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Abstract
Purpose Objective measurements of sedentary and physical activity (PA) behavior are scarce among working-age patients 
who undergo total knee arthroplasty (TKA). Aim was to assess sedentary and PA behaviors using accelerometers and to iden-
tify compensation effects between occupational and leisure time of sedentary and PA behavior. Methods One year post-TKA, 
51 patients wore an ActiGraph(GT3x) accelerometer for 7 days. Sedentary time, prolonged sedentary bouts (≥ 30 min) and 
PA (light-intensity and moderate-to-vigorous PA) were examined. Compliance with the guideline of > 150 min moderate-
to-vigorous PA per week was calculated. Compensation effects were analyzed using multilevel models, splitting effects into 
routine and within-day compensation, stratifying by physical and non-physical jobs. The routine compensation effects are 
the ones of interest, representing habitual compensation during a week. Results Participants spent 60% of time in sedentary 
bouts and 17% in prolonged sedentary bouts, with 37% of PA spent in light-intensity and 3% in moderate-to-vigorous activ-
ity. About 70% of patients met the PA guideline. Routine compensation effects were found for workers in physical jobs, 
who compensated for their occupational light-intensity PA with less light-intensity PA during leisure time. Workers in non-
physical jobs did not compensate for their occupational prolonged sedentary bouts, as these continued during leisure time.  
Conclusion This study showed that working TKA patients are highly sedentary 1 year after surgery, but most met the PA 
guideline. Especially those with non-physical jobs do not compensate for their occupational prolonged sedentary bouts. This 
stresses the need to stimulate PA among TKA patients not complying with the guidelines and those with non-physical jobs.
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Introduction

Total knee arthroplasty (TKA) procedures for end-stage knee 
osteoarthritis are among the most common elective surgical 
procedures in Western societies. For most patients TKA is 
highly successful in restoring quality of life by relieving pain 

and improving function, but it is also known that approxi-
mately 20% do not achieve good functional outcomes [1]. 
To date, working-age patients represent the fastest-growing 
group of TKA recipients. This trend is set to continue, with 
predictions that over half of TKAs in the United States will 
be performed on patients younger than 65 [2, 3]. Similar 
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trends are observed and expected elsewhere in the West 
[4, 5]. Beyond pain relief and functional improvements, 
increasing physical activity (PA) levels is considered to be 
an important goal after surgery [6, 7]. Regular PA whereby 
health-enhancing guidelines for PA are reached, is associ-
ated with substantial health benefits such as increased func-
tional mobility, decreased pain and lower rates of depression 
[8]. Specifically for TKA patients, PA benefits bone quality 
and implant fixation [9].

Two studies, using self-reported questionnaires such as 
the University of California Los Angeles (UCLA) activity 
score, examined PA levels among working-age TKA patients 
in Canada (< 69 years) and the United Kingdom (< 65 years) 
[7, 10]. The disadvantage of questionnaires assessing PA is 
that most of them do not examine any information on occu-
pational physical activity or sedentary behavior, nor provide 
insight into PA intensities. Moreover, they are prone to recall 
and social desirability bias, which results in overestimation 
of PA [11, 12]. To gain deeper insight into postoperative 
sedentary behavior and PA intensities, accelerometers are 
viewed as the most reliable objective measure of PA and 
prevent self-reported overestimation [13, 14]. These small 
activity monitors can measure bouts of prolonged sedentary 
time (≥ 30 min), light-to-vigorous and moderate-to-vigorous 
PA. To date, assessment of PA using accelerometers has not 
been performed among working-age TKA recipients.

In addition to measuring PA levels objectively, it is also 
particularly interesting to focus on both occupational time 
and leisure-time PA among working TKA patients. Occu-
pational PA accounts for a major part of total PA energy 
expenditure, as full-time employees spend almost half of 
their waking time at work [15]. This implies that, as work 
has become increasingly sedentary, one-third to half of our 
daily sitting occurs at work [16]. Prolonged periods of sed-
entary behavior may lead to functional decline and com-
pound disability through deconditioning [17, 18]. To find 
the right balance between occupational and leisure-time PA 
and to prevent an inactive lifestyle, it is commonly believed 
that there are compensation effects between the two domains 
of PA [19]. This also implies that when workers engage in a 
large amount of occupational PA, they will be less active or 
even mostly sedentary during leisure time, and vice versa. 
Although several studies have focused on this topic, findings 
are still inconsistent and probably not specifically applicable 
to TKA patients [20, 21]. Hence the association between 
occupational and leisure time with respect to sedentary and 
PA behavior remains unclear.

Increased understanding of sedentary and PA behavior of 
working-age TKA patients, including compensation effects 
between occupational and leisure time, will help inform health 
professionals to support and promote healthy PA behavior 
among working TKA patients. This study therefore aimed 
to: 1. assess sedentary and PA behavior using accelerometer 

measurements among working-age TKA patients for a week, 
dividing it into occupational and leisure time, and 2. identify 
any compensation effects between occupational and leisure-
time PA.

