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Abstract: Objective

To determine whether good versus poor outcome trajectories and predictors of poor
outcome obtained in a derivation study could be replicated in an independent sample
of persons undergoing knee arthroplasty (KA).

Methods

We used data from TRIO-POPULAR, a prospective cohort study of 926 participants
who underwent KA in the United Kingdom. The participants were assessed
preoperatively and 6-weeks, 6- and 12-months postoperatively. The Oxford Knee
Score was the primary outcome and a variety of pre-operative predictors of outcome
were selected. The outcome measure and the predictors were selected to most closely
align with a previously published derivation study of good versus poor outcome.
Confirmatory two-piece latent class growth curve analyses were used to model
outcome and regression was used to identify predictors of outcome class.

Results

Trajectories for the Oxford Knee Scores from TRIO-POPULAR replicated trajectories
for WOMAC Pain and Function scores from the previously published derivation study.
Multivariable predictors of poor outcome were pain catastrophizing (odds ratio = 1.125,
95% CI = 1.048, .206, p=0.001) and comorbidity (odds ratio = 1.134, 95%CI = 1.049,
1.227, p=0.002. Pain catastrophizing also predicted poor outcome in the derivation
study.

Conclusions

Good and poor outcome trajectories replicated those found in the previously published
derivation study. Our model-based method produces stable outcome trajectories
despite using data from different countries and participants with substantively different
characteristics. Predictors of poor outcome were somewhat inconsistent between the
cross-validation and derivation studies. Pain catastrophizing was the only consistent
poor outcome predictor.
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ABSTRACT  25 

Objective: To determine whether good versus poor outcome trajectories and predictors of poor 26 

outcome obtained in a derivation study could be replicated in an independent sample of persons 27 

undergoing knee arthroplasty (KA).  28 

 29 

Methods: We used data from TRIO-POPULAR, a prospective cohort study of 926 participants 30 

who underwent KA in the United Kingdom. The participants were assessed preoperatively and 31 

6-weeks, 6- and 12-months postoperatively. The Oxford Knee Score was the primary outcome 32 

and a variety of pre-operative predictors of outcome were selected. The outcome measure and 33 

the predictors were selected to most closely align with a previously published derivation study of 34 

good versus poor outcome. Confirmatory two-piece latent class growth curve analyses were 35 

used to model outcome and regression was used to identify predictors of outcome class. 36 

 37 

Results: Trajectories for the Oxford Knee Scores from TRIO-POPULAR replicated trajectories 38 

for WOMAC Pain and Function scores from the previously published derivation study. 39 

Multivariable predictors of poor outcome were pain catastrophizing (odds ratio = 1.125, 95% CI 40 

= 1.048, .206, p=0.001) and comorbidity (odds ratio = 1.134, 95%CI = 1.049, 1.227, p=0.002. 41 

Pain catastrophizing also predicted poor outcome in the derivation study.  42 

 43 

Conclusions:  Good and poor outcome trajectories replicated those found in the previously 44 

published derivation study. Our model-based method produces stable outcome trajectories 45 

despite using data from different countries and participants with substantively different 46 

characteristics. Predictors of poor outcome were somewhat inconsistent between the cross-47 

validation and derivation studies. Pain catastrophizing was the only consistent poor outcome 48 

predictor.  49 

 50 
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 51 

 52 
INTRODUCTION 53 

Researchers over the past decade have focused substantial attention on defining good 54 

versus poor knee arthroplasty (KA) outcome1,2. Poor KA outcome, for example, was the focus of 55 

a recent consensus conference designed to prioritize research efforts to improve KA outcome3.  56 

Conference attendees rated identification of causes and prevention of persistent pain following 57 

KA as the #1 research priority. Because approximately 20% of patients with KA (e.g., 58 

approximately 200,000 patients each year in the US4) report persistent function-limiting pain2, a 59 

high research priority seems warranted. 60 

A prerequisite to treating or preventing persistent function-limiting pain following KA is to 61 

first define when it is present. On the surface, this may seem like a simple task. However, 62 

approximately 60% of patients following KA report at least some degree pain in their surgical 63 

knee up to two years following surgery. In some cases, the pain reported is mild, sometimes 64 

intermittent and the patient may be satisfied with their outcome. What then constitutes persistent 65 

function-limiting pain and how do we know whether or not it is resolved following KA?  66 

 The most common approach to identification of troublesome persistent pain is to rely on 67 

methods to identify whether a person’s change in pain is judged to be clinically important. 68 

Patients are typically asked to compare their current pain to their recalled baseline pain and 69 

then to judge the extent to which pain has improved or worsened (i.e., a global rating of 70 

change)5,6. The Minimal Clinically Important Difference (MCID) family of methods are grounded 71 

in comparisons to global change measures but these methods rely on arbitrary cut-scores (e.g. 72 

slightly better versus somewhat better) to differentiate between important and unimportant 73 

change in pain. A recent systematic review of MCID methods in knee arthroplasty found 47 74 

different definitions of good versus poor pain outcome7. We argued in a subsequent paper that 75 

arbitrary methods for differentiating between good and poor outcome were not moving the 76 

science of outcome assessment forward8. Rather, we argued for a scientifically sound statistical 77 
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modeling method (i.e. the discrete latent variable framework) that was not dependent on 78 

arbitrary cut scores derived most commonly from global rating scales8. If a modeling approach 79 

produces consistent findings of good versus poor outcome across datasets and patient types, 80 

this method would likely lead to identification of more consistent prognostic indicators of poor 81 

outcome, an important gap in arthroplasty outcome research3.  82 

 The purpose of our study was to cross-validate our prior latent class approach9 using a 83 

prospective cohort of 926 patients from the TRIO-POPULAR study10,11 who underwent KA 84 

surgery in the United Kingdom. Unlike our original study, which prescreened patients with 85 

moderate to high levels of pain catastrophizing, patients in TRIO-POPULAR were not 86 

prescreened for poor outcome risk. We were interested in determining whether our method for 87 

classifying good versus poor outcome was generalizable to an independent sample of a typical 88 

heterogeneous mix of patients undergoing KA.  89 

 90 

METHODS 91 

Settings 92 

The TRIO-POPULAR study was a prospective multicenter cohort study conducted at 93 

nine sites in the United Kingdom. The study recruited 943 participants between December, 2013 94 

and July, 2016 who had a diagnosis of osteoarthritis (OA), and who were scheduled to undergo 95 

