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A B S T R A C T

Objective: Total knee arthroplasty (TKA) is the gold-standard treatment for end-stage knee osteoarthritis, and the
primary expectations are reduced pain and improved function. However, there is conflicting evidence regarding
functional changes post-TKA. Commonly, functional changes are measured using Oxford Knee Score (OKS). No
previous study has investigated physical behaviour (PB) changes in terms of volume and patterns post-TKA. The
aims of this study were to explore volume and pattern changes in PB following TKA using an objective tool and to
assess the correlation between this and OKS.
Design: An activPAL measured the PB of individuals on a waiting list for TKA for a period of 7–8 days pre-TKA, and
for the same length of time at 12 months post-TKA. OKS was completed at similar follow-up time points.
Results: Thirty-three individuals completed the study, where stepping time, the number of steps and the time spent
on moderate to vigorous physical activity (MVPA) (>100 steps/minute) improved significantly post-TKA
p ¼ 0.0001. Steps at 12 months post-TKA improved by 45.6% (from 4240 to 6174) and stepping time
increased by 38.8% (from 0.98 to 1.36 h). MVPA improved by 35 min at 12 months (from 6.6 to 41.7 min). There
were no significant correlations between PB and OKS.
Conclusion: This is the first study to explore PB volumes and event-based patterns post-TKA. Activity improved in
terms of volume and patterns. No correlation was found between OKS and ActivPAL, which emphasises the need
to use objective methods in addition to patient-reported outcome measures.
1. Introduction

With an ageing population and increasing obesity, osteoarthritis (OA)
has become a leading cause of global disability [1]. End-stage knee
osteoarthritis (KOA) pain and a limited range of motion are major sources
limiting physical activity (PA), increased sedentary behaviour and sub-
sequent chronic disability. OA is associated with increasing all-cause
mortality and serious cardiovascular disease events [1–3]. Total knee
arthroplasty (TKA) is an effective gold-standard treatment for end-stage
KOA [4,5].

The main expected outcomes of TKA are reduced pain and improved
PA. Pain reduction and functional changes are commonly measured using
Oxford Knee Score (OKS), where under/overestimation and recall bias
cannot be excluded [6]. Agreement between Knee Injury and
abilitation Science, Princess Nou
Bin sheeha), m.h.granat@salford
ac.uk (R. Jones).

ier Ltd on behalf of Osteoarthritis
Osteoarthritis Outcome Score (KOOS) and a sedentary time question-
naire with activity monitor outcomes has been shown to range between
weak and no correlation [7–10]. No previous study has correlated the
time spent in physical behaviour (PB) before and after TKA with OKS
score, as it is patient-reported outcome measures (PROMs) that are most
commonly used to assess outcomes post-TKA. Correlation assessment
may enhance the understanding of functional recovery using different
assessment tools.

However, there has been limited research on free-living PB outcomes
post-TKA using reliable assessment methods and good methodology
[11–14]; and no study has explored daily PB, in terms of the time spent in
sedentary, standing, upright and stepping states, number of steps per day
and event-based patterns post-TKA using an objective reliable method.
Most studies have found that PB remained the same as pre-TKA or
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reduced, based on an average taken over 48 h or shorter measurement
periods using either unfeasible postural or energy expenditure acceler-
ometers [11,13–16]. The postural accelerometer's considerable weight
and multiple-sensor design (one sensor along the lateral aspect of the
thigh, a second one on the lateral aspect of the calf with connecting ca-
bles to a processor monitor at hip level) render it unsuitable for wearing
round the clock, and previous studies' records cover fewer than the rec-
ommended number of days, which makes their results questionable [13,
16–19]. Differences in methodology in terms of monitors' sensitivity and
accuracy, the numbers of days worn and the times of day when they were
worn have crucial effects on the results and may explain these variations.

