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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
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Abstract

Introduction: Total hip replacement (THR) is performed in an increasing number of individuals around the world and
while improvements in pain reduction and long-term enhancement of muscle strength are well documented, the im-
provement in daily activity does not follow the same trend. This study aimed to determine the feasibility of a 5-week
intervention where a personalised outdoor walking distance is monitored using a commercial activity monitor (Fitbit
Charge 4).

Method: Data was collected on gait and activities of daily living using patient reported outcome measures. Following the
completion of the intervention period, participants took part in a semi-structured interview to voice their opinion on the
use of the activity monitor, their experiences, and any challenges in order to assess the feasibility of the intervention. All
quantitative data were presented descriptively, using appropriate summary statistics. Interviews were analysed using
thematic analysis.

Results: Five participants who had undergone total hip replacement surgery within the postoperative period of 3 to
6 months were recruited from the local community.

Conclusion: The findings suggest that the intervention was feasible and that it encouraged all participants to increase their
daily activity. Therefore, it can be concluded that a follow-up effectiveness trial is warranted.
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Introduction

Total hip replacement (THR) is performed in an increasing
number of individuals around the world with the primary
aim of reducing pain and improving function.1 The National
Joint Registry (NJR)2 reported that over the last 3 years,
250,278 total hip replacement procedures were performed
in the UK on individuals with a median age of 69, and this
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figure is predicted to rise by 208% by the year 2035.
Meanwhile, with the cost of the operation being around
£7500,3 combined with the time taken to return to normal
activities and work, THR places a significant financial
burden on the National Health Service.

While improvements in pain reduction, range of motion
of hip joints, and long-term improvement of muscle strength
are well documented,4–6 the improvement in gait and in
particular the walking ability does not follow the same
trend.7 A recent study monitored the first 3 months of the
recovery post THR and data showed that the number of
steps after THR decreases temporarily after surgery and
does not reach pre-surgery levels even at 3-month post-
surgery.8 Other studies looked at a longer period and found
that this deficit even remains at 1-year post-surgery9–11 and
also fewmeet the physical activity guidelines recommended
by the World Health Organization (WHO).12

There are currently no recommendations for the optimal
amount of walking that should be recommended after THR
surgery. A recent report13 including both groups of THR
patients (before and after surgery) and healthcare profes-
sionals (physiotherapists and surgeons) concluded that
walking freely i.e. long outdoor walks without pain, is one
of the main reasons that people undergo THR surgery, and
therefore should be recognised and monitored as a factor to
a positive long-term outcome measure. Furthermore, an-
other study14 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.15

The availability of commercially available wearable
devices, such as activity monitors, allows objective moni-
toring of daily activities such as walking. In addition to their
growing popularity,16 these devices are equipped with a
wide variety of different sensors such as the Global Posi-
tioning System (GPS), and algorithms to collect and display
physical activity data in indoor and outdoor settings. In an
earlier study,17 the precision, accuracy, and consistency of
different activity monitors, including the Fitbit Charge 4
(FC4) device was explored in a variety of settings and
walking speeds. The findings from this study suggested that
the FC4 is the most suitable activity monitor for a study
involving the elderly population, and with the best accuracy
and precision in measuring the distance walked using the
GPS sensor. Whilst, research has provided evidence to
support the use of wearable activity monitors in maintaining
good health in older adults,18,19 when it comes to THR
studies,20,21 there is limited evidence to support its benefits.
Furthermore, for all of these studies, the focus has been
merely on step count and has not addressed the main gait
adaptations e.g. shortened stride length,7,22,23 which persist
long term after surgery. The benefits of distance-based
walking in contrast to time or step count has already
shown benefits in reducing cardiovascular disease,24

improving stride length in older adults25,26 as well as in-
creasing the walking efficiency pre and post-THR surgery.27

Therefore the concept of monitoring the distance walked in
an outdoor setting, using the GPS sensors of a commercially
available activity monitors, emerges as a potentially mo-
tivating factor. However, before implementing newmethods
to promote outdoor walking, it is important to gain un-
derstating of the feasibility (uncertainties around recruit-
ment, outcome measure, adherence, and acceptability etc.)
of such a proposition.

This study aimed to determine (1) the feasibility of an
intervention where walking distance is used as a parameter to
increase daily walking activity using a commercially avail-
able activitymonitor (FC4) in THR patients 3–6months post-
surgery, (2) explore the barriers and facilitators to implement
the intervention, and (3) assess the feasibility of the re-
cruitment and the adherence to the use of the FC4 activity
monitor, and appropriateness of different outcome measures.
Throughout this paper, we will refer to the outdoor walk that
is recorded with a GPS sensor as a ‘purposeful walk’.

