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Abstract
Purpose: To examine the influence of a three weeks' intensive exercise training directly
following hospital discharge for total hip or knee arthroplasty in patients with multiple
joint disease, on physical function, quality of life, and general health.

Method: This is a post-hoc analysis of a subsection of 100 patients with elective hip or knee
arthroplasty included in a previous randomized controlled trial. The intervention group (n=53)
received intensive exercise training (IET) for three weeks in a dedicated resort; the control
group (n=47) was treated with usual care (UC). Outcomes were assessed at baseline and after
three, 13, 26, and 52 weeks. Repeated measurement analyses were performed. The primary
outcome was recovery of function measured by the HAQ.

Results: After three weeks and continuing over one year, the patients in the IET group benefited
from the program significantly with respect to physical function (HAQ), quality of life (SF36),
functional ability, and general health (MACTAR) as compared with the control group. The
intensive training did not increase the pain.

Conclusions: Intensive exercise training with education immediately after hospital discharge
has short- and long-term benefits for patients with multiple joint disease after total joint
replacement surgery of hip and knee.

Categories: Physical Medicine & Rehabilitation, Orthopedics
Keywords: intensive exercise therapy, disability evaluation, aftercare, total knee replacement, total hip
replacement, randomized controled trial, arthritis

Introduction
Due to the senescence of the population, there is an increasing need for total joint replacement
surgery i.e. for knee and hip joints [1-2]. In order to limit time spent during hospitalisation
(primarily) and to restore functional ability rapidly (secondarily), several peri-operative
training programmes and clinical pathways have been designed in the past [3-8]. These training
programmes were used in relatively healthy patients [9-12]. Presently, the majority of hospitals
in the Netherlands have introduced such a programme for their patients after total hip and knee
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surgery [7, 13]. Although there are no standard inclusion criteria for these programmes, they are
all focused on patients who generally rehabilitate more quickly and easily after surgery [12].
Therefore, most of the time healthy patients and patients with light systemic disease, according
to the American Society of Anaesthesiology classification system (ASA class I or II) [14], are
entered in these adjuvant training programmes [3, 15-16]. For more disabled patients,
hospitalisation is considerably longer and restoring functional status is prolonged [17].

To the best of our knowledge, the effect of short intensive training in patients with multiple
joint disease after hospital discharge has never been studied before 2002. In general, total joint
replacement surgery and inactivity preoperative and during hospitalisation exacerbates the
decline of physical fitness in both RA and OA patients [18].

Since intensive exercise has been demonstrated to benefit patients with joint diseases in some
(inter)national studies [19-21], we formulated the hypothesis that patients with multiple joint
disease will benefit from a dedicated rehabilitation and exercise programme in a resort
supplementary to their hospital stay for joint arthroplasty.

Therefore, the purpose of the present randomised controlled study is to investigate whether
these patients will benefit from an adjusted short-term intensive training programme after a
total hip or knee replacement directly following hospital discharge.

Materials And Methods
Patients
For this study, a subsection of patients was used from the randomised controlled clinical trial
called the DAPPER study (Disabled Arthritis Patients Post-hospitalisation Intensive Exercise
Rehabilitation) [22]. The DAPPER study is a multicentre trial which examined the efficacy of
short-term intensive exercise training directly following hospital discharge in patients with
rheumatoid arthritis (RA) or osteoarthritis (OA). The patients in this study were eligible in case
of exacerbation RA and elective total joint arthroplasty. For details, we refer to the principal
publication mentioned above. For this subsection, patients were eligible when they were
admitted for elective total hip or knee replacement. Additional inclusion criteria were: (a) age
over 18, and (b) OA of multiple joints (polyarticular OA) or RA (according to American College
of Rheumatology criteria 1987) [23]. Exclusion criteria were; (i) presence of serious cardiac
disease (New York Heart Association criteria class III and IV) [24], (ii) incapacitating pulmonary
disease (GOLD stage IV) [25], (iii) serious hypertension (diastolic blood pressure > 110 mm Hg),
(iv) pregnancy, (v) insufficient mastery of the Dutch language, (vi) functional incapacity
(Steinbrocker functional class 4) [26]. Ethical approval was given before the start of the study by
the medical ethical revision boards of the attending hospital. A signed consent form was
obtained from all participants.

