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Abstract
Purpose Total knee arthroplasty (TKA) is usually effective, although not all patients have satisfactory outcomes. This
assumes distinct recovery patterns might exist. Little attention has been paid to determine which patients have worse outcomes. This study attempts to distinguish specific recovery patterns using the Oxford knee score (OKS) during the first
postoperative year. The secondary aim was to explore predictors of less favourable recovery patterns.
Methods Analysis of patients in the Dutch Arthroplasty Register (LROI) with unilateral primary TKA. Data collected up to
one year postoperative was used. To identify subgroups of patients based on OKS, latent class growth modeling (LCGM) was
used. Moreover, multivariable multinomial logistic regression analysis was used to explore predictors of class membership.
Results 809 Patients completed three OKS during the first year postoperative and were included. LCGM identified 3 groups
of patients; ‘high risers’ (most improvement during first 6-months, good 12-month scores 77%), ‘gradual progressors’ (continuous improvement during the first year 13%) and ‘non responders’ (initial improvement and subsequent deterioration
to baseline score 10%). Predictors of least favourable class membership (OR, 95%CI) are EQ-5D items: VAS health score
(0.83, 0.73–0.95), selfcare (2.22, 1.09–4.54) and anxiety/depression (2.45, 1.33–4.52).
Conclusion Three recovery patterns after TKA were distinguished; ‘high risers’, ‘gradual progressors’ and ‘non responders’.
Worse score on EQ-5D items VAS health, selfcare, and anxiety/depression were correlated with the least favourable ‘non
responders’ recovery pattern.
Keywords Total knee arthroplasty · Latent class growth modeling · Trajectories · Patient-reported outcome measurements
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rehabilitation, better understanding of the differences in
recovery patterns and the patient characteristics which are
associated with pattern membership is needed.
A valuable statistical method to obtain insight into recovery patterns is latent class growth modeling (LCGM) [16].
LCGM is a very suitable method when studying the results
of TKA based not only on absolute or relative outcomes, but
on the trajectory leading up to these outcomes.
Previous studies using LCGM to analyse pain and function trajectories during the first years after TKA were based
on data from single institutions, and demonstrated considerable heterogeneity in recovery after TKA [6, 7, 14, 17].
However, it is still unclear yet whether this heterogeneity is best characterized by two or more than two distinct
trajectories. In addition, there is limited information regarding predictors for distinct recovery trajectories. Therefore,
trajectories of TKA recovery needs to be investigated in a
large nationwide database. The findings will be more generalizable in comparison to single institutional data.
This present study will be the first that investigated TKA
recovery trajectories in a large nationwide sample of patients
from an arthroplasty registry. The primary objective was to
characterize subgroups of patients after TKA according to
their Oxford knee score (OKS). The second objective was
to determine which patient characteristics were associated
with a negative trajectory class membership. The outcome
of this study will increase insight into recovery trajectories
after primary TKA and might provide indications to further
improve and personalize quality of care.

Materials and methods
Data were retrieved from the Dutch Arthroplasty Register
(Landelijke Registratie Orthopedische Implantaten: LROI).
The LROI started collecting patient-related outcome measures (PROMS) in 2014 [8]. The registry includes 99% of
all arthroplasties performed in general hospitals, university
hospitals and private clinics in the Netherlands [9, 24].
All data obtained from the LROI database were prospectively collected. All patients with primary unilateral TKA
for osteoarthritis who were operated between January 2014
and December 2016 were included.
The OKS [5] determined preoperatively, and 6- and
12-months postoperatively were collected. Patients were
excluded when the OKS was not completed at all these
three time points. Data were also retrieved on the following
patient characteristics: age, sex, smoking, American Society
of Anaesthesiologists (ASA), Charnley score, body mass
index (BMI) and any previous surgery. Previous surgery
includes arthroscopy, osteotomy, anterior cruciate ligament
repair, meniscectomy, osteosynthesis, patella realignment
or synovectomy. Furthermore, the following additional
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PROMS were retrieved: Numeric Rating Scale (NRS) for
pain, and EuroQol-5D-3L (EQ-5D) [18].
All data were registered as part of routine clinical care,
and the present study placed no additional burden on the
patient. Therefore, no ethical approval was necessary
according to the Dutch Medical Research Involving Human
Subjects Act (WMO). All data were handled in line with the
Helsinki Declaration.