KA. Participants were followed for one year post-surgery. For purposes of the current study, we 96 

included all participants with one or more completed Oxford Knee Scores at four measurement 97 

occasions (pre-operative, 6 weeks, 6- and 12-months post-surgery). From a grand total of 943 98 

consenting participants, we excluded data from 17 who did not undergo KA, resulting in a 99 

sample of 926 participants.  100 

 101 

 102 

 103 
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Participants 104 

Patents scheduled to undergo primary KA were invited to participate either during a 105 

clinic visit or by letter. Inclusion criteria were intentionally broad to capture the full gamut of 106 

patient types who typically undergo KA for OA. Exclusion criteria were revision KA, fully 107 

constrained knee arthroplasty or KA for diagnosis other than OA. Patients also were excluded if 108 

they had a diagnosis of stroke, or other musculoskeletal conditions that caused a limitation of 109 

function.  110 

Participants completed a questionnaire at the time of recruitment, and consent was 111 

obtained for access to medical records for research purposes. Follow-up questionnaires were 112 

mailed to participants 6 weeks, 3-, 6-, and 12-months post-surgery. Ethical approval was 113 

granted by the office for Research Ethics Committees Northern Ireland (ORECNI) (13/NI/0101). 114 

Outcome Measures  115 

The Oxford Knee Score (OKS) was the primary outcome measure in the TRIO-116 

POPULAR study. In our prior good versus poor outcome modeling derivation study9 we used 117 

the WOMAC Pain and WOMAC Function scales as the primary outcome measures. In both 118 

studies, the outcome measures were obtained preoperatively and at 6-weeks (2-months in 119 

KASTPAIN), 6- and 12-months post-surgery. 120 

The OKS is a 12-item scale of which 5 of 12 items ask directly about usual knee pain or 121 

knee pain with activity. The other seven items ask about difficulty with activities and that may 122 

also be associated with pain (e.g., getting out of a car, limping, kneeling). Correlations between 123 

WOMAC Pain and Function sores and the OKS are high. For example, Polascik and colleagues 124 

reported Spearman correlation coefficients between 0.89 and 0.75 between the OKS and the 125 

KOOS jr, an instrument derived from WOMAC with 4 of 7 items asking about knee pain with 126 

activity12. Naal and colleagues reported Spearman correlation coefficients between 0.71 and 127 

0.76 between WOMAC Pain and Function scales and the OKS in persons undergoing KA13.  128 
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Given the strong association between OKS and WOMAC measures, and the extensive 129 

validation data supporting the use of both measures14,15, we concluded it was acceptable to 130 

assess the extent to which the trajectories of recovery following KA were similar when 131 

comparing OKS scores from TRIO-POPULAR and WOMAC Pain scores from KASTPain as well 132 

as OKS and WOMAC Function scores. While score equivalence for individuals cannot be 133 

assumed given that OKS and WOMAC scales comprise different questions and different 134 

responses, they measure very similar constructs related to knee pain and subsequent difficulty 135 

with knee-related daily activity. In the current study, we used the OKS 12 to 60 scoring system16 136 

with higher scores equating to worse pain and knee-related function. WOMAC Pain scores 137 

range from 0 to 20 while WOMAC Function scores range from 0 to 68 with higher scores 138 

equating to worse pain or function, respectively.  139 

Baseline Predictors of Good or Poor Outcome Type 140 

 In our prior KASTPain outcome modeling study9, we selected predictors of outcome type 141 

from the extant literature. We used a similar strategy for selecting predictors for TRIO-142 

POPULAR data.  For example, we found in our prior study that income, pain catastrophizing, 143 

number of painful body regions, baseline WOMAC Function score and comorbidity were 144 

significant univariate predictors of good versus poor WOMAC Pain outcome membership9. For 145 

TRIO-POPULAR, we determined whether the following variables predicted good versus poor 146 

outcome: education (surrogate measure for income), pain catastrophizing, number of chronically 147 

painful body regions, comorbidity and the PROMIS-10 global physical health measure 148 

(surrogate measure for WOMAC Function). Because we also included other potential predictors 149 

in our prior modeling study, we included the following variables from TRIO-POPULAR: 150 

depressive symptoms as measured with the validated Hospital Anxiety and Depression Scale17 151 

and sex.  152 

 Because TRIO-POPULAR did not measure participants’ income, we used education as 153 

a surrogate measure of income. Education was measured using a 5-level measure from 154 
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completion of all or part of secondary school to completion of a post-graduate degree. Pain 155 

catastrophizing was measured using a 4-item scale imbedded in the previously validated 156 

Vanderbilt Pain Management Inventory18. Scores on the pain catastrophizing subscale range 157 

from 4 to 20 with higher scores equating to worse pain catastrophizing. We converted the 158 

coding of chronically painful body regions body diagram from TRIO-POPULAR10,19 to equate it 159 

to the chronically painful body regions scale used in KASTPain20. Comorbidity in both studies 160 

used the modified Charlson comorbidity scale21 with higher scores equating to a greater number 161 

of comorbidities. The PROMIS-10 global physical health measure22 is a validated measure of 162 

global physical function with scores ranging from 16.2 to 67.7. Higher scores equate to better 163 

physical health. 164 

 165 

Statistical Analysis 166 

Confirmatory two-piece latent class growth analysis (CLCGA) with two classes was used 167 

to cross-validate the good versus poor trajectory types measured at pre- and 6-week, 6-month, 168 

and 12-month post-surgery, based on prior work9. While in the exploratory approach we 169 

investigated different numbers of trajectory types and relied on model selection strategies (e.g., 170 

BIC) to select a two-class solution (good vs. poor outcome trajectory types) as the best fitting 171 

model9, here in the confirmatory approach the good and poor trajectory outcomes were 172 

specified a priori. Model-based estimates of typical trajectory shape and prevalence, class 173 

separation (entropy), and accuracy of classification (average latent class probabilities for most 174 

likely class membership for latent classes) were used to assess the degree of confirmation23. In 175 

CLCGA, full information maximum likelihood method was used for handling missing data in 176 

outcomes. The multiple imputation method with 20 replications was used to handle missing 177 

covariates in the prediction model. Both missing data handling methods assume data are 178 

missing-at-random.  179 
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We used the revised three-step method for identifying predictors of good versus poor 180 

outcomes latent classes23. This method is similar to a binary logistic regression analysis with the 181 

exception that the outcome is a binary latent variable taking into account the uncertainty in class 182 

assignments. In univariate analysis, the model has only one predictor. In multivariate analysis, 183 

all predictors were included in the analysis. M-plus was used for all analyses24. 184 

