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ABSTRACT

Specialist consultations are routine in medical and oral healthcare provision. These
take place as an 'in-person' event in the secondary care centres. The primary outcome
of the specialist consultation is to provide the dentist and the patient with a specialist
assessment, diagnosis, prognosis and a proposed care plan.

This in-person procedure remains the gold-standard as it is a considered safe and
effective. It presents a number of shortcomings: (1) The referring clinician is not
actively involved in the decision-making process. (2) The patient must travel to the
secondary care centre for the consultation, creating inequalities of care provision. (3)
The patient travel has a carbon footprint. (4) The setting of the referral centre can be
unfamiliar and intimidating to the patient. (5) The outbreak of COVID-19 highlighted
the need for alternative system to address this need.

This clinical study assessed the feasibility and effectiveness of undertaking remote
clinical consultations in restorative dentistry between a patient and dentist co-located
in a clinical primary care dental practice and a specialist consultant in a remote

secondary care centre.

Method: A remote clinical consultation in restorative dentistry was conducted that
enabled full engagement between the remote consultant and the patient/General
Dental Practitioner (GDP) in the dental surgery. A comprehensive bespoke high-
speed secure internet connected hardware and software platform was used.

Each participant completed a semi-structured interview and a validated questionnaire
covering four domains: Patient safety, communication between different parties,

formulation of a treatment plan, and effectiveness of the technology.

Results: Effective and safe clinical consultations were carried out in all the cases,
regardless of gender, age and presenting complaint. Neither the process nor the

outcomes were inferior to an in-person consultation.

Conclusion: This pilot in-practice clinical effectiveness study identified that Remote
Clinical Consultations (RCCs), as conducted in this study, are effective for the delivery
of specialist consultations in restorative dentistry. They are not inferior to an in-person
consultation. Secondary outcomes: Three-way discussion was very positive; high
levels of acceptability from the patients and the referring GDPs; an alternative to
patient travel, reducing travel inconvenience, cost and the environmental burden

from the associated carbon dioxide emissions.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 1
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Introduction

Teledentistry in its various formats is gaining
use for the
This is
driven by the continuous improvement in fast,
digital
technologies; the convenience of not having

increased acceptance and

provision of non-operative care.'-*
secure and high-resolution
to attend an in-person consultation; the need
for equality in access to healthcare services;

and the desire to reduce our carbon footprint

associated with patient commute.

The American Teledentistry Association (ATA)
defines teledentistryas ~ “the  use  of
communication technology, including audio
and video interaction, to remotely provide
dental care services such as consultation,
diagnosis, and patient education”.>® They
report that teledentistry is a medium to
reduce health disparities in society. Their
position statement emphasised that the
standard of care for the professional practice
of dentistry should apply, whether the service

is delivered in-person or via teledentistry.

According to the United Nations' International

Telecommunication  Union, approximately
97% of people worldwide live within reach of
(2019).”  The

application of telemedicine to enhance access

a mobile cellular signal
and aid delivery of healthcare to patients has
been discussed since the 1990s and have
been widely adopted in different formats
(e.g., telephone-only consultations and video
consultations) with mixed results and a clear
indication that video-supported consultations
result in more correct treatment decisions.-'?
relevant study to

A more recent and

restorative dentistry by Gleeson and Kalsi

(2022) reports that the use of phone and the
NHS England secure remote consultation
platform ‘Attend Anywhere- (AA)" for the
provision of video interaction between
clinician and patient provided high levels of

patient satisfaction for both modalities."

The ability for the clinician to reach a
conclusive diagnosis and treatment strategy
depends on two aspects: The sophistication
of the communication technology (technical
capability and ease of use) and its ability to
reproduce with total fidelity and infallibility
the information obtained from an equivalent

consultation.”?

