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Abstract

Currently, patient selection for Total Knee Arthroplasties (TKA) is surgeon specific.
A combination of patient reported symptoms, clinical examination findings, and
radiological criteria are combined in an idiosyncratic fashion based on the surgeon’s
individual clinical experiences. Predictive models offer an alternative by providing more
detailed information on expected patient outcome. This study presents validation relative
to surgeon predictions of such a predictive model, the Patient Expectation Management
(PEM) tool.

A cohort of patients undertook a survey covering the KOOS questionnaire and a
number of other questions pertaining to comorbidities prior to their consultation. From
this survey, a prediction of final state and assessment of current state was generated. Prior
to seeing the prediction but after consulting the patient, surgeons were asked to score out
of 100 a) their understanding of the patient’s current pain state and b) their prediction of
the patient’s pain level following surgery. 35 of the patients were selected for TKA
surgery and have gone on to have 12 month Knee Osteoarthritis and Outcome Scores
(KOOS) captured.

The predicted change in the PEM predicted score (preop to postop difference) had a
relatively high correlation with the actual KOOS pain improvement achieved (r=0.71,
p<0.001), compared to no significant correlation for the surgeon prediction (r=0.24,
p=0.20). Significant correlations also existed for changes in KOOS symptoms score
(r=0.70, p<0.001) and KOOS Activities of Daily Living (ADL) score (r=0.42, p=0.02).

This study showed that, compared to a set of surgeon predictions of outcome
following a consultation with patients, a predictive analytics tool was able to outperform
in terms of predicting the improvement patients are likely to report following TKA.
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1. Introduction

Occurrence of patient dissatisfaction and suboptimal patient reported outcomes remain up to 20%
in Total Knee Arthroplasty (TKA) [1, 2]. Previous studies have shown back pain and other affected
joints [3-5]; pre-existing pain and functional state of the knee [6]; the patients socioeconomic status [7];
depression and anxiety [7-9]; pain catastrophising personality type [10] and self-efficacy of the
patient[11] to contribute to this dissatisfaction. Additionally, unachievable or unmet patient
expectations have been shown to predict patient dissatisfaction [12, 13].

Currently, patient selection for TKA is surgeon specific. A combination of patient reported
symptoms, clinical examination findings, and radiological criteria are combined with a host of factors
which each surgeon tends to apply in an idiosyncratic fashion based on their individual clinical
experiences. Predictive models can potentially offer an alternative to selection criteria by providing
more detailed information on expected patient outcome. Such models can further be used to set patient
expectations to an appropriate level based on patient specific risk factors and in doing so reduce
incidence of unmet expectations. This study presents validation relative to surgeon predictions of such
a predictive model, the Patient Expectation Management tool [14].

2. Methods

A cohort of 100 patients was enrolled drawn from the practices of 4 consultant surgeons with greater
than ten years’ experience of performing TKAs. Patients were enrolled prior to their initial surgeon
consultation. All patients undertook a survey covering the KOOS questionnaire and a number of other
questions pertaining to comorbidities prior to their consultation. The survey was administered through
an iPad-based web app. From this survey, a prediction of final state and assessment of current state was
generated of a similar form to that shown in Figure 1. The predictive model used is a Tree Augmented
Naive Bayes Network and has been previously published on [14].

Prior to seeing the prediction but after consulting the patient, surgeons were asked to score out of
100 a) their understanding of the patient’s current pain state and b) their prediction of the patient’s pain
level following surgery. From the PEM, assessment of the current pain state and prediction of final pain
state was also extracted. 35 of the 100 patients were selected for TKA surgery and have gone on to have
12-month Knee Osteoarthritis and Outcome Scores (KOOS) captured. KOOS scores postoperatively
and the improvement from preoperative KOOS scores have been compared to the predictions for each
from both the PEM and the surgeons. In addition, the presence of a ‘significant’ improvement of at least
40 points and the relative predictions for cohorts that did and did not achieve this prediction have been
considered.

3. Results

For the 35 surgical patients, average age was 70.5 + 6.5 years, and 57% (20) were female,
representing a typical TKA population.

No significant correlation was found between the either the PEM or surgeon prediction of outcome

and the actual postoperative KOOS pain score. However, the predicted change in the PEM predicted
score (preop to postop difference) had a relatively high correlation with the actual KOOS pain
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improvement achieved (r=0.71, p<0.001), compared to no significant correlation for the surgeon
prediction (r=0.24, p=0.20). Significant correlations also existed for changes in KOOS symptoms score
(r=0.70, p<0.001) and KOOS Activities of Daily Living (ADL) score (r=0.42, p=0.02).

When segmenting into those who achieved a threshold of 40 points improvement in KOOS pain,
the surgeon predictions failed to significantly differ, with the portion that improved receiving a
prediction of 57 points compared to 49 for the portion that did not improve (p=0.25). The PEM, by
comparison, predicted a 43 point improvement for those who did improve, and a 17 point improvement
for those who did not, and the difference was significant (p<0.001). Overall, the actual improvement
was, on average, 39.6 points; surgeons predicted 54.5 points and the PEM predicted 31.6.

4. Discussion

There is a clear need for shared decision-making tools to aid in selection of patients for TKA
surgery. Historical focus on surgical accuracy and technique as the primary driver of outcomes has not
solved the dissatisfaction of patients. Use of fixed criteria in selection for surgery such as PROMSs scores
[15] and radiology [16] may not be applicable in a range of patients due to the multiple factors that
affect outcome and the complex interactions between them. The existence of predictive analytics tools
such as this, used in concert with surgeons, represent a significant step forward in appropriate selection
and expectation setting for TKA patients

Significantly, the surgeon predictions were consistently optimistic of actual improvements, while
the PEM’s predicted improvements were pessimistic, but closer to the actual achieved. It may be that
this innate ‘pessimism’ is required to unlock the predictive capability of the system.

5. Conclusion

This study showed that, compared to a set of surgeon predictions of outcome following a
consultation with patients, a predictive analytics tool was able to outperform in terms of predicting the
improvement patients are likely to report following TKA. Such tools are justified for use alongside
experienced surgeons in preoperative decision to operate and patient expectation setting.
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Patient Name Age

Preop Score Postop Score

NEGATIVE PATIENT FACTORS POSITIVE PATIENT FACTORS

* Significant back pain * No history of falls
« Significant pain when standing

Figure 1: Interface created for use in the patient consultation. 3 elements on the interface are defined: a preoperative
reference state; a postoperative prediction; and a set of boxes detailing positive and negative prediction factors.
The live version incorporates a toggle switch to jump between preoperative position and postoperative prediction.
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Figure 2. Comparison of PEM and Surgeon predictions of improvement in KOOS pain score, separated by actual
patient score improvement following surgery. Notably, overall predictions with the PEM are more negative than
surgeon predictions, but it demonstrates improved capability to differentiate between patients less and more likely

improve dramatically.
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