Materials and Methods

Study Design and Participants

An observational repeated-measures study was performed in 
the northern Netherlands between 2017 and 2018. Patients 
were recruited from four hospitals: Martini Hospital Gronin-
gen (large teaching hospital), Ommelander Ziekenhuis Groep 
Winschoten/Delfzijl (general hospital), Nij Smellinghe Hos-
pital Drachten (general hospital) and Wilhelmina Ziekenhuis 
Assen (general hospital). Inclusion criteria were being between 
ages 18 and 65, having undergone TKA surgery approximately 
in the last 12 months, having returned to work after surgery, 
and working a minimum of 24 contractual hours per week. 
Exclusion criteria were total hip arthroplasty or contralateral 
TKA in the last 6 months, being more than 3 months pregnant, 
partial sick leave, or an occupation where an accelerometer 
could not be worn.

Procedure

Patients were asked to participate in the study by respond-
ing to a formal invitation letter, with addresses derived from 
medical records. All letters were sent between 6 and 12 months 
postoperatively. Patients willing to participate were called by 
the first researcher (TH) to plan a visit. All patients were vis-
ited at home or at work by the same researcher (TH) around 
12 months postoperatively to bring the accelerometer and give 
verbal instructions on how to wear it, and hand out a ques-
tionnaire and log on occupational and leisure time. After the 
wearing period of 14 days, accelerometers were picked up at 
home or at work by one of the researchers.

Ethics, Consent and Permissions

The study was approved by the Medical Ethical Committee 
of University Medical Center Groningen (METc 2014/182) 
and in accordance with the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards. Informed 
consent was obtained from all patients at the first home or 
work visit.

Measurements

Activity Monitoring

Physical activity was objectively measured using GT3x Acti-
Graph (Pensacola, FL) triaxial accelerometers. Participants 
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were asked to wear the accelerometer on their contralateral 
hip at all waking hours except when bathing or engaging 
in water activities. We chose the contralateral hip as we 
assumed that wearing the accelerometer on the TKA side 
might influence the results if patients limp with the affected 
leg. They wore the device for 14 consecutive days to assess 
PA behaviors during and outside work time. They were 
also asked to fill out a log indicating the time they wore the 
device each day along with their work schedule and exercise 
activity. If logs were filled in wrongly or incompletely, work 
schedules were corrected based on a normal work schedule 
the participant verbally reported, judged by two authors (e.g. 
Monday–Friday 8 AM to 5 PM). Participants with at least 
7 valid days (5 weekdays and 2 weekend days) including 
a minimum of 10 h wearing time per day were included 
in the analysis [22]. Non-wearing bouts were classified as 
periods of 90 consecutive minutes of zero counts per minute 
(cpm), allowing for up to 2 min of < 100 cpm [23]. Validated 
accelerometer thresholds were used to define sedentary 
as < 100 cpm, light-intensity PA as 100–1951 cpm, moder-
ate-intensity PA as 1952–5724 cpm and vigorous-intensity 
PA as ≥ 5724 cpm [24]. Moderate and vigorous PA were 
merged into moderate-to-vigorous PA (MVPA). Prolonged 
bouts of sedentary time were defined as uninterrupted peri-
ods of < 100 counts lasting 30 min or more [25].

Covariates

Participants were asked to fill in a questionnaire including 
items on age, gender, marital status (married, cohabiting 
with partner or partner and children, or no relationship), 
having children (yes or no), educational level (categorized 
into low, i.e. primary school and lower vocational education; 
medium, i.e. secondary vocational education; and high, i.e. 
higher vocational education and university), BMI, comor-
bidity and job type. Body weight and body height, used to 
calculate body mass index (BMI) [categorized into normal 
(18.5–24.9), overweight (25.0–29.9) and obese (> 30.0)], 
and comorbidity were measured using a 28-item chronic 
conditions questionnaire [26]. Comorbidity was categorized 
as no, one or two, and more than two comorbidities. Job type 
included the job description and was classified into physi-
cal and non-physical jobs. This classification was conducted 
blinded by two authors (TH and PK), based on job descrip-
tion. Examples of physical jobs are: nurse, farmer, order-
picker, lorry driver, carpenter. Examples of non-physical 
jobs are: psychologist, secretary/clerk, IT-specialist, planner, 
owner insurance company. The overall agreement was 93% 
(53/57). Disagreement existed in four cases, with further 
explanation on job tasks given by one researcher (TH) who 
visited all participants at work. Consensus could be estab-
lished thereafter.

Statistical Analysis

Descriptive statistics were used to summarize the soci-
odemographic and work-related characteristics of the 
participants with means and standard deviations (SD) or 
percentages.

