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Abstract

patients, with a particular view on gender differences.

(r=10.00).

Background: The need for valid and reproducible questionnaires to routinely assess the physical activity level of
patients after total knee arthroplasty (TKA) is of particular concern in clinical settings. Aims of this study were to
evaluate the validity and reproducibility of the physical activity scale for the elderly (PASE) questionnaire in TKA

Methods: A total of 50 elderly patients (25 women and 25 men aged 70 + 6 years) following primary unilateral TKA
were recruited. The reproducibility was evaluated by administering the PASE questionnaire during two occasions
separated by 7 days. The construct (criterion) validity was investigated by comparing the physical activity level
reported by patients in the PASE questionnaire to that measured by accelerometry. Reproducibility was evaluated
using intraclass correlation coefficients (ICCs;) for reliability and standard error of measurement (SEM) and smallest
detectable change (SDC) for agreement, while validity was investigated with Pearson correlation coefficients.

Results: Reliability of the PASE total score was acceptable for men (ICC =0.77) but not for women (ICC=0.58). Its
agreement was low for both men and women, as witnessed by high SEM (32% and 35%, respectively) and SDC
(89% and 97%, respectively). Construct validity of the PASE total score was low in both men (r=0.45) and women

Conclusions: The PASE questionnaire has several validity and reproducibility shortcomings, therefore its use is not
recommended for the assessment of physical activity level in patients after TKA, particularly in women.
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Background

Knee osteoarthritis is a frequently occurring debilitating
disease which may cause joint pain, lower extremity
muscle weakness and physical dysfunction in elderly
men and women [1]. At the present time, the most ef-
fective surgical treatment for end-stage knee osteoarth-
ritis is total knee arthroplasty (TKA) as it is successful in
relieving pain and improving functional ability in ap-
proximately 80% of patients [1-4]. The number of TKA
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procedures performed in developed countries has in-
creased by over 25% in the last decade, partly due to
population aging [2,3], with about two thirds of all TKAs
performed on women [5]. As knee replacement reduces
knee pain and improves physical function [2,6], this
should allow patients to increase their physical activity
level (PAL). However, although TKA patients report im-
provements in their PAL 12 months after surgery (com-
pared to preoperative), they still do not reach the
recommended amount of physical activity [7]. On the
other hand, high levels of sport and heavy labor activities
have been mentioned as important risk factors for early
implant failure [8]. Thus, assessment of PAL using valid
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and reproducible measurement tools is of particular
concern for patients after TKA [9].

The doubly-labeled water method is considered to be
the gold standard for measuring physical activity [10].
However, its implementation is quite complex, has
considerable costs and is therefore unrealistic in a clin-
ical setting. A more popular tool to assess the PAL is
portable accelerometry, which consists of recording a
person’s body motion in free-living conditions [11].
Accelerometric systems are able to provide the dur-
ation and the intensity of physical activities, as well as
the associated energy expenditure. Therefore, they are
often used to validate physical activity questionnaires
because they measure closely-related constructs [12].
Nevertheless, the practicability of accelerometers in
routine assessment of physical activity is not usual be-
cause of their cost and the need of a technician for data
handling. Recall questionnaires are commonly used in
large-scale trials and epidemiological studies since they
are inexpensive, easy to administer, and thus more ap-
propriate than accelerometers to estimate PAL in a
clinical setting [11]. However, up to now, no question-
naire has proven to be valid and reproducible for the
assessment of the PAL in patients after TKA [13].

The physical activity scale for the elderly (PASE) is a
recall questionnaire that was specifically developed for
people aged 65 years and older. It assesses intensity,
frequency and duration of physical activities and can
be self- or interviewer-administered. The advantages
of the PASE questionnaire are that it takes a short time
to be completed, the recall time frame is short and it
especially considers low-intensity activities (light leis-
ure and household activities) which are commonly
performed by the elderly [14]. Additionally, the PASE
questionnaire has recently been recognized as a prom-
ising tool for the assessment of physical activity in
knee osteoarthritis patients [13]. The PASE total score
has been found to be moderately correlated with direct
methods for assessing PAL (doubly-labeled water and
accelerometry), but also with grip strength, static bal-
ance, knee muscle strength and 6-min walking dis-
tance in patients with knee osteoarthritis and in
healthy subjects [14-21]. However, to date, the validity
and reproducibility of the PASE questionnaire for the
assessment of physical activity in patients with TKA
has never been examined.

