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a b s t r a c t

Background: One of the main determinants of treatment satisfaction after total knee arthroplasty (TKA)
is the fulfillment of preoperative expectations. For optimal expectation management, it is useful to
accurately predict the treatment result. Multiple patient factors registered in the Dutch Arthroplasty
Register (LROI) can potentially be utilized to estimate the most likely treatment result. The aim of the
present study is to create and validate models that predict residual symptoms for patients undergoing
primary TKA for knee osteoarthritis.
Methods: Data were extracted from the LROI of all TKA patients who had preoperative and postoperative
patient-reported outcome measures registered. Multivariable logistic regression analyses were per-
formed to construct predictive algorithms for satisfaction, treatment success, and residual symptoms
concerning pain at rest and during activity, sit-to-stand movement, stair negotiation, walking, perfor-
mance of activities of daily living, kneeling, and squatting. We assessed predictive performance by
examining measures of calibration and discrimination.
Results: Data of 7071 patients could be included for data analysis. Residual complaints on kneeling
(female 72%/male 59%) and squatting (female 71%/male 56%) were reported most frequently, and least
residual complaints were scored for walking (female 16%/male 12%) and pain at rest (female 18%/male
14%). The predictive algorithms were presented as clinical calculators that present the probability of
residual symptoms for an individual patient. The models for residual symptoms concerning sit-to-stand
movement, stair negotiation, walking, activities of daily living, and treatment success showed acceptable
discriminative values (area under the curve 0.68-0.74). The algorithms for residual complaints regarding
kneeling, squatting, pain, and satisfaction showed less favorable results (area under the curve 0.58-0.64).
The calibration curves showed adequate calibration for most of the models.
Conclusion: A considerable proportion of patients have residual complaints after TKA. The present study
showed that demographic and patient-reported outcome measure data collected in the LROI can be used
to predict the probability of residual symptoms after TKA. The models developed in the present study
predict the chance of residual symptoms for an individual patient on 10 specific items concerning
treatment success, functional outcome, and pain relief. This prediction can be useful for individualized
expectation management in patients planned for TKA.

© 2019 Elsevier Inc. All rights reserved.
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The rate of satisfaction after total knee arthroplasty (TKA) is
consistently reported around 80%, leaving 1 in 5 patients unsatis-
fied to some extent after their knee surgery [1]. One of the main
determinants of treatment satisfaction is the fulfillment of preop-
erative expectations [1e3]. In this light, expectation management
in TKA patients resulting in more realistic expectations, is thought
to be advantageous to achieve optimal patient satisfaction [2,4].

Individualized education about postoperative outcome should
lead to more realistic patient expectations [4e6]. Previous research
has identified specific expectations of TKA patients that are
considered most important [7,8], and expectations that are most
often not fulfilled in TKA patients [9]. Expectations from both these
categories are useful to address in preoperative education, and
include expectations on pain relief and improvement in walking,
stair negotiation, performance of daily activities, change in position,
kneeling, and squatting [8,9].

It has been shown that a useful prediction on postoperative
outcome can be made based on demographic factors, preoperative
pain scores, and patient-reported outcome measure (PROM) scores
[10e12]. However, existing outcome prediction tools mainly focus
on identifying patients at risk of not benefiting from TKA in general
[13e15]. Specific information on pain and functional outcome to
guide preoperative expectation management is not provided by
these tools [13e15]. Furthermore, a patient might improve in
general, but could experience residual complaints on some specific
items which might not be distinguished by these tools. Therefore,
for use in an expectation management intervention, there is a need
for an outcome prediction model that provides specific information
on the probability of residual pain and functional limitations after
TKA [10e12].

Multiple patient factors that are obtained from the Dutch
Arthroplasty Register (Landelijke Registratie Orthopedische
Implantaten [LROI]) can potentially be utilized to estimate themost
likely outcome on pain and functional outcome for an individual
patient [16]. If this data can be used to make a prediction of the
treatment result, the data would not only be useful for measure-
ment of quality of care on a group level, but could be of direct value
for the individual patient.

Therefore, the aim of the present study is to create and validate
models that predict the chance of having residual symptoms on 10
specific outcome parameters at 12-month follow-up for individual
patients undergoing primary TKA for knee osteoarthritis (OA).
Because there is a known difference between men and women in
functional outcome after TKA, the development of the prediction
models was stratified by gender [17,18].