RESULTS 185 

Descriptive data for preoperative TRIO-POPULAR data appear in Table 1. Data from 186 

926 participants were used in the current study, 53.5% were female and the average age of the 187 

sample was 68.2 (sd = 8.7) years.  188 

The average latent class probabilities for OKS were 0.92 and 0.91 for good and poor 189 

outcome types, respectively, indicating that the latent classifications are highly accurate. The 190 

entropy of 0.737 also indicated that the good versus poor outcome types are well separated. 191 

Figure 1 shows the typical growth trajectories for good and poor outcome subgroups along with 192 

95% CI. Consistent with the entropy, non-overlapping CI’s further indicate a good class 193 

separation. For prevalence, a total of 23% of the sample were in the poor outcome latent class 194 

while 77% of the sample were in the good outcome latent class. Both the typical trajectories and 195 

the estimated prevalence rates (i.e., a prevalence of 16% poor WOMAC Pain outcome and 18% 196 

poor WOMAC Function outcome in KASTPain) are consistent with our prior good versus poor 197 

outcome trajectory derivation paper9. Figure 2 illustrates the growth trajectories from the TRIO-198 

POPULAR and KASTPain studies.  199 

[Table 1 and Figure 1 about here] 200 

[Figure 2 about here] 201 

Prediction of Oxford knee score trajectories 202 

Prediction of Oxford Knee Score latent class membership of good versus poor outcome 203 

appears in Table 2. After accounting for all other predictors, a per unit increase in preoperative 204 

comorbidity score (OR: 1.134, 95%CI = 1.049, 1.227), pain catastrophizing score (OR: 1.125, 205 
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95%CI = 1.048, 1.206), and number of painful body regions (OR: 1.208, 95%CI = 0.976, 1.596) 206 

and a per unit decrease in education (OR: 0.820, 95%CI = 0.661, 1.018) associated with 207 

increased odds of being in the poor outcome class for Oxford Knee scores. For example, a one 208 

unit increase in pain catastrophizing score associated with a 12.5% increased odds of being in 209 

the poor outcome class. We reported similar findings for higher pain catastrophizing, lower 210 

income and a greater number of painful body regions predicting poor outcome for WOMAC Pain 211 

and pain catastrophizing and painful body regions for WOMAC Function in the KASTPain 212 

study9.   213 

[Table 2 about here]  214 

 215 

DISCUSSION 216 

 To our knowledge, this is the first study to demonstrate that good versus poor outcome 217 

prediction using piecewise latent class growth curve analysis is replicable in a second 218 

independent sample of patients undergoing KA. Latent class modeling of good versus poor 219 

outcome is highly consistent across samples and should be considered over the MCID family of 220 

methods. For example, te Molder and colleagues, conducted a systematic review of good 221 

versus poor outcome definitions in KA and found 47 different methods of defining poor 222 

outcome7. Most prominent among these methods were variations of the minimal clinical 223 

importance difference (MCID) family of change indicators. These methods led to substantial 224 

variation in classification of good versus poor outcome and subsequently, inconsistency in 225 

classifying participants with good versus poor outcome. Our method demonstrated consistent 226 

findings in both good and poor outcome trajectories and predictors of good and poor outcome. 227 

We indicated in a prior paper8 that arbitrary criteria as used with the MCID methods results in 228 

substantial variation in MCID estimates. The modeling method as used in the current paper led 229 

to stable estimates of statistically and clinically meaningful subgroup differences. We suggested 230 

a consensus-based approach to estimating the timeframe for collecting data for trajectory 231 
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modeling25. The timing of measures in the current study approximate what might be needed to 232 

identify outcomes classes in that approximately 6 weeks post-surgery is a reasonable timeframe 233 

for the first postsurgical measurement as it captures acute recovery from surgery while the 234 

longer term measures (6 and 12 months) capture the great majority of total recovery26.  235 

Our findings of consistent prediction of good versus poor outcome and predictors of 236 

outcome also is noteworthy, because the cross-validation sample came from a different country 237 

and was an all comers study unlike the sample we used to derive the good versus poor latent 238 

classes9. Participants in the KASTPain study were recruited from five sites in the US and were 239 

selected based on the presence moderate to high levels of pain catastrophizing. Patients in 240 

KASTPain, therefore were substantively different from participants in TRIO-POPULAR, in part, 241 

because of the presence of pain catastrophizing. To determine if pain catastrophizing 242 

moderated effects of predictors on the outcome we reran the prediction model by adding 243 

interaction terms between each of the five predictors and pain catastrophizing. We found that 244 

none were statistically significant. Differences in pain catastrophizing between the two studies 245 

may not be a plausible explanation for differences in predictors. 246 

This cross-validation study demonstrates that identification of good versus poor self-247 

reported pain and function outcomes are replicable, even when samples from different countries 248 

with different health systems and different patient characteristics completing different outcome 249 

measures are studied. More traditional methods of identifying patients with good versus poor 250 

outcome are known to lead to highly variable findings. 251 

We argued in a follow-up paper that continued use of similar methods to those reported 252 

by te Molder et al 7 would not advance the science of outcome prediction and would likely only 253 

create even greater variation25. Our outcome prediction derivation paper combined with the 254 

current paper indicate that the statistical model-based method (using piecewise the latent class 255 

growth curve analysis) produces consistent results and is not dependent on arbitrary cut points, 256 

a drawback to the MCID methods. 257 
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 Preoperative predictors of poor outcome membership in the current study mostly 258 

demonstrated consistency with our derivation study9. In both studies, pain catastrophizing, 259 

number of painful body regions and income/education demonstrated effects sizes that in our 260 

view were clinically meaningful. In the current study we used education as a surrogate for 261 

income and found that the OR effect size suggested clinically important associations with poor 262 

outcome in the multivariable analysis. However, the p value for education was 0.07, suggesting 263 

that with a larger sample and similar associations, this variable would have likely achieved 264 

statistical significance in a multivariable analysis. The same is true for painful body regions 265 

which also was a significant predictor of poor outcome in the KASTPain study9. Comorbidity was 266 

a significant predictor in the current study but did not predict poor outcome in the KASTPain 267 

study. These data suggest that while outcome trajectories are highly consistent across samples, 268 

predictors show somewhat greater variability in outcome prediction. We suspect that there is 269 

greater variation inherent in individual preoperative characteristics and their prognostic 270 

importance across samples from different countries in contrast to their response to KA, though 271 

this requires further study. Additionally, we needed to match predictors in TRIO-POPULAR to 272 

the extent possible as compared to KASTPain and this may also have led to some 273 

inconsistency in effect sizes for predictors.  274 

Pain catastrophizing has been shown to consistently predict poor response to KA27–29. 275 

