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Abstract
Tools designed to predict patient satisfaction following total knee arthroplasty (TKA) have the potential to guide patient 
selection. Our study aimed to validate a model that predicts patient satisfaction following TKA. Phone surveys were adminis-
tered to 203 patients who underwent TKA between 2009 and 2016 at the University of Illinois. We utilized health records to 
document age, gender, body mass index (BMI), and comorbidities. First, we compared the descriptive variables between the 
satisfied and dissatisfied groups. We then performed multivariate linear regression and multiple logistic regression to assess 
the predictive value of the questions in the Van Onsem et al. model. The true satisfaction rate in our study was 65%. The 
Van Onsem et al. model predicted a satisfaction rate of 70%. The scatter plot of predicted satisfaction score versus observed 
satisfaction score showed poor agreement between actual satisfaction and predicted satisfaction. Comparing satisfied and 
dissatisfied groups, there was a significant difference with respect to pain prior to surgery and BMI. The validity of the Van 
Onsem et al. prediction tool was not supported. While the predicted satisfaction rate was near the measured satisfaction rate, 
the model misidentified which patients were likely to be satisfied. Preoperative variables including pain, anxiety/depression, 
and a patient’s ability to control pain symptoms showed potential for inclusion in future prediction models.
Level of evidence  Level III, developing a decision model.
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Introduction

Background

The number of total knee replacements performed annu-
ally in the USA is expected to grow by 673% to 3.48 mil-
lion procedures by 2030 [1]. It is also well documented that 
only 68–93% of patients report satisfaction after total knee 
arthroplasty (TKA) [2–5]. Thus, there is an increasing need 
for an easy to use, robust prediction model to aid patient 
selection of TKA.

There are several patient-reported outcome measure 
(PROM) questionnaires available, such as the New Knee 

Society Score (KSS) [6], the Western Ontario and McMas-
ters Universities Arthritis Index [7], the Knee Injury and 
Osteoarthritis Outcome Score (KOOS) [8], and the Oxford 
Knee Score (OKS) [9] that are easy to use and well vali-
dated. However, they are not prediction tools. Given the cur-
rent satisfaction rates reported in the literature (68–93%), a 
prediction tool is necessary to improve satisfaction scores.

Providing patients their probability of dissatisfaction fol-
lowing TKA prior to intervention is an important preopera-
tive assessment. It has benefits for patients, clinicians, and 
the health-care system. For example, patients with modifi-
able risk factors may undergo treatment prior to TKA to 
reduce their risk of dissatisfaction. Patients who know that 
they are at a high risk of dissatisfaction may readjust their 
expectations, ultimately improving their satisfaction [10]. 
Finally, some patients may elect not to undergo surgery 
and pursue different treatment options. Knowing the risk of 
patient dissatisfaction prior to surgery will enhance clinician 
and patient shared decision making and will improve patient 
satisfaction rates. However, a prediction tool is necessary to 
achieve these results.
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Few studies have identified predictors of patient satis-
faction following TKA, and the current evidence fails to 
conclusively support any preoperative predictors of outcome 
[2, 11–13]. The study performed by Van Onsem et al. is the 
first to our knowledge to intensely investigate the correlation 
between preoperative patient-specific variables and postop-
erative satisfaction using PROM questionnaires and create 
a prediction model [14].

The prediction model developed by Van Onsem et al. [14] 
includes only 10 predictive variables making it a simple, 
easy to use model. However, generalizability to diverse clini-
cal sites is an import factor in generating such prognostic 
models. Thus, the predictive tool created by Van Onsem 
et al. must be validated with a diverse, independent group 
of subjects before it can be recommended for widespread 
use [15].

Study question

Our goal was to validate the prediction model designed by 
Van Onsem et al. on an independent data set.

Methods

Study design and setting

Prior to initiation of this study, institutional review board 
approval was obtained from the University of Illinois at 
Chicago College of Medicine. We retrospectively identified 
and contacted 203 patients that underwent primary TKA 
for arthritis at the University of Illinois Hospital between 
2009 and 2016.

Van Onsem et al. administered 5 questionnaires totaling 
107 questions preoperatively and postoperatively to 113 
patients [14]. Ultimately, 10 questions were retained in the 
prediction tool (Table 1). Thus, we gathered data on these 
10 questions and patient satisfaction.

