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Abstract

Background: Musculoskeletal conditions account for 16% of global disability, resulting in a negative effect on millions of
patients and increasing demand for healthcare utilization.  Introduction of digital technologies to improve health care outcomes
and efficiency have been prioritized . We have developed a musculoskeletal Digital Assessment Routing Tool (DART), enabling
patients to self-assess and be directed to the right care which requires validation prior to implementation. Such innovations are
rarely rigorously tested in clinical trials - considered the gold standard for evaluating safety and efficacy.  This pilot study is a
precursor to a trial assessing DART performance with a physiotherapist-led triage assessment.

Objective: To evaluate trial design, assess procedures and collect exploratory data to assess feasibility of delivering an
adequately powered, definitive randomized trial, assessing DART safety and efficacy in an NHS primary care setting.

Methods: This 8-week crossover, non-inferiority pilot trial utilizing an Integrated Knowledge Translation approach, took place
in an NHS England primary care practice.   Participants were patients over 18 years, registered with the practice and seeking
assessment for a musculoskeletal condition.  All participants completed a DART assessment and the history-taking element of a
face-to-face physio-led triage in a randomized order. The primary outcome was the agreement between DART and
physiotherapist triage recommendation to condition management pathway.   Data were collected allowing analysis of participant
recruitment and retention, randomization, blinding, study burden and potential barriers to intervention delivery.  Participant
satisfaction with using DART was measured using the System Usability Scale.

Results: 129 patients were invited to participate, with 60% (78/129) meeting the inclusion criteria and being randomized into
each intervention arm (39/39).  There were no dropouts and data were analyzed for all 78 participants.  Agreement between
physiotherapist and DART across all participants and all primary triage outcome was 32/78, 41% (95% CI 22 to 45), ICC=0.37
(95% CI = 0.16-0.55), indicating that the reliability of DART was poor to moderate. Feedback from the clinical service team led
to adjusted analysis yielding 61/78, 78% (CI 47 to 78), ICC=0.57 with a 95% confidence interval = 0.40-0.70.  Participant
satisfaction was measured quantitively using amalgamated System Usability Scale scores (n=78, mean score = 84.0, 90% CI =
±2.94), equating to a “Excellent” system.   There were no study incidents, and trial burden was acceptable.

Conclusions: This pilot highlighted the well documented complexity of assessing safety and effectiveness of a digital triage
system.  In response to this, amendments to the study protocol are proposed to improve validity of the main trial. Completion of a
consensus study is recommended to inform what constitutes an acceptable noninferiority margin and subsequent calculation of
the full trial sample size.  It is concluded an adequately powered definitive noninferiority randomized controlled trial is feasible.
Clinical Trial: Clinicaltrials.gov NCT04904029, http://clinicaltrials.gov/ct2/show/NCT04904029
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Abstract 
Background: Musculoskeletal conditions account for 16% of global disability, resulting in a
negative effect on patients and increasing demand for healthcare utilization.  Triage directing
patients to appropriate level intervention improving health outcomes and efficiency have been
prioritized . We developed a musculoskeletal Digital Assessment Routing Tool (DART) mHealth
system,  which  requires  evaluation  prior  to  implementation.  Such  innovations  are  rarely
rigorously  tested in  clinical  trials  -  considered the gold standard  for  evaluating  safety  and
efficacy.   This  pilot  study  is  a  precursor  to  a  trial  assessing  DART  performance  with  a
physiotherapist-led triage assessment. 
Objective: To evaluate trial design, assess procedures and collect exploratory data to establish
feasibility of delivering an adequately powered, definitive randomized trial,  assessing DART
safety and efficacy in an NHS primary care setting.  
Methods: A crossover, non-inferiority pilot trial utilizing an Integrated Knowledge Translation
approach within  an  NHS  England  primary  care  setting.  Participants  were  patients  seeking
assessment for a musculoskeletal condition, completing a DART assessment and the history-
taking element of a face-to-face physio-led triage in a randomized order. The primary outcome
was agreement between DART and physiotherapist  triage recommendation.    Data allowed
analysis of participant recruitment and retention, randomization, blinding, study burden and
potential  barriers to intervention delivery.   Participant satisfaction was measured using the
System Usability Scale.  

Results: Over  8  weeks,  129 patients  were invited to  participate.  Of  these,  92% (119/129)
proceeded to  eligibility  assessment,  with 60% (78/129) meeting  the inclusion criteria  and
being randomized into each intervention arm (39/39).  There were no dropouts and data were
analyzed for  all  78 participants.   Agreement  between physiotherapist  and DART across  all
participants and all primary triage outcome was 32/78, 41% (95% CI 22 to 45), ICC=0.37 (95%
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CI = 0.16-0.55), indicating that the reliability of DART was poor to moderate. Feedback from the
clinical service team led to adjusted analysis yielding 61/78, 78% (CI 47 to 78), ICC=0.57 with a
95% confidence interval = 0.40-0.70.  Participant satisfaction was measured quantitively using
amalgamated  System  Usability  Scale  scores (n=78,  mean  score  =  84.0,  90%  CI  =  ±2.94),
equating  to  a  “Excellent”  system.    There  were  no study  incidents,  and  trial  burden  was
acceptable.