Statistical analysis
To clean the data and provide descriptive statistics of the
overall sample IBM SPSS version 25 (IBM Corp. Armonk,
NY: IBM Corp.) was used. To distinguish trajectories, latent
class growth analysis (LCGA) and growth mixture modeling
(GMM) analysis were performed in Mplus Version 8.1 (Los
Angeles, CA: Muthén & Muthén). A p value of 0.05 or less
was considered statistically significant.

Outcome
The trajectories were based on reported problems with the
operated knee, which were determined by means of the
OKS. The OKS is based on 12 questions regarding pain and
function of the knee. Total score ranges from 0 to 48 with
higher scores indicating better function and less pain [5].

Model selection
In this present study LCGM was used. One advantage of
LCGM lies in the assumption that there are two or more
unobserved subgroups with each their own intercept and
slope (i.e., starting point and change over time), as opposed
to conventional growth modeling which assumes a single
population with one intercept and one slope. Another advantage is that it allows each subgroup to demonstrate a unique
pattern of change over time; the subgroups do not need to
display the same overall shape for recovery pattern.
Within LCGM, LCGA and GMM also differ from each
other: where LCGA assumes there is no variability in growth
factors within groups, GMM does allow within-group variability in growth factors.
Based on previous studies it was presumed that 2 to 4
classes could be identified [6, 7, 14, 17]. Starting with a
conventional growth model to assess the overall degree of
heterogeneity between patients; in this model the intercept
and slope variance was estimated as well as the covariance
in the sample as a whole [12]. For a full exploration of distinct trajectories, 1-class to 6-class LCGA and GMM models
were fitted and compared to the results of the conventional
growth model. In all models, a latent basis model was specified for the growth pattern preventing to force a predefined
shape of recovery trajectory, such as a linear shape, onto
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the data [3, 19]. This also allowed to estimate the amount
of change between the preoperative measurement and the
12 months measurement (i.e., the estimated mean slopes in
the models), while also estimating how much of that change
occurred at 6 months (i.e., the estimated factor loading of the
6 months measurement).
In both the LCGA and GMM models, the pattern of
change and the means of the growth factors were estimated
per class. The free residual variances were estimated for
the overall model only. In the LCGA models, variance and
covariance are naturally restricted to zero. In the GMM
models, variance and covariance were only estimated for
the overall model, not per class.
There are no definitive decision criteria for the optimal
number of classes. However, model specification and selection should be guided by theory, previous empirical findings,
and initial examinations of the data [3, 19, 23].
Model selection was based on a combination of indices
of fit [19], including the following four indices: (1) visual
inspection of the plots and parsimony, interpretability
and clinical meaningfulness of the model; (2) the relative
fit statistics Bayesian Information Criteria (BIC), Akaike
Information Criteria (AIC) and Adjusted BIC, where lower
values indicate a better fit; (3) entropy, where higher values
indicate a higher confidence in the correct classification of
individuals; and (4) the Bootstrapped Likelihood Ratio Test
(BLRT). Based on these criteria, a final model was chosen
to further explore patient characteristics associated with the
different trajectories of recovery. All models were run with
500 random starting values and 20 final iterations, and subsequently rerun with 2000 random starting values and 400
final iterations to ensure that the optimal solution was found.
Common procedures were followed to check whether models
were local solutions [26].
The r3step procedure in Mplus was used to perform univariable and multivariable multinomial logistic regression
analyses, in which the smaller subgroups of patients were
compared to the largest group of patients.

Predictors
After selecting the final model, preoperative patient characteristics across the different classes were compared.
Characteristics of interest included age (dichotomized
into ≤ 75 years and > 75 years), sex, smoking, Charnley
score, BMI (normal, overweight and obese), ASA (dichotomized into ASA I–II and III–IV) and previous surgery on
the affected joint. Moreover, EQ-5D scores (depression, selfcare, pain, daily activities, and VAS health score) were compared [10]. EQ-5D scores were dichotomized (no problems
vs. moderate-to-severe problems) if group sizes became too
small for subgroup analysis.

