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Abstract Limitation in daily physical activity is one of
the reasons for total hip arthroplasty (THA) or total knee
arthroplasty (TKA). However, studies of the effects of
THA or TKA generally do not determine actual daily
activity as part of physical functioning. We determined the
effect of THA or TKA on patients’ actual physical activity
and body function (pain, stiffness), capacity to perform
tasks, and self-reported physical functioning. We also
assessed whether there are differences in the effect of the
surgery between patients undergoing THA or TKA and
whether the improvements vary between these different
outcome measures. We recruited patients with long-
standing end-stage osteoarthritis of the hip or knee await-
ing THA or TKA. Measurements were performed before
surgery and 3 and 6 months after surgery. Actual physical
activity improved by 0.7%. Patients’ body function,
capacity, and self-reported physical functioning also
improved. The effects of the surgery on these aspects of
physical functioning were similar for THA and TKA. The
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effect on actual physical activity (8%) was smaller than
on body function (80%—167%), capacity (19%—-36%), and
self-reported physical functioning (87%—112%). Therefore,
in contrast to the large effect on pain and stiffness, patients’
capacity, and their self-reported physical functioning, the
improvement in actual physical activity of our patients was
less than expected 6 months after surgery.

Level of Evidence: Level I, prospective study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Limitation in daily physical activity is one of the reasons
for THA or TKA. However, some studies of the effects of
THA or TKA do not include actual daily physical activity
as an outcome. Two studies on other diseases suggest no or
only weak relationships among actual physical activity,
patients’ capacity, and self-reported physical functioning
[13, 37]. This means actual physical activity is a distinct
aspect of physical functioning. There is no doubt THA and
TKA effectively alleviate pain and improve function for
patients, but whether that translates into more actual
physical activity is unclear.

We hypothesized that patients’ actual physical activity,
body function, capacity, and self-reported physical func-
tioning would be markedly different after THA or TKA.
We therefore specifically sought to determine the effect of
THA or TKA 3 and 6 months after surgery on patients’ (1)
actual physical activity as measured with an activity
monitor (primary research question); and (2) body function
as measured by the WOMAC subscales pain and function,
patients’ capacity measured by the 6-MWT, a rising from
chair test and a stair walk test, and self-reported physical
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functioning measured by the WOMAC function subscale,
SF-36 function subscale, and the Physical Activity Scale
for Individuals with Physical Disabilities (PASIPD). We
also assessed whether (3) the effects of surgery differ
between patients undergoing THA or TKA in actual
physical activity, body function, capacity, and self-reported
physical functioning; and (4) the improvements vary
among these different outcome measures.

Materials and Methods

We recruited and prospectively followed 84 patients with
end-stage osteoarthritis (OA) of the hip or knee awaiting
THA or TKA. All patients had long-standing end-stage OA
of the hip or knee refractory to nonoperative treatment and
were scheduled for THA or TKA between April 2004 and
May 2006. All data were collected before surgery (t0),
3 months postsurgery (t3), and 6 months postsurgery (t6).
We excluded patients (1) older than 80 years (n = 15); (2)
who were wheelchair-bound or not living independently
(n = 2); (3) with comorbidities other than OA that could
affect the level of actual physical activity (n = 14); this
was determined by questions about general health and the
presence and/or absence of diseases; (4) living more than
1.5 hours away from the medical center (n = 10); (5) with
insufficient command of the Dutch language (spoken or
written) (n = 4); (6) with OA in the contralateral hip or
knee requiring surgery within 6 months (n = 11); (7) not
willing to sign informed consent (n = 1); and (8) who were
questioned whether they would be available for followup
measurements (n = 3). Among the 84 patients recruited,
four with inadequate followup data (3-month and/or 6-
month data missing) were excluded, leaving 80 for the
study (Table 1). With a power of 80% and a significance
level of 0.05, 72 subjects would be needed to show a

Table 1. Preoperative characteristics

minimum clinically relevant improvement of 10% in the
primary outcome parameter, movement-related activity,
between baseline and 6 months after treatment. The mean
age of the patients with OA was 61.8 years (standard
deviation, 11.2). The Medical Ethics Committee of the
Erasmus Medical Center approved the study and all
patients signed informed consent.

During their initial visit to the outpatient clinic before
surgery, we approached all patients and informed them
about the study. All received verbal and written informa-
tion about the study and could indicate whether they
wanted to participate or they could decide later after
examining the written information. As noted, the inclusions
and exclusions left us with 80 patients.