Conclusions: Physiotherapist-DART  agreement of 78%, with no adverse triage decisions and
high patient satisfaction, was sufficient to conclude DART  had potential to improve the MSK
pathway.   Study  validity  was  enhanced  by recruitment  of  real-world  patients  and  using  an
Integrated  Knowledge  Translation  approach.  Completion  of  a  context-specific  consensus
process  is  recommended  to  provide  definitive  definitions  of  safety  criteria,  range  of
appropriateness, non-inferiority  margin  and  sample  size.  This  pilot  demonstrated  an
adequately powered definitive trial is feasible, which would provide evidence of DART safety
and efficacy, ultimately informing potential for DART implementation.
Registration  Clinicaltrials.gov  NCT04904029,

http://clinicaltrials.gov/ct2/show/NCT04904029

The protocol for this trial can be accessed from:
Lowe  C,  Hanuman  Sing  H,  Marsh  W,  Morrissey  D,  Validation  of  a  Musculoskeletal  Digital
Assessment Routing Tool: Protocol for a Pilot Randomized Crossover Noninferiority Trial  JMIR
Res  Protoc  2021;10[12]:e31541  URL:
https://www.researchprotocols.org/2021/12/e31541  DOI: 10.2196/31541
Keywords: mHealth; mobile health; eHealth; digital health; digital technology; musculoskeletal;

triage; physiotherapy triage

Introduction
Background 
Musculoskeletal  (MSK)  conditions  are  a  global  epidemic,  prevalent  across  all  ages  and
increasing rapidly [ 1−3 ] , being associated with increased life expectancy and reduced activity
[ 4,5 ] .   In  the  United  Kingdom(UK)  MSK conditions  pose  a  financial  and  societal  challenge,
costing over £4.76 billion of the UK National Health Service (NHS) resources and utilising up to
one in three primary care physician visits annually [6,7].  Patients utilize more healthcare and
generate higher costs if they must wait longer for assessment and treatment [8, 9] with longer
waiting times potentially leading to detrimental effects on pain, disability, and quality of life for
waiting patients [8,9 ] ,  as well as increasing their risk of chronic health disease [10]. “Getting It
Right First Time” (GIRFT) by directing patients to the correct level of intervention at first point
of  contact,  is  considered  key  in  improving  condition  outcomes  and  reducing  unwarranted
variation  in  clinical  pathways,  such  as  unnecessary  secondary  care  consultations  and
investigations [ 11 ] .

Remote physiotherapist led MSK triage services are widely utilized within the UK NHS and
private sectors and have potential to reduce waiting times, MSK caseload and cost across the
pathway [12,13, 14]. However,  the principal rate-limiting factor on the ability of services to
increase activity and treat more patients is the availability of staff [15]. 
It  has  been  suggested  Mobile  Health  (mHealth)  technology  could  provide  a  cost-effective
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alternative  to  physiotherapist-led remote  triage for  improving healthcare  delivery [16,  17],
with recent advances being made in digital primary care triage applications [18,19].  Using a
digital triage tool has the potential to screen for conditions requiring emergency or urgent care,
whilst directing less complex or urgent presentations to routine physiotherapy or supported
self-management, thereby maximizing utilization of highly skilled clinicians’ time.  
However,  a  web-based  triage  platform  directing  patients  with  MSK  presentations  to  an
appropriate level of care  requires robust testing and validation prior to implementation [20-
28].   To  date  there  is  limited  evidence  regarding  the  use  of  web-based  or  digital  triage
platforms for MSK conditions specifically, with most investigations focused on the performance
of generic symptom checkers covering a wide range of clinical presentations.  Evidence from
these studies concerning clinical and cost effectiveness,  signposting to appropriate services,
patient compliance, and safety was found to be weak or inconsistent [16] and most notably, not
conducted in a setting relevant to the UK health and social care system.  The methodological
challenges documented by other digital intervention researchers  could, in part, contribute to
the validity of results (29) and we sought to draw on their experience to improve the validity of
our main trial results by testing our system in a real-world setting. A randomized controlled
trial  (RCT)  is  considered  the  gold  standard  methodological  design  to  reduce  conscious  or
unconscious bias, using randomization and blinding to ensure no false conclusions are drawn
from the study research [301], with piloting required to ensure trial success.  For our study we
chose a non-inferiority design, not determining if triage performed using DART was superior to
physiotherapist-led  triage,  rather  if  it  was  not  “unacceptably  worse”  (31).   This  allowed
consideration of potential non-clinical benefits such as patient convenience, satisfaction and
cost effectiveness.  The pilot study described in this paper was to ensure successful delivery of
a main trial examining DART safety and efficacy and to assess the suitability of the RCT design
for evaluating a digital triage system.

