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Abstract
Purpose  To describe objectively measured changes in the volume and pattern of physical activity and sedentary behavior 
in patients undergoing total knee arthroplasty for osteoarthritis.
Methods  Physical activity and sedentary behavior were measured in patients (13 males, 76 females) with a mean age of 
64 years (range 55–80) and end-stage osteoarthritis of the knee, using an accelerometer (ActiGraph GT3X+) for seven 
consecutive days (24 h/day) prior to, 6 weeks and 6 months after total knee arthroplasty. Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), University of California Los Angeles (UCLA) Activity index and range of 
motion (ROM) were also assessed.
Results  Proportion of time spent in sedentary behavior decreased from baseline to 6 months (mean 70.1 vs. 64.0%; p = 0.009) 
and the interruptions to sedentary behavior improved between baseline and 6 months after total knee arthroplasty (mean 
85.0–93.0 breaks/day, p = 0.014). Proportion of time spent in light physical activity increased from baseline to 6 months 
after total knee arthroplasty (29.0 vs. 34.8%; p = 0.008). There was no change in time spent in moderate to vigorous physi-
cal activity after total knee arthroplasty. WOMAC (median 71.0 vs. 4.0, p < 0.001), UCLA (median 2.0 vs. 5.0, p < 0.001) 
as well as ROM [median (0.0°–90.0°) vs. (0.0°–110°), p < 0.05] scores improved between baseline and 6 months after total 
knee arthroplasty.
Conclusion  Clinically, functional improvements in patients following total knee arthroplasty may be assessed by objectively 
measuring changes in low intensity activity behaviors. The use of accelerometers in this study gives new insights into activity 
accumulation patterns in a clinical population and highlights their use in determining a behavioral response to an intervention.
Level of evidence  II.
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Introduction

Knee osteoarthritis (OA) is associated with decreased physi-
cal functional ability, poor quality of life, decreased physical 
activity and increased time spent in sedentary behavior [13, 
23, 40]. Based on self-report data and a few studies which 
have objectively measured activity behaviors, the majority of 
patients with knee OA are physically inactive [19, 40], that 
is, they do not accumulate enough moderate and vigorous 
physical activity (MVPA) to meet the current physical activ-
ity guidelines of at least 150 min of MVPA per week [32].

The most definitive and cost-effective treatment for 
advanced knee OA is total knee arthroplasty (TKA) [33]. The 
primary aim of TKA is to treat pain and improve functional 
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ability and health-related quality of life [20]. Despite sub-
stantial improvements in the patient-reported outcome meas-
ures (PROMs) for pain, physical activity, functional perfor-
mance and quality of life following TKA, some studies report 
improvements in physical activity and/or sedentary behavior 
[7, 24, 39], while others show no improvements [15, 18, 38]. 
A recent systematic review concluded that no change in objec-
tively measured physical activity occurs 6 months after TKA 
[17].

The apparent contradiction in improvements between 
objectively measured activity behaviors and PROMs suggest 
that despite patients reporting improvements in function, sur-
gery may not be effective for improving the total volume of 
physical activity in patients with end-stage knee OA. Nonethe-
less, there may be subtleties in the way objective measures of 
physical activity and sedentary behavior change after TKA that 
have not been previously described. For example, in addition 
to low physical activity levels in knee OA patients, the related 
and yet discrete importance of prolonged periods of inactivity 
and absence of whole body movement in people with knee OA 
is becoming increasingly recognized [41]. A few studies have 
assessed sedentary behavior with physical activity in patients 
undergoing TKA [15, 18, 24, 38, 41] but none have considered 
and described the detailed daily patterns of accumulation of 
both physical activity and sedentary behavior following TKA. 
An understanding of these patterns may be useful to inform 
clinicians (1) as to whether the data obtained objectively can 
provide insight into behavioral responses to TKA, (2) as to 
whether objective data are useful in their ability to determine 
the effect of interventions such as TKA and (3) for the devel-
opment of targeted interventions for improving physical activ-
ity and decreasing time spent sedentary postoperatively. With 
technology, such as accelerometry, that is now available to 
measure detailed outcomes of the whole spectrum of daily 
activity behaviors (from sedentary to light to vigorous intensi-
ties), studies that harness the detail of these activity behavior 
data are needed to determine if, when and how patients may 
change their activity behaviors after undergoing TKA. In the 
current study, it was hypothesized that overall volume of activ-
ity behaviors would not change following TKA; however, the 
patterns of accumulation of those activity behaviors would 
change. The primary objective of this study was to describe 
changes in both the volume and patterns of activity behaviors 
(PA and SB) using accelerometry in patients undergoing TKA. 
A secondary objective was to assess changes in PROMs fol-
lowing TKA.

Materials and methods

Patients with advanced knee OA, scheduled for primary 
TKA at a tertiary hospital in South Africa took part in this 
study. The patients were recruited and followed up from 

August 2015 to April 2017. Inclusion criteria for the study 
were patients who: (1) were between the ages of 55 and 
80 years, (2) met the 1986 American Rheumatology Asso-
ciation (ACR) criteria for knee OA [1], (3) had Kellgren 
and Lawrence grade 3 or 4 radiographic changes [22], (4) 
were refractory to conservative medical therapy for at least 
6 months, (5) were undergoing primary unilateral TKA 
surgery and (6) were ambulant with or without assistive 
devices.