The current study suggests that pain catastrophizing is a consistent predictor of poor outcome 276 

as was income/education and number of painful body regions while comorbidity was an 277 

inconsistent predictor in the current study relative to the previous study9. These data suggest 278 

that more study is needed to better define potential predictors of poor outcome and determine 279 

their stability of prediction across different samples. Treatment could be directed to modifiable 280 

predictors for poor outcome (pain catastrophizing and presence of multiple painful body regions) 281 

though intervention studies are needed to confirm potential benefit. 282 
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A consistent method of defining poor outcome is, in our view, an extremely important line 283 

of research. Because approximately 20% of patients report persistent pain and dissatisfaction 284 

following KA, identification of effective interventions to prevent poor outcome has been 285 

endorsed as a high research priority3. A prerequisite to treatment for this subgroup is a 286 

scientifically rigorous and replicable method of identifying these patients as early as possible. In 287 

a prior paper, we proposed an approach to advance the science of early detection of patients at 288 

risk for poor outcome25.  The current data endorses use of a model based system of 289 

differentiating good versus poor outcome but this finding does not go far enough. We 290 

encouraged a consensus-based method and suggested that researchers focus on sources of 291 

outcome variability.to determine the following:  1) the key KA outcomes (e.g., self-reported 292 

versus performance-based measures); 2) whose perspective(s) should be captured (e.g., 293 

patients, surgeons, or a combination); 3) the optimal time point(s) for measuring outcome; 4) the 294 

key predictors and the methods to measure predictors. In our view, these steps continue to be 295 

relevant to advance the science of outcome prediction in KA. 296 

To apply our findings to clinical care for persons with KA, the good or poor outcome 297 

trajectory membership of a new patient or a sample of new patients can be estimated using 298 

expected a posteriori probabilities by fixing all model parameters. Additionally, if a patient has 299 

one or more of the key poor outcome predictors; lower income, more severe pain 300 

catastrophizing or widespread pain, there would also be a higher probability of belonging to the 301 

poor outcome latent class. Inclusion of known predictors enhances classification accuracy30. 302 

Our research group is currently working on flexible methodologies to make statistical predictions 303 

about good versus poor outcome trajectory classification from a new case or a new sample of 304 

cases. For other patient populations beyond KA, our approach to deriving and then validating 305 

latent classes of good and poor outcomes serves as a model for future prognostic model 306 

development.  307 
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Our study has limitations that warrant discussion. First, we used different outcome 308 

measures in the current study relative to the derivation study. While scores obtained using the 309 

Oxford Knee Score cannot be directly compared to the WOMAC, both measures capture similar 310 

constructs related to knee pain and difficulty with activity. Second, some of the predictors of 311 

outcome were not the same in the current study relative to the derivation study (e.g., education 312 

versus income) and this may have led to some inconsistency in prediction for the two studies. 313 

Third, while the multivariable OR point estimates for predictor variables of education and painful 314 

body regions were similar to the OR (with significant p values) we found in univariate analyses, 315 

they exceeded the p = 0.05 threshold, likely because statistical power is reduced for 316 

multivariable relative to univariate analyses. With a larger sample and similar effects, we 317 

suspect these two variables would have also been statistically significant in multivariable 318 

analyses. Fourth, both the current study and the derivation study9 had some missing data that 319 

may have influenced the findings. The KASTPain study had a 10% loss to follow-up at one year 320 

and the TRIO-POPULAR study had a 22% loss to follow-up over the same timeframe. In TRIO-321 

POPULAR, we found that cases lost to follow-up (n = 22%) did not differ significantly from 322 

complete cases by gender (p = 0.389) and age (p = .635) and similar non-significant differences 323 

were found for KASTPain. Finally, patients were followed for one year following surgery and 324 

some marginal additional improvement may have occurred beyond this timeframe26.  325 

 326 

Conclusions 327 

 Trajectories of good and poor outcome essentially replicated good and poor outcome 328 

trajectories in a previously published derivation study9. The model-based method used in these 329 

studies provide stable estimates of outcome trajectories despite substantial differences in data 330 

sources. Predictors of poor outcome generally demonstrated consistency relative to the 331 

derivation study in that pain catastrophizing, income/education and painful body region counts 332 

consistently predicted poor outcome in both the derivation and cross-validation studies. 333 
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Clinicians should place strong emphasis on assessment of pain catastrophizing and painful 334 

body region counts as stable and potentially modifiable risk factors for poor outcome following 335 

KA.  336 

 337 

  338 

 339 

 340 

 341 

 342 

 343 
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Figure Legends:  

Figure 1.  

Trajectories for good (bottom trajectory) versus poor outcomes (top trajectory) as measured with 

the Oxford Knee Score based on cross-validiation analysis from a prior paper. The data were 

collected prior to surgery and 6-weeks, 6- and 12-months following surgery. The bars represent 

95% confidence intervals for the mean estimates of each time point. 

 

Figure 2. 

Trajectories of Oxford Knees Scores from the POPULAR study and WOMAC scores from the 

KASTPain study. Panel A contrasts the Oxford Knee Score trajectories from POPULAR and 

WOMAC Pain trajectories from KASTPain. Panel B contrasts the Oxford Knee Score 

trajectories from POPULAR and WOMAC Function trajectories from KASTPain. 
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Table 1 Baseline sample characteristics (n = 926) 

 
Baseline Characteristics 

 
Mean or n        SD or % 

 
Missing 

Age in years, mean (SD) 68.24 (8.7) 24 
Sex (female), N (%) 495 (53.5) 24 
Current work status, N (%)   47 

Employed full time 148 (16.8)  
Employed part-time 85 (9.7)  
Retired 492 (56.0)  
Unable to work 54 (6.1)  
Unemployed but looking 7 (0.8)  
Not looking for work 93 (10.6)  

Education, N (%)   33 
Secondary school 465 (52.1)  
Apprenticeship 100 (11.2)  
Some college 223 (25.0)  
College degree 79 (8.8)  
Post-graduate degree 26 (2.9)  