Results
Patient characteristics
Complete preoperative OKS as well as 6- and 12-months
postoperative OKS were available for 809 patients and were
included in the analysis. Table 1 presents all patient characteristics for the whole group as well as for each class in
the final model.

Selection of final model
The conventional one-class growth model showed a large
amount of variability in preoperative OKS and longitudinal
change. Although the fit statistics of LCGA and GMM models continued to improve up to a 6-class model, this started
to flatten out above the 3-class model. (Table 2) In addition,
group sizes became very small in models with more than
3-classes, and eventually the additional classes were not
considered clinically relevant, since additional groups were
slight variations of the 3-class model.
The smaller classes were more heterogeneous in the
LCGA models than in the GMM models; because of this
heterogeneity and the worse fit statistics of LCGA, was continued with the GMM models.
Based on a parsimonious solution, and on the combination of distinct trajectories, entropy and class sizes, the
3-class GMM model was chosen as final model (Fig. 1). In
all models, the largest class was the most homogeneous and
the other classes were more heterogeneous (Fig. 2). This
3-class model had an entropy of 0.868, and the average posterior class probability of all classes was above 0.70, which
indicates good class separation (see appendix for additional
information) [15, 19].
The largest group was labelled as ‘high risers’, since this
group continued to improve after most of the improvement
on OKS was obtained during the first six months. The middle group was labelled as ‘gradual progressors’ due to the
subsequent improvement on OKS after a medium improvement during the first six months. The smallest group was
labelled as ‘non responders’, since this patient group showed
a deterioration in OKS after an initial improvement during
the first six months after surgery. Table 3 presents preoperative and 6-month and 12-month postoperative OKS for
each class.

Univariable analysis
For the univariable analysis, the largest group ‘high risers’
was chosen as the reference group. The following variables
were significant (OR, 95% CI) for class membership of ‘non

13

Knee Surgery, Sports Traumatology, Arthroscopy
Table 1  Descriptive of the entire sample and of the three separated trajectories

Age, mean (SD) years [95% CI]
Sex, n (%)
Male
Female
Smoking, n (%)
No
Yes
ASA score, n (%)
I–II
III–IV
BMI, n (%)
Normal weight (BMI 20–25)
Overweight (BMI 25–30)
Obese (BMI > 30)
Previous surgery on affected knee, n (%)
No
Yes
Charnley score, n (%)
B1
B1
B2
C
Pain at rest, mean (SD) [95% CI]
Pain during activity, mean (SD) [95% CI]
EQ-5D item ‘Mobility’, n (%)
No problems
Some problems in walking about
Confined to bed
EQ-5D item ‘Self-Care’, n (%)
No problems
Some problems washing or dressing
Unable to wash or dress
EQ-5D item ‘Usual Activities’, n (%)
No problems
Some problems performing usual activities
Unable to perform usual activities
EQ-5D item ‘Pain/Discomfort’, n (%)
No pain or discomfort
Moderate pain or discomfort
Extreme pain or discomfort
EQ-5D item ‘Anxiety/Depression’, n (%)
Not anxious or depressed
Moderate anxious or depressed
Extremely anxious or depressed
EQ-5D VAS health score, mean (SD) [95% CI]
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Entire sample
(n = 809)

High risers
(n = 623, 77%)

Gradual progressors
(n = 108, 13.4%)

Non responders
(n = 78, 9.6%)

67.2 (8.1)
[66.7—67.8]

67.3 (7.8)
[66.7—67.9]

66.6 (9.1)
[64.9—68.4]

67.5 (9.1)
[65.4—69.5]

296 (37%)
513 (63%)

230 (37%)
393 (63%)

43 (40%)
65 (60%)

23 (30%)
55 (70%)

741 (93%)
54 (7%)

575 (94%)
37 (6%)

95 (89%)
12 (11%)

71 (93%)
5 (7%)

674 (83%)
134 (17%)

530 (85%)
92 (15%)

89 (82%)
19 (18%)

55 (70%)
23 (30%)

143 (18%)
354 (44%)
306 (38%)

118 (19%)
277 (45%)
223 (36%)

16 (15%)
45 (42%)
47 (43%)

9 (12%)
32 (41%)
36 (47%)

524 (66%)
274 (34%)

399 (65%)
215 (35%)