ActivPAL is a feasible postural classification accelerometer that pro-
vides objective quantification of free-living PB without any modification;
it is small, lightweight, waterproof and offers simple application to pa-
tients. ActivPAL has been shown to be superior to other accelerometers,
given its ability to measure volume and pattern of free-living PB [20–23].
It assesses low-energy positions (sitting and lying) to estimate sedentary
behaviour. It also accurately assesses the start time for each position and
the duration spent in it. In a similar manner, it estimates upright event
Fig. 1. Patient flowchart
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(standing, stepping) times, in addition to the number of steps and
cadence [20,21]. ActivPAL showed good inter-device reliability, ranging
from 0.79 to 0.99. The mean percentage differences between activPAL
and direct observation for the total time spent sitting were 0.19% (limit
of agreement from �0.68% to 1.06%) and for standing 1.4% (limit of
agreement from �6.2% to 9.1%) [24]. The only study that utilised an
activPAL post-TKA [12] attached the device over the anterolateral of the
tibia instead of the anterior aspect of the upper thigh, and therefore was
not validated for this position for stepping and in this position would be
unable to differentiate standing from sitting [20].

No previous study has compared PA post-TKA with global PA
guideline recommendations to promote and maintain health. Therefore,
the current study aimed to determine any changes in free-living PB at 12
months post-TKA in order to determine whether there was any correla-
tion between PB and OKS and to compare PA post-TKA to global PA
recommendations. The hypotheses of the current study are: there are
significant changes in PB volume and pattern post-TKA, there is a sig-
nificant correlation between PB and OKS score, and PA post-TKA meets
global PA guideline recommendations.
showing exclusions.
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2. Method

2.1. Study design and participants

The study was a prospective six- and twelve-month follow-up trial to
explore outcomes post-TKA (ClinicalTrials.gov number NCT02998125).
Ethical approval was obtained from both Salford University (HSR1617-
39) and King Khaled University Hospital ethical committees (E�17-
2395), and each individual signed a consent form. All patients who were
scheduled for elective primary unilateral total-knee arthroplasty, for end-
stage knee osteoarthritis, were asked to participate during preadmission
orthopaedic clinic visits betweenMarch andMay 2017 (Fig. 1). End-stage
KOA, according to the Kellgren-Lawrence scale for Grade 4, occurs when
large osteophytes are present and joint space narrows, with severe scle-
rosis and definite bone-contour deformity [25]. Age, gender and
body-mass-index (BMI) were not significantly different for the included
participants and those who could not volunteer, p ¼ 0.55, p ¼ 0.39 and
p ¼ 0.79, respectively. Potential participants were excluded from the
study if they: were scheduled for bilateral knee surgery, uni-
compartmental replacement or revision surgery; had limited function
due to musculoskeletal conditions other than unilateral knee osteoar-
thritis; had been diagnosed with uncontrolled diabetes mellitus or blood
pressure, any neurologic disorders, such as stroke, Parkinson's disease,
multiple sclerosis, or psychological pathologies; had advanced osteopo-
rosis or some other unstable chronic disease; had been diagnosed with a
peripheral vascular or uncontrolled cardiac disease.

The required sample-size estimation was based on step number
changes post-TKA in a previous study using an ActivPAL, although that
study was conducted without a power calculation [12]. The standard
deviation of difference (σ) ¼ 0.5, effect size (standardized mean
Fig. 2. ActivPA
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difference) ¼ 0.3 with a significance level of α 0.05 and a power of (1-β)
0.90 indicated that a minimum of 30 patients was required. A possible
10% drop-out rate was expected and therfore a corrected sample size of
33 patients was required [26].