We collected data during the checkup before surgery.
The mean duration from the checkup until surgery was
43 days (median, 30 days). Data were collected on age,
gender, height and weight (wearing indoor clothing without
shoes), affected joint, and grade of OA. Patients with hip
OA only differed (p = 0.000) from those with knee OA
with regard to body mass index. We also obtained data on
different aspects of physical functioning, ie, patients’
actual physical activity, function, capacity, and perceived
physical functioning.

One experienced reader (JV), who was unaware of the
clinical status of the patients, graded the preoperative
radiographs of the hips and knees using the Kellgren
and Lawrence grading system in five grades (from O to 4)
[19, 20].

The Activity Monitor (AM) is based on long-term
ambulatory monitoring of signals from body-fixed accel-
erometers. From these signals, it is possible to detect a set
of movement-related activities (eg, walking, cycling), body
postures (eg, sitting and standing), and changes in body
posture (eg, sit-to-stand movement) [4-8]. We performed
measurements during 48 hours with the AM during 2

Characteristics Total OA Group (n = 80) Hip OA (n = 36) Knee OA (n = 44) p Value
Age (years) 61.8 +11.2 61.5 + 12.8 62.1 +£9.7 0.818
Gender (women; %) 58.8 63.9 54.5 0.401
Body mass index (kg/m?) 29.6 = 5.5 26.6 4.2 321 +£53 0.000
Side of surgery (left; %) 48.8 52.8 45.5 0.517

Indication for surgery (number; %)

Kellgren and Lawrence (number; %)

Primary OA: 32 (88.9)
Secondary OA: 4 (11.1)

Primary OA: 40 (90.9)
Secondary OA: 4 (9.1)

No OA : 0 (0) No OA: 0 (0)
Doubtful: 2 (5.6) Doubtful: 0 (0)
Mild: 2 (5.6) Mild: 2 (4.5)

Moderate: 10 (27.8)
Severe: 22 (61.1)

Moderate: 13 (29.5)
Severe: 29 (65.9)

Values are mean + standard deviation unless otherwise indicated; OA = osteoarthritis.
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Fig. 1 A subject wearing the activity monitor with accelerometers at
the thighs and trunk is shown.

consecutive weekdays (from Monday to Wednesday or
from Wednesday to Friday). To avoid bias, the principles
of the AM were explained to the participants only after the
measurements were made. All participants agreed with this
procedure. Validity studies show the AM is valid to
quantify movement-related activities and body postures [4,
6, 36]. The AM is described in more detail elsewhere [6].
In short, three accelerometers were used in the following
configurations: one sensor on the sternum and one sensor
on each thigh (standard configuration) (Fig. 1). Data from
the AM measurement were calculated per day (24-hour
period) and averaged over the 2 measurement days. The
level of actual physical activity was expressed as the per-
centage activity during a 24-hour period.

The WOMAC consists of three dimensions: pain (five
items), stiffness (two items), and physical functioning (17
items) [3]. The 5-point Likert version of the WOMAC was
used. The WOMAC is reliable and responsive and vali-
dated in Dutch [31]. In this domain, the pain and stiffness
subscales were used.

The 6-minute-walk test was performed to quantify
walking ability. It is a valid and inexpensive clinical tool
that involves recording the distance participants cover
while walking indoors at their own speed for 6 minutes [9,
15]. It has good test-retest reliability and has been used to

measure the effectiveness of interventions in populations
with hip or knee OA [16, 24, 25, 28, 30].

To investigate stairclimbing, the time required to ascend
five steps, turn around, and descend five steps was used.
This stairclimbing task has good test-retest reliability [29].

Various methods have been used to determine how well
older adults can rise from a chair [14, 18, 26, 32, 34]. We
asked patients to complete five repetitive sit-to-stand
movements as quickly as possible without using their arms,
if possible. The score was the time needed to perform the
test. The sit-to-stand test has been used for people with
arthritis and is a valid test [27].

The PASIPD evaluates the physical activity and is a
modification of the Physical Activity Scale for the Elderly.
The questionnaire requests the number of days a week and
hours daily (categories) of participation in recreational,
household, and occupational activities during the past
7 days [40]. Washburn et al. [40] reported supportive
results for construct validity and Van der Ploeg et al. [38]
concluded the criterion validity is comparable to well-
established self-report physical activity questionnaires
from the general population. The test-retest reliability
Spearman correlation of the PASIPD was 0.77 [38].

