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Abstract

Individuals have increasingly high expectations of return to activity following Total Hip
Replacement surgery. The current literature demonstrates marked improvements in pain
following THR. However, there is limited evidence showing objective improvement in daily
activity. This randomised pilot trial aimed to determine the effect of an intervention where
outdoor walking distance is used as a goal to increase daily activity of older adults using a
commercial activity monitor at 3 to 6 months post THR. Findings suggested that the
participants in the intervention group had higher activity levels after THR, compared to those
in the control group. The Cohen’s effect sizes were larger for the changes in the gait, Hip
Disability and Osteoarthritis Outcome Score, and Psychosocial Impact of Assistive Devices
Scale data in the intervention group in contrast to the control group. However, further
research with a larger sample size is required to provide tangible evidence on the significance

of the effect of the purposeful walk compared to step count.
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1. Introduction

THR is one of the most common and successful orthopaedic operations worldwide (1, 2) that
offers pain relief even at week one post-surgery (3-5). However, a recent report (6) suggested
that the aim should not only be to improve pain, but also lead to improving physical activity.
This activity should preferably meet the recommended daily activity levels (at least 150-300
min of moderate-intensity physical activity per week) by the World Health Organization

(WHO) (7).

Despite the recommendations and evidence showing the benefit of physical activity, previous
research has reported that most individuals undergoing THR are not physically active enough
after their surgery (8). Recent studies (9-12) monitored the recovery of individual post-THR
surgery and they found that the number of steps decreases and does not reach the same level
as before surgery even at 24 months post-surgery period. Furthermore, Physical activity
greatly benefits human movement. For THR patients, increased physical activity links to better
biomechanics during walking and daily tasks (13, 14). Regular exercise enhances muscle
strength, joint flexibility, and cardiovascular fitness, leading to smoother movement (15). THR
patients benefit from improved joint range, muscle strength, and coordination through

physical activity (14). This aids in restoring optimal biomechanics and overall mobility.

Activity monitors have been extensively used as an incentive to encourage people in the wider
population to become more active through walking (16). For example, Simonsick, Guralnik
(17) and Geurts, Van Geel (18), carried out large longitudinal studies in a group of female
older adults and individual with Multiple Sclerosis (MS) respectively, and found that the
activity monitor increases walking distance amongst their cohorts. These studies utilised

different types of activity monitors, but the major incentive for such enhancement were the



targets that were set for the individual throughout the study. However, when it comes to the
THR cohort, the evidence of distance-based interventions is limited, in particular when it
comes to outdoor walking (19-22). The focus of current studies has been merely on
monitoring or enhancing the amount of walking using the step count parameter. This is a
shortcoming because a recognised technical problem with the activity monitors is their
diminishing accuracy in step counting associated with decreased walking speed (23) which is
often a gait characteristic associated with people after THR operation. Additionally, there is
currently a lack of attention for personalised plans in the post operative period which is
against the desire of individuals undergoing THR surgery (24). Further evidence also suggest
that individuals undergoing THR surgery are interested and receptive of wearable
technologies and in particular enjoy the outdoor elements where sensors such as GPS

technology are used to track their daily outdoor activities (6, 19, 22, 24, 25).

This study aims to determine the effect of an intervention where an outdoor walking distance
is used as a goal to increase daily walking activity, using a commercially available activity
monitor, in people after THR 3 to 6 months post THR surgery. Throughout this protocol, we

will refer to the outdoor walk that is recorded with a GPS sensor as a ‘purposeful walk’.



2. Methods

2.1 Trial design

This was an investigator-initiated, single-center randomised pilot trial with full ethical
approval granted by the Bournemouth University Research Ethics Committee (ref: 45499) and
prepared in accordance with CONSORT guidelines for reporting randomised pilot studies (26).

A CONSORT checklist of information is included in the Supplementary Materials (Appendix 1).

2.2 Participants

Table 1 provides full eligibility criteria for the participants in the study. Participants were all
recruited through publicising tools such as Twitter posts, and posters shared on the University
channels (Bournemouth University research blogs, the Public Involvement in Education and
Research (PIER) group, University of Third Age, and communities of older adults (e.g. local
indoor bowling clubs). Those interested in the study contacted the lead researcher, were
provided with an information sheet and to comply with Good Clinical Practice (GCP)

guidelines (27), were given 48 hours to consider participating.

2.3 Setting

The study was carried out at the Orthopaedic Research Institute at Bournemouth University.
Following informed consent, participants were assigned to either the intervention or the

control group. Details on randomisation process is explained in section 2.9. Figure 1 outlines

the study flow.



Table 1. Eligibility criteria

Inclusion Criteria

Male and female, aged 60 years and over;

3 to 6 months post unilateral total hip replacement surgery for
osteoarthritis;

Can provide verbal confirmation that they have been discharged
from their surgical care;

Capable of independent walking;

Capable of completing the activity diary independently;

Have access to a smartphone or computer;

Willing to complete the trial protocol.

Exclusion Criteria

Unable to provide informed consent;

Unable to complete follow-up (insufficient English, lives
overseas, unable to return easily);

Not physically able to use Grail gait lab;

Systematic disease affecting walking ability (chronic obstructive
pulmonary disease (COPD), congestive heart failure (CHF),
chronic kidney disease (CKD), Parkinson’s Disease, cerebral
palsy, multiple sclerosis etc.);

Requiring revision hip replacement;

Previous hip replacement (resurfacing or THR) on the
contralateral side;

Known metastatic tumour involving the hip.