To answer the first research question—the amounts of 
time spent in sedentary behavior—prolonged sedentary 
bouts ≥ 30  min, light-intensity PA or MVPA were pre-
sented descriptively as [mean (SD)] of the proportion of 
the wearing time. Means were presented for total wearing 
time (Monday–Sunday) and stratified by occupational time 
(Monday–Friday) and leisure time (Monday–Sunday). Lei-
sure time included everything outside occupational times as 
reported in the patients’ log, including commuting. No occu-
pational PA levels were reported for weekend days, while 
almost nobody worked during the weekend. To determine 
whether a participant met the minimum levels of PA rec-
ommended to maintain good health, the updated American 
Physical Activity Guideline (2018) was used. This guide-
line states that patients need to perform at least 150 min of 
MVPA for a minimum of 5 days/week [8]. This guideline 
was chosen because it recommends PA for adults and is 
internationally accepted, also in the Netherlands.

To answer the second research question—the compensa-
tion between occupational and leisure time with respect to 
sedentary and PA behavior—the days (Monday–Friday) in 
which individuals had both occupational and leisure time 
during the same day were selected. As outcome variable 
we used the proportion of wearing time over the entire day, 
modeling the course of sedentariness and PA during occu-
pational and leisure times in a parallel growth model [27]. 
In this model both sedentary and PA levels (occupational 
and leisure time) are modelled longitudinally over time, and 
associated at the day and person level. Associations at the 
person level assess the extent to which overall levels of sed-
entariness or PA during occupational time are correlated 
with the corresponding levels during leisure time, on average 
across all individuals (time-independent). Associations at 
the day level assess the extent to which changes in occu-
pational sedentary or PA behavior, in terms of a specific 
person-expected average, also implies changes in average 
leisure-time sedentariness or PA on the same day. Each PA 
trend is a longitudinal model with a random intercept. Per-
son-level associations are measured by correlations between 
the two random intercepts (between-effect), day-level asso-
ciations are measured by within-day residual correlations 
(within-effect). Day was modelled as categorical, thus with-
out assuming any pre-specified shape of sedentary or PA 
trend over time. This analysis was done for each type of 
sedentary or PA separately (sedentary, prolonged sedentary 
bouts, light-intensity PA and MVPA). The analyses were 
further stratified by type of work (physical/non-physical). 
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All models were adjusted for age, gender, comorbidity and 
BMI.

Descriptives of patient characteristics were computed 
in SPSS version 23. The parallel growth model was esti-
mated with maximum likelihood and robust standard errors 
in Mplus version 8 [28]. The other statistical analyses were 
performed in R version 3.5.1 [29].

Results

We identified n = 256 patients who underwent TKA and 
were screened for eligibility. Most patients were not eligi-
ble as they did not have a paid job or did not work enough 
hours (< 24 h). N = 57 employees agreed to participate and 
were enrolled in the study. Of those, n = 51 (89%) wore the 
accelerometer at least 10 h/day for at least 7 days and were 
therefore used for analysis. Mean age of the sample was 
59 years (SD 4) (range 48–65) and about half were male 
(47%). A majority of participants were either overweight 
(33%) or obese (47%) and lived with a partner. Participants 
worked on average 36 h per week (SD 10), 3 h more than 
their contract prescribed. Most participants (59%) performed 
a physical job (Table 1).

Sedentary Behavior

Table 2 provides descriptive statistics for time in sedentary 
and prolonged sedentary bouts for the total wearing time 
during the week and per day, and for occupational and lei-
sure time. During a week participants were sedentary more 
than half of the time (60.1%). Sedentary behavior showed a 
stable pattern over working and weekend days. Participants 
spent 16.5% of their time in prolonged sedentary bouts of 
at least 30 min.

Regarding sedentary behavior during occupational and 
leisure time, patients were sedentary 65.2% of their leisure 
time and 55.8% of their occupational time. Sedentary lev-
els during leisure or occupational time were stable over all 
days. Prolonged sedentary bouts occurred more during lei-
sure time (20.2%) than during occupational time (13.1%).

Physical Activity Behavior

On average, participants spent 36.8% of the time in light-
intensity PA, in a stable pattern over the week. Participants 
performed on average 3.1% MVPA. Thirty-six (70%) partici-
pants met the health-enhancing guideline of at least 150 min 
MVPA per week. During occupational time, 41.1% of the 
time was spent in light-intensity PA and 3.1% in MVPA. 

Table 1  Patient characteristics

BMI body mass index

Variable Total sample
N = 51

Physical jobs
N = 30

Non-physical jobs
N = 21

Age [mean (SD) (range)] 59 (4) (48–65) 58 (4) (48–64) 59 (5) (49–65)
Males [n (%)] 24 (47) 15 (50) 9 (43)
Educational level [n (%)]
 Low 13 (26) 12 (40) 1 (5)
 Medium 24 (47) 14 (47) 10 (48)
 High 13 (26) 4 (13) 9 (43)

BMI [n (%)]
 18.5–24.9 10 (20) 7 (23) 3 (14)
 25.0–29.9 17 (33) 10 (33) 7 (33)
 ≥ 30.0 24 (47) 13 (43) 11 (52)

Comorbidity [n (%)]
 0 9 (18) 5 (17) 4 (19)
 1 7 (14) 5 (17) 2 (10)
 ≥ 2 35 (69) 20 (67) 15 (71)

Living situation [n (%)]
 Alone 7 (14) 1 (3) 3 (14)
 With partner 30 (59) 18 (60) 12 (57)
 With partner & children 17 (33) 11 (37) 6 (29)

Working hours (mean (SD))
 Actual 36 (10) 34 (8) 32 (6)
 Contractual 33 (7) 37 (12) 34 (7)
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During leisure time, 31.4% was spent in light-intensity PA 
and 3.4% in MVPA (Table 2).