We recorded the physical function subscales of the SF-
36 [1, 39] and WOMAC [3]. The SF-36 is a generic health
status questionnaire and is widely used, reliable, and vali-
dated in Dutch [1, 39]. Function of the hip or knee also was
assessed by the Harris hip score [33] and the Knee Society
clinical rating scale [17], which are instruments used
worldwide to assess patients undergoing total joint
arthroplasty of the hip or knee.

Surgery was performed in a clean air operating room
equipped with vertical laminar airflow, and the team used
body exhaust systems. For THA, a posterolateral approach
was performed with posterior capsular repair. For THA, a
central skin and medial capsular incision was used. All
patients had second-generation cephalosporin at induction
of anesthesia followed by two additional doses. For the first
24 hours postoperatively, prophylactically, low-molecular-
weight heparin was administered for deep vein thrombosis
during the patients’ in-hospital stays. This was continued
after discharge for 6 weeks. For TKA, numerous
procedures were performed using computer navigation
(Brainlab, Feldkirchen, Germany).

Patients underwent routine postoperative rehabilitation.
They were mobilized early with full weightbearing as
tolerated. After surgery, all patients received physical
therapy as long as deemed necessary. In the majority of
patients, physical therapy was limited to the first 6 weeks
postoperatively.

We first established whether the variables had a normal
distribution using the normality Kolmogorov-Smirnov test.
We computed either means and standard deviations or

@ Springer



2204  Groot et al.

Clinical Orthopaedics and Related Research

median and range based on the findings of the normality
test. The differences between preoperative and postopera-
tive measurements were evaluated by the dependent t-test
(when the variables were normally distributed) or by the
Wilcoxon test (when the variables were not normally dis-
tributed). Analysis was performed using SPSS 10.1 for
Windows (SPSS Inc, Chicago, IL).

Results

For the total patient group, the mean percentage of
movement-related activity was 0.7% higher (p = 0.03)
6 months after surgery compared with preoperatively
(Table 2). This is an improvement from 121 minutes pre-
operatively to 131 minutes 6 months after surgery.
Patients with THA or TKA had more (p = 0.01) sit-to-
stand movements 6 months postsurgery compared with
before surgery.

Compared with before surgery, there was a reduction
in pain (p < 0.001) and stiffness (p < 0.001), and an
improvement (p < 0.001) in the 6-minute—walk distance at
t3 and t6 (Table 3). Patients needed less time to perform
stair walking and rising from a chair 3 and 6 months after
surgery, and patients also reported their physical func-
tioning and actual physical activity (subjective) as
improved. Similar data were found for the two subgroups.
Between t0 and t3, the effect of pain and stiffness was
greater (p = 0.04) for patients undergoing THA. Com-
pared with before surgery, the changes at t3 and t6 on
rising from a chair and self-reported physical functioning
(WOMAC) were greater (p = 0.03 and p = 0.03) for
patients undergoing THA than for patients undergoing
TKA.

Three and 6 months after surgery, there were no
improvements in any of the parameters of the AM com-
pared with before surgery in the THA and TKA groups.
Also, there were no differences in the changes between the
two groups.

The changes in actual physical activity between the data
before surgery and followup data are smaller than the
changes in the other three aspects of physical functioning
among these measurements (patients’ function, capacity,
and self-reported physical functioning) (Fig. 2).

Discussion

Limitation in daily physical activity is one of the reasons
for THA or TKA. However, some studies on the outcomes
after THA or TKA do not determine actual daily activity as
part of physical functioning. Based on the literature, we
hypothesized patients’ actual physical activity, body
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Table 2. Actual everyday physical activity (objective) before surgery (t0) and 3 months (t3) and 6 months (t6) after surgery

p Value

Knee group

Hip group

Variables of physical activity Total group

delta scores
3 — t0/

t6 — t0

t6 (n = 42)

{3 (n = 41)

10 (n = 44)

t6 (n = 35)

t3 (n = 36)

{0 (n = 36)

t6 (n = 77)

3 (n = 77)

{0 (n = 80)

9.1 £4.0 9.1+39 8.7+ 4.0 9.1 £39 92 +£37 8.1 +3.8 9.0 £ 4.1 9.1 £4.0 0.67/0.48

8.4 + 3.9

Movement-related activity

(0.06)
6.4 £+ 3.0

(0.18)
6.0 £29

(0.26)
69 £+ 28

0.22)
6.8 + 3.0

(0.03)
6.6 £29

(0.07)
6.4+ 3.0

(percent of 24 hours)