2.4 Intervention group

The purposeful walking intervention group in this study was monitored using the Fitbit Charge
4 (FC4) (Fitbit.com, Google Device, USA) activity monitor. Participants wore the FC4 activity
monitor for 5 weeks in total. In the first week, participants wore their FC4 activity monitor in
order to understand the participant's post-surgical purposeful walking distances. In week
two, a target distance was calculated to increase the weekly walking distance by 10% and was
divided by seven to calculate a daily distance for that week. In the weeks thereafter, if
participants achieved their target, a new purposeful distance target was calculated to
increase the participant's walking distance by a factor of 10% from the previous target. If the
participant did not meet their target, the daily distance goal they were assigned the previous
week remained in place. Participants were contacted through the FC4 Fitbit app on a weekly
basis throughout the study and were given their daily goals for the upcoming week. The FC4
activity monitor was worn on the wrist of the non-dominant hand continuously during the
study period. Participants were shown how to charge and operate the FC4 activity monitor

and were given a copy of a simple instruction manual to take with them.

2.5 Control group

Participants in the control group wore the FC4 activity monitor for 5 weeks in total but were
not given any weekly distance target and were asked to report their daily number of steps.
The benefits of distance-based walking, in contrast to step count, have already shown
benefits in reducing cardiovascular disease (28), but to our knowledge, this is the first study
to examine the efficacy of outdoor distance-based walking in a group of THR patients.
Furthermore, it cannot be guaranteed that the control group will walk outside without any

purposeful targets and therefore relying on GPS sensor data for indoor data is not possible.



The daily steps were measured using the FC4 built-in accelerometer sensor (i.e. GPS sensor is
not used). They were advised with a set paragraph. “During the next 5 weeks, walk as much
as you feel able. Any amount of walking is better than none. But please listen to your body
and walk to a distance and pace level that you feel comfortable.” This paragraph was adopted

in line with National Health Service (NHS) advice for promoting walking among adults (29).

2.6 Outcomes

In the absence of any direct guidance associated with the choice of key outcome measures
on The COMET database (Core Outcome Measures in Effectiveness Trials; www.comet-
initiative.org), the outcome measures selected here were streamlined from an earlier
feasibility study conducted for such an intervention. During the baseline assessment, data
were collected on gait, and hip-related disability using the Hip Disability and Osteoarthritis
Outcome Score (HOOS) questionnaire (30). The final assessment was carried out 5 weeks after
the baseline appointment and in addition to repetition of the baseline outcome measures,
participants were also asked to complete the Psychosocial Impact of Assistive Devices Scale
(PIADS) questionnaire (31). Participants were also asked to keep a diary of their daily walking

activities and the perceived intensity of their walk.



2.6.1 Primary outcome measure

2.6.1.1 Walking activity

The walking activity was measured via the difference in the amount of daily walking pre- to
post-intervention as reported by the FC4 activity monitor. In the intervention group, this
difference is assessed in terms of the amount of purposeful walking distance in kilometers,
whereas in the control group the difference is based on daily step counts measured using the
FC4 built-in accelerometer sensor. This data was downloaded by the lead researcher at the

end of each week using the Fitbit app which was connected to the study’s Fitbit account.

2.6.2 Secondary outcome measure

2.6.2.1 Gait analysis

The Gait Real-time Analysis Interactive Laboratory (GRAIL, Motekforce Link, Amsterdam, the
Netherlands) system was used to carry out the gait analysis. GRAIL combined a fully
instrumented treadmill with a self-paced option, as described by Sloot, van der Krogt (32).
The treadmill was feedback-controlled, which allowed participants to walk at their preferred
speed. The gait analysis was carried out as per the protocol published on gait analysis using
the GRAIL system (33). Participants were fitted with 25 passive reflective markers using the
Human Body Model (HBM) lower body marker set (van den Bogert et al., 2013). Figure 2
shows the exact placements of all markers in the HBM lower body model. Following an
acclimatisation period, three sets of 25 gait cycles were recorded (Bahadori & Wainwright,
2020). However, only Spatio-temporal data (walking speed, cadence, and step length) were
recorded for analysis. The reliability of the GRAIL system's self-paced mode for walking speed

has been previously documented (34), with the recommendation to capture a minimum of 23



gait cycles to accurately represent individuals' walking characteristics (35). Spatial-temporal
gait parameters for all participants were exported in .CSV format and analysed using Matlab
R2019b (The Mathworks Inc., USA). Gait analysis was chosen due to its demonstrated
effectiveness in yielding objective insights into individual walking patterns and modalities

before and after THR (36).

2.6.2.2 Patient reported outcome measures (PROMS)

2.6.2.2.1 Hip-related disability

Hip-related disability was assessed using the Hip Disability and Osteoarthritis Outcome Score
(HOOS) questionnaire (30). The tool was validated in a sample of participants after THR
surgery (37) and intended to be used to assess the individual’s opinion about their hip and
associated problems, and to evaluate symptoms and functional limitations related to the hip
during their recovery process. To provide meaningful information to support the clinical effect
of the five-week programme on individuals, the minimal clinical important difference (MCID)

for the HOOS was considered to be 24 (38).

2.6.2.2.2 Psychosocial Impact of Assistive Devices Scale

The Psychosocial Impact of Assistive Devices Scale (PIADS) was utilised to measure the
effectiveness of the assistive device, in this case, the FC4 (e.g., all categories of assistive
technology and not limited to any one type) on quality of life and sense of well-being (31, 39).
This self-administered questionnaire is a valid and reliable tool in adults undergoing hip

replacement surgery (40) and consists of 26 items, including 3 subscales (competence,
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adaptability, and self-esteem) (31). Scores ranged from —3 (maximum negative impact)

through zero (no perceived impact) to +3 (maximum positive impact).