2.2. Surgical intervention and rehabilitation

All patients underwent a midline incision with a medial parapatellar
approach to surgery performed by one of five consultant surgeons. No
intra-operative complications were reported. Three different prosthesis
designs were used: NexGen® LPS Flex cemented knee-replacement
(Zimmer Inc.) or Persona knee-replacement system (Zimmer Inc), and
Attune® knee-replacement system (DePuy Synthes, A Johnson & John-
son Company). The hospital stay after TKA was 5–6 days. Physiotherapy
was standardised according to hospital protocols to minimise con-
founding factors for both in-patient and out-patient periods. The aim of
in-patient physiotherapy is to mobilize patients on the first day after
surgery, employing either weight-bearing or partial weight-bearing, as
tolerated. In-patient exercises include bed exercise, lower limb
strengthening, a range of motion exercises, gait training and stair
training, all designed to get patients back to an acceptable level of
functional independence. Out-patient physiotherapy continues for not
less than one month, with an average of three physiotherapy sessions per
week. The exercise programme includes progressive lower-limb range-of-
motion exercises, strengthening exercises and gait-and-balance training.

2.3. Testing procedures

During a preadmission session (7–8 days before surgery), patients
were instructed to complete an Arabic Oxford knee-score (OKS) form
L monitor.

http://ClinicalTrials.gov


Table 1
Physical behaviour volume descriptive statistics and between-subject effects for one-way repeated ANOVA.

Activity Time Points Mean Standard
Deviation

Standard Error of the
Mean

95% Confidence Interval F P

Lower
Bound

Upper
Bound

Sedentary Time
(Hour)

Pre-Total Knee Arthroplasty 19.48 1.51 0.26 18.94 20.01 .940 .396
6 months Post-Total Knee Arthroplasty 19.27 1.66 0.29 18.68 19.86
12 months Post-Total Knee
Arthroplasty

19.08 1.54 0.27 18.53 19.62

Standing Time (Hour) Pre-Total Knee Arthroplasty 3.47 1.27 0.22 3.02 3.92 .216 .807
6 months Post-Total Knee Arthroplasty 3.64 1.44 0.25 3.13 4.15
12 months Post-Total Knee
Arthroplasty

3.54 0.97 0.17 3.20 3.89

Upright Time (Hour) Pre-Total Knee Arthroplasty 4.48 1.45 0.25 3.96 4.99 1.08 .343
6 months Post-Total Knee Arthroplasty 4.73 1.67 0.29 4.14 5.32
12 months Post-Total Knee
Arthroplasty

4.88 1.47 0.26 4.36 5.41

Stepping Time (Hour) Pre-Total Knee Arthroplasty .98 .43 .075 .33 1.95 57.78 .0001
6 months Post-Total Knee Arthroplasty 1.17 .42 .074 .56 2.11
12 months Post-Total Knee
Arthroplasty

1.36 .38 .67 .68 2.18

Steps Number Pre-Total Knee Arthroplasty 4240 2268 394 3435 5044 260.6 .0001
6 months Post-Total Knee Arthroplasty 4853 2108 367 4105 5601
12 months Post-Total Knee
Arthroplasty

6174 2287 398 5363 6985
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[27]; then, an ActivPAL was attached to the patient's mid-thigh, secured
by non-allergic waterproof adhesive tape under their clothes, for 7–8
days before surgery. The ActivPAL was collected on admission day, with
the same measures repeated at six and twelve months post-TKA.

PB in the current study was measured for a minimum of 7 consecutive
days to adhere to free-living PB recommendations to include variation on
weekdays and at the weekend [21]. In addition, measuring PB each week
enhanced the comparison with PA global recommendations as these
mention per week not per day [28].

2.4. Physical activity outcome measures

PB measurements were taken using an ActivPAL activity monitor
(PAL Technologies, Glasgow, UK), which provides objective quantifica-
tion of free-living PB. The device is light-weight (20g), small (53 x
35 � 7 mm, Fig. 2) and has a battery life of up to 14 days; it contains a
microprocessor, sensing element, recording element, associated elec-
tronics and power supply. The microprocessor controls the processing
and recording of the sensor signal and communication with a host PC
[23,29]. Before application, the monitor was charged and programmed
(ActivPAL3™, version 7.2.32). The device was worn by the patient for
7–8 days at each measurement period. Clear written and verbal in-
structions were given to patients, advising that they had to wear it all day
and all night, except when bathing or swimming (they could shower with
it attached). After the test period, the monitor was removed, and data
were downloaded for analysis [11,12].
Table 2
Multiple comparisons of post hoc tests for stepping time and steps.