6.3 £ 3.0 59+27 0.28/0.90

6.1 £28

Walking (percent of

0.21)
19.8 + 6.1

(0.06) 0.12) (0.16) 0.91)
205+ 64  214+63 187 +58

205+ 6.2

0.41)
19.5 £ 6.1

24 hours)
Upright (percent of

0.74/0.99

19.1 £79

20.7 £ 59

19.8 £ 7.1

(0.53)
51.0 £ 15.7

(0.35) (0.86) (0.49) (0.58)
559+ 152 584 +19.2 48.7 + 14.6

544 + 177

(0.57)
52.1 + 1522

24 hours)
STS movements

0.98/0.86

46.2 £+ 13.7

53.7 £ 13.8

49.6 £ 14.1

(0.06)

0.28)

(0.08)
0.142 + 0.026 0.144 + 0.030 0.145 + 0.027 0.145 £ 0.029 0.150 + 0.034 0.149 + 0.022 0.139 & 0.023 0.140 & 0.027 0.141 £ 0.030 0.25/0.33

(0.40)

(< 0.01)

(0.18)

(number per 24 hours)

Motility during

(0.69)

0.77)

(0.08)

0.22)

(0.15)

(0.49)

walking (g)

Values are mean =+ standard deviation; movement-related activity (primary outcome) includes walking, cycling, and general movement; upright comprises standing and walking; STS

movements = sit-to-stand movements, motility during walking represents walking speed (1 g = 9.81 m/s?); p value delta scores, significance for differences in changes between THA and

TKA groups in parameters from t3 to t0 and t6 to t0.
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Fig. 2 A comparison of proportion of actual physical activity,
function, capacity, and perceived physical functioning before (t0)
and after surgery (t3 and t6) is shown. AM = Activity Monitor;
6MWT = 6-minute-walk test; PF = physical functioning; PA-
SIPD = Physical Activity Scale for individuals with physical
disabilities.

function, capacity, and perceived physical functioning
would be markedly different after THA or TKA. We
therefore determined the effect of THA or TKA on
patients’ (1) actual physical activity (primary research
question); (2) body function (pain, stiffness, and muscle
strength), capacity to perform tasks, and self-reported
physical functioning. We also assessed whether (3) there
are substantial differences in effect of surgery between
patients having THA or TKA in actual physical activity,
body function, capacity, and self-reported physical func-
tioning; and (4) the improvements vary between these
different outcome measures.

This study has some limitations. First, the study group
was relatively small. In the total patient group, there were
differences on all outcome measurements among the three
measurement times. For the subgroups, however, we
observed no differences in AM outcome parameters. This
suggests the study could be underpowered. A larger sub-
group population probably would have shown differences
between the measurement moments; however, we question
whether these differences would be clinically relevant. We
therefore believe that our conclusions would not change.
Second, the followup may be too short to show relevant
changes in actual activity level of the patients. However,
most of the changes in physical functioning occur within
6 months [11, 35]. Kennedy et al. reported greatest
improvements during the first 12 weeks after TKA and
that slower improvements continued to occur from 12 to
26 weeks [21]. We believe after 26 weeks, some
improvement may occur, but we believe only a limited
improvement of physical functioning may be expected
after the first 6 months. Future research should examine the
long-term impact of THA or TKA on actual physical
activity. Third, the THA and TKA groups differed
regarding body mass index. Although we did not examine
which factors in addition to type of surgery (hip or knee)

@ Springer

influence the effect of the surgery, we realize body mass
index may be an influence. Other factors that may influence
the effect of surgery include the number of physical ther-
apy treatments, whether a patient lives alone, and whether a
patient uses pain medication. We did not register these
factors, because the aim of our study was not to describe
the determinants of recovery. Fourth, it has been suggested
at least 4 days of activity monitoring are needed to char-
acterize an individual’s habitual activity pattern. However,
we are convinced 48 hours sampling is adequate for
comparison at the group level. Finally, some subjects
reported the AM was not comfortable to wear during daily
activities or during the night. Because this discomfort
probably was experienced before and after surgery, we
believe this did not influence the conclusions of this study.

