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Abstract

Background: Painful shoulders pose a substantial socioeconomic burden accounting for 2.4% of all primary care
consultations in the UK. There is a strong evidence to indicate that the majority of this shoulder pain can be
managed successfully with exercise based treatments and that common surgical procedures provide no extra
benefit. Patient adherence and engagement is cited as an important factor in gaining positive outcomes.

The MUJO System has been designed to help target the rehabilitation of the rotator cuff muscles which are
commonly recommended for the management of shoulder pain. The purpose of this qualitative study was to
evaluate the acceptability of the MUJO System amongst clinicians and patients.

Methods: A qualitative study was undertaken to look at the usability of the MUJO System both from clinicians’ and
patients’ perspectives. Patients with shoulder problems were identified by an experienced physiotherapist using the
study eligibility criteria. and invited to participate. Semi-structured interviews were performed with patients and
clinicians to explore factors surrounding its acceptability and feasibility of use. The study was designed using
Normalisation Process Theory as a theoretical basis for the inquiry.

Results: Seven physiotherapists and ten patients were interviewed in the study. The Internal and External Devices
were seen as having the potential to rehabilitate the rotator cuff however it posed limitations towards more
functional based exercises. Patients and clinicians found the visual feedback from the Patient App enhanced the
rehabilitation experience. The Internal and External Devices were acceptable to all for rehabilitation providing the
devices were available for use by the patients in the community.

Conclusion: Patients and clinicians found the MUJO System acceptable as a modality to perform shoulder
exercises. For the MUJO System to be taken up as a routine part of clinical practice patients need to be able to
access the devices in the community. For the MUJO System to be taken up in clinical practice it needs to be
workable within the context of the treatment pathway and not interfere with standard processes.
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Background
Painful shoulders pose a substantial socioeconomic bur-
den accounting for 2.4% of all primary care consulta-
tions in the UK [1]. Subacromial pain accounts for up to
70% of all shoulder problems and can impact on work
and household tasks [2].

There is growing evidence that exercise therapy target-
ing the rotator cuff muscles can be very effective in
managing shoulder pain [3]. Patients are usually seen by
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a physiotherapist to instruct them on appropriate exer-
cises which they are encouraged to do independently as
part of a home exercise program [4]. Undertaking such
exercises incorrectly may exacerbate the injury and fur-
ther delay patient’s recovery. Compliance can also be an
issue and adherent patients may have better treatment
outcomes than non-adherent patients [5]. Equipment
that provides real time feedback to the patient on their
level of performance in a controlled environment may
contribute to better outcomes. The Multiple Joint
(MUJO) System [6] is the first rehabilitation device to
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train bi-articular muscles or multiple axial joints in a
single exercise on one machine. The device was manu-
factured by MUJO Mechanics in the United Kingdom.
The Internal and External Devices allow multiple move-
ment paths to be performed within defined boundaries,
to target specific body parts over the full range of mo-
tion in a single exercise. The Internal Device (See Fig. 1)
provides resistance to internal rotation and the External
Device (See Fig. 2) provides resistance to external rota-
tion. The Internal and External Devices use built in sen-
sors to collect joint range angle. All real time movement
data is displayed on an accompanied Patient App, dis-
played on an iPad, connected to the device. This data is
collected and stored on a secure cloud database. The
Physiotherapy Portal allows the physiotherapist to assess
the patient and establish suitable exercise prescriptions.
The Patient App has videos and instructions on how to
set up the machine based on the prescription set by the
physiotherapist.

Several large scale studies, such as the Whole Systems
Demonstrator [7], have claimed that if delivered properly,
telehealth can reduce mortality, reduce the need for admis-
sions to hospital, lower the number of bed days spent in
hospital and reduce the number of Accident and Emer-
gency admissions. The Department of Health in the United
Kingdom set up the ‘three million lives’ campaign [8] with a
view to benefit three million people with long term condi-
tions or social needs as it is recognised that technology can
positively contribute towards this. However, even in those

Fig. 1 Internal Device [6]. This is a model of a patient using the
internal device
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Fig. 2 External Device [6]. This is a model of a patient using the
external device

situations where there is good evidence supporting the up-
take of technology in clinical practice, the actual uptake of
this technology is low [9]. Systematic reviews have identi-
fied considerations for implementation which include
whether or not satisfaction is as high for clinicians as well
as patients [10], consideration of how the use of technology
impacts on roles and responsibilities [11] and healthcare
routines [12] and whether or not the intervention limits the
possibilities for relationships with professionals and peers
[12].

