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Abstract

Introduction: Prospective total knee replacement patients often enquire about the likelihood that surgery will
resolve their knee pain, enable them to walk “normally”, and to resume activities important to them. However,
considerable variability exists in patient outcomes, which makes it difficult for clinicians to accurately answer these
questions, and for patients to make informed decisions. In this study five patient-centred outcomes were explored:
pain resolution, walk without limping, perform usual work, ability to kneel, and satisfaction.

Significance: The goal of this paper was not to create a fully predictive framework of outcomes after TKR, but to
focus on patient-centred goals using only easily measured baseline factors to see if doing this might be achievable
and potentially useful in terms of discussion of expectations in shared decision making for surgery. The added value
of personalising each outcome, as opposed to providing all patients with a generic probability, was also assessed
from the statistical models.

Method: Data from 470 patients was used in multivariable logistic regression analyses to identify independent
significant predictors for each goal. Predictors assessed were age, gender, body mass index, preoperative knee
function, physical health status and mental health status.

Results: The likelihood of achieving a desirable outcome varied across goals examined. Whilst 82% of patients
were able to walk without a consistent limp, only 32% could kneel with ease. Furthermore, we identified a consistent
pattern where patients with greater preoperative knee function and mental health, had improved odds for attaining
each goal. Preoperative physical health and body mass also had some predictive utility.

Conclusion: We found that when assessing the merits of undergoing total knee replacement, consideration of a
patient’s pre-operative knee function and mental health allows a more accurate prediction of the benefit they may
achieve.

L J

Keywords: TKR; Patient education; Patient selection When evaluating the importance of outcomes, surgeons prioritise
joint alignment and stability while patients place more value on vitality

Abbreviations TKR: Total Knee Replacement; PROMS: Patient and the ability to return to leisure activities [3]. The successful
Reported Outcome Measures; OKS: Oxford Knee Score; BMI: Body attainment of patient goals is an important determinant of patient
Mass Index; SF12 PCS: Short Form 12 Physical Component Score; satisfaction [3]. Scott et al. [4] identified improvement in walking

SF12 MCS: Short Form 12 Mental Component Score ability, pain relief, ability to perform activities of daily living, and
kneeling to be important outcomes for prospective TKR patients [5].

Goldsmith et al. [6] highlights that unmet informational support about
pain, pain management, and recovery trajectory negatively impacts the
Prospective total knee replacement (TKR) patients often enquire ~TKR experience [7].

about the likelihood that surgery will resolve their knee pain, enable
them to walk “normally”, and to resume activities important to them.
As there is considerable variability with regard to these outcomes, it is
difficult for clinicians to accurately answer these questions, and for
patients to form accurate expectations and make well-informed
decisions regarding TKR surgery [1,2].

Introduction

The literature provides some insight into factors affecting TKR
outcomes. High preoperative pain [8] and low scores on preoperative
patient reported outcome measures (PROMS) have been associated
with worse postoperative outcomes [4,9]. Younger age [9], female
gender [10], higher number of comorbidities [8], and worse mental
health status [8] have been also associated with poorer outcomes.
However, outcomes are reported in broad terms based upon
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multidimensional functional scales. There is little in the literature with
regards to the predictive utility for specific functional activities.

This study aimed to identify predictors for five patient-centred goals
one year following TKR. A set of easily measured preoperative factors
was investigated to quantify the likelihood of each goal being achieved.
This information could assist in personalising and improving the
accuracy of education delivered at the initial orthopaedic consultation,
promote more realistic expectations being set, and ultimately improve
patient satisfaction.

Patients and Methods

Patients

This study was approved by our institutional ethical review
committee. The data of consecutive patients undergoing unilateral
primary total knee replacement between September 2009 and
September 2015, was extracted from a prospective database of two
surgeons with 10-15 years” experience in performing TKR. All patients
followed a standardised pathway of care at one institution. Selection
was not biased by age, aetiology, implant model or fixation. The
preferred surgical approach was medial parapatellar. Exclusion
criterion was failure to provide preoperative PROM data.

