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Abstract

Background: The aim of the study was to improve physical activity (PA), well-being and clinical outcome after total
knee and hip arthroplasty through tailored activity counselling during inpatient rehabilitation.

Methods: 65 patients (aged 704 + 7.3 years, BMI 285 + 4.3) starting inpatient rehabilitation after primary knee or
hip arthroplasty due to osteoarthritis were recruited and pseudo-randomized into an intervention (IG) and a control
group (CG). Twice a week, the IG was encouraged to increase their daily step count by 5%. PA, e. g. number of
steps, step frequency, or active minutes, was measured by step activity monitoring. Well-being and clinical outcome
were assessed using the SF-36, Oxford Knee/Hip Score and Global rating of Change. Procedures were conducted at
the onset of inpatient rehabilitation, and repeated one and 6 months after inpatient rehabilitation.

Results: Data sets were obtained from 49 patients (IG: n=23, CG: n=26). Both groups significantly increased

their number of daily steps from the 1 month to the 6 months follow up after rehabilitation: CG: 9019
(95%Cl: 7812, 10,226), 1G: 9280 (7972, 10,588) and CG: 10921 (9571, 12,271), 1G: 11326 (9862, 12,791)
respectively. Additionally, well-being and clinical outcome improved significantly in both groups. No significant
differences in physical activity, clinical outcome and well-being were found between the groups.
Conclusions: PA counselling during inpatient rehabilitation does not improve PA, well-being and clinical
outcome in patients with primary knee or hip arthroplasty in addition to the rehabilitation program. PA
interventions may be more effective after the completion of the inpatient rehabilitation phase.

Trial registration: DRKS DRKS00012682. Registered retrospectively on 03-07- 2017.
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Background

Around 250 million people in the world experience pain,
reduced physical function, and restricted well-being due
to osteoarthritis (OA) of the knee or hip. In Germany,
more than 40% of the population above 60 years of age
is affected by OA [1]. Therefore, knee and hip OA repre-
sents one of the most common joint disorders, and is
predicted to increase further due to the aging population
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and obesity epidemic [2, 3]. Despite the availability of
conservative treatment, joint arthroplasty is a common
treatment. Clinicians as well as patients expect the treat-
ment to reduce pain, improve lower extremity function,
enable a return to a physically active lifestyle comparable
to that of healthy peers, and to improve the overall
well-being of patients [4, 5].

Unfortunately, due to their walking disability, patients
suffering from OA are more prone to cardiovascular dis-
eases, leading to significantly increased mortality [6].
The health risks for OA patients regarding reduced
physical activity (PA), (such as a higher prevalence of
type II diabetes), as well as the positive aspects of being
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physically active, (such as less prevalence of metabolic
syndrome), were recently summarized in a vivid review
by Paxton and colleagues [7]. However, several studies
have demonstrated that PA after knee or hip arthro-
plasty is low, and that, although clinical outcomes and
physical functioning appears to be good, patients do not
meet current activity guidelines [8—11]. While a wide
range in the amount of PA after knee and hip arthro-
plasty has been reported in previous research in
Germany, in each study PA among patients was observed
to be less compared to that of healthy peers [12-14].
Thus, the conclusion is that future research should imple-
ment PA interventions aiming to increase PA after knee
and hip joint replacement. However, it is unclear at what
point after joint arthroplasty PA interventions are most ef-
fective [7]. The inpatient rehabilitation is probably the
earliest point at which a cost and time effective PA inter-
vention can be delivered because hip and knee patients
are then more condensed and approachable compared to
immediately after surgery. In Germany, most people re-
ceive 3 weeks of rehabilitation after knee or hip replace-
ment, starting a few days after surgery. Moreover, German
patients can chose between outpatient and inpatient re-
habilitation. We hypothesize that patients would benefit
from additional PA interventions during inpatient re-
habilitation. Therefore, the objective of the current ex-
plorative study was to implement a PA intervention after
knee or hip joint replacement and to evaluate the effects
of the PA interventions at one and 6 months after the in-
patient rehabilitation.