Exclusion criteria were: (1) patients having any other 
form of chronic arthritis [e.g., rheumatoid arthritis (RA)], 
(2) significant symptomatic chronic OA of the contralateral 
knee and/or hip, and (3) having co-morbidities or medical 
conditions that affect PA such as congestive heart failure, 
neurological problems (such as stroke) and chronic obstruc-
tive pulmonary disease (COPD) as determined using a gen-
eral health questionnaire (GHQ) [29].

The Human Research Ethics Committee of the University 
of the Witwatersrand approved the study (clearance number: 
M150323). Written informed consent was obtained from all 
patients. The study has also been registered on the Clinical-
Trials.gov database (Trial reg. no: NCT02675062-4 Febru-
ary 2016).

Study design

This study was a longitudinal observational design and the 
details of the study protocol have been previously published 
[29]. Baseline assessments were done 2 weeks prior to TKA, 
with patients being off prescription pain medication for at 
least a week. All patients were implanted with cemented 
posterior stabilized knee prosthesis (Genesis II, Smith and 
Nephew, Durban, South Africa). Patients underwent stand-
ard physiotherapy care after the surgery. Postoperatively, 
patients were followed up at 6 weeks and 6 months. Briefly, 
the data that were collected included patient demographics 
and anthropometrics, self-reported physical function and 
health-related quality of life, range of motion (ROM) and 
PA and SB. The assessment time points corresponded to 
the required appointments for patients to consult with their 
surgeons.

Patient‑reported outcome measures

A general health questionnaire (GHQ) was used to deter-
mine the eligibility for the study by obtaining information 
on health history, history of knee OA, history of medication 
and smoking, previous or scheduled surgery other than TKA 
and present or absence of any co-morbidities (not limited 
to hypertension, diabetes mellitus, high cholesterol, chronic 
obstructive pulmonary disorders, heart disease and stroke). 
The socioeconomic status (SES) was determined using a 
household amenity and education questionnaire (HAQ) [6].
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The University of California, Los Angeles (UCLA) activ-
ity index was used to assess the self-reported activity level 
of patients [18].

The Western Ontario and McMaster Universities Osteo-
arthritis (WOMAC) index was used to assess pain, stiffness 
and physical function in patients at each timepoint [4].

Anthropometric and range of motion (ROM) 
measurements

Height was measured to the nearest meter with the patients 
shoeless using a stadiometer (Seca, model 202, Germany). 
Weight was measured to the nearest 0.1 kilograms using a 
scale (Mettler, Model TE120 ME36400, Switzerland) with 
the patients shoeless and wearing light clothing. Active flex-
ion and extension ROMs of the affected knee were measured 
using a plastic goniometer.

Objective measurement of physical activity 
and sedentary behavior

Physical activity and sedentary behavior were objectively 
measured using a continuous wear (24 h/day) protocol over 
a 7-day period with the Actigraph GT3X + accelerom-
eter (Actigraph, LLC, Fort Walton Beach, FL, USA). The 
GT3X + was programmed to record raw data at a frequency 
of 30 Hz which were later reduced to vertical axis movement 
counts per 60 s epoch for the purpose of the current analy-
ses. The ActiGraph was attached to an elastic belt, which 
the patients wore around their waist on the same side of 
the affected knee. Patients wore the accelerometer for seven 
consecutive days and the ActiGraph was collected at the next 
possible visit to the hospital or arrangements were made for 
collection from patients at a location most convenient to 
them. The patients were instructed to remove the ActiGraph 
when showering, bathing or swimming.

The data were downloaded and reduced using a custom 
built SAS program (v 9.3, SAS Institute, Cary, NC, USA). 
Sleep periods were either calculated using a validated algo-
rithm [27] or, where distinct sleep times could not be obtained, 
sleep periods were determined by visual inspection and 
confirmed from the patient-reported sleep and wake times 
recorded on the general health questionnaire. Non-wear time 
was classified as 1 min intervals with consecutive zero counts 
for a minimum of 90 min (with an allowance of up to 3 min of 
counts between 0 and 50) [10]. Sleep and non-wear periods 
were removed from the data, leaving only daily waking wear 
time. For a day to be classified as valid, a minimum wear time 
of 10 h (600 min) was required. Only patients with four or 
more valid days of wear time were included for data analy-
ses. Common cut points were used to classify each minute as 
sedentary (< 100 counts per minute, cpm) [25], light intensity 
(100–1951 cpm), moderate intensity (1952–5724 cpm), or 

vigorous intensity (> 5724 cpm) [14]. Total volumes of activ-
ity in the different intensities (sedentary, light and moderate 
vigorous) as well as patterns of activity (i.e., bouts of time 
spent in each activity intensity) were the variables that were 
extracted from the waking wear data.

Statistical analysis

The data were analyzed using SPSS (version 24, SPSS Inc., 
Chicago, IL, USA). All patients with at least four valid days 
of ActiGraph data at baseline and/or 6 weeks and 6 months 
after TKA were included in the analysis. However, patient 
characteristics (anthropometric, general health and socio-
economic data) were reported for all those recruited into the 
study using descriptive statistics (mean and standard devia-
tion or median and interquartile range or percentages). The 
amounts of time spent in SB, light physical activity (LPA) 
and MVPA at baseline and at 6 weeks and 6 months after 
TKA were presented descriptively (using means and 95% 
confidence intervals or median and interquartile range). SB 
and LPA data (which were normally distributed, assessed 
by Shapiro–Wilks test) between baseline and 6 weeks and 
6 months after TKA were compared using a linear mixed 
model, whereas a generalized linear model was used for 
MVPA time and the percentages of awake wear times spent 
in each of the activity behaviors (not normally distributed). 
Fixed effect used in the models was time and the random 
effect was subjects. The variance–covariance structures 
were selected based on Bayes Information Criterion and the 
unstructured variance–covariance was used. Patients’ age, 
BMI and awake wear times were included in the models as 
known covariates. Accumulation of activity across catego-
ries of intensity and bout duration was also described using 
exposure variation analysis (EVA) [34]. The hourly varia-
tions of the sedentary to light activity ratios were analyzed 
using a generalized linear model with hour of the day and 
assessment time points as factors.