Design
This study is a pre-planned post-hoc analysis of a subsection of patients, admitted for elective
total knee or total hip replacement, included in a randomised controlled clinical trial. In all
participating centres, consecutive eligible patients were informed of the study. Those who
agreed to participate were randomised to either the IET or the UC group. We performed a
blocked stratified randomisation, including stratification on centre. During hospitalisation, all
patients were treated at the discretion of the attending physician. Directly following hospital
discharge patients in the IET group were sent to a resort to receive three weeks' intensive
exercise training (see below). After this, the IET group went back home. Depending on their
situation, some of them received physical therapy once a week in the first few months
afterwards. In contrast, after discharge the patients in the UC group received only usual care at
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the discretion of their attending physician. In general, usual care consists of either physical
therapy by a local physical therapist, about once or twice a week, or temporary admission to a
nursing home, for one to three months when applicable. Outcome assessments were performed
at baseline (the moment the patient was considered well enough to be discharged from the
hospital) and after three, 13, 26, and 52 weeks, all by the same experienced physiotherapist.

Intervention
As soon as wound healing and the general medical condition of the patient made discharge
from the hospital safe, the IET patients went to a dedicated 'resort' directly following hospital
discharge: European Care Residence & Resort 'Groot Stokkert'. This resort offers hotel facilities
and professional care for disabled people. These include exercise facilities and physical therapy
dedicated to patients with impairment of the musculoskeletal system. During their three week
stay, patients were trained twice a day by physical therapists, for ~ 75 minutes per session,
depending on the capabilities of the individual patient. The goals of the training were
improvement of range of motion, muscle strength, balance, aerobic capacity, physical function
and activities of daily life. The therapy sessions were given individually as well as in groups. In
the first two weeks, treatment focused on experienced individual limitations, appropriate to
joint replacement (range of motion of affected joints, strength, aerobic capacity, and simple
functionality, such as walking, climbing stairs, and getting up from a chair). Moreover,
hydrotherapy was applied after sufficient wound healing. During the third week, the training
also focused on the functional capacities in their daily lives in and around their home
environment, as prioritised by the patient. A group education programme was given twice
weekly. This programme was based on the self-management training for arthritis patients by
Kate Lorig, modified for the Netherlands by Taal [27-28].

Assessments/measures
The Health-assessment Questionnaire (HAQ) is a patient-reported outcome questionnaire
developed to assess functional limitations in patients with rheumatic diseases [29-30]. The
instrument contains 20 items on eight domains of life (arising, walking, dressing, eating, reach,
grip, hygiene, and common activities). The Dutch version of the HAQ has been validated [31].
The subscales, walking and arising, were used to assess functional disability of the lower
extremities [32]. The scores range from 0 (no disability) to three (severe disability). Clinically
relevant improvements for the HAQ vary between 0.22 and 0.26 [33-34].

The MacMaster Toronto Arthritis (MACTAR) Patient Preference Disability Questionnaire is a
disease-specific questionnaire [35]. An interviewer assesses at baseline which activities are
most impaired and considered most important by the individual patient (maximum: five). The
follow-up assessments focus on change in ability to perform these activities. The second part
of the MACTAR evaluates the patient's health status by asking questions on general health,
quality of life, and physical and emotional function. The baseline scores range from 39-59. The
weighted MACTAR at follow-up assessments ranges from 21 to 77 points. Lower scores reflect
better functional ability. The MACTAR has been validated in Dutch patients [36]. An
improvement of three points can be argued to be clinically significant [37].

The EPM-ROM (Escola Paulista de Medicina – Range of Motion scale) is a disease-specific
questionnaire, which measured the range of motion. This scale evaluates 10 joint movements
that are important in the performance of basic activities of daily living (ADL). The score for
each joint movement can vary from zero (no limitation) to three (severe limitation). The sum of
the left and right side is divided by two. The total score varies from 0 to 30 [38].