Selection of important goals

The first author reviewed the literature to identify goals important
to TKR patients, and then discussed these with an expert clinical panel
consisting of two surgeons and two physiotherapists, each with over 15
years experience. Oxford Knee Score (OKS) and satisfaction were
routinely captured on the prospective database, and important goals
were identified from the available items in the OKS [5]. The five goals
selected for investigation were: (i) experiences very mild or no knee
pain, (ii) has no limp or limps just at first, (iii) has little or no pain
interference with usual work, (iv) can kneel with little or no difficulty,
and (v) reports being satisfied or very satisfied with their TKR outcome
overall. Satisfaction level was established via a five point Likert scale.
The desirable responses (e.g. very satisfied and satisfied) were
combined and given a binary value for statistical analyses.

Selection of predictive variables

Exploring the available literature identified preoperative variables
known to influence postoperative TKR outcomes. The panel
considered only variables that could easily be obtained preoperatively
during a consultation and selected six variables to investigate. These
were age, gender, body mass index (BMI), preoperative knee function,
physical health status and mental health status. Age on the day of the
operation was measured in years. Gender was identified as male or
female. BMI was calculated from weight and height. Knee function was
assessed using the 12-item OKS, and scored whereby 48 represents the
best possible outcome [5]. Health status was assessed via the validated
multipurpose self-reported Short Form 12, which gives a physical
component score (SF12 PCS) and mental component score (SF12
MCS) [11].

Statistical analysis

Univariate logistic regression analysis was undertaken to obtain
unadjusted odds ratios and associated 95% confidence intervals and p-
values for each potential baseline predictor. Then, multivariate logistic

regression analyses were conducted for each of the five binary goals.
Initially, this included all variables significant at p<0.10 on univariate
analysis. Then, those variables not significant in the multivariate model
at p<0.05 were dropped after confirming the absence of confounding
effects of the deleted variable by ensuring retained parameter estimates
did not change by more than 20% [12]. The final models retained only
variables significant at p<0.05.

Model fit was assessed by Nagelkerkes R%, which although not
analogous to proportion of variance explained in linear regression, is
indicative of the model’s improvement in prediction over a null model
with no predictors. Values range from 0 to 1, with higher values
indicating better fit. Model discrimination was assessed by the area
under the receiver operator curve (ROC), for which a value of 0.5
indicates that the model discriminates no better than chance and a
value of one indicates that the model discriminates perfectly [13].
Residual diagnostics were examined to detect outlying covariate
patterns with undue influence on the model. To assist clinical
interpretation, predicted probabilities from the model are presented for
various covariate patterns.

Results

Sample

The sample consisted of 470 unilateral TKR patients (46% male)
with a mean age of 68 years (Table 1). One year following TKR, the
percentage of patients who achieved a desirable outcome for each goal
varied. The goal to have no limp or just at first was achieved by 82% of
patients; however only 32% reported they could kneel without
moderate difficulty. The probability for the cohort to achieve each goal
is detailed in Table 2.

Mean (SD)
Age (years) 67.7 (9.6)
Body Mass Index (kg/m2) 31.2(5.8)
Knee function (OKS) 21.5(7.8)
Physical health status (SF12 PCS) 32.0(7.7)
Mental Health status (SF12 MCS) 49.3 (12.0)

Table 1: Preoperative characteristics of participants (n=470).

Goal %
Very mild or no pain 67
No limp or just at first 82
No or little pain interference with usual work 77
Little of no difficulty kneeling 32
Satisfied or very satisfied 79

Table 2: Percentage of patients achieving goals at 12 months.

Predictors of goals

Predictors of an increased (or decreased) likelihood of goal
achievement also varied by across the five goals. The univariate and
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multivariate predictors are listed in Table 3. The multivariate analyses
can be interpreted using odd ratios. For example, for each one-point
increase in SF12 MCS and OKS, the odds of reporting ‘mild or no pain’
at one year increased by 2% and 3% respectively. For each one-point
increase in OKS, it was estimated that the odds of reporting ‘no limp or
just at first’ increased by 10%. For each one-point increase in OKS,
SF12 PCS and SF12 MCS, it was estimated that the odds of reporting
‘little or no interference with usual work’ increased by 7%, 4% and 5%
respectively. For each one-point increase in BMI, it was estimated that
the odds of reporting “kneeling with little or no difficulty” decreased

by 5% and for each one-point increase in SF12 MCS and OKS, it was
estimated that the odds of achieving this outcome increased by 3% and
6% respectively. Lastly, for each one-point increase in SF12 MCS, it was
estimated that the odds of a patient being “satisfied” increased by 3%.