Compensation Effect Between Occupational 
and Leisure Time

Models for the total sample showed significant within-effects 
for sedentary (correlation coefficient − 0.56) and light-inten-
sity PA (− 0.41). After stratification for physical and non-
physical jobs similar within-effects were found as in the total 
sample, and additional between-effects for prolonged seden-
tary bouts and light-intensity PA. Results after stratification 
into physical and non-physical jobs are reported below and 
in Table 3. Results of the total sample are presented in the 
Table 4.

Among participants with physical jobs, a significant 
between-person effect (correlation coefficient − 0.40) of 
light-intensity PA was observed between occupational and 

leisure time. This implies that participants with physical 
jobs compensated for their occupational light-intensity PA 
routinely with less light-intensity PA during leisure time. A 
significant within-person effect was also observed for sed-
entary time (correlation coefficient − 0.60), prolonged sed-
entary bouts (− 0.31) and light-intensity PA (− 0.35). This 
means that an increase of sedentary time, time in prolonged 
sedentary bouts and light-intensity PA at work on a specific 
day were negatively associated with these leisure-time PA 
levels the same day, i.e. less sedentary behavior or light-
intensity PA (Table 3).

Among participants with non-physical jobs, a significant 
between-person effect (correlation coefficient 0.63) was 
observed for prolonged sedentary bouts between work and 
leisure time. This coefficient indicates that participants who 
had more prolonged sedentary bouts at work also had longer 
prolonged sedentary bouts during leisure time in a week. 
Further, a significant within-person effect was observed for 

Table 2  Descriptive statistics of time sedentarily and in prolonged sedentary bouts, light-intensity PA and MVPA for total wearing time, occupa-
tional time and leisure time, among working TKA patients 1 year after surgery

min minutes, PA physical activity, MVPA moderate-to-vigorous physical activity
a Average across days and within-people
b Occupational and leisure wearing time does not always add up because the number of patients at work differed per day

All  daysa Mon Tue Wed Thu Fri Sat Sun
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Sedentary (% of 
wearing time)

 Total 60.1 (13.2) 59.5 (12.9) 61.1 (13.8) 60.0 (13.6) 60.8 (11.7) 61.9 (13.9) 54.2 (12.4) 55.2 (14.2)
 Leisure 65.2 (13.1) 63.9 (13.6) 65.7 (11.6) 65.8 (14.2) 64.7 (14.0) 66.7 (13.3) 63.0 (12.5) 66.5 (12.5)
 Occupational 55.8 (19.5) 56.3 (18.4) 58.1 (20.5) 53.9 (19.5) 56.1 (13.5) 54.1 (22.4) n.a n.a

Prolonged sedentary 
bouts (% of wearing 
time)

 Total 16.5 (13.1) 16.4 (12.8) 15.7 (12.1) 16.6 (12.1) 16.1 (13.5) 19.0 (15.9) 15.0 (10.3) 14.1 (16.2)
 Leisure 20.2 (17.1) 21.1 (18.0) 21.2 (17.3) 19.6 (16.7) 16.7 (16.2) 22.6 (19.9) 19.4 (15.0) 20.5 (16.5)
 Occupational 13.1 (16.9) 12.1 (16.0) 12.8 (16.0) 13.1 (14.7) 14.3 (18.5) 13.3 (20.5) n.a n.a

Light-intensity PA (% 
of wearing time)

 Total 36.8 (12.2) 37.0 (12.2) 35.7 (12.9) 36.7 (12.7) 36.3 (10.7) 35.4 (12.4) 43.2 (12.1) 40.8 (13.3)
 Leisure 31.4 (11.7) 32.2 (12.5) 30.8 (10.5) 30.9 (12.3) 32.7 (12.3) 30.1 (11.3) 33.6 (11.5) 29.8 (11.5)
 Occupational 41.1 (18.5) 40.6 (17.9) 38.5 (18.9) 42.6 (18.3) 40.8 (16.8) 43.7 (21.6) n.a n.a

MVPA (% of wearing 
time)

 Total 3.1 (3.0) 3.5 (2.9) 3.2 (3.2) 3.2 (2.4) 2.9 (3.0) 2.7 (3.3) 2.5 (2.3) 4.0 (4.3)
 Leisure 3.4 (4.1) 3.9 (4.1) 3.5 (4.5) 3.3 (4.2) 2.6 (3.4) 3.2 (4.8) 3.4 (3.4) 3.7 (4.2)
 Occupational 3.1 (4.0) 3.1 (3.4) 3.4 (5.4) 3.5 (3.8) 3.1 (3.8) 2.2 (4.7) n.a n.a