Modified Charlson comorbidity, mean (SD)a 5.59 (3.14) 63 
Depression Questionnaire (HADS), mean (SD)b 20.89 (2.9) 24 
PROMIS-10 physical health, mean (SD)c 39.48 (3.4) 25 
Oxford Knee Score, mean (SD)d 40.00 (7.5) 21 
Pain Catastrophizing Scale, mean (SD)e 11.28 (3.4) 195 
Number of painful body regions (SD)f 2.37 (1.1) 351 

Abbreviations: HADS, Hospital Anxiety and Depression Scale, PROMIS, Patient-Reported 
Outcomes Measurement Information System 10 
a Modified Charlson Comorbidity score range is 0 to 36. Higher scores equate to greater 
comorbidity burden. 
b HADS depressive symptom score range is 7 to 28. Higher scores equate to more depressive 
symptoms. 
c PROMIS 10 physical health range is 16.2 to 67.7. Higher scores equate to better physical 
health. 
d Oxford Knee Score range is 12 to 60. Higher scores equate to more function-limiting pain. 
e Pain Catastrophizing Scale range is 4 to 20. Higher scores equate to more pain 
catastrophizing. 
f
 Number of chronically painful body regions ranges from 0 to 16. Higher scores equate to more 
painful body regions.  
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Table 2. Prediction of latent Oxford Knee Score outcome types (0 = good; 1 = poor) 

Predictor Univariable Multivariable 
 Odds Ratio 95% CI p Odds Ratio 95% CI p 
Female 1.108 0.737, 1.666 0.610 0.814 0.516, 1.285 0.377 
Educationa 0.755 0.613, 0.929 0.008 0.820 0.661, 1.018 0.072 
Painful Body Regionsb 1.370 1.125, 1.665 0.002 1.208 0.976, 1.596 0.083 
Comorbidityc 1.179 1.095, 1.271 <0.001 1.134 1.049, 1.227 0.002 
Promis-10d 1.017 0.961, 1.077 0.569 0.992 0.926, 1.063 0.818 
Depressione 0.927 0.862, 0.997 0.042 0.978 0.903, 1.060 0.593 
Pain Catastrophizingf 1.165 1.094, 1.241 <0.001 1.125 1.048, 1.206 0.001 

a Education is a 5 level variable ranging from secondary education to a pos-graduate degree. Higher scores 
equate to more education.  

b Number of chronically painful body regions ranges from 0 to 16. Higher scores equate to more painful 
body regions. 

c Modified Charlson Comorbidity score range is 0 to 36. Higher scores equate to greater comorbidity 
burden. 

d PROMIS 10 physical health range is 16.2 to 67.7. Higher scores equate to better physical health. 

e The depressive symptom subscale of the Hospital Anxiety and Depression Scale ranges from 7 to 28. 
Higher scores equate to more depressive symptoms. 

 f Pain Catastrophizing Scale range is 4 to 20. Higher scores equate to more pain catastrophizing. 
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ABSTRACT  25 

Objective: To determine whether good versus poor outcome trajectories and predictors of poor 26 

outcome obtained in a derivation study could be replicated in an independent sample of persons 27 

undergoing knee arthroplasty (KA).  28 

 29 

Methods: We used data from TRIO-POPULAR, a prospective cohort study of 926 participants 30 

who underwent KA in the United Kingdom. The participants were assessed preoperatively and 31 

6-weeks, 6- and 12-months postoperatively. The Oxford Knee Score was the primary outcome 32 

and a variety of pre-operative predictors of outcome were selected. The outcome measure and 33 

the predictors were selected to most closely align with a previously published derivation study of 34 

good versus poor outcome. Confirmatory two-piece latent class growth curve analyses were 35 

used to model outcome and regression was used to identify predictors of outcome class. 36 

 37 

Results: Trajectories for the Oxford Knee Scores from TRIO-POPULAR replicated trajectories 38 

for WOMAC Pain and Function scores from the previously published derivation study. 39 

Multivariable predictors of poor outcome were pain catastrophizing (odds ratio = 1.125, 95% CI 40 

= 1.048, .206, p=0.001) and comorbidity (odds ratio = 1.134, 95%CI = 1.049, 1.227, p=0.002. 41 

Pain catastrophizing also predicted poor outcome in the derivation study.  42 

 43 

Conclusions:  Good and poor outcome trajectories replicated those found in the previously 44 

published derivation study. Our model-based method produces stable outcome trajectories 45 

despite using data from different countries and participants with substantively different 46 

characteristics. Predictors of poor outcome were somewhat inconsistent between the cross-47 

validation and derivation studies. Pain catastrophizing was the only consistent poor outcome 48 

predictor.  49 

 50 
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 51 

 52 
INTRODUCTION 53 

Researchers over the past decade have focused substantial attention on defining good 54 

versus poor knee arthroplasty (KA) outcome1,2. Poor KA outcome, for example, was the focus of 55 

a recent consensus conference designed to prioritize research efforts to improve KA outcome3.  56 

Conference attendees rated identification of causes and prevention of persistent pain following 57 

KA as the #1 research priority. Because approximately 20% of patients with KA (e.g., 58 

approximately 200,000 patients each year in the US4) report persistent function-limiting pain2, a 59 

high research priority seems warranted. 60 

A prerequisite to treating or preventing persistent function-limiting pain following KA is to 61 

first define when it is present. On the surface, this may seem like a simple task. However, 62 

approximately 60% of patients following KA report at least some degree pain in their surgical 63 

knee up to two years following surgery. In some cases, the pain reported is mild, sometimes 64 

intermittent and the patient may be satisfied with their outcome. What then constitutes persistent 65 

function-limiting pain and how do we know whether or not it is resolved following KA?  66 

 The most common approach to identification of troublesome persistent pain is to rely on 67 

methods to identify whether a person’s change in pain is judged to be clinically important. 68 