Scores for UCLA and WOMAC (calculated by the scor-
ing system) were reported descriptively (with median and 
interquartile range). Questionnaire scores between baseline, 
6 weeks and 6 months after TKA were compared using a 
generalized linear model. A p value of less than 0.05 was 
considered significant. An a priori sample size calculation 
indicated that a minimum sample size of 107, including a 
20% drop out rate to follow-up, was required to achieve 2% 
reduction in sedentary time with a power of 80% [29].

Results

A total of 89 (76 female; 13 male) patients with mean (SD) 
age of 64.8 (8.7) years ranging from 55 to 80 years and BMI 
of 34.0 (7.7) kg/m2 were recruited into the study. Figure 1 is 
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a flow chart showing the total number of patients recruited 
into the study at baseline and the drop outs to follow-up. 
Only 73 patients underwent the TKA surgery, while the 
remaining 15 patients had their surgeries suspended on 
account of unsatisfactory clinical reports (n = 14) and one 
patient declined to undergo the surgery due to family issues. 
A further 16 patients were lost to follow-up: six dropped out 
at 6 weeks post-TKA (three travelled out of Johannesburg, 
two could not be reached and one opted to continue treat-
ment at a private clinic); and ten dropped out at 6 month 
post-TKA (four travelled out of Johannesburg, three declined 
to continue the study, two lost their monitors and one had a 
faulty monitor).

Table  1 shows the patients characteristics for those 
who (1) underwent TKA surgery; (2) completed the study 
6 months after TKA and (3) had valid or insufficient Acti-
Graph GT3X + activity data at 6 months after TKA.

Patient and physician‑reported outcomes 
before and after TKA

Self-reported PA was significantly higher at 6  weeks 
(p < 0.001) and 6 months (p < 0.001) after TKA compared 

to baseline (Table 2). Patients reported no pain and stiffness 
6 months after TKA compared to baseline (p < 0.001).

Both the flexion and extension ranges of motion (ROM) 
improved significantly 6 months after TKA (p < 0.001 and 
p = 0.028, respectively).

Changes in volume of activity behaviors 
pre and postoperatively

Table 3 shows the comparisons of total volume and patterns 
of PA and SB of patients before and after TKA. The num-
ber of valid days of ActiGraph wear, total awake wear time 
per day and total activity counts per day and per minute for 
all awake wear time was not different between baseline and 
6 weeks and 6 months after TKA.

The percentage of awake wear time spent in SB 
(p = 0.009) as well as the overall daily sedentary time 
(p = 0.03) decreased significantly from baseline to 
6 months after TKA. The total number of breaks from 
SB significantly increased at 6 months after TKA com-
pared to 6  weeks after TKA (p < 0.001) and baseline 
(p = 0.022). The duration of breaks from SB was lower 

Fig. 1   Flow chart illustrating 
patient recruitment from base-
line to 6 month follow-up

Initial recruitment of TKA patients: 
n=89 

Participants who underwent TKA: 
n=73 

Participants with 6 weeks post-TKA 
data: n=67 

Participants with complete baseline to 
6 months post-TKA data: n=57 

Participants with ≥ 4 days of valid 
baseline to 6 months post-TKA: n=45 

Participants with TKA surgeries 
suspended: n=16 

Not medically stable: n=15 
Declined the TKA: n=1 

Participants lost to 6 weeks 
follow-up: n=6 

Travelled: n=3 
Unable to contact: n=2 
Changed hospital: n=1 

Participants lost to 6 months follow-
up: n=10 

Unable to contact: n=7 
Lost or faulty device: n=3 

Participants with < 4 days of 
baseline to 6 months post-TKA 
data: n=12

..

.

..

..



2200	 Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:2196–2205

1 3

Table 1   Characteristics of patients who underwent TKA, those who completed the follow-up and those who completed the follow-up with and 
without valid ActiGraph data

Age, weight, height, body mass index and SES score are presented as mean (SD), whereas length of hospital stay is presented as median (inter-
quartile range, IQR). The remaining data are presented as frequencies (%)
LHS length of hospital stay, SES socioeconomic status, TKA total knee arthroplasty

Patients who under-
went TKA (n = 73)

Patients with complete 
6 months follow-up data 
(n = 57)

Patients with complete 
6 months and valid ActiGraph 
data (n = 45)

Patients with complete 
6 months and insufficient 
ActiGraph data (n = 12)

Age (years) 64.0 (8.7) 64.2 (9.0) 63.8 (8.8) 64.3 (9.4)
Gender, n (%)
 Females 67 (92) 53 (93) 42 (93) 12 (100)
 Males 6 (8) 4 (7) 3 (7) 0 (0)

Race, n (%)
 Black 53 (73) 41 (72) 33 (73) 11 (92)
 Caucasian 20 (27) 16 (28) 12 (27) 1 (8)