The main aims of this study were to evaluate the val-
idity (using accelerometer measures as criterion) and
reproducibility of the PASE questionnaire in TKA pa-
tients. A special focus was devoted to sex-related dif-
ferences because some of the above-cited validation
studies reported better correlations between PASE
total score and objectively measured PAL in men than
in women [16,17,19].

Page 2 of 8

Methods

Subjects

Because a sample size > 50 should be used to evaluate
the validity and reproducibility of physical activity ques-
tionnaires [12], a total of 50 consecutive TKA patients
(25 men and 25 women) were included in the study
(Table 1). The main inclusion criterion was primary uni-
lateral TKA implanted at the Schulthess Clinic (Zurich,
Switzerland) from April 2011 to March 2012. Specifically,
patients were evaluated between 3 and 12 months postop-
eratively, because physical function and pain have recently
been shown to attain preoperative values 3 months after
TKA surgery, but no further significant PAL improve-
ments have been reported 12 months postoperatively
[2,7]. Exclusion criteria were other artificial joints in the
lower extremities, and symptoms or signs referable to
overt cardiorespiratory, orthopedic, neurological or gen-
eral diseases that could have negatively influenced the
physical activity evaluation with questionnaires or acceler-
ometers. The study was conducted according to the
Helsinki declaration, and the protocol was approved by
the Ethics Committee of the Canton of Zurich. All the
subjects signed a written informed consent form before
participating in the study.

Study design and experimental procedures

Patients were invited to attend the laboratory on two occa-
sions, separated by 7 days. They were explicitly asked to
maintain their usual physical activity habits between the
two test sessions. Therefore, we assumed that all patients
maintained their usual PAL during this time period. During

Table 1 Characteristics and sociodemographic data of the
patients

Men Women

n 25 25
Age (yrs) 689+52 700+6.1
BMI (kg-m™) 280+38 25.7 +3.5%
Time post operation (month) 83+29 79427
WOMAC total score 953+46 949+38

WOMAC pain 963 +4.2 959+ 44

WOMAC stiffness 920+638 926+63

WOMAC function 954+55 949+ 4.1
Living situation (%)

Urban 60 32

Rural 40 68
Occupation (%)

Retired 72 84

Part time job 12 4

Full time job 16 12

BMI, Body Mass Index. WOMAC, Western Ontario and McMaster Universities
Arthritis Index. Significant difference between men and women at level *: P < 0.05.
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the first test session (hereafter referred to as test session 1),
patients were initially asked to fill in a questionnaire enquir-
ing about their sociodemographic characteristics, and the
Western Ontario and McMaster Universities Arthritis
Index (WOMAC) questionnaire. The WOMAC is a valid
and reliable questionnaire widely used for evaluating knee
pain, stiffness, and function in patients with osteoarthritis
of the knee [22]. It has 24 items, and the scores vary be-
tween 0 (worst score) and 100 (best score). Patients were
then asked to complete the PASE questionnaire. Subse-
quently, they were instructed to wear a portable acceler-
ometer as much as possible until test session 2. The
accelerometer was attached on an elastic belt and firmly
fixed on the right hip. Patients were advised to remove the
accelerometer for sleeping and during water-related activ-
ities (e.g., showering, swimming, water-gymnastic), and to
note the wearing and non-wearing time periods in a daily
log. Patients brought the accelerometer back at test session
2, and filled out the PASE questionnaire again. All patients
received the same instructions by the same interviewer, and
filled in the questionnaire together with the interviewer.
Test-retest reproducibility was investigated by compar-
ing the PASE scores obtained at test session 1 and 2.
The construct validity of the PASE questionnaire was
investigated by comparing the PASE scores at test ses-
sion 2 to the physical activity outcomes measured by
accelerometry.

PASE questionnaire

The PASE is a 12-item scale evaluating the PAL of the past
7 days in three life domains: recreational, household and
work-related activities. In the present study, the PASE was
administered through an interviewer, because this modality
has proven to be more reliable than the self-administered
one [14]. Patients were asked to rate the weekly frequency
and daily duration for each of the following recreational
activities: walking outside the home, light, moderate and
strenuous activities and muscle strengthening. Whether
household activities (light and heavy housework, home
repairs, lawn work/yard care, outdoor gardening and
caring for others) were performed was captured by an-
swering yes or no. Finally, working for pay or as a volun-
teer was assessed by recording the amount of hours per
week and the type of work performed. For each activity
a score was obtained by multiplying an activity fre-
quency value by a task-specific weight provided by the
scoring manual. The main outcomes are PASE total
score and activity and intensity PASE sub-scores. The
PASE total score, which represents the overall PAL, is
the sum of all activities together, and ranges between 0
and 400 or more. The activity sub-score for recreational,
household and work-related activities are computed by
adding the activities corresponding to each life domain
together [14]. Additionally, with an explorative intention,

