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Abstract 44 

Objective: To evaluate reliability, validity and responsiveness of HOOS-12, a 12-item short 45 

form of the 40-item Hip disability and Osteoarthritis Outcome Score (HOOS). HOOS-12 46 

provides Pain, Function and Quality of Life (QOL) scale scores and a summary hip impact 47 

score.  48 

Design: Data from 1,273 FORCE-TJR hip osteoarthritis (OA) patients who completed HOOS 49 

before and 6 and 12 months after total hip replacement (THR) were analyzed. HOOS-12 50 

includes a pain frequency item and three items measuring pain during increasingly difficult 51 

(sitting/lying, walking, stairs) activities; function items about standing, rising from sitting, getting 52 

in/out of a car, and walking on an uneven surface; and the 4-item HOOS QOL scale. Percent 53 

computable scale scores, floor and ceiling effects, internal consistency reliability, validity (scale 54 

correlations, tests of known groups validity using one-way ANOVA) and responsiveness (effect 55 

sizes, standardized response means) were compared for HOOS-12, full-length HOOS, HOOS-56 

PS and HOOS, JR. 57 

Results: Internal consistency reliability was above 0.70 for all HOOS-12 scales and above 0.90 58 

for the HOOS-12 Summary score. Validity and responsiveness of HOOS-12 Pain, Function and 59 

QOL scales were satisfactory and reached similar conclusions as comparable full-length HOOS 60 

scales. The HOOS-12 Summary score was highly responsive in discriminating between groups 61 

who differed in global ratings of post-THR change in physical capabilities and had high effect 62 

sizes and standardized response means.  63 

Conclusions: HOOS-12 was a reliable and valid alternative to HOOS in THR patients with 64 

moderate to severe OA and provided three domain-specific and summary hip impact scores 65 

with substantially reduced respondent burden. 66 

 67 

Keywords:  HOOS; hip; osteoarthritis; patient-reported outcome measures; psychometrics 68 

  69 
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INTRODUCTION 70 

Patient-reported outcome measures (PROMs) play an important role in understanding 71 

the patient’s perspective on the impact of hip osteoarthritis (OA) and other hip disorders and 72 

their treatment1. One of the most widely-used hip-specific PROMs is the 40-item Hip disability 73 

and Osteoarthritis Outcome Score (HOOS)2, which was developed to measure the impact of hip 74 

disability in patients with hip osteoarthritis3 and non-arthritis hip disorders4. HOOS has the 75 

advantage of providing domain-specific measures of pain, symptoms, function (Activities of 76 

Daily Living and Sport/Recreation), and quality of life (QOL), but its respondent burden has 77 

been viewed as too great for routine use in registries or clinical care. Efforts to construct brief 78 

versions of the HOOS that included items from multiple domains resulted in measures that 79 

provided only one summary score and lost the specificity of changes in pain, function and QOL5. 80 

However, in clinical care, treatment can vary for persistent pain as opposed to functional 81 

limitations, making the global assessment less informative. For registries and clinical care, a 82 

brief but comprehensive hip-specific PROM that is reliable, valid and responsive and allows for 83 

construction of domain-specific scores as well as an overall hip impact score would be optimal. 84 

HOOS-12 is a new 12-item short form that provides domain-specific scores for pain, 85 

function, and hip-specific QOL, while also representing content across domains sufficiently to 86 

enable construction of a summary measure of overall hip impact. It contains 12 items selected 87 

from the HOOS, including 4 Pain items, 4 Function items, and 4 QOL items (Figure 1). HOOS-88 

12 items were selected based on item content; coverage of a wide measurement range and 89 

high item information in item response theory (IRT) models; computerized adaptive test (CAT) 90 

simulations to identify items that best matched patients’ levels of pain and function; scale-level 91 

internal consistency reliability, validity and responsiveness; and qualitative feedback from 92 

translation developers, clinicians and patients. The HOOS-12 item selection process is 93 

described in detail in a separate paper, along with item selection for a companion measure, a 94 

12-item short form of the Knee injury and Osteoarthritis Outcome Score (KOOS-12)6. This paper 95 
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evaluates the reliability, validity and responsiveness of HOOS-12 and compares HOOS-12 96 

psychometric properties to those of the original (full-length) HOOS and its derivative forms. A 97 

companion paper examines the psychometric properties of KOOS-127. 98 

METHODS 99 

Study Design and Participants 100 

Data came from the Function and Outcomes Research for Comparative Effectiveness in 101 

Total Joint Replacement (FORCE-TJR) research cohort, which includes more than 30,000 102 

patients of 200 diverse surgeons throughout the U.S.8. FORCE-TJR surveys were completed by 103 

patients pre-TJR and 6 and 12 months post-TJR, at their surgeon’s office or at home, either as 104 

paper-pencil surveys or on the Internet. Data from a random sample of n=1,281 hip OA patients 105 

who had a total hip replacement (THR) between 2011 and 2014 (Item Selection sample) was 106 

used to select items for HOOS-126. An independent random sample of n=1,273 hip OA patients 107 

who had a THR between 2011 and 2014 (Cross-Validation sample) was analyzed in this paper, 108 

to independently evaluate the psychometric properties of HOOS-12. FORCE-TJR and this study 109 

were approved by the University of Massachusetts Medical School Institutional Review Board.  110 