Weight (kg) 84.8 (20.0) 84.3 (20.8) 84.6 (21.0) 87.3 (17.5)
Height (m) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1)
Body mass index (kg/m2) 34.2 (7.5) 34.3 (7.9) 34.6 (7.8) 36.6 (7.6)
LHS, median (IQR), (days) 7.0 (3) 7.0 (3) 7.0 (3) 7.0 (5.0)
Side of TKA, n (%)
 Left 30 (41) 24 (42) 19 (42) 6 (50)
 Right 43 (59) 33 (58) 26 (58) 6 (50)

Smoking (yes), n (%) 6 (8) 4 (7) 3 (7) 3 (7)
Diabetes mellitus (yes), n (%) 8 (11) 5 (9) 5 (11) 1 (8)
Hypertension (yes), n (%) 37 (51) 28 (49) 22 (49) 6 (50)
Dyslipidaemia (yes), n (%) 7 (10) 6 (11) 2 (5) 2 (17)
Educational status, n (%)
 Below high school 24 (33) 20 (35) 18 (40) 4 (33)
 High school complete 37 (51) 30 (53) 20 (44) 7 (58)
 Tertiary level complete 12 (16) 7 (12) 7 (16) 1 (9)

SES score 9.9 (2.8) 10.0 (2.9) 9.9 (3.1) 9.7 (3.1)

Table 2   Comparisons of 
patient and physician-reported 
outcomes before and after TKA

Data are presented as median (interquartile range). A higher score for WOMAC pain, stiffness and ADL 
subscales (maximum scores possible were 20, 8, and 68, respectively) indicates a worse outcome. The 
highest possible score for UCLA is 10, indicating regular participation in impact sports. Normal ROM is 
0°–140°; however, ROM of 0°–110° (i.e., 0° extension and 110° flexion) after TKA indicates a good result
*p value calculated between baseline and 6 months after TKA (Bonferroni)

Baseline (n = 79) 6 weeks after 
TKA (n = 62)

6 months after 
TKA (n = 45)

Main effect p value p value*

UCLA score 2.0 (1.0) 3.5 (1.0) 5.0 (1.0) < 0.001 < 0.001
WOMAC scores
 Total score 71.0 (27.0) 22.5 (19.0) 4.0 (11.3) < 0.001 < 0.001
 Pain 15.0 (6.0) 3.0 (5.0) 0.0 (2.0) < 0.001 < 0.001
 Stiffness 6.0 (2.0) 2.0 (1.0) 0.0 (2.0) < 0.001 < 0.001
 ADL 51.0 (17.0) 16.5 (17.0) 3.5 (9.0) < 0.001 < 0.001

ROM
 Flexion (°) 90.0 (10.0) 95.0 (10.0) 110.0 (15.0) < 0.001 < 0.001
 Extension (°) 0.0 (6.0) 0.0 (4.0) 0.0 (0.0) 0.01 0.012
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at 6 weeks compared to 6 months after TKA (p = 0.013) 
but was not different between baseline and 6 months after 
TKA.

Patients spent more of their awake wear time in LPA at 
6 months after TKA compared to before (p = 0.008) and 
6 weeks after (p = 0.001) TKA. Daily LPA time increased 
from baseline to 6 months after TKA by approximately 
50.0 (95% CI 3.2–96.7) min/day (p = 0.032).

The patients spent less than 1% of their awake wear 
times in MVPA at all time points (Table 3). Approxi-
mately 5–18% of the patients met the current PA guide-
lines at baseline and after TKA. Patient step count was 
significantly lower at 6 weeks (p < 0.001) but significantly 
higher (p = 0.015) after surgery compared to baseline.

Patterns of accumulation of activity behaviors 
before and after TKA

Figure 2 shows comparisons of the accumulation of patients’ 
awake wear times spent in sedentary, LPA and MVPA inten-
sities accumulated for different bout lengths between base-
line and 6 months after TKA. There were significant reduc-
tions in the percent of time spent in prolonged bouts of SB 
at 6 months after TKA compared to baseline. Bouts of vary-
ing durations of light activity also increased significantly 
between baseline and 6 months after TKA.

Figure 3 depicts the hourly variation of awake wear time 
not spent in MVPA (i.e., the sedentary to light activity 
ratios) over the course of the day. Overall patients were less 

Table 3   Comparisons of volume of activity behaviors before and after total knee arthroplasty

All data (adjusted for age, body mass index and waking wear time) are presented as mean (95% CI) except for moderate-vigorous physical activ-
ity, which are presented as median (interquartile range)
*p value between baseline and 6 months after TKA (Bonferroni)
a p value calculated using generalized linear model; remaining data compared using linear mixed model

Baseline (n = 79) 6 weeks after TKA 
(n = 62)

6 months after TKA 
(n = 45)

Main effect p value p value*

Valid days 5.7 (5.5–5.9) 6.0 (5.8–6.3) 6.0 (5.7–6.3) 0.067 n.s
Waking wear time (min/

day)
927.0 (903.2–956.7) 901.7 (874.4–929.0) 927.8 (901.7–953.8) 0.126 n.s

Activity counts, all awake 
wear time (counts/day)

162,018 (133,675–
190,361)

132,094 (109,961–
154,227)

196,751 (165,206–
228,296)

< 0.001 n.s

Activity counts, all awake 
wear time (counts/min)

170 (143–198) 145 (123–168) 209 (177–242) 0.001 n.s

Sedentary behavior (SB)
 Sedentary time, % awake 

weara
70.1 (67.5–72.7) 72.0 (69.5–74.9) 64.0 (60.6–67.9) 0.001 0.009

 Sedentary time (min/day) 649.7 (622.0–677.3) 649.1 (617.1–681.1) 594.0 (555.9–632.0) 0.033 0.030
 Breaks from SB (num-

ber/day)
85.2 (80.4–90.1) 82.2 (76.8–87.6) 93.0 (88.1–97.9) < 0.001 0.022

 Duration of break from 
SB (min/break)