73 (69%)
33 (31%)

52 (67%)
26 (33%)

397 (49%)
234 (29%)
150 (19%)
25 (3%)
5.49 (2.42)
[5.27—5.70]
7.54 (1.72)
[7.39—7.70]

308 (49%)
184 (30%)
111 (18%)
18 (3%)
5.28 (2.42)
[5.03—5.52]
7.40 (1.77)
[7.22—7.58]

52 (48%)
32 (30%)
20 (19%)
4 (4%)
6.02 (2.32)
[5.44—6.59]
7.79 (1.66)
[7.38—8.20]

37 (48%)
18 (23%)
19 (25%)
3 (4%)
6.29 (2.36)
[5.65—6.92]
8.20 (1.12)
[7.90—8.50]

47 (5%)
754 (94%)
3 (1%)

40 (6%)
575 (93%)
3 (1%)

4 (4%)
104 (96%)
0 (0%)

3 (4%)
75 (96%)
0 (0%)

692 (86%)
108 (13%)
4 (1%)

548 (88%)
68 (11%)
3 (1%)

89 (83%)
18 (17%)
0 (0%)

55 (71%)
22 (28%)
1 (1%)

136 (17%)
628 (78%)
41 (5%)

109 (18%)
489 (79%)
22 (3%)

17 (16%)
84 (78%)
6 (6%)

10 (13%)
55 (70%)
13 (17%)

56 (7%)
568 (71%)
181 (22%)

45 (7%)
452 (73%)
123 (20%)

6 (5%)
77 (72%)
24 (23%)

5 (6%)
39 (50%)
34 (44%)

638 (79%)
146 (18%)
22 (3%)
70.07 (17.77)
[68.83—71.32]

509 (82%)
97 (16%)
14 (2%)
71.54 (17.52)
[70.14—72.95]

82 (76%)
22 (20%)
4 (4%)
66.84 (17.66)
[63.340—70.27]

47 (60%)
27 (35%)
4 (5%)
62.89 (17.77)
[58.83—66.96]

− 7847.715

− 7802.348

− 7771.111

− 7734.763

− 7712.834

2 class

3 class

4 class

5 class

6 class

15,551.565

15,580.138

15,603.443

15,649.355

15,766.963

15,967.104

BIC

15,420.082

15,467.439

15,509.527

15,574.222

15,710.613

15,929.537

AIC

15,462.648

15,503.924

15,539.931

15,598.546

15,728.856

15,941.699

Adjusted BIC

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

–

BLRT

0.863

0.848

0.860

0.868

0.911

–

Entropy

28

24

20

16

12

8

Number of
free parameters

0.682

Class 6

6.406

Class 5

− 0.108

0.957
0.314

Class 3
Class 4

Class 5

1.023
0.917
0.853

Class 4
Class 1
Class 2

5.506

0.322

Class 3

Class 4

0.368
0.919
3.698

Class 3
Class 1
Class 2

0.542
0.927
1.272

0.866
0.931
2.371

Class 2
Class 1
Class 2

Class 1
Class 2
Class 3

1.453

0.888

Class 1

Class 1

19.45 (1.221)

24.25 (2.081)

15.41 (2.000)

22.52 (0.728)
22.51 (0.332)
22.22 (1.165)

15.59 (1.657)

22.62 (0.828)
22.39 (1.147)

20.76 (1.230)
25.57 (0.336)
19.69 (1.015)

22.49 (0.994)

22.41 (0.807)
25.27 (0.328)
15.31 (3.130)

24.61 (0.275)
24.97 (0.315)
18.73 (1.151)

18.74 (0.876)

23.94 (0.257)

Factor load- Intercept (S.E.)
ing OKST1

Model parameters

LL loglikelihood, BIC Bayesian Information Criterion, AIC Akaike Information Criterion, BLRT Bootstrapped Likelihood Ratio Test, S.E standard error

− 7956.796

LL

Fit statistics

1 class

Class

Table 2  Fit statistics of GMM model

6.62 (1.666)

18.88 (2.342)

1.50 (0.745)

15.64 (0.822)
18.51 (0.483)
10.84 (1.570)

1.23 (0.481)

12.71 (0.872)
17.44 (1.743)

9.28 (2.659)
18.46 (0.399)
6.64 (1.249)

16.39 (1.899)

14.10 (0.962)
17.90 (0.457)
2.20 (0.865)

17.31 (0.306)
17.49 (0.357)
3.17 (0.901)

4.88 (1.027)

15.70 (0.303)

Slope (S.E.)