Methods

Sixty five patients (aged 70.4 +7.3 years, BMI 28.5 + 4.3,
35 females, 26 knee arthroplasties) were included in the
study, which was approved by the Oldenburg University
ethics committee. The inclusion criterion was primary,
unilateral joint replacement due to OA of the knee or
hip. Exclusion criteria were revision joint replacements,
additional previous joint replacement in the knee or hip
on either side, any comorbidities with severe impact on
the ability to perform physical activity, such as COPD,
walking with crutches, and metabolic syndrome. Patients
were recruited from a single rehabilitation centre in Ol-
denburg, which has a large catchment area in Northwest
Germany. After providing written informed consent, the
patients were pseudo-randomized into an intervention
group, (n = 28), receiving the standard rehabilitation pro-
gram and the individualized activity counselling, and a
control group, (n = 37), receiving the standard rehabilita-
tion program only. Pseudo-randomization was per-
formed by assigning a block of 10 patients to the
intervention group and having them complete the in-
patient rehabilitation. After the last of the intervention
group patients left the institution, a block of 10 patients
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was assigned to the control group and also completed
the inpatient rehabilitation. This procedure was repeated
alternatively until the overall number of patients was en-
rolled into the study. Pseudo-randomization was
favoured to avoid verbal exchange between intervention
and control group. The patients as well as the scientific
personnel were not blinded regarding patient allocation
to the IG or CG. On average, the patients started the in-
patient rehabilitation 13.4 +5.4 days after surgery and
stayed 19.4 + 1.4 days at the centre, including weekends.
The standard program of the inpatient rehabilitation in-
cluded mobility and strength training, hydrotherapy,
wound care, and management of everyday tasks. Physical
applications were accompanied by theoretical instruc-
tions, usually provided in classes. Timing, frequency and
duration of the rehabilitation components were individu-
alized due to patient characteristics. No rehabilitation
was offered on weekends.

Study procedures

The study procedures were conducted at baseline, on
the first day of arrival at the inpatient rehabilitation
centre, and repeated one, and 6 months after completing
the inpatient rehabilitation. A separate and quiet room
in the rehabilitation centre was available for the study
procedures. Physical activity was measured using the
Step Activity Monitor (SAM; Step Activity Monitor 3.0,
modus health, Washington, USA). The device, that has
been described elsewhere [15-19], has proven excellent
validity and reliability in measuring daily steps in popu-
lations with walking impairments and during inpatient
treatment. According to the manufacturers’ instructions,
the device was mounted to the ankle of the opposite leg
of the affected limb. Gait cycles were stored at
one-minute intervals. The device does not give feedback
to the patients and acts as a black box. Data were down-
loaded using the dedicated software (StepWatch 3.4,
modus health, Washington, USA) and further processed
with Microsoft Excel to calculate the number of steps
(twice the number of gait cycles), and movement inten-
sity (gait cycles per minute), as well as active minutes
per day with at least 60 steps/min. The average number
of daily steps was considered the primary outcome of
the study. The baseline measurements covered the initial
days of the inpatient rehabilitation (4.2 +1.7 days). At
one and 6 months post rehabilitation, the patients were
requested to wear the device for seven consecutive days
including weekends. Before each measurement, the de-
vice was adjusted to the patients’ gait characteristics (leg
length and cadence).

As secondary outcomes, the valid and reliable Oxford
Knee Score and the Oxford Hip Score were utilized to
assess the clinical outcome in knee and hip patients, re-
spectively [20, 21]. Patients had to answer 12 questions,
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each with 5 response options. The responses were val-
ued as “4” for the best clinical option, to “0” for the
worst clinical option. Thus, the outcome of the Oxford
Score ranges from “0”, reflecting the worst clinical out-
come, to “48”, reflecting the best clinical outcome.
Well-being was estimated using the SF-36 questionnaire,
a valid approach in knee and hip patients [22, 23]. The
overall score as well as sub-scores for physical function-
ing, pain, role limitations due to physical health, and
physical component score (PCS) and mental component
score (MCS) were extracted. For both the clinical out-
come and well-being, the data are expressed as a per-
centage of the maximum score, with 0% reflecting the
worst clinical score or well-being, and 100% reflecting
the best clinical score or well-being. Global rating of
change compared to the pre-operation status was mea-
sured with a seven-point Likert-Scale ranging from 1
(“very much worse”) to 7 (“very much better”).