Physical activity Time (I) Time (J) Mean Difference (

Stepping time Pre-TKA 6 months post-TKA �11.48
12 months post-TKA �22.66

6 months post-TKA Pre-TKA 11.48
12 months post-TKA �11.18

12 months post-TKA Pre-TKA 22.66
6 months post-TKA 11.18

Steps Number Pre-TKA 6 months post-TKA �613
12 months post-TKA �1934

6 months post-TKA Pre-TKA 613
12 months post-TKA �1321

12 months post-TKA Pre-TKA 1934
6 months post-TKA 1321
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2.5. Patient reported outcome measure

Arabic OKS, which is a validated PROM commonly used in the
assessment of pain and function post-TKA, was calculated during testing
sessions [27].

2.6. Data processing

2.6.1. Patient-reported outcomes
OKS data entry was undertaken according to OKS guidelines 2015,

with scores for each question (item) from 0 to 4, with 0 being the worst
outcome and 4 the best. The scores were then summed to produce an
overall score between 0 (worst possible) to 48 (best possible) [30].

2.6.2. Physical-activity measurements
ActivPAL is a postural classification device that has the ability to

determine the inclination of one or more body segments and drive the
body position, with the position being recorded every 20th of a second
over 24 h. These raw acceleration data are stored in memory [20]. Data
were extracted from the ActivPAL monitor using proprietary software;
then, a CSV format file was imported into Excel for further statistical
analysis using Excel and SPSS (SPSS Inc., Chicago, IL, USA, release 21 for
Windows).

The quantity of data was rounded to 24-h data sets and incomplete
data sets for the first and last days were removed. Full 24-h data sets for a
minimum of 7 consecutive days at all three time points were analysed.
I-J) Standard Error Significant 95% Confidence Interval for Difference

Lower Bound Upper Bound

2.04 .0001 �16.64 �6.31
2.24 .0001 �28.32 �16.99
2.04 .0001 6.31 16.64
2.03 .0001 �16.32 �6.05
2.24 .0001 16.99 28.32
2.03 .0001 6.05 16.32
89.63 .0001 �839 �386
105.35 .0001 �2200 �1668
89.63 .0001 386 839
58.02 .0001 �1467 �1174
105.35 .00011 1668 2200
58.02 .000 1174 1467



Fig. 3. Cadence Band changes post-Total knee arthroplasty.
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Data from the ActivPAL were activities classified into sedentary, standing
and stride events, with consecutive stride events being able to be com-
bined to give stepping events. Using aMatlab script, stepping events were
extracted, and these events had associated start times, durations,
numbers of steps and average cadences recorded against them [20]. For
each PB position (sedentary, standing, stepping and upright), the average
time spent in each position during the testing period of 7–8 days at all
assessment time points was calculated for each participant to detect
changes in PB volume post-TKA. Similarly, the average number of steps
during the testing period (7–8 days) at all time points was calculated.
Then, the calculated average for the time spent in each position and the
number of steps per day at the three assessment time points for each
participant were imported into SPSS for further analysis.

To explore overall changes in cadence post-TKA, the total time spent
in cadence bands of less than 60 steps/minute, slow to medium physical
activity (SMPA) (�60 and�100 steps/minute) and moderate to vigorous
physical activity (MVPA) (>100 steps/minute) each week prior to TKA,
and 6 and 12 months post-TKA were explored in all stepping event
lengths for each participant [31]. In addition, total MVPA time was
explored for events �10 continuous minutes, events �5 continuous
Table 3
Physical activity pattern descriptive statistics and between-subject effects for one-way
minutes).