Health-related Quality of Life (HrQoL) was measured using the short form 36 (SF36). The
mental and physical component summary scales (SF36-MCS & SF36-PCS) were used [39], as
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were the subscales, bodily pain (SF36-BP), physical function (SF36-PF), and mental health
(SF36-MH). The SF36-BP is mostly used to assess pain and limitations due to daily activities.
This generic instrument has been translated and validated for use in Dutch patients [40]. A
variety of analyses have indicated that improvements of 5-10 points in subscales and 2.5-5
points in summary scales score represent minimal clinical important difference in arthritis
patients [33].

Angst, et al. [41] have found that in a rehabilitation intervention, effects larger than 12% of
baseline score (6% of maximal score) can be attained and detected as minimum clinically
significant difference (MCID) by the transition method in the SF-36, in patients with
osteoarthritis of the lower extremities.

Besides the SF36-BP, pain was also measured by the visual analog scale (VAS) for pain. The VAS
is a 100-mm one-dimensional scale from no pain (0) to extreme pain (100). The minimum
clinically significant difference in VAS pain scores was found to be 9 mm [42].

Statistical analysis
Comparisons of the baseline scores were made using either the Mann-Whitney test or the
Independent Student's T-test, where appropriate. For categorical variables, analyses were
performed using Chi-square and Fisher Exact test statistics. All analyses were performed on an
intention-to-treat principle. Between-group differences in continuous variables over time were
assessed by analysis of repeated measurements using the SPSS procedure for mixed models.
This method takes into account all measurements, including those between baseline and
endpoint. Correction for baseline differences was performed. In the power calculation, we used
the equation for sample size. In order to have an 80% chance of detecting a significant (at one-
sided 5% level) 0.3 point difference in mean HAQ score between the two groups, we needed at
least 45 patients in the IET en UC group. All statistical analyses were performed using the
statistical package SPSS 16.0 and utilizing 2-tailed tests with a significance level of alpha = .05. 

Results
Between July 2002 and January 2004, 100 patients signed informed consent forms and were
randomised to either the intervention (IET) or the control group (UC) (Figure 1).
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FIGURE 1: Flow diagram of subject progress through this
study

In the UC group, one person died during the follow-up and two patients in the IET group
refused to participate with all follow-up measures, due to work and mental state. From the total
group (n=98), 56 patients were admitted for a total hip arthroplasty. Forty-two patients were
admitted for total knee arthroplasty. The demographic and baseline characteristics of the
patients are presented in Table 1. 
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Number of Patients IET (n=51) UC (n=47) Total Sample (n=98)

Age in years, mean (SD) 70.4 (10.8) 67.3 (11.2) 69.0 (11.0)

Female, % [n] 82 [42] 83 [39] 83 [81]

Living alone, % [n] 49 [25] 38 [18] 44 [43]

% with one of more comorbidity beside arthritis [n] 88 [44] 81 [38] 84 [82]

Rheumatoid arthritis, % [n] 20 [10] 32 [15] 26 [25]

Total hip, % [n] 61 [31] 53 [25] 57 [56]

Total knee, % [n] 39 [20] 47 [22] 43 [42]

TABLE 1: Baseline characteristics of the two treatment groups.

The mean age of the patients was 69 years (SD=11). Comorbidities besides polyarticular OA or
RA were present in 84% (n=82) of the patients. The most frequent comorbidities were
hypertension (45%) and heart failure (30%). Of all patients, 33% (n=32) have had a joint
replacement in the past. No significant differences were found at baseline between the IET and
UC.

Short-term effect of three weeks intensive training
After three weeks of intensive training, the IET group improved relevantly more compared with
the UC group, although not all differences reached statistical significance. The results of the
repeated measurements analysis are presented in Table 2.         
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 Baseline (Descriptive) 3 Weeks (RMA*) Treatment Effect IET-
UC (RMA*)   

 IET (n=51) / Mean [SD] UC (n=47) / Mean [SD] IET / mean [95%CI] UC / mean
[95%CI]

∆ 3 weeks [
95%CI]

HAQ
walking 2.40 [0.61] 2.29 [0.72] 1.64 [1.44; 1.85] 2.02 [1.76;

2.29]
0.38 [0.05; 0.71]
p=.024

HAQ
rising 1.76 [0.60] 1.54 [0.72] 1.18 [0.97; 1.38] 1.50

[1.25;1.76]
0.33 [0.002;
0.66] p=.048

MACTAR 46.3 [3.7] 46.6 [3.5] 34.5 [32.5; 36.5] 41.3 [38.9;
43.7]