Page 3 of 8

we calculated two PASE intensity sub-scores: one for low
intensity activities and one for moderate-to-high intensity
activities. We first determined, according to the physical
activity compendium [23], the average metabolic equiva-
lents of task (MET) for each item of the PASE. The classi-
fication of each single PASE questionnaire item into the
different PASE intensity sub-scores was performed by
consensus of two experienced investigators. Subsequently,
according to the age-related classification of physical ac-
tivity intensity provided by the U.S. Department of Health
and Human Services [24], we defined the threshold be-
tween low and moderate-to-high intensity activities to be
3.5 MET and 4.5 MET for patients aged over and under
65, respectively. For patients older than 65 years (n = 40),
the sum of the following items represented the low inten-
sity activity PASE sub-score: walking outside the home,
light recreational activity, light and heavy housework and
caring for others. If the type of work was mainly sitting, or
sitting and standing with some walking, the work-related
activity score was added to the low intensity activities.
Otherwise, it was added to the moderate-to-high inten-
sity PASE sub-score. The sum of the remaining items
(moderate and strenuous recreational activities, muscle
strengthening, home repairs, lawn work/yard care, out-
door gardening) represented the moderate-to-high PASE
sub-score. For patients younger than 65 years (n = 10), the
score of the items home repairs and outdoor gardening
were also included as low intensity activities.

We performed a cross-cultural adaptation of the PASE
questionnaire into German according to the guidelines of
the American Association of Orthopedic Surgeons Out-
comes Committee [25]. The questionnaire was translated
from English into German by an informed and an unin-
formed translator, who were both native German speakers.
Then the two versions were combined into one under the
supervision of a research methodologist. Two native Eng-
lish speakers, who were fluent in German, performed each
a back translation. All involved persons resolved remaining
problems and approved the final version of the German
PASE questionnaire. Thus, physical activity examples re-
ported in the single PASE items were strictly culturally
adapted in order to be familiar to the elderly people living
in Switzerland. Finally, the German version of the PASE
questionnaire was pre-tested in 15 consecutive patients
after total knee or hip arthroplasty to examine compre-
hensibility of wording and items. The final version was
then approved by the New England Research Institute
(the copyright owners of the PASE questionnaire).

Accelerometry

Physical activity was objectively monitored using the Acti-
graph GT3X + accelerometer (ActiGraph, LLC, Pensacola,
FL, USA). It is small (4.6 x 3.3 x 1.9 cm), light-weight
(19 g) and measures accelerations in magnitudes of + 6 g.
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The accelerometry-derived PAL (aPAL) is characterized
by the total number of counts, which is the vector result-
ing from accelerations in the three orthogonal axes (verti-
cal, antero-posterior and medio-lateral). In the present
study, acceleration data was sampled at 100 Hz, filtered,
digitalized and added over a user-specified time interval
(epoch) of 60 s. Accelerometer data were analyzed and
computed with ActiLife 5 software (ActiGraph software,
LLC, Pensacola, FL, USA). For each patient, a complete
data set was defined to have at least 10 h-day™" of moni-
tored wear during at least 5 days [26,27]. Nonwear periods
were defined as time intervals of at least 60 consecutive
minutes of zero counts, with an activity interruption al-
lowance of 0-100 counts-min™ lasting a maximum of 2
consecutive minutes [28]. The aPAL was calculated by
dividing the total amount of counts by the total duration
of monitored activity. The time spent per day in low
intensity activities and the time spent in moderate-to-
high intensity activities were calculated using the equa-
tion of Sasaki et al. [29] which allows converting Actigraph
GT3X + counts into MET (MET =0.000863-counts +
0.668876). The same intensity thresholds as those adopted
for PASE intensity sub-scores were used. For patients older
than 65 years, the threshold between low and moderate-to-
high intensity activity was set at 3280 counts-min™'. For pa-
tients younger than 65 years, the threshold was fixed at
4323 counts:min . Epochs with less than 150 counts-min™
were classified as inactive and therefore excluded from the
analyses [30].

