n Mean SD§ Range 

TUG* (s) 58 16.66 7.66 7.50 - 42.22 

PROMIS+ 55 38.69 6.42 27.00 - 54.00 

NPRS± 58 6.84 2.50 0.00 - 10.00 

 239 

* TUG = Timed Up and Go; + PROMIS = Patient Reported Outcomes Measurement Information 240 

System; ± NPRS = Numeric Pain Rating Scale; § SD = Standard Deviation  241 
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Table 3: Correlation of TUG, PROMIS, and NPRS 242 

 Correlation (r) CI§ p-Value 

TUG*, PROMIS+ -0.47 -0.66 to -0.23 0.0003|| 

TUG, NPRS± 0.24 -0.02 to 0.47 0.0686 

PROMIS, NPRS -0.24 -0.48 to 0.03 0.0750 

 243 

* TUG = Timed Up and Go; + PROMIS = Patient Reported Outcomes Measurement Information 244 

System; ± NPRS = Numeric Pain Rating Scale; § CI = 95% Confidence Interval; || p-value 245 

indicates a significant correlation  246 