Wearing hours (min/
day)b

 Total 935.3 (181.4) 960.8 (178.7) 969.3 (193.0) 955.8 (144.8) 975.0 (197.4) 940.4 (197.8) 895.4 (164.0) 850.5 (162.6)
 Leisure 618.0 (246.1) 513.7 (187.7) 508.7 (185.1) 514.9 (239.1) 565.8 (240.0) 618.4 (263.8) 820.0 (190.8) 784.2 (185.2)
 Occupational 498.0 (148.7) 495.8 (137.0) 499.8 (155.2) 499.7 (124.8) 509.0 (155.8) 483.0 (179.7) n.a n.a
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sedentary behavior (correlation coefficient − 0.42) and light-
intensity PA (− 0.53), which implies that on specific days 
when participants had more sedentary behavior or light-
intensity PA at work, this was compensated by less sedentary 
or light-intensity PA during leisure time (Table 3).

MVPA models were non-convergent due to skewed dis-
tributions so they could not be analyzed. All models were 
adjusted for age, gender, comorbidity and BMI. Adjusted 
models showed similar results, therefore unadjusted models 
were tabulated and reported.

Discussion

The results of the present study showed that working-age 
TKA patients spend most of their daily time sedentarily. 
Approximately a quarter of their sedentary time was spent 
in prolonged sedentary bouts of 30 min or more. Sedentary 
behavior occurred more during leisure time than during 
occupational time. PA behavior was mainly light-intensity, 
while MVPA levels were low during the day. Thirty percent 
of the patients did not fulfill the PA guideline of at least 
150 min MVPA per week. Patients performed more light-
intensity PA during occupational time than during leisure 
time, and MVPA levels were equally distributed. On a rou-
tine basis, those with physical jobs compensated for their 
occupational light-intensity PA with less light-intensity PA 
during leisure time. Participants in non-physical jobs did not 
compensate for their occupational prolonged sedentary time, 
while they routinely continued their prolonged sedentary 
bouts during leisure time.

Results from the present study could only be compared 
with accelerometer data from TKA patients of all ages and 
with a general population, and results were generally simi-
lar. The observed sedentary levels (60%), prolonged seden-
tary bouts (16%) and light-intensity PA levels (37%) of the 
present study were also reported among TKA patients of 
all ages—64%, 13% and 35%, respectively [30, 31]. A gen-
eral population derived from pooled data of four European 
countries also showed 61% sedentary time, 15% prolonged 
sedentary bouts and 35% light-intensity PA [32]. Patients 
were sedentary most of the time, and only a quarter of the 
sedentary time was accrued in prolonged sedentary bouts. 
This implies that our participants were likely standing up 
during work and leisure time on a regular basis.

Participants performed low amounts of MVPA, but 70% 
reached the updated health-enhancing PA guideline of at 
least 150 min MVPA per week. Similar percentages have 
been found in a general European population [32]. How-
ever, this updated guideline has not been used among TKA 
patients yet. Thirty percent did not meet the guideline, which 
puts them at unnecessary risk for chronic diseases. We used 
the updated PA guideline for Americans [8], while previous Ta
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studies used the former guideline of minimum 30  min 
MVPA 5–7 days/week in bouts of at least 10 min. Two stud-
ies that examined compliance with the former guideline by 
means of accelerometer measurements showed that between 
zero and 5% of TKA patients of all ages met this norm [33, 
34]. In a post-hoc analysis we examined how many partici-
pants met the former PA guideline; this revealed that only 2 
participants (4%) met that norm, in line with previous obser-
vations. It is therefore important to note that using these PA 
guidelines may lead to major discrepancies in interpretation.

By analyzing the association between PA levels during 
occupational and leisure time, stratified by physical and non-
physical jobs, we found several within-day effects. It is rea-
sonable to expect that in specific days with higher intensities 
of occupational PA this will be naturally compensated for 
with less PA during leisure time on the same day, regardless 
of the individual’s health. The routine compensation effects 
in the present study are of special interest. We found that 
participants with physical jobs may compensate on a routine 
basis by performing less light-intensity PA during leisure 
time, and participants in non-physical jobs may not compen-
sate at all while continuing to spend time in prolonged sed-
entary bouts during leisure time. The compensation effect 
of occupational light-intensity PA has been found earlier in 
a general working population [21], but not specifically for 
physical or non-physical jobs yet. For physical jobs the com-
pensation effect of less light-intensity PA during leisure time 
may depend on the demands made of participants during 
occupational time. Working-age TKA patients are known 
to have problems with getting to and from work and around 
the workplace, pace of work and meeting job demands [35], 
which might explain the compensation style during leisure 
time. In addition, the lack of compensation for occupational 
prolonged sedentary bouts among those with a non-physical 
job is worrisome and contrasts with two studies in which 
TKA patients reported problems with sitting for long periods 
[35, 36]. These data are in line with a large epidemiological 
study using self-report measures, where individuals sitting 
for long periods at work also sat a lot during their leisure 
time [37]. Finally, compensation might also exist between 
working days and a day off (either on the weekend or on a 
weekday). In a sensitivity analysis we therefore analyzed 
whether compensation effects exist in PA levels on the day 
off after at least three consecutive working days. We chose 
three consecutive working days as we included many part-
time participants and assumed that they will compensate on 
their first day off. This revealed no statistically significant or 
clinically relevant results.