Our survey included 8 of the 10 questions that Van 
Onsem et al. included in their prognostic model [14], 5 ques-
tions from the KSS [6] satisfaction subscale, and 3 questions 
regarding education and socioeconomic status (SES). The 
survey consisted of 16 questions in total.

To reduce the length of the phone survey, we did not ask 
subjects their age or gender, the two remaining questions 
in the Van Onsem et al. prediction model. Instead, we uti-
lized electronic health records to gather data on age at time 
of surgery and gender, as well as body mass index (BMI), 
insurance provider, and comorbidities.

Van Onsem et al. measured satisfaction with the KSS. 
The KSS is divided into 4 subscales which are rated sepa-
rately. The satisfaction subscale consists of 5 items. Each 
item is scored from 0 to 5 points for a maximum score of 40 

points. Van Onsem et al. used this score as a continuous vari-
able and as a dichotomized variable where a score of ≥ 20 
qualified as satisfied and a score < 20 dissatisfied [14]. We 
adopted this same criterion. Finally, if a subject had multiple 
TKAs, we asked them to report on the most recent surgery.

Statistical analysis, study size

A statistician in the Department of Mathematics, Statistics, 
and Computer Science at the University of Illinois Chi-
cago guided the statistical analysis; 203 patients agreed to 
participate and completed the entire survey. To ensure the 
respondents represented the population of patients undergo-
ing TKA between 2009 and 2016, we compared participants 
and nonparticipants.

To validate the prognostic model, we utilized the coef-
ficients reported by Van Onsem et al., which are displayed 
in Table 1. With these coefficients, a scatter plot of pre-
dicted satisfaction score versus observed satisfaction score 
was generated (Fig. 1). Comparisons between the satisfied 
and dissatisfied groups were made using a Student t test 
(Table 2). We then performed a multivariate linear regres-
sion and a multiple logistic regression analysis with the 
questionnaire results, age at time of surgery, gender, BMI, 
payment method, education, and comorbidities as the inde-
pendent variable and the satisfaction subscore of the KSS 
as the dependent variable (Tables 3, 4). This allowed us to 
compare the predictive qualities of our data set for the 10 
questions selected by Van Onsem et al. [14].   

Results

A total of 203 patients completed the 16 question phone 
survey. The mean age at time of surgery was 59.7 (SD 8.7, 
range 40–90) and the average BMI was 35.7 (SD 7.2, range 
14–59). 73% of respondents were female and 52% were right 
knee surgeries. 51% of respondents attended college or tech-
nical school for one or more years while 49% of respond-
ents never attended college or technical school. Comparisons 
between the satisfied and dissatisfied groups are displayed 
in Table 2.

Using a KSS satisfaction subscore of ≥ 20 as satisfied and 
score < 20 as dissatisfied, the calculated satisfaction rate was 
65%. When applying the coefficients reported by Van Onsem 
et al., the predicted satisfaction rate was found to be 70% 
and the scatter plot of predicted satisfaction score versus 
observed satisfaction score is displayed in Fig. 1.

Multiple linear regression analysis and a multiple logis-
tic regression analysis were performed to understand the 
predictive value of the 10 items identified by Van Onsem 
et al. In addition to the 10 items included in the Van Onsem 
et al. questionnaire, we also evaluated the predictive value 
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Table 1   New prediction model from Van Onsem et al.

Table 1 shows the 10 questions in the new prediction model from Van Onsem et al. with the different options and relating scores. The last col-
umn shows the weight factor or B-coefficient (“+” = positive predictor, “−” = negative predictor). The predicted satisfaction score is calculated 
by multiplying each score with the related weight factor. A summation of these scores + 26.1 gives us the predicted satisfaction score. ≥ 20 = sat-
isfied, < 20 = dissatisfied

Question Score Weight factor 
(B-coefficient)

Q1: Gender Female = 0 point 2.3
Male = 1 point

Q2: Age Continuous 0.13
Q3: Pain I have no pain or discomfort = 1 point 1.59

I have slight pain or discomfort = 2 points
I have moderate pain or discomfort = 3 points
I have severe pain or discomfort = 4 points
I have extreme pain or discomfort = 5 points

Q4: During the last week, how severe was your knee joint stiffness after 
first wakening in the morning?

None = 0 points − 1.4
Mild = 1 point
Moderate = 2 points
Severe = 3 points
Extreme = 4 points

Q5: During the last week, did you feel grinding, hear clicking or any other 
type of noise when your knee moves?