Common predictors of TKR goal achievement were preoperative
knee function (OKS) and mental health status (SF12 MCS). Better
Oxford knee scores positively influenced all outcomes except
satisfaction (p<0.001). Better Short-form 12 mental health status
positively impacted all outcomes except limping (p<0.001).

Univariate OR Mutivariate OR Nagelkerk | ROC AUC Pr (at 1SD below| Pr (at 1SD
(95% ClI), p (95% ClI), p e’s R? mean for all| above mean for
predictorsa) all predictorsa)
OR (95% CI) p OR (95% CI) p
Goal 1: Experiences very mild or no knee pain
Male sex 1.08 (0.74-1.59) 0.691
Age (yrs) 1.02 (1.00-1.04) 0.11
BMI 1.00 (0.96-1.03) 0.893
SF12 PCS 1.03 (1.00-1.05) 0.051
SF12 MCS 1.03 (1.01-1.05) <0.001 1.02 (1.00-1.04) 0.012
OKS 1.05 (1.02-1.08) <0.001 1.03 (1.01-1.086) 0.017
Model fit/ 0.059 0.623 0.54 0.78
discrimination
Goal 2: Has no limp or limps just at first
Male sex 0.90 (0.57-1.44) 0.663
Age (yrs) 1.02 (1.00-1.05) 0.092
BMI 1.01 (0.96-1.05) 0.812
SF12 PCS 1.05 (1.01-1.09) 0.007
SF12 MCS 1.04 (1.02-1.06) <0.001
OKS 1.10 (1.06-1.14) <0.001 1.10 (1.06-1.14) | <0.001
Model fit/ 0.101 0.686 0.72 0.91
discrimination
Goal 3: Has little or no pain interference with usual work
Male sex 1.39 (0.90-2.14) 0.139
Age (years) 1.01 (0.99-1.04) 0.223
BMI 1.00 (0.97-1.04) 0.827
SF12 PCS 1.08 (1.05-1.12) <0.001 1.07 (1.02-1.12) 0.003
SF12 MCS 1.05 (1.07-1.15) <0.001 1.04 (1.02-1.06) | 0.001
OKS 1.11 (1.07-1.15) <0.001 1.05(1.01-1.10) | 0.015
Model fit/ 0.189 0.74 0.5 0.95
discrimination
Goal 4: Kneels with little or no difficulty

Male sex 1.56 (1.05-2.30) ‘ 0.026 ‘ ‘ ‘ ‘
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Age (years) 1.00 (0.98-1.02) 0.865
BMI 0.93 (0.90-0.97) <0.001 0.95(0.91-0.99) | 0.011
SF12 PCS 1.06 (1.03-1.09) <0.001
SF12 MCS 1.04 (1.03-1.06) <0.001 1.03 (1.01-1.05) 0.002
OKS 1.07 (1.05-1.10) <0.001 1.06 (1.03-1.09) <0.001
Model fit/ 0.144 0.691 0.12 0.56
discrimination

Goal 5: Is satisfied or very satisfied with TKR surgery outcome
Male sex 0.83 (0.53-1.31) 0.418
Age (years) 1.00 (0.98-1.03) 0.848
BMI 1.00 (0.96-1.04) 0.932
SF12 PCS 1.01 (0.98-1.04) 0.638
SF12 MCS 1.03 (1.01-1.05) 0.001 1.03 (1.01-1.05) | 0.001
OKS 1.04 (1.01-1.08) 0.006
Model fit/ 0.04 0.61 0.72 0.85
discrimination
OR: Odds Ratio, CI: Confidence Interval ROC: Receiver Operating Curve, AUC: Area Under Curve, OKS Oxford Knee Score
SF12 MCS: Short from 12 Mental Component Summary Score, SF12 PCS: Short from 12 Physical Component Summary Score, BMI: Body Mass Index
Pr: probability of positive outcome exception is BMI where 1SD below mean is more favourable, and combined with 1SD above men for OKS and SF12 MCS

Table 3: Results of univariate and multivariate logistic regression models for each outcome at 12 months.

Personalising predictions

Model fit and discrimination, calculated by the Nagelkerke’s R?
value and AUC, is presented in Table 3. The added value of
“personalising” the probabilities using the predictive variables was
greatest for the goal to have no or little pain interference with usual
work (R? 0.189, AUC 0.740). Being one standard deviation above the
mean as opposed to one standard deviation below on all three
predictor variables (OKS, SF12 MCS and PCS) improved the goal
achievement likelihood by 45% from 50% to 95% suggesting providing
personalised predictions for this goal would be clinically useful.
Without “personalising” by accounting for baseline status, the
predicted probability for any patient for this goal reduces to the
population proportion achieving this outcome of 77% (Table 2).