Methods

Study design

This was an investigator-initiated, single-center feasibility
trial with full ethical approval granted by the Bournemouth
University Research Ethics Committee (ref: 42236) and
prepared in accordance with STROBE guidelines for re-
porting feasibility studies.28,29

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 were asked to contact the lead re-
searcher (SB) for more information. Once an individual had
expressed an interest in taking part, the lead researcher
emailed the individual a copy of the participant information
sheet. To comply with Good Clinical Practice (GCP)
guidelines, the participant was given 48 h to consider their
participation in the study. The lead researcher then con-
tacted the participant to undertake initial eligibility
screening and to attend a baseline assessment.

Sample size

Five participants were chosen to take part in this feasibility
study. Given this was a feasibility trial, a convenience
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sample size was selected, and a formal calculation was not
carried out.

Setting

The study was carried out at the Orthopaedic Research
Institute at Bournemouth University. Following taking in-
formed consent, data were collected on gait, and on ac-
tivities of daily living using patient reported outcome
measures (PROMS) questionnaires. Participants were in-
vited to attend a final assessment at 5 weeks from their
baseline appointment where their baseline measures were
repeated. In addition, participants were asked to keep a diary
of their daily walking activities and the intensity of their
walk. After the intervention period was complete, partici-
pants were invited to attend an interview with the lead
researcher in which they were able to openly express their
thoughts on the use of the activity monitor, their compli-
ance, practicality, and the usefulness of the intervention.

Objective measurement tool

The study period and visit schedules are summarised in
Table 2. The choice of key outcome measures was sought by
a search conducted on The COMET database (Core Out-
come Measures in Effectiveness Trials; www.comet-
initiative.org). However, no results were found in regard
to the studies including THR participants.

Activity monitor, FC4. FC4 was identified as the most suitable
and precise activity monitor for a study involving the elderly
population, in measuring the distance walked using the GPS
sensor. Adherence was assessed in terms of the usage and
repeated usage of the FC4. This data were downloaded by
the lead researcher at the end of each day using the Fitbit app
which has been connected to the study’s Fitbit account.

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 combines a fully instrumented treadmill with a self-
paced option, as described by Sloot et al.30 The treadmill is
feedback-controlled, which allows participants to walk at
their preferred speed. It compromises a virtual environment,
10-camera Vicon MX optical infrared tracking system
(Oxford Metrics, UK), and a split-belt instrumented
treadmill. The gait analysis was carried out as per the
protocol published on gait analysis using the GRAIL sys-
tem.31 However, only Spatio-temporal data (walking speed,
cadence and step length of the operated side) which are
directly related to the walking pattern of participants were
recorded for analysis. Participants were asked to wear
comfortable shoes and tight clothing (such as cycling shorts
or leggings). They were fitted with 25 passive reflective
markers using the Human Body Model (HBM) lower body
marker set.32 Following an acclimatisation period, three sets
of 25 gait cycles were recorded.31 The reliability of the
GRAIL system in self-paced mode walking speed33 has
been previously reported and it is recommended that a
minimum of 23 gait cycles should be captured to attain the
characteristics of individuals’ walk.34 Spatial-temporal gait
parameters for all participants were exported as a. CSV file
and analysed in Matlab R2019b (The Mathworks Inc.,
USA). Gait analysis was undertaken as it has proved a
valuable tool in identifying objective data on individual
walking patterns and modalities before and after THR.35

Patient reported outcome measures

PROMs were selected to give a broad understanding of the
level of daily activity, functional limitation, occupational
activity, and level of confidence in walking 3 to 6 months
post-THR surgery.

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.
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Hip-related disability. Hip-related disability was assessed
using the Hip Disability and Osteoarthritis Outcome
Score (HOOS) questionnaire36 (Appendix A). The tool is
validated in a sample of participants after THR surgery37

and was perceived as relevant and is 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 a thera-
peutic process. The HOOS includes 40 items with five
possible responses, graded from 0 to 4 (0 points = worst
possible score; 100 points = best possible score). To
answer the questions, standardized answer options are
given in 5 Likert-boxes with scores from 0 to 4 (no, mild,
moderate, severe and extreme).To provide meaningful
information to support the clinical effect of the 5-week
programme on individuals, the minimal clinical impor-
tant difference (MCID) for the HOOS was considered to
be 24.38