809
(100%)
98
(12.1%)
711 (87.9%)
623 (77.0%)
78
(9.6%)
108 (13.4%)
584 (72.2%)
36
(4.4%)
68
(8.4%)
121 (15.0%)
496 (61.3%)
63
(7.8%)
161 (19.9%)
57
(7.0%)
32
(4.0%)
134 (16.6%)
500 (61.8%)
85
(10.5%)
31
(3.8%)
9
(1.1%)
50
(6.2%)

Patients per class N (%)
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Fig. 1  Trajectories patterns of GMM 3-class model. x-axis: time in months, y-axis: OKS score. Class 1, red, ‘high risers’, 623 patients, 77%.
Class 2, green, ‘gradual progressor’, 108 patients, 13.4%. Class 3, blue, ‘non responder’, 78 patients, 9.6%

responders’: ASA ≥ III (2.65, 1.47–4.79) and low scores
on the EQ-5D items self-care (3.65, 2.00–6.68), anxiety/
depression (3.43, 1.96–5.98) and VAS health score (0.97,
0.96–0.99).
For the ‘gradual progressors’ the following variables were
significant (OR, 95%CI) for class membership: Smoking
(2.23, 0.99–4.99) and the EQ-5D item VAS health score
(0.98, 0.97–1.00).

Multivariable analysis
In the multivariable analysis all covariates were simultaneously entered. The largest group, ‘high risers’, was chosen as the reference group. Smoking was significant for the
‘gradual progressors’ group. The ‘non responders’ group
was significantly associated with the EQ-5D items: selfcare, and anxiety/depression, and VAS health score, whereas
ASA ≥ III was no longer significant in multivariable analysis. (Table 4).

Discussion
The most important finding of the present study was the
identification of three subgroups with distinct recovery trajectories based on OKS after TKA. Of the subgroups, the
‘high risers’ could be interpreted as having the most favourable trajectory and ‘non responders’ as having the least
favourable trajectory. Based on these present findings, as on
those of previously conducted trajectory studies, patients
after TKA cannot be regarded as one group and various trajectories exist.
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The identification of a ‘non responders’ class in the present study is in line with previous studies that showed that at
least one trajectory was unfavourable for pain or functional
outcome [6, 7, 17].
However, another group (gradual progressors) was identified with a distinctly less favourable recovery pattern as
well. Together, these two groups comprise up to 24% of the
included patients. Unfortunately, this dataset did not include
information on how satisfied patients were with the results
of TKA. Presumably the slower recovery of the ‘gradual
progressors’ may have been associated with less satisfaction
with TKA. Future research might be able to improve the
understanding of how ‘gradual progressors’ differ from ‘non
responders’ and might assess the consequences for satisfaction with the outcome of TKA.
The present study showed a negative effect of psychological factors and preoperative pain scores on the outcome
of TKA, which is similar to previously published studies
[14, 20, 25]. In this present study, membership of a less
favourable class membership (non responders or gradual
progressors) was associated with worse EQ-5D scores on
the items anxiety and depression. While the EQ-5D-3L has
not been designed for diagnosing anxiety or depression, both
anxiety and depression have been labelled as risk factors.
These are potentially modifiable preoperative factors that
may be used to achieve better postoperative outcome and
satisfaction. This suggestion is in line with the findings of
Tristaino et al. who showed that psychological support in
TKA patients led to a lower incidence of anxiety and depression and faster recovery [22].
The multivariable analysis included the ASA score, the
Charnley score and the EQ-VAS. These three scores could
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Fig. 2  Individual group plots for
each class. High risers, gradual
progressors, non responders

theoretically be influenced by each other and could interfere with the multivariable analysis. However, since the

multivariable analysis was explorative, all three parameters
were included.
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Table 3  OKS of entire sample
and the three separated
trajectories at the three time
points

OKS

Entire sample
(n = 809)

High risers
(n = 623)

Gradual progressors
(n = 108)

Non responders
(n = 78)