Strengths and Limitations

Several strengths and limitations of our study should be 
mentioned. A strength is that, to our knowledge, it is the 
first study to examine PA levels among working-age TKA 
recipients and make a distinction between occupational time 
and leisure time to gain further insight into the PA behavior 
of working patients. Moreover, PA was assessed by acceler-
ometers, which are more reliable and valid than self-reported 
measures that are subject to recall and social desirability 
bias. Finally, the longitudinal study design, analyzed using 
a multilevel model, could separate the within-effects and 
between-effects, providing additional insight into TKA 
patients’ compensation effects.

A study limitation was the small sample size, which lim-
ited analysis of MVPA performed by a few participants and 
showed a skewed distribution. The present study does give a 
first glimpse into PA behavior of working TKA patients and 
stresses the need for further accelerometer measurements in 
future studies. Secondly, ours was a widely used cut-off point 
of < 100 cpm for sedentary behavior, but cut-off points or 
activity intensity thresholds vary in the literature and there is 
no universally accepted cut-off point [38]. The same applies 
to selected epoch lengths and criteria for determining a sed-
entary bout. In addition, commuting hours were allocated 
to leisure time, which might have led to a small increase in 
physical activity during leisure time. As the majority of the 
study sample were sedentary and performed mostly light-
intensity physical activity, future studies might focus on the 
details within these categories. New accelerometry inter-
vals might be useful for these future studies [38]. Lastly, 
the accelerometers did not record any swimming activities 
as they were not waterproof. PA levels might therefore be 
slightly underestimated, but patients’ logs revealed that only 
one participant swam every morning for 15 min. We did not 
assess any pain or function levels among the participants, 
which limited the interpretability of the PA levels.

Implications and Recommendations

This study showed that the 70% of patients who met the 
guideline can gain additional benefits with additional PA, 
but the 30% of patients who did not fulfill the health-enhanc-
ing PA guideline should be primarily stimulated to become 
more active. A higher level of PA is associated with health-
enhancing benefits such as better bone quality, improved 
coordination and more muscle strength, which are especially 
important for people who have undergone TKA [9]. Such 
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benefits transcend known reductions of risks for diabetes 
mellitus or cardiovascular disease, or all-cause mortality. 
Sitting behavior should preferably be changed to MVPA. 
Given the low amount of MVPA currently performed in 
the present study, performing light-intensity PA is a more 
reasonable expectation. A meta-analysis also showed that 
decreasing sitting time and a change to any PA intensity is 
already associated with substantially reduced risks of pre-
mature mortality [8, 39, 40].

The present study showed that non-physical jobs are 
more exposed to uninterrupted periods of sitting than physi-
cal jobs, suggesting the need to encourage PA among non-
physical workers. When trying to activate occupational PA it 
is important to note that interventions at the workplace may 
not necessarily lead to an increase of total PA behavior, as 
individuals compensate PA behavior at work with less PA 
during leisure time. Organizational encouragement of PA, 
for example by using break-reminder software, retrieving 
printer output, getting coffee from the other end of the hall or 
taking lunchtime time walks might nonetheless be a success-
ful first step toward motivating and activating TKA patients.

Conclusion

Working-age TKA patients spend a majority of their time 
behaving sedentarily 1-year after TKA surgery. A major-
ity met the international guideline of health-enhancing PA 
(> 150 min MVPA per week). Participants in physical jobs 
compensated for their occupational light-intensity PA by less 
light-intensity PA during leisure time. Participants in non-
physical jobs continued their occupational prolonged seden-
tary bouts during leisure time, which suggests that they do 
not compensate for their prolonged sedentary time at work. 
These findings stress the need to encourage PA among TKA 

patients who do not meet the PA guidelines and among those 
with non-physical jobs.

Acknowledgements We wish to thank Ms A. Van Someren for help-
ing select eligible patients and Mr G. Schipdam, Ms L. Visser and 
Ms K. Ten Kate for their assistance with collecting accelerometers at 
patients’ homes.

Author Contributions TH, MS, SB, PK, SKB: Conception and design, 
TH, JA, MS, SB, PK: Analysis and interpretation of the data, TH, MS, 
SB, JA, PK, SKB: Drafting of the article, TH, SB, CK, AV, FB, HD, 
JA, PK, SKB, MS: Critical revision of the article for important intel-
lectual content, CK, AV, FB, HD: Provision of the patients, TH, JA: 
Statistical expertise.

Funding This work was not financially funded.

Compliance with Ethical Standards 

Conflict of interest All authors declare that they have no conflict of 
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

Appendix

See Table 4.

