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Abstract
Background: Recovery trajectories differ between individual patients and it is hypothesizes that they can
be used to predict if an individual patient is likely to recover earlier or later. Primary aim of this study was
to determine if it is possible to identify recovery trajectories for physical functioning and pain during the
�rst six weeks in patients after TKA. Secondary aim was to explore the association of these trajectories
with one-year outcomes.  

Methods: Prospective cohort study of 218 patients with the following measurement time points:
preoperative, and  at three days, two weeks, six weeks, and one year post-surgery. Outcome measures
were performance-based physical functioning (Timed Up and Go [TUG]), self-reported physical
functioning (Knee injury and Osteoarthritis Outcome Score-Activities of Daily Living [KOOS-ADL]), and
pain (Visual Analogue Scale [VAS]). Latent Class Analysis was used to distinguish classes based on
recovery trajectories over the �rst six weeks postoperatively. Multivariable regression analyses were used
to identify associations between classes and one year outcomes.

Results: TUG showed three classes: “gain group” (n=203), “moderate gain group” (n=8) and “slow gain
group” (n=7), KOOS showed two classes: “gain group” (n=86) and “moderate gain group”  (n=132), and
VAS-pain three classes: “no/very little pain” (n=151), “normal decrease of pain” (n=48) and “sustained
pain” (n=19). The ”low gain group” scored 3.31 [95% CI 1.52, 5.09] seconds less on the TUG than the
“moderate gain group” group, and the KOOS “gain group” scored 11.97 [95% CI 8.62, 15.33] points better
than the “moderate gain group” after one year.

Patients who had an early trajectory of “sustained pain” had less chance to become free of pain at one
year than those who reported “no or little pain” (odds ratio 0.11 [95% CI 0.03,0.42].  

Conclusion: The �ndings of this study indicate that different recovery trajectories can be detected.
Especially the difference in TUG and KOOS-ADL between the “gain” and “moderate gain” group was
considered clinically relevant, while for VAS scores differences between “no/very little pain,” and
“sustained pain” were statistically signi�cant but small. 

Introduction
An increasing number of studies focussed on the effectiveness of total knee arthroplasty (TKA) surgery
for people with end-stage osteoarthritis. They showed that on the average 80% of the patients is satis�ed
one year after surgery.[1,2] However, the vast majority of studies on the effectiveness of TKA including a
postoperative physiotherapy program used a pre-post design or randomized controlled design with
measurements at six months or at one year.[3,4] In most of these studies recovery trajectories have not
been analysed so far. Recovery trajectories might provide a more valid recovery parameter as it combines
multiple end-points over time. Moreover, recovery trajectories might also be more valuable than a single
end-point, to predict accurately how an individual patient is likely to recover[5] and to identify abnormal
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recovery. In addition to that, identifying patients with similar patterns of recovery may provide novel
insights into subgroups of patients that may or may not bene�t from speci�c rehabilitation programs.

Latent Class Mixture Models (LCMM) are widely used statistical models in social, behavioural and
medical science. They can be used to identify latent subgroups, classes or clusters of individuals based
on their common growth trajectories over time.[6] These models can be seen as an extension of growth
models given the assumption of homogeneity of growth parameters within a latent subgroup.[7] The
existence of distinct latent groups can re�ect some yet unknown in�uencing variables like comorbidity or
other unobserved individual characteristics, or rehabilitation related factors like adherence to exercise or
characteristics of the rehabilitation program. In this work, we use LCMM models to identify subgroups of
patients based on their recovery trajectories after TKA surgery. We did this for the �rst step in a sample of
patients included for a high-intensity physiotherapy program after TKA, because these patients were
measured frequently. Moreover, the physiotherapy treatment in these patients is equal for all patients, so
it is unlikely that this affects the recovery trajectories identi�ed.

We hypothesized that there are different subgroups of patients with distinctly different recovery
trajectories after TKA as reported by others.[8,9] Recovery trajectories were studied earlier in other
populations, such as low back pain,[10] neck pain,[11] stroke patients,[12] knee osteoarthritis[13] and
once in patients after TKA.[14] However, the latter study only looked at the recovery trajectories between
one and �ve years,[14] while it is well-established that recovery primarily takes place in the �rst weeks
after TKA,[15-18] and that the one-year outcome corresponds mostly with the end-stage in recovery after
TKA.[15] There is currently a paucity of information in the literature on recovery trajectories in patients
after TKA during the �rst weeks after surgery. Therefore, the primary aim of this study was to determine if
it is possible to identify recovery trajectories for physical functioning (performance-based and self-
reported) and pain over six weeks in patients after TKA.

The secondary aim is to explore associations of these early recovery trajectories over six weeks with
physical functioning (performance-based and self-reported) and pain after one year. 