Statistical analysis

Data normality was evaluated with Shapiro-Wilk tests.
Descriptive data are presented as means * standard devi-
ations (SD), while validity and reproducibility results are
presented with the corresponding 95% confidence intervals
(CI). Differences between men and women were investi-
gated with unpaired ¢ tests (two-tailed). Reproducibility of
the PASE total score was investigated using two-way mixed,
single measure intraclass correlation coefficients (ICCs;)
for reliability, percent standard error of measurements
(SEM) and smallest detectable changes (SDC=1.96 x
V2 x SEM) for agreement [31]. Reliability refers to the
ability of a measurement instrument to differentiate
among patients (despite measurement error), while
agreement refers to the precision of the measurement
instrument [31]. Acceptable reliability was set at ICC >
0.70 for a sample size of n > 50 [12]. In addition, differ-
ences between the first and second test sessions were
calculated for PASE total score, activity and intensity
sub-scores using paired t-tests (two tailed). The con-
struct (criterion) validity of the PASE questionnaire was
evaluated using Pearson’s correlation coefficients be-
tween PASE total score and aPAL. Low and moderate-
to-high intensity activity PASE sub-scores were
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correlated to the min spent in low and moderate-to-
high intensity activities, respectively. Adequate validity
was set at 7> 0.50 for a sample size of n > 50, according
to Terwee et al. [12] for examining associations between
physical activity questionnaires and accelerometry. Stat-
istical analyses were conducted with the SPSS version
20 (SPSS, Chicago, IL, USA). The significance level was
set at P < 0.05.

Results

Descriptive data of the PASE scores are presented in
Table 2. Men had a higher work-related activity PASE
sub-score at test session 1 (P < 0.01) and higher moderate-
to-high intensity activity PASE sub-scores at both
sessions compared to women (P =0.01 and P =0.02, re-
spectively). Women demonstrated a lower recreational
activity PASE sub-score at test session 2 compared to
session 1 (P =0.04).

Two patients (1 woman) were excluded from the re-
producibility analyses because they were on holiday the
week preceding the study, and this significantly altered
their physical activity habits. No significant differences
were observed for the PASE total score between the two
test sessions, in both men [-10.2% (-23.8 to 47.1)] and
women [-9.7% (-24.5 to 8.1)]. ICCs were 0.77 (0.53 to
0.89) and 0.58 (0.25 to 0.80) for men and women, re-
spectively. SEM were 32% (24 to 47%) and 35% (26 to
52%) for men and women, respectively. SDC were 89%
(67 to 130%) and 97% (72 to 144%) for men and women,
respectively.

On average, patients wore the accelerometer for a total of
6+ 1 days. There was no wearing time difference between
men and women (840 + 94 min/day and 835 + 78 min/day,
respectively, P = 0.40). The aPAL was significantly higher in
women than in men (P < 0.01), with women spending more
time in low intensity activities (P = 0.04) (Table 3).

Validity results are shown in Table 4 and Figure 1. A
moderate and significant correlation was found between
the PASE total score and aPAL for men, but not for
women. Low and non-significant correlations were found
between low and moderate-to-high intensity activity PASE
sub-scores and accelerometry-derived minutes spent in
low and moderate-to-high intensity activities, respectively.

Discussion
The PASE total score demonstrated acceptable reliability
for men but not for women and low agreement for both
men and women. When compared to accelerometry
measures, PASE total score had inadequate validity. The
total amount of physical activity, as assessed with accel-
erometry, was greater in women than in men, but this
was not confirmed by the PASE total scores.

There was no evidence of gender-related differences for
the PASE total score, but men tended to have higher scores
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Table 2 PASE descriptive data
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PASE scores

Test session 1

Test session 2

Mean + SD % Mean + SD %
Men (n = 25)
Total score 137.1 £ 598 100 1250 + 589 100
Activity sub-score
Recreational activity 40.8 £ 289 30 357+ 258 29
Household activity 73.6 £409 54 70.0 £ 36.2 56
Work-related activity 227 + 42.5%* 17 193 +£437 15
Intensity sub-score
Low intensity activity 824 + 439 60 756 £31.2 61
Moderate-to-high intensity activity 54.7 + 41.3% 40 493 + 46.1* 39
Women (n = 25)
Total score 1166 + 412 100 1121 £ 529 100
Activity sub-score
Recreational activity 49.0 + 37.1 42 359 + 231 32
Household activity 676 £ 320 58 67.6 £ 32.1 60
Work-related activity 00 + 0.0** 0 86+ 36.1 8
Intensity sub-score
Low intensity activity 87.7 +£303 75 86.6 + 47.8 77
Moderate-to-high intensity activity 289 + 294% 25 255+ 27.9% 23

PASE, Physical Activity Scale for the Elderly.
Significant difference between men and women at level *: P < 0.05; **: P<0.01.