Table 4  Associations of work and leisure time sedentarily and in sedentary bouts, light-intensity PA and MVPA for five consecutive working 
days (Monday–Friday)

Bold values indicate statistical significance p < 0.05
min minutes

Occupational time Leisure time Between-persons effect P-value Within-person effect P-value
Mean (SD) Mean (SD) Correlation coefficient Correlation coefficient

Total wearing time (min/day) 498.0 (148.7) 476.8 (173.6)
% sedentary time 29.0 (13.1) 31.6 (10.4)  − 0.27 0.06  − 0.56  < 0.001
% time in sedentary bouts ≥ 30 min 6.9 (9.0) 9.8 (9.1) 0.22 0.27  − 0.14 0.22
% time in light-intensity PA 21.0 (11.3) 15.3 (8.5)  − 0.18 0.13  − 0.41  < 0.001
% time in MVPA 1.5 (1.9) 1.6 (2.1) 0.19 0.43  − 0.01 0.93

http://creativecommons.org/licenses/by/4.0/


358 Journal of Occupational Rehabilitation (2021) 31:350–359

1 3

References

 1. Price AJ, Alvand A, Troelsen A, Katz JN, Hooper G, Gray A, et al. 
Knee replacement. Lancet. 2018;392(10158):1672–1682.

 2. Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future 
young patient demand for primary and revision joint replacement: 
National projections from 2010 to 2030. Clin Orthop Relat Res. 
2009;467(10):2606–2612.

 3. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of pri-
mary and revision hip and knee arthroplasty in the United States 
from 2005 to 2030. J Bone Joint Surg Am. 2007;89(4):780–785.

 4. Otten R, van Roermund PM, Picavet HS. Trends in the number 
of knee and hip arthroplasties: considerably more knee and hip 
prostheses due to osteoarthritis in 2030. Ned Tijdschr Geneeskd. 
2010;154:A1534.

 5. Culliford DJ, Maskell J, Beard DJ, Murray DW, Price AJ, 
Arden NK. Temporal trends in hip and knee replacement in 
the United Kingdom: 1991 to 2006. J Bone Joint Surg Br. 
2010;92(1):130–135.

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

 7. Bauman S, Williams D, Petruccelli D, Elliott W, de Beer J. Physi-
cal activity after total joint replacement: a cross-sectional survey. 
Clin J Sport Med. 2007;17(2):104–108.

 8. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, 
Galuska DA, et al. The physical activity guidelines for Americans. 
JAMA. 2018;320(19):2020–2028.

 9. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte 
MJ, Lee IM, et al. American college of sports medicine position 
stand. Quantity and quality of exercise for developing and main-
taining cardiorespiratory, musculoskeletal, and neuromotor fitness 
in apparently healthy adults: guidance for prescribing exercise. 
Med Sci Sports Exerc. 2011;43(7):1334–1359.

 10. Scott CEH, Turnbull GS, MacDonald D, Breusch SJ. Activity lev-
els and return to work following total knee arthroplasty in patients 
under 65 years of age. Bone Joint J. 2017;99B(8):1037–1046.

 11. Hagstromer M, Ainsworth BE, Oja P, Sjostrom M. Comparison 
of a subjective and an objective measure of physical activity in a 
population sample. J Phys Act Health. 2010;7(4):541–550.

 12. Lagersted-Olsen J, Korshoj M, Skotte J, Carneiro IG, Sogaard 
K, Holtermann A. Comparison of objectively measured and self-
reported time spent sitting. Int J Sports Med. 2014;35(6):534–540.

 13. Paxton RJ, Melanson EL, Stevens-Lapsley JE, Christiansen CL. 
Physical activity after total knee arthroplasty: a critical review. 
World J Orthop. 2015;6(8):614–622.

 14. Liu SH, Eaton CB, Driban JB, McAlindon TE, Lapane KL. 
Comparison of self-report and objective measures of physi-
cal activity in US adults with osteoarthritis. Rheumatol Int. 
2016;36(10):1355–1364.

 15. Smith L, McCourt O, Sawyer A, Ucci M, Marmot A, Wardle J, 
et al. A review of occupational physical activity and sedentary 
behaviour correlates. Occup Med (Lond). 2016;66(3):185–192.

 16. Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Ear-
nest CP, Rodarte RQ, et al. Trends over 5 decades in U.S. occupa-
tion-related physical activity and their associations with obesity. 
PLoS ONE. 2011;6(5):e19657.

 17. van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting 
time and all-cause mortality risk in 222 497 Australian adults. 
Arch Intern Med. 2012;172(6):494–500.

 18. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet 
PZ, et al. Breaks in sedentary time: beneficial associations with 
metabolic risk. Diab Care. 2008;31(4):661–666.

 19. Tigbe WW, Lean ME, Granat MH. A physically active occupa-
tion does not result in compensatory inactivity during out-of-work 
hours. Prev Med. 2011;53(1–2):48–52.

 20. Kirk MA, Rhodes RE. Occupation correlates of adults’ participa-
tion in leisure-time physical activity: a systematic review. Am J 
Prev Med. 2011;40(4):476–485.