The Cross-Validation sample had a mean age of 64.8 (SD=9.7, range 30-95); 60.3% 111 

were female. 92.2% were White non-Hispanic, 4.9% Black non-Hispanic, 1.4% Hispanic, and 112 

1.5% of other race and ethnicity. Overall, 18.2% were a high school graduate or had less 113 

education, 26.2% had some education post-high school, 23.6% were college graduates, 28.0% 114 

had some post-college education, 1.9% had other education and 2.0% were missing education. 115 

Sociodemographic characteristics were similar to those of the Item Selection sample. 116 

Measures  117 

HOOS-12 is scored as three domain-specific scales measuring Pain (number of items 118 

k=4), Function (k=4) and hip-specific Quality of Life (k=4) (Figure 1), using the method of 119 

summated ratings9, in which item responses in a scale are simply summed. Scale scores 120 

calculated using this method and using more complex IRT-based scoring correlated 0.98 and 121 
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had similar known groups validity (see Methods). Therefore, the summated ratings method was 122 

adopted for scoring HOOS-12. A person-specific value is imputed for missing item data within a 123 

scale, if ≥50% of items in the scale are answered. To facilitate interpretation, scores are 124 

transformed so 0 is the worst and 100 is the best measured score. This is in line with the 125 

original HOOS scales, which also are scored using the method of summated ratings and a 126 

similar imputation method for missing item data, to produce Pain (k=10), Symptoms (k=5), 127 

Function in Activities of Daily Living (ADL) (k=17), Function in Sport/Recreation (k=4), and QOL 128 

(k=4) scale scores with possible ranges from 0 to 10010.  129 

HOOS-12 also produces a summary hip impact score (HOOS-12 Summary score), 130 

which is calculated as the average of the HOOS-12 Pain, Function and QOL scale scores. 131 

Advantages of a single summary score include addressing the issue of analyzing multiple 132 

outcome measures, relevant for example in randomized controlled trials. A summary score that 133 

can be disaggregated into its components (e.g., Pain, Function, QOL) provides the best of both 134 

worlds. It reduces the need for multiple comparisons, while enabling the interpretation of specific 135 

outcomes as needed, for example in patient-clinician communication and in systematic reviews 136 

and meta-analysis. To evaluate methods for constructing a summary measure from the three 137 

HOOS-12 scales, a principal components analysis of their inter-correlations was conducted on 138 

the Item Selection sample, to see if loadings for each scale were equivalent or if scale scores 139 

needed to be standardized and weighted prior to calculating a summary score. Loadings were 140 

equivalent and substantial (0.944-0.957) across the HOOS-12 scales, indicating that each scale 141 

contributed equally to measuring the underlying construct of hip impact. Correlations between a 142 

summary score calculated as the simple average of the three scale scores versus a summary 143 

score calculated using weighted scale scores were substantial (r=0.998-0.999) at pre-THR and 144 

6 and 12 months post-THR. Therefore, the HOOS-12 Summary score was calculated using the 145 

simpler method of averaging the three HOOS-12 scale scores. The HOOS-12 Summary score 146 

also ranges from 0 to 100, where 0 is the worst possible and 100 is the best possible score. A 147 
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summary score is not calculated if any of the three scale scores is missing. 148 

Two other HOOS derivative measures constructed by others were scored from the 149 

original HOOS for comparative purposes (Figure 1). HOOS-PS is a 5-item measure of physical 150 

function with 3 ADL and 2 Sport/Recreation items and was developed in an OARSI/OMERACT 151 

initiative11. HOOS, JR contains 2 Pain and 4 ADL items and is scored to provide an overall 152 

measure of hip health5; it does not provide separate Pain and ADL scores. HOOS, JR has been 153 

accepted by the U.S. Center for Medicare & Medicaid Services for the PROM component of its 154 

Comprehensive Care for Joint Replacement model12. HOOS-PS and HOOS, JR were scored 155 

following their developers’ methods, which require that all items in a scale must be answered to 156 

calculate a score5, 13; the worst and best possible scores are 0 and 100, respectively.  157 

To test construct validity, HOOS-12 scales were evaluated in relation to the SF-36 158 

Health Survey, a general measure of physical and mental functioning and well-being14. The SF-159 

36 is scored as eight scales, including measures of physical function (k=10), bodily pain (k=2) 160 

and mental health (k=5), and summary Physical (PCS) and Mental (MCS) Component Scores15. 161 