Physical activity counselling

The physical activity counselling was tailored following
an adaptive approach by adding + 5% in daily steps com-
pared to the previous days. This adaptive approach has
been shown to be more effective in weight loss interven-
tions [24] and cardiology [25] than rigid recommenda-
tions, such as to ambulate 10.000 steps per day. Further,
the approach was favoured by the study team because it
takes the individual capacities of the patients into ac-
count. Only patients assigned to the intervention group
received the counselling twice a week, preferably on a
Monday and Thursday. The patients wore the SAM con-
tinuously for the entire inpatient rehabilitation period.
Two students, who were familiar with the rehabilitation
centre and the rehabilitation programs, were trained to
be counsellors and offered the PA counselling to the IG.
The counsellors downloaded the data from the device
and prepared graphical visualizations of the steps taken
during the previous days that they showed to the pa-
tients. Visualization included a colour figure displaying
the time of day on the x-axis, and the number of steps
recorded minute-by-minute on the y-axis. Furthermore,
the total number of steps was displayed in the figure.
Therefore, patients and counsellors were able to identify
periods of walking and to estimate the number of steps
taken outside the rehabilitation program, for example
while walking in the park. The current data of the previ-
ous 3 or 4 days were compared to the days before that.
Finally, the counsellors encouraged the patients to in-
crease their number of daily steps by 5% over the follow-
ing days, and suggested walking tasks to help meet the
goal. For example: “Your average number of steps for
the last days was 3000 steps. Please note that your short
walk in the park counted around 300 steps. If you just
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add half of the short walk, you will reach the goal for
the next three days.”

Because the main purpose of the counselling was to
encourage the patients to make use of their restored
walking capabilities, a strict adherence to increasing
exactly +5% in daily steps was less important. Conse-
quently, regardless of whether patients increased or de-
creased their daily steps, they were encouraged to
increase their activity with respect to the previous days
by 5%. The duration of each counselling ranged from 10
to 20 min. Neither additional incentives for meeting the
recommendations nor any penalties if the patients failed
to increase their activity were instituted. The counselling
was only provided during inpatient rehabilitation and
stopped on the day of discharge from the centre.

Statistical analysis

Parameters at onset of inpatient rehabilitation were ana-
lysed with respect to significant differences between the
control group and the intervention group using an inde-
pendent t-test. Differences between occasions and be-
tween intervention and control group were investigated
using multi-level linear models, adjusting for age, sex
and repeated measurements. This procedure allowed for
the inclusion of patients measured on at least two occa-
sions (at baseline, one or 6 months post inpatient re-
habilitation). The tests were performed at a significance
level of a=0.05. All statistical analyses were performed
using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). We
used PROC MIXED in SAS, which can handle unbal-
anced data and included only patients with at least 2 ob-
servations (baseline plus any follow-up examination).

Results

Sixteen patients that signed a written informed consent
at baseline dropped out of the study until the one month
follow-up due to medical reasons (such as implant loos-
ening, infections, or wound healing disorders) or with-
drawal of participation (Fig. 1). Consequently, 26
patients in the control group and 23 patients in the
intervention group who had at least two measurement
occasions were available for statistical analysis. In an-
thropometric data, no differences existed between the
intervention group and the control group (Table 1).
With respect to the outcome data, no significant differ-
ences were observed between the intervention and the
control group, neither in physical activity, nor in clinical
outcome or well-being, at any time. On average, the
control group and the intervention group patients wore
the SAM for 4.2 and 4.4 days respectively, with a mini-
mum of 13 h/day during the initial days of inpatient re-
habilitation. At one and 6 months after inpatient
rehabilitation, the control group achieved an average of
59 and 6.8 valid days, respectively, while the
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n=65
. Meeting inclusion criteria
. Signed informed consent

Pseudo-randomisation

Allocated to intervention group (n=28)
. Baseline measurement
. Received intervention

Allocated to control group (n=37)
* Baseline measurement

Lost to 1 month follow-up (n=5)
*  Withdrawal of consent
¢ Implant loosening

Lost to 1 month follow-up (n=11)
*  Withdrawal of consent
*  Wound healing disorders
¢ Comorbidities