Physical activity levels. Activity levels were measured using
the Physical Activity Scale for the Elderly (PASE)
questionnaire39 (Appendix B). The self-administered
questionnaire is a valid and reliable tool for adults
with hip osteoarthritis, that consists of 12 questions
regarding the duration, frequency, exertion level, and
amount of physical activity undertaken during a 7-day
period.40 It was perceived relevant as it was designed to
assess a broad range of activities, including household
tasks, occupational activities, active transport, and sports
and exercise in older adults, and therefore given our
inclusion criteria it provides an insight into such age
range who undergone THR surgery. It uses frequency,
duration, and intensity level of activity over the previous

week to assign a score, ranging from 0 to 791, with a
higher score indicating greater physical activity.39

Gait efficacy. The modified Gait Efficacy Scale (mGES)41 is
a 10-item measure that addresses older adults’ perception of
their level of confidence in walking during challenging
circumstances. The items include walking on a level surface
and on grass, stepping over an obstacle, stepping up and
down a curb, ascending and descending stairs (with and
without a handrail), and walking over a long distance
(Appendix C). The items are scored individually on a 10-
point Likert scale, with 1 denoting no confidence and
10 representing complete confidence, giving a total score
range of 10 to 100, with 100 representing complete con-
fidence in all tasks.41 This questionnaire was particularly
relevant as it provided a subjective insight into participants
walking capabilities to compliment the gait analysis ob-
jective evaluation. The mGES is validated in studies in-
cluding older adults,42 total knee replacement patients,43

and individuals undergoing lower limb fixation surgery44

and is perceived feasible in other orthopaedic related studies
such as THR.

Activity diary

Participants were given an activity diary to record their daily
walking activity (Appendix D). They were asked to record
the amount of distance walked in kilometers (km) as re-
ported on their activity monitor after each purposeful walk.
They were also asked to rate the intensity of their walking
using the Borg scale45 following each purposeful walking
session. To further explore the barriers and facilitators to
implement the intervention, the activity diary also had

Table 2. Visit schedule.

Study period

Enrolment Allocation Study intervention Post-intervention

TIMEPOINT Call 1 Visit 1 Baseline Week 1 Week 2 Week 3 Week 4 Week 5 Visit 2 - Follow up
assessment

Eligibility screen X X
Informed consent X
Enrolment X

INTERVENTION
Purposeful intervention

ASSESSMENTS
Gait analysis X X
HOOS X X
PASE X X
mGES X X
Activity Diary X
Fitbit Charge 4 X
Interview X
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sections where participants were able to document their
feelings/conditions which may have affected their attempts
to do their daily purposeful walk. Participants brought their
activity diary to the interview in order to remind themselves
of any challenges or positive experineces they faced during
the 5 week intervention.

Interviews

Following the intervention completion, in order to quali-
tatively explore the feasibility of the intervention, all par-
ticipants were invited for a semi-structured interview held at
Bournemouth University. The use of a semi-structure in-
terview is proven to be an effective method to (1) collect
qualitative, open-ended data; (2) explore participant
thoughts, feelings, and beliefs about a particular topic; and
(3) delve deeply into participant’s challenges and experi-
ences.46 A topic guide (see Appendix E) was designed to
inform the study design of any future trial by determining
which elements of the intervention worked well for par-
ticipants, and which needed adjustment or further devel-
opment. Participant feedback was analysed using thematic
analysis.47,48 The six phases of the thematic analysi,48 (1)
familiarisation with the data, (2) generating codes, (3)
searching for themes, (4) reviewing themes, (5) defining,
and (6) naming themes, were followed. The recording was
anonymised and transcribed discussions were read through
several times by the lead researcher to become familiar with
the data and were organised using Microsoft Excel Version
2108. Codes were thereafter created, and similar codes were
organised into potential themes. The sessions took around
25 to 35 min and were conducted in June 2022.

Purposeful walking intervention

The purposeful walking intervention in this study was
monitored using the FC4 activity monitor (Figure 1).
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 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 met
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 con-
tacted 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.