Materials and Methods

Study Setting and Data Collection

Data included in this study were obtained from the LROI. The
LROI is a Dutch nationwide registrer that collects data on all joint
arthroplasties. All hospitals in the Netherlands participate in this
registrer, which was founded by the Dutch Orthopedic Association
in 2007. The register had a completeness rate of 99% for primary
TKAs in 2016 [19].

Patients

Data were extracted from the register on patients with a pri-
mary TKA for OA, who had preoperative and 12-month follow-up
PROMs registered in the period January 2015 until July 2017 (n ¼
7071). Only data of hospitals that provided PROM data on at least
25 patients with preoperative and postoperative PROM question-
naires were included (53 hospitals) [20].
For assessment of generalizability, data of patients that met the
inclusion criteria during the study period, but did not have PROMs
registered were extracted (n ¼ 31,022). A comparison of patient
characteristics for the groups with and without PROMs registered
was made using a chi-squared test for ordinal parameters and
Student’s t-test for continuous variables.

Data Collection

Patient characteristics that are included in the LROI are age,
gender, operation side, general health using the American Society
of Anesthesiologists (ASA) classification system (dichotomized for
regression analysis purposes; ASA I-II vs ASA III-IV) [21], body mass
index in kg/m2, smoking (yes/no), previous operation on the
affected joint (yes/no), and orthopedic vitality using the Charnley
score (dichotomized for regression analysis purposes; Charnley A
vs B and C) [22]. Surgical variables such as type of procedure and
type of implant are registered.

Patient-Reported Outcome Measures

For primary TKA patients, the Knee injury and Osteoarthritis
Outcome Score - Physical Function Short Form (KOOS-PS), Oxford
Knee Score (OKS), EuroQol (EQ) 5D-3L, and Numerical Rating Scale
(NRS) on pain and satisfaction are obtained preoperatively, and at
6-month and 12-month follow-up. The individual questions and
composite scores of each PROM were available for analysis.

The KOOS-PS Dutch version assesses physical function on 7
different activities. These are scored on a 5-point Likert scale
ranging from none to extreme difficulty. A normalized score can be
calculated ranging from 0 indicating no symptoms to 100 indicating
extreme symptoms [23]. KOOS-PS has shown to be reliable, valid,
and responsive to change in knee OA patients [23e26].

The Dutch version OKS is a PROM on pain and function after TKA
[27]. Twelve items are scored on a 5-point Likert scale, leading to a
total score ranging from 0 to 48. Lower scores indicate more
symptoms [27]. It has good measurement properties in knee OA
patients [26,27]. The cut-off value for treatment success after TKA is
set at >32.5 points on the OKS total score [28].

The Dutch version of the EQ 5D-3L is a PROM on health-related
quality of life [29]. The score consists of 5 questions (EQ-5D index)
and the EQ visual analog scale (EQ-VAS). The EQ-VAS records the
respondent’s self-rated health on a vertical VAS where the end-
points are labeled “Best imaginable health state” and “Worst
imaginable health state.” The 5 questions are scored on a 3-point
Likert scale, from which the EQ-5D index can be calculated. The
outcome scores range from �0.333 to 1.0, where 1.0 represents
perfect health-related quality of life. This questionnaire has good
reliability and validity in knee OA patients and has been validated
for the Dutch population [30,31].

Pain scores weremeasured using an NRS for pain during activity
and at rest. A score of 0 represented “no pain” and a score of 10
represented “worst imaginable pain.” NRS pain values of �3
correspond to none or mild pain, and NRS pain score >3 represents
moderate to severe pain [32]. The NRS has good reliability and
responsiveness [24].

Satisfaction with treatment results at 12-month follow-up is
scored on an NRS scale ranging from 0 (not satisfied at all) to 10
(best possible satisfaction). “Very satisfied with treatment result” is
defined as an NRS satisfaction score of �8.

Outcome of Interest

The developed prediction tools provide a probability of persis-
tent complaints on items that have been identified as important
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and/or most often unfulfilled in TKA patients [7,9,33]. The items
addressed are residual symptoms concerning pain at rest and
during activity, sit-to-stand movement, stair negotiation, walking,
performance of activities of daily living (ADL), kneeling, and
squatting. Furthermore, satisfaction and treatment success in
general were included as outcome parameters of interest in the
predictive model development. For each of these factors, a corre-
sponding question from the available PROMs in the LROI data set
was identified and a threshold for remaining symptomswas chosen
(Table 1).
Fig. 1. Flowchart for inclusion and exclusion of patients. LROI, Dutch Arthroplasty
Register; TKA, total knee arthroplasty; OA, osteoarthritis; PROM, patient-reported
outcome measure.
Statistical Analysis