3.2 (3.0–3.5) 3.0 (2.7–3.3) 3.7 (3.2–4.0) 0.010 n.s

Light physical activity 
(LPA)

 Light physical activity, % 
awake weara

29.0 (26.6–31.4) 27.4 (24.7–30.0) 34.8 (31.3–38.3) 0.001 0.008

 Light physical activity 
time (min/day)

272.8 (247.4–298.2) 245.9 (221.0–279.9) 322.8 (289.0–356.6) < 0.001 0.032

Moderate to vigorous 
physical activitya

 Moderate to vigorous 
PA, % awake wear

0.1 (0.6) 0.1 (0.5) 0.4 (1.1) 0.266 n.s

 Moderate to vigorous PA 
time (min/day)

2.0 (7.8) 1.4 (4.9) 3.4 (11.6) 0.292 n.s

Steps (number/day) 3677 (3083–4270) 2816 (2355–3278) 4941 (4109–5773) < 0.001 0.015
Meeting PA guidelines, 
n (%)a

7 (8.9) 3 (4.8) 8 (17.8) 0.054 n.s
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sedentary in the early hours of the day (6h00–10h00), after 
which, time spent sedentary gradually increased through the 
afternoon to late evening (13h00–23h00). The sedentary to 
light ratio was similar between baseline and 6 weeks after 

TKA. However, between baseline and 6 months after TKA, 
there was a significant reduction in sedentariness and an 
increase in light activity from 09h00 to 19h00 (p < 0.05).

Discussion

The most important finding of this study is that overall total 
daily sedentary time and time spent in light physical activ-
ity improved 6 months after TKA with patients showing a 
reduction in SB of approximately 56 min and an increase 
in LPA of approximately 50 min per day. The patients also 
interrupted their sedentary time more frequently after TKA 
compared to baseline. In conjunction with the changes in 
objectively measured activity, the patient-reported activity 
and physical functional levels as well as physician-reported 
outcome (range of motion) significantly improved from 
baseline to 6 months after TKA, as was expected.

Although in the current study, the amount of time spent in 
SB at 6 months after TKA was higher than that of Brandes 
et al. [7] study (7.0 h/day, 56.5% of awake wear time), and 
lower than that reported in Harding et al. [18] study (11.6 h/
day, 83% of awake wear time), to our knowledge a decrease 
in sedentary time of this magnitude has not yet been reported 
in TKA patients following their surgery. With no signifi-
cant difference being observed in the time our patients spent 
in MVPA, it is likely that the time spent in prolonged SB 
decreased at 6 months after TKA, because it was interrupted 
more frequently with LPA.

Understanding the hourly patterns of SB and LPA pro-
vides a useful source of information for physician moni-
toring and for informing targeted interventions with the 
ultimate aim of improving overall health and quality of life 
[9]. The patients in this study accumulated similar volumes 
of SB and LPA in the early hours of the day (6h00–10h00) 
before and after TKA. However, there was a noticeable shift 
in total amounts of sedentary and light activity accumulated 
over the course of the day following TKA, but particularly at 
certain times of the day. There was less time spent in SB and 
more in LPA between 11h00–19h00 at 6 months after TKA 
compared to baseline. Light PA is associated with purpose-
ful movements accumulated during performances of activi-
ties of daily living (ADL) [8]. The improvement in activity 
behaviors at a time of day when the patients were likely to 
be engaged in household, social and occupational activities, 
has implications for quality of life of patients in this study 
and may offer an explanation as to why such great improve-
ments in activity behaviors were observed following TKA. 
Patients should be encouraged to engage in more light activ-
ity during these times, as the present study has shown that 
this is a feasible time for targeted interventions. This study 
supports the notion that targeted interventions may focus 
on improving activity behaviors of low intensities (SB and 

a

b

c

Fig. 2   Percentage of awake wear time spent in a sedentary behavior, 
b light physical activity and c moderate to vigorous physical activity 
before (white bars) and 6 months after (black bars) total knee arthro-
plasty. *p < 0.05 for indicated bouts between baseline and 6 months 
after TKA. Data are presented as mean (SEM)
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LPA), even at 6 months postoperatively, where functional 
recovery appears to be optimal [2, 11, 36]. Long-term post-
operative interventions aimed at offsetting sedentary time 
with LPA or task-oriented activities performed during ADLs 
may sustain recovery of functions, quality of life and physi-
cal activity in the long term.

The current study is the first to explore activity behav-
iors in a population living in a low to middle income coun-
try (South Africa) and this may also be a reason for the dif-
ference between this study and others who have reported 
no or marginal improvements in activity behaviors fol-
lowing TKA [2, 17]. The present study was conducted in 
patients of low socioeconomic status (with particularly, 
low educational background) compared to other studies 
done in high-income countries. Changes in daily routine 
and nature of work at home and workplace (due to urban-
ization and automatism of work and life) may result in 
a greater time spent being sedentary [16, 21]. Whereas 
individuals from high-income countries may be able to 
increase leisure-time PA in case of activity reduction due 
to work schedules [12], their counterparts in lower income 
groups (due to poor economic climates) tend to improve 
PA by performing activities of daily routines related to 
work, domestic chores and transport [3]. Furthermore, the 
drive or motivation to change activity behavior in patients 
with musculoskeletal disorders may vary from one socio-
economic group to the other. Therefore, the inherent moti-
vation to independently perform activities of daily living 
and return to work postoperatively may have resulted in 
improved activity behaviors of patients in the present. 
Herbolsheimer et al. [19] indeed showed that the impact 
of knee OA on activity behavior patterns varies from one 

socioeconomic group to the other [19]. In addition, meth-
odological differences across studies may also explain the 
reason why the findings of the present study are different 
from the previous studies. The previous studies have either 
monitored activity of patients in less than 3 days [7, 15, 
38, 39] and only a few between 4 and 7 days [18, 24].