Descriptive analysis

All data were analysed using Microsoft Excel Version 2108
(Microsoft Corporation, 2022, Retrieved from https://office.
microsoft.com/excel). As this is a feasibility study, all
quantitative data (gait, and PROMs scores) was presented
descriptively, using appropriate summary statistics. In the
absence of any direct guidance associated with the devel-
opment of walking post THR surgery over a period of
weeks, the feasibility for using a purposeful walk with target
distances in individuals post THR was determined if in-
dividuals managed to increase their baseline purposeful
walk by more than 40% (4 weeks multiply by 10%) from
their baseline. Adherence to the intervention was assessed in
terms of the daily purposeful walk amount that was recorded
using FC4 and reported through the Fitbit App. Full ad-
herence was achieved if all participants reported their daily
purposeful walk amount, and no data were missed. Re-
cruitment was assessed based on the time needed to recruit
the study participants, with 1 participant per week being an
acceptable recruitment rate.49 The feasibility of different
outcome measures was assessed through appropriations of
collected data, and the practicality of delivering the as-
sessments such as the time it took for each assessment.

Results

Recruitment

Thirteen participants contacted the lead researcher over a
period of 59 days of which, eight did not meet the inclusion
criteria. Reasons for exclusion were: four did not have a
smartphone, one suffered from systematic disease, one did
not speak English, and two were under the age of
60 years old.

Participant demographics

Five adults (2 Male, 3 Females, average age 68 ± 5.7 years
old, average BMI 27.8 ± 7.2 kg/m2) were recruited to take
part in this study. Table 3 summarises the participant’s
demographic information.

Feasibility and adherence of the intervention

Figure 2 outlines individuals’ percentage difference of the
weekly total purposeful walk normalised to their baseline
week (week 1). Results suggest a weekly increase of 10% to
individuals’ baseline walking distance was achieved, with
all participants adherent to the use of FC4 and reporting a
maximum purposeful walking distance of more than 40%
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from their baseline amount. Except Participant 1 who
achieved his maximum purposeful walk at week 3 (70%
increase from baseline), all participants achieved their
maximum walking amount at week 5.

Feasibility and practicality of different
outcome measures

The feasibility of the various outcome measures was as-
sessed through the appropriateness of collected data, and the
practicality of delivering the assessments. On average it
took approximately 45 min for the baseline and follow-up
assessment sessions.

Activity monitor. The purposeful walking intervention in this
study was monitored using the FC4 activity monitor.
Throughout the study, participants were able to use the
FC4 easily, record all of their purposeful walks, and report
the distance of their daily purposeful walks. Thus, it can be
concluded that as an activity monitor, the selection of
FC4 with the target population is appropriate.

Gait analysis. Gait parameters (walking speed, cadence,
step length) were recorded as per the protocol, using the
GRAIL system, and took approximately 20 min to
complete. Figures 3–5 outline each participant’s gait
changes from pre to post-intervention. These findings
suggest improvement of step length (operated side),
walking speed, in all participants and cadence in four out
of five participants following the purposeful walk
intervention.

Patient reported outcome measures. Figures 6–8 show
participants’ data for HOOS, PASE, and mGES re-
spectively. All participants were able to complete all of
the questionnaires as per the protocol. Except for the
PASE score for participant 3, and the mGES score for
participant 4, PROMs data indicated an improvement in
all participants. The MCID for pre to post-intervention
was not seen in the HOOS score in any of the
participants.

Qualitative findings

Activity monitor. The codes and themes relating to the ac-
tivity monitor, are illustrated in Figure 9. Participants
expressed that the FC4 was comfortable to wear on the
wrist and encouraged them to walk further and increase
their daily physical activity. The theme for the overall use
of the FC4 was satisfaction. However, there were sug-
gestions concerning the difficulties around the GPS sig-
naling (Participants 1, and 3). Subsequently, there were
positive comments in relation to the use of GPS and
pleasure in accessing the daily map of the purposeful walk
(Participant 2). Additionally, being able to show others
how much distance they had walked during the day was
highly valued by participants. It provided evidence and
reason for their need for rest, regardless of whether they
needed to put their feet up after a day at work or to stop
walking after an entire day of sightseeing while on va-
cation. Previous experience regarding the use of such
activity monitors was also discussed and participants
mentioned “trepidation” (Participant 5) feelings in rela-
tion to this matter. However, post participation in the
study, they all enjoyed using the FC4 and would consider
the future purchase of such activity monitors. The codes

Figure 1. Fitbit charge 4 (FC4).

Table 3. Participants’ demographics information.

Participant Age Months Post Op Height (cm) Weight (kg) BMI (kg/m2) Gender

1 73 5 178.5 88.0 27.6 Male
2 74 4 163.4 58.0 21.7 Female
3 66 3 164.5 64.6 23.9 Female
4 60 4 178.4 127.6 40.1 Male
5 67 5 164.1 68.8 25.5 Female
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and themes related to the activity monitor, are illustrated in
Figure 9. Quotes from participants concerning the activity
monitor are outlined below.