In contrast, the logistic regression model for the goal to be ‘Satisfied’
had the lowest R? value (0.04) and the lowest AUC (0.610), meaning
personalised prediction for this goal is the least clinically useful. The
probability of being satisfied only varied from 0.72 to 0.85 for those
patients one standard deviation below/above the mean respectively on
the one significant predictor SF12 MCS.

Discussion

Current methods for setting goals and expectation require clinicians
to be well versed in the orthopaedic literature pertaining to past and
emerging outcome reporting, and to compliment this with the
knowledge they derive from observing progress of their own patients.
Attention should be given to outcomes which patients deem important
and on which they base their satisfaction. Presenting the likelihood of

being able to easily perform key activities is a meaningful way to
educate patients in terms that they can easily comprehend

This discussion firstly examines the probability of attaining a
desirable outcome, and then explores the relative merits of further
“personalising” these probabilities using identified predictors.

Generalised goal achievement probabilities

Our examination of a unilateral TKR cohort found 67% experienced
good pain relief at one year, whereas 33% reported pain levels as mild,
moderate or severe. This matches findings of Parvizi et al. [13] who
reported that 33% of TKRs had lingering pain. Similarly, O’Brien et al.
[9] found 25.8% of TKR patients reported moderate or severe pain at
three months postoperatively.

A clear majority (82%) of our cohort was able to walk without a
limp. Gait studies have identified that after TKR patients walk more
slowly with asymmetrical support moments [14]. Whilst
improvements occur following surgery, it is difficult to determine
whether gait can be defined as normal, and a significant gap is noted in
the literature regarding the prevalence of limping following TKR.
However, the question “When will I walk normally?” was identified as
being amongst the top four concerns for surgical candidates before
TKR (14).

The goal to experience minimal interference with usual or
household work was achieved by 77% of patients. In comparison, more
than 30% of patients in the Parvizi et al. [13] cohort had some
impairment with daily activities. A likely explanation lies in the line of
questioning in this study, which encompassed difficulty in getting in
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and out of a car (38%), getting up and down from a chair (31%), and
climbing up and down stairs (54%).

Kneeling is an important function required for many activities.
Inability to kneel after knee surgery is a frequent cause of
dissatisfaction [15]. Almost a third (32%) of the cohort examined
reported being able to kneel with relative ease. While this percentage
appears low, it encompasses only those able to perform the task easily
or with just a little difficulty, as distinct from those who can kneel but
find it moderately or extremely difficult. Most studies report ability
verses inability to kneel [16]. Schai et al. [17] found that fear of
harming the prosthesis and lack of information prevented kneeling in
49% of patients. Hassabella et al. [18] studied 38 TKRs and 47% had a
perceived inability to kneel, whereas when attempted, only 24% were
unable to perform the task. Interestingly, a study by White et al. [19]
showed that 72% of patients were able to kneel after a targeted
education program.

The majority (79%) of our cohort was either satisfied or very
satisfied. This prevalence is consistent with rates reported in the
literature [7,20,21]. High BMI has been linked with poor satisfaction
[22], however ours and other studies show no association [23].

Personalising probabilities based on Predictors

When looking to “personalise” the probability of achieving a desired
goal, preoperative OKS and mental health status were the two most
predictive variables, and these findings are consistent with the
literature. Preoperative knee pain and function strongly influenced the
probability that a desirable surgical outcome would be achieved in all
of the patient-centred goals we investigated, excepting satisfaction in
the multivariate analysis. A plausible explanation for the association
with preoperative OKS may involve pain centralisation and disuse
atrophy that are associated with chronic disease and lower physical
functioning. This pain and disability persist despite an anatomically
well-aligned TKR [24].