The aim of this study was to determine whether or not
the MUJO System was acceptable to patients with shoulder
dysfunction and their rehabilitation professionals. We used
qualitative methodology to explore the underlying reasons
behind the MUJO System’s acceptability [13] and this work
was informed by Normalisation Process Theory (NPT)
[14]. NPT focuses on the things that participants using the
MUJO System must do — the work of being a patient or re-
habilitation professional — and considers how changes in-
fluence the MUJO’s acceptability and feasibility. In this
study acceptability is determined as the actual use of the
machine and the reasons why or why not participants chose
to use it. This research was undertaken during the early
stages of testing the MUJO System at the host organisation,
a tertiary orthopaedic hospital based in North London
(United Kingdom), between March and July 2016.

Methods
All patients over the age of 18 years attending the host in-
stitution (North London, UK) for shoulder rehabilitation
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were invited into the study provided they met the eligibil-
ity criteria. Clinicians were asked to identify patients using
the MUJO System. The research physiotherapist then
approached patients to invite them into the study. Clini-
cians were invited to participate in the study providing
they had experience of treating patients using the MUJO
System. Local Research and Development and research
ethics approval were obtained from the London Fulham
Research Ethics Committee (15/LO/1683) and written
and informed consent was provided by all participants
prior to interview. All data was link anonymised.

Patients inclusion criteria
Patients attended the Royal National Orthopaedic Hos-
pital for shoulder rehabilitation

e DPatient remains on the Royal National Orthopaedic
Hospital shoulder rehabilitation pathway

e Therapists believe the patient will not be
disadvantaged by entering the study

e Patient / clinician available for qualitative interview

e DPatients able to communicate in English or
languages covered by the host institution interpreter
service

Clinicians inclusion criteria

e Physiotherapist employed by the host institution

e Inducted by MUJO staff into the use of the devices

e Experience of rehabilitating patients using the
devices

A single interview was conducted with each study par-
ticipant (both patients and clinicians) within the Therap-
ies Department of the host institution. Patients
undertook the interview upon conclusion of their re-
habilitation. Clinicians undertook an interview at the
end of the study period. Interviews were conducted by
the research physiotherapist (AG), (male, MRes research
qualification with qualitative research training and ex-
perience) at the host institution and all interviews con-
sisted of the interviewer and participant only. Each
interview was audio recorded. The same interview
schedule, developed in accordance with NPT [14] was
used for all interviews and can be viewed in Additional
file 1: Appendix.

Data analysis

Interviews were transcribed verbatim and entered into a
computer assisted qualitative data analysis software
programme (QSR NVIVO software — version 11). A Di-
rected Content Analysis [15] was undertaken to organise
the qualitative data according to the four constructs of
Normalisation Process Theory (NPT) [14]. Data was coded

Page 3 of 9

by the research physiotherapist and the results of this study
are presented in accordance with the constructs of NPT:

1) Capability — possibilities presented by the MUJO
System

2) Capacity — social structural resources available to
patients and clinicians

3) Potential — social cognitive resources available to
patients and clinicians

4) Contribution — what patients and clinicians do to
implement the MUJO System in clinical practice

Results

Eleven patients and seven physiotherapists, all of whom
had experience treating patients using the MUJO System,
were invited to join the study and all agreed to do so. Dur-
ing the study period, one patient became unavailable for
interview and was removed from the study. Of the ten pa-
tients who remained in the study the median age was 38.
5 years (19-54), there were five females and the median
length of all the patient and clinician interviews was 18.
35 min (13.3-31.5). Shoulder pathologies in this group in-
cluded instability (# = 6) and rotator cuff related pain (n =
4). Patient demographics are available to view in the Add-
itional file 2. All clinicians were experienced Physiothera-
pists with more than ten years” experience and all had sub-
specialised in shoulder rehabilitation. Although ten patients
and seven physiotherapists were interviewed no new data
was identified beyond patient interview 8 and clinician
interview 6. No further patients and clinicians were re-
cruited as data saturation appeared to have been achieved.
This qualitative study was undertaken in the early stages of
the clinical pilot of the MUJO System.

The research physiotherapist had worked in the host
institution’s Therapies Department for five years at the
time of the study was known to all clinicians prior to the
establishment of the study. The research physiotherapist
had no prior relationship with the patients and was
employed to coordinate the study.