Lost to 6 month follow-up (n=4)
. Withdrawal of consent

Lost to 6 month follow-up (n=6)
* Withdrawal of consent

At least two measurements: n=23
All (3) measurement: n=18

At least two measurements: n=26
All (3) measurements: n=20

Fig. 1 Patient flow chart

intervention group reached 6.9 and 7.0 valid days for the
respective time points. The control group increased their
PA from 9519 steps/day at onset to 10,921 steps/day
6 months after rehabilitation, and the intervention group
from 9513 to 11,326 steps/day over the same period
(Fig. 2). The average duration of inactive bouts while
wearing the device decreased from 13.3 min at baseline
to 10.7 min at 6 months post rehabilitation in the con-
trol group, and from 14.8 to 12.8 min in the intervention

group. Both groups accumulated more minutes with ac-
tive walking (>60 steps/minute) during inpatient re-
habilitation (CG =66.6 and IG = 64.5 min), compared to
1 month (CG=35.6 and IG =40.3 min) and 6 months
(CG=49.6 and 1G =50.7) after rehabilitation. Further
details of PA parameters are given in Table 2.

The clinical outcome, measured using the Oxford
Score, increased significantly in both groups from base-
line to 6 months post rehabilitation. Furthermore, both

Table 1 Anthropometric data of control and intervention group at baseline. Data are given as mean values (95% confidence
interval). IR = inpatient rehabilitation; convalescence = days between surgery and inpatient rehabilitation. Only patients considered

for analysis (=at least two observations) are included

Control group (n = 26) Intervention group (n =23) p

Age (years) 69.9 (67.3, 72.5) 70.7 (68.0, 73.5) 061
Height (cm) 170.0 (1663, 173.6) 1716 (166.8, 176.4) 0.66
Weight (kg) 81.1 (76.0, 86.2) 82.2 (74.2,90.2) 0.18
BMI 27.1 (24.1,30.1) 27.5(25.7,293) 0.34
Hip replacements (n, %) 18 (69.2) 16 (69.6)

Females (n, %) 14 (53.8) 12 (52.2)

Convalescence (days) 123 (109, 13.7) 140 (109, 17.0) 0.09
Duration IR (days) 19.2 (186, 19.8) 19.9 (193, 20.5) 0.272
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Table 2 Physical activity parameters for the control (CG) and intervention group (IG). Data are given as mean values (95%

confidence interval).! = p < 0.05 compared to 1 m post rehabilitation,

©=p <005 compared to onset inpatient rehabilitation

Onset inpatient rehabilitation

1 month post rehabilitation

6 month post rehabilitation

CG (n=26) IG (n=23) CG (n=26) IG (n=23) CG (n=20) IG (n=18)
Steps/day 9519 (8737, 9513 (8692, 9019 (7812 9280 (7972, 10,921 (9571, 11,326 (9862,
10,301) 10,335) 10,226) 10,588) 12,271)! 12,791)!
Active minutes 295.1 (2729, 2942 (2710, 3386 (3047, 3288 (292.1, 363.3 (328.1,398.5)° 3764 (3383, 4146)"
(>0 steps/min) 317.2) 317.5) 3724)° 365.5) ©

Active minutes
(> 60 steps/min)

Mean step frequency
(> 60 steps/min)

#min with 1-20
steps/min

#min with 21-40
steps/min

#min with 41-60
steps/min

#min with 61-80
steps/min

#min with 81-100
steps/min

#min with > 100
steps/min

Mean duration of
inactive bouts (min)

Max. duration of
inactive bouts (min)

Total inactive time
9am -6 pm)

66.6 (59.2, 74.1)

40.2 (39.1, 41.4)
1477 (1318,
163.6)

519 (46.1, 57.8)

31.9 (282, 35.6)

383 (318, 447)

18.0 (12.7, 23.2)

6.6 (4.2,89)

133 (11.0, 15.7)

131.8 (108.0,

155.6)

3805 (364.0,
397.1)