Pattern Time Points Mean/
median

Sta
De

<60 steps/min Pre-Total Knee Arthroplasty 369 18
6 months Post-Total Knee
Arthroplasty

458 16

12 months Post-Total Knee
Arthroplasty

593 18

Slow to medium steps (�60
and �100 steps/min)

Pre-Total Knee Arthroplasty 232 14
6 months Post-Total Knee
Arthroplasty

326 14

12 months Post-Total Knee
Arthroplasty

457 17

Moderate to vigorous (>100 steps/
min)

Pre-Total Knee Arthroplasty 6.6 *
6 months Post-Total Knee
Arthroplasty

10.5

12 months Post-Total Knee
Arthroplasty

41.7

*A Friedman test was used as a non-parametric test alternative to the one-way repeate
for moderate to vigorous physical activity (MVPA).
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minutes and events � one continuous minute to assess sedentary time
interruption [20,32].

2.6.3. Data analysis
A one-way repeated-measures analysis of variance (ANOVA)was used

to assess the changes in time spent in sedentary, standing, upright and
stepping states, the number of steps and overall cadence before and 6 and
12months post-TKA, as the datawere normally distributed, as assessed by
a Kolmogorov-Smirnov test, and the ANOVAassumptionsweremet. As no
prior hypothesis existed regarding which post-TKA time might affect PA,
post hoc testing was used to explore potential significances [33].

A Friedman test was additionally used as a non-parametric alternative
test to the one-way repeated-measures ANOVA, because the assumption
of normality distribution was violated for MVPA and OKS score, as
assessed by a Kolmogorov-Smirnov test (p ¼ 0.001 and p ¼ 0.007
respectively). Pairwise comparisons were performed with a Bonferroni
correction for multiple comparisons to minimise the risk of Type I error,
with the original alpha in the current study set at 0.05, and for three
comparisons, the adjusted p-value required for significance would be
0.05/3 ¼ 0.0167 [33]. Before and 12 months post-TKA, OKS score
repeated ANOVA (less than 100 steps/minutes) and a Friedman test (>100 steps/

ndard
viation

Standard Error of the
Mean

95% Confidence Interval F P

Lower
Bound

Upper
Bound

9 33.07 301 436 117.8 .0001
1 28.13 401 516

8 32.76 526 660

8 25.79 180 285 65.6 .0001
7 25.62 274 379

9 31.26 393 520

* .21 49 18.72 .0001
.15 114

.28 379

d measure ANOVA because the assumption of normality distribution was violated
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correlation was explored with PB before and after TKA (sedentary,
standing, stepping, upright time and steps number), which resulted in 20
correlations.

PA at 12 months post-TKA was compared to PA adult guidelines that
recommend aminimum of 150min of MVPA per week in bouts lasting for
10 continuous minutes ormore tomaintain health [34]. The accumulated
time spent inMVPAwas assessed inbout lengthsof less than10continuous
minutes to explore sedentary time interruption changes post-TKA.

3. Results

Twenty-seven females and six male patients (mean ages of 59 � 6
years (range, 49–76) and 76� 7 years (range, 63–85) years, respectively)
completed the study. The BMI means were 37.21 � 7.65 for females and
32.38 � 2.01 for males. All patients wore an activPAL during each
assessment period for a full 24 h for a minimum of 7 consecutive days
without difficulty or any adverse reactions.
3.1. Physical activity volume changes

The mean times spent for all outcomes per day at each time point are
shown in Table 1. The stepping times and step numbers were signifi-
cantly different at 6 months post-TKA (F (2,64)¼ 57.78, p¼ 0.0001) and
12 months post-TKA (F (1.47,47.08) ¼ 260.63, p ¼ 0.0001). The effect
sizes for stepping time and steps (partial η2) were large, at 0.7 and 0.9,
respectively (Table 1).

The mean of daily stepping time increased from pre-TKA by
11.48 � 2.05 (95% CI, 6 to 16) minutes/day at 6 months post-TKA, by
22.66 � 2.24 (95% CI, 16 to 28) minutes/day at 12 months post-TKA,
and by 11.2 � 2.03 (95% CI, 6 to 16) minutes/day from 6 months
post-TKA to 12 months post-TKA (Table 2).