Capability — Possibilities presented by the MUJO system
Patients and clinicians reported the MUJO System’s bene-
fits. The use of the Internal Device was thought to prefer-
entially target the anterior muscles of the rotator cuff and
the External Device to target the posterior muscles of the
rotator cuff. Whilst specifically exercising these muscle
groups using the machines the physiotherapists were able
to observe real time feedback from the Patient App to as-
sess movement control and strength:

“The good thing is we can get the cuff and the deltoid
working, so in terms of isolating and assessing these
patients, I think it's been quite useful. I use it a lot’
[C4 = Clinician 4]
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The MUJO System was seen as having the potential to
have an important role in the management of rotator
cuff disorders across primary, secondary and tertiary
care. Several clinicians discussed the potential usefulness
of housing the device in the community to facilitate
shoulder rehabilitation:

‘Certainly out in primary care where people are using
— so it would be technicians and things — you could
certainly make a shoulder class or exercise class
around such things... I think it would be useful’ [C5]

The use of the machine was coupled with the Patient
App and in the early stages of the feasibility study there
were occasions where the Patient App failed to work

properly:

‘“The one downfall has been the reliability of the
software for us as a clinician to use frequently and
repeatedly to put up a full programme for a patient to
use it as it was designed to’ [C4]

Despite these occasional issues, the Patient App and
Physiotherapy Portal component of the MUJO System en-
hanced the clinician’s ability to deliver rehabilitation. Pa-
tients valued the ability to see visual feedback for the
exercises they were completing on the iPad screen and it
was useful to be able to record real time movement data to
assist with clinical reasoning and measuring improvement:

it does seem like a good idea from a training
perspective, with patients being able to see what they
are doing as a graphs such — on as far as the
smoothness and coordination of their movements, that
seemed to be a useful tool, but also being able to then
review that with a patients when they are coming
back’ [C3]

One of the major barriers to incorporating the MUJO
System in clinical practice was its accessibility. The pilot
site is a national specialist centre and patients often had to
travel long distances to attend outpatient appointments.
The usefulness of prioritising the use of the MUJO System
when it was not available locally was questioned by all
clinicians:

Tt’s the repeatability. It's them being able to learn an
exercise here and then go home and, is always the

way, a lot of that comes down to time. When I've got a
short period of time to assess somebody and then treat
them, I would rather treat them with the exercise they
are going to do at home, rather than teach them
something here and then say, and this is how we adapt
it for you to carry on at home. It’s silly.” [C3]
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However, even when the patient could not use the ma-

chine for rehabilitation there was still an identified role
for the MUJO System as an assessment tool:

T could use it as an assessment tool to get specific
markers to begin with. They go off and do their home
exercises in any other ways and then come back and
then I could reassess using it and see what happens
numbers-wise with the [Patient] App’ [C2]

Patients who were local enough found being able to

access the machine on a regular basis optimised their
outcome:

‘So I built it into my regime every day. I'd go to the
machine first thing in the morning before anyone was
using it, do about half an hour on it and then just
crack on for the rest of the day. So I think it sped up
my recovery considerably’ [P7]

And for one local patient who found the machine use-
ful there would be a commitment to travel to use the
device

If I was far away from the MUJO machine, I don’t
know what I would do, to be honest. I would probably
travel to use it’ [P3]

Capacity - Social structural resources available to patients
and clinicians

The accessibility of the equipment for patients and clini-
cians was identified as the main barrier to using the
device:

1 think in theory it's a good piece of equipment, but it
just needs — its not the equipment that needs to be
developed so much, its more the availability of it’ [C3]

As a basic pre-requisite of using the device for re-
habilitation both patients and clinicians felt that it was
important for any healthcare professional to be suitably
qualified and have knowledge surrounding the shoulder:

‘Most physios should have a fairly basic understanding
of what muscles are weak and dysfunctional. Therefore
they shouldn’t need much support around where’s the
weakness in rotators or in abductors and a
combination of both ... you would probably need some
general understanding around shoulder muscle control
to be able to use it appropriately’ [C2]

‘I wouldn’t want to get a programme from someone at
the gym to show me how to use my shoulder. That’s
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because I am in rehab. Having been to the gym and
having had shoulder surgery and they have suggested
rowing, that was a personal trainer, that is not the
level of person I would expect to be telling me —
setting a programme for rehabilitation’

Potential - Social cognitive resources available to

patients and clinicians

Patients and clinicians felt the use of the Patient App en-
hanced the rehabilitation experience. It was frustrating
when the Patient App did not work and on these occa-
sions the physiotherapist would actively avoid using this
aspect of the device:

Tve tended to log in and use it with a patient at that
moment in time, but it’s not really collected any data.
That’s because it’s frustrating that the syncing or
whatever was supposed to be happening wasn’t
occurring or there were recurrent problems. To do it in
front of a patient is a little bit embarrassing so I stopped
doing it. I just end up logging in as myself and getting
the screen up for them, because that'’s the useful bit’ [C5]