6.8 [3.6; 9.9]
p=.000

EPM-
ROM 2.54 [1.82] 2.66 [2.53] 2.16 [1.82; 2.49] 2.64 [2.23;

3.05]
0.49 [-0.05;
1.02]

SF36-PF 15.8 [13.8] 14.4 [11.9] 27.2 [23.0; 31.5] 17.7 [12.3;
23.0]

-9.6 [-16.4; -
2.7 ] p=.007

SF36-
PCS 25.2 [7.3] 24.0 [4.8] 27.6 [26.3; 29.0] 25.9 [24.1;

27.8] -1.7 [-4.0; 0.6]

SF36-MH 65.6 [22.3] 63.2 [16.7] 72.0 [67.5; 76.4] 71.1 [65.5;
76.8] -0.8 [-8.1; 6.4]

SF36-
MCS 48.1 [13.3] 45.9 [12.1] 49.6 [46.9; 52.4] 47.4 [43.7;

51.1] -2.2 [-6.8; 2.4]

SF36-BP 33.3 [20.5] 28.3 [17.6] 39.7 [34.1; 45.3] 39.3 [32.3;
46.3] -0.38 [-9.4; 8.6]

VAS pain 37.3 [23.0] 38.6 [26.9] 24.7 [19.3; 30.0] 35.0 [28.8;
41.2]

10.3 [2.1; 18.5]
p=.015

TABLE 2: 3-weeks effects of intensive exercise training versus usual care showing
the data at baseline, after 3 weeks and the between group difference with the
corresponding 95% confidence interval.
*Intention to treat analyses: results were obtained with repeated measurements analyses (RMA). NOTE: IET= intervention group,
UC= control group, HAQ= Health-assessment Questionnaire , MACTAR= Toronto Arthritis Patient Preference Disability
Questionnaire, EPM-ROM= Escola Paulista de Medicina – Range of Motion scale, SF36-PF= subscale physical function, SF36-
PCS= physical component summary scale, SF36-MH= mental health, SF36-MCS=mental component summary scale, SF36-
BP=bodily pain, VAS pain= visual analog scale pain

The IET group showed a significant improvement compared with the UC group for the subscale
HAQ walking and HAQ rising. After three weeks, 79% of the IET group (n=38) showed a
clinically relevant improvement with the subscale HAQ walking compared with 45% (n=13) in
the UC group (p=.002). With the subscale HAQ rising, 63% of the IET group (n=30) showed a
clinically relevant improvement of more than 0.22 against 37% (n=11) in the UC group (p=.026).

2013 Ter Keurs et al. Cureus 5(6): e122. DOI 10.7759/cureus.122 7 of 15



The MACTAR score for the IET group compared with the UC group improved considerably. After
three weeks, 94% of the IET group (n=48) showed a clinically relevant improvement on the
MACTAR of more than three points compared with 73% in the UC group (n=27), p=.006. Also,
with the separate questions of the MACTAR, the IET group was significantly more satisfied
about their emotional and physical functioning, quality of life and general health after three
weeks. Although the mobility (EPM-ROM) improved in the IET group compared with the UC
group, this difference did not reach statistical significance.

The score on the subscale SF36-PF improved considerably for the IET group compared with the
UC group. Seventy-five percent of the IET group (n=36) showed a clinically relevant
improvement on the SF36-PF after three weeks against 43% in the UC group (n=13), p=.005. As
a practical example, stair climbing was much easier for the IET group after three weeks.

Based on the summary scales of the SF-36, physical component summary scale (SF36-PCS) and
mental component summary scale (SF36-MCS), the general mental and physical health
improved in the IET group. However, no significant differences were found between both
groups. In the subscales SF36-MH and SF36-BP, no differences were found between both
groups. However, both groups did show a relevant pain reduction in the first three weeks (SF36-
BP). Measured with the VAS pain, the IET group experienced less pain after three weeks
compared with the UC group, which is clinically relevant. Sixty-two percent of the IET group
(n=31) showed a clinically relevant improvement on the VAS pain against 35% (n=13) in the UC
group (p=.013). Despite the fact, that they did not use more painkillers.