The observation of a low accumulation of MVPA is con-
sistent in all of the studies that have assessed PA in patients 
before and/or after TKA. In our study, less than 1.0% of 
the daily awake wear time was spent in MVPA at 6 months 
after TKA and less than a third of the patients met the PA 
guidelines at baseline and 6 months after TKA. Despite the 
high rate of success associated with TKA, a lower recovery 
rate compared to THA, post-surgical pain and quadriceps 
muscle weakness have all been found to mitigate physical 
functioning [5, 11, 28, 31]. All of the patients in this study 
had advanced knee OA prior to surgery and they may have 
had underlying musculoskeletal damage as a consequence 
of the knee OA that inhibited more intense movements. 
Patients were also on average 65 years of age and most older 
adults do not achieve the recommended PA guidelines even 
in the absence of a musculoskeletal disorder [35]. However, 
in this study, the number of steps per day of the patients both 
at baseline and 6 month post-surgery is consistent with the 
reported values for healthy 65–69-year adults in the National 
Health and Nutrition Examination Survey (NHANES) 
(3302–5269 steps/day) [37]. The patients in this study may, 
therefore, have already been relatively lightly active and may 
have been further motivated to increase their activity post-
surgery in the lower intensity activities. A longer duration 
of recovery may allow such patients to adopt a more moder-
ately intensively active lifestyle [15].

Fig. 3   Average hourly sedentary 
to light activity ratio between 
baseline and after TKA. Data 
are mean (95% CI) sedentary 
to light ratios per hour of the 
day for each of the three visits. 
Data are adjusted for awake 
wear time. *p < 0.05 between 
pre (filled circle) and 6 month 
post-TKA (filled triangle). 
**p < 0.01 between 6 weeks 
(filled square) and 6 month post-
TKA (filled triangle)
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There are a few limitations associated with this study. 
There was high rate of dropout at follow-up, which 
decreased the total number of patients completing the 
6-month follow-up. However, the characteristics of these 
patients were similar to those included in the analysis. Fur-
thermore, we intended on recruiting 107 patients, but found 
a significant reduction in SB after preliminary analysis and, 
therefore, believe that the study was adequately powered. 
The use of accelerometers comes with the challenge of dif-
ferent algorithms and decision rules for cut points for PA 
and SB. This makes comparison with other studies limit-
ing; for instance, the ActiGraph GT3X has not been used 
in patients undergoing TKA in a longitudinal study design 
before. In addition, waist-worn accelerometers do not always 
adequately measure activities including upper body activi-
ties or upright activity behaviors of low ambulatory compo-
nents such as cycling [26]. However, in the present study no 
patient-reported cycling in the UCLA activity index during 
the activity monitoring periods. Importantly, the same inten-
sity measured by an accelerometer will in reality translate 
to a different level of cardiorespiratory impact on different 
people. Thus, it is important to have accelerometer cut point 
algorithms validated for specific populations (for example, 
in those with musculoskeletal disorders) [30].

Conclusion

In line with an improvement in patient-reported pain, stiff-
ness and physical function 6 months after total knee arthro-
plasty, overall objectively measured light physical activity 
increased and sedentary behavior decreased 6 months after 
total knee arthroplasty. The way that patients accumulated 
their activity throughout the day also improved after surgery 
with patients spending more time in light activity during the 
active hours of the day. Clinically, functional improvement 
in patients following total knee arthroplasty may be assessed 
by objectively measuring changes in low intensity activity 
behaviors. This comprehensive analysis of detailed daily 
activity behaviors can be used to inform feasible interven-
tions for increasing the duration of light physical activity 
bouts and decreasing prolonged sedentary bouts to improve 
quality of life and overall health following TKA.

Author contributions  EF participated in conceptualization of study, 
development of study design, collecting data, writing of drafts, edit-
ing of drafts. JAM participated in conceptualization of study, develop-
ment of study design, writing of drafts, editing of drafts. DVDJ took 
part in conceptualization of study, development of study design, edit-
ing of drafts. LM took part in conceptualization of study, develop-
ment of study design, editing of drafts. YSK took part in development 
of study design, collecting data, editing of drafts. MT took part in 
conceptualization of study, development of study design, editing of 
drafts. RMM participated in conceptualization of study, development 

of study design, writing of drafts, editing of drafts. All authors read 
and approved the final manuscript.

Funding  Costs associated with this study were internally funded by 
the School of Physiology, Faculty of Health Sciences, University of 
the Witwatersrand.

Compliance with ethical standards 

Conflict of interest  LM wishes to declare that he has offered consul-
tancy services for Implantcast for the development of a new prosthesis. 
No money has been paid for these consultancy services. The remaining 
authors declare that they have no conflict of interests.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee (clearance certificate number 
M150323) and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Informed consent  An informed consent was obtained from all indi-
viduals participants included in the study.