Material And Methods
Study design

This is a prospective cohort study with clinical data. The �owchart of this cohort study is presented in
�gure 1. We collected preoperative data between one and two weeks before TKA surgery. Follow-up
measurements were performed three days, two weeks, six weeks and one year after surgery. Data
collection was performed as part of routine care. We reported this study in accordance with the STROBE
statement for the reporting of observational studies.[19] The medical ethical review board of the Medisch
Spectrum Twente (MST), Enschede, The Netherlands approved the study (Kh 13-06). All patients provided
written informed consent prior to enrolment in the study.

Participants and setting
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Participants were recruited from the MST community hospital in Enschede, the Netherlands between
February 2011 and December 2014. Patients who followed a high-intensity physiotherapy program after
TKA were included. The decision whether a patient was eligible to participate in the program was made
by the orthopaedic surgeon and the physiotherapist together. A requirement was that patients are able to
maintain the high-intensity physiotherapy program. Therefore, the following inclusion criteria were
mandatory: 1) 18 years or older and diagnosed with primary osteoarthritis; 2) admitted for TKA surgery;
3) preoperatively independent in activities of daily living; 4) no comorbidity that hindered doing exercises;
[20] 5) no mental disorders[20] as reported by the patient; 6) physically able and willing to perform a 10-
day high-intensity physiotherapy program; and 7) signed informed consent (see Appendix 1). The high-
intensity physiotherapy program is explained in Appendix 1.

Surgery and physiotherapy

After inclusion in the study by the orthopaedic surgeon and the physiotherapist, the preoperative
assessment took place. Thereafter, all participants received a TKA procedure. Five orthopaedic surgeons
performed all TKA surgeries following the same surgical procedure. The number of TKA procedures per
year carried out by each surgeon varied from 50 to 70. Participants started their rehabilitation during the
three day hospital admission. The orthopaedic surgeon and the physiotherapist checked a second time if
inclusion in the high-intensity program was possible (no complications which hindered following a 10-
day high-intensity program). After discharge and de�nitive inclusion, participants stayed at a resort where
they followed a 10-day high-intensity physiotherapy program, which is explained in Appendix 1. After ten
days all participants returned home. The program was available for all patients, independent of their
social and economic status. Patients were advised about the continuation of physiotherapy after the
high-intensity program, dependent on their physical status. [21]

Measurements

The following variables were collected pre-operatively: patient characteristics (i.e. age, gender, body mass
index [BMI], number of comorbidities), performance-based measure (i.e. Timed Up and Go [TUG][22] and
self-reported measure (i.e., physical functioning measured with the Knee Osteoarthritis and Outcome
Score Activities of Daily Living scale [KOOS-ADL],[23] and pain measured with the Visual Analogue Scale
[VAS]).[24]

Physical functioning and pain are core outcome measures for people undergoing TKA surgery,[25] which
was con�rmed by patients and orthopaedic surgeons.[26] Mizner et al advised using both performance-
based measure and patient-reported measure for measuring physical functioning.[27] Therefore,
performance-based physical functioning (TUG), self-reported physical functioning (KOOS-ADL) and pain
(VAS) were used as outcome measures. The recovery trajectories were based on measurements
preoperatively, and three days, two weeks and six weeks after surgery. All outcome measures were also
measured at one year after surgery.
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The TUG is a multi-activity measure.[22] Patients were asked to stand up from an armchair (with a seat
height of 46 cm), walk three metres, turn and walk back to the armchair without assistance. For scoring
the TUG, the time in seconds to complete the task was measured. The instructions were to walk safely,
but as fast as possible. The test was assessed twice and the lowest time score was used as outcome
measure.

Self-reported physical functioning was measured with the KOOS. The KOOS is composed of �ve
separately scored subscales: pain, symptoms, ADL, activities in sports and recreation, and knee-related
quality of life.[28,29] Answers were given using a Likert scale, and each question was answered with a
score from 0 to 4. A normalised score from 0 to 100 was calculated for each domain (100 indicates no
symptoms/pain, and 0 indicates extreme symptoms/pain). The KOOS has excellent reliability and good
content and construct validity when used for short- and long-term follow-up of knee injury.[30,31] It has
been validated for people with TKA.[30-32] The score per subscale was determined and only the subscale
ADL was used to measure outcome. 

The VAS was used to measure pain.[24] Patients were asked to mark on a 100-millimeter line their pain
rating during the last week, where 0 corresponded to no pain and 100 corresponded to worst imaginable
pain.