 21. Gay JL, Buchner DM, Smith J, He C. An examination of compen-
sation effects in accelerometer-measured occupational and non-
occupational physical activity. Prev Med Rep. 2017;8:55–59.

 22. Ward DS, Evenson KR, Vaughn A, Rodgers AB, Troiano RP. 
Accelerometer use in physical activity: best practices and research 
recommendations. Med Sci Sports Exerc. 2005;37(11 Suppl):582.

 23. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accel-
erometer wear and nonwear time classification algorithm. Med Sci 
Sports Exerc. 2011;43(2):357–364.

 24. Freedson PS, Melanson E, Sirard J. Calibration of the computer 
science and applications, inc. accelerometer. Med Sci Sports 
Exerc. 1998;30(5):777–781.

 25. Ryan CG, Dall PM, Granat MH, Grant PM. Sitting patterns at 
work: objective measurement of adherence to current recommen-
dations. Ergonomics. 2011;54(6):531–538.

 26. Centraal Bureau voor de Statistiek (CBS) [Central Statistical 
Office]. Gezondsheidsenquete [health survey]. 1989.

 27. Ghisletta P, Renaud O, Jacot N, Courvoisier D. Linear mixed-
effects and latent curve models for longitudinal life course analy-
ses. In: Burton-Jeangros C, Cullati S, Sacker A, Blane D, editors. 
A life course perspective on health trajectories and transitions. 
Cham (CH): The Authors; 2015. pp. 155–178.

 28. Múthen LK, Múthen BO. Mplus user’s guide. 8th ed. Los Angeles, 
CA: Múthen & Múthen; 2017.

 29. R: A language and environment for statistical computing. R foun-
dation for statistical computing, Viena, Austria. 2017.

 30. Webber SC, Strachan SM, Pachu NS. Sedentary behavior, 
cadence, and physical activity outcomes after knee arthroplasty. 
Med Sci Sports Exerc. 2017;49(6):1057–1065.

 31. Frimpong E, McVeigh JA, van der Jagt D, Mokete L, Kaoje YS, 
Tikly M, et al. Light intensity physical activity increases and sed-
entary behavior decreases following total knee arthroplasty in 
patients with osteoarthritis. Knee Surg Sports Traumatol Arthrosc. 
2019;27(7):2196–2205.

 32. Loyen A, Clarke-Cornwell AM, Anderssen SA, Hagstromer M, 
Sardinha LB, Sundquist K, et al. Sedentary time and physical 
activity surveillance through accelerometer pooling in four Euro-
pean countries. Sports Med. 2017;47(7):1421–1435.

 33. Kahn TL, Schwarzkopf R. Does total knee arthroplasty affect 
physical activity levels? Data from the osteoarthritis initiative. J 
Arthroplasty. 2015;30(9):1521–1525.

 34. Harding P, Holland AE, Delany C, Hinman RS. Do activity levels 
increase after total hip and knee arthroplasty? Clin Orthop Relat 
Res. 2013;472:1502.

 35. Sankar A, Davis AM, Palaganas MP, Beaton DE, Badley EM, 
Gignac MA. Return to work and workplace activity limita-
tions following total hip or knee replacement. Osteoarthr Cartil. 
2013;21(10):1485–1493.

 36. Kievit AJ, van Geenen RC, Kuijer PP, Pahlplatz TM, Blankevoort 
L, Schafroth MU. Total knee arthroplasty and the unforeseen 
impact on return to work: a cross-sectional multicenter survey. J 
Arthroplasty. 2014;29(6):1163–1168.

 37. Jans MP, Proper KI, Hildebrandt VH. Sedentary behavior in dutch 
workers: differences between occupations and business sectors. 
Am J Prev Med. 2007;33(6):450–454.

 38. Matthew CE. Calibration of accelerometer output for adults. Med 
Sci Sports Exerc. 2005;37(11 Suppl):512.



359Journal of Occupational Rehabilitation (2021) 31:350–359 

1 3

 39. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, 
Fagerland MW, et al. Dose-response associations between accel-
erometry measured physical activity and sedentary time and all 
cause mortality: systematic review and harmonised meta-analysis. 
BMJ. 2019;366:l4570.

 40. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard 
C, et al. Physical activity and public health: a recommendation 

from the centers for disease control and prevention and the Ameri-
can college of sports medicine. JAMA. 1995;273(5):402–407.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Accelerometer Measured Sedentary and Physical Activity Behaviors of Working Patients after Total Knee Arthroplasty, and their Compensation Between Occupational and Leisure Time
	Abstract
	Introduction
	Materials and Methods
	Study Design and Participants
	Procedure
	Ethics, Consent and Permissions
	Measurements
	Activity Monitoring
	Covariates

	Statistical Analysis

	Results
	Sedentary Behavior
	Physical Activity Behavior
	Compensation Effect Between Occupational and Leisure Time

	Discussion
	Strengths and Limitations
	Implications and Recommendations

	Conclusion
	Acknowledgements 
	References