‘the usability needs to be better for it to be able to be
rolled out because I think if it was more user-friendly,
the take up with the therapy team might be a bit bet-
ter. Some people are put off if it’s difficult to use on
one occasion’ [C5]

A physiotherapist reported how on one occasion a pa-
tient encountered difficulty with the app and their exer-
cise regime was not recorded, negatively affecting their
experience:

‘They got quite frustrated, one that was quite
competitive. She was like, I definitely did it and its saying
1 didn’t do anything. It said I did really badly’ [C7]

Some patients found the app useful and motivating.
One patient, when asked about what appealed to them
most about the MUJO System device responded:

“The [Patient] App. When it is turned on I can see like
my first appointment I done say five percent rotation
and then my next appointment I got up to thirteen so
I'm slowly progressing’ [P10]

And the Patient App was enjoyable and seen to opti-
mise compliance:

‘Because the patients are so positive about it I've
tended to find a way because one of the biggest
challenges we face as therapists is patient adherence
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and compliance. Now we can give completely the right
exercise to somebody but if they don’t enjoy it or find a
way of being able to do them easily it’s not going to
make much difference’ [C2]

Clinicians would avoid using the device if the patient
was not going to be able to access it from home, usually
because of the geographical distance they lived away from
the machine. The Physiotherapists would actively use the
machine if a patient could access it, and patients enjoyed
the process of rehabilitation when they could use the In-
ternal and External Devices and the Patient App:

a good example now I've just recently got a patient
who lives down the road, he is really keen to use it, I
think the MUJO is really going to help him and I set
him up on it’ [C2]

‘I think the machine is brilliant. For me it’s helped me
a lot because I can come and use it as and when I
wish. I can come and use it as much or as little as 1
like, especially when I get days like today that I am
having a bad day, so I can just do a little bit. I feel
that its increased obviously the angle at which I can
move my arm, I've gone from 30 to 60, although today
I have gone back down to 30. So for me it has worked
out quite well.” [P3]

Both patients and clinicians recognised the potential
of the machine to free up clinical time:

T do think it reduces the amount of clinical episodes
you need directly with the physio staff, so it basically
releases your clinical time. So you can see more
patients, because you are not reliable on so many
sessions. So instead of maybe having, let’s say, six to
ten sessions, you can easily half that, which is what
happened to me’ [P7]

There was, however, an identified requirement to allo-
cate time to check the exercises and compliance this
time would need to be protected within the clinician’s
diary. Replacing face to face contact with patients at-
tending independently to use the device would have
some cost implications, particularly in a healthcare sys-
tem where payment is made for each face to face contact
this was identified as a potential problem and barrier to
implementation.

Clinicians had awareness that collective commitment
was dependent on how they ‘sold’ the device to the pa-
tient. On occasions where clinicians were frustrated with
the Patient App or Physiotherapy Portal not working
this was likely to influence whether or not they would
use the device with the patient.
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T think increasingly it's all about how you sell it. I think
the patients come to you and they want to get better and
it’s very clear to them that this is what is going to make
them better. So there has got to be belief. There has got
to be belief on the clinicians part, there’s got to be belief
on the patients part, that the intervention, whatever it
is, is going to improve them’ [C2]

Contribution - What patients and clinicians do to
implement the MUJO system in clinical practice?
Clinicians reported they would actively try to empower
patients to use the device as part of their normal re-
habilitation to promote patient compliance and release
clinician time and in these situations MUJO was effect-
ive. On occasions when patients were not in a position
to use the device on an ongoing basis the clinicians
would not actively use the MUJO System for rehabilita-
tion with their patients.

Through the use of the machine over the feasibility
study period, the physiotherapists learnt how best to use
the device to support their patients and grew increas-
ingly aware of the capabilities of the device and used the
Internal and External Devices for specific rotator cuff
muscle strengthening exercises and found this was pref-
erable to other available machines:

1 think as far as gym equipment is concerned, they
don’t have pieces of equipment that are so cuff specific.
Yes we know we are not completely isolating the cuff,
but we are being more specific than you are with a lot
of gym equipment. The majority of gym equipment is
unsupported, so you are automatically incorporating
your bigger mobilisers, deltoid, lats, pecs, with a lot of
the exercises you do in gyms’ [C3]

In certain circumstances, such as kinetic chain rehabili-
tation, progressing the patients shoulder stability with the
Internal and External Devices was more limited:

‘We see a lot of very challenging multidirectional
instability which is quite a select cohort. They come
with global issues, so kinetic chain, scapula control
problems, not just glenohumeral’ [C2]