Statistical analysis

Patient baseline and preoperative characteristics were described as median [interquartile range (IQR)] or
number of patients (percentage). The subpopulations of patients based on the postoperative
performance-based physical functioning and self-reported physical functioning outcome trajectories and
pain outcome trajectories during six weeks were identi�ed using latent class mixed model (LCMM). The
LCMM �nds potential latent pro�les in heterogeneous populations. It combines a latent class model to
identify homogenous latent classes of subjects and a mixed model to describe the mean trajectory over
time in each latent group, while taking into account the individual correlation between repeated measures.
Each subpopulation has its own physical functioning (TUG, KOOS-ADL) or pain (VAS) growth parameters.
We �tted the models using not only linear functions of time but also quadratic functions to allow
nonlinear mean trajectories over time. The optimal number of classes was determined using a forward
procedure, starting with one class and no subpopulations in the study sample. Then one class was added
for each model. To evaluate if the model with one added class improved, three steps were taken: 1) The
Bayesian information criterion (BIC) was used.[10,13, 33] The BIC considered the likelihood of the model
and the number of parameters in the model. A lower BIC value indicates a better model �t[34] and is a
guidance to decide the optimal number of classes;[10, 13, 33] 2) Patients were assigned to their most
likely class based on a posterior probability of ≥0.7.[33]

The association of the identi�ed groups with the one year outcomes was analysed using multivariable
regression analysis.[35] 191 patients scored a VAS 0 (no pain) after one year, so we decided to
dichotomize the VAS score into ‘no/very low pain’ and ‘pain’. Patients with a VAS score of 0-20 were
categorized as ‘no/very little pain’ and patients with a VAS of ≥21 were categorized as ‘pain’. This cut-off
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point was also used in other studies using the patient acceptable symptoms state (PASS).[36,37]
Dichotomizing was only done for the one year VAS scores.

The one year responses were regressed on the identi�ed subgroups and on a set of relevant baseline
covariates: Age, gender and BMI. Linear regression models were used for the one year TUG and KOOS
scores, and a logistic regression model for the one-year dichotomized VAS outcome. The association was
determined with the regression coe�cient and the 95% con�dence interval (linear regression models) for
TUG and KOOS and the odds ratio and the 95% con�dence interval (logistic regression model) for the VAS
of pain during the last week. The overall �t of the models were assessed using the total variance
explained, the for the linear regression models and Nagelkerkes for the logistic regression model.

Statistical analysis was performed with R software version 3.4.4[38] and IBM Statistical Package for the
Social Sciences (SPSS 25.0)[39] The ‘lcmm’ R package was used to perform the latent class analysis.[40]

Results
Study population

In total 222 patients were selected and agreed to participate in the 10-day high-intensity physiotherapy
program. After surgery four patients were excluded for the 10-day high-intensity training program because
of wound problems (n=2), infection (n=1) and not able to do exercises (=1). Therefore, 218 patients were
de�nitively included in the study, as shown in Figure 1. All measurements at baseline and during follow-
up were completed for all included patients. Table 1 shows the baseline characteristics of the study
population (n=218). Of the included patients 153 (70.2%) were females, and 65 (29.8%) were males.
Median [IQR] age was 65 [60, 71] years.

Table 1: Characteristics study population
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Characteristic Total cohort (n=218)

Age (year), median [IQR] 65 [60, 71]

Gender, n (%) female 153 (70.2%)

BMI, median [IQR] 24.81 [22.55, 27.41]

Number of comorbidities, n (%)

0

1

2

3

4

5

6

 

59 (27.0%)

40 (18.3%)

38, (17.4%)

37 (17.0%)

25 (11.5%)

18 (8.3%)

1 (0.5%)

Preoperative TUG score (seconds), median [IQR] 8.65 [7.83, 9.88]

Preoperative KOOS-ADL score, median [IQR] 50 [35, 63]

Preoperative VAS score, median [IQR] 52 [42, 62]

BMI= Body Mass Index; IQR=interquartile range; KOOS-ADL= Knee injury and Osteoarthritis Outcome
Score-Activities of Daily Living; n= number of patients; TUG= Timed Up and Go; VAS= Visual Analogue
Scale

Recovery trajectories

Performance-based recovery trajectories for physical functioning (TUG)

Table 2 shows the BIC from the linear and quadratic models of trajectories for TUG and using different
numbers of groups. We selected the quadratic three-class model with the lowest BIC amongst the
presented models to be the optimal models.

Table 2: The BIC values for linear and quadratic models of trajectories of TUG, KOOS-ADL and VAS-pain
for 0-6 weeks
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Number of
classes

TUG

(linear
model)

TUG

(quadratic
model)

KOOS-
ADL

(linear
model)

KOOS-ADL

(quadratic
model)

VAS-pain

(linear
model)

VAS-pain

(quadratic
model)

2 2990.96 2988.98 4633.58 4637.66 5457.56 5453.77

3 3004.66 2959.98 4639.53 4643.57 5435.79 5432.35

4 2972.86 2969.78 4648.19 4642.88 5444.58 5440.46

5 2989.02 2985.63 465408 4652.41 5453.33 5449.60

KOOS-ADL= Knee Osteoarthritis and Outcome Score- Activities of Daily Living; TUG= Timed Up and
Go; VAS= Visual Analogue Scale

Figure 2a shows the mean trajectories per class for the TUG model. The performance-based physical
functioning classes were de�ned as “low gain group” (class 1, n=7), “gain group” (class 2, n=203) and
“moderate gain group” (class 3, n=8). In total 211 patients (97%) were recovered (class 2 and 3) and 7
patients (3%) were not recovered (class 1) based on the six weeks recovery trajectories. Table 3 shows the
descriptive statistics for the outcomes for TUG, KOOS and VAS per recovery trajectory and for the total
population.