Never = 0 points − 1.08
Rarely = 1 point
Sometimes = 2 points
Often = 3 points
Always = 4 points

Q6: Does this knee feel “normal” to you? Never = 0 points 0.75
Sometimes = 3 points
Always = 5 points

Q7: How often are you aware of your knee problem? Never = 0 points − 1
Monthly = 1 point
Weekly = 2 points
Daily = 3 points
Constantly = 4 points

Q8: Anxiety/depression I am not anxious or depressed = 1 point − 1.12
I am slightly anxious or depressed 

 = 2 points
I am moderately anxious or depressed = 3 points
I am severely anxious or depressed = 4 points
I am extremely anxious or depressed = 5 points

Q9: When I’m in pain I can’t seem to keep it out of my mind Not at all = 0 points − 0.88
To a slight degree = 1 point
To a moderate degree = 2 points
To a great degree = 3 points
All the time = 4 points

Q10: When I’m in pain I wonder whether something serious may happen Not at all = 0 points − 1.01
To a slight degree = 1 point
To a moderate degree = 2 points
To a great degree = 3 points
All the time = 4 points
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of BMI, comorbidities, payment method, income, and edu-
cation. The predictors BMI (p < 0.01), pain prior to surgery 
(p < 0.01), and anxiety and depression prior to surgery 
(p < 0.01) were statistically significant in the multiple linear 
regression analysis. The model R2 value was 0.27 (adjusted 
R2 = 0.15). BMI (p < 0.01), pain prior to surgery (p < 0.01), 
anxiety and depression prior to surgery (p < 0.05), hyperten-
sion (p < 0.05), and pain mindfulness (p < 0.05) were statis-
tically significant predictors of satisfaction in the multiple 
logistic regression analysis.

Discussion

Background and rationale

While many scoring systems such as the KSS [6], the West-
ern Ontario and McMasters Universities Arthritis Index [7], 
the KOOS [8], and the OKS [9] are well validated and easy 
to use, they only assess knee replacement outcome. They 
are not prediction tools. Moreover, we believe the current 
satisfaction rates reported in the literature (68–93%) are 
low and can be improved. A prediction tool is necessary to 
improve satisfaction scores. The study performed by Van 
Onsem et al. is the first attempt to our knowledge to con-
solidate these PROMs into a simple, robust questionnaire 
that can be scored and substituted into a model to predict 
patient satisfaction following TKA before surgical interven-
tion. Our study aimed to externally validate the Van Onsem 
et al. model on an independent data set.

The results of our study failed to support the external 
validity of the Van Onsem et al. model. While their model 
was accurate in predicting the satisfaction score in our TKA 
population (true satisfaction 65%, predicted satisfaction 

Fig. 1   Scatter plot of predicted satisfaction score versus observed sat-
isfaction score, x-axis: observed satisfaction score, y-axis: predicted 
satisfaction score, dark zone: 95% confidence interval, dotted lines: 
95% prediction interval

Table 2   Comparison between satisfied and dissatisfied patients

Statistically significant results are in bold

Variables/questionnaires Satisfied Dissatisfied p value
(N = 132) (N = 71)

Satisfaction rate 65% 35%
Gender (Q1, Table 1)
 Female 72% 75% 0.682
 Male 28% 25%

BMI
 Mean (SD) 34.9 (6.5) 37.2 (8.2) < 0.05

Age (Q2, Table 1)
 Mean (SD) 60.5 (8.0) 58.2 (9.6) 0.068

Payment
 Medicaid 16% 20% 0.282
 Medicare 33% 41%
 Private 51% 39%

Education
 High school graduate or less 50% 48% 0.814
 Some college or beyond 50% 52%