The LROI data were randomly divided into 2 sets using SPSS
Statistics version 24.0 (IBM Corporation). Part one of the dataset
(70% of patients) was used for building the prediction models, and
the remaining 30% of the dataset for validation of the models.
Model Development

Gender differences play an important role in outcome after TKA,
therefore the prediction model development was performed for
men and women separately [17,18]. Patient characteristics and
baseline PROM scores (questions and total scores) were used as
candidate predictors. Categorical variables were presented using
frequency and percentage, and continuous variables as mean with
standard deviation. Candidate variables with more than 25%
missing data were excluded. Patterns of missingness were inves-
tigated to assess the presence of a nonrandom element to the
missing data. For the remaining variables, multiple imputations
were performed to estimate the missing values, resulting in 5
imputed data sets [34].

A logistic regression analysis was performed for each of the 10
dependent variables listed in Table 1, for men and women sepa-
rately. Potential predictors were identified in the univariable ana-
lyses, with significance set at P < .15. Potential predictors identified
in the univariable analysis were entered into the multivariable
model. This resulted in a predictive algorithm for each outcome
variable of interest.
Table 1
Thresholds for Residual Symptoms.

Factor to Be Predicted Corresponding Question

1. Residual pain at rest NRS pain rest
2. Residual pain during activity NRS pain activity
3. Rising from a chair KOOS-PS question 3

“Indicate the degree of difficulty you have expe
due to your knee problem: rising from sitting”

4. Stair negotiation OKS question 12
“Could you walk down a flight of stairs?”

5. Walking OKS question 4
“For how long are you able to walk before the
severe? (With or without a stick)”

6. Activities of daily living OKS question 9
“How much has pain from your knee interfered
(including housework)”

7. Kneeling KOOS-PS question 6
“Indicate the degree of difficulty you have expe
due to your knee problem: kneeling”

8. Squatting KOOS-PS question 7
“Indicate the degree of difficulty you have expe
due to your knee problem: squatting”

9. Dissatisfaction NRS satisfaction
10. No treatment success OKS total score

NRS, Numerical Rating Scale; KOOS-PS, Knee injury and Osteoarthritis Outcome Score -
We assessed the predictive performance of these algorithms by
examining measures of calibration and discrimination. Discrimi-
nation is the ability of the prediction model to distinguish between
patients that have residual complaints after TKA from patients that
do not have complaints. This was assessed by calculating the area
under the receiver operating characteristic curve statistic (AUC)
and Nagelkerke R2 as a measure of explained variation. Calibration
considers the agreement between the predicted and the actual
outcome. This was assessed using calibration plots, in which pa-
tients were classified by tenths of the predicted risk, augmented by
a locally estimated scatterplot smoothed (loess) line over the entire
predicted probability range [35]. Predictions of a perfect model
should lie on the 45� line for agreement with the actual outcome.

All statistical analyses were performed using SPSS statistics
version 24.0 (IBM Corporation). This study was conducted and re-
ported in line with the transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis (TRIPOD)
guidelines [36] (Supplementary Table S1, TRIPOD checklist).
Results

Between January 2015 and July 2017, 38,093 patients were
registered in the LROI with a primary TKA for knee OA. Of these
patients, 7071 had had preoperative and 12-month follow-up
Cut-Off Value for Non-Response

>3
>3

rienced in the last week
Moderate or higher (score 2-4)

With moderate difficulty or worse (score 1-3)

pain in your knee becomes
5-15 min or less (score 1-3)

with your usual work?
Moderate or more (score 1-3)

rienced in the last week
Moderate or higher (score 2-4)

rienced in the last week
Moderate or higher (score 2-4)

<8
<32.5

Physical Function Short Form; OKS, Oxford Knee Score.



Table 2
Patient Characteristics and Baseline Scores of Training and Test Cohort.