2.7 Qualitative outcomes

2.7.1 Activity Diary

Participants were provided with an activity diary to record their daily walking activity. They
were asked to record the distance walked in kilometres (km) or the number of steps taken,
depending on the group they were randomised to. The activity diaries for both the
intervention (Appendix 2) and control groups (Appendix 3) had a section where participants
were able to document their feelings or reasons which may have affected their attempts to
do their daily walk. For the content of the activity diary, we used content analysis (41). The
content of the activity diary was read line by line and coded by the lead researcher (SB),
whereby meaning components were categorised. The content was further coded to interpret
the meaning within their topic. These topics can be understood as the latent content of the
text (41). The purpose of this analysis was to explore the reasons why an individual was unable
to perform their daily walk. However, the different topics were scrutinised for content that
encompassed a reason beyond condition or feelings. Two topics (i.e. back to work and
hobbies) were eligible for content analysis as the barriers to do a daily walk. Where
appropriate, evidence from the activity diary was reported as a quotation to support the

quantitative outcome measures.

The activity diary also included a quantitative section in which the participants were asked to

rate the intensity of their daily walks using the Borg scale (42).
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2.8 Sample Size

Twelve participants were chosen to take part in this pilot study. Six were randomised to the
intervention group and 6 were randomised to the control group. Given this was a pilot trial, a
convenience sample size was selected, and a formal sample size calculation was not carried

out.

2.9 Randomisation

The study used simple randomisation. Each group in the study had 6 participants randomised
to either the intervention or the control group, with a 1:1 allocation ratio. Randomisation was
done using a Sealed Envelope web-based system (reference number: 237466787579592)
(https://www.sealedenvelope.com). The lead researcher undertook the randomisation

process and then informed participants of their group during the baseline visit.

2.10 Statistical analysis

All data were analysed using Microsoft Excel Version 2018 (Microsoft Corporation, 2022,
Retrieved from https://office.microsoft.com/excel). As this was a pilot study all quantitative
data (gait, and PROMS) were presented descriptively, using appropriate summary statistics.
Given the differences in measurement units for the amount of walking completed by the
intervention group (i.e., km), and the control groups (i.e., steps), data were percentage
normalised to the baseline walking levels. Due to the small sample size in each group, no
statistical testing was completed. Within group and between group Cohen’s d effect sizes (43)

were calculated for all variables having converted walking amount into percentage
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improvement. A sample size calculation to inform future studies was carried out using

G*Power software (version 3.1.9.2).

3. Results

3.1 Recruitment

The participants' flow diagram (Figure 3) outlines the number of participants who contacted
the lead researcher over a period of approximately 8 weeks, were assessed for eligibility, went

through the randomisation process, and were assessed.

3.2 Participant demographics

Twelve adults were recruited to take part in this study. Tables 2 and 3 summarise the
participant's demographic information for the intervention and the control group
respectively. The trial was completed by all participants and there were no missing data. On
average, the data on age, BMI, and months post-operation were similar for both the

intervention and the control group.
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Table 2. Participants' demographics information in the intervention group.

Intervention Group

Months Post Weight
ID Op Age Height (cm) (kg) BMI (kg/m?) Gender
101 3 64.00 171.10 88.40 30.20 Female
102 5 77.00 165.30 82.60 30.23 Male
103 5 70.00 178.00 115.60 36.49 Male
104 5 66.00 182.30 101.40 30.51 Male
105 3 60.00 182.00 108.90 32.88 Male
106 4 73.00 161.20 85.10 32.75 Female
Mean 4.17 68.33 173.32 97.00 32.17
SD 0.98 6.22 8.88 13.64 2.44
Table 3. Participants' demographics information in the control group.
Control Group
Months Post
ID Op Age Height (cm) Weight (kg) BMI (kg/m?) Gender
co1 5 76.00 173.50 79.60 26.44 Male
Cc02 5 77.00 174.00 116.40 38.45 Male
co3 4 72.00 172.50 100.40 33.74 Male
Cco4 4 75.00 169.00 65.60 22.97 Female
Co5 4 60.00 166.50 100.60 36.29 Female
Co6 6 66.00 180.00 102.40 31.60 Male
Mean 4.67 71.00 172.58 94.17 31.58
SD 0.82 6.69 4.64 18.28 5.91
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3.3 Activity Monitor

Figures4 and 5, outline individuals’ weekly total purposeful walk and step count for the
intervention and the control group respectively. Participants 104, 105, and 106 achieved all of
their weekly targets. Participants 102 and 103 managed to achieve five out of six targets.
Participant 101 achieved three out of six weeks of their targets. All participants increased their
baseline (week 1) purposeful walking distance amount with participant 101 having the lowest

percentage (66.3%) and participant 104 having the highest percentage increase (183.8%).

In the control group CO1 and CO3 increased their baseline (week 1) weekly steps by 25.9%
and 22.1% respectively by the end of week five, however, all other participants did not

achieve more steps in the weeks after the baseline week.

3.4 Gait analysis

Figure 6 outline individuals’ mean difference from pre to post intervention for the walking
speed, step length of the operated side, and cadence of the intervention and the control
group. Except for participant 101, and cadence data on participant 102, the walking speed, step

length, and cadence increased across all other participants in the intervention group.
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3.5 Hip Disability and Osteoarthritis Outcome Score (HOOS)

Figure 7 shows the data related to HOOS subjective mean score difference from pre to post
intervention for the intervention and the control group. The MCID for pre to post-intervention
was not seen in the HOOS score in any of the participants in the control group. However, a
change beyond the MCID was seen in the HOOS outcomes, 41.2 and 31.2, for participants 103

and 104 respectively.