References

	 1.	 Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, 
Christy W, Cooke TD, Greenwald R, Hochberg M, Howell D, 
Kaplan D, Koopman W, Longley S, Mankin H, McShane DJ, 
Medsger T, Meenan R, Mikkelsen W, Moskowitz R, Murphy W, 
Rothschild B, Segal M, Sokoloff L, Wolfe F (1986) Development 
of criteria for the classification and reporting of osteoarthritis: 
classification of osteoarthritis of the knee. Arthritis Rheum 
29:1039–1049

	 2.	 Arnold JB, Walters JL, Ferrar KE (2016) Does physical activity 
increase after total hip or knee arthroplasty for osteoarthritis? A 
systematic review. J Orthop Sports Phys Ther 46:431–442

	 3.	 Beenackers MA, Kamphuis CBM, Giskes K, Brug J, Kunst AE, 
Burdorf A, van Lenthe FJ (2012) Socioeconomic inequalities in 
occupational, leisure-time, and transport related physical activity 
among European adults: a systematic review. Int J Behav Nutr 
Phys Act 9:116

	 4.	 Bellamy N (2002) WOMAC Osteoarthritis Index User Guide. 
https​://www.rheum​atolo​gy.org/I-Am-A/Rheum​atolo​gist/Resea​
rch/Clini​cian-Resea​rcher​s/Weste​rn-Ontar​io-McMas​ter-Unive​rsiti​
es-Osteo​arthr​itis-Index​-WOMAC​. Accessed 19 May 2017

	 5.	 Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P 
(2012) What proportion of patients report long-term pain after 
total hip or knee replacement for osteoarthritis? A systematic 
review of prospective studies in unselected patients. BMJ Open 
2:e000435

	 6.	 Bradshaw D, Steyn K (2001) Poverty and chronic disease in South 
Africa: Medical Research Council. http://www.mrc.ac.za/bod/
pover​tyfin​al.pdf. Accessed 20 May 2017

	 7.	 Brandes M, Ringling M, Winter C, Hillmann A, Rosenbaum D 
(2011) Changes in physical activity and health-related quality of 
life during the first year after total knee arthroplasty. Arthritis 
Care Res 63:328–334

	 8.	 Chaput J-P, Carson V, Gray CE, Tremblay MS (2014) Importance 
of all movement behaviors in a 24 h period for overall health. Int 
J Environ Res Public Health 11:12575–12581

	 9.	 Chastin SFM, Palarea-Albaladejo J, Dontje ML, Skelton DA 
(2015) Combined effects of time spent in physical activity, 

https://www.rheumatology.org/I-Am-A/Rheumatologist/Research/Clinician-Researchers/Western-Ontario-McMaster-Universities-Osteoarthritis-Index-WOMAC
https://www.rheumatology.org/I-Am-A/Rheumatologist/Research/Clinician-Researchers/Western-Ontario-McMaster-Universities-Osteoarthritis-Index-WOMAC
https://www.rheumatology.org/I-Am-A/Rheumatologist/Research/Clinician-Researchers/Western-Ontario-McMaster-Universities-Osteoarthritis-Index-WOMAC
http://www.mrc.ac.za/bod/povertyfinal.pdf
http://www.mrc.ac.za/bod/povertyfinal.pdf


2205Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:2196–2205	

1 3

sedentary behaviors and sleep on obesity and cardio-metabolic 
health markers: a novel compositional data analysis approach. 
PLOS One 10:e0139984

	10.	 Choi L, Liu Z, Matthews CE, Buchowski MS (2011) Validation 
of accelerometer wear and nonwear time classification algorithm. 
Med Sci Sports Exerc 43:357–364

	11.	 Ethgen O, Bruyère O, Richy F, Dardennes C, Reginster J-Y (2004) 
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 86-A:963–974

	12.	 Finger JD, Tylleskär T, Lampert T, Mensink GBM (2012) 
Physical activity patterns and socioeconomic position: the Ger-
man National Health Interview and Examination Survey 1998 
(GNHIES98). BMC Public Health 12:1079

	13.	 Focht BC, Garver MJ, Devor ST, Dials J, Lucas AR, Emery CF, 
Hackshaw KV, Rejeski WJ (2014) Group-mediated physical 
activity promotion and mobility in sedentary patients with knee 
osteoarthritis: results from the IMPACT-pilot trial. J Rheumatol 
41:2068–2077

	14.	 Freedson PS, Melanson E, Sirard J (1998) Calibration of the com-
puter science and applications, Inc. accelerometer. Med Sci Sports 
Exerc 30:777–781

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

	16.	 Guthold R, Ono T, Strong KL, Chatterji S, Morabia A (2008) 
Worldwide variability in physical inactivity a 51-country survey. 
Am J Prev Med 34:486–494

	17.	 Hammett T, Simonian A, Austin M, Butler R, Allen KD, Ledbetter 
L, Goode AP (2017) Changes in physical activity after total hip or 
knee arthroplasty: a systematic review and meta-analysis of 6 and 
12 months outcomes. Arthritis Care Res. https​://doi.org/10.1002/
acr.23415​

	18.	 Harding P, Holland AE, Delany C, Hinman RS (2014) Do activity 
levels increase after total hip and knee arthroplasty? Clin Orthop 
Relat Res 472:1502–1511

	19.	 Herbolsheimer F, Schaap LA, Edwards MH, Maggi S, Otero Á, 
Timmermans EJ, Denkinger MD, van der Pas S, Dekker J, Cooper 
C, Dennison EM, van Schoor NM, Peter R, Eposa Study Group 
(2016) Physical activity patterns among older adults with and 
without knee osteoarthritis in six European countries. Arthritis 
Care Res 68:228–236