DART Overview
DART (developed by Optima Health) is  a web-based first contact mHealth system designed
specifically to direct MSK patients to the correct level of care (Figure 1).  DART contains an
algorithm  driving  question  and  response  options  leading  to  a  triage  recommendation
configured to match the provider’s clinical services, based on evidence-based practice, clinical
guidelines, and sector-specific referral criteria.  For this reason, there may be variants of DART,
containing subtle differences to ensure the algorithm is mapped to the MSK service in which it
sits.  Triage recommendation options may include emergency or routine medical assessment,
physiotherapy, self-management programs or psychological support services.   For this study,
the DART algorithm was mapped to the specific NHS MSK service delivered at the trial site.
DART is a web application, only accessible by users via the MSK service provider’s website.  Is
not intended for general population use via the App store.  DART is classified as a “symptom
checker” by the UK Medicines and Healthcare products Regulatory Agency (MRHA) and so does
not qualify as a  Medical  Device  [25].   It  is  classified as a tier C system by the UK National
Institute of Health and Care Excellence (NICE) whose classification groups align with those
proposed by the International Medical Device Regulators Forum [20].  It has been used within a
controlled real-world occupational health setting within Optima Health since 2019 with over
9,000 assessments being completed.

Previous work
Previous work as described in the pilot protocol [32] included assessment of clinical validity by
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an expert panel, real-world usability testing [33] and assessment within a controlled clinical
environment. 

Figure 1. DART mHealth system user display examples

Aims and Objectives

In this pilot trial, the research aim was to evaluate trial design, assess procedures and collect
exploratory data to assess feasibility of delivering an adequately powered, definitive crossover
non-inferiority randomized trial, assessing DART safety and efficacy in an NHS primary care
setting.  
The  primary objective  of  the  trial  was  to  collect  and  synthesize  data  (agreement  of  triage
outcome  made  between  DART  and  physiotherapist-led  triage)  to  define  a  non-inferiority
margin and subsequent sample size calculation for an adequately powered main trial using the
principles described by Bujang & Baharum [34]. Agreement was defined as the physiotherapist
selecting the same triage recommendation as given by DART (Figure 2).

Secondary process objectives were as follows with associated pre-defined outcomes: 
1. Recruitment (recruitment rate targets – 50%, retention – 95%, dropouts- <4).  
2. Randomization  (equal  numbers  allocated  to  each  intervention  arm,  occurrences  of

allocation concealment failure, introduction of bias). 
3. Effectiveness  of  process  implementation  (occurrence  of  non-adherence  to  study

protocol, DART login errors, DART system failures).
4. Burden on patients and clinician (measurement of treatment delays and additional time
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requirements,  feedback  from  physiotherapist  and  researchers  concerning  trial
procedure complexity).

5. Participant satisfaction with using DART (amalgamated System Usability Scale scores),
with  expectation  that  a  mean  score  of  80  or  more  would  be  achieved,  a  standard
consistent with the previously published DART usability study [33].