“I would not say it encouraged us to walk (wife & I ) as we
usually have a daily walk. I would say - however it encouraged
us to have a longer walk - & we tried our best to meet my set
target for that week.”

Participant 1

“Yes I think I would (consider buying one). I will miss wearing
it and seeing the maps of my walks.”

Participant 2

“The activity monitor did encourage me to walk and achieve my
daily goals. It is an excellent piece of kit and I enjoyed the email
feedback when my goals had been achieved. I was very im-
pressed with the activity monitor.”

Participant 3

Figure 2. Normalised percentage difference of purposeful walking distance achieved by each participant per week.

Figure 3. Walking speed gait data for each participant.

Bahadori et al. 7



“I hadn’t given them any thought before the study at all. I intend
to get one after I have given yours back to you.”

Participant 4

“No, I don’t think I would buy one. But it proved a point about
exercising to return to fitness, as it renewed my cognisance of
the benefits of moving more, and sitting down less.”

Participants 5

Purposeful walking intervention. Participants felt enthusi-
astic, excited, and enjoyed the purposeful outdoor daily
walks. Personalised daily distance targets were man-
ageable for most of the participants and the weekly
gradual increase allowed the participant to push beyond

their self-believed limit. Allowing time and having the
purposeful walk planned into the daily schedule was
also deemed feasible by all except one (Participant 1).
This participant’s (Participant (1) target was 9.4 km on
week three and they found it challenging to fit it into the
daily schedule. Conversely, another participant (Par-
ticipant (2) reached 9.4 km on week five and she was
able to achieve this daily distance and expressed her joy
in doing so. The purposeful walk allowed participants to
feel they had regained the muscles that they had lost
post-surgery, as well as feeling fitter physically and
mentally by being connected with outdoor nature again.
The codes and themes related to the purposeful walking
intervention, are illustrated in Figure 10. Quotes from

Figure 4. Cadence gait data for each participant.

Figure 5. Step length of the operated side gait data for each participant.
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participants concerning the purposeful walking inter-
vention are outlined below.

“The beginning (4 km) was easily manageable but 9 km a day a
long time to fit into my daily schedule”

Participant 1

“I really enjoyed going out for my outdoor walks and I really
enjoyed my early morning walks as it was so therapeutic to
listen to the birds singing early morning. Part of my study was
carried out on a cruise ship, to be at sea and completing an

outside walk is quite magical, listening to the waves lapping the
water and the sun shining off a clear blue sea, combined with a
gentle breeze was very exhilarating.”

Participant 2

“The daily distance goals were extremely helpful in increasing
my daily activity. It made me feel fitter, encouraged me to walk
further daily and I feel healthier in myself plus I feel more toned
up. It has encouraged me to walk on a daily basis.”

Participant 3

Figure 6. Hip disability and osteoarthritis outcome score (HOOS) data for each participant.

Figure 7. Physical activity scale for the elderly (PASE) data for each participant.
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“Early ones (daily distance goals) were very manageable. The
4.4 km per day I think at the moment is my limit for a while,
easily achieved at work not so out of work but I’m stubborn and
I had to finish my given goal.”

Participant 4

“Yes, they were helpful (daily distance goals). As my leg
muscles strengthened, my hip gave me less pain, so I was able
to look at my goal as a challenge to aim for and surpass, and
grow more confident in realising that I still had the ability to

move nearly as well as before the hip replacement. I felt safe in
the knowledge that I would not be asked to do something that
was too much for me to achieve - after the operation, I was
unsure if I would damage my new joint if I did too much, or too
little moving around.”

Participant 5

Outcome measures. Participants were interviewed about
their feeling on the time spent during the testing sessions,
the duration of the intervention (5 weeks), the layout of
the activity diary, their feelings on completing it as well as
the styles of its questions. All participants were happy
with the duration of the baseline and follow-up testing
sessions at the Institute. Participants also were happy with
the duration of the whole intervention and felt it passed by
very quickly. They felt 5 weeks was a small amount of
time commitment in comparison to the benefit they
gained in taking part in this study. However, they found
the Likert scale of the activity diary irrelevant and dif-
ficult to complete and preferred the section in which they
can openly write any condition or feeling which may
affect their daily outdoor walk. Overall, there was a
mixture of feelings about the layout of the activity diary.
One of the participants (Participants 1) did not enjoy
paperwork and therefore found the activity a chore.
Participant 2 also provided feedback on the layout design
and suggested leaving more spaces in the diary table
where they can express their daily feeling on conditions
affecting their outdoor walk. All others expressed that the
layout was simple, questions were clear, and completion
was easy. The codes and themes related to the Outcome
measures are illustrated in Figure 11. Quotes from

Figure 8. The modified gait efficacy scale (mGES) data for each participant.