Table 3: Descriptive values for the outcome for TUG, KOOS-ADL and VAS



Page 9/21

    Preoperative
Median [IQR}

0 weeks*

Median [IQR]

2
weeks*

Median
[IQR]

6
weeks*

Median
[IQR]

1 year

Median
[IQR]

TUG

 

Class 1: “low gain
group”

(n=7, 3.2%)

11.41

[8.74, 17.04]

29.48
[26.34,35.25]

23.69

[21.74,
34.62]

19.98

[18.74,
21.41]

12.69

[8.24,
13.79]

Class 2: “gain group”

(n=203, 92.1%)

8.48

[7.71, 9.84]

17.63

[16.24,
18.74]

16.63

[14.84,
17.38]

11.74 

[10.36,
12.95]

7.98

[7.15,
8.74]

Class 3: “moderate gain
group”

(n=8, 3.7%)

9.56

[8.50, 9.98]

27.90

[27.06,
28.45]

18.27

[16.58,
20.16]

12.11 

[10.56,
12.82]

8.78

[7.80,
9.66]

Total cohort 8.65

[7.83, 9.88]

17.84

[16.30,
19.17]

16.52

[14.87,
17.82]

11.83

[10.41,
12.98]

8.01 

[7.15,
8.98]

KOOS-
ADL

 

Class 1: “gain group”

(n=86, 39.4%)

63          

[50, 73]

72

[66, 80]

74

[40, 54]

75

[49, 63]

83

[75, 91]

Class 2: “moderate gain
group”

(n=132, 60.6%)

41

[32, 53]

43

[35, 50]

47

[40, 54]

57

[48, 63]

69

[63, 79]

Total cohort 50

[35, 63]

52

[41, 69]

57

[46, 71]

65

[54, 75]

75

[66, 88]

VAS-
pain

 

Class 1: “normal
decrease of pain” (n=48,
22.0%)

54

[41, 66]

70

[60, 70]

61

[50, 70]

20

[10, 33]

0

[0. 0]

Class 2: “sustained pain”

(n=19, 8.7%)

57

[47, 65]

63

[57, 70]

68

[59, 74]

63

[50, 73]

0

[0, 24]

Class 3: “no/very little
pain”

(n=151, 69.3%)

51

[41, 62]

40

[30, 50]

34

[24, 40]

20

[11, 26]

0

[0, 0]

Total cohort 52

[42, 62]

45

[35, 60]

40

[27, 55]

21

[12, 33]

0

[0, 0]

IQR= interquartile range; KOOS-ADL= Knee Osteoarthritis Outcome Score-Activities of Daily Living; r=
Pearson’s correlation coe�cient; TUG= Timed Up and Go; VAS= Visual Analogue Scale; *= scores were
included in the Latent Class Mixed Model
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Self-reported recovery trajectories for physical functioning (KOOS-ADL)

The most optimal LCMM model for KOOS-ADL with the lowest BIC was the  linear two-class model (see
 Table 2). The mean trajectories per class for the KOOS-ADL model are shown in Figure 2b. The self-
reported physical functioning classes were de�ned as “gain group” (class 1, n=86) and “moderate gain
group” (class 2, n=132), so all patients recovered (n=218, 100%).

Self-reported recovery trajectories for pain (VAS)

The most optimal model retrieved by LCMM was a quadratic three-class model for VAS with the lowest
BIC amongst the other presented models (see Table 2). Figure 2c showed the mean trajectories per class
for the VAS model. The three classes identi�ed were as follows: “normal decrease of pain” (class 1,
n=48),  “sustained pain” (class 2 n=19), and “no/very little  pain” (class 3, n=151). In total 199 patients
(91%) were recovered on pain (class 1 and class 3) and 19 patients (9%) were not recovered (class 2)
based upon the six weeks recovery trajectories.

Association between the identi�ed recovery trajectories and one-year outcomes

Performance-based physical functioning

Table 3 shows the descriptive values for the outcome for TUG, KOOS and VAS. The median TUG score for
the total population six weeks after surgery is 11.83 [95%CI 10.41, 12.98] seconds and after one year 8.01
[95% CI 7.15, 8.98] seconds. Table 4 shows the regression coe�cients of the multivariable linear
regression model for TUG. The ”low gain group”   (class 1) had a statistically signi�cant 3.31 [95%CI 1.52,
5.09] seconds lower score than the “moderate gain group” group (class 3) after one year. The “gain
group” (class 2) had a non-signi�cant faster  score of -0.56 [95%CI -1.75, 0.64] seconds compared to the
“moderate gain group”  (class 3) after one year. The explained variance of the model was 14%.