Long-term effects of intensive training
Also, over a period of three months and one year, the IET group improved relevantly more as
compared with the UC group, although not all differences reached statistical significance. A
significant between-group difference was found for the MACTAR, EPM-ROM and SF36-PF for
the periods, three months and one year. At three months, the subscale HAQ rising also
demonstrated a statistical difference. The results of the repeated measurements analysis are
presented in Tables 3, 4.
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 Baseline (Descriptive) 3
Month (RMA*)

Treatment Effect IET-
UC (RMA*)   

 IET (n=51) / Mean [SD] UC (n=47)
/ Mean [SD] IET / Mean [95%CI] UC / Mean

[95%CI]
∆ overall 3 months
[95%CI]

HAQ
walking 2.40 [0.61] 2.29 [0.72] 1.43 [1.25; 1.62] 1.66 [1.43;

1.89] 0.23 [-0.07; 0.53]

HAQ
rising 1.76 [0.60] 1.54 [0.72] 0.99 [0.83; 1.14] 1.25 [1.06;

1.44]
0.27 [0.02; 0.51]
p=.034

MACTAR 46.3 [3.7] 46.6 [3.5] 34.1 [32.1; 36.0] 39.9 [37.6;
42.2] 5.8 [2.9; 8.7] p=.000

EPM-
ROM 2.54 [1.82] 2.66 [2.53] 1.98 [1.69; 2.27] 2.69 [2.35;

3.03]
0.71 [0.26; 1.15]
p=.002

SF36- PF 15.8 [13.8] 14.4 [11.9] 32.8 [28.8; 36.7] 25.0 [20.0;
30.0]

-7.8 [-14.0; -1.6]
p=.015

SF36-
PCS 25.2 [7.3] 24.0 [4.8] 29.5 [28.0; 31.1] 27.9 [25.9;

30.0] -1.6 [-3.9; 0.7]

SF36-
MH 65.6 [22.3] 63.2 [16.7] 72.2 [68.5; 76.0] 71.2 [66.4;

75.9] -1.1 [-7.2; 5.0]

SF36-
MCS 48.1 [13.3] 45.9 [12.1] 51.5 [49.0; 54.1] 49.2 [45.6

52.8] -2.3 [-6.7; 2.0]

SF36-BP 33.3 [20.5] 28.3 [17.6] 44.0 [39.1; 48.8] 42.8 [36.7;
49.0] -1.1 [-9.0; 6.7]

VAS Pain 37.3 [23.0] 38.6 [26.9] 26.1 [21.2; 31.1] 33.2 [27.4;
39.1] 7.1 [-0.4; 14.7]

TABLE 3: Long-term effect of intensive exercise training versus usual care showing
the data at baseline, and during one year including the between-group difference with
the corresponding 95% confidence interva
*Intention to treat analyses: results were obtained with repeated measurements analyses. NOTE: IET= intervention group, UC=
control group, HAQ= Health-assessment Questionnaire , MACTAR= Toronto Arthritis Patient Preference Disability Questionnaire,
EPM-ROM= Escola Paulista de Medicina – Range of Motion scale, SF36-PF= subscale physical function, SF36-PCS= physical
component summary scale, SF36-MH= mental health, SF36-MCS=mental component summary scale, SF36-BP=bodily pain, VAS
pain= visual analog scale pain
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 Baseline (Descriptive) One Year (RMA*) Treatment Effect
IET-UC  (RMA*)   

 IET (n=51) / Mean (SD) UC (n=47) / Mean (SD) IET/ Mean [95%CI] UC / Mean
[95%CI]

∆ overall one
year [95%CI]

HAQ
walking 2.40 [0.61 2.29 [0.72] 1.25 [1.07; 1.43] 1.43 [1.20;

1.65] 0.17 [-0.10; 0.45]

HAQ
rising 1.76 [0.60] 1.54 [0.72] 0.85 [0.71; 0.98] 1.05 [0.88;

1.22] 0.20 [-0.02; 0.42]

MACTAR 46.3 [3.7] 46.6 [3.5] 34.0 [31.9; 36.0] 40.0 [37.7;
42.2]

6.0 [3.1; 8.8]
p=.000

EPM-
ROM 2.54 [1.82] 2.66 [2.53] 1.98 [1.71; 2.26] 2.66 [2.34;