“The only thing is, obviously with progressions, what
we try and do is reduce the support. So from a
strength component, MUJO is good. But if we want to
reduce the stability, we can’t really do that’ [C4]

For those patients who could access the device daily,
particularly those who were attending residential re-
habilitation, the clinicians would encourage the patients
to use the MUJO System:
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Tve not used for all outpatients, but for the rehab
patients it worked well. So I could set them up and
they would come and do it themselves without the
need for me to be there to show them how to do it or
monitor them or give them feedback’ [C7]

For outpatients however, there was not enough time to
manage the patient and set up the machine and the
Physiotherapy Portal and Patient App so clinicians were
less likely to use it, particularly if the patient was unable
to access the device:

‘In the 30 minute consultation, you could probably do
the setting up with the patient if that — the thing is if
that’s the only thing you wanted to do. So if you
wanted to do other things in your session like check
other exercises or assess — I don’t know if you — if that
was the only plan to just set up the MUJO then you
would have time I think in a session to do that’ [C7]

Discussion

In this study Normalisation Process Theory [14] has been
used to focus attention towards the factors that would
lead to the MUJO System being accepted and normalised
within a healthcare setting.

Using the MUJO System introduced a new way of work-
ing for patients and clinicians as the physiotherapists were
required to set up an account for patients on the Physio-
therapy Portal in order for patients to access the Patient
App. The main factor for technology to be implemented
in healthcare is acceptability [16]. In situations where the
use of the Physiotherapy Portal and Patient App interfered
with the normal working practices of the physiotherapist
clinicians would take shortcuts to avoid using it, particu-
larly when the Physiotherapy Portal and Patient App was
introduced in the early stages of its development. The up-
take of the MUJO System was threatened by the amount
of time it took to set up the Devices, Physiotherapy Portal
and Patient App and this may be challenging in depart-
ments where appointment time slots are as low as twenty
minutes.

Despite some reported initial challenges of using the Pa-
tient App however, it was seen as a useful adjunct to nor-
mal care. Adherence to exercise involves a number of
factors, including how often the patient performs the exer-
cises, whether the quantity of the exercise performed is
sufficient to provide a therapeutic benefit, and how long
the patient continues to perform these exercises [17]. The
ability to monitor patients from a distance via an online
portal was seen to promote patient compliance and adher-
ence. A device with a connected Patient App such as the
MUJO System may facilitate adherence through its re-
minder service for users to complete their exercise
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prescriptions, an initiative that has been shown to effect-
ively reduce Did Not Attend (DNA) rates at hospital ap-
pointments [18].

In comparison to home based exercises using exercise
bands or hand weights to exercise the rotator cuff, clini-
cians reported the usefulness of the Internal and Exter-
nal Devices in being able to perform similar exercises in
a way that targeted specific muscles but with more ob-
jective measurement and feedback [4]. However, clini-
cians felt the device was limited when more functional
based exercises which required improvements in global
posture and or lower limb strength were required.

For some patients, the Internal and External Devices
made them feel more secure which may reduce pain re-
lated fear of movement [19, 20] and could be a useful
tool to get patients confident in moving again. The ma-
jority of shoulder problems are managed in primary care
by general practitioners and physiotherapists and na-
tional guidance advocates this care should include pa-
tient education and exercise prior to considering more
invasive treatments [21]. Clinicians reported that easy
access and wider availability of the MUJO System could
further enhance rehabilitation in the community as well
as reduce the burden on local services. For the MUJO
System to be a routine component of shoulder manage-
ment in primary care further clinical trials to evaluate its
clinical effectiveness and socioeconomic benefits would
be required prior to consideration of resources and
changes to infrastructure shifting from hospital to more
community based settings.

The largest reported study of telehealth and telecare,
the Whole Systems Demonstrator study [7] reported
that if delivered properly, telehealth can reduce the de-
mand on health services and in this study we found that
the use of the MUJO System had the potential to reduce
the requirement for face to face sessions with the phys-
iotherapists when patients could access the devices and
further quantitative studies are required to investigate
this further.