Preoperative

23.94 (7.30)
[23.44–24.44]
37.89 (7.90)
[37.34–38.43]
39.64 (7.84)
[39.10–40.18]

24.93 (7.00)
[24.38–25.48]
41.25 (4.47)
[40.90–41.61]
42.46 (4.45)
[42.11–42.81]

22.27 (6.90)
[20.95–23.58]
27.01 (4.04)
[26.24–27.78]
36.37 (5.50)
[35.32–37.42]

18.35 (7.37)
[16.69–20.01]
26.05 (8.40)
[24.15–27.94]
21.65 (5.99)
[20.30–23.00]

6 months postoperative
12 months postoperative

All OKS scores are presented as mean (± SD) [95% CI]

Table 4  Multivariable analysis

Age > 75 years vs. ≤ 75 years
Sex (female)
Smoking
ASA III–IV vs. I–II
BMI
Normal weight
Overweight (BMI 25–30)
Obese (BMI > 30)
Previous surgery to the affected knee
Charnley score
A
B1
B2
C
EQ-5D item ‘Self-Care’
No problems
Some problems or unable to wash or dress
EQ-5D item ‘Usual Activities’
No problems
Some problems or unable to perform usual activities
EQ-5D item ‘Pain/Discomfort’
No pain or discomfort
Moderate or extreme pain or discomfort
EQ-5D item ‘Anxiety/Depression’
Not anxious or depressed
Moderately or extremely anxious or depressed
EQ-5D VAS health score (per 10 points)

Non responders vs high risers

Gradual progressors vs high risers

OR (95% CI)

p

OR (95% CI)

p

0.97 (0.44–2.16)
1.51 (0.78–2.91)
1.23 (0.42–3.65)
1.97 (0.99–3.93)

0.941
0.221
0.706
0.054

0.99 (0.38–2.55)
0.82 (0.47–1.44)
2.80 (1.14–6.92)
1.36 (0.57–3.24)

0.976
0.493
0.025
0.493

1.0
1.58 (0.57–4.41)
1.69 (0.59–4.81)
1.05 (0.56–1.98)

–
0.380
0.326
0.882

1.0
1.28 (0.49–3.38)
1.98 (0.73–5.35)
1.04 (0.56–1.93)

–
0.613
0.178
0.910

1.0
0.67 (0.33–1.36)
1.10 (0.53–2.30)
0.73 (0.19–2.85)

–
0.265
0.793
0.654

1.0
0.94 (0.47–1.88)
0.86 (0.38–1.94)
1.04 (0.27–3.99)

–
0.849
0.721
0.961

1.0
2.22 (1.09–4.54)

–
0.029

1.0
1.63 (0.73–3.66)

–
0.236

1.0
0.92 (0.35–2.42)

0.858

1.0
1.27 (0.54–2.99)

0.582

1.0
0.78 (0.27–2.20)

0.633

1.0
2.89 (0.14–58.82)

0.489

1.0
2.45 (1.33–4.52)
0.83 (0.73–0.95)

–
0.004
0.005

1.0
1.26 (0.66–2.43)
0.89 (0.77–1.04)

–
0.482
0.152

Age was pragmatically chosen to be dichotomized at age
of 75, since literature is not clear on the age at which outcome of TKA deteriorates. However, the threshold of around
75 years has been used before in previous studies to dichotomize age groups [13].
In the present study, obesity was not found to be a risk
factor for less favourable class membership. This is in line
with the study of Baker et al. who found no difference in
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OKS and EQ-5D between groups based on BMI [1]. These
results are in contrast to the findings of Dowsey et al. [6]
and Sing et al. [21], who showed obesity was a risk factor for less favourable class membership. This difference
may be explained by a difference in follow-up time, since
this present study investigated trajectories of the first postoperative year, whereas Dowsey et al. and Singh et al. have
a follow-up of 5 years. Furthermore, this present study

Knee Surgery, Sports Traumatology, Arthroscopy
Table 5  Comparison of preoperative patient characteristics between
patients with no, some and all OKS scores missing
Characteristic

No OKS scores 1 or 2 OKS
scores missing
missing
(N = 809, 1.2%) (N = 12.820,
18.4%)

All OKS
scores missing
(N = 56.076,
80.4%)