2.97]
0.67 [0.25; 1.09]
p=.002

SF36- PF 15.8 [13.8] 14.4 [11.9] 37.2 [32.7; 41.6] 29.8 [24.4;
35.1]

-7.4 [-13.5; -
1.3] p=.019

SF36-
PCS 25.2 [7.3] 24.0 [4.8] 31.7 [30.0; 33.4] 30.4 [28.3;

32.5] -1.3 [-3.5; 0.8]

SF36-
MH 65.6 [22.3] 63.2 [16.7] 71.8 [68.1; 75.6] 69.6 [64.7;

74.3] -2.3 [-8.3; 3.8]

SF36-
MCS 48.1 [13.3] 45.9 [12.1] 51.1 [48.6; 53.7] 48.9 [45.5;

52.3] -2.2 [-6.5; 2.0]

SF36-BP 33.3 [20.5] 28.3 [17.6] 49.0 [44.5; 53.4] 48.5 [42.9;
54.1] -0.5 [-7.7; 6.7]

VAS Pain 37.3 [23.0] 38.6 [26.9] 27.9 [22.9; 32.9] 34.8 [29.2;
40.4] 6.9 [-0.25; 14.0]

TABLE 4: Long-term effect of intensive exercise training versus usual care showing
the data at baseline, and during one year including the between-group difference with
the corresponding 95% confidence interva
*Intention to treat analyses: results were obtained with repeated measurements analyses. NOTE: IET= intervention group, UC=
control group, HAQ= Health-assessment Questionnaire , MACTAR= Toronto Arthritis Patient Preference Disability Questionnaire,
EPM-ROM= Escola Paulista de Medicina – Range of Motion scale, SF36-PF= subscale physical function, SF36-PCS= physical
component summary scale, SF36-MH= mental health, SF36-MCS=mental component summary scale, SF36-BP=bodily pain, VAS
pain= visual analog scale pain

For several outcome questionnaires, such as the HAQ, MACTAR and SF36, the treatment effect
can be defined as a clinically relevant improvement for the IET group. To get an impression how
many individuals in the IET and UC group reported a clinically relevant improvement, we
presented the percentages of relevant improvements over a period of three months. On the
subscale HAQ walking, 86% (n=44) of the IET group showed a relevant improvement of at least
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0.22 points against 61% (n=22) in the UC group (p=.007). Of the IET group, 80% (n=40) showed a
clinical relevant improvement on the subscale HAQ against 53% (n=17) in the UC group
(p=.010). With the MACTAR, 90% (n=46) of the IET group showed a relevant improvement of at
least 3.0 points against 74% (n=28) in the UC group (p=.040). With the subscale SF36-PF 78% of
the IET group (n=39) demonstrated a relevant improvement of 5.0 points and more compared
with 60% (n=18) of the UC group (p=.085, ns).

Over a period of one year, a clinical relevant between-group difference was found for the IET
group in the MACTAR and SF36-PF. Of the IET group, 90% (n=46) showed a clinical relevant
improvement on the MACTAR against 77% (n=33) in the UC group (p=.076, ns). With the
subscale SF36-PF, 80% of the IET group (n=40) improved more than five points compared with
71% in the UC group (ns).

To the best of our knowledge, the EPM-ROM has no minimal important clinical difference.
However, we noticed that during the first year after surgery 95% of the IET group improved
their mobility as measured with the EPM-ROM. In the UC group, several patients experienced a
decrease of mobility according to baseline, whereas in the IET group, none experienced a
decline of mobility when compared with baseline scores.

With respect to baseline, both groups reported a clinically relevant improvement after one year.
Practically, after one year a higher percentage of the IET patients were able to climb stairs and
come out of bed without any problems or devices. These patients also experienced fewer
disabilities, especially for walking a distance of 100 metres. Also, with the separate question of
the MACTAR about the patients' general physical functioning, 84% of the IET group
experienced a reasonable to good physical functioning compared with 63% of the UC group
after one year (p=.021). On the summary scale mental health, 61% of the IET group against 42%
of the UC group (n=10) experienced an improvement of more than 2.5 points after one year
(p=.132).