Figure 9. The codes and themes related to the subject discussion,
activity monitor.
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participants concerning the Outcome measures are out-
lined below.

“I am afraid I don’t do very well with paperwork & although
keen at first - need to report my attitude has not changed.”

Participant 1

“I was happy to spend the baseline and follow-up daytime. Very
enjoyable.”

Participant 2

“Completing the daily activity diary was no problem. It was
also good to keep a record so that I could go over past events.”

Participant 3

“The questions were relevant to the different factors affecting
the ability to carry out the exercise. Pain, lifestyle and time can
all be factors in the willingness to do differing amounts of
exercise on any given day.”

Participant 4

“(5 weeks) Perfectly acceptable. The aim of the study is to
improve the patient’s ability to move better and feel less dis-
comfort. 5 weeks is a small amount of time to commit, com-
pared to the quality of life that I feel I have regained.”

Participant 5

Overall experience. Participants also had an opportunity
to share any further thoughts, challenges, or positive
experiences that may have occurred during their pur-
poseful outdoor walks or throughout the study but have
not been discussed so far in the interview. An inter-
esting point was raised in relation to the wearability of
the FC4 and Participant1 expressed he would wear the

activity monitor only when had the intention to go
for his outdoor walk. Others felt the study created a
positive and beneficial habit to their daily routine
and gained better self-confidence. Quotes from par-
ticipants concerning their experience are outlined
below.

“I enjoyed looking at the map when I got back seeing the
distance we had covered, where we had been and the time it had
taken. I would put the monitor on and have it on my right hand -
I would notice it had switched off, this puzzled me for a few days
and was frustrating - that I knew I had done the mileage but it
had not registered as it had turned off. I worked out if I flexed
my wrist the back of my hand would sometimes turn the monitor
off. So I started to wear it on my left hand & that’s my watch
hand, so felt a bit foolish wearing (what appeared to be two
watches ) I like to wear my watch & as I had difficulty reading
the screen of the monitor (in the sunshine) did not want to not
wear my watch.”

Participant 1

“I think this was a fantastic experience for me. It made me
realise that I can do far more than I had thought I could, and
with every week I felt stronger, faster, fitter, more stable and
much more confident. When I did the baseline questions I
thought I felt pretty confident, but I now realise I wasn’t
anywhere near as confident as I needed to be.”

Figure 10. The codes and themes related to the subject
discussion, purposeful walk.

Figure 11. The codes and themes related to the subject
discussion, outcome measures.
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Participant 2

Having the activity monitor definitely made this study very
enjoyable. I was determined to recover as quickly as possible
from my hip surgery and completing this study gave me that
extra determination. I will definitely make daily outdoor
walking part of my daily life. I have walked kilometres that I
never did before and I will definitely continue to exercise on a
daily basis and hopefully in the near future I will be able to get
back on my bike and include this as part of my daily fitness
activity.

Participant 3

“Well my operated leg has definitely improved a lot, which I
found out on this past Saturday my colleague got diagnosed
with covid so I had to go into work early doors , I cant drive the
van at the moment so I had to push 1200 L bins to the com-
pactor area from all over the sight to empty them it involves
most having to go through the link tunnel and that means
pushing them uphill on part of the journey, my hips both hurt
but next day it was only my right hip that’s giving me any pain. I
know if this had happened a month ago I would have been sunk,
so it has been a good thing for me.”

Participant 4

“It made me more communicative again, by passing the time of
day with other walkers, particularly dog walkers as I love dogs,
and cannot resist patting a friendly canine. Many happy little
chats to brighten the day took place on my walks, hence my
GPS shows several pauses on various days. It certainly
brightened my mood.”

Participant 5

Discussion

This study was a small feasibility trial, to inform a follow up
randomised pilot trial, with a convenience sample, that
aimed to evaluate the appropriateness of outcome measures,
recruitment, and adherence to the purposeful outdoor
walking intervention monitored using a commercial activity
monitor device to decide whether an effectiveness trial is
warranted.