Patient Characteristics and Baseline Scores Training Cohort Test Cohort

Female (n ¼ 3120) Male (n ¼ 1831) Female (n ¼ 1315) Male (n ¼ 805)

Age (y) 68.8 (8.6) 68.1 (8.1) 68.8 (8.6) 67.8 (8.2)
ASA classification, n (%)
I 380 (12.2) 285 (15.6) 160 (12.2) 132 (16.4)
II 2213 (70.9) 1231 (67.2) 934 (71.0) 531 (66.0)
III-IV 527 (16.9) 315 (17.2) 221 (16.8) 142 (17.6)

Smoking: yes, n (%) 219 (7.0) 187 (10.2) 91 (6.9) 87 (10.8)
Charnley score, n (%)
A 1328 (42.6) 878 (48.0) 551 (41.9) 395 (49.1)
B1 1024 (32.8) 585 (31.9) 435 (33.1) 267 (33.2)
B2 663 (21.3) 320 (17.5) 284 (21.6) 125 (15.5)
C 105 (3.4) 48 (2.6) 45 (0.3) 17 (0.2)

BMI (kg/m2) 30.0 (5.2) 28.9 (4.0) 30.1 (5.4) 28.9 (4.1)
Side affected: right, n (%) 1677 (53.8) 948 (51.8) 700 (53.2) 426 (52.9)
Previous surgery on affected joint: yes, n (%) 852 (27.3) 787 (43.0) 369 (28.1) 351 (43.6)
EQ-VAS 67.1 (19.0) 72.0 (18.7) 67.5 (19.2) 71.5 (18.0)
EQ-index 0.57 (0.27) 0.66 (0.23) 0.58 (0.27) 0.65 (0.23)
KOOS-PS total 52.9 (15.1) 47.5 (14.4) 52.8 (14.7) 47.8 (13.8)
OKS total 22.3 (6.8) 25.4 (6.7) 22.3 (7.1) 25.2 (7.1)
NRS Pain activity 7.4 (1.9) 7.0 (2.0) 7.4 (1.8) 7.0 (2.1)
NRS Pain rest 5.3 (2.6) 4.6 (2.6) 5.3 (2.5) 4.7 (2.6)

Data are presented as mean (standard deviation) or otherwise as mentioned.
ASA, American Society of Anesthesiologists; BMI, body mass index; EQ, EuroQol; VAS, visual analog scale; KOOS-PS, Knee injury and Osteoarthritis Outcome Score - Physical
Function Short Form; OKS, Oxford Knee Score; NRS, Numerical Rating Scale.
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PROMs available (Fig. 1). There were no candidate predictors with
>25% of missing data in this cohort, and there was no non-random
element to the missing data. Therefore, multiple imputations could
be performed as planned [34]. When compared to the group of
patients that did not have PROMs available, the cohort of patients
that did have PROMs available was slightly younger (68.4 ± 8.5 vs
68.8 ± 9.1 years, P < .001), more often male (37.3% vs 35.8%, P ¼
.015), more often smoker (8.3% vs 9.5%, P ¼ .002), and had a
marginally lower body mass index (29.6 ± 4.8 vs 29.8 ± 5.1 kg/m2,
P ¼ .001). Full characteristics of both groups can be found in
Supplementary Table S2.

The 7071 patients that were available for development of the
prediction model were randomly divided into 2 groups: a training
cohort (n ¼ 4951) and a cohort for internal validation of the pre-
diction models (n ¼ 2120). Patient characteristics of these groups
did not show important differences (Table 2). The incidence of
Table 3
Frequency of Residual Complaints.

Dependent Variable Gender Training Cohort (\, n

Residual pain at rest \ 568 (18.2)
_ 443 (14.2)

Residual pain during activity \ 886 (28.4)
_ 434 (23.7)

Rising from a chair \ 721 (23.1)
_ 361 (19.7)

Stair negotiation \ 876 (27.8)
_ 297 (16.2)

Walking \ 493 (15.8)
_ 220 (12.0)

Activities of daily living \ 761 (24.4)
_ 342 (18.7)

Kneeling \ 2237 (71.7)
_ 1086 (59.3)

Squatting \ 2228 (71.4)
_ 1038 (56.7)

Dissatisfaction \ 933 (29.9)
_ 450 (24.6)

No treatment success \ 658 (21.1)
_ 258 (14.1)

Data are presented as number (%).
residual complaints at 1-year follow-up is presented in Table 3. Of
the outcome variables under study, residual complaints on
kneeling (female 72%/male 59%) and squatting (female 71%/male
56%) were reported most frequently. Least residual complaints
were scored for walking (female16%/male 12%) and pain at rest
(female18%/male 14%).

