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Abstract

A key goal of all TKA alignment strategies is to achieve joint balance. This study
aims to compare the alignments achieved by preoperatively planning to a novel
distracted joint gap protocol to common alignment strategies as well as to the alignment
of a healthy non-arthritic population.

A retrospective study comprised of 145 knees was performed. A
long-leg supine CT scan, weightbearing AP knee X-ray and two distracted knee X-rays
(one each in extension and flexion, making use of an ankle weight to open the joint)
were taken pre-operatively. This imaging was used to perform segmentation,
landmarking and 3D-to-2D registration. The medial and lateral joint gaps were
determined in extension and flexion.

The mean weightbearing, KA planned and distracted joint planned
HKA were 4.7° (£5.9°) varus, 0.3° (£3.2°) varus, and 2.2° (£3.5°) varus. This compares
to a healthy adult HKA of 1.3° (£2.3°) varus. A patient level comparison between the
planned KA and distracted joint HKA found that the coronal angles of the two
alignments are within 3° of each other for 64% patients, within 3-5° for 26% of patients
and greater than 5° for the remaining 10% of patients.

Of those compared, the planned distracted HKA was the closest to
the constitutional varus HKA of a healthy population. Patient level analysis highlighted
the fundamental differences between the planned KA and joint distracted alignments.
By considering both hard and soft tissue, the planned joint distracted alignment allows
for a more holistic foundation for pre-operative surgical planning for a given patient.
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1 Introduction

The current decision-making process when evaluating whether a patient is suitable for a Total
Knee Arthroplasty (TKA) involves a combination of patient reported symptoms, clinical examination
findings and radiological criteria[1]. Both the patient’s expected outcome from the surgery (as
assessed by the surgeon) as well as diagnostic need for the surgery must be considered. However,
there is a lack of consensus amongst surgeons about the eligibility criteria for a TKA, which has the
potential to result in inappropriate recipients receiving a TKA[2]. Although existing patient outcome
prediction tools have been validated against actual patient reported outcomes[3-6], none are validated
directly against the predictions of surgeon. This study aims to investigate ability of the Patient
Expectation Management (PEM) tool, an artificially intelligent predictive tool, relative to surgeon
predictions of patient outcome.

2 Methods

A retrospective study comprised of 138 patients totaling 145 operated knees (7 bilateral) was
performed. All patients were recruited from a single experienced orthopaedic surgeon between March
2020 and March 2021. A long-leg supine CT scan, weightbearing AP knee X-ray and two distracted
knee X-rays (one each in extension and flexion, making use of an ankle weight to open the joint) were
taken pre-operatively. Segmentation and landmarking of the CT scans were performed. The output
bone models were then registered onto the 3 different X-rays via 3D-to-2D registration, and the
medial and lateral joint gaps were determined in extension and flexion. An algorithm corrected for
geometrically determined osteophyte tenting of ligaments and a surgical plan to fill the expected gaps
formed. Statistical analysis was performed in R Studio v1.3.1903. This retrospective analysis was
approved by the Bellberry Human Research Ethics Committee (study number 2012-03-710 A
prospective study was performed involving 89 patients totalling 100 operated knees (11 bilateral)
recruited from 4 experienced TKA surgeons between May 2018 and September 2019. Pre-operative
KOOS and 12-month post-operative KOOS were obtained for all patients. All patients were surveyed
using the PEM tool prior to surgeon consultation. The tool assessed the patient’s current pain state
and provided a prediction for the patient’s post-operative pain outcome on a 100-point scale. After the
surgeon consultation but prior to seeing the PEM results, the surgeon noted their understanding of the
patient’s current pain levels and also predicted the patient’s post-operative pain level on the same
100-point scale.

3 Results

Average age of patients was 70.22 £ 6.65 years and 56% (56) of the joints were of a female
patient. The reported change in patient pain outcome for patients predicted to experience a significant
improvement (change in KOOS Pain score > 40) according to the PEM tool was 40.9 + 13.0,
compared to 21.9 + 22.7 for patients predicted to experience an insignificant improvement (p <
0.001). The reported change in patient pain outcome for patients predicted to experience a significant
improvement according to surgeons was 51.2 & 23.2, compared to 50.0 + 15.6 for patients predicted to
experience an insignificant improvement (not statistically significant). Overall, the predicted change
in pain outcome by the PEM tool and surgeon group were 31.4 + 20.7 and 50.6 &+ 19.7, respectively (p
=0.003).
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4 Discussion

The PEM tool was able to predict significant improvements in patient pain outcomes more
accurately than surgeons. This may in part be due to the more conservative predictions by the tool
relative to surgeons as well as the nature of the KOOS Pain score, both of which may contribute to the
creation of a ‘ceiling effect’ on the surgeons’ predictions. Prior literature has found that surgeon
expectations of patient recovery and outcome are generally more conservative than the expectation of
patients themselves[7-9].

Due to the accuracy of the PEM tool relative to surgeons as established in this study and findings
in its prior validation[3], the PEM tool can be implemented as an assistive tool for patient selection
and also has potential to assist in patient expectation management, both of which can positively
impact post-operative patient reported outcomes.
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Surgeon & PEM Predictions by
Significant Pain Improvement
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Figure 1. Box plot comparing Surgeon and PEM predictions of change in patient reported
KOOS Pain outcome. The results for each predictor have been split by whether the patients
experienced a significant improvement in pain outcome of greater than or equal to 40.
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Comparison Between
PEM & Surgeon Predictions
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Figure 2. Box plot comparing the PEM and Surgeon predicted change in patient pain outcome.
It is evident that the PEM predictions are relatively more conservative than those of the surgeons.
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