Methods
Study Design
This 8-week crossover non-inferiority randomized controlled pilot trial was conducted within
an NHS primary care setting, using equal randomization of 1:1.  The study was designed in
accordance  with  the  CONSORT  guidelines  for  pilot  and  feasibility  trial  [35],  CONSORT
guidelines for equivalence and non-inferiority randomized trials [36] and E-HEALTH checklist
[37].  Whilst the terms feasibility and pilot are often used interchangeably, the term “pilot” trial
was chosen by the authors to reflect that the methodology used would be reproduced in a
future definitive randomized controlled trial [35]. 
All participants underwent an on-line DART assessment and a face-to-face assessment with the
on-site physiotherapist.  The physiotherapist assessment was intended to reproduce the type of
questioning  a  triage  physiotherapist  would  deliver  remotely  over  the  telephone,  providing
whilst a source of “ground truth” with which to compare the DART outcome, in fact potentially
providing greater rigor  by virtue of the physiotherapist being able to observe and interact with
the patient., The physiotherapist assessment consisted of patient history taking and discussion
of symptoms but did not include a physical examination.  Only the triage outcome  from this
element was used for study comparison.     
An Integrated Knowledge Translation approach as described by Smith et al [38] was adopted,
where  the  MSK  services  leader,  lead  primary  care  physician  and  study  physiotherapist  all
helped to shape the research, with the aim of improving its utility and impact.  This included
discussions of triage routing to improve alignment of the DART algorithm alignment with that
of the existing clinical service prior to commencing the pilot.  A minimum sample size of 76
participants was chosen based on the estimated stepped rules of thumb from Whitehead et al.
[39] to demonstrate an extra small, standardized effect size(  < 0.1) at a 90% powered mainσ
trial.  
Trial setting 
The Haydock Medical Centre is a well-established multi-disciplinary primary care practice in
the Northwest of England, with 50 staff and clinicians, serving over 15,000 patients.  Through
links  with  Health  Education  Northwest,  Manchester  and  Edge  Hill  Universities,  it  provides
training for primary care physicians, medical students, nurses, and health care assistants.  The
more  recent  introduction  in  the  UK  of  musculoskeletal  First  Contact  Practitioner  (FCP)
physiotherapists located within primary care clinics is seen as providing an effective alternative
to  primary  care  physician  or  general  practitioner  (GP)  assessment  for  musculoskeletal
conditions, so potentially freeing up physician appointments [40].   The FCP physiotherapist
who participated in this trial is based two days per week at the Centre and patients presenting
with musculoskeletal symptoms are either booked directly into the FCP physiotherapist diary
instead  of  seeing  a  primary  care  physician  or  are  referred  to  the  FCP  physiotherapist  by
another clinician at the practice.  By virtue of enhanced clinical skills beyond that of most triage
physiotherapists, an FCP physiotherapist is trained to manage more complex cases and may
facilitate diagnostic investigation and refer on to specialist services.  For this reason, the on-site
FCP physiotherapist was chosen to provide the subjective physiotherapist assessment, to act as
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a rigorous study comparator with which to evaluate DART.  
Recruitment 
DART has been designed to triage patients self-referring into primary care for any suspected
MSK condition, and therefore is not limited to any specific type or stage of injury. Patients may
also be directed by their primary care physician to use DART to confirm the type of MSK care
required.  Posters and leaflets advertising the study were placed in the practice waiting room.
Patients with an MSK condition wishing to access support from the practice (either primary
care  physician  or  FCP),  were  offered  the  opportunity  to  participate  in  the  study  by  the
reception team at the point of requesting an appointment, either in person at the practice or by
telephone. Patients were given a brief eligibility screen and a short description of the study,
with those wishing to participate subsequently booked into a 45-minute slot in the trial diary.
This appointment duration allowed both assessments to take place in addition to obtaining
informed consent, randomization, and blinding processes.  
Inclusion and Exclusion Criteria
The study participant inclusion criteria were as follows: (1) adults aged > 18 years; (2) able to
speak  and  read  English;  (3)  registered  patient  at  the  primary  care  practice;  (4)  current
musculoskeletal  condition  for  which  they  were  seeking  treatment;  (5)  able  to  access  the
internet either themselves or with the help of family or friend.  
The study participant exclusion criteria were as follows: (1) significant physical or cognitive
impairments  sufficient  to  limit  their  ability  to  follow  study-related  procedures;  (2)
unwillingness   to  follow  protocol-related  procedures;  (3)  an  existing  diagnosis  for  their
condition given by a medical professional within the last 7 days; (4) Optima Health employees.
Participants were not paid to participate in the trial.

Ethical Considerations
This  study  received  human  subjects  research  ethics  approval  from  the  Health  Research
Authority,  London-Surrey  Borders  Research  Ethics  Committee  on  March  24th,  2022
(22/LO/0129).
To support informed consent, on arrival participants were given the Participant Information
Sheet  (Multimedia  Appendix  1) outlining  the  purpose  of  the  trial  and  the  nature  of  their
participation.  This included information about the format of the interaction, potential risks,
confidentiality and protection of their personal data, use of their data for analysis (including
secondary analysis by expert panel review),  anonymity of study findings,  and their right to
withdraw at any time without prejudice.  In addition, this document signposted patients to the
Queen Mary University of London Privacy Notice (Multimedia Appendix 2). Patients were made
aware  no  renumeration  was  to  be  given  for  participation.   They  were  then  given  the
opportunity to raise questions with the researcher during the formal consenting process, which
was conducted in an allocated treatment room.  Formal informed consent was obtained by the
researcher and documented using an on-line form (Multimedia Appendix 3).  Failure to provide
consent resulted in the patient immediately receiving a usual care assessment from the on-site
physiotherapist, as per the trial protocol [32].

Data Collection
The sequence of assessments was determined by randomization to account for order effects in
the crossover design and achieved by block randomization with permuted blocks of random
size and without stratification factors to avoid selection bias and unequal arms [41-43].  After
gaining  consent  the  researcher  used  Sealed  Envelope  software  [44]  to  generate  a
randomization sequence with a 1:1 allocation ratio between the study arms.  Triage outcomes
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within  DART  were  matched  to  those  available  to  the  physiotherapist  based  on  usual  care
approaches  in  musculoskeletal  clinical  practice.   These  outcomes  were  classified  into  four
categories,  Medical  care,  FCP (referral  for  assessment  with an FCP),  Physiotherapy care  or
Remote self-management.  There were further sub-outcomes within each category including
levels  of  urgency  (Figure  2)  allowing  direct  comparison  between  the  two  types  of  triage
assessment  outcome.   Levels  of  care  were  determined  by the clinician’s  skill  set  and their
access to diagnostic or treatment facilities, with Medical care able to provide the greatest level
of support and Remote self-management the least.