Five adults who had had THR surgery at least 3 months
and at most 6 months ago, due to symptomatic hip oste-
oarthritis were recruited from the local community. Given
the timeline and inclusion/exclusion criteria, the recruitment
took almost 2 months. It is suggested that 1 or 2 participants
per week are an acceptable recruitment rate for a clinical
trial.49 Thus, the rate of our recruitment was below the
average. Therefore, it should be emphasised that for a study
of 12 participants with inclusion criteria, such as the one
outlined here, recruitment may take up to 4 months to
complete. It is recommended that 12 participants allows a

clinical trial to provide a reliable answer to the question
addressed.50

Current studies have provided evidence to support the
use of wearable activity monitors in maintaining good
health in older adults.18,19 Our findings also showed that the
5 weeks of outdoor walking intervention was accepted by
the participant and full adherence was achieved.

Additionally, there was large variability between the
weekly purposeful distance walked by the participants. The
minimum purposeful walking distance increase was 69%
and the maximum was 191% from the individuals’ baseline
distance. A minimum of 4.7 km per day was achieved by all
participants.

Given there is currently no data available on the
average outdoor distance walked for a healthy elderly
adult or people post THR surgery, we compared our
findings to studies by Schimpl et al.,51 Tang et al.,8 and
Althoff et al.52 It is important to acknowledge that these
studies are not restricted to outdoor walks only and did
not utilise GPS to measure the daily distance walked.
Schimpl et al.51 reported that an average healthy adult
over the age of 60 years old, walks a mean of 5.5 km per
day. However, the study by Althoff et al.52 which con-
sisted of 68 million days of physical activity for
717,527 people, in 111 countries across the globe sug-
gests that female adults over the age of 60 only achieve a
daily distance of approximately 2.61 km per day and
male achieve around 3.63 km per day. This distance was
calculated using an arbitrary estimation (distance = step
length x step count) data from an earlier study on the
average step length of healthy adults and a group of THR
patients. The estimation calculation is based on con-
verting the 3600 steps for females and 5000 daily steps
for males reported by Althoff et al.52 et al. by average
step length of 0.725 m for adults over an age of 60 years
old. Similarly, Tang et al.8 reported that at 3 months post
THR, individuals were walking approximately 3 km
(4526 steps multiplying by 0.652 m step length). Overall,
all our study participants achieved beyond the estimated
daily distance reported for healthy elderly adults. Further
investigation on the data may also provide a platform to
compare our findings to previous research which sug-
gests that the risk of mortality is reduced with 7000 steps
or more per day.53 Similarly, an arbitrary calculation
converts this number of steps to a distance estimation of
5 km per day. At baseline only 2 participants (Partici-
pants IDs 1, and (2) were achieving this target, however,
final week results showed that all participants were able
to achieve this target on solely purposeful outdoor ac-
tivity without taking any other indoor walking activity
into account. Therefore, it may be concluded that in-
creasing individuals’ baseline walking distance amount
by 10% is feasible and beneficial to individuals, how-
ever, its efficacy should be assessed in a follow-up pilot

12 Journal of Rehabilitation and Assistive Technologies Engineering



study with a larger sample size compared against a
control group.

Furthermore, evidence showed that there was a wide
spread of distance that was achieved by individuals de-
pending on their baseline abilities. Therefore, it is worth
acknowledging that for any future pilot efficacy study with
similar sample size, it is likely that we will again find very
high variability in daily purposeful walk results. Thus, we
should be prepared to carry out statistical analysis based on
individual changes, to estimate any future effect size for a
clinical trial.

When it comes to THR studies,20,21 the focus has been
merely on the step count parameter and has not addressed
the main gait adaptations e.g. shortened stride length,7,22,23

which persist even at 1-year after surgery. Bhave et al.35

found that gait analysis is valuable in identifying problems
before and after THR. The visual, accurate, and reliable data
obtained by gait analysis technology provide important
objective data on individual walking patterns and modali-
ties. Given the study design and its small sample size, we
cannot statistically comment on the significant effect of the
purposeful outdoor walking intervention on the gait pa-
rameters. However, our findings provide support to viability
of a purposeful walk given there are improvements seen
across almost all gait parameters (step length (operated
side), walking speed, and cadence) in all participants.
Therefore, the gait analysis using the GRAIL system was an
appropriate test for such a study.