Patients are typically asked to compare their current pain to their recalled baseline pain and 69 

then to judge the extent to which pain has improved or worsened (i.e., a global rating of 70 

change)5,6. The Minimal Clinically Important Difference (MCID) family of methods are grounded 71 

in comparisons to global change measures but these methods rely on arbitrary cut-scores (e.g. 72 

slightly better versus somewhat better) to differentiate between important and unimportant 73 

change in pain. A recent systematic review of MCID methods in knee arthroplasty found 47 74 

different definitions of good versus poor pain outcome7. We argued in a subsequent paper that 75 

arbitrary methods for differentiating between good and poor outcome were not moving the 76 

science of outcome assessment forward8. Rather, we argued for a scientifically sound statistical 77 
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modeling method (i.e. the discrete latent variable framework) that was not dependent on 78 

arbitrary cut scores derived most commonly from global rating scales8. If a modeling approach 79 

produces consistent findings of good versus poor outcome across datasets and patient types, 80 

this method would likely lead to identification of more consistent prognostic indicators of poor 81 

outcome, an important gap in arthroplasty outcome research3.  82 

 The purpose of our study was to cross-validate our prior latent class approach9 using a 83 

prospective cohort of 926 patients from the TRIO-POPULAR study10,11 who underwent KA 84 

surgery in the United Kingdom. Unlike our original study, which prescreened patients with 85 

moderate to high levels of pain catastrophizing, patients in TRIO-POPULAR were not 86 

prescreened for poor outcome risk. We were interested in determining whether our method for 87 

classifying good versus poor outcome was generalizable to an independent sample of a typical 88 

heterogeneous mix of patients undergoing KA.  89 

 90 

METHODS 91 

Settings 92 

The TRIO-POPULAR study was a prospective multicenter cohort study conducted at 93 

nine sites in the United Kingdom. The study recruited 943 participants between December, 2013 94 

and July, 2016 who had a diagnosis of osteoarthritis (OA), and who were scheduled to undergo 95 

KA. Participants were followed for one year post-surgery. For purposes of the current study, we 96 

included all participants with one or more completed Oxford Knee Scores at four measurement 97 

occasions (pre-operative, 6 weeks, 6- and 12-months post-surgery). From a grand total of 943 98 

consenting participants, we excluded data from 17 who did not undergo KA, resulting in a 99 

sample of 926 participants.  100 

 101 

 102 

 103 
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Participants 104 

Patents scheduled to undergo primary KA were invited to participate either during a 105 

clinic visit or by letter. Inclusion criteria were intentionally broad to capture the full gamut of 106 

patient types who typically undergo KA for OA. Exclusion criteria were revision KA, fully 107 

constrained knee arthroplasty or KA for diagnosis other than OA. Patients also were excluded if 108 

they had a diagnosis of stroke, or other musculoskeletal conditions that caused a limitation of 109 

function.  110 

Participants completed a questionnaire at the time of recruitment, and consent was 111 

obtained for access to medical records for research purposes. Follow-up questionnaires were 112 

mailed to participants 6 weeks, 3-, 6-, and 12-months post-surgery. Ethical approval was 113 

granted by the office for Research Ethics Committees Northern Ireland (ORECNI) (13/NI/0101). 114 

Outcome Measures  115 

The Oxford Knee Score (OKS) was the primary outcome measure in the TRIO-116 

POPULAR study. In our prior good versus poor outcome modeling derivation study9 we used 117 

the WOMAC Pain and WOMAC Function scales as the primary outcome measures. In both 118 

studies, the outcome measures were obtained preoperatively and at 6-weeks (2-months in 119 

KASTPAIN), 6- and 12-months post-surgery. 120 

The OKS is a 12-item scale of which 5 of 12 items ask directly about usual knee pain or 121 

knee pain with activity. The other seven items ask about difficulty with activities and that may 122 

also be associated with pain (e.g., getting out of a car, limping, kneeling). Correlations between 123 

WOMAC Pain and Function sores and the OKS are high. For example, Polascik and colleagues 124 

reported Spearman correlation coefficients between 0.89 and 0.75 between the OKS and the 125 

KOOS jr, an instrument derived from WOMAC with 4 of 7 items asking about knee pain with 126 

activity12. Naal and colleagues reported Spearman correlation coefficients between 0.71 and 127 

0.76 between WOMAC Pain and Function scales and the OKS in persons undergoing KA13.  128 
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Given the strong association between OKS and WOMAC measures, and the extensive 129 

validation data supporting the use of both measures14,15, we concluded it was acceptable to 130 

assess the extent to which the trajectories of recovery following KA were similar when 131 

comparing OKS scores from TRIO-POPULAR and WOMAC Pain scores from KASTPain as well 132 

as OKS and WOMAC Function scores. While score equivalence for individuals cannot be 133 

assumed given that OKS and WOMAC scales comprise different questions and different 134 

responses, they measure very similar constructs related to knee pain and subsequent difficulty 135 

with knee-related daily activity. In the current study, we used the OKS 12 to 60 scoring system16 136 

with higher scores equating to worse pain and knee-related function. WOMAC Pain scores 137 

range from 0 to 20 while WOMAC Function scores range from 0 to 68 with higher scores 138 

equating to worse pain or function, respectively.  139 

Baseline Predictors of Good or Poor Outcome Type 140 

 In our prior KASTPain outcome modeling study9, we selected predictors of outcome type 141 

from the extant literature. We used a similar strategy for selecting predictors for TRIO-142 

POPULAR data.  For example, we found in our prior study that income, pain catastrophizing, 143 

number of painful body regions, baseline WOMAC Function score and comorbidity were 144 

significant univariate predictors of good versus poor WOMAC Pain outcome membership9. For 145 

TRIO-POPULAR, we determined whether the following variables predicted good versus poor 146 

outcome: education (surrogate measure for income), pain catastrophizing, number of chronically 147 

painful body regions, comorbidity and the PROMIS-10 global physical health measure 148 

(surrogate measure for WOMAC Function). Because we also included other potential predictors 149 

in our prior modeling study, we included the following variables from TRIO-POPULAR: 150 

depressive symptoms as measured with the validated Hospital Anxiety and Depression Scale17 151 

and sex.  152 

 Because TRIO-POPULAR did not measure participants’ income, we used education as 153 

a surrogate measure of income. Education was measured using a 5-level measure from 154 
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completion of all or part of secondary school to completion of a post-graduate degree. Pain 155 

catastrophizing was measured using a 4-item scale imbedded in the previously validated 156 