Figure 2. All possible triage outcomes and sub-outcomes from DART and physiotherapist-led triage assessment.

Medical care
First  Contact
Practitioner  (FCP)
Physiotherapist

Physiotherapy care
Remote  self-
management

Emergency care
(Emergency
Department
referral)

Post  fracture  or
surgery physiotherapy

Supported  self-
management 

Urgent  primary
care physician (GP)

Urgent FCP Physiotherapy referral
On-line  support
material

Routine  primary
care physician (GP)

Routine FCP Physiotherapy referral
plus  psychosocial
support

Consultant review

The  physiotherapist  assessment  was  completed  within  a  20-minute  appointment  which
included standardization of time for each study arm to support blinding.  To minimize potential
bias, the physiotherapist did not discuss any possible diagnosis or give condition management
advice to the participant until their assessment had been completed and their study outcome
documented.  The DART on-line assessment was completed in a clinic room adjacent to the
physiotherapist’s  room,  either  before  or  after  the  appointment  with  the  physiotherapist,
depending on the randomization allocation.   The researcher logged participants onto DART
using a tablet  device and explained they would not be able to assist  or discuss any of the
questions with them.  If the participant said they normally used the internet with help from a
family member or friend as a surrogate-seeker [45], the researcher would assist in this way to
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navigate through the DART assessment and read text but would not discuss clinical details at
any stage with the participant.  The participant followed the instructions given by DART until
they arrived at the final page where the DART outcome was not visible to either participant or
researcher  but  stored  in  DART  for  later  retrieval  and  analysis.  Thereafter,  the  participant
completed the System Usability Scale (SUS) questionnaire on-line to measure user satisfaction
with DART [46].  Both assessments were completed at the same visit and within 10 minutes of
each other to reduce variation in clinical presentation.  Once the participant had finished both
study assessments and data collection complete,  they returned to the physiotherapist,  who
performed a physical assessment and continued with normal care.  Participants could opt out
of the study at any point, which did not affect their usual physiotherapist-led management. This
process was supported through documented guidance and training delivered by the principal
investigator.  Blinding was ensured at three different points; 1) the physiotherapist was blinded
to group allocation and DART assessment outcomes, 2) participants were blinded to the DART
assessment outcome and the physiotherapist triage outcome until they have completed both
assessments  and  the  SUS  and  3)  the  analysis  and  interpretation  of  the  study  results  was
completed by researchers blinded to the intervention group allocation.  

Data analysis
An independent panel consisting of 3 experts qualified to consultant level in musculoskeletal
physiotherapy and general practice, provided consensus on all disagreements between DART
and physiotherapy-led triage that would yield a safety concern, which were: 

1. When  the  DART  outcome  was  physiotherapy  or  self-management,  and  the
physiotherapist  outcome  was  emergency  or  urgent  medical  care  (emergency
department referral or urgent primary care physician)

2. When the DART outcome was self-management and  the physiotherapist outcome was
physiotherapy, FCP or medical care 

3. When  the  DART  outcome  was  routine  care,  and  the  physiotherapist  outcome  was
emergency or urgent care 

In addition, a random sample of 10% of the remaining cases that did not yield a safety concern
were assessed by the panel to decide what they considered to be the correct outcome. This was
based on the participant’s presentation from the physiotherapist’s assessment clinical record
and the DART assessment summary which provided the questions asked and the participant’s
responses.   Where two or more panel members disagreed with the physiotherapist’s decision,
the panel recommendation was used to provide the definitive outcome against which the DART
outcome  was  compared.   In  all  cases  where  DART did  not  agree  with  the  physiotherapist
outcome further analysis was performed to ascertain the direction and extent of escalation.
Under-escalations  (where  DART  recommended   a  lower  level  of  clinical  support  than  the
physiotherapist)  and over-escalations (where DART recommended a higher level  of  clinical
support) were assigned to Level  1,2 or 3,  dependant on the difference in number of levels
between physiotherapist and DART outcomes.  Data collected from DART, physiotherapist, on-
line SUS questionnaire and researcher log were entered on to an Excel  spreadsheet by the
Principal  Investigator  and  checked  for  accuracy  by  a  second  researcher  prior  to  analysis.
Qualitative  data  from the  physiotherapist,  NHS  service  lead  and  researchers  regarding  the
study process was noted during informal post-study debrief discussion sessions.
Statistical  analysis 
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The primary analysis  was an absolute  agreement  intraclass  correlation coefficient  ICC(A,2)
estimate with 95% confident intervals between DART and the physiotherapist across all triage
outcomes,  with a  sub-analysis  of  categories  (Medical  referral,  FCP,  Physiotherapy,  and Self-
management) and adverse triage outcomes.  This was calculated using SPSS statistical package
software version 23(SPSS Inc, Chicago, IL) and based on a single rating, 2-way random-effects
model [47,48].  The ICC was reported with a 95% confidence interval which gave a measure of
reliability as described by Koo & Li [47].  This measure of agreement would inform a consensus
for the non-inferiority margin required for the main study, in turn facilitating a definitive trial
sample size calculation. DART user satisfaction scores were reported as a mean SUS mean score
and adjective rating across all participants.