The significant factors identified in the univariate analyses were
all entered into the multivariable regression models. The majority
of the individual PROM questions and PROM total scores were
included in the different models. Other patient characteristics such
as Charnley score, side affected, previous surgery to the affected
joint, and smoking status showed to be significant univariable
predictors in only a fewmodels. In almost all models the factor that
showed the highest predictive value was the preoperative PROM
question corresponding with the factor that was predicted. For
example, in the model predicting residual complaints when rising
¼ 3120; _, n ¼ 1831) Validation Cohort (\, n ¼ 1315; _, n ¼ 805)

230 (17.5)
115 (14.3)
368 (28.0)
188 (23.4)
301 (22.9)
158 (19.6)
359 (27.3)
140 (17.4)
199 (15.1)
93 (11.6)

330 (25.1)
161 (20.0)
940 (71.5)
483 (60.0)
948 (72.1)
459 (57.0)
396 (30.1)
197 (24.5)
284 (21.6)
116 (14.4)



Table 4
Performance of Predictive Models: Discrimination.

Dependent
Variable

Gender Training Data Set Validation Data
Set

AUC (95% CI) Nagelkerke
R2

AUC (95% CI)

Pain at rest \ 0.69 (0.66-0.72) 0.11 0.65 (0.61-0.69)
_ 0.68 (0.64-0.72) 0.09 0.62 (0.57-0.67)

Pain during
activity

\ 0.65 (0.63-0.67) 0.08 0.63 (0.60-0.66)
_ 0.68 (0.65-0.71) 0.11 0.64 (0.62-0.66)

Rising from
a chair

\ 0.76 (0.74-0.78) 0.21 0.73 (0.70-0.76)
_ 0.73 (0.71-0.75) 0.16 0.70 (0.66-0.74)

Stair negotiation \ 0.72 (0.70-0.74) 0.17 0.71 (0.69-0.73)
_ 0.72 (0.69-0.75) 0.13 0.69 (0.66-0.72)

Walking \ 0.74 (0.72-0.76) 0.16 0.72 (0.69-0.75)
_ 0.71 (0.69-0.73) 0.13 0.69 (0.67-0.71)

Activities of
daily living

\ 0.70 (0.67-0.73) 0.13 0.67 (0.64-0.70)
_ 0.72 (0.70-0.74) 0.14 0.67 (0.64-0.70)

Kneeling \ 0.65 (0.63-0.67) 0.08 0.64 (0.60-0.68)
_ 0.65 (0.62-0.68) 0.09 0.62 (0.58-0.66)

Squatting \ 0.64 (0.62-0.66) 0.07 0.63 (0.60-0.66)
_ 0.63 (0.61-0.65) 0.08 0.60 (0.57-0.63)

Dissatisfaction \ 0.61 (0.59-0.64) 0.04 0.58 (0.55-0.61)
_ 0.63 (0.60-0.66) 0.06 0.59 (0.55-0.63)

No treatment
success

\ 0.73 (0.70-0.76) 0.16 0.70 (0.67-0.73)
_ 0.73 (0.71-0.75) 0.15 0.69 (0.67-0.71)

AUC, area under the curve; CI, confidence interval.
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from a chair for female patients, KOOS-PS question 6 (the question
addressing problems with sit-to-stand movement) showed to be
the strongest predictor with an odds ratio of 1.61 (95% confidence
interval 1.374-1.882).

The full prediction models are presented as clinical calculators
in Supplementary Table S3 for female patients and Supplementary
Table S4 for male patients. The calculator presents an individual
patients’ chance of residual symptoms concerning pain at rest and
during activity, sit-to-stand movement, stair negotiation, walking,
performance of ADL, kneeling, and squatting and the chance of
dissatisfaction and no overall treatment success. An example of the
output provided by the prediction model is presented in Figure 2.

The performance of these models in terms of discrimination is
presented in Table 4 for both the training and validation cohort. The
predictive algorithms for residual symptoms concerning rising
from a chair, stair negotiation, walking, ADL, and treatment success
showed acceptable discriminative values (AUC 0.68-0.74) and
explained fraction of variance (Nagelkerke R2 0.13-0.21). The pre-
diction models for residual complaints regarding kneeling, squat-
ting, pain, and satisfaction showed the least favorable results on
discrimination (AUC 0.58-0.64) and explained variance (Nagelkerke
R2 0.04-0.11). The calibration of the models in the validation cohort
is presented using calibration curves. Figure 3 shows the perfor-
mance of the models for women and Figure 4 for men.
Discussion

We have developed and internally validated prediction models
for residual symptoms 12months after TKA. Themodels predict the
chance of residual symptoms on a set of outcome parameters that
are considered most important in preoperative expectation man-
agement. The output of the models presents an individual patients’
chance of residual complaints (Fig. 2). These models generally
showed fair discrimination and good calibration.