synchronous  in-person
Teledentistry can operate by using a platform
of secure internet-based, high-resolution,
audio-visual

multi-channel streaming that

enables simultaneous and synchronous
sharing of information and active, engaged
discussion between primary and secondary
care providers. This provides integrated
management of patient care between the
three parties (patient, dentist and consultant)
at the point of specialist treatment planning.'
The relative merits of teledentistry modalities
in restorative dentistry have been explored
with  the

recognised difficulties that are associated with

potential to overcome the

in-person consultations.”#1°

To understand the significance of these
requirements, it is necessary to consider the
conventional in-person consultation that takes
place in secondary care specialist referral
centres (e.g., district or teaching hospitals).
The patient is required to travel to the

specialist centre for the said assessment and
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consultation. The recommended care plan is
discussed verbally with the patient during the
appointment and subsequently relayed to the
referring clinician, the patient, and any other
involved stakeholders in written format. The
current method that enables direct visual and
in-person engagement remains the gold
standard for safe and effective clinical
consultations. Notwithstanding, this in-
person process presents with significant
shortcomings: [1] The referring clinician (GDP,
with ultimate responsibility for the patient’s
care pathway) is not actively involved in the
decision-making process. This referring

clinician is excluded from the actual
consultation process and is not able to
contribute to the information-gathering and
decision-making process at any stage. [2] The
patient must travel to the secondary care
centre for the consultation, which may be in a
remote geographical location. This creates
inequalities of care provision, as the journey
to the specialist centre may be long, complex,
expensive and time-consuming. The
Organisation for Economic Co-operation and
Development (OECD) highlights in its 2019
report that the challenge of access to the
secondary care setting for patients who live in
remote geographical locations may also cause
inequality in access to healthcare.”™ This is
further exacerbated with a reported strong
negative correlation between geographical
barriers, transportation barriers and access to
health care services.' [3] The patient travel
and associated CO; emissions are identified
by NHS England (UK) as contributing to
approximately 33% of the of total greenhouse
gas emissions by NHS dentistry in the UK."

There is a realisation that patient travel is

considered undesirable if it can be avoided
and a reduction of this is part of the UK '"NHS
Long Term Plan’ and the ‘Net Zero NHS 2040’
plan with a commitment to reduce face-to-
face outpatient appointments by 30% over
the next five years.'®? This is further
emphasized by the UK National Elective Care
Transformation Programme highlighting that
the drivers for this plan are to save patients
time and money and reduce pollution from
road travel. ® [4] The setting of the referral
centre can be unfamiliar and potentially
intimidating which may be counterproductive
to a relaxed dialogue between the consultant
and the patient. This situation may lead to the
misinterpretation  of  information  with
undesired outcomes. [5] The outbreak of
COVID-19 pandemic had a major impact on
the ability to provide in-person consultations
appointments, highlighting the need for
alternative system to address this patient care
need. ?# The pandemic accelerated the
uptake of teledentistry as a potential solution

to access dental care.??*

Against this backdrop, it is unquestionable
that there is a growing interest and desire to
engage with teledentistry for the provision of
diagnostic and consultation services. In the
UK, 380,000 specialist dental consultations
take place every year® Teledentistry is
reported to reduce the long waiting times;
especially for some procedures, such as
endodontics, as the patients may be in pain
and the prognosis may worsen with time. A
number of further unintended benefits to both
parties were noted in the form of, cost
and the
ability to provide care to people with mobility

savings, increased convenience,
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limitations, or those in rural areas who don't
have access to a local doctor or clinic.?¢ There
is no doubt that teledentistry and remote
clinical consultations may reduce the high
prevalence of healthcare inequalities by
ensuring that health and care services are

27

designed  around needs.

Notwithstanding, the

people’s

implementation  of
remote and digital care services has to be
considered with caution.  The exclusive
reliance on these services could prevent some
people from accessing the required care and
support because they did not have access to

or feel comfortable using digital technology.

The previous clinical service evaluation of
RCCs in restorative dentistry identified some
some interesting and unexpected
consequences.” When the referring general
dental practitioner is involved as an active
participant, there is an opportunity to engage
in valuable two-way learning and teaching.’®?®
RCCs shift the decision-making-process from
scenario (GDP-patient,
consultant-GDP) to

group  decision-making  with  all

a one-to-one
consultant-patient  or
three
stakeholders  as  active  synchronous
participants in the discussion. A collaborative
system using telecommunication through the
use of telemedicine, dental image tools,
sharing electronic patient records and video-
conference, helps to establish a cooperative
treatment

diagnosis, planning and

professional mentoring.

As previously highlighted