Results
Recruitment  
A total of 129 patients contacted the practice seeking an appointment for a suspected MSK
condition  during  the  8-week  trial  period,  with  92%  (119/129)  passing  initial  eligibility
screening and being booked into the study (Figure 3).  Of these, 35% (41/119) were excluded
by the researcher, the main reasons being: 13 not attending their appointment, 6 not meeting
the inclusion criteria, and 19 declining consent (with the most common reasons given as not
having enough time,  did not  use  the internet and not  interested in  research).   A  further 3
patients  were unable  to participate due to  technical  issues related to internet connectivity.
Recruitment continued until the pre-defined sample size of 76 had been exceeded.  A total of
60%  (78/129)  participants  were  enrolled  in  the  study.   This  exceeded  the  pre-defined
recruitment  rate  of  50%.   There  were  no  dropouts  and  100%  retention  of  participants,
exceeding the pre-defined level of 95%.   All data were collected during the single appointment,
with no missing data.
   

  Figure 3. CONSORT diagram showing flow of participants through the study.

Screening by administrator prior to eligibility assessment (n=129) Screening

Excluded (n= 10)
Not enough time (n=4)
In too much pain (n=3)
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Randomization and blinding
Randomization was effective with participants evenly distributed across the two intervention
arms (A=39, B=39) and no failures of allocation concealment.  The two trial interventions arms
were  evenly  matched  in  terms  of  sex  at  birth  and  age,  with  homogeneity,  indicative  of
successful randomisation and minimised risk of selection bias (Table 2).  Bias was minimized
through standard timings for both types of assessment, however this meant patients arriving
more  than  10  minutes  late  for  their  appointment  were  unable  to  participate,  with  3
participants excluded for this reason.  Researchers noted participants often wished to engage in
discussion about their MSK condition whilst waiting for their physiotherapist assessment and
suggested researchers should leave the room except when performing study-related activities
to minimize this risk.

Data collection
Process implementation was effective  with full  adherence to  the  trial  protocol,  evidence of
which was documented for each participant on the researcher log.  There were 3 patients who
would have been eligible to take part, however lack of internet connection within the study
area meant they could not participate.  Otherwise, there were no DART login errors or DART
system failures during data collection.  The burden on patients and clinician was considered as
acceptable, as there were no treatment delays beyond the 15 minutes taken to complete the
study  process  and  participants  had  no  extra  travel  in  addition  to  that  required  for  their
physiotherapy appointment.   There was no harm to any participants or unintended effects or
consequences.   Researchers  said  the  data  collection was procedurally  complex for  them to
deliver,  particularly  around  the  accuracy  of  timings  to  maintain  blinding,  however  the
physiotherapist reported their part in the process was straightforward.  The additional diary
time allocated to the physiotherapist to complete the trial process, over and above usual care
was 20 minutes per participant, and for the researcher 45 minutes per participant, the cost of
which would need to be factored into the delivery of a future definitive trial.

Excluded (n= 41)
Did not attend appointment (n=13)
Did  not  meet  inclusion  criteria  (n=6)
Declined consent (n=19)

-Not enough time
-Did not use the internet
-Not interested in research

No reason given (n=3)

https://preprints.jmir.org/preprint/56715 [unpublished, peer-reviewed preprint]



JMIR Preprints Lowe et al

Protocol deviations
During the trial the study physiotherapist identified challenges in making decisions for the FCP
primary outcome due to ambiguity of the FCP referral definition within the protocol.    After
discussion between the Principal Investigator and physiotherapist, it was decided to continue
as per the study protocol, but once data collection was complete the physiotherapist  would
review all 22 cases  previously routed to FCP and either confirm or amend their outcome prior
to data analysis based on clarification of the FCP referral criteria. Demographic characteristics
for participants are presented in Table 2.  More females were recruited than males (60%: 40%),
a ratio higher than reported UK MSK prevalence [7].    The mean age of all participants was 52.9
years (SD 16.79) with a range of 18 to 78 years.  
As shown in Figure 4, the most frequently seen age group was 46-65 years old (40%, 31/78,),
with the 65+ group representing 27% (21/78).  The prevalence of MSK conditions is reported
as increasing with age [7], so it is likely that older participants are under-represented in this
study.  The most frequently selected body sites were low back and pelvis, 23% (18/78), and
knee,  22%  (17/78)  consistent  with  a  recent  study  examining  MSK  presentations  within  a
similar urban community primary care practice [49].  Hip conditions represented the next most
frequently selected site with 15% (12/78).  These three body sites accounted for 60% (47/78)
of all presentations.