SF-36 (Version 2.0) scales were scored so that 50 was the mean and 10 was the standard 162 

deviation in the U.S. general population16. 163 

Statistical Analysis 164 

Analyses focused on comparisons of the psychometric properties of HOOS-12 to those 165 

of the full-length HOOS scales from which the HOOS-12 was derived. In addition, psychometric 166 

properties of HOOS-PS and HOOS, JR were evaluated to provide information about their 167 

performance relative to HOOS-12. 168 

The percent of respondents for whom scale scores could be calculated pre-THR and 6 169 

and 12 months post-THR was examined. Internal consistency reliability of all scales was 170 

evaluated using Cronbach’s coefficient alpha, which is based on the number of items in a scale 171 

and the mean inter-item correlation17. An alpha of 0.70 or higher is recommended for group-172 

level comparisons, while a minimum reliability of 0.90 to 0.95 is considered acceptable when a 173 
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measure is used with individual patients18, 19. Reliability of the HOOS-12 Summary score was 174 

calculated based on Cronbach's alpha for the three HOOS-12 scales, their component weights 175 

and their covariances, following methods similar to those used to calculate reliability for SF-36 176 

PCS and MCS15. In addition, because responsiveness of a measure is constrained if a high 177 

percentage of patients have the lowest or highest possible scores, floor and ceiling effects were 178 

evaluated and considered present if more than 15% of respondents had the lowest or highest 179 

possible scores, respectively20. Because many patients could be considered as “disease-free” 180 

after a successful THR, some ceiling effects were expected post-THR, as in previous studies21. 181 

Validity was evaluated using several approaches. Construct validity was evaluated by 182 

estimating Pearson product-moment correlations between HOOS-12 scales and full-length 183 

HOOS and general SF-36 measures, to determine if HOOS-12 scales correlated higher with 184 

measures of the same construct (convergent validity) than with measures of different constructs 185 

(discriminant validity). Correlations <0.30, 0.30-0.69, and ≥0.70 (equivalent to shared variances 186 

of <10%, 10% to <50%, and ≥50%) were considered as low, moderate and high, respectively.  187 

Because the HOOS-12 Pain and Function scales are subsets of the full-length HOOS Pain and 188 

full-length HOOS ADL and Sport/Recreation scales, high correlations between HOOS-12 and 189 

corresponding HOOS scales were expected. Moderate to high correlations were expected 190 

between HOOS-12 scales and SF-36 physical health measures and low correlations between 191 

HOOS-12 scales and SF-36 mental health measures.  192 

Tests of known groups validity were used to compare the responsiveness of HOOS-12 193 

and other HOOS measures, in terms of their ability to differentiate between groups who varied 194 

in ratings of change at 6 months post-THR, using one-way analysis of variance (ANOVA).  195 

Patients responded to a global item about their change in capability to do everyday physical 196 

activities at 6 months compared to pre-THR (lot more, more, same, less/lot less capable). In 197 

each ANOVA, the change score for a scale was the dependent variable and the self-evaluated 198 

change in capability was the independent variable. Each ANOVA F-statistic indicated how 199 
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strongly a scale discriminated between groups and thus provided information about that scale’s 200 

statistical efficiency. To facilitate comparisons across scales, results were summarized using 201 

relative validity (RV) statistics (ratio of the F-statistic for each scale divided by the F-statistic for 202 

the full-length HOOS scale in domain-specific comparisons and divided by the HOOS-12 203 

Summary score in comparisons across all scales), as in previous analyses22. In each set of 204 

comparisons, the denominator scale had RV=1.0; 95% confidence intervals were derived using 205 

empirical bootstrap23. Within the pain and function domains, the null hypothesis of equal validity 206 

between HOOS-12 and original HOOS scales was tested. In addition, because the HOOS-12 207 

summary measure contains multiple indicators of joint impact, it was hypothesized to be the 208 

most valid of all measures. HOOS, JR also provides a summary score, but its Pain items did not 209 

cover as wide a measurement range as HOOS-126 plus HOOS, JR does not include QOL items. 210 

As a measurement property, responsiveness is best interpreted in relation to another 211 

measure captured simulateously24 using an approach such as the anchor-based method 212 

described above25, 26. In addition, the responsiveness of all hip-specific scales and summary 213 

measures also was compared using the standardized effect size (ES; observed change score 214 

(post minus pre-THR) divided by the standard deviation of the pre-THR score)27 and the 215 

standardized response mean (SRM; observed change score divided by the standard deviation 216 

of the change score)28.  217 

All analyses were performed using Stata Statistical Software: Release 11 (StataCorp LP, 218 

College Station, TX). Two-tailed tests were used to determine significant (p<0.05) differences. 219 

RESULTS 220 

Scale scores could be calculated for 98.5-99.7%, 98.7-99.6% and 97.4-98.8% of 221 

patients for the HOOS-12 Pain, Function and QOL scales, respectively (Table I). The 222 

percentages computable for HOOS-12 Pain and Function were similar to those for the full-223 

length HOOS Pain and ADL scales and slightly higher than the percentage computable for the 224 

HOOS Sport/Recreation scale. The HOOS-12 Summary score could be calculated for 96.5-225 
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97.6% of patients. 226 

Scores for HOOS-PS could only be calculated for 87.3-91.8% of patients, because the 227 