In this study both patients and clinicians stressed the
importance of having a good understanding of the
shoulder complex when setting rehabilitation pro-
grammes and the structures involved and mechanisms
contributing towards the pathology [22]. It has been re-
ported elsewhere that professional knowledge and train-
ing was a barrier to people with disabilities and that
several fitness and recreation professionals commented
that fitness facility staff such as personal trainers are not
knowledgeable about these disabilities [23]. When iden-
tifying the environment for housing the Internal and Ex-
ternal Devices in the community the information and
training requirements of staff in the host site would be
an important consideration to facilitate patient compli-
ance. In some cases patients may prefer conventional
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shoulder rehabilitation rather than from a distance [24]
and this is in accord with a study where patients stressed
that remote consultations should be a supplement to
care and not a replacement for any face to face contact
with their healthcare professionals [25]. In a study look-
ing at exercise adherence and dropout [26] non adherers
were more afraid to access support and adherers felt
good about themselves for having support. When mov-
ing rehabilitation and care out of a hospital environment
and empowering patients to continue this in a commu-
nity setting it is clear that there will be ongoing support
requirements for such an intervention to succeed and
indeed in our study patients stated would still want to
access the expertise of the physiotherapist throughout
their rehabilitation as required.

The results of the study should be interpreted in light
of its potential limitations. Clinicians and patients who
were already using the MUJO were invited to participate.
All clinicians involved had received training in the use of
the MUJO system and the funding from the project
grant enabled the equipment to be loaned to the host in-
stitution. All patients had used the devices and were
identified by their clinicians. Interviewing patients who
chose not to use the MUJO may have provided informa-
tion on the reasons why the devices were not acceptable
and reduced potential biased reporting.

Conclusions
Both clinicians and patients perceived the MUJO system
had the following advantages:

1) It helped to target particular shoulder muscles

2) Enhanced patient motivation and compliance

3) Provided some quantifiable measure of performance
4) The machines were easy to set up with patients

5) Appeared to be clinically effective

However the MUJO system also posed some perceived
disadvantages:

1) As an adjunct to current treatment for some
clinicians it added consultation time

2) Poor software reliability reduced motivation for
clinicians to use

3) Exercises were not function specific

4) It was only useful as a rehabilitation tool if the
patient lived close enough to the devices to use
them

For digital technology such as this to be accepted
more widely systems have to be more accessible for pa-
tients to use remotely and data capturing has to be inte-
grated into current electronic patient records so as not
add to clinician time. Robust clinical trials would be
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required to demonstrate the MUJO system has a signifi-
cant clinical benefit and cost benefit over current con-
ventional methods of delivering shoulder rehabilitation
before it could be more widely adopted by the NHS.

For the MUJO System to be taken up in clinical prac-
tice it needs to be workable within the context of the
treatment session and not interfere with the clinician’s
workload. Both patients and clinicians made it clear that
the healthcare professionals setting the rehabilitation
plan must have a thorough understanding of the shoul-
der complex and pathology and be knowledgeable about
exercise prescription.

For those patients who lived locally to the hospital and
could access the device the clinicians would encourage
the patients to use the system in their rehabilitation. Cli-
nicians in this study found the use of the MUJO System
was not acceptable for rehabilitation if the patient was
unable to access the device in the community. In situa-
tions where technical issues arose with the Patient App
and Portal this served as a barrier to implementation.
Further quantitative research is required to explore
whether the MUJO can reduce the demand on the
physiotherapist through using up less 1:1 treatment
sessions.
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the internal rotators and lateral rotators of the shoulder respectively; MUJO
System: Multiple Joint System [6]; Patient App: Application component of
MUJO System

Acknowledgements

The authors would like to acknowledge the Therapies Department and the
Research and Innovation Centre at the Royal National Orthopaedic Hospital.
The authors are also grateful to Professor Carl May from the Faculty of
Health Sciences at University of Southampton for the support in the early
stages of this research on the application of Normalisation Process Theory.

Funding

This research was funded by the Technology Strategy Board (TSB) Digital
Health in a Connected Hospital Grant (Innovate UK Grant ref.: 46332—
344152). The MUJO System and technical support was provided by MUJO
Mechanics.

Availability of data and materials
The datasets during and/or analysed during the current study available from
the corresponding author on reasonable request.

Authors’ contributions

AG, IH and AJ were all involved in the design of the study. AG completed
data collection and analysis. AG IH and AJ were all involved in the
development of the manuscript and provided approval of the final version.

Page 8 of 9

Ethics approval and consent to participate

Ethics approval was sought and obtained from the London Fulham Research
Ethics Committee (15/LO/1683), and all participants gave informed consent
in writing to participate.

Consent for publication

Permission was received by the website to publish the images in the paper.
Individuals in the photos gave written permission for MUJO mechanics to
use the photos as MUJO wishes written permission has been supplied by
MUJO to reproduce these photos within the paper.

Competing interests
The authors declare that they have no competing interests.