Figure 4. Baseline participant demographic characteristics for all participants (n=78) by body site, randomized intervention allocation, sex at birth
and age.

Panel review
The panel of 3 experts reviewed 14 cases (Figure 5).  The protocol requirement for a random
sample of 10% of participants in addition to the safety cases was exceeded by one case due to
researcher error. There was complete agreement between all panel members for 57% (8/14) of
cases , and partial agreement between 2 panel members for the remaining 43% (6/14) cases.
As per the study protocol, where 2 panel members agreed on the same outcome that differed to
that of the physiotherapist, the panel outcome was used for data analysis.  This resulted in 3
changes to the physiotherapist’s outcome, all of which were the same as the DART outcome.
There were 5 cases where 1 panel member disagreed with the physiotherapist’s outcome but
was insufficient to trigger a change. 
Figure 5.  Primary outcome by DART, study physiotherapist and expert panel members. DART outcomes classified as adverse (n=5)
are shown in red. The remainder represents a further randomly selected 10% sample (n=9)of participants, plus one additional selected
in  error.   Highlighted  physiotherapist  outcomes  signify  a  panel  change,  with  the  revised  outcome shown in  brackets.   Revised
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outcomes were used for data analysis (n=3).

DART Physiotherapist            Expert 1 Expert 2 Expert 3

Self-management

Self-management

Physiotherapy

Self-management

Physiotherapy

Self-management

Physiotherapy

Self-management

Physiotherapy

Self-management

Self-management FCP (Self-management) Self-management Self-management Self-management

Medical FCP(Medical) Medical Medical Medical

Physiotherapy FCP FCP FCP Physiotherapy

Self-management Self-management Self-management Self-management Self-management

Self-management Self-management Self-management Self-management Self-management

Self-management FCP FCP FCP FCP

Physiotherapy Physiotherapy Physiotherapy Physiotherapy Physiotherapy

Physiotherapy Physiotherapy Physiotherapy Physiotherapy FCP

Physiotherapy FCP (Physiotherapy) FCP Physiotherapy Physiotherapy

Self-management Physiotherapy Physiotherapy Self-management Physiotherapy

Self-management Physiotherapy Physiotherapy Physiotherapy Self-management

Medical FCP FCP FCP Medical

The updated physiotherapist outcomes were used in the primary outcome data analysis (Figure
6). 

Figure  6.   Physiotherapist  and DART primary  and secondary  outcomes  for  all  participants.  Adverse outcomes are
shaded.  

Agree/escalation
[Primary
outcome]

Escalati
on 
Level

Physio  primary
outcome

DART  primary
outcome

Physio secondary outcome DART secondary outcome Number of
cases

Agree N/A Medical Medical Routine primary care physician [GP] Routine primary care physician [GP] 1
Agree N/A FCP FCP Routine FCP Routine FCP 1
Agree N/A FCP FCP Routine FCP Urgent FCP 1
Agree N/A Physiotherapy Physiotherapy Physiotherapy referral Physiotherapy referral 14
Agree N/A Physiotherapy Physiotherapy Physiotherapy +psychosocial support Physiotherapy referral 2
Agree N/A Physiotherapy Physiotherapy Physiotherapy referral Physiotherapy + psychosocial support 1
Agree N/A Self management Self management Supported self management Supported self management 2
Agree N/A Self management Self management Supported self management Online support material 2
Agree N/A Self management Self management Online support material Online support material 7
Agree N/A Self management Self management Online support material Supported self management 2
Under-escalation Level 1 FCP Physiotherapy Routine FCP Physiotherapy referral 3
Under-escalation Level 1 Physiotherapy Self management Physiotherapy referral Supported self management 1
Under-escalation Level 1 Physiotherapy Self management Physiotherapy referral Online support material 3
Under-escalation Level 2 Medical Physiotherapy Routine primary care physician [GP] Physiotherapy referral 2
Under-escalation Level 2 FCP Self management Routine FCP Online support material 1
Over-escalation Level 1 FCP Medical Urgent FCP Emergency care 2
Over-escalation Level 1 FCP Medical Routine FCP Emergency care 2
Over-escalation Level 1 FCP Medical Routine FCP Urgent primary care physician [GP] 1
Over-escalation Level 1 Physiotherapy FCP Physiotherapy +psychosocial support Urgent FCP 2
Over-escalation Level 1 Physiotherapy FCP Physiotherapy referral Routine FCP 2
Over-escalation Level 1 Self management Physiotherapy Supported self management Physiotherapy referral 7
Over-escalation Level 1 Self management Physiotherapy Online support material Physiotherapy +psychosocial support 1
Over-escalation Level 1 Self management Physiotherapy Online support material Physiotherapy referral 8
Over-escalation Level 2 Physiotherapy Medical Physiotherapy referral Emergency care 4
Over-escalation Level 2 Physiotherapy Medical Physiotherapy referral Urgent primary care physician [GP] 1
Over-escalation Level 2 Physiotherapy Medical Physiotherapy referral Routine primary care physician [GP] 1
Over-escalation Level 2 Self management FCP Online support material Urgent FCP 3
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Over-escalation Level 3 Self management Medical Supported self management Emergency care 1

Primary objective
Following the adjustments made by the expert panel, the agreement between physiotherapist
and DART across all  participants and all  primary outcomes was  33/78, 42% (CI 22 to 45),
ICC=0.37 with a 95% confidence interval = 0.16-0.55, indicating that the reliability of DART was
poor  to  moderate  [47].   Analysis  of  cases  where  there  was  agreement  between  the
physiotherapist and DART by primary outcome is shown in Figure 7.