The daily steps number mean increased at 6 months post-TKA by
613 � 89 (95% CI, 386 to 839) steps/day, at 12 months post-TKA by
1934 � 105 (95% CI, 1668 to 2200) steps/day, and between 6 months
post-TKA and 12 months post-TKA by 1321� 58 (95% CI, 1174 to 1467)
steps/day (Table 2).

There were no significant changes in mean time for sedentary (F
(2,64) ¼ 0.940, p ¼ 0.396), standing (F (2,64) ¼ 0.216, p ¼ 0.807) and
Fig. 4. Time spent in less than 60 steps/minute in
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upright times (F (2,64) ¼ 1.088, p ¼ 0.343) at all time points post-TKA
(Table 1).

3.2. Physical activity pattern changes

The averages of times spent in all cadence bands post-TKA are shown
in Fig. 3. The time spent in less than 60 steps/minute per week signifi-
cantly increased at all time points post-TKA (F (2,64) ¼ 117.8,
p ¼ 0.0001) with a large effect size (partial η2), 0.8. The mean time spent
in a cadence of less than 60 steps/minute increased from pre-TKA by:
89 � 15 (95% CI, 49 to 129) minutes/week at 6 months post-TKA; by
224 � 21 (95% CI, 169 to 279) minutes/week at 12 months post-TKA;
and by 135 � 20 (95% CI, 81 to 187) minutes/week from 6 months
post-TKA to 12 months post-TKA (Table 3). Fig. 4 shows the individual
changes in time spent in cadence bands less than 60 steps/minute per
week at all assessment time points.

The time spent in SMPA per week significantly increased at all time
points post-TKA (F (2,64) ¼ 65.6, p ¼ 0.0001), with a large effect size
(partial η2), 0.9. The time spent in SMPA increased by 94 � 14 (95% CI,
58 to 129) minutes/week at 6 months post-TKA; by 225 � 15 (95% CI,
184 to 263) minutes/week at 12 months post-TKA; and by 131 � 14
(95% CI, 94 to 166) minutes/week from 6months post-TKA to 12months
post-TKA (Table 3). Fig. 5 shows individual changes in time spent in
SMPA per week at all assessment time points.

The time spent in MVPA (>100 steps/minute) per week was signifi-
cantly different at 6 months post-TKA and 12 months post-TKA (χ2

(2)¼ 18.727. p¼ 0.0001). TheMVPAmedian time increased by 3.9 min/
week at 6 months post-TKA, and by 35 min/week at 12 months post-TKA
(Table 3). MVPA values were significantly different between pre-TKA
and 12 months post-TKA (p ¼ 0.0001) and between 6 months and 12
months post-TKA (p ¼ 0.003). No significant differences were detected
between baseline and 6 months post-TKA (p ¼ 0.793).

3.3. Physical activity correlation with OKS

OKS significantly improved at different time points post-TKA: (χ2

(2) ¼ 232), (χ2 (2) ¼ 209.6) and (χ2 (2) ¼ 221.49), with p ¼ 0.0005,
respectively. OKS median changes were from 14 (pre-TKA) to 34 (6
dividual changes post-Total knee arthroplasty.



Fig. 5. Slow to medium steps (�60 < 100 steps/minute) individual changes post-Total knee arthroplasty.
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months post-TKA) and 40 (12 months post-TKA). However, there was no
significant correlation between OKS and PB (Table 4).
3.4. Physical activity post-TKA compared to global PA guidelines

MVPA performance was compared to health-enhancing PA guideline
recommendations and the majority of patients did not meet the recom-
mendations 12 months post-TKA. Only 24% of the participants (8 pa-
tients) met the recommendation of 150 min of MVPA per week for all
stepping event lengths (Fig. 6); 6% of the participants (2 patients) met the
recommendation of 150 min of MVPA per week for walking events
greater than10 min (Fig. 7); 9% of the participants (3 patients) met the
recommendation of 150 min of MVPA per week for events greater than
5 min (Fig. 8); 12% of the participants (4 patients) met the recommen-
dation of 150 min of MVPA per week for events greater than 1 min.
Table 4
Oxford knee score (OKS) correlation with physical behaviour before and after
Total knee arthroplasty (TKA).