The present study shows that a considerable proportion of pa-
tients have residual complaints after TKA. Residual complaints on
kneeling and squatting were reported most frequently, while the
least residual complaints were reported for walking and pain at
rest. Previously, TKA patients have been reported to still experience
Fig. 2. Example of output provided by the predictive model. The individual chances of
residual symptoms for a patient on each of the 10 items presented are calculated based
on patient characteristics, baseline EuroQol-5D scores, Oxford Knee Score, and Knee
injury and Osteoarthritis Outcome Score - Physical Function Short Form scores.
substantial functional impairment compared with their age-
matched peers, especially in biomechanically demanding activ-
ities [9,37]. The results of the present study emphasize the fact that
residual complaints are common and this should be considered in
preoperative decision making and expectation management.

In the study design we chose to develop separate prediction
models for male and female patients. Residual complaints showed
to be considerably more frequent in women over the whole range
of outcome parameters that were analyzed. This confirms the
conclusion of previous reports in this regard [17], and supports the
choice to develop separate prediction models for male and female
patients in the present study. The predictive performance of the
models did not show important differences between sexes.

The discriminative performance of most prediction models
developed in the present study can be considered acceptable, with
AUC values in the internal validation cohort of around 0.70 [38]. The
prediction models for residual complaints regarding kneeling,
squatting, pain, and dissatisfaction with treatment result showed
the least favorable results. Because of the study design, prognostic
variables included were limited to the variables registered in the
LROI. As a result, not all preoperative factors that are known to
influence outcome after TKA, such as preoperative expectations
and radiological OA severity, could be included as predictors for the
model [10,39]. Therefore, their influence on outcome and patient
satisfaction could not be incorporated by the models, which might
have limited performance of the models. At the same time, by
including only predictors that patients currently already provide,
we made sure the models can easily be integrated in clinical
practice.

For most outcome variables adequate calibration curves are
reported. For predicted probabilities of residual complaints
exceeding 0.5, the loess lines tend to deviate from the ideal line.
This is probably due to the low numbers of patients in this category.
Therefore, predicted probabilities of residual complaint exceeding
50% have to be interpreted with some caution. Considering residual
complaints on kneeling and squatting, the distribution of predicted
probabilities was reversed in comparison to all other categories.
This is in line with the relatively high prevalence of residual com-
plaints: 57% for male and 72% for female patients. For kneeling and



Fig. 3. Calibration curves for female patients. Predicted probability of residual symptoms on each specific outcome parameter is given on the x-axis, and the observed probability of
residual symptoms is given on the y-axis. The dashed diagonal line represents perfect agreement between the predicted and actual probability of nonresponse. Tenths of the
predicted risk are presented as reds dots, and augmented by a smoothed (loess) line over the entire predicted probability range (continuous line). Above the x-axis, the distribution
of the predicted probabilities is given in gray.
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Fig. 4. Calibration curves for male patients. Predicted probability of residual symptoms on each specific outcome parameter is given on the x-axis, and the observed probability of
residual symptoms is given on the y-axis. The dashed diagonal line represents perfect agreement between the predicted and actual probability of nonresponse. Tenths of the
predicted risk are presented as reds dots, and augmented by a smoothed (loess) line over the entire predicted probability range (continuous line). Above the x-axis, the distribution
of the predicted probabilities is given in gray.
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squatting, prediction for probabilities of 40% and higher seem
adequately calibrated.

To the authors’ knowledge, this is the first time such a
comprehensive set of prediction models on treatment result after
TKA is reported. Previous efforts have been made to predict the
treatment result of TKA patients [11,13e15]. These studies mainly
aimed to predict overall response or treatment success in general
[11,13e15]. For this purpose, Dowsey et al [10] created a prognostic
nomogram predicting probabilities of nonresponse to TKA. A
limited set of predictors was derived, and internal validation
showed acceptable calibration and discrimination (c-statistic ¼
0.74) quite similar to the performance of our models on treatment
success [10]. Unfortunately, these favorable results were only partly
supported on external validation of this predictive nomogram by
Riddle et al [13]. Especially calibration showed poor agreement
between actual vs predicted probabilities of nonresponse [13].
Therefore, the model developed by Riddle et al does not seem
applicable beyond the population in which it was developed
[10,13]. We intend to use the models presented in the present study
in a very comparable population as in which they were developed.
Therefore, we do not expect similar calibration problems.