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

Received: 13 June 2017 Accepted: 8 April 2018
Published online: 02 May 2018

References

1. Linsell L, Dawson J, Zondervan K, Rose P, Randall T, Fitzpatrick R, Carr A.
Prevalence and incidence of adults consulting for shoulder conditions in UK
primary care; patterns of diagnosis and referral. Rheumatology. 2005;45(2):
215-21.

2. Beard DJ, Rees JL, Cook JA, Rombach I, Cooper C, Merritt N, Shirkey BA,
Donovan JL, Gwilym S, Savulescu J, Moser J. Arthroscopic subacromial
decompression for subacromial shoulder pain (CSAW): a multicentre,
pragmatic, parallel group, placebo-controlled, three-group, randomised
surgical trial. Lancet. 2017;39(10118):329-38.

3. Littlewood C, Ashton J, Chance-Larsen K, May S, Sturrock B. Exercise for
rotator cuff tendinopathy: a systematic review. Physiotherapy. 2012,98(2):
101-9.

4. Hanratty CE, McVeigh JG, Kerr DP, Basford JR, Finch MB, Pendleton A, et al.
The effectiveness of physiotherapy exercises in subacromial impingement
syndrome: a systematic review and meta-analysis. Semin Arthritis Rheum.
2012,42:297-316. https.//doi.org/10.1016/j.semarthrit.2012.03.015.

5. Vermiere E, Hearnshaw H, Van Royen P, Denekens J. Patient adherence to
treatment: three decades of research.A comprehensive review. JClin Pharm
Ther. 2001,26(5):331-42.

6. Mujo Mechanics Ltd. 2014.http://www.mujofitness.com/

7. Steventon A, Bardsley M, Billings J, Dixon J, Doll H, Beynon M, Hirani S,
Cartwright M, Rixon L, Rapp M, Henderson C, Rogers A, Hendy J, Fitzpatrick
R, Newman S. Effect of telecare on use of health and social care services:
findings from the whole systems demonstrator cluster randomised trial. Age
Ageing. 2013;43:334-1. https://doi.org/10.1093/ageing/aft008.

8. NHS England. New Technology can improve the health services delivered
to millions of people. 2013. Accessed on 5" January 2018 from https://
www.england.nhs.uk/2013/11/new-tech-imprv-hlt-serv/

9. Wootton R. Twenty years of telemedicine in chronic disease management -
an evidence synthesis. J Telemed Telecare. 2012;18:211-20. https://doi.org/
10.1258/jtt.2012.120219.

10.  Kairy D, Lehoux P, Vincent C, Visintin M. A systematic review of clinical
outcomes, clinical process, healthcare utilization and costs associated with
telerehabilitation. DisabilRehabil. 2009;31:427-47. https://doi.org/10.1080/
09638280802062553.

11, Mair FS, May C, O'Donnell C, Finch T, Sullivan F, Murray E. Factors that
promote or inhibit the implementation of e-health systems: an explanatory
systematic review. Bull World Health Organ. 2012,90:357-64. https://doi.org/
10.2471/BLT.11.099424.

12. Vassilev |, Rowsell A, Pope C, Kennedy A, O'Cathain A, Salisbury C. Assessing
the implementability of telehealth interventions for self-management
support: a realist review. Implement Sci. 2015;10:59. https://doi.org/10.1186/
$13012-015-0238-9.

13. Pope C, Mays N. Reaching the parts other methods cannot reach: an
introduction to qualitative methods in health and health services research.
BMU. 1995;311:42-5.

14.  May C. Towards a general theory of implementation. Implement Sci. 2013;8:
18. https://doi.org/10.1186/1748-5908-8-18.


https://doi.org/10.1186/s12891-018-2042-6
https://doi.org/10.1186/s12891-018-2042-6
https://doi.org/10.1016/j.semarthrit.2012.03.015
http://www.mujofitness.com/
https://doi.org/10.1093/ageing/aft008
https://www.england.nhs.uk/2013/11/new-tech-imprv-hlt-serv/
https://www.england.nhs.uk/2013/11/new-tech-imprv-hlt-serv/
https://doi.org/10.1258/jtt.2012.120219
https://doi.org/10.1258/jtt.2012.120219
https://doi.org/10.1080/09638280802062553
https://doi.org/10.1080/09638280802062553
https://doi.org/10.2471/BLT.11.099424
https://doi.org/10.2471/BLT.11.099424
https://doi.org/10.1186/s13012-015-0238-9
https://doi.org/10.1186/s13012-015-0238-9
https://doi.org/10.1186/1748-5908-8-18

Gilbert et al. BMC Musculoskeletal Disorders (2018) 19:133

20.

21.

22.