Age, mean (SD)
Sex
Female
Male
BMI
Underweight
Normal weight
Overweight
Obesity
Morbid obesity
ASA score
ASA I
ASA II
ASA III–IV
Charnley score
A
B1
B2
C
Smoking
No
Yes

67.2 (8.1)

68.4 (8.7)

68.7 (9.1)

63.4%
36.6%

62.4%
37.6%

64.6%
35.4%

0.1%
17.7%
44.1%
36.5%
1.6%

0.1%
16.5%
41.8%
38.3%
3.3%

0.2%
16.4%
41.1%
38.4%
4.0%

13.7%
69.7%
16.6%

14.3%
70.0%
15.7%

14.7%
69.3%
16.0%

49.3%
29.0%
18.6%
3.1%

45.3%
32.8%
18.9%
3.0%

42.7%
34.7%
20.0%
2.6%

93.2%
6.8%

91.0%
9.0%

90.2%
9.8%

OKS Oxford Knee Score

used OKS, whereas Dowsey et al. used the KSS; slight
differences in the content of these questionnaires may lead
to differences in the effect of BMI on the outcome scores.
An unexpected and important finding is that smoking
was a significant characteristic of class membership for
‘gradual progressors’. This is in contrast to previously published trajectory studies, which did not consider smoking
a risk factor in TKA recovery, even though it is known
that worse patient-related outcomes are found in smokers
[11]. Moreover, it has been shown that smoking cessation before surgery may improve postoperative outcomes
[28]. Since the number of smoking patients in this present
study was relatively small, however, this outcome should
be interpreted with caution.
A strength of this study is the large group of patients
(n = 809), which to the best of our knowledge is the largest
so far of all studies that attempted to identify distinct trajectories after TKA. Besides, using data from a national registry with a systematic approach increased the generalizability

of these findings. This is a first step in better understanding
heterogeneity in recovery after TKA.
There are several limitations that need to be addressed.
The limitations mainly concern the fact that this is a retrospective analysis (although all data were prospectively collected), with all its known and unknown forms of bias and
has missing data (patient characteristics).
Another limitation is that patients who did not complete
all three OKS questionnaires were excluded from this analysis. These patients might have not completed all three OKS
questionnaires due to, for example, revision surgery during
their first year. As a result, 1.2% of all primary TKA of the
study period were included, which nevertheless amounted
to 809 patients (Table 5). The incompleteness of OKS data
can only be partially explained by the fact that a subset of the
patients had revision surgery within the first year. Additionally, although the LROI started registering PROMS in 2014,
not all hospitals directly started collecting PROMS immediately. Methods of collecting PROMS also vary between
hospitals which might have affect completeness of OKS.
Besides, highly motivated and satisfied patients are likely
more motivated to complete questionnaires, whereas TKA
patients with complications would have been less likely to
complete further OKS, although these patients would not
represent the full 98%. Baseline characteristics between
patients who completed OKS and those who did not or only
partially completed OKS were statistically and clinically
comparable. However, similarity of the groups cannot be
based only on baseline patient characteristics.
A further limitation is that the intervals between the
moments of completing OKS questionnaires were relatively
long. Therefore, it is likely that different rehabilitation patterns and trajectories could be found if the OKS were determined more frequently or at other intervals.
The final limitation is that the LROI database does not
include more detailed patient-related information, such as
patient expectations, psychosocial questionnaires, and socioeconomic status. Recently Zale et al. described the importance of psychosocial factors for orthopaedic conditions
[27]. Furthermore, implant properties (cruciate retaining,
posterior stabilizing e.d.) were not analysed; therefore, it is
still unclear if these contribute to class membership or trajectory. However, considering that Dowsey et al. [7] found
no relation between type of prosthesis and class membership
in a multivariable logistic model, assuming that prosthesis
type has no or little influence on trajectories.
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Conclusions
Three distinct recovery patterns were found after primary
unilateral TKA, namely ‘high risers’, ‘gradual progressors’
and ‘non responders’. Predictors for class membership of
‘non responders’ are the EQ-5D items self-care and anxiety/
depression and the VAS health score. This study provides
surgeons with risk factors that may help them predict which
patients will face less favourable recovery trajectories.
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