Significant difference between test session 1 and test session 2 at level ©: P <0.05.

than women, mainly because of higher work-related activity
scores. In fact, more men than women in our group of pa-
tients were still working part- or full-time. The PASE total
scores of our TKA patients were comparable to those pre-
viously obtained in healthy populations [15,16,21] and in
patients with knee pain and disability [18]. The relatively
high PASE scores we observed could be explained, at least
in part, by the fact that most TKA patients begin a formal
exercise prescription program after surgery and usually
maintain it afterwards. In contrast, Tsonga et al. [32] re-
ported a mean PASE score of 68 in Greek women 6 months
after TKA. These scores are much lower compared to our
patients, likely because the group of women evaluated in

Table 3 Accelerometry descriptive data

Men (n=25) Women (n = 25)
Mean + SD Mean + SD
aPAL (counts* min”) 672 + 215 840 + 249**
Activity intensity
Low (min-day ) 422+ 114 484 + 97*
Moderate-to-high (min-day™) 25 + 26 29 + 27

aPAL, Accelerometry derived Physical Activity Level.
Significant difference between men and women at level *: P < 0.05; **: P < 0.01.

this previous study was older (73 years), had a greater BMI
(30 kg'm™) and was recruited early after surgery compared
to the patients considered in our study.

No systematic bias was found for the PASE total score
between the two test sessions, despite a substantial re-
duction of approximately 10% from test to retest. Per-
sonality traits, social desirability and social approval
were recognized to be possible sources of systematic bias
[33]. Since TKA patients are encouraged by doctors and
therapists to exercise, we suppose that patients in this
study tended to overestimate their physical activity to at-
tain social approval and desirability of the investigator at
the first session [34]. In contrast, knowing that the PASE
total score referred to the week objectively assessed by
the accelerometer, patients committed to report their
physical activities more precisely and truthfully at the
second session. This was particularly reflected in the rec-
reational activity sub-score which is dependent on the
reported weekly frequency and daily duration, and this
resulted in a significantly lower recreational activity sub-
score for women.

The PASE total score showed acceptable reliability for
men but not for women according to the predefined
threshold proposed by Terwee et al. [12]. These findings
are comparable to those obtained in previous studies
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Table 4 PASE construct validity results
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Men (n = 25) Women (n =25)
r p-value r p-value
Mean (95% ClI) Mean (95% ClI)

PASE total score vs.:

aPAL (counts-min™) 045 (0.09 to 0.71) 0.01 0.06 (-0.24 to 0.36) 0.39
PASE sub-scores vs. activity intensity:

low (min-day™) 0.22 (-0.13 to 0.53) 0.15 -0.01 (-0.30 to 0.30) 048

moderate-to-high (min~day") -0.14 (-041 to 0.30) 0.25 0.09 (-0.29 to 0.48) 0.33

PASE, Physical Activity Scale for the Elderly; aPAL, Accelerometry derived Physical Activity Level.

investigating the reliability of PASE questionnaire in
healthy and pathological elderly populations [14-16,20]
The high mean ICC of 0.91 reported by Dinger et al. [15]
in a rural elderly community can be explained by a sub-
stantial difference in the study design compared to the
present investigation. In fact, questionnaire administra-
tions were separated by only 3 days and referred to the
same week in the study of Dinger et al. [15], while in the
current study they referred to two consecutive but differ-
ent weeks. These reliability results indicate an acceptable
but moderate ability of the PASE questionnaire to dis-
criminate between male patients following TKA according
to their PAL, but not between female patients.

The PASE total score demonstrated low agreement
for both men and women due to the large measure-
ment error, with SEM values similar to those recently
reported in knee osteoarthritis patients [20]. The
smallest detectable change represents the smallest
change in the questionnaire score that can be inter-
preted as a “real change” above measurement error [31].

In order to detect real changes in the questionnaire score
after an intervention or over time, the smallest detectable
change should be smaller than the minimal clinically im-
portant change [12]. Unfortunately, the minimal PASE
score change that can be considered clinically relevant in
TKA patients is not known. However, the acceptability of
PASE agreement results can be interpreted using the noise-
to-signal ratio, which can be expressed as an effect size
(change in score divided by SEM) [35]. Tsonga et al. [32]
observed an increase of 18% in the PASE total score of fe-
male patients between 3 and 6 months after TKA, while an
average PASE total score SEM of 34% was observed in the
present study. Interpreting the signal as the change in score
(18%), the noise we obtained (34%) was almost 2 times lar-
ger than the signal. Since the noise has to be smaller than
the changes in score, this suggests that the PASE question-
naire has a very limited ability to distinguish measurement
error from real changes. Hence, the PASE questionnaire is
not suitable for longitudinal monitoring of the PAL in TKA
patients of both sexes.