For effective expectation management, a prediction tool should
ideally provide specific information on the most likely outcome on
pain and function for an individual patient [6]. Pua et al [11] con-
structed a model on risk for walking limitations after TKA. In
contrast to the models described in the previous paragraph that
predict outcome in general, the model by Pua et al is the only
predictive model for a specific functional outcome parameter
available in literature. Themodel is based on a predictor set that has
limited overlap with the predictors used in the present study, and
used data on postoperative recovery in addition to preoperative
measurements. The predictive performance of their nomogram
seems to be quite comparable to our model on walking limitations,
with a reported c-statistic of 0.71 [11].

The candidate predictors for the prediction models constructed
in the present study are part of routinely collected data. Since this
information is always obtained for patients in the Dutch system, it
was not deemed necessary to reduce the number of predictors to
obtain the smallest predictor set possible [36]. Further reduction
would only lead to loss of predictive power without an increase in
usability or reduction of the burden for patients. The data entered
in routinely obtained questionnaires can directly be transformed
into an individualized prediction for probability of residual com-
plaints (example output in Fig. 2). These predictions are a good
basis for improved preoperative expectation management.

A limitation of the present study is that only 19% of the complete
cohort of TKA patients had completed PROMs at baseline and 12
months of follow-up. Therefore, only this subset of the total cohort
could be included for development of the models. This is probably
partly caused by the knee PROM follow-up program that was only
introduced in 2015 in the Netherlands and implementation has just
recently started in some clinics. To avoid selection bias in hospitals
that included only a very few patients, hospitals with <25 patients
registered were excluded from the analysis. The group included for
modeling statistics and the group that could not be included
showed significant differences for some patient characteristics, but
these differences were very small and therefore probably not
clinically relevant. For this reason, the results of the present study
can be considered generalizable to the whole Dutch population of
patients undergoing primary TKA for knee OA. Patient character-
istics, methods of measurement, and healthcare systems might
differ across populations, and can potentially influence predictive
performance [13]. These models are specific for the Dutch health-
care setting. Generalization beyond this population would there-
fore warrant external validation and possibly recalibration.
Nevertheless, the concept of outcome prediction based on routinely
gathered patient characteristics and PROMs is likely to be appli-
cable beyond the Dutch healthcare setting.

Another limitation is that although we showed that a useful
prediction can be made for the probability of residual symptoms
after TKA, the predictions cannot be used as explicit indication
criteria for TKA. A cut-off value for appropriateness of TKA is not
provided and the level of discrimination would not justify such
strong conclusions. Furthermore, the indication for TKA has a
subjective nature where each patient has to consider the risks and
benefits against their own values [16]. In the authors’ opinion, the
prediction results are useful for identifying patients at risk for re-
sidual complaints, and individualizing expectation management in
this regard.

Conclusion

A considerable proportion of patients have residual complaints
after TKA. The present study showed that demographic and PROM
data collected in the LROI can be used to predict the probability of
residual symptoms after TKA. The models developed in the present
study predict the chance of residual symptoms for an individual
patient on 10 specific items concerning functional outcome and
pain relief. This prediction can be useful for individualized expec-
tation management in patients planned for TKA.
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Appendix
Supplementary Table S1
TRIPOD Checklist: Prediction Model Development and Validation.

Section/Topic Item Development/
Validationa

Checklist Item Page

Title and abstract
Title 1 D;V Identify the study as developing and/or validating a multivariable prediction model, the

target population, and the outcome to be predicted.
1

Abstract 2 D;V Provide a summary of objectives, study design, setting, participants, sample size,
predictors, outcome, statistical analysis, results, and conclusions.

1-2

Introduction
Background and
objectives

3a D;V Explain the medical context (including whether diagnostic or prognostic) and rationale
for developing or validating the multivariable prediction model, including references to
existing models.

2-3

3b D;V Specify the objectives, including whether the study describes the development or
validation of the model or both.

3

Methods
Source of data 4a D;V Describe the study design or source of data (e.g., randomized trial, cohort, or registry

data), separately for the development and validation data sets, if applicable.
4

4b D;V Specify the key study dates, including start of accrual; end of accrual; and, if applicable,
end of follow-up.

4

Participants 5a D;V Specify key elements of the study setting (e.g., primary care, secondary care, general
population) including number and location of centers.

4

5b D;V Describe eligibility criteria for participants. 4
5c D;V Give details of treatments received, if relevant. 4

Outcome 6a D;V Clearly define the outcome that is predicted by the prediction model, including how and
when assessed.