Income
 < $25,000 73% 72% 0.929
 $25,000–$50,000 14% 16%
 > $50,000 13% 12%

Diabetes mellitus
 Yes 30% 30% 0.996
 No 70% 70%

Hypertension
 Yes 72% 66% 0.392
 No 28% 34%

Hyperlipidemia
 Yes 39% 35% 0.631
 No 61% 65%

Pain (Q3, Table 1)
 Mean (SD) 4.6 (0.7) 4.3 (0.9) < 0.05

Knee stiffness (Q4, Table 1)
 Mean (SD) 3.1 (1.1) 2.9 (1.3) 0.155

Knee clicking (Q5, Table 1)
 Mean (SD) 2.8 (1.4) 2.5 (1.5) 0.205

Knee “normal” (Q6, Table 1)
 Mean (SD) 0.8 (1.2) 1.0 (1.6) 0.356

Knee Awareness (Q7, Table 1)
 Mean (SD) 3.5 (0.8) 3.5 (0.7) 0.514

Anxiety/depression (Q8, Table 1)
 Mean (SD) 2.5 (1.4) 2.8 (1.4) 0.172

Pain mindfulness (Q9, Table 1)
 Mean (SD) 2.9 (1.3) 2.6 (1.5) 0.177

Concern for adverse event (Q10, Table 1)
 Mean (SD) 2.3 (1.5) 2.5 (1.5) 0.390
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70%), the scatter plot of predicted satisfaction score versus 
observed satisfaction score (Fig. 1) illustrates a poor correla-
tion between individuals predicted to be satisfied and those 
who were truly satisfied. The predictive model misidentified 
which patients were likely to be satisfied. Thus, the model 
developed by Van Onsem et al. has poor predictive value in 
our TKA population and we fail to conclude that it is a good 
predictor of patient satisfaction.

To better understand why the Van Onsem et al. model had 
poor predictive value in our TKA population, we made com-
parisons between the satisfied and dissatisfied groups, which 
revealed that the only variables with a significant difference 
were BMI and pain. Those with a greater BMI and less pain 
prior to surgery were more likely to be dissatisfied. Of these 
two variables, Van Onsem et al. only consider pain in their 
prediction model. Like our study, previous research has 
found that patients with a greater BMI are more likely to be 
dissatisfied following TKA [16]. Although Van Onsem et al. 
found no significant difference between satisfied and dis-
satisfied groups with respect to BMI, future models should 
consider including BMI as a predictive variable.

We also performed multivariate linear regression analysis 
and multiple logistic regression analysis. In the multivariate 
linear regression analysis, BMI and anxiety/depression were 
statistically significant variables in predicting satisfaction. 

Patients with a greater BMI, more pain, and increased anxi-
ety and depression were more likely to be dissatisfied. This 
provides further evidence that questions 3 and 8 in the model 
designed by Van Onsem et al. have predictive value. How-
ever, the model R2 value was only 0.27 (adjusted R2 = 0.15) 
leading us to reject it as helpful in improving satisfaction 
rates. The multiple logistic regression analysis found two 
additional variables to be significant predictors of satisfac-
tion: ability to control pain symptoms (Q9, Table 1) and a 
past medical history of hypertension. Given these results, we 
concluded that questions 3, 8, and 9 from Van Onsem et al. 
contain significant predictive value and are worth retaining. 
Moreover, BMI is a variable worth considering for addition 
to the model or for replacing other questions.

Previous research has found that females have increased 
odds of reporting dissatisfaction following TKA [17] while 
other studies report no relationship between gender and dis-
satisfaction [5]. Our study failed to conclude that gender is 
predictive of satisfaction following TKA. Thus, it may be 
worth considering the replacement of gender with a stronger 
predictive variable like BMI in the model developed by Van 
Onsem et al. [14].

Our study has several strengths. First, it contained 203 
individuals, almost twice as many as Van Onsem et al. Sec-
ond, the demographic of our patient population allowed us to 

Table 3   Multivariate linear regression coefficients for predicting sat-
isfaction

Statistically significant results are in bold
SE standard error. R2 = 0.27, adjusted R2 = 0.15

Variable Coefficient (SE) p value

Intercept 20.18 (12.88) 0.119
Gender (Q1, Table 1) 1.89 (2.46) 0.445
Age (Q2, Table 1) 0.18 (0.12) 0.131
BMI − 0.46 (0.15) < 0.01
Payer medicare − 3.58 (2.67) 0.182
Payer private 2.39 (2.98) 0.424
Diabetes mellitus 1.71 (2.04) 0.402
Hypertension 2.77 (2.28) 0.226
Hyperlipidemia 0.38 (2.08) 0.855
Education − 1.87 (2.15) 0.387
Income (USD 25,000–50,000) − 0.82 (2.74) 0.766
Income (USD > 50,000) − 1.25 (3.40) 0.714
Pain (Q3, Table 1) 3.93 (1.42) < 0.01
Knee stiffness (Q4, Table 1) 1.20 (0.93) 0.199
Knee clicking (Q5, Table 1) 0.62 (0.72) 0.388
Knee “normal” (Q6, Table 1) − 0.48 (0.65) 0.466
Knee awareness (Q7, Table 1) − 2.04 (1.36) 0.138
Anxiety/depression (Q8, Table 1) − 2.18 (0.78) < 0.01
Pain mindfulness (Q9, Table 1) 0.80 (0.73) 0.274
Concern for adverse event (Q10, Table 1) − 0.51 (0.69) 0.463