Figure 7.  Agreement between physiotherapist and DART by primary outcomes for all participants.
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There were just 3 Medical outcomes selected by the physiotherapist, none were emergency or urgent
care, all being routine primary physician, DART agreed in 1 case out of the 3.   The greatest agreement
at 55% was for the Physiotherapy outcome and the lowest was for the FCP outcome,  with DART
agreeing with only 2 out of the 11 FCP cases presented.  

Five cases met the protocol criteria of an adverse outcome representing a potential  clinical safety
issue:  Physiotherapy or Self-management when it should have been Emergency or urgent Medical
care (n= 0), Self-management when it should have been either Physiotherapy, FCP or Medical care (n=
5) and routine care when it should have been urgent care (n= 0).   In 4 out of 5 of these adverse
outcomes DART under-escalated by 1 level to Self-management when the physiotherapist had routed
to Physiotherapy.  The remaining case was an under-escalation by DART to Self-management when
the physiotherapist had routed to FCP.  During data analysis it became clear this was created by a foot
complaint screening question which has subsequently been revised.

Urgency  of  referral  was  defined  as  secondary  outcomes  within  the  Medical  and  FCP  primary
outcomes:  Emergency (Emergency Department), Urgent (primary care physician (GP) or FCP and
Routine (primary care physician (GP) or FCP).  Physiotherapy and self-management were considered
Routine in terms of urgency.  DART over-escalated 6 cases from Routine to Urgent (Figure 8).   There
were  no  cases  where  DART  underestimated  the  urgency  of  the  recommendation,  however  no
participants  were  deemed  by  the  physiotherapist  to  require  emergency  or  urgent  Medical  care,
therefore DART routing was not assessed in this area.

Figure  8.  Number  of  DART  over-escalations  by  urgency  of  outcome  (n=6).   DART  escalated  6  cases  to  urgent  care  where  the  physiotherapist  had
recommended routine care.  Base of arrow indicates physiotherapist stratification outcome; head of arrow indicates DART outcome. 
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DART mHealth system.

https://preprints.jmir.org/preprint/56715 [unpublished, peer-reviewed preprint]



JMIR Preprints Lowe et al

All possible triage outcomes and sub-outcomes from DART and physiotherapist-led triage assessment.
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CONSORT diagram showing flow of participants.
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Baseline demographic characteristics by body site, randomized intervention allocation, sex at birth and age.
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Primary outcome by DART, study physiotherapist and expert panel members. DART outcomes classified as adverse (n=5) are
shown in red. The remainder represents a further randomly selected 10% sample (n=9)of the remaining cases. Highlighted
physiotherapist outcomes signify a panel change, with the revised outcome shown in brackets. Revised outcomes were used for
data analysis (n=3).
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Physiotherapist and DART primary and secondary outcomes for all participants. Adverse outcomes are shaded.
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Agreement between physiotherapist and DART by primary outcomes.
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DART escalations by urgency of outcome. Base of arrow indicates physiotherapist stratification outcome; head of arrow
indicates DART outcome.
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All DART escalations. Arrows pointing to the right indicate under-escalations, those pointing to the left over-escalations. Base
of arrow indicates physiotherapist outcome, head of arrow indicated DART outcome. Size of arrows are indicative of volume of
cases.
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Primary and adjusted analysis calculation of Intraclass Correlation Coefficient and associated confidence interval indicating
DART reliability.
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DART pilot study protocol.
URL: http://asset.jmir.pub/assets/3d185fbf10acd4969790a9d8f90f9a05.pdf

https://preprints.jmir.org/preprint/56715 [unpublished, peer-reviewed preprint]



JMIR Preprints Lowe et al

TOC/Feature image for homepages

https://preprints.jmir.org/preprint/56715 [unpublished, peer-reviewed preprint]



JMIR Preprints Lowe et al

Digital Assessment Routing Tool (DART).

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/56715 [unpublished, peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Figures
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10

	Multimedia Appendixes
	Multimedia Appendix 1
	Multimedia Appendix 2
	Multimedia Appendix 3

	CONSORT (or other) checklists
	CONSORT (or other) checklist 0

	Related publication(s) - for reviewers eyes onlies
	Related publication(s) - for reviewers eyes only 0

	TOC/Feature image for homepages
	TOC/Feature image for homepage 0