Vanderbilt Pain Management Inventory18. Scores on the pain catastrophizing subscale range 157 

from 4 to 20 with higher scores equating to worse pain catastrophizing. We converted the 158 

coding of chronically painful body regions body diagram from TRIO-POPULAR10,19 to equate it 159 

to the chronically painful body regions scale used in KASTPain20. Comorbidity in both studies 160 

used the modified Charlson comorbidity scale21 with higher scores equating to a greater number 161 

of comorbidities. The PROMIS-10 global physical health measure22 is a validated measure of 162 

global physical function with scores ranging from 16.2 to 67.7. Higher scores equate to better 163 

physical health. 164 

 165 

Statistical Analysis 166 

Confirmatory two-piece latent class growth analysis (CLCGA) with two classes was used 167 

to cross-validate the good versus poor trajectory types measured at pre- and 6-week, 6-month, 168 

and 12-month post-surgery, based on prior work9. While in the exploratory approach we 169 

investigated different numbers of trajectory types and relied on model selection strategies (e.g., 170 

BIC) to select a two-class solution (good vs. poor outcome trajectory types) as the best fitting 171 

model9, here in the confirmatory approach the good and poor trajectory outcomes were 172 

specified a priori. Model-based estimates of typical trajectory shape and prevalence, class 173 

separation (entropy), and accuracy of classification (average latent class probabilities for most 174 

likely class membership for latent classes) were used to assess the degree of confirmation23. In 175 

CLCGA, full information maximum likelihood method was used for handling missing data in 176 

outcomes. The multiple imputation method with 20 replications was used to handle missing 177 

covariates in the prediction model. Both missing data handling methods assume data are 178 

missing-at-random.  179 
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We used the revised three-step method for identifying predictors of good versus poor 180 

outcomes latent classes23. This method is similar to a binary logistic regression analysis with the 181 

exception that the outcome is a binary latent variable taking into account the uncertainty in class 182 

assignments. In univariate analysis, the model has only one predictor. In multivariate analysis, 183 

all predictors were included in the analysis. M-plus was used for all analyses24. 184 

RESULTS 185 

Descriptive data for preoperative TRIO-POPULAR data appear in Table 1. Data from 186 

926 participants were used in the current study, 53.5% were female and the average age of the 187 

sample was 68.2 (sd = 8.7) years.  188 

The average latent class probabilities for OKS were 0.92 and 0.91 for good and poor 189 

outcome types, respectively, indicating that the latent classifications are highly accurate. The 190 

entropy of 0.737 also indicated that the good versus poor outcome types are well separated. 191 

Figure 1 shows the typical growth trajectories for good and poor outcome subgroups along with 192 

95% CI. Consistent with the entropy, non-overlapping CI’s further indicate a good class 193 

separation. For prevalence, a total of 23% of the sample were in the poor outcome latent class 194 

while 77% of the sample were in the good outcome latent class. Both the typical trajectories and 195 

the estimated prevalence rates (i.e., a prevalence of 16% poor WOMAC Pain outcome and 18% 196 

poor WOMAC Function outcome in KASTPain) are consistent with our prior good versus poor 197 

outcome trajectory derivation paper9. Figure 2 illustrates the growth trajectories from the TRIO-198 

POPULAR and KASTPain studies.  199 

[Table 1 and Figure 1 about here] 200 

[Figure 2 about here] 201 

Prediction of Oxford knee score trajectories 202 

Prediction of Oxford Knee Score latent class membership of good versus poor outcome 203 

appears in Table 2. After accounting for all other predictors, a per unit increase in preoperative 204 

comorbidity score (OR: 1.134, 95%CI = 1.049, 1.227), pain catastrophizing score (OR: 1.125, 205 
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95%CI = 1.048, 1.206), and number of painful body regions (OR: 1.208, 95%CI = 0.976, 1.596) 206 

and a per unit decrease in education (OR: 0.820, 95%CI = 0.661, 1.018) associated with 207 

increased odds of being in the poor outcome class for Oxford Knee scores. For example, a one 208 

unit increase in pain catastrophizing score associated with a 12.5% increased odds of being in 209 

the poor outcome class. We reported similar findings for higher pain catastrophizing, lower 210 

income and a greater number of painful body regions predicting poor outcome for WOMAC Pain 211 

and pain catastrophizing and painful body regions for WOMAC Function in the KASTPain 212 

study9.   213 

[Table 2 about here]  214 

 215 

DISCUSSION 216 

 To our knowledge, this is the first study to demonstrate that good versus poor outcome 217 

prediction using piecewise latent class growth curve analysis is replicable in a second 218 

independent sample of patients undergoing KA. Latent class modeling of good versus poor 219 

outcome is highly consistent across samples and should be considered over the MCID family of 220 

methods. For example, te Molder and colleagues, conducted a systematic review of good 221 

versus poor outcome definitions in KA and found 47 different methods of defining poor 222 

outcome7. Most prominent among these methods were variations of the minimal clinical 223 

importance difference (MCID) family of change indicators. These methods led to substantial 224 

variation in classification of good versus poor outcome and subsequently, inconsistency in 225 

classifying participants with good versus poor outcome. Our method demonstrated consistent 226 

findings in both good and poor outcome trajectories and predictors of good and poor outcome. 227 

We indicated in a prior paper8 that arbitrary criteria as used with the MCID methods results in 228 

substantial variation in MCID estimates. The modeling method as used in the current paper led 229 

to stable estimates of statistically and clinically meaningful subgroup differences. We suggested 230 

a consensus-based approach to estimating the timeframe for collecting data for trajectory 231 
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modeling25. The timing of measures in the current study approximate what might be needed to 232 

identify outcomes classes in that approximately 6 weeks post-surgery is a reasonable timeframe 233 

for the first postsurgical measurement as it captures acute recovery from surgery while the 234 

longer term measures (6 and 12 months) capture the great majority of total recovery26.  235 

Our findings of consistent prediction of good versus poor outcome and predictors of 236 

outcome also is noteworthy, because the cross-validation sample came from a different country 237 

and was an all comers study unlike the sample we used to derive the good versus poor latent 238 

classes9. Participants in the KASTPain study were recruited from five sites in the US and were 239 

selected based on the presence moderate to high levels of pain catastrophizing. Patients in 240 