Max. mean gait frequency 60.0 (55.7, 64.2)

for 5 min

Max. mean gait frequency 57.2 (52.6, 61.7)

for 10 min

64.5 (56.7, 72.3)
409 (39.7, 42.1)
147.7 (131.0,
164.4)

52.7 (46.6, 58.8)
324 (285, 36.3)
343 (27.6,41.1)
196 (14.1, 25.1)
76 (5.1,10.0)
148 (12.3,174)
1344 (109.1,

159.7)

3930 (3753,
410.6)

588 (54.3, 63.3)

56.0 (51.2, 60.8)

356 (275, 436)°
404 (388, 42.0)
171.7 (1545,
188.9)

894 (79.7,99.1)°
435 (36.2, 50.8)°
168 (13.0, 206)°
101 (63, 13.8)
6.0 (32, 89)

133 (110, 15.7)
1246 (1043,

144.9)

371.0 (3528,
389.3)

50.7 (46.8, 54.5)°

45.7 (41.1, 50.3)°

403 (316, 49.0)°
405 (388, 42.2)
162.5 (1438,
1812)

84.7 (74.2, 95.2)°
42.7 (349, 50.8)
187 (146, 22.9)°
122 (81,162)
6.7 (36, 9.8)

136 (1.1, 16.1)
117.0 (955, 1386)
383.0 (3635,
402.5)

54.0 (499, 58.1)

504 (45.6, 55.3)

496 (396, 59.6)" ©
414 (397, 43.1)
1704 (1562, 184.7)
97.9 (87.0, 108.9)°
50.2 (40.9, 59.6)°
229 (17.4, 285)°
134 (97,17.1)

99 (5.9, 14.0)

107 (82, 13.2)
101.0 (815, 1204)
3512 (3285, 3739)
564 (52.9, 60.0)

51.8 (476, 55.9)

50.7 (39.8, 61.5)

405 (387, 424)
1734 (157.9, 188.9)°
1012 (894, 113.1)"
569 (467, 67.0)" ©
256 (196, 31.7)

136 (96, 17.6)

76 (33,120)

128 (10.1, 154)
106.0 (855, 126.6)
3390 G151, 3630)"
563 (52.9, 59.9)

525 (476, 559)

Table 3 Clinical outcome (Oxford score) and well-being (SF-36) for the control (CG) and intervention group (IG). Data are given as
mean values (95% confidence interval). PCS = physical component score; MCS = mental component score; PF = subscale physical

functioning; PR = subscale for role limitations due to physical health; Pain = subscale pain; GRC = global rating of change. ' =p < 0.05
compared to 1 m post rehabilitation, © = p < 0.05 compared to onset inpatient rehabilitation
Onset inpatient rehabilitation 1 month post rehabilitation 6 month post rehabilitation
CG (n=26) IG (n=23) CG (h=26) IG (n=23) CG (h=20) IG (h=18)
Clinical outcome 538(47.8,598) 514 (450,578) 660 (581,739 706 (623,789)° 755 (663, 84.7)° 718 (62.1,81.6)°
Well-being Overall 50.3 (433,57.3) 54.2 (46.8, 61.6) 1(56.2, 72.1)° 66.9 (586, 75.3) 74.7 (67.6,819)" © 72.1 (645, 79.7)°
PCS 37.5(31.3,43.8) 39.8 (33.2, 46.5) 57.2 (489, 65.6)° 586 (49.8, 67.4)° 1.1 (62.0,802)" © 65.8 (56.2, 75.4)°
MCS 63.2 (53.8,726) 68.5 (585, 78.5) 68.7 (59.6, 77.8) 75.1 (65.3, 84.9) 77.1 (69.7, 84.4) 783 (704, 86.1)
PF 354 (27.6,432) 31.6 (234, 39.9) 58.3 (49.9, 66.8)° 629 (540, 71.8)° 742 (64.7,837)" © 67.8 (57.8, 77.8)°
PR 234 (10.1, 36.8) 31.8 (17.6, 46.0) 39.2 (233, 55.1) 405 (23.9,57.2) 64.1 (46.2, 82.1)° 59.6 (40.7, 78.6)
Pain 250(183,317) 303 (233,374)  640(539,740° 649 (544,755°  77.1(679,862)"° 740 (643, 836)°
GRC 49 (42,55) 49 (42,56) 58 (54,63)° 59 (54,64)° 62 (58,66) ° 62 (58,66) ©
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groups showed superior clinical outcome 6 months post
rehabilitation compared to 1 month post rehabilitation
(Table 3). Regarding patients’ well-being reported using
the SF-36, most scores improved significantly from base-
line to 6 months post rehabilitation. For both clinical
score and well-being, no significant differences were ob-
served between the control group and the intervention
group at any time (Fig. 2, Table 3). Similarly, in both pa-
tient groups satisfaction with their global improvements
increased significantly 1 month after rehabilitation, but
not from 1 to 6 months post rehabilitation (Table 3).