When comparing the actual physical activity before
and after treatment in the total group, the percentage of
movement-related activities and the number of sit-to-stand
movements improved 6 months after surgery. The per-
centage of movement-related activities increased by 0.7%
and the number of sit-to-stand movements by 9.7%. The
changes we found suggest 6 months after surgery, the
activity level had not approached that of healthy subjects,
who are approximately 11% active per day [10]. Therefore,
the influence of surgery on the objectively measured actual
physical activity level was less than expected. However,
the percentage of patients’ self-reported improvement in
actual physical activity measured by the PASIPD increased
by 86%. Therefore, there seems to be a discrepancy
between self-reported actual physical activity and the
objectively measured actual physical activity. It is possible
many patients had OA for numerous years and had adapted
their lifestyle to the limitations caused by the disease. It
may take longer for them to readjust to a better functioning
joint and to adopt a more active lifestyle. The 6-month
followup may be too short to adequately show clinically
relevant changes in the patients’ actual activity level.
However, it may be questioned whether patients would
change their lifestyle spontaneously 6 months after sur-
gery, when most rehabilitation programs have stopped.
Another reason for the relatively minor changes in the
actual physical activity level before and after surgery may
be the actual physical activity level before the surgery. De
Groot et al. [10] reported many patients with end-stage
OA of the hip or knee maintain a relatively high activity
level before surgery, despite pain and limitations, so less
extreme changes after surgery are expected. Because
patients reported many limitations in their capacity and
physical functioning before surgery, it is not surprising
they reported greater changes after surgery for these
aspects of physical functioning.

Our findings regarding the patients’ body function,
capacity, and self-reported physical functioning are in line
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with those of other studies [2, 12, 21, 22]. Considerable
pain reduction has been reported by others [2, 12]. An
increase in the 6-minute—walk distance, improvement in
stairclimbing, and better reported physical functioning
have been reported [2, 12].

The type of surgery did not influence actual physical
activity, but the effect was present in the other aspects of
physical functioning. It has been reported that the effect of
THA on pain and physical functioning is greater than the
effect of TKA [2, 23]. Patients undergoing THA experi-
enced a larger reduction in pain and stiffness than patients
undergoing TKA 3 months after surgery; however, this
difference was no longer was present 6 months after sur-
gery. The improved performance in the rising-from-a-chair
capacity test and perceived improvement in physical func-
tioning (WOMAC PF) were greater for patients undergoing
THA than for patients undergoing TKA 6 months after
surgery. However, no such difference was observed in
actual physical activity 6 months after surgery. The impact
of TKA on actual activity is the same as that of THA.

Our data suggest the effect of THA or TKA on actual
activity was not only small, but even smaller than the effect
on function, capacity, and perceived limitations. The
patients did not adopt a more active lifestyle despite
improved function, capacity, and self-reported physical
functioning 6 months after surgery. After surgery, patients’
capacity during performance tests improved, whereas their
activity level remained constant. It is possible that before
surgery, there is a discrepancy between patients’ capacity
and their actual physical activity; patients’ capacity is
lower than or close to their actual physical activity, which
may be related to overload such as pain, fatigue, etc. After
surgery, because of increased capacity, the discrepancy
between capacity and actual physical activity becomes
smaller. The patients perform their actual activity after
surgery with less pain and less perceived limitations than
before. Perhaps the patients are satisfied knowing they can
do more if they want to without having to perform the
actual activity. For patients with Guillain-Barré syndrome,
similar results were found, although the evaluated inter-
vention was a training program instead of surgery; patients’
capacity and perceived physical functioning improved but
did not lead to a more active lifestyle [13]. Garssen et al.
[13] also suggested raising the level of daily physical
activity was not the initial adaptation strategy for these
patients, and this also may apply to our study population.
Decreasing pain and discomfort may be more important for
them than increasing their actual physical activity, which
they kept at a relatively high level before surgery. Overall,
our study shows that improvements in physical functioning
vary from aspect to aspect. Clinicians should be aware that
postoperative evaluation of effect is dependent on which
aspect is being measured.

We found that the effects of THA or TKA on patients’
function, capacity, and self-reported physical functioning
were larger than the effect on patients’ actual physical
activity. Patients did not adopt a more active lifestyle
6 months after surgery despite improvements in other
aspects of physical functioning. When assessing the impact
of THA or TKA, physicians bear this in mind and consider
which aspect of physical functioning patients and they are
most interested in achieving.
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