Table 4: The results of multivariable linear and logistic regression models
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  One year  outcome

  Multivariable linear regression models Multivariable logistic regression
model

TUG KOOS-ADL (range 0-100) VAS-pain (binary)

Predictor Regression
coë�cient
[95% CI]

Predictor Regression
coë�cient

[95% CI]

Predictor Odds ratio

[95% CI]

Class: “low gain
group” versus
“moderate gain
group”

3.31 [1.52,
5.09]

Class: “gain
group” versus
“moderate gain
group”

11.97
[8.62,
15.33]

Class: “normal
decrease of pain”
versus “no/very
little pain”

0.92
[0.17,4.84]

Class: “gain
group” versus
“moderate gain
group”

-0.56
[-1.75,
0.64]

Class: “sustained
pain” versus 
“no/very little
pain”

0.11
[0.03,0.42] 

Age (year) 0.00 [-0.03,
0.03]

Age (year) 0.18 [-0.03,
0.39]

Age (year) 0.95
[0.88,1.04] 

Gender -0.09
[-0.58,
0.41]

Gender 2.40 [-1.17,
5.98]

Gender 0.45
[0.13,1.51] 

BMI -0.03
[-0.10,
0.04]

BMI 0.13 [-0.38,
0.64]

BMI 1.08
[0.9,1.3]   

Model 0.14 Model R2 0.20 Model R2 0.16 ⊗

BMI= Body Mass Index; CI=con�dence interval; R2= explained variance; *p<0.05= statistical
signi�cant; ⊗Nagelkerkes R2; KOOS-ADL= Knee Osteoarthritis Outcome Score-Activities of Daily
Living, TUG= Timed Up and Go; VAS= Visual Analogue Scale

Self-reported physical functioning

In the total population KOOS-ADL score improved from 65 [95% CI 54, 75] after six weeks to 75 points
[95% CI 66, 88] after one year. Table 4 shows the results of the multivariable linear regression model for
KOOS-ADL. The “gain group” (class 1) had a statistically signi�cant 11.97 [95% CI 8.62, 15.33] points
better score than the “moderate gain group” (class 2) after one year. The explained variance of the model
was 20%.

Pain

Table 4 shows the odds ratios of the multivariable logistic regression model for VAS. After one year 205
patients were categorised as “no/very low pain” (VAS 0-20) and 13 patients were categorised as “pain”
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(VAS >20). From the 19 patients with “sustained pain” after six weeks, �ve patients (26%) experienced
sustained pain after one year. In both the “normal decrease of pain” group and the “no/very little pain”
group experienced 4% of the patients after one year sustained pain (respectively 2 from the 48 patients
and 6 from the 151 patients).

The “normal decrease of pain” group (class 1) had a 8% lower odds (0.92 [95% CI 0.17, 4.84]) to become
free of pain after one year than the “no/very little pain” group (class 3), but this was  not signi�cant.
However, the “sustained pain” group (class 2) had a statistically signi�cant (p<0.001) 89% lower odds
(0.11 [95% CI 0.03,0.42]) to become free of pain after one year than the “no/very little pain” group (class
3). The explained variance of the model was 16%.

Discussion
Key �ndings

The purpose of this study was to identify recovery trajectories in patients who attended a high-intensity
physiotherapy program after TKA surgery. For performance-based physical functioning three classes
were identi�ed: a “gain group” (n=203), a “moderate gain group” (n=8) and a “low gain group” (n=7). Self-
reported physical functioning showed two recovery trajectories, namely a “gain group” (n=86) and a
“moderate gain group” (n=132). For pain three classes were identi�ed: “no/very little pain” (n=151),
“normal decrease of pain” (n=48) and “sustained pain” (n=19). Patients had further improvements for
physical functioning and pain between six weeks and one year.

Strengths and limitations

The longitudinal design with a high follow-up rate is a strength of the study with �ve measurements over
one year. Data were sampled in real clinical practice and patients were tested by the physiotherapist
during the high-intensity program and during the regular control visits and comprised of both self-
reported and physical performance tests. This minimized the burden of the patients. We expect that
different types of physiotherapy treatment programs could have affected the recovery after TKA.
However, this was stable in our study, since all included patients followed the same program. Our
selection of participants resulted in a relatively homogeneous population. Similar analyses of recovery
trajectories need to done in more heterogenous population of post-TKA patients including patients with a
less favorable prognosis.

The latent class analysis which is a relatively new method that, helps to utilize all available information in
the repeated measurement using �exible random effects models that captures the change of the
trajectory over time, while allowing the patients to have different distributions and therefore to be
classi�ed to separate homogenous subgroups.[33] LCMM gives an accurate prediction of how an
individual patient is likely to recover postoperatively[33] and it identi�es abnormal recovery more than
simpler approaches. A potential limitation may be the lack of follow-up measurements between six weeks



Page 13/21

and one year due to practical reasons. The variation in patient pro�les is small and room for
improvement is limited as shown in table 3.