Correlation pairs Oxford knee score before
Total knee arthroplasty (TKA)

Oxford knee score 12 months
post - Total knee arthroplasty
(TKA)

Pearson
Correlation

Significant Pearson
Correlation

Significant

Pre-TKA
sedentary time

.030 .867 .235 .189

Pre-TKA standing
time

.063 .727 .228 .203

Pre-TKA stepping
time

.292 .099 .183 .309

Pre-TKA upright
time

.046 .797 .220 .219

Pre-TKA steps
number

.221 .216 .138 .443

Post-TKA
sedentary time

.028 .875 .231 .195

Post-TKA
standing time

.118 .515 .240 .179

Post-TKA
stepping time

.232 .193 .211 .239

Post-TKA upright
time

.001 .993 .236 .186

Post-TKA 12 steps
number

.191 .286 .210 .241
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4. Discussion

This study is the first to explore PB changes post-TKA and it dem-
onstrates that PB 12 months post-TKA improved significantly in terms of
volume and pattern. The current study's steps performance improved by
1934 steps per day at 12 months post-TKA; this is an improvement of
45.6%, which is higher than in the only previous study by Lutzner Dipl-
Pad et al. [12], who reported a 22.6% improvement. These daily step
number improvements result in approximately 2.3 million steps annually
(SD 834,755 steps).

The previous study assessed PA post-TKA [12], though this study did
have a major methodological limitation, as the ActivPAL monitor was
applied to the anterolateral aspect of the tibia (a position not in
compliance with recommendations and a position not previously vali-
dated). In addition, they only recorded for 4–6 days, which may not be
sufficient to capture actual PB performance, including weekends and
working days. Other studies have measured the numbers of steps
post-TKA, but their methods too did not meet the recommendations, such
as measurements on one day; using a pedometer, which is considered
inaccurate for detecting the number of steps; or not measuring steps
before surgery to detect improvements [35–37]. In terms of stepping
time, the current study found an increase of 22 min per day at 12 months
post-TKA, whereas Lutzner Dipl-Pad et al. [12] showed no significant
change in stepping time, which is surprising in light of their demon-
strated increase in steps.

Many previous studies concluded that PB post-TKA remained at or
below pre-surgery level, which may be due to many confounding factors
that affected the accuracy of their conclusions. Those studies' conclusions
were based on PB patients’ reported outcome measures (questionnaire)
or using energy expenditure as a measure of PB. A few studies rely on
questionnaires, so the risk of subjective under/overestimation and recall
bias cannot be excluded [38–40]. In this study, OKS scores improved
significantly at each time point post-TKA, although these did not corre-
late with PB changes. The recovery profiles vary for each outcome
measure; such discrepancies between PB and OKS show the importance
of using both subjective and objective methods to assess outcomes
post-TKA. OKS average score was 40, which indicates satisfactory joint
function; however, only 6% of the participants met the recommendation
of 150 min of MPVA per week in bouts �10 continuous minutes to
promote and maintain health. Further education may encourage and
motivate patients to improve their PA post-TKA, as pain and functional
ability improve post-TKA. A future study could explore the effectiveness



Fig. 6. Moderate to vigorous physical activity (MVPA) per week in all stepping events length changes post-Total knee arthroplasty.
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of behavioural treatments to change sedentary behaviour post-TKA,
achieve the global PA recommendations and minimise the risk of a
sedentary lifestyle.