Discussion

The aim of the present study was to evaluate an individ-
ualized physical activity counselling intervention during
inpatient rehabilitation in patients having undergone pri-
mary knee or hip arthroplasty. Six months post rehabili-
tation, no differences were observed between the control
group and the intervention group in any measure of PA,
clinical outcome or well-being.

The intervention group as well as the control group of
our study showed a fairly high activity level with respect
to the number of steps per day, for example compared
to observations made by Tsonga et al, who reported
3518 + 1835 steps/day for Greek elderly women treated
for knee arthroplasty. However, the population investi-
gated by Tsonga et al. included several patients with
contralateral pain and/or treatments, a higher BMI and
less well-being 6 months after treatment, as demon-
strated by an overall SF-36 score of 62.4 +2.7, a PCS of
56.7+2.9 and a MCS of 68.1 +£15.3 [8]. Knee and hip
patients, investigated by Harding et al., showed statisti-
cally and clinically significant improvements in the Ox-
ford Score and well-being 6 months postoperatively
compared to the baseline values before surgery. In con-
trast to our study findings, these patients did not im-
prove their PA, measured by accelerometry [9]. Notably,
the study by Harding et al. included patients with a
higher BMI compared to our patients and 2.6 comorbid-
ities on average. On the other hand, in another study
conducted in a south-eastern region of Germany involv-
ing knee patients with a slightly higher BMI compared
to our sample, Liitzner et al. reported a significant im-
provement in daily steps from preoperative to 1 year
after knee arthroplasty to 6473 + 3654, suggesting that a
higher BMI does not prohibit an increase in daily PA
after rehabilitation [12]. Our own findings from a previ-
ous study including knee patients from a southern re-
gion in Germany revealed an average of 10,992 + 3938
steps per day, and scores in well-being very similar to
the current study (e. g. SF-36 overall score: 76.6 + 16.2)
[13]. Consequently, we assume that in the recent study
we included a rather active population of knee and hip
patients with a relatively low BMI and less comorbidities
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compared to other knee patient populations. We there-
fore presume that adoption to a physical activity inter-
vention in these patients would be less than in knee and
hip patients with a considerably lower activity. However,
the PA of our patients was remarkably lower compared
to the count of ~ 13,300 steps per day observed in
healthy control groups of similar age investigated in two
other studies from Germany [12, 14]. Thus, the patients
in our study ambulated less than their healthy peers at
6 months post operatively, implying that they might po-
tentially benefit from PA interventions to achieve equity
with their peers.

We did not observe any effects of the individualized ac-
tivity counselling during inpatient rehabilitation in the
intervention group. Although patients were satisfied with
talking to the counsellor every 3 days and reflecting and
discussing their PA, they were not able to systematically in-
crease their daily PA. The daily PA measured during the in-
patient rehabilitation showed rather random movement
patterns, with a large day-to-day variability (data not
shown). Therefore, we assume that the patients were not
able to focus on their daily PA due to the rehabilitation pro-
gram demands. Although patients agreed to aim for reach-
ing 5% more steps than performed in the previous days,
they often reported a need to recover from the standard re-
habilitation program before they could start on their PA
aims. This response is understandable as it is known that
lack of energy is a common barrier to undertaking physical
activity [26, 27]. Thus, we conclude that the PA counselling
had no impact on objectively measured PA.