Physical Activity Scale for the Elderly at test session 2.
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Figure 1 aPAL vs. PASE 2 total score for men (n =25) and women (n = 25). aPAL, Accelerometry derived Physical Activity Level; PASE 2,
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The PASE total score showed inadequate validity in both
men and women. Indeed, although the association between
the PASE total score and aPAL was significant for men, the
correlation coefficients did not reach the defined threshold
of r>0.50 proposed by Terwee et al. [12]. In previous stud-
ies, the correlations between the PASE total score and aPAL
ranged between 043 and 0.52 in healthy elderly people
[15,17,21] and was 0.30 in patients with hip osteoarthritis
[20]. There is no consensus on how high correlations
should be to demonstrate adequate validity [36]. Previous
studies rated the PASE questionnaire to be valid with sig-
nificant but lower correlations with respect to those ob-
tained in the present study [14-16,18,20]. We chose to use
the more conservative thresholds because the worse the
measurement properties are, the higher the risk is for mis-
classification and biased results [20].

In line with our findings, some studies reported better
validity of the PASE total score for healthy elderly men
compared to their female counterparts [16,17,19]. This was
probably associated to household-related activities, which
are generally more frequently performed by women than
men [16,19]. However, such an assumption is not sup-
ported by our observations as household activity sub-scores
did not differ significantly between men and women. We
nevertheless acknowledge that household activities might
be a potential source of misjudgment for PASE question-
naire scoring, since, contrary to recreational and work-
related activities, household activities provide a fixed score
without considering frequency and duration.

The PASE total score is the standard outcome for this
questionnaire. However, for explorative purposes, we
determined two PASE intensity sub-scores. Indeed, dif-
ferentiating patients by the time spent in low and
moderate-to-high intensity activities may be important
for investigations focusing on the dose—response effects
of physical activity. However, unfortunately, we found
no significant correlations between the time spent in
low or moderate-to-high intensity activities and the re-
spective PASE sub-scores. Therefore, our results, to-
gether with those of Svege et al. [20], seem to confirm
that the PASE has no ability to differentiate physical ac-
tivity intensities.

The PASE total score failed to detect the gender-related
differences in the total amount of physical activity reported
by the accelerometer (women > men). Questionnaires have
several limitations associated with recall and reporting bias;
they overestimate the time spent on strenuous activities
and underestimate activities lasting less than 10 min or with
a level of exertion lower than brisk walking [37]. Therefore,
we suppose that the mismatch between accelerometry and
PASE total score lies in the ability of the PASE question-
naire to assess low intensity activities, since the reported
higher aPAL of women is explained by the fact that they
spent significantly more time on low intensity activities
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than men. Therefore, the lack of gender differences in the
PASE total score further weaken its construct validity.

The main limitation of this study is the design used to
evaluate the reproducibility of the PASE questionnaire.
Since the physical activity level was assessed for reprodu-
cibility during two consecutive but different weeks, it can-
not be ensured that TKA patients maintained the same
physical activity level during this time period. The re-
peated assessment of the physical activity level referring to
the same week would have been methodologically more
appropriate. However, a time period of less than a week
between two questionnaire administrations would have in-
creased the risk of recall bias [38]. In addition, accelerom-
eter wearing could have influenced the reproducibility
results, by inducing the TKA patients to be more active
during the second week. On the other side, we explicitly
asked the patients to maintain their usual physical activity
habits during this time period. Two patients demonstrated
disparate physical activity habits between the two weeks
because of holidays and were thus excluded from reprodu-
cibility analyses thereby reducing the statistical power.

Conclusions

The PASE questionnaire demonstrated acceptable reli-
ability for men but not for women, and low agreement
and inadequate validity for both men and women. Ac-
cordingly, our findings suggest that there are several
shortcomings associated with the use of the PASE ques-
tionnaire to assess PAL in TKA patients, particularly in
women. Therefore, we do not recommend the use of the
PASE questionnaire for evaluating PAL in TKA patients.
We advise clinicians and researchers to use wearable ac-
celerometers as no physical activity questionnaire has
proven to be valid and reproducible in this population.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

SB, NCC, FMI, NAM gave substantial contribution to the study conception
and design. SB performed data acquisition, and all authors performed data
analysis and interpretation. SB drafted the article, and all the authors revised
it critically for important intellectual content and gave final approval.