HOOS-PS scoring algorithm requires that all 5 items need to be answered to compute a score; 228 

in addition, missing data rates were high for the HOOS-PS running item in particular. HOOS, JR 229 

scores could be computed for only 94.1-95.5% of patients, due to the requirement that all items 230 

must be answered to calculate a score.  231 

Internal consistency reliability of all three HOOS-12 scales was above 0.70 at all time 232 

points (Table I). While Cronbach’s alpha for HOOS-12 Pain and Function was lower than alpha 233 

for corresponding full-length HOOS scales, the average inter-item correlations did not differ 234 

greatly between corresponding HOOS-12 and HOOS scales, indicating that reliability 235 

differences were primarily due to differences in scale length29. Reliability of HOOS, JR was 0.86 236 

at all three time points, while reliability of the HOOS-12 Summary score exceeded 0.90 across 237 

time points.  238 

Floor effects (percent with the lowest (worst) possible score) for all measures were very 239 

low (<2%) pre- and post-THR, with the exception of the HOOS Sport/Recreation and HOOS 240 

QOL scales pre-THR (Table II). Ceiling effects (percent with the highest (best) possible score) 241 

were negligible pre-THR. Post-THR, there were notable ceiling effects for almost all measures. 242 

For Pain, post-THR ceiling effects were 49-50% at 6 and 12 months for HOOS-12 Pain 243 

compared to 40-44% for the full-length HOOS Pain scale. For Function, post-THR ceiling effects 244 

were 33-41% for HOOS-12 Function compared to 16-27% for HOOS ADL, 15-21% for HOOS 245 

Sport/Recreation, and 16-23% for HOOS-PS. The HOOS-12 Summary score had the lowest 246 

percentage at the ceiling post-THR, at 12-14%. In comparison, the percentage at the ceiling 247 

post-THR was 27-36% for HOOS, JR, indicating that the HOOS-12 Summary score was better 248 

able to distinguish between patients at higher levels of hip health than the other summary 249 

measure. 250 
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Tests of construct validity supported convergent and discriminant validity of HOOS-12 at 251 

pre-THR and both post-THR time points and are presented for pre-THR data (Table III). The 252 

correlation of HOOS-12 Pain and HOOS Pain was very high (r=0.94), indicating that all reliable 253 

variance in the full-length HOOS Pain scale was captured by the HOOS-12 Pain scale. The 254 

HOOS-12 Function scale also had high correlations with HOOS ADL (r=0.92) and 255 

Sport/Recreation (r=0.75). HOOS-12 Pain, Function and QOL scales had similar patterns of 256 

moderate correlations with SF-36 scales primarily measuring physical health (Bodily Pain, 257 

Physical Functioning, Physical Component Summary) and, in support of discriminant validity, 258 

relatively low correlations with SF-36 scales primarily measuring mental health (Mental Health, 259 

Mental Component Summary).  260 

Tests of known groups validity indicated that all hip-specific measures were able to 261 

detect differences between groups differing in self-reported evaluation of change (lot more, 262 

more, same, or less) in capability to do everyday physical activities at 6 months post-THR 263 

(Table IV). Within the Pain domain, the HOOS-12 scale (relative validity (RV)=1.29, 95% CI 264 

(1.09, 1.56)) was significantly (p<0.05) more responsive to group differences than the full-length 265 

HOOS Pain scale (RV=1.0). In comparisons across Function scales, the HOOS-12 Function 266 

scale had similar relative validity as HOOS ADL, HOOS Sport/Recreation and HOOS-PS, as 267 

hypothesized.  The HOOS-12 Summary score was significantly (p<0.05) more responsive than 268 

HOOS, JR, as hypothesized. Comparison of mean change scores indicated that the HOOS-12 269 

Summary score detected about a half SD greater improvement on average than HOOS, JR for 270 

those who rated themselves as most improved.  271 

Effect sizes (ES) at 6 and 12 months post-THR were somewhat higher for the HOOS-12 272 

Pain scale than the full-length HOOS Pain scale, while standardized response means (SRM) 273 

were similar (Table V). ES and SRM were similar for the HOOS-12 Function and HOOS ADL 274 

scales, while the HOOS Sport/Recreation scale had higher ES but lower SRM than other 275 

Function measures. HOOS-PS had the lowest ES of all measures. The ES for the QOL scale 276 
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(2.77 and 3.04 at 6 and 12 months) were similar to those for the HOOS-12 Pain scale (2.81-277 

3.07). ES for the HOOS-12 Summary score (2.90-3.16) was somewhat higher than the ES for 278 

HOOS, JR (2.34-2.56).  The SRM also was higher for the HOOS-12 Summary (2.31-2.64) than 279 

HOOS, JR (2.01-2.21)).  280 

DISCUSSION 281 

The objective of this study, which was achieved, was to evaluate the HOOS-12, a short 282 

form HOOS survey that had 70% lower respondent burden than the full-length HOOS, while 283 

allowing for the construction of domain-specific scales in addition to a comprehensive summary 284 

score. Construction of the HOOS-12 benefitted from use of modern psychometric methods to 285 

aid in item selection and from feedback by patients, clinicians, and researchers who developed 286 

translations of the HOOS and its companion measure, the Knee injury and Osteoarthritis 287 