Discussion
This study demonstrates the beneficial effects (short-term as well as long-term) of a three week
intensive exercise programme for patients with impairment of multiple joints and comorbidity
directly following a hospital stay after total joint replacement. After three weeks, the patients in
the IET group were more satisfied about their functional ability, physical and emotional
functioning, quality of life, and general health. After one year, the patients in the IET group
experienced a significantly improved physical function, an improved functional ability and an
improved mobility. Based on the results of pain measures, we can conclude that the intensive
training did not cause more pain, despite equal use of painkillers.

The used elements in our training program, such as individual dynamic and high intensity
approach adapted to individual goals and desires, are supported lately in different studies - just
like the combination of exercise and education in training programms. Hakkinen, et al. [43]
found that moderate or high-intensity strength training programs have better effects on muscle
strength in RA than low-intensity programs. Fransen, et al. [44] found consistent evidence that
regular graded therapeutic exercise provides at least a short-term benefit for patients with
arthritis. Bade, et al. [45] found evidence that strength and functional gains can be made after
the acute postoperative recovery period.

Riemsma [46] and Bartlett [47] found that traditional patient education, focusing on
transmitting knowledge or information, has limited impact compared to forms of patient
education that focus on helping patients to incorporate change in behaviour. A review of
international guidelines concluded that the best non-pharmacological care for OA consists of
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education as well as exercise [48]. Culliton, et al. [49] note even that patient education
programs should be a part of the postoperative recovery period for better managing
expectations.

Nowadays, rehabilitation programs are more and more focused on improvement of movement
of joints and recovery of function in general, adapted to individual goals and desires [50]. Sarzi-
Puttini, et al. [51] implies that apart from generic strategies, individualized treatment
components are needed. Any therapeutic program needs to take into account that OA is a
heterogeneous condition, so each patient has different symptoms, signs, and functional
limitations. Moreover, the therapeutic program should include a combination of physical
measures, medical measures, psychological approaches, and surgical interventions.

In this trial, RA patients made up a sizeable 25% of the study population. For orthopaedic
surgeons, the difference between RA and OA patients is of less relevance. RA patients with
indication for prosthesis are treated similar in rehabilitation interventions. However, the
expectations and satisfaction are higher in RA patients [52].

The program was focused on the improvement of general physical condition and not
specifically on the hip or knee. Therefore, we did not show specific analyses between THA and
TKA. However, based on first analyses, we found no specific differences in the trends between
THA and TKA patients. This is in line with the expectations.

Based on the age and the percentage of comorbidities, as presented in Table 1, we conclude
that the participants in this study mainly consists of ASA II and III patients [14]. Our study
showed that an intensive exercise programme adapted for patients with impairment of multiple
joints and comorbidity is beneficial. The programme is a good alternative for persons who
cannot meet the criteria of such an existing programme during hospital stay as described
in the introduction, because of substantial functional disabilities or comorbidity.

Our programme was not limited to intensive exercise and education only. For obvious reasons,
the programme was provided in a dedicated hotel facility. In this resort, people could fully
focus on their training and rehabilitation without worrying about everyday life, such as
cleaning, cooking or shopping.

As in every study, our study has its strengths and limitations. Strong points of this study are the
randomised controlled design with a considerable number of patients. Moreover, the intention
to treat analysis meaning that all patients who were assigned to the study at baseline were
included in the analysis underscores the strengths of the study. A limitation of our study was
that the assessments were not blinded. Obviously, taking the informed consent obligation
seriously, blinding is nearly impossible in clinical trials other than drug trials. Therefore, in this
type of study, assessor bias is almost impossible to prevent.

In 2009, Minns wrote, "there is a need for well-designed trials to determine the value of post
discharge exercise" [53] and "there is also a lack of guidelines for the appropriate amount and
type of physical activity after surgery" [54]. The use of rehabilitation services is an understudied
aspect of joint replacement. With this study result and above-described founding in literature,
we hope to contribute how to use rehabilitation after joint replacement. 

Conclusions
The results of this study should have implications for the care of patients after total joint
replacement. This study indicates that intensive training and education in a dedicated resort is
effective for patients with impairment of multiple joints. In conclusion, this study shows that
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physical recovery as well as (physical) functioning benefits for such patients after a total hip or
knee arthroplasty.
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