Acknowledgments

The authors gratefully acknowledge Prof. Dr. Urs Boutellier for critically
revising the article for important intellectual content, Julia F. Item-Glatthorn,
Mirjam Stoop, Anne F. Mannion, Anne Frohlich-Zwahlen, Christoph Kolling
for the cross-cultural adaptation of the PASE questionnaire, and Jennifer
Catellani and Kirsten Clift for proofreading.

Author details

"Institute of Human Movement Sciences and Sport, ETH Zurich, Zurich,
Switzerland. “Neuromuscular Research Laboratory, Schulthess Clinic, Zurich,
Switzerland. ]INSERM U1093 - Cognition, Action and Sensory Plasticity,
University of Burgundy, Dijon, France.

Received: 22 May 2013 Accepted: 12 February 2014
Published: 20 February 2014



Bolszak et al. BMC Musculoskeletal Disorders 2014, 15:46
http://www.biomedcentral.com/1471-2474/15/46

References

1.

20.

21,

22.

Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM,
Kington RS, Lane NE, Nevitt MC, Zhang Y, Sowers M, McAlindon T, Spector
TD, Poole AR, Yanovski SZ, Ateshian G, Sharma L, Buckwalter JA, Brandt KD,
Fries JF: Osteoarthritis: new insights. Part 1: the disease and its risk
factors. Ann Intern Med 2000, 133(8):635-646.

Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY: Health-related
quality of life in total hip and total knee arthroplasty. A qualitative
and systematic review of the literature. J Bone Joint Surg Am 2004,
86-A(5):963-974.

OECD: "Hip and knee replacement” in Health at a Glance 2011: OECD
indicators. OECD Publishing; 2011:92-93.

Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD: Patient
satisfaction after total knee arthroplasty: who is satisfied and who is not?
Clin Orthop Relat Res 2010, 468(1):57-63.

Kane RL, Saleh KJ, Wilt TJ, Bershadsky B, Cross WW 3rd, MacDonald RM,
Rutks I: Total knee replacement. Evid Rep Technol Assess 2003, 86:1-8.

de Groot IB, Bussmann HJ, Stam HJ, Verhaar JA: Small increase of actual
physical activity 6 months after total hip or knee arthroplasty. Clin
Orthop Relat Res 2008, 466(9):2201-2208.

Brandes M, Ringling M, Winter C, Hillmann A, Rosenbaum D: Changes in
physical activity and health-related quality of life during the first year after
total knee arthroplasty. Arthritis Care Res (Hoboken) 2011, 63(3):328-334.
Schmalzried TP, Szuszczewicz ES, Northfield MR, Akizuki KH, Frankel RE,
Belcher G, Amstutz HC: Quantitative assessment of walking activity after
total hip or knee replacement. J Bone Joint Surg Am 1998, 80(1):54-59.
Forsen L, Loland NW, Vuillemin A, Chinapaw MJ, van Poppel MN, Mokkink LB,
van Mechelen W, Terwee CB: Self-administered physical activity
questionnaires for the elderly: a systematic review of measurement
properties. Sports Med 2010, 40(7)601-623.

Plasqui G, Westerterp KR: Physical activity assessment with
accelerometers: an evaluation against doubly labeled water. Obesity 2007,
15(10):2371-2379.

Ainsworth BE: How do | measure physical activity in my patients?
Questionnaires and objective methods. Br J Sports Med 2009, 43(1):6-9.
Terwee CB, Mokkink LB, van Poppel MN, Chinapaw MJ, van Mechelen W,
de Vet HC: Qualitative attributes and measurement properties of physical
activity questionnaires: a checklist. Sports Med 2010, 40(7):525-537.
Terwee CB, Bouwmeester W, van Elsland SL, de Vet HC, Dekker J:
Instruments to assess physical activity in patients with osteoarthritis of
the hip or knee: a systematic review of measurement properties.
Osteoarthritis Cartilage 2011, 19(6):620-633.

Washburn RA, Smith KW, Jette AM, Janney CA: The Physical Activity Scale
for the Elderly (PASE): development and evaluation. J Clin Epidemiol 1993,
46(2):153-162.

Dinger MK, Oman RF, Taylor EL, Vesely SK, Able J: Stability and convergent
validity of the Physical Activity Scale for the Elderly (PASE). J Sports Med
Phys Fitness 2004, 44(2):186-192.

Hagiwara A, Ito N, Sawai K, Kazuma K: Validity and reliability of the
Physical Activity Scale for the Elderly (PASE) in Japanese elderly people.
Geriatr Gerontol Int 2008, 8(3):143-151.

Harada ND, Chiu V, King AC, Stewart AL: An evaluation of three self-report
physical activity instruments for older adults. Med Sci Sports Exerc 2001,
33(6):962-970.