	20.	 Jones CA, Beaupre LA, Johnston DWC, Suarez-Almazor ME 
(2007) Total joint arthroplasties: current concepts of patient out-
comes after surgery. Rheum Dis Clin N Am 33:71–86

	21.	 Katzmarzyk PT, Mason C (2009) The physical activity transition. 
J Phys Act Health 6:269–280

	22.	 Kellgren JH, Lawrence JS (1957) Radiological assessment of 
osteo-arthrosis. Ann Rheum Dis 16:494–502

	23.	 Lee J, Chang RW, Ehrlich-Jones L, Kwoh CK, Nevitt M, Semanik 
PA, Sharma L, Sohn M-W, Song J, Dunlop DD (2015) Sedentary 
behavior and physical function: objective evidence from the osteo-
arthritis initiative. Arthritis Care Res 67:366–373

	24.	 Lützner C, Kirschner S, Lützner J (2014) Patient activity after 
TKA depends on patient-specific parameters. Clin Orthop Relat 
Res 472:3933–3940

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

	26.	 Matthews CE, Hagströmer M, Pober DM, Bowles HR (2012) Best 
practices for using physical activity monitors in population-based 
research. Med Sci Sports Exerc 44:S68

	27.	 McVeigh JA, Winkler EAH, Healy GN, Slater J, Eastwood PR, 
Straker LM (2016) Validity of an automated algorithm to identify 
waking and in-bed wear time in hip-worn accelerometer data col-
lected with a 24 h wear protocol in young adults. Physiol Meas 
37:1636

	28.	 Meier W, Mizner RL, Marcus RL, Dibble LE, Peters C, Lastayo 
PC (2008) Total knee arthroplasty: muscle impairments, func-
tional limitations, and recommended rehabilitation approaches. J 
Orthop Sports Phys Ther 38:246–256

	29.	 Meiring RM, Frimpong E, Mokete L, Pietrzak J, Van Der Jagt D, 
Tikly M, McVeigh JA (2016) Rationale, design and protocol of a 
longitudinal study assessing the effect of total knee arthroplasty 
on habitual physical activity and sedentary behavior in adults with 
osteoarthritis. BMC Musculoskelet Disord 17:281

	30.	 Migueles JH, Cadenas-Sanchez C, Ekelund U, Nyström CD, 
Mora-Gonzalez J, Löf M, Labayen I, Ruiz JR, Ortega FB (2017) 
Accelerometer data collection and processing criteria to assess 
physical activity and other outcomes: a systematic review and 
practical considerations. Sports Med. https​://doi.org/10.1007/
s4027​9-017-0716-0

	31.	 Petterson SC, Mizner RL, Stevens JE, Raisis L, Bodenstab A, 
Newcomb W, Snyder-Mackler L (2009) Improved function from 
progressive strengthening interventions after total knee arthro-
plasty: a randomized clinical trial with an imbedded prospective 
cohort. Arthritis Rheum 61:174–183

	32.	 Physical Activity Guidelines Advisory Committee Report (2018) 
Recap: 2018 Physical Activity Guidelines Advisory Committee 
Meeting 3| Health.gov. News Media Heal

	33.	 Schache MB, McClelland JA, Webster KE (2014) Lower limb 
strength following total knee arthroplasty: a systematic review. 
Knee 21:12–20

	34.	 Straker L, Campbell A, Mathiassen SE, Abbott RA, Parry S, 
Davey P (2014) Capturing the pattern of physical activity and 
sedentary behavior: exposure variation analysis of accelerometer 
data. J Phys Act Health 11:614–625

	35.	 Sun F, Norman IJ, While AE (2013) Physical activity in older 
people: a systematic review. BMC Public Health 13:449

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

	37.	 Tudor-Locke C, Schuna JM, Barreira TV, Mire EF, Broyles ST, 
Katzmarzyk PT, Johnson WD (2013) Normative steps/day values 
for older adults: NHANES 2005–2006. J Gerontol A Biol Sci Med 
Sci 68:1426–1432

	38.	 Vissers MM, Bussmann JB, de Groot IB, Verhaar JAN, Reijman 
M (2013) Physical functioning 4 years after total hip and knee 
arthroplasty. Gait Posture 38:310–315

	39.	 Walker DJ, Heslop PS, Chandler C, Pinder IM (2002) Measured 
ambulation and self-reported health status following total joint 
replacement for the osteoarthritic knee. Rheumatol Oxf Engl 
41:755–758

	40.	 Wallis JA, Webster KE, Levinger P, Taylor NF (2013) What pro-
portion of people with hip and knee osteoarthritis meet physi-
cal activity guidelines? A systematic review and meta-analysis. 
Osteoarthr Cartil 21:1648–1659

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

https://doi.org/10.1002/acr.23415
https://doi.org/10.1002/acr.23415
https://doi.org/10.1007/s40279-017-0716-0
https://doi.org/10.1007/s40279-017-0716-0

	Light intensity physical activity increases and sedentary behavior decreases following total knee arthroplasty in patients with osteoarthritis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Study design
	Patient-reported outcome measures
	Anthropometric and range of motion (ROM) measurements
	Objective measurement of physical activity and sedentary behavior
	Statistical analysis

	Results
	Patient and physician-reported outcomes before and after TKA
	Changes in volume of activity behaviors pre and postoperatively
	Patterns of accumulation of activity behaviors before and after TKA

	Discussion
	Conclusion
	References