Outcome Score (KOOS). Results from this study indicated that a relatively short 12-item hip-288 

specific survey can be constructed from HOOS items in a manner that: (1) substantially reduces 289 

respondent burden (12-item surveys can be completed by most patients in 2 minutes or less); 290 

(2) allows for scoring a profile of separate Pain, Function, and QOL scales with satisfactory 291 

reliability, which reach similar conclusions in tests of validity and responsiveness as full-length 292 

HOOS scales; and (3) achieves the advantages of a summary score with satisfactory validity 293 

and that is likely to improve responsiveness to change after THR.  294 

The HOOS-12 Summary score provides an aggregate measure of hip impact across the 295 

Pain, Function and QOL domains. Summary measures have the advantage of providing results 296 

for one or two endpoints rather than multiple endpoints. Perhaps the best known PRO summary 297 

measures are the SF-36 Physical (PCS) and Mental (MCS) Component Summary scores15, 298 

which reduce the number of statistical comparisons from eight scales to two summary measures 299 

when analyzing the SF-36. Similarly, the HOOS-12 Summary score reduces the number of 300 

endpoints from three scales to one aggregate measure, which can be used as the primary 301 

outcome and complemented by the three scale scores as secondary outcomes for more specific 302 
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clinical interpretation. The HOOS-12 Summary score was the only summary measure with 303 

internal consistency reliability at or above 0.90, which is the minimum level often recommended 304 

when using a measure with individual patients. It also had the lowest (12-14%) ceiling effects 305 

and was the stronger summary measure in detecting differences between groups differing in 306 

self-reported evaluation of change in capability to do everyday physical activities post-THR. 307 

However, because it combines scores from three scales, there are many different ways to 308 

achieve any particular HOOS-12 Summary score. Thus, summary scores should be interpreted 309 

in relation to HOOS-12 scale scores. 310 

HOOS, JR also provides an overall measure of hip health. However, HOOS, JR does 311 

not allow for computation of domain scores and also had higher ceiling effects (27-36%) at 6 312 

and 12 months post-THR than the HOOS-12 Summary score (12-14%). HOOS, JR also did not 313 

discriminate as well as the HOOS-12 Summary score between post-THR groups differing in 314 

change in capability to do everyday physical activities, and in particular did not detect as much 315 

change as HOOS-12 for groups who said they were a “lot more” capable post-THR. The 316 

superior performance of the HOOS-12 Summary score is likely related to selection of pain items 317 

for HOOS-12 that have a wider measurement range than those included in HOOS, JR6, along 318 

with the inclusion of QOL items in HOOS-12, which provide a more comprehensive assessment 319 

of the functional and emotional impact of hip disorders. This is in line with recommendations 320 

from OARSI-OMERACT regarding outcome domains for inclusion in OA studies30-32. Finally, 321 

HOOS, JR also could not be scored for approximately 5% of patients, due to the requirement 322 

that all 6 items must be answered to score this measure.  323 

The 4-item HOOS-12 Pain scale had better performance than the 10-item HOOS Pain 324 

scale in responding to differences in global change ratings post-THR, although the shorter scale 325 

had higher ceiling effects than the full-length scale post-THR. The 4-item scale is parsimonious, 326 

containing two items that span the least painful (sitting) and more painful (stairs) activities plus 327 

the item that was best at discriminating among respondents (walking on a flat surface) in IRT 328 
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analyses6, while also giving more proportional weight to pain frequency than the full-length 329 

HOOS scale. By strategic selection of items for inclusion, and by excluding items that were of 330 

limited usefulness in estimating the full-length HOOS Pain score in CAT simulations6, the 331 

HOOS-12 Pain scale appears to be a more efficient measure than its full-length counterpart. 332 

The HOOS-12 Function scale was reliable, valid and responsive, but did not perform as 333 

well as other HOOS function scales in some tests. In particular, the HOOS-12 Function scale 334 

had notably higher ceiling effects than other HOOS function measures. The most difficult 335 

activities such as running were not selected for HOOS-12 because they had relatively high rates 336 

of missing data and are not done or are viewed as unimportant by many THR patients33. HOOS-337 