A major change detected by the present study was a 583% increase in
the time spent on MVPA at 12 months post-TKA, it was 6 min per week at
the baseline and this increased to 41 min at 12 months post-TKA. MVPA
at 6 months post-TKA showed a 75% improvement, from 6 min to
10.5 min. In fact, 41 min of MVPA per week is less than for symptomatic
KOA (1–24 min/day) and the general US population of a similar age
(1–22 min/day) [37]. This may be due to a different measurement
methodology being used, and their conclusion being based on an Acti-
Graph uniaxial accelerometer. ActiGraph is an energy expenditure
accelerometer that inaccurately assesses energy expenditure based on
cut-off points and thresholds to classify PA intensity based on many
regression equations rather than accurate postural detection [11,13,14].
For example, an ActiGraph worn at waist level records minimal accel-
eration, while standing quietly in a similar way to sitting and
Fig. 7. Moderate to vigorous physical activity (MVPA) per week in step

8

overestimation of low-level activity and underestimation of vigorous
activity cannot be excluded [20].

One novel feature of this study was the ability to look at how MVPA
steps accumulated, considering both MVPA stepping time and sedentary
time interruption according to new public health recommendations [32].
ActivPAL precisely estimated the time spent in each stepping intensity
(start and end time in seconds), therefore stepping event lengths were
assessed accurately. The current study found that 6% of the participants
met the recommendation of 150 min of MVPA per week for events �10
continuous minutes. Furthermore, 24% of participants accumulated
150 min per week of MVPA for all event lengths, this indicates more
interruptions to sedentary time. According to an Australian cohort study,
regular interruptions to sedentary time have positive health benefits,
such as: improving the profile of triglyceride and plasma glucose, in
addition to reducing BMI and waist circumference [32]. Prolonged
sedentary time is associated with reductions in blood flow, pulmonary
oxygen uptake and fat metabolism, which increases the risk of chronic
ping events length �10 min changes post-Total knee arthroplasty.



Fig. 8. Moderate to vigorous physical activity (MVPA) per week in stepping events length � 5 min changes post-Total knee arthroplasty.
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diseases such as diabetes mellitus and cardiovascular disease [41].
Therefore, to understand the full picture of PB changes post-TKA, it is
essential to measure the time spent in MVPA, sedentary time and
sedentary time interruption.

Our findings' implication for clinical practice is that arthroplasty
significantly decreases pain, although, in isolation, it may not adequately
improve patients’ PA, so further interventions are required. Effective
strategies are essential to modify a sedentary lifestyle and increase PA
performance post-TKA. Behavioural treatments and further education
pre/post-TKA may improve motivation and minimise the risk of a
sedentary lifestyle.

The study has several strengths points regarding sampling, such as:
although the sample size was small, it may reflect the general population,
as it included both genders and a wide age group and did not have sig-
nificant differences from a large sample invited in terms of age, gender
and BMI. In addition, recruitment was from a large teaching hospital with
wider eligibility for different patient populations, other than hospital
settings. In terms of measurements of strength, PA was estimated based
on an average of a minimum of 7 days to include variations on weekdays
and at weekends. The PA measurement timeline was standarised for all
time points pre/postTKA to eliminate constant error.

The study has several limitations, such as: sleeping time was included
in sedentary time, which may affect the accuracy of sedentary time
changes, as sleeping may improve as pain reduces post-TKA. The 12
months follow-up may not reflect maximum functional recovery post-
TKA, so a longer follow-up is recommended. The current study showed
no correlation with OKS, a future study is recommended to assess the
correlation with other activity scores, such as the University of California
Los Angeles (UCLA) activity scale, Tegner score and the Physical Activity
Scale for the Elderly (PASE).

5. Conclusion

PA improved in terms of stepping, step numbers and patterns. OKS
did not reflect the magnitude of the functional improvements post-TKA
and there were no significant correlations with ActivPAL as an objec-
tive method. This emphasises the need to use objective methods in
addition to PROMs, which merely track subjective improvements and
may be influenced by recall bias.
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