KASTPain, therefore were substantively different from participants in TRIO-POPULAR, in part, 241 

because of the presence of pain catastrophizing. To determine if pain catastrophizing 242 

moderated effects of predictors on the outcome we reran the prediction model by adding 243 

interaction terms between each of the five predictors and pain catastrophizing. We found that 244 

none were statistically significant. Differences in pain catastrophizing between the two studies 245 

may not be a plausible explanation for differences in predictors. 246 

This cross-validation study demonstrates that identification of good versus poor self-247 

reported pain and function outcomes are replicable, even when samples from different countries 248 

with different health systems and different patient characteristics completing different outcome 249 

measures are studied. More traditional methods of identifying patients with good versus poor 250 

outcome are known to lead to highly variable findings. 251 

We argued in a follow-up paper that continued use of similar methods to those reported 252 

by te Molder et al 7 would not advance the science of outcome prediction and would likely only 253 

create even greater variation25. Our outcome prediction derivation paper combined with the 254 

current paper indicate that the statistical model-based method (using piecewise the latent class 255 

growth curve analysis) produces consistent results and is not dependent on arbitrary cut points, 256 

a drawback to the MCID methods. 257 
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 Preoperative predictors of poor outcome membership in the current study mostly 258 

demonstrated consistency with our derivation study9. In both studies, pain catastrophizing, 259 

number of painful body regions and income/education demonstrated effects sizes that in our 260 

view were clinically meaningful. In the current study we used education as a surrogate for 261 

income and found that the OR effect size suggested clinically important associations with poor 262 

outcome in the multivariable analysis. However, the p value for education was 0.07, suggesting 263 

that with a larger sample and similar associations, this variable would have likely achieved 264 

statistical significance in a multivariable analysis. The same is true for painful body regions 265 

which also was a significant predictor of poor outcome in the KASTPain study9. Comorbidity was 266 

a significant predictor in the current study but did not predict poor outcome in the KASTPain 267 

study. These data suggest that while outcome trajectories are highly consistent across samples, 268 

predictors show somewhat greater variability in outcome prediction. We suspect that there is 269 

greater variation inherent in individual preoperative characteristics and their prognostic 270 

importance across samples from different countries in contrast to their response to KA, though 271 

this requires further study. Additionally, we needed to match predictors in TRIO-POPULAR to 272 

the extent possible as compared to KASTPain and this may also have led to some 273 

inconsistency in effect sizes for predictors.  274 

Pain catastrophizing has been shown to consistently predict poor response to KA27–29. 275 

The current study suggests that pain catastrophizing is a consistent predictor of poor outcome 276 

as was income/education and number of painful body regions while comorbidity was an 277 

inconsistent predictor in the current study relative to the previous study9. These data suggest 278 

that more study is needed to better define potential predictors of poor outcome and determine 279 

their stability of prediction across different samples. Treatment could be directed to modifiable 280 

predictors for poor outcome (pain catastrophizing and presence of multiple painful body regions) 281 

though intervention studies are needed to confirm potential benefit. 282 
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A consistent method of defining poor outcome is, in our view, an extremely important line 283 

of research. Because approximately 20% of patients report persistent pain and dissatisfaction 284 

following KA, identification of effective interventions to prevent poor outcome has been 285 

endorsed as a high research priority3. A prerequisite to treatment for this subgroup is a 286 

scientifically rigorous and replicable method of identifying these patients as early as possible. In 287 

a prior paper, we proposed an approach to advance the science of early detection of patients at 288 

risk for poor outcome25.  The current data endorses use of a model based system of 289 

differentiating good versus poor outcome but this finding does not go far enough. We 290 

encouraged a consensus-based method and suggested that researchers focus on sources of 291 

outcome variability.to determine the following:  1) the key KA outcomes (e.g., self-reported 292 

versus performance-based measures); 2) whose perspective(s) should be captured (e.g., 293 

patients, surgeons, or a combination); 3) the optimal time point(s) for measuring outcome; 4) the 294 

key predictors and the methods to measure predictors. In our view, these steps continue to be 295 

relevant to advance the science of outcome prediction in KA. 296 

To apply our findings to clinical care for persons with KA, the good or poor outcome 297 

trajectory membership of a new patient or a sample of new patients can be estimated using 298 

expected a posteriori probabilities by fixing all model parameters. Additionally, if a patient has 299 

one or more of the key poor outcome predictors; lower income, more severe pain 300 

catastrophizing or widespread pain, there would also be a higher probability of belonging to the 301 

poor outcome latent class. Inclusion of known predictors enhances classification accuracy30. 302 

Our research group is currently working on flexible methodologies to make statistical predictions 303 

about good versus poor outcome trajectory classification from a new case or a new sample of 304 

cases. For other patient populations beyond KA, our approach to deriving and then validating 305 

latent classes of good and poor outcomes serves as a model for future prognostic model 306 

development.  307 
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Our study has limitations that warrant discussion. First, we used different outcome 308 

measures in the current study relative to the derivation study. While scores obtained using the 309 

Oxford Knee Score cannot be directly compared to the WOMAC, both measures capture similar 310 

constructs related to knee pain and difficulty with activity. Second, some of the predictors of 311 

outcome were not the same in the current study relative to the derivation study (e.g., education 312 

versus income) and this may have led to some inconsistency in prediction for the two studies. 313 

Third, while the multivariable OR point estimates for predictor variables of education and painful 314 

body regions were similar to the OR (with significant p values) we found in univariate analyses, 315 

they exceeded the p = 0.05 threshold, likely because statistical power is reduced for 316 

multivariable relative to univariate analyses. With a larger sample and similar effects, we 317 

suspect these two variables would have also been statistically significant in multivariable 318 

analyses. Fourth, both the current study and the derivation study9 had some missing data that 319 

may have influenced the findings. The KASTPain study had a 10% loss to follow-up at one year 320 

and the TRIO-POPULAR study had a 22% loss to follow-up over the same timeframe. In TRIO-321 

POPULAR, we found that cases lost to follow-up (n = 22%) did not differ significantly from 322 

complete cases by gender (p = 0.389) and age (p = .635) and similar non-significant differences 323 

were found for KASTPain. Finally, patients were followed for one year following surgery and 324 

some marginal additional improvement may have occurred beyond this timeframe26.  325 

 326 

Conclusions 327 

 Trajectories of good and poor outcome essentially replicated good and poor outcome 328 

trajectories in a previously published derivation study9. The model-based method used in these 329 

studies provide stable estimates of outcome trajectories despite substantial differences in data 330 

sources. Predictors of poor outcome generally demonstrated consistency relative to the 331 

derivation study in that pain catastrophizing, income/education and painful body region counts 332 

consistently predicted poor outcome in both the derivation and cross-validation studies. 333 
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Clinicians should place strong emphasis on assessment of pain catastrophizing and painful 334 

body region counts as stable and potentially modifiable risk factors for poor outcome following 335 

KA.  336 

 337 

  338 

 339 

 340 

 341 

 342 
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