PS includes the running item and had a wider measurement range than the HOOS-12 Function 338 

scale, with an item threshold range of 3.7SD for HOOS-PS compared to a range of 2.8SD for 339 

items in the HOOS-12 Function scale in IRT analyses6. However HOOS-PS could not be scored 340 

for 8-12% of THR patients in this study due to missing item data, and had lower ES and SRM 341 

than the HOOS-12 Function scale. The HOOS Sport/Recreation scale also includes the most 342 

difficult HOOS item (running), thereby also extending the measurement range beyond that of 343 

the HOOS-12 Function scale. For studies of younger and more active patients, administering 344 

and scoring the HOOS Sport/Recreation scale along with the HOOS-12 is recommended, 345 

particularly because this only adds 3 more HOOS items to a questionnaire. In the future, 346 

consideration might be given to extending the range of hip-specific physical function measures 347 

by adding high performance response options to capture when it is “easy” or “very easy” to do 348 

common activities, rather than asking if respondents had no difficulty in performing intense 349 

activities that many respondents do not attempt to do. Tests of general physical function 350 

measures have shown that this approach can increase the measurement range34. 351 

Further research is needed into the performance of HOOS-12 in patient populations 352 

other than hip OA patients having THR and in countries outside the US. In addition, the 353 

performance of HOOS-12 should be evaluated in relation to other hip-specific measures, such 354 
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as the Oxford Hip Score35 and Harris Hip Score36. This study also could not evaluate test-retest 355 

reliability of the HOOS-12, although intraclass correlation coefficients for full-length HOOS 356 

scales have ranged from 0.75 to 0.97 in previous test-retest studies37-39 and it is likely that 357 

HOOS-12 scales also would have satisfactory test-retest reliability. It also is notable that 358 

patients who rated their capability as “less” (compared to pre-operatively) still had positive 359 

change scores on all measures, on average. This may reflect possible placebo effects from 360 

surgery or the impact of comorbid conditions on overall physical capability despite hip-specific 361 

improvement, and warrants further study. Finally, analyses reported here were based on 362 

HOOS-12 items embedded within the full-length HOOS; HOOS-PS and HOOS, JR items also 363 

were embedded within the HOOS. Additional studies should be conducted to confirm that 364 

HOOS-12 psychometric properties are similar when the short form is administered by itself.  365 

The full-length HOOS may still offer some advantages in THR populations, including 366 

when used in research, in prediction analyses including clinical symptoms, and when THR is 367 

performed in patients with high physical activity levels that are better captured by the HOOS 368 

Sport/Recreation scale. However, HOOS-12 is a promising alternative to the full-length HOOS 369 

and HOOS derivatives and uniquely, it allows for estimation of domain-specific scores of pain, 370 

function and QOL plus an overall hip impact summary score, with reduced respondent burden 371 

compared to the full-length HOOS. While HOOS-12 domain-specific scales are important for 372 

clinical interpretation and systematic reviews of OA treatment, the HOOS-12 Summary score 373 

demonstrated potential to serve as an aggregate outcome measure for use in clinical trials, 374 

registries and quality initiatives.  375 

  376 
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Figure Legends 504 

 505 

Figure 1. HOOS-12 Measurement Model 506 

  507 
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Table I. Percent Computable Scales, Internal Consis tency Reliability and Average Inter-Item 508 

Correlations for Hip-Specific Measures 509 

  % Computable   Cronbach’s alpha   Inter -Item Correlation  

 k Pre 6 m 12 m  Pre 6 m 12 m  Pre 6 m 12 m 

HOOS-12 Pain 4 98.7 98.5 99.7  0.77 0.77 0.78  0.46 0.46 0.47 

HOOS Pain 10 98.7 98.5 99.7  0.91 0.91 0.92  0.50 0.50 0.53 

HOOS-12 Function 4 98.7 99.6 99.1  0.83 0.81 0.84  0.55 0.52 0.57 

HOOS ADL 17 98.7 99.6 99.1  0.95 0.94 0.95  0.53 0.48 0.53 

HOOS Sport/Recreation 4 98.2 96.6 98.3  0.83 0.87 0.87  0.55 0.63 0.63 

HOOS-PS 5 91.8 87.3 87.8  0.80 0.77 0.77  0.44 0.40 0.40 

HOOS/HOOS-12 QOL 4 98.4 97.4 98.8  0.80 0.79 0.82  0.50 0.48 0.53 

HOOS-12 Summary 12 96.9 96.5 97.6  0.92 0.91 0.92  - - - 

HOOS, JR 6 94.2 95.5 94.1  0.86 0.86 0.86  0.51 0.51 0.51 

N=1,273 (pre-THR), 909 (6 month post-THR), 757 (12 month post-THR) 510 

k, Number of items; % Computable, Percent of respondents for whom scale score could be computed at pre-THR, 6 month and 12 511 

months post-THR; ADL, Activities of Daily Living; QOL, Quality of Life. 512 
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Table II. Floor and Ceiling Effects for Hip-Specifi c Measures  514 

 

k 

% at Floor   % at Ceiling  

Pre-THR 6 month  12 month   Pre-THR 6 month  12 month  

HOOS-12 Pain 4 1.4 0.0 0.0  0.2 48.9 50.2 

HOOS Pain 10 1.1 0.0 0.0  0.2 40.0 44.3 

HOOS-12 Function 4 1.1 0.0 0.0  0.2 33.3 41.3 

HOOS ADL 17 0.2 0.0 0.0  0.2 16.4 27.2 

HOOS Sport/Recreation 4 14.8 0.8 0.2  0.0 14.8 20.6 

HOOS-PS 5 0.7 0.0 0.0  0.0 15.6 22.6 

HOOS/HOOS-12 QOL 4 11.6 0.0 0.0  0.0 17.4 20.1 

HOOS-12 Summary 12 0.5 0.0 0.0  0.0 11.6 13.9 

HOOS, JR 6 0.7 0.0 0.0  0.0 27.2 36.3 

N=438 patients with all scale scores at all three time points. 515 

k, Number of items; % Floor, % with lowest possible score; % Ceiling, Percent with highest possible score; ADL, Activities of Daily 516 