Table 4   Multiple logistic regression coefficients for predicting satis-
faction

Statistically significant results are in bold
SE standard error

Variable Coefficient (SE) p value

Intercept − 1.98 (2.72) 0.468
Gender (Q1, Table 1) 0.34 (0.47) 0.475
Age (Q2, Table 1) 0.03 (0.02) 0.236
BMI − 0.08 (0.03) < 0.01
Payer medicare − 0.01 (0.52) 0.981
Payer private 1.09 (0.59) 0.064
Diabetes mellitus 0.06 (0.42) 0.886
Hypertension 1.07 (0.47) < 0.05
Hyperlipidemia 0.15 (0.39) 0.695
Education − 0.37 (0.43) 0.392
Income (USD 25,000–50,000) − 0.52 (0.54) 0.335
Income (USD > 50,000) − 1.03(0.69) 0.134
Pain (Q3, Table 1) 0.86 (0.29) < 0.01
Knee stiffness (Q4, Table 1) 0.12 (0.18) 0.499
Knee clicking (Q5, Table 1) 0.27 (0.14) 0.077
Knee “normal” (Q6, Table 1) 0.07 (0.13) 0.595
Knee awareness (Q7, Table 1) − 0.38 (0.32) 0.235
Anxiety/depression (Q8, Table 1) − 0.34 (0.16) < 0.05
Pain mindfulness (Q9, Table 1) 0.30 (0.15) < 0.05
Concern for adverse event (Q10, Table 1) − 0.21 (0.14) 0.126
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validate the prediction model developed by Van Onsem et al. 
on a much different population. For example, the average 
age in our population was 59.7 versus 65.2 as reported by 
Van Onsem et al. and the mean BMI was 35.7 versus 29.3. 
Further, 63% of our patients identified as African–American, 
17% Hispanic, 14% Caucasian, 4% “other,” and 2% Asian. 
67% of subjects reported an annual household income of less 
than USD 25,000. Nearly half of our subjects (49%) never 
attended college or technical school. Thus, we believe the 
diversity of our patient cohort was ideal for validating the 
generalizability of the model developed by Van Onsem et al.

Limitations

A major limitation of our study is that patients completed 
the survey retrospectively. However, there was no correla-
tion between patient satisfaction rate and when the patient 
underwent surgery, which allows us to conclude that recall 
bias did not influence our results.

Another limitation of our study is that we did not meas-
ure patient satisfaction at a constant postoperative interval. 
The Van Onsem et al. prediction model was designed to 
predict satisfaction 3 months post-surgery. The mean time at 
which satisfaction was measured in our study was approxi-
mately 3 years. At 3 years post-surgery, most patients are 
well beyond the recovery phase where as at 3 months they 
are still following a rehabilitation program and are likely 
to make further improvements. Therefore, if we measured 
patient satisfaction at 3 months post-surgery, it is possible 
that our satisfaction rate may have been lower and our vali-
dation different.

Finally, a large proportion of those eligible elected not to 
participate in our study raising concern that respondents do 
not represent the universe of patients eligible to participate. 
It is also unclear if those who declined to participate did 
so randomly or because of lower satisfaction, higher pain 
scores, decreased function, or something else since we do 
not have outcome measures for nonparticipants. However, 
there were no statistically significant differences with respect 
to age, gender, or BMI when we compared participants and 
nonparticipants. This leads us to believe that the respond-
ents are representative of the patient population eligible to 
participate.

Conclusions

The prediction model developed by Van Onsem et al. was 
not supported in our external validation study. The impor-
tance of pain (Q3, Table 1), anxiety and depression (Q8, 
Table 1), and mindfulness of pain (Q9, Table 1) was sup-
ported; however, we failed to conclude that the remaining 
questions regarding gender, age, symptoms, and quality of 

life contain predictive value. Significant modification to the 
Van Onsem et al. model or development of an entirely new 
model is warranted to improve patient satisfaction rates fol-
lowing TKA.
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