6, Table 1

6b D;V Report any actions to blind assessment of the outcome to be predicted. N/A
Predictors 7a D;V Clearly define all predictors used in developing the multivariable prediction model,

including how and when they were measured.
4-6

7b D;V Report any actions to blind assessment of predictors for the outcome and other
predictors.

N/A

Sample size 8 D;V Explain how the study size was arrived at. 4
Missing data 9 D;V Describe how missing data were handled (e.g., complete-case analysis, single

imputation, multiple imputation) with details of any imputation method.
7

Statistical
analysis
methods

10a D Describe how predictors were handled in the analyses. 7-8
10b D Specify type of model, all model-building procedures (including any predictor

selection), and method for internal validation.
7-8

10c V For validation, describe how the predictions were calculated. 7-8
10d D;V Specify all measures used to assess model performance and, if relevant, to compare

multiple models.
7-8

10e V Describe any model updating (e.g., recalibration) arising from the validation, if done. N/A
Risk groups 11 D;V Provide details on how risk groups were created, if done. N/A
Development vs
validation

12 V For validation, identify any differences from the development data in setting, eligibility
criteria, outcome, and predictors.

8-9, Table 2

Results
Participants 13a D;V Describe the flow of participants through the study, including the number of

participants with and without the outcome and, if applicable, a summary of the follow-
up time. A diagram may be helpful.

8, Figure 1

13b D;V Describe the characteristics of the participants (basic demographics, clinical features,
available predictors), including the number of participants with missing data for
predictors and outcome.

8-9, Table 2

13c V For validation, show a comparison with the development data of the distribution of
important variables (demographics, predictors and outcome).

Table 2

Model
development

14a D Specify the number of participants and outcome events in each analysis. Table 3
14b D If done, report the unadjusted association between each candidate predictor and

outcome.
Supplementary
Table S3

Model
specification

15a D Present the full prediction model to allow predictions for individuals (i.e., all regression
coefficients, and model intercept or baseline survival at a given time point).

Supplementary
Table S3

15b D Explain how to use the prediction model. 12
Model
performance

16 D;V Report performance measures (with CIs) for the prediction model. Table 4

Model-updating 17 V If done, report the results from any model updating (i.e., model specification, model
performance).

N/A

Discussion
Limitations 18 D;V Discuss any limitations of the study (such as nonrepresentative sample, few events per

predictor, missing data).
12-13

Interpretation 19a V For validation, discuss the results with reference to performance in the development
data, and any other validation data.

11-13

19b D;V Give an overall interpretation of the results, considering objectives, limitations, results
from similar studies, and other relevant evidence.

11-13

Implications 20 D;V Discuss the potential clinical use of the model and implications for future research. 12-13
Other information
Supplementary
information

21 D;V Provide information about the availability of supplementary resources, such as study
protocol, Web calculator, and data sets.

N/A

Funding 22 D;V Give the source of funding and the role of the funders for the present study. 14

a Items relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a prediction model are denoted by V, and items
relating to both are denoted D;V. We recommend using the TRIPOD Checklist in conjunction with the TRIPOD Explanation and Elaboration document.



Supplementary Table S2
Patients With PROM Data vs Patient Without PROM Data Registered in LROI.

Patient Characteristics Cohort With PROMs Available (n ¼ 7071) Cohort With No PROMs Available (n ¼ 31,022) P-valuea

Sex female, n (%) 4435 (62.7) 212,516 (64.2) P ¼ .015
Age 68.4 (8.5) 68.8 (9.1) P < .001
ASA classification, n (%) P ¼ .615
I 962 (13.6) 4219 (13.6)
II 4886 (69.1) 21,591 (69.6)
III-IV 1223 (17.3) 5212 (16.8)

Smoking, yes n (%) 587 (8.3) 2947 (9.5) P ¼ .002
Charnley score, n (%) P < .001
A 3161 (44.7) 13,246 (42.7)
B1 2305 (32.6) 10,547 (34.0)
B2 1393 (19.7) 6356 (21.1)
C 212 (3.0) 838 (2.7)

BMI, kg/m2 29.6 (4.8) 29.8 (5.1) P ¼ .001
Side affected, right n (%) 3733 (52.8) 16,256 (52.4) P ¼ .809
Previous surgery on affected joint, yes n (%) 2376 (33.6) 10,389 (33.5) P ¼ .562

Independent-samples t-test or chi-square test depending on the type of variable.
ASA, American Society of Anesthesiologists; BMI, body mass index; LROI, Landelijke Registratie Orthopedische Implantaten; PROM, patient-reported outcome measure.

a Significance was set at P < .05.
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