Living; QOL, Quality of Life. All measures scored so 0=worst possible and 100=best possible score.  517 

518 
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Table III. Descriptive Statistics, Reliability and Inter-scale correlations  Among Hip-Specific and SF-519 

36 Measures, pre-THR 520 

     Pain   Function   QOL 

 k Mean SD 
Relia-

bility 

HOOS

-12 
HOOS  

HOOS

-12 

HOOS 

ADL 

HOOS 

Sport 
 

HOOS 

QOL 

Pain              

HOOS-12 Pain 4 40.0 16.7 0.77         

HOOS Pain 10 43.5 17.4 0.91 0.94        

Function              

HOOS-12 Function 4 42.5 19.1 0.83 0.76 0.82       

HOOS ADL 17 46.5 18.7 0.95 0.79 0.84  0.92     

HOOS Sport/Recreation 4 22.4 18.5 0.83 0.64 0.69  0.75 0.73    

HOOS/HOOS-12 QOL 4 25.4 17.7 0.80 0.61 0.64  0.65 0.66 0.67   

SF-36 Generic              

Bodily Pain 2 33.1 7.1 0.80 0.66 0.68  0.67 0.70 0.57  0.60 

Physical Functioning 10 30.3 9.9 0.90 0.54 0.56  0.59 0.64 0.58  0.54 

Mental Health 5 49.0 10.4 0.85 0.30 0.32  0.33 0.35 0.28  0.34 

PCS 35 31.8 8.3 0.91 0.56 0.57  0.60 0.63 0.58  0.56 

MCS 35 51.5 11.9 0.93 0.31 0.34  0.34 0.37 0.27  0.34 

N = 1,212.  521 

k, number of items. ADL, Activities of Daily Living; Sport, Sport/Recreation; QOL, Quality of Life; PCS, Physical Component 522 

Summary; MCS, Mental Component Summary. Reliability is internal consistency reliability (Cronbach’s alpha), see text. 523 

SE for all correlations=0.029. All measures scored so 0=worst possible and 100=best possible score, except for SF-36 measures 524 

(US general population mean=50, SD=10; lower score=poorer health).  525 

526 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

24 

Table IV. Mean Change Scores (SD) and Known-Groups Validity Tests by Self-evaluated Change in 527 

Physical Activity at 6 Months 528 

 

k 

Mean (SD) Change Score by Change in Capability  

in Everyday Physical Activities* 

F 

RV  

Within  

Domain 

(95% CI) 

RV  

Across 

Domains 

(95% CI) 
Lot More 
(n=466) 

More 
(n=126) 

Same 
(n=46) 

Less 
(n=24) 

HOOS-12 Pain 4 51.1  

(17.7) 

40.8  

(23.5) 

31.2  

(24.9) 

19.8  

(29.8) 

34.78 1.29 

(1.09, 1.56) 

0.69  

(0.52, 0.86) 

HOOS Pain 10 48.7  

(17.3) 

39.9  

(21.3) 

31.5  

(23.1) 

23.8  

(24.9) 

26.96 1.00 0.54 

(0.40,0.66) 

HOOS-12 Function 4 48.4  

(19.2) 

35.9  

(20.4) 

29.7  

(20.8) 

18.2  

(23.0) 

36.38 1.03 

(0.84, 1.27) 

0.72 

(0.57, 0.90) 

HOOS ADL 17 44.6  

(17.7) 

33.1  

(19.3) 

26.1  

(20.4) 

19.0  

(19.5) 

35.38 1.00 

 

0.70  

(0.54, 0.88) 

HOOS Sport/Recreation 4 53.1  

(23.7) 

31.8  

(25.6) 

30.7  

(25.7) 

6.5  

(31.6) 

53.80 1.52 

1.07, 2.27) 

1.07 

(0.79, 1.42) 

HOOS-PS 5 35.9  

(16.6) 

25.8  

(17.9) 

20.8  

(16.4) 

10.9  

(16.4) 

33.43 0.94 

(0.74, 1.22) 

0.66 

(0.52, 0.86) 

HOOS/HOOS-12 QOL 4 54.3  

(21.7) 

38.6  

(23.8) 

33.1  

(21.9) 

15.9  

(25.3) 

43.09 
- 

0.86  

(0.69, 1.04) 

HOOS-12 Summary 12 51.2  

(16.9) 

38.4  

(20.0) 

31.3  

(20.2) 

18.0  

(22.4) 

50.33 
- 

1.00 

HOOS, JR 6 40.0  

(16.3) 