As stated earlier, a purposeful walk was the term that we
used to refer to the outdoor walk that is recorded with a GPS
sensor using the FC4 activity monitor. Therefore, compli-
ance with the use of GPS was essential. All participants of
our study admitted that FC4 encouraged them to go further
and do a long daily walk. They also enjoyed looking at the
map of the route they have walked daily and preferred it to
simply seeing a daily step count. This finding is also in line
with a recent survey on the perception of wearable tech-
nologies, which concluded that one of the new technologies
that the majority of THR patients are willing to utilise in
daily routine activities is the use of GPS.54

Another aim of this study was to help determine the
feasibility of the outcome measures best suited to both
participants and the objectives of this study. Hence, we
selected a series of PROMS that were validated question-
naires and were previously utilised in THR studies. We
considered only the MCID for the HOOS to be appropriate
and findings showed that the average difference in HOOS
outcome measures in the intervention group was 8.6 ± 7.2,
which was below the reference for MCID suggesting a lack
of clinically relevant meaningful difference from pre to post
intervention. All three PROMs questionnaires provided
different information. However, given the timeline post-
surgery, and age (mostly retired), HOOS provided a more
comprehensive set of detailed health outcome measures.

HOOS has sections on physical activity level as well as
specific questions on walking and therefore, it provides
equivalent insight to mGES and PASE questions. Therefore,
even though, all participants express their happiness about
the time spent during the testing sessions, it was determined
to use only the HOOS questionnaire in any upcoming ef-
ficacy studies.

Regarding the activity diary outcome measure, findings
suggested that the participants found the questions straightfor-
ward and were able to answer them with ease and instinctively.
However, completion of activity diary was a challenge for one
participant (Participant 1). This was not due to the layout or type
of questions, but mainly due to this individual’s reluctance to
complete a writing task. One other person (Participant (2) also
found scales difficult to complete and further explained that this
was because the intensity of a walk and his fatigue changed over
the course of the walk and it was hard to judge an average.
Furthermore, we did not comment on the intensity of the daily
walks measured with the Borg scale as all participants felt their
outdoor walk never passed beyond moderate activity level, re-
gardless of their daily targets. All feedback regarding the activity
diary will be considered for any future design of a daily diary to
ensure it is easier to complete.

The limitations in this study are mainly inherent to the
study methodology. There was no formal power calculation
and therefore the sample size was too small for statistical
analysis or inadequate to reach a saturation in qualitative
analysis. Moreover, the participants recruited in our study
had their THR completed by different surgeons using dif-
ferent techniques and surgical approaches, which may in-
fluence their early post-operative recovery time.55

Furthermore, the exclusion criteria included other co-
morbidities and joint replacement, putting the sample at the
risk of being homogenous. Outlined methodological limi-
tation, in particular, small sample size, were adhered due to
the timing of the study post COVID. Furthermore, we
exclusion criteria such as, systematic disease effecting
walking activity such as COPD, so we can reduce the
chance of individuals being at risk while performing an
outdoor walk at the timeline post THR. Furthermore, all
included participants who were at least 3 months post-
operation and could confirm they are discharged from
their surgical care. Additionally, studies suggest that re-
gardless of surgical approach or technique, at 3 months post-
THR surgery, patients are ready to return to their normal
activity.56 Importantly, in the absence of COMET guide-
lines on relevant outcome measure for evaluating individ-
uals after THR surgery, we selected various outcome
measured informed by previous publication and national
reporting. A future patient and public involvement study is
planned to include THR population in submission of an
outcome measure best suited to assessment of THR pop-
ulation undergoing digital health related interventions.
Lastly, there is limited evidence to support the accuracy and
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precision of the FC4 for monitoring individuals post THR.
However, the intervention was designed based on individual
walking amount in the first week and then a subsequent
target was calculated for the individual wearing the same
FC4 activity monitor. This approach was undertaken to limit
the risk of the FC4 inaccuracy effecting the outcome of
individuals daily walking amount.

Conclusion

The objective of this small feasibility trial was to test the
feasibility of the study methods and intervention delivery as
well as the adherence to the personalised outdoor purposeful
walking intervention in preparation for future trials. Al-
though the PROMS selected were all relevant to this cohort,
future research will only include the HOOS questionnaire,
as it provides the most comprehensive and relevant set of
subjective outcomes. Gait analysis was well received by all
participants and the gait parameters selected provided great
insight into the effects of the intervention on walking re-
covery post-THR surgery. Furthermore, the purposeful
walking intervention was acceptable to all participants and
should be considered without being amended in any future
efficacy trials. Lastly, it is important to note that there was a
wide spread of distance that was achieved by individuals
and therefore a future trial with a similar sample size and
variability in data should consider statistical analysis based
on individual changes, in order to estimate an effect size for
a clinical trial.
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