The decline in PA in contrast to an increase in clinical
outcome and well-being from presurgery status to 1 to
3 months after rehabilitation, followed by a further in-
crease in PA, clinical outcome and well-being from 3 to
6 months after rehabilitation has been observed in previ-
ous studies [8, 13]. However, in our study the baseline
PA values do not represent presurgery status. Instead,
the number of steps taken was influenced by the sched-
ules and the program of the inpatient rehabilitation and
does not represent habitual daily steps. Nevertheless,
both the control group as well as the intervention group
ambulated less when they returned home, compared to
during the inpatient rehabilitation. We assume that after
joint arthroplasty patients have to rearrange their daily
life when returning home, and that this time is charac-
terized by less continuous activity as reflected by the ac-
tive minutes with a minimum step count of 60 steps per
minute. Instead, patients show non-continuous walking
patters as reflected by the active minutes without a mini-
mum step count per minute. But 6 months after re-
habilitation, patients were able to increase their overall
daily PA. Both groups reduced the duration of inactive
bouts and instead accumulated more active minutes as
detected by the SAM. These active minutes are
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distributed well over the entire spectrum of walking fre-
quency, but were pronounced in the moderate walking
frequencies from 21 to 100 steps/min. However, the pa-
tients did not achieve the PA level of their healthy peers
even 6 months after rehabilitation.

The clinical outcome and well-being significantly im-
proved from the onset of inpatient rehabilitation until
the 6 months follow up. Interestingly, the control group
showed lower values 1 month after rehabilitation, but
exceeded the clinical outcome and well-being of the
intervention group 6 months after rehabilitation, except
for the mental component score.

Some limitations concerning our study have to be ad-
dressed. Unfortunately, we lost 16 patients after success-
ful baseline measurement. The remaining number of 49
patients included in our study might not have enough
power to disclose any significant differences between the
control and intervention group and between hip and
knee patients. There was an additional medical reason
why we chose the step activity monitor as the interven-
tion tool, and not providing continuous feedback to the
patients. Our intention was to avoid overexertion in-
duced by a lower step count as well as inter-individual
comparisons between patients. We are aware that this
approach is rather conservative, and we hypothesize
that, at least in some patients, a pedometer with con-
tinuous feedback would have increased their PA.

The fact that we did not have presurgery data for our
patients limits our findings. The rehabilitation centre of
Oldenburg, where the intervention took place, receives
patients from a catchment area covering a large propor-
tion of Northwest Germany. Furthermore, as most pa-
tients in Germany can choose the rehabilitation centre
they want to go to, it is not possible to get prior infor-
mation on which patients would chose the Oldenburg
Centre for inpatient rehabilitation. Thus, we could not
relate the physical activity of the patients included in
our study to their pre-surgical physical activity. More-
over, our inclusion criteria led to a rather fit sample of
knee patients. Consequently, our findings should be
transferred to other patient populations, e. g. with severe
comorbidities or higher BMI, with caution. Potentially,
adoptions of PA interventions are expected to be higher
when baseline PA level is lower. Therefore, we recom-
mend that our study be repeated in different patient
populations. We were also not able to measure daily PA
during inpatient rehabilitation in the control groups,
thus we have no information on whether the counselling
in the intervention group altered PA during inpatient
rehabilitation.

In this study, we utilized a step activity monitor
blinded to the patients as it does not show the recorded
number of steps to the patient. On the one hand, this
limits the possibilities of the patients to check if they
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have reached the intended number of steps. On the
other hand, patients were not able to compare their daily
step counts with each other, reducing their chances of
challenging each other to perform more steps. This
could potentially lead to excessive demands or overloads
being made on the joint treated.

Conclusions

The results of this study indicate that physical activity
counselling, based on the daily number of steps during
inpatient rehabilitation, does not lead to better outcomes
after discharge. Consequently, we suggest that interven-
tions aiming to improve daily PA should not be imple-
mented during inpatient treatment in addition to the
standard rehabilitation program because the physical
capacities of knee and hip patients are fully claimed by
the rehabilitation program. Due to the difference in PA
between patients and their healthy peers, we recommend
that the implementation of PA counselling during the
period following inpatient rehabilitation, when patients
resume their daily life at home, be further examined.
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