23.

24.

25.

26.

Hsieh HF, Shannon SE. Three approaches to qualitative content analysis.
Qual Health Res. 2005;15(9):1277-88. https://doi.org/10.1177/
1049732305276687.

Broens THF, Huis in't Veld RM, MM V-H, Hermens HJ, van Halteren AT,
Nieuwenhuis LJ. Determinants of successful telemedicine implementations:
a literature study. JTelemed Telecare. 2007;13:303-9. https.//doi.org/10.1258/
135763307781644951.

Bollen JC, Dean SG, Siegert RJ, Howe TE, Goodwin VA. A systematic review
of measures of self-reported adherence to unsupervised home-based
rehabilitation exercise programmes, and their psychometric properties. BMJ
Open. 2014;4:2005044. https://doi.org/10.1136/bmjopen-2014-005044.
Hasvold PE, Wootton R. Use of telephone and SMS reminders to improve
attendance at hospital appointments: a systematic review. J Telemed
Telecare. 2011;17:358-64. https.//doi.org/10.1258/jtt.2011.110707.

Lentz TA, Barabas JA, Day T, Bishop MD, George SZ. The relationship of pain
intensity, physical impairment, and pain-related fear to function in patients
with shoulder pathology. J Orthop Sports Phys Ther. 2009;39(4):270-7.
https://doi.org/10.2519/jospt.2009.2879.

Middleton A. Chronic low back pain: patient compliance with physiotherapy
advice and exercise, perceived barriers and motivation. Phys Ther Rev. 2004;
9(3):153-60. https://doi.org/10.1179/108331904225006312.

British Elbow and Shoulder Society.BOA, Royal College of surgeons.
Commissioning guide:subacromial shoulder pain 2014https.//www.boa.ac.
uk/wp-content/uploads/2014/08/Subacromial-Shoulder-Commissioning-
Guide_final pdf

Ellenbecker TS, Cools A. Rehabilitation of shoulder impingement syndrome
and rotator cuff injuries: an evidence-based review. BJSM. 2010,44(5):319-27.
https://doi.org/10.1136/bjsm.2009.058875.

Rimmer JH, Riley B, Wang E, Rauworth A, Jurkowski J. Physical activity
participation among persons with disabilities: Barriers and facilitators. Am J
Prev Med. 2004;26:419-25. https://doi.org/10.1016/j.amepre.2004.02.002.
Eriksson L, Lindstrém B, Ekenberg L. Patients' experiences of
telerehabilitation at home after shoulder joint replacement. J Telemed
Telecare. 2011;17:25-30. https//doi.org/10.1258/jtt.2010.100317.

Lindberg B, Axelsson K, Ohrling K. Taking care of their baby at home but
with nursing staff as support: the use of videoconferencing in providing
neonatal support to parents of preterm infants. J Neonatal Nurs. 2009;15:
47-55. https://doi.org/10.1016/}jnn.2009.01.004.

Pridgeon L, Grogan S. Understanding exercise adherence and dropout: an
interpretative phenomenological analysis of men and women's accounts of
gym attendance and non-attendance. Qualitative Research in Sport, Exercise
and Health. 2012;4(3):382-99. https://doi.org/10.1080/2159676X.2012.712984.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/1049732305276687
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1258/135763307781644951
https://doi.org/10.1258/135763307781644951
https://doi.org/10.1136/bmjopen-2014-005044
https://doi.org/10.1258/jtt.2011.110707
https://doi.org/10.2519/jospt.2009.2879
https://doi.org/10.1179/108331904225006312
https://www.boa.ac.uk/wp-content/uploads/2014/08/Subacromial-Shoulder-Commissioning-Guide_final.pdf
https://www.boa.ac.uk/wp-content/uploads/2014/08/Subacromial-Shoulder-Commissioning-Guide_final.pdf
https://www.boa.ac.uk/wp-content/uploads/2014/08/Subacromial-Shoulder-Commissioning-Guide_final.pdf
https://doi.org/10.1136/bjsm.2009.058875
https://doi.org/10.1016/j.amepre.2004.02.002
https://doi.org/10.1258/jtt.2010.100317
https://doi.org/10.1016/j.jnn.2009.01.004
https://doi.org/10.1080/2159676X.2012.712984

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients inclusion criteria
	Clinicians inclusion criteria
	Data analysis

	Results
	Capability – Possibilities presented by the MUJO system
	Capacity – Social structural resources available to patients and clinicians
	Potential – Social cognitive resources available to patients and clinicians
	Contribution – What patients and clinicians do to implement the MUJO system in clinical practice?

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

