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role as an adjunct to practical teaching but not an alternative
to traditional live demonstrations.

Impact: The research suggests video tutorials have a role
as an adjunct but not an alternative to traditional live demon-
strations. Students stated that they prefer traditional live
demonstrations, however, students level of skill increased
following the use of video tutorials. Further research is
required to ascertain the value of using interactive on-line
tutorials as an alternative to face to face classroom teaching
and the influence of learning via video tutorials on students
future clinical practice and service user care.

Funding acknowledgements: None.
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Purpose: The study describes two exemplar clinical appli-
cations of the StepSense platform to virtual reality (VR)
biofeedback rehabilitation in complex pain and to assessment
of gait and balance in post-acute Covid-19 (‘Long Covid’).

Methods: StepSense is a low-cost, high performance gait
and movement analysis system that uses machine learning
(ML) to extract 3-dimensional (x–y–z) skeletal joints dur-

ing patient movement from plain 2-dimensional video. The
captured musculoskeletal (MSK) movements animate a ren-
dered avatar seen within a VR environment to provide a
gamified biofeedback display in real-time. Examples will be
given for each of the platform’s three components: StepSense
Clinic, deployed for MSK or neurological assessment and
VR-rehabilitation in hospital or clinical settings; StepSense
Home, a smartphone-based app for assessment and real-
time VR rehabilitation in a person’s home or in care-home
facility; and StepSense Lab, a cloud-centred telemedicine
infrastructure that provides clinicians with browser-based
data visualisation, clinical evaluation and ML analytics to
assist with decisions on diagnostics and therapy.

Results: Chronic pain conditions such as fibromyalgia,
lower back pain (LBP) and complex regional pain syndrome
(CRPS) share common features of motor neglect and affect
hundreds of thousands of people in the UK that incur high
costs to the economy and the National Health Service. In a
single-site clinical trial using StepSense technology (Brain
Sci. 2021, 11, 4), 10 participants with one or more of the
above conditions were randomly allocated to intervention
(VR biofeedback) or control (no VR biofeedback) groups
and underwent a treadmill task three times per week for
two weeks. Primary outcomes of distance walked (at base-
line compared to the final 5-minute cycle of week 2) and
the Lower Extremity Functional Index (LEFI) questionnaire
were evaluated.

Conclusion(s): In the complex pain study, distance
walked was significantly higher in the intervention group
(p < 0.05) with 33% (2/6) reporting clinically improved LEFI
improvement at week 2 compared to 0% (0/4) in the control
group. The intervention group received significantly higher
satisfaction scores that controls on follow-up at week 24.
Additional findings are reported on gait, balance and cog-
nition effects in persons with Long Covid compared with
healthy controls.

Impact: While signs of the UK emerging from the
coronavirus pandemic are promising, a growing number of
people continue to suffer from post-acute manifestations of
the disease. According to the Office of National Statistics,
over a million people report having symptoms after four
weeks while 1 in 7 still report symptoms 12 weeks later;
20% of people report that symptoms such as chronic fatigue,
joint pain and ‘brain fog’ are adversely affecting their daily
lives. The growing prevalence of ‘Long Covid’ sufferers
has prompted NHS England to launch about 70 specialist
clinics, yet with over 20 distinct problems being observed
the condition is poorly understood and treatments are
illusive. The StepSense platform is an AI-driven technology
that provides an end-to-end solution for the measurement,
clinical evaluation, treatment and investigative analysis of
gait and balance in conditions such as Long Covid as well
as other manifestations of health and disease that cut across
healthcare.
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Purpose: The rapid introduction of telephone first phys-

iotherapy provoked questions regarding the safety of this
consultation approach. A number of studies examine the diag-
nostic challenges associated with telephone consultations,
and primary care research has exposed diagnostic error as the
most prevalent cause of avoidable harm. This queried whether
physiotherapy patients were being exposed to avoidable harm
linked to the diagnostic difficulties associated with the tele-
phone first consultation. Could this be explored by tracing
adverse clinical events and using a retrospective physiother-
apy case notes review to investigate a link between potential
avoidable harm and the telephone first intervention?

Methods: Hundred physiotherapy new patients were
randomly sampled from a total population of 323 receiv-
ing a telephone first physiotherapy consultation between
01/06/2020 and 30/06/2020. Six physiotherapists searched
the hospital electronic database to explore Emergency
Department attendances and/or hospital admissions follow-
ing the initial consultation up to 01/01/2021. In all cases
identified, a panel of five physiotherapists carried out a retro-
spective physiotherapy notes review. Cases were highlighted
where escalation in care could have been minimised by more
appropriate and timely physiotherapy intervention. Levels of
harm and avoidability were assigned to each case, taken from
a validated classification system. Contributory factors were
discussed with emphasis on the telephone first consultation.

Results: There were 52 Emergency Department atten-
dances and/or hospital admissions in 24 of the 100 sampled
patients during the six month period following the initial
physiotherapy telephone consultation. One case of signifi-
cant harm with evidence of possible avoidability linked to
the physiotherapy telephone assessment was identified; a 50
year old male patient with a four month history of lower back
pain was admitted to hospital with pyogenic spondylodiscitis

six weeks following their initial physiotherapy telephone con-
sultation. A more expedient diagnosis may have minimised
the need for extended clinical intervention.

Conclusion(s): The exclusion of a physical examination
in the identified case may have contributed to the diagnostic
error leading to avoidable harm. The absence of patient obser-
vation, lumbar mobility testing, neurological and palpation
assessment may have led to the omission of appropriate flag-
ging and escalation in care. Inadequacies in the telephone first
assessment including the lack of systemic red flag screening
and safety netting and the possibility of structural discrim-
ination in this intra-venous drug user may also have been
contributing factors. Using a larger sample size and compar-
ing with a similar face to face first group would have provided
more robust evidence regarding the relative contribution of
the telephone first consultation leading to avoidable harm.

Impact: Identifying and understanding avoidable harm
will inform targeted mitigating measures to ensure safe
MSK practice. Appropriate screening during the initial tele-
phone assessment in those individuals requiring a physical
examination and/or escalation is essential in limiting future
avoidable harm. Regular clinical training regarding red flag
screening and safety netting, in line with evidence based
practice and discussion regarding unfamiliar presentations
is advocated. Ensuring parity of care across ethnic and
deprived socio-economic groups and providing a safe venue
for open discussion where MSK management has been
inadequate is considered imperative to promote constructive
change and optimise safe service delivery.

Funding acknowledgements: The work was not funded,
30 physiotherapist working hours were approved by the Ther-
apy Clinical Team Lead to conduct this service evaluation.
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Purpose: Length of hospital-stay following total knee

arthroplasty (TKA) is approximately 1-3 days, with associ-
ated costs of revisions around £75,000 per patient. Patient
control of recovery, self-management and compliance to
home-based rehabilitation is therefore of utmost importance.
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