All patients were allowed to recover further with additional physiotherapy sessions after the high-intensity
physiotherapy program to optimize their rehabilitation. In another study in a smaller population we found
that both patients with a favorable and less favorable recovery after the high-intensity physiotherapy
program continued physiotherapy.[21] There was no additive value of prolonged physiotherapy after the
high-intensity physiotherapy program in both groups.[21] Therefore, we expect that continuation of
physiotherapy after the high-intensity program had no major impact on the further recovery trajectories.

Clinical implications

Identifying recovery trajectories using LCMM is a relatively new technique, which was as far as known
only once researched in patients after TKA between 1 and 5 years after surgery by Dowsey et al.[14] The
recovery trajectories we found for pain were not comparable to those found in the study by Dowsey et al
(2015).[14] In our study 8.7% (n=19) of the patients experienced “sustained pain”, while in the study of
Dowsey et al [14] 21.5% were classi�ed as ‘moderate pain’ (this study identi�ed three classes: “No pain”
(33.1%), “Mild pain” (45.4%) and “Moderate pain” (21.5%)) during one till �ve years postoperative. As
shown our population showed better results on pain. This difference could be explained due to the
combination of the high-intensity physiotherapy program in a selected group of patients which led to
better results. For self-reported physical functioning similar differences were seen, namely 23.8% in the
study by Dowsey et al[14] were classi�ed as ‘high’ self-reported physical function (this study identi�ed
three classes: “high physical functioning (23.8%), “moderate physical function” (54.6%) and “low physical
functioning”(21.6%)) against 39.4% (“gain group”) in our study.

Patients in this study showed progress on the measurements between six weeks and one year. The
minimal clinical important difference for TUG was 2.27 seconds,[41] for KOOS 20 points[42] and for VAS
22.6 points,[43] therefore this recovery between six weeks and one year was only small and not clinically
relevant anymore because of ceiling effects in the “normal decrease of pain” and “no very little pain”
groups for VAS and for all KOOS recovery trajectories (“gain group” and “moderate gain” group). Patients
in the “sustained pain” group showed clinically relevant improvements between six weeks and one year.
For the TUG classes there was also a clinically relevant improvement between six weeks and one year.
Some studies showed most improvement in the �rst 3-4 months after surgery, followed by a ceiling effect
after one year.[15,17,18] In our study the ceiling was nearly reached already at 6 weeks, while in patients
with “sustained pain” a clinically relevant improvement took place later than in the other groups between
six weeks and one year[41,42,43,44] which implies that these patients needed more time to recover than
the �rst six weeks. Patients with “sustained pain” during the six weeks (n=19), had the possibility to get
pain free after one year (n=15). At one year almost all patients were pain free, so the outcome was
favorable for this group of patients.

The differences of the TUG and KOOS-ADL trajectories between the “gain” and “moderate gain” group
was considered clinically relevant, while for VAS trajectories differences between “no/very low pain,” and
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“sustained pain” were statistically signi�cant but small

Further research

Recovery trajectories for patients after TKA including a high-intensity physiotherapy program were
determined in the �rst weeks after TKA procedure. Studies looking at recovery trajectories in all patients
after TKA, including those who followed other rehabilitation protocols and a less favorable prognosis are
needed to generalize the results to all patients after TKA.

Declarations
Ethics approval and consent to participate

The medical ethical review board of the Medisch Spectrum Twente (MST), Enschede, The Netherlands
approved the study (Kh 13-06). All patients provided written informed consent prior to enrolment in the
study. All methods were carried out in accordance with relevant guidelines.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and analysed during the current study are available from the corresponding author on
reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

Not applicable.

Authors’ contributions

KH and RD analyzed and interpreted the patient data using LCMM. KH was major contributor in writing
the manuscript. KH, RD, PvdW, AZ, MNS and JBS read and approved the �nal manuscript.

Acknowledgements

Not applicable.

References



Page 15/21

1. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KDJ. Patient satisfaction after total
knee arthroplasty: who is satis�ed and who is not? Clin Orthop Relat Res. 2010;468(1):57–63.

2. Anderson JG, Wixson RL, Tsai D, Stulberg SD, Chang RW. Functional outcome and patient
satisfaction in total knee patients over the age of 75. J Arthroplasty. 1996;11(7):831–40.

3. Bade MJ, Struessel T, Dayton M, Foran J, Kim RH, Miner T, et al. Early High-Intensity Versus Low-
Intensity Rehabilitation After Total Knee Arthroplasty: A Randomized Controlled Trial. Arthritis Care
Res (Hoboken). 2017;69(9):1360–8.

4. Artz N, Elvers KT, Lowe CM, Sackley C, Jepson P, Beswick AD. Effectiveness of physiotherapy exercise
following total knee replacement: systematic review and meta-analysis. BMC Musculoskelet Disord.
2015;16:15.

5. Schork N. Time for one-person trials. Nature. 2015;520:609–11.

�. Muthén BO, Muthén LK. Integrating person-centered and variable-centered analyses: Growth mixture
modeling with latent trajectory classes. Alcohol Clin Exp Res. 2000;24(6):882–91.