Martin KA, Rejeski WJ, Miller ME, James MK, Ettinger WH Jr, Messier SP:
Validation of the PASE in older adults with knee pain and physical
disability. Med Sci Sports Exerc 1999, 31(5):627-633.

Schuit AJ, Schouten EG, Westerterp KR, Saris WH: Validity of the Physical
Activity Scale for the Elderly (PASE): according to energy expenditure
assessed by the doubly labeled water method. J Clin Epidemiol 1997,
50(5):541-546.

Svege |, Kolle E, Risberg MA: Reliability and validity of the Physical Activity
Scale for the Elderly (PASE) in patients with hip osteoarthritis. BMC
Musculoskelet Disord 2012, 13:26.

Washburn RA, Ficker JL: Physical Activity Scale for the Elderly (PASE): the
relationship with activity measured by a portable accelerometer. J Sports
Med Phys Fitness 1999, 39(4):336-340.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW: Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in

23.

24,

25.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Page 8 of 8

patients with osteoarthritis of the hip or knee. J Rheumatol 1988,
15(12):1833-1840.

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-
Locke C, Greer JL, Vezina J, Whitt-Glover MC, Leon AS: 2011 Compendium
of physical activities: a second update of codes and MET values. Med Sci
Sports Exerc 2011, 43(8):1575-1581.

U.S. Department of Health and Human Services: Physical Activity and
Health: A Report of the Surgeon General. In U.S. Department of Health and
Human Services, Centers for Disease Control and Prevention, National Center
for Chronic Disease Prevention and Health Promotion. ; 1996:13-33.

Beaton DE, Bombardier C, Guillemin F, Ferraz MB: Guidelines for the
process of cross-cultural adaptation of self-report measures. Spine 2000,
25(24):3186-3191.

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M: Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc 2008, 40(1):181-188.

Trost SG, Mclver KL, Pate RR: Conducting accelerometer-based activity
assessments in field-based research. Med Sci Sports Exerc 2005,

37(11 Suppl):S531-5543.

Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR,
Troiano RP: Amount of time spent in sedentary behaviors in the United
States, 2003-2004. Am J Epidemiol 2008, 167(7).875-881.

Sasaki JE, John D, Freedson PS: Validation and comparison of ActiGraph
activity monitors. J Sci Med Sport 2011, 14(5):411-416.

Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS:
Validation of wearable monitors for assessing sedentary behavior.

Med Sci Sports Exerc 2011, 43(8):1561-1567.

de Vet HC, Terwee CB, Knol DL, Bouter LM: When to use agreement versus
reliability measures. J Clin Epidemiol 2006, 59(10):1033-1039.

Tsonga T, Kapetanakis S, Papadopoulos C, Papathanasiou J, Mourgias N,
Georgiou N, Fiska A, Kazakos K: Evaluation of improvement in quality of
life and physical activity after total knee arthroplasty in greek elderly
women. Open Orthop J 2011, 5:343-347.

Adams SA, Matthews CE, Ebbeling CB, Moore CG, Cunningham JE, Fulton J,
Hebert JR: The effect of social desirability and social approval on self-
reports of physical activity. Am J Epidemiol 2005, 161(4):389-398.

Sims J, Smith F, Duffy A, Hilton S: The vagaries of self-reports of physical
activity: a problem revisited and addressed in a study of exercise promotion
in the over 65 s in general practice. Fam Pract 1999, 16(2):152-15730.
Norman GR, Wyrwich KW, Patrick DL: The mathematical relationship
among different forms of responsiveness coefficients. Qual Life Res 2007,
16(5):815-822.

Pols MA, Peeters PH, Kemper HC, Grobbee DE: Methodological aspects of
physical activity assessment in epidemiological studies. Eur J Epidemiol
1998, 14(1):63-70.

Tudor-Locke CE, Myers AM: Challenges and opportunities for measuring
physical activity in sedentary adults. Sports Med 2001, 31(2):91-100.
Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol DL, Dekker J, Bouter LM,
de Vet HC: Quality criteria were proposed for measurement properties of
health status questionnaires. J Clin Epidemiol 2007, 60(1):34-42.

doi:10.1186/1471-2474-15-46

Cite this article as: Bolszak et al.: Validity and reproducibility of the
Physical Activity Scale for the Elderly (PASE) questionnaire for the
measurement of the physical activity level in patients after total knee
arthroplasty. BMC Musculoskeletal Disorders 2014 15:46.




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Study design and experimental procedures
	PASE questionnaire
	Accelerometry
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