Preoperative mental health status (SF12 MCS) was significantly
associated with all outcomes and was also the only variable predictive
of satisfaction on multivariate analysis. This finding is supported by
Brander et al. [25] who found preoperative anxiety and depression to
be one of the strongest predictors of pain relief and patient satisfaction.
Similarly, other researchers have found that arthroplasty patients with
depression have higher postoperative pain scores and analgesia use
[26], as well as worse subjective and objective outcomes measures [8].
These findings highlight a need to acknowledge the impact of mental
health when educating and setting expectations for people considering
TKR. Psychiatric illness is more prevalent in patients undergoing
arthroplasty than the general population [27]; depression is common
in patients with chronic musculoskeletal pain [28] and 23-26% of
patients presenting for TKR have depression [29]. The World Health
Organisation has predicted that by 2030, depression will continue to
rise and account for the highest level of disability conferred to any
physical or mental disorder in the world [30]. It is important to note,
however that SF12 is a measure of mental wellbeing and is not
diagnostic for a mental health disorder. Mental health can encompass
not only affective factors but also cognitive factors like fear, self-efficacy
and illness perceptions. These perceptions have also been found to be
important prognostic factors for pain and disability in knee
osteoarthritis [31,32].

Physical health status before surgery predicted achieving ‘little or no
pain interference with usual household tasks. Physically able

individuals are more likely to get better outcomes and conversely, those
less physically able, may be deconditioned, limited by other joint-
related problems, or simply follow habitual patterns, and so may not
achieve the same post-operative benefit.

Lastly, we also found BMI to predict the goal of kneeling. A link
with BMI and kneeling ability after TKR has not been reported in the
orthopaedic literature to our knowledge, however a study of an older
adult population by Dowd and Zajacova found that obese individuals
were twice as likely to report severe limitations in stooping, crouching
or kneeling than those of a normal BMI range [33]. In contrast to our
multivariate analyses, Hassabella et al. [19] reported kneeling ability
after TKR in men to be significantly better than in women (p<0.001).

Gender and age were predictive on univariate analyses, but did not
add value to the multivariate models and would appear less helpful
when tailoring expectations for TKRs. This reflects inconsistencies
found in the literature whereby some studies show older patients and
females to have better outcomes [25], while other studies have shown
that younger patients [4,33] and males fare better [10,19].

A limitation of our study is that the outcomes selected by our panel
likely do not comprehensively cover all goals that might be important
to patients. Also, the definition of each goal may not precisely reflect
patients’ aims. Similarly, the study may not have captured all predictive
variables. Co-morbidities [8,34], sociodemographic factors [30] and
level of preoperative pain have been noted to influence overall TKR
functional scores. Co-morbidities and sociodemographic factors were
not included because of the difficultly to grade these quickly within an
initial consult. Pain level was not included specifically since this was
encompassed within the OKS. We also relied on subjective reporting
which may not accurately reflect the true attainment of the goals
studied. There is a tendency for patients with more optimistic
expectations to report postoperatively that these were poorly met [35].
Several researchers have showed differences between the perceived and
actual ability to kneel after total knee arthroplasty [17,19,36].
Conversely, post-operative responses may be overstated, in an attempt
to please the surgeon. Mancuso et al. [37] found increased age and
poorer pre-operative functional ability to be associated with higher
pre-operative expectations. Lastly, our use of historical data from two
surgeons may not extrapolate to future outcomes or different
geographic communities.

A strength of our study is in the examination of patient-centred
factors using prospectively collected data. We explored both the
average probability of reaching a goal, as well as variables that can
attune the expectations for individuals or a categorised group (such as
low verses high preoperative function). Further “personalising” patient
expectations was found worthwhile for some outcomes but not for
others. In particular, personalising the likelihood of satisfaction was
not very useful, in terms of the predictors we investigated.

In contrast, existing nomograms are usually based on ‘responder’
criteria based on change on self-reported pain and function
questionnaires. Whilst these can be helpful for surgeons [38], concepts
such as risk and probability are often difficult for patients and the
general public to understand and relate to personally. The way in
which personalised probabilities are quantified, communicated and
evaluated should be the subject of further investigation.

The goal of this paper was not to create a fully predictive framework
of outcomes after TKR, but to focus on the prediction of patient-
centred goals using only easily measured baseline factors to see if doing
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this might be achievable and potentially useful in terms of discussion
of expectations in shared decision making for surgery.

Conclusion

This novel study identifies the probability that TKR patients will
achieve a desirable outcome for five specific goals. Six easily assessable
preoperative measures are also investigated to determine their utility as
personalised predictors for use in shared decision-making. Patients’
preoperative knee function and mental health scores were shown to
best predict patient-centric goals at one-year following TKR surgery.
Our results are likely to improve quality of patient education, help set
more accurate patient expectations, and in turn increase overall
satisfaction for prospective TKR patients.
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