3.6 Effect Sizes

Table 4 shows the Cohen’s effect size (d) for the normalised walking amount, gait, and HOOS

data.

Table 4. Within group and between group mean difference (pre to post intervention) (M), standard
deviation (SD), and the Cohen’s effect size (d).

Intervention Control Between
group
Mp SD d Mp SD d d

Walking 104.68 60.98 1.72 -9.80 25.08 -0.39 1.27
Step length (m) 0.11 0.11 0.98 0.03 0.07 0.47 0.87
Walking speed (m/s) 0.25 0.23 1.06 0.09 0.11 0.79 0.89
Cadence (stride/min) 2.96 5.53 0.54 3.80 5.83 0.65 -0.15
HOOS 17.68 15.12 1.17 5.12 3.81 1.34 1.14
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3.7 The Psychosocial Impact of Assistive Devices Scale (PIADS)

Tables 5 and 6 shows the PIADS scores for the intervention and control groups respectively.
The PIADS subscale for competence, and self-esteem, were better in the intervention group
by more than 50%, in contrast to the control group. The adaptability score was 39% more

positive for the intervention group in contrast to the control group.

Table 5. The PIADS scores for the intervention group.

Intervention

ID Competence Adaptability Self-Esteem
101 1.75 1.83 0.88
102 2.55 3.00 2.50
103 2.17 2.33 1.25
104 1.45 2.17 1.38
105 1.8 2.67 1.88
106 2.64 3.00 2.13
Mean 2.07 2.50 1.67
SD 0.47 0.47 0.60

Table 6. The PIADS scores for the control group.

Control
ID Competence Adaptability Self-Esteem
co1 0.33 0.83 0.63
Co2 0.17 0.17 0.00
Co3 1.18 2.00 0.75
Cco4 1.67 2.00 1.38
C05 1.55 3.00 1.00
Co6 1.08 1.17 0.88
Mean 1.00 1.53 0.77
SD 0.62 1.01 0.46

3.8 Ancillary analyses of sample size

A sample size calculation was carried out for walking distance based on the effect size of 1.27

from this pilot study, with alpha at 0.05 and power at 90%, a sample size of 24 is required.
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3.9 Activity diary

The walking intensity of participants in either the intervention or the control group, reported
through Borg scale, did not exceed the moderate activity level for the duration of the five
weeks. The main theme derived through analysis of the activity diary for the intervention
group was the ‘enjoyment’ of walking outdoors and ‘exceeding expectations’ (i.e. going
beyond the level they felt capable of). Other factors beyond the condition or feelings were
outlined by individual participants and were explored further. For example, 101 returned to
work from week 3 onwards doing a daily 8 hours shift in a supermarket. Furthermore, she

suffered from left knee pain:

“Started back at work today after 14 weeks off, 7297 steps at work, couldn’t manage a

long dog walk, hip felt like it had done enough and left knee hurting”.

Similarly, participant 102, was a keen fisherman and on week four he returned to his usual
long fishing sessions. He camped by a river for the entire week and some of the fishing

sessions were a full-day’s activity:

“Went back fishing, not much walking today. Hip joint gets stiff when sitting for a long

length of time. Got up walking about for a few minutes and it got easier.”

The main themes found in the control group’s responses were ‘bad weather’, ‘felt down’, ‘not
a good day’, ‘busy’, and ‘did my physio only today’. Exploring topics beyond the condition or
feelings, showed ‘gardening’ as a main theme amongst the control group as it was repeated
13 times on different occasions. Participant CO1 did not report any condition or feeling that

may have affected his walk.
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4. Discussion

This study was the first randomised trial to report the effect of the outdoor purposeful walk,
monitored using a commercial activity monitor. The aim of this study was to determine the
effect of an intervention where walking distance was used as a goal to increase daily walking
activity using a commercially available activity monitor in people 3-6 months after THR
surgery. It was our aim to compare this intervention group against a control group who
reported their daily steps as opposed to a daily distance outdoor walk. No target on
increasing step count was set. Our findings suggest that the purposeful walking intervention

was successful in increasing daily walking activity and function in contrast to the control

group.

Although commercial activity monitors in interventions to promote physical activity in the
form of walking is a relatively new phenomenon, there has been a rapid increase in their
popularity and use in research during the last decade (19, 44). However, when it comes to
THR studies (20, 21), the focus for monitoring or enhancing the amount of walking has been
merely on the step count parameter. Despite some benefit in enhancing daily activity (21),
the evidence shows that the counting step isn’t a stimulus for enhancing long-term functional
and gait recovery in THR patients' rehabilitation (45). Additionally, reports have outlined the
importance of individualised support and how an individual would appreciate a continuous
personalised goal (6, 46). This is perhaps why the results from the control group in this study
showed that despite full adherence to using the FC4, the number of steps decreased during
the intervention. This is in line with findings from Ostlind et al., 2021 (47), where despite
achieving up to 7000 daily steps initially, over a period of 12 weeks, the number of steps taken

by individuals with hip osteoarthritis decreased slightly, but gradually over time, in the
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absence of a personalised daily goal. Therefore, it can be suggested that an activity monitor
may aid in the optimisation of daily walking, but it is not a panacea and other factors such as
goal setting could play a crucial role in enhancing daily walking activity. Goal setting could also
provide a motivation (48) as there was evidence of low-level mood amongst the control group
and repetition of themes such as “lazy day” and “felt down” was seen in four out of six

participants in this group.

Age, BMI and post-surgical period have previously been suggested as the factors associated
with the level of activity post-THR surgery (20, 49). Fortunately, the average age, BMI and
months post operation for the intervention and control groups were similar in this study.
However, given there are currently no comparable data available on the average outdoor
walking distance for individuals post THR surgery, we compared our control group data to the
Tang, Behery (12) study that had participants with similar age and BMI, (that is 61.6+10.2,
BMI 25.5+5.9). This study reported that at 3 months post operation, the THR participants did
an average daily step of 4526+2721. Another study reported a similar number of steps, 4632+
2246, in a group of 61 year old Japanese females 6 months post THR surgery (50). Participants
in this study exceeded these numbers and suggested that except for participant C02 (2811
steps per day), participants in the control group took 709042739 steps per day during the five
weeks of the study. However, this number of steps is comparable with the data from the
healthy population of the Tang, Behery (12) with a similar age group. Our findings, in
congruence with the literature, suggest that individuals may expect to return to the level of
activity similar to the healthy matched aged group following THR as early as 3 months and

may improve in the later postoperative periods (for example, 5 months and onward).
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The gait parameters showed improvement for both the control and intervention groups. This
is to be expected as participants gradually recover from their surgery regardless of their
individualised rehabilitation programmes. However, despite the lack of statistical analysis, on
average, the mean walking speed improved by 0.09+0.1 m/s in the control group in contrast
to 0.251£0.2m/s in the intervention group. Furthermore, the step length of the operated leg
was improved by 0.03+0.06m in the control group in contrast to 0.11+0.1m in the intervention
group. Furthermore, as suggested by Cohen (43), effect sizes may be categorised as small
(0.2), medium (0.5), and large (0.8). Except for the cadence, the effect size for all quantitative
outcome measures were large. Given the effect size provides insight into the magnitude of
the difference between groups, the large effect size observed here may act as an indicator
that the findings from this study have practical significance. Therefore, it may be suggested
that a purposeful walking intervention could be a more effective stimulus than step count in
improving selected gait spatiotemporal parameters post-THR surgery. However, further
studies with larger sample sizes and longer follow-up are needed to assess the evidence on

the significance of the effect of the purposeful walk in contrast to step count.

Participants’ characteristics, hobbies, psychological feelings, and comorbidities influenced
the level of activities in either group. Recognising pain and discomfort elsewhere (e.g. knee)
and extended factors such as returning to work at 3 months post-surgery reduced the amount
of outdoor walking which was carried out by participant 101. The diary information suggested
that on average participant 101 was doing over 7000 steps per day during her indoor working
hours. However, she couldn’t continue with the progress she made during the first 3 weeks
and was unable to achieve her daily outdoor purposeful walks. It could possibly be suggested,
that as participant 101 was the only participant who did not improve in any of her gait

parameters, the lack of outdoor walks may have had an influence.
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The average difference in HOOS outcome measures in the intervention group was 23.8+14.9
(excluding two participants, 104 and 106, who score more than 90 in their baseline assessment)
in contrast to the average difference of 6.14+3.2 (excluding one participant, C06, who also
scored more than 90 at the baseline) suggests that intervention had a bigger impact on the

subjective self-perceived outcome measure.

Studies have reported that an ability to walk even a short distance outdoors can be
meaningful for successful and independent living at home among the THR group as well as
enhancing their physical function (17, 51). There was evidence of a greater psychological
effect on participants within the intervention group with all subscales of PIADS showing
greater improvement in contrast to subjective answers from the control group. Participants
mainly saw the benefit of the FC4 and its GPS functionality upon seeing the maps of the routes
they have walked. Meanwhile the outdoor walk provided a platform for further interactions,
whether that was with their pets, friends, family, or even members of the public during their
daily walks. This is significant, as current evidence suggests that majority of THR patients feel

socially isolated even at 12 months post their surgery (52).

The limitations in this study are mainly inherent to the study methodology. There was no
formal power calculation and therefore the sample size in each group was too small for other
than minimal statistical analysis. However, we strengthened our methodology by adopting
the randomisation process for assigning the study participants to each group. The study had
an additional significant limitation regarding the comparison of metrics used to measure daily
activity. The intervention group's daily activity was assessed based on walking distance, while
the control group's activity was measured by step count. This discrepancy in measurement

methods raises concerns about the fairness of directly comparing the two groups. To establish
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a more robust basis for evaluating the impact of FC4 on daily activity, it would be
advantageous to include both walking distance and step count metrics for both groups in
future studies. This approach would offer more substantial evidence for comparing the effects
of FC4 on daily activity. Acknowledging the impact of other movements is equally vital. To
address this, we integrated activity diaries as a central element of our methodology. These
diaries encouraged participants to personally categorise or input their activity type when
engaging in non-standard actions. This intentional incorporation served a dual objective: not

only did it enhance precision, but it also empowered users to provide contextual insights.

Moreover, the participants recruited in our study had their THR completed by different
surgeons using different techniques and surgical approaches, which may influence their early
post-operative recovery time (53). To address this limitation, we included participants who
were at least 3 months post-operation and could confirm they are discharged from their
surgical care. Additionally, studies suggest that regardless of surgical approach or technique,

at 3 months post-THR surgery, patients are ready to return to their normal activity (54).

Unfortunately, studies have suggested that despite precision, the FC4 is not accurate in slow-
walking participants (55, 56). Therefore, when it came to our analysis of mean changes, the
effect size, and also sample size calculation, the data should be approached with caution. The
effect size was large and therefore sample size calculation may be underpowered with only
24 samples per group. Additionally, there was a wide spread of data across both the control
and intervention group for daily walking activity. Moreover, the implementation of a
personalised plan for each participant ensured the continuation of any inherent device
discrepancies, as the same device remained in use throughout the entire five-week

intervention period. Thus, we reported individual data as well as an average across all
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outcome measures to provide more comprehensive access to the outcomes. Finally, a follow-
up period of five weeks may be too short to assess any significant changes in our study
outcomes, as other studies have shown improvement in physical activity with a longer follow-

up time (11, 57).
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5. Conclusion

In a randomised controlled trial, participants who received the purposeful intervention using
a commercial activity monitor with a daily outdoor distance goal had higher activity levels
after THR, compared to participants who were in the control group and reported daily step
counts. The data for gait, HOOS, and PIADS appeared to be better in the intervention group
in contrast to the control group. However, further research with a larger sample size is
required to provide tangible evidence on the significance of the effect of the purposeful walk

in contrast to step count.

6. State of Interest Statement

The authors received no funding for this study. Furthermore, the authors declare that there

are no conflicts of interest relevant to this work.

7. Data availability

The datasets generated during and/or analysed during the current study are available from
the corresponding author on reasonable request.

25



8. References

1. National Joint Registry N. National Joint Registry 19th Annual Report. United Kingdom2022.
2. Ferguson RJ, Palmer AJ, Taylor A, Porter ML, Malchau H, Glyn-Jones S. Hip replacement. The
Lancet. 2018;392(10158):1662-71.

3. Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra D, Arden NK. Future projections of

total hip and knee arthroplasty in the UK: results from the UK Clinical Practice Research Datalink.
Osteoarthritis and Cartilage. 2015;23(4):594-600.

4, Learmonth ID, Young C, Rorabeck C. The operation of the century: total hip replacement.
The Lancet. 2007;370(9597):1508-19.
5. Ewen AM, Stewart S, St Clair Gibson A, Kashyap SN, Caplan N. Post-operative gait analysis in

total hip replacement patients-a review of current literature and meta-analysis. Gait Posture.
2012;36(1):1-6.

6. Bahadori S, Collard S, Williams JM, Swain I. Why Do People Undergo THR and What Do They
Expect to Gain—A Comparison of the Views of Patients and Health Care Professionals. Journal of
Patient Experience. 2020;7(6):1778-87.

7. Harding P, Holland AE, Delany C, Hinman RS. Do activity levels increase after total hip and
knee arthroplasty? Clinical orthopaedics and related research. 2014;472(5):1502-11.

8. Beaulieu ML, Lamontagne M, Beaulé PE. Lower limb biomechanics during gait do not return
to normal following total hip arthroplasty. Gait & Posture. 2010;32(2):269-73.

9. Crizer MP, Kazarian GS, Fleischman AN, Lonner JH, Maltenfort MG, Chen AF. Stepping
Toward Objective Outcomes: A Prospective Analysis of Step Count After Total Joint Arthroplasty. The
Journal of arthroplasty. 2017;32(9s):5162-s5.

10. Holl S, Blum A, Gosheger G, Dieckmann R, Winter C, Rosenbaum D. Clinical outcome and
physical activity measured with StepWatch 3 Activity Monitor after minimally invasive total hip
arthroplasty. Journal of orthopaedic surgery and research. 2018;13(1):148.

11. de Groot IB, Bussmann HJ, Stam HJ, Verhaar JA. Small increase of actual physical activity 6
months after total hip or knee arthroplasty. Clinical orthopaedics and related research.
2008;466(9):2201-8.

12. Tang A, Behery OA, Singh V, Yeroushalmi D, Davidovitch R, Schwarzkopf R. Do Physical
Activity and Sleep Correlate with Patient-Reported Outcomes in Total Hip Arthroplasty? The Journal
of Hip Surgery. 2021.

13. Bahadori S, Williams JM, Collard S, Swain I. A feasibility study to evaluate a purposeful walk
intervention with a distance goal using a commercially available activity monitor in elderly people
post total hip replacement surgery. Journal of Rehabilitation and Assistive Technologies Engineering.
2023;10:20556683231195927.

14. Kurihara Y, Ohsugi H, Matsuda T, Tosaka T, Endo Y, Tsuneizumi Y, et al. Early postoperative
relationship between patient-reported outcome measures and gait biomechanical factors after total
hip arthroplasty. Gait & Posture. 2022;91:14-8.

15. Nystoriak MA, Bhatnagar A. Cardiovascular Effects and Benefits of Exercise. Front Cardiovasc
Med. 2018;5:135.
16. Bunn JA, Navalta JW, Fountaine CJ, Reece JD. Current State of Commercial Wearable

Technology in Physical Activity Monitoring 2015-2017. International journal of exercise science.
2018;11(7):503-15.

17. Simonsick EM, Guralnik JM, Volpato S, Balfour J, Fried LPJJotAGS. Just get out the door!
Importance of walking outside the home for maintaining mobility: findings from the women's health
and aging study. 2005;53(2):198-203.

26



18. Geurts E, Van Geel F, Feys P, Coninx K, editors. WalkWithMe: personalized goal setting and
coaching for walking in people with multiple sclerosis. Proceedings of the 27th ACM Conference on
User Modeling, Adaptation and Personalization; 2019.

19. Babaei N, Hannani N, Dabanloo NJ, Bahadori S. A Systematic Review of the Use of
Commercial Wearable Activity Trackers for Monitoring Recovery in Individuals Undergoing Total Hip
Replacement Surgery. Cyborg and Bionic Systems. 2022;2022.

20. Toogood P, Abdel M, Spear J, Cook S, Cook D, Taunton M. The monitoring of activity at home
after total hip arthroplasty. The bone & joint journal. 2016;98-B(11):1450-4.

21. Van der Walt N, Salmon LJ, Gooden B, Lyons MC, O'Sullivan M, Martina K, et al. Feedback
From Activity Trackers Improves Daily Step Count After Knee and Hip Arthroplasty: A Randomized
Controlled Trial. The Journal of arthroplasty. 2018;33(11):3422-8.

22. Bahadori S, Collard S, Williams J, Swain I. A review of current use of commercial wearable
technology and smartphone apps with application in monitoring individuals following total hip
replacement surgery. 2019 [Under Review].

23. Ehrler F, Weber C, Lovis C. Influence of pedometer position on pedometer accuracy at
various walking speeds: a comparative study. Journal of medical Internet research.
2016;18(10):e5916.

24. Robinson A, Slight RD, Husband AK, Slight SP. Designing the Optimal Digital Health
Intervention for Patients’ Use Before and After Elective Orthopedic Surgery: Qualitative Study.
Journal of medical Internet research. 2021;23(3):e25885.

25. Kurtz SM, Higgs GB, Chen Z, Koshut WJ, Tarazi JM, Sherman AE, et al. Patient Perceptions of
Wearable and Smartphone Technologies for Remote Outcome Monitoring in Patients Who Have Hip
Osteoarthritis or Arthroplasties. 2022.

26. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010
statement: extension to randomised pilot and feasibility trials. 2016;355.

27. GCP WHOW. Handbook for good clinical research practice (GCP): guidance for
implementation. 2005.

28. Morris CE, Garner JC, Owens SG, Valliant MW, DeBusk H, Loftin Mlljoes. A prospective study
comparing distance-based vs. time-based exercise prescriptions of walking and running in previously
sedentary overweight adults. 2017;10(5):782.

29. Service NH. Walking for health 2022 [Available from: https://www.nhs.uk/live-
well/exercise/running-and-aerobic-exercises/walking-for-health/.

30. Nilsdotter AK, Lohmander LS, Klassbo M, Roos EM. Hip disability and osteoarthritis outcome
score (HOOS)--validity and responsiveness in total hip replacement. BMC Musculoskelet Disord.
2003;4:10.

31. Jutai J, Day HJT, Disability. Psychosocial impact of assistive devices scale (PIADS).
2002;14(3):107-11.

32. Sloot LH, van der Krogt MM, Harlaar J. Self-paced versus fixed speed treadmill walking. Gait
& Posture. 2014;39(1):478-84.

33. Bahadori S, Wainwright TW. Lower Limb Biomechanical Analysis of Healthy Participants.
JoVE. 2020(158):60720.

34. Bahadori S, Immins T, Wainwright TW. Reliability of gait parameters in male and female
healthy adults during self-paced treadmill-based walking. International Journal of Therapy And
Rehabilitation. 2020;27(9):1-18.

35. Kribus-Shmiel L, Zeilig G, Sokolovski B, Plotnik M. How many strides are required for a
reliable estimation of temporal gait parameters? Implementation of a new algorithm on the phase
coordination index. PloS one. 2018;13(2):e0192049-e.

36. Bhave A, Marker DR, Seyler TM, Ulrich SD, Plate JF, Mont MAJTJoa. Functional problems and
treatment solutions after total hip arthroplasty. 2007;22(6):116-24.

37. Goodman SM, Mehta BY, Mandl LA, Szymonifka JD, Finik J, Figgie MP, et al. Validation of the
Hip Disability and Osteoarthritis Outcome Score and Knee Injury and Osteoarthritis Outcome Score

27



Pain and Function Subscales for Use in Total Hip Replacement and Total Knee Replacement Clinical
Trials. The Journal of arthroplasty. 2020;35(5):1200-7.e4.

38. Soh S-E, Harris IA, Cashman K, Heath E, Lorimer M, Graves SE, et al. Minimal Clinically
Important Changes in HOOS-12 and KOOS-12 Scores Following Joint Replacement. JBJS.
2022;104(11):980-7.

39. Harada N, Fong S, Heiney C, Yentes JM, Perell-Gerson KL, Fang MA. Evaluation of two cane
instruments in older adults with knee osteoarthritis. Journal of rehabilitation research and
development. 2014;51(2):275-83.

40. Tofani M, Berardi A, Sansoni J, Galeoto G, Valente DJMOQeT. Validity and responsiveness of
the psychosocial impact of assistive device scale in hip arthroplasty patients. 2019;70(4):193-7.

41. Graneheim UH, Lundman B. Qualitative content analysis in nursing research: concepts,
procedures and measures to achieve trustworthiness. Nurse education today. 2004;24(2):105-12.
42. Oosting E, Jans MP, Dronkers JJ, Naber RH, Dronkers-Landman CM, Appelman-de Vries SM,
et al. Preoperative home-based physical therapy versus usual care to improve functional health of
frail older adults scheduled for elective total hip arthroplasty: a pilot randomized controlled trial.
2012;93(4):610-6.

43. Cohen J. Statistical power analysis for the behavioral sciences: Routledge; 2013.

44, Shin G, Jarrahi MH, Fei Y, Karami A, Gafinowitz N, Byun A, et al. Wearable activity trackers,
accuracy, adoption, acceptance and health impact: A systematic literature review. 2019;93:103153.
45, Lebleu J, Poilvache H, Mahaudens P, De Ridder R, Detrembleur C. Predicting physical activity
recovery after hip and knee arthroplasty? A longitudinal cohort study. Brazilian Journal of Physical
Therapy. 2021;25(1):30-9.

46. Ostlind E, Hansson E, Eek F, Stigmar K. Experiences of activity monitoring and perceptions of
mobile Health among working individuals with hip and knee osteoarthritis. 2022.

47. Ostlind E, Sant’Anna A, Eek F, Stigmar K, Ekvall Hansson E. Physical activity patterns,
adherence to using a wearable activity tracker during a 12-week period and correlation between
self-reported function and physical activity in working age individuals with hip and/or knee
osteoarthritis. BMC musculoskeletal disorders. 2021;22(1):1-12.

48. Wade DT. Goal setting in rehabilitation: an overview of what, why and how. Clinical
rehabilitation. 2009;23(4):291-5.

49, Kinkel S, Wollmerstedt N, Kleinhans JA, Hendrich C, Heisel C. Patient activity after total hip
arthroplasty declines with advancing age. Clin Orthop Relat Res. 2009;467(8):2053-8.

50. Fujita K, Makimoto K, Tanaka R, Mawatari M. Prospective study of physical activity and
quality of life in Japanese women undergoing total. Epidemiology. 1997;50:239-46.

51. Salpakoski A, Térmakangas T, Edgren J, Sihvonen S, Pekkonen M, Heinonen A, et al. Walking
recovery after a hip fracture: a prospective follow-up study among community-dwelling over 60-year
old men and women. 2014;2014.

52. Bandholm T, Wainwright TW, Kehlet H. Rehabilitation strategies for optimisation of
functional recovery after major joint replacement. Journal of Experimental Orthopaedics.
2018;5(1):44.

53. Aggarwal V, lorio R, Zuckerman J, Long W. Surgical approaches for primary total hip
arthroplasty from Charnley to now: the quest for the best approach. JBJS Rev 2020; 8: e0058. 2020.
54. Jones DL, Westby MD, Greidanus N, Johanson NA, Krebs DE, Robbins L, et al. Update on hip
and knee arthroplasty: Current state of evidence. Arthritis & Rheumatism; 2005. p. 772.

55. Fokkema T, Kooiman TJM, Krijnen WP, Van Der Schans CP, De Groot Mmdgphn. Reliability
and Validity of Ten Consumer Activity Trackers Depend on Walking Speed. Medicine & Science in
Sports & Exercise. 2017;49(4):793-800.

56. Bahadori S. Evaluating accuracy, percision, reliability and validity of Fitbit Charge 4 in indoor
and outdoor settings. 2021.

28



57. Brandes M, Ringling M, Winter C, Hillmann A, Rosenbaum D. Changes in physical activity and
health-related quality of life during the first year after total knee arthroplasty. Arthritis care &
research. 2011;63(3):328-34.

29



Advertising materials circulated in the local community

Recruitment

Invitation letter sent to participants with participant information sheet.

Phone call 1: Telephone screening - Covid-19 screen, eligibility

Baseline assessment

e Consent
e @Gait analysis (spatial-temporal)
e PROMS (Hip Disability and Osteoarthritis Outcome Score (HOOS), The
Psychosocial Impact of Assistive Devices Scale (PIADS))
e Randomisation
e The Fitbit Charge 4 (FC4) and the Activity Diary Training

Intervention Control
Week 1 - Participants to wear FC4. Week 1 — Week 5 Participants to
wear FC4.

Week 2 — Week 5 Daily distance goal
is given to them. Daily step count will be collected.

Follow up assessment (5 weeks from baseline)

e Gait analysis (spatio-temporal)
e PROMS ((Hip Disability and Osteoarthritis Outcome Score (HOOS), The
Psychosocial Impact of Assistive Devices Scale (PIADS))

\ 4

Study end

Figure 1. Study flow chart and group design.
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Figure 1. Diagram of markers used in Human Body Model. T10 (10 thoracic vertebrae), SACR (Sacrum bone), NAVE (Navel),
XYPH (Xiphoid process), STRN (Sternum), LASIS (Pelvic bone left front), RASIS (Pelvic bone right front), LPSIS (Pelvic bone left
back), RPSIS (Pelvic bone right back), LGTRO (Left greater trochanter of the femur), FLTHI (Left thigh), LLEK (Left lateral epicondyle
of the knee), LATI (Left anterior of the tibia), LLM (Left lateral malleolus of the ankle), LHEE (Left heel) LTOF (Left toe) LMTS5 (Left
5t meta tarsal), RGTRO (Right greater trochanter of the femur), FRTHI (Right thigh), RLEK (Right lateral epicondyle of the knee),
RATI (Right anterior of the tibia), RLM (Right lateral malleolus of the ankle), RHEE (Right heel) RTOF (Right toe), RMT5 (Right 5%

meta tarsal).



Screened prior to eligibility
[ Screened ] assessment (n=45)
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[ SrslrEn: ] Assessed for eligibility (n=45)

Excluded (n=33)

e Not meeting inclusion criteria
(n=30)

e Declined to participate (n=1)

e  Other reasons (n=2)
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Figure 3. Participant flow diagram.
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Figure 5. The total amount of steps taken by each participant per week.
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Figure 6. Mean difference in gait data for each participant in the intervention and the control group. A) Mean difference in walking speed for each
participant in the control group. B) Mean difference in walking speed for each participant in the intervention group. C) Mean difference in the step length of
the operated side for each participant in the control group. D) Mean difference in the step length of the operated side for each participant in the
intervention group. E) Mean difference in the cadence for each participant in the control group. F) Mean difference in the cadence for each participant in
the intervention group.
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Figure 7. Hip Disability and Osteoarthritis Outcome Score (HOOS) data for each participant in the intervention and the control group. A) Mean difference in
HOOS for each participant in the control group. B) Mean difference in HOOS for each participant in the intervention group.