29.6  

(17.4) 

22.2  

(17.3) 

15.9  

(16.4) 

38.44 
- 

0.76 

(0.60, 0.91) 

k, Number of items; F, ANOVA F-statistic; RV, relative validity; CI, confidence interval; ADL, Activities of Daily Living; QOL, Quality 529 

of Life. All measures scored so 0=worst possible and 100=best possible score. All F-statistics p<0.001.  530 

* Item text (response options): Thinking about your everyday physical activities today (such as walking, climbing stairs, carrying 531 

groceries, or participating in sports); Compared to before your joint surgery, are you more or less capable now in your everyday 532 

physical activities because of your joint surgery? (A lot more capable now, somewhat more capable now, about the same, 533 

somewhat less capable now, a lot less capable now; fourth and fifth responses combined in ANOVA). 534 
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Table V. Effect Sizes and Standardized Response Mea ns for Hip-Specific Measures 536 

  Mean Score (SD)  

Effect  

Size 

Standardized 

Response 

Mean 

6 month post -THR 

(n=676) 

12 month post -THR 

(n=547) 

 

k 

Pre-THR 

Score 

Change 

Score 

Pre-THR 

Score 

Change  

Score  

6 

Month 

12 

Month 

6 

Month 

12 

Month 

HOOS-12 Pain 4 40.8 (16.6) 46.6 (21.5) 40.8 (15.9) 48.9 (19.6)  2.81 3.07 2.17 2.50 

HOOS Pain 10 44.7 (17.5) 44.9 (20.0) 45.0 (17.0) 46.4 (18.7)  2.56 2.73 2.25 2.48 

HOOS-12 Function 4 43.5 (19.3) 43.4 (21.3) 44.2 (19.1) 44.7 (20.6)  2.25 2.34 2.04 2.17 

HOOS ADL 17 47.7 (18.7) 40.1 (19.8) 48.7 (18.8) 41.7 (19.4)  2.15 2.22 2.03 2.15 

HOOS Sport/Recreation 4 23.3 (18.9) 45.6 (27.4) 23.7 (19.1) 50.6 (25.8)  2.41 2.65 1.66 1.96 

HOOS-PS 5 52.7 (16.3) 31.9 (18.2) 53.3 (16.4) 33.8 (17.5)  1.96 2.06 1.76 1.94 

HOOS/HOOS-12 QOL 4 26.2 (17.5) 48.3 (24.4) 26.3 (17.3) 52.7 (23.0)  2.77 3.04 1.98 2.29 

HOOS-12 Summary 12 36.8 (15.9) 46.1 (20.0) 37.1 (15.4) 48.7 (18.5)  2.90 3.16 2.31 2.64 

HOOS, JR 6 48.3 (15.3) 35.8 (17.9) 49.1 (14.7) 37.6 (17.0)  2.34 2.56 2.01 2.21 

 ADL, Activities of Daily Living; QOL, Quality of Life. All measures scored so 0=worst possible and 100=best possible score. 537 
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Figure 1. HOOS -12 Measurement Model  

Item Label Abbreviated Item Content 
 HOOS-12 

Scales 

 HOOS-12 
Summary 
Measure 

Symptoms      
hsx1 Grinding, clicking, noise     
hsx2 Spreading legs wide apart     
hsx3 Stride out when walking     
hsx4 Stiffness in morning     
hsx5 Stiffness later in day     
      
Pain      
hpn01 Frequency hip pain 

 
   

hpn02 Pain straighten hip fully    
hpn03 Pain bend hip fully    
hpn04 Pain walking on flat  

Pain 
  

hpn05† Pain up/down stairs    
hpn06 Pain at night in bed 

 
  

hpn07 Pain sitting or lying   
hpn08 Pain standing upright    
hpn09 Pain walking on hard    
hpn10† Pain walking on uneven    
     
Activities of Daily Living     
hadl01* Descending stairs    
hadl02 Ascending stairs    
hadl03† Rising from sitting   

Hip Impact 
hadl04 Standing    
hadl05† Bending to floor    
hadl06 Walking on flat surface    
hadl07 Getting in/out of car 

 
  

hadl08 Going shopping   
hadl09 Put on socks/stockings 

Function 

 
hadl10 Rising from bed   
hadl11 Take off socks/stockings   
hadl12† Lying in bed    
hadl13* Get in/out of bath/shower 

 

   
hadl14*† Sitting    
hadl15 Getting on/off toilet    
hadl16 Heavy domestic duties    
hadl17 Light domestic duties    
     
Sport/Recreation     
hsp1 Squatting    
hsp2* Running    
hsp3* Twisting/pivoting on leg    
hsp4 Walk on uneven surface    
      
Hip-Specific Quality of Life  (QOL)     
hqol1 Aware of hip problem  

QOL 

  
hqol2 Modified lifestyle due to hip    
hqol3 Lack of confidence in hip    
hqol4 Overall difficulty with hip    
* HOOS-PS item. †HOOS,JR item. 

 