7. Proust-Lima C, Philipps V, Liquet B. Estimation of Extended Mixed Models Using Latent Classes and
Latent Processes: The R Package lcmm.

�. Jung T, Wickrama KAS. An introduction to Latent Class Growth Analysis and Growth mixture
modeling. Soc Personal Psychol Compass. 2008;21(10):302–17.

9. Kongsted A, Nielsen AM. Latent Class Analysis in health research. J Physiother. 2017;63(1):55–8.

10. Panken G, Hoekstra T, Verhagen A, van Tulder M, Twisk J, Heymans MW. Predicting chronic low-back
pain based on pain trajectories in patients in an occupational setting: an exploratory analysis. Scand
J Work Environ Health. 2016;42(6):520–7.

11. Walton DM, Eilon-Avigdor Y, Wonderham M, Wilk P. Exploring the Clinical Course of Neck Pain in
Physical Therapy: A Longitudinal Study. Arch Phys Med Rehabil. 2014;95(2):303–8.

12. Huang H-C, Chang C-H, Lee T-H, Chang Y-J, Ryu S-J, Chang T-Y, et al. Differential trajectory of
functional recovery and determinants for �rst time stroke survivors by using a LCGA approach: a
hospital based analysis over a 1-year period. Eur J Phys Rehabil Med. 2013;49(4):463–72.

13. Holla JFM, van der Leeden M, Heymans MW, Roorda LD, Bierma-Zeinstra SMA, Boers M, et al. Three
trajectories of activity limitations in early symptomatic knee osteoarthritis: a 5-year follow-up study.
Ann Rheum Dis. 2014;73(7):1369–75.

14. Dowsey MM, Smith AJ, Choong PFM. Latent Class Growth Analysis predicts long term pain and
function trajectories in total knee arthroplasty: a study of 689 patients. Osteoarthritis Cartilage.
2015;23(12):2141–9.

15. Naylor JM, Harmer AR, Heard RC, Harris IA. Patterns of recovery following knee and hip replacement
in an Australian cohort. Aust Health Rev. 2009;33(1):124–35.

1�. Nilsdotter A, Toksvig-Larsen S, Roos EM. A 5 year prospective study of patient-relevant outcomes
after total knee replacement. Osteoarthritis Cartilage. 2009;17(5):601–6.



Page 16/21

17. Huang NFR, Dowsey MM, Ee E, Stoney JD, Babazadeh S, Choong PF. Coronal alignment correlates
with outcome after total knee arthroplasty: �ve-year follow-up of a randomized controlled trial. J
Arthroplasty. 2012;27(9):1737–41.

1�. Kennedy DM, Stratford PW, Riddle DL, Hanna SE, Gollish JD. Assessing recovery and establishing
prognosis following total knee arthroplasty background and purpose. Phys Ther. 2008;88(1):22-3.

19. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The strengthening the
reporting of observational studies in epidemiology (STROBE) statement: Guidelines for reporting
observational studies. Int J Surg. 2014;12(12):1495–9.

20. Harmelink K, Zeegers A, Hullegie W, Hoogeboom T, Nijhuis-van der Sanden M, Staal J. Are there
prognostic factors for one-year outcome after total knee arthroplasty? A systematic review. J
Arthroplasty. 2017;32(12):3840-3853

21. Harmelink K, Nijhuis-van der Sanden R, Zeegers E, Hullegie W, Van der Wees P, Staal B. Reasons for
continuing physiotherapy treatment after a high-intensity physyiotherapy program in patients after
total knee arthroplasty: a mixed-methods study. Physiother Theory Pract. 2019;1–16.

22. Podsiadlo D, Richardson S. The timed up and go: a test of basic functional mobility for frail elderly
persons. J Am Geriatr Soc. 1991;39(2):142–8.

23. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome
Score (KOOS): development of a self-administered outcome measure. J Orthop Sports Phys Ther.
1998];28(2):88–96.

24. Hjermstad MJ, Fayers PM, Haugen DF, Caraceni A, Hanks GW, Loge JH, et al. Studies comparing
Numerical Rating Scales, Verbal Rating Scales, and Visual Analogue Scales for assessment of pain
intensity in adults: a systematic literature review. J Pain Symptom Manage. 2011;41(6):1073–93.

25. Stratford PW, Kennedy DM, Woodhouse LJ. Performance measures provide assessments of pain and
function in people with advanced osteoarthritis of the hip or knee. Phys Ther. 2006;86(11):1489–96.

2�. Verra WC, Witteveen KQ, Maier AB, Gademan MGJ, van der Linden HMJ, Nelissen RGHH. The reason
why orthopaedic surgeons perform total knee replacement: results of a randomised study using case
vignettes. Knee Surgery, Sport Traumatol Arthrosc. 2016;24(8):2697–703.

27. Mizner RL, Petterson SC, Clements KE, Zeni JA, Irrgang JJ, Snyder-Mackler L. Measuring functional
improvement after total knee arthroplasty requires both performance-based and patient-report
assessments: a longitudinal analysis of outcomes. J Arthroplasty. 2011;26(5):728–37.

2�. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome
Score (KOOS): development of a self-administered outcome measure. J Orthop Sports Phys Ther.
1998;28(2):88–96.

29. Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome Score (KOOS): validation and
comparison to the WOMAC in total knee replacement. Health Qual Life Outcomes. 2003;1:17.

30. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome Score (KOOS): from joint injury
to osteoarthritis. Heal Qual Life Outcomes. 2003;1:64.



Page 17/21

31. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome
Score (KOOS)--development of a self-administered outcome measure. J Orthop Sport Phys Ther.
1998;28(2):88–96.

32. de Groot IB, Favejee MM, Reijman M, Verhaar JA, Terwee CB. The Dutch version of the Knee Injury
and Osteoarthritis Outcome Score: a validation study. Heal Qual Life Outcomes. 2008;6:16.

33. Hoekstra T. Applied latent class models for epidemiology. 2013.

34. Nylund KL, Asparouhov T, Muthén BO. Deciding on the Number of Classes in Latent Class Analysis
and Growth Mixture Modeling: A Monte Carlo Simulation Study. Struct Equ Model A Multidiscip J.
2007;14(4):535–69.

35. Hosmer DW, Lemeshow S. Applied Logistic Regression. Second edi. Hoboken, NJ, USA: John Wiley &
Sons, Inc.; 2005.

3�. Traeger A, Henschke N, Hübscher M, Williams CM, Kamper SJ, Maher CG, et al. Development and
validation of a screening tool to predict the risk of chronic low back pain in patients presenting with
acute low back pain: a study protocol. BMJ Open. 2015;5:7916.

37. Hush JM, Refshauge K, Sullivan G, De Souza L, Maher CG, McAuley JH. Recovery: what does this
mean to patients with low back pain? Arthritis Rheum. 2009;61(1):124–31.

3�. R Development Core Team. R Software. R: A Language and Environment for Statistical Computing.
2013.

39. IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.

40. Proust-Lima C, Philipps V, Liquet B. Estimation of Extended Mixed Models Using Latent Classes and
Latent Processes: The R Package lcmm. J Stat Softw. 2017;78(2):1–56.

41. Yuksel E, Kalkan S, Cekmece S, Unver B, Karatosun V. Assessing Minimal Detectable Changes and
Test-Retest Reliability of the Timed Up and Go Test and the 2-Minute Walk Test in Patients With Total
Knee Arthroplasty. 2017;32(2):426-430.

42. Collins NJ, Prinsen CAC, Christensen R, Bartels EM, Terwee CB, Roos EM. Knee Injury and
Osteoarthritis Outcome Score (KOOS): systematic review and meta-analysis of measurement
properties. Osteoarthritis and Cartilage. 2016;1317–29.

43. Danoff JR, Goel R, Sutton R, Maltenfort MG, Austin MS. How Much Pain Is Signi�cant? De�ning the
Minimal Clinically Important Difference for the Visual Analog Scale for Pain After Total Joint
Arthroplasty. J Arthroplasty. 2018;33(7):S71-S75.

44. Naylor JM, Hayen A, Davidson E, Hackett D, Harris IA, Kamalasena G, et al. Minimal detectable
change for mobility and patient-reported tools in people with osteoarthritis awaiting arthroplasty.
BMC Musculoskelet Disord. 2014;15(1).

Appendix
Appendix 1: The high-intensity physiotherapy program
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Aims program Improving physical functioning

Improving physical activity level in daily life

Improving self-management skills

Inclusion criteria For inclusion in the high-intensity physiotherapy program, the patient had to
satisfy the following criteria:

Patient

1) was undergoing primary TKA procedure for osteoarthritis

2) was physically able to complete the intensive program

3) had no comorbidity that hindered the patient in doing exercises two
times a day

4) was independent in activities of daily living before surgery

5) had no psychological distress related to a higher risk of worse outcome
(49,50)

6) had a BMI≤30, (risk factor for worse outcomes) (51))

7) provided informed consent

Hospital stay Three days

Physiotherapy was given two times a day with a mean duration of 18
minutes per session

Physiotherapy consisted of education, isometric quadriceps muscle
exercises, Range of Motion exercises, transfers, walking with a walking aid
and walking stairs

Program Location Resort hotel

Duration
program

10 days

Frequency
PT

2 times a day

Duration
per PT
session

1.5 hour

Intensity High

Content
PT

Learning dynamic and symmetric walking pattern

Range of Motion exercises

(outside) walking on different surfaces

cycling on a home trainer

transfer training
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muscle strength exercises

walking stairs

aqua therapy

fall prevention

education

Discharge home After the program patients were advised to exercise by themselves or
continue physiotherapy in the home environment if necessary till goals were
achieved in activities of daily living, sport and work activities.

Figures
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Figure 1

Study �ow chart
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Figure 2

Models for TUG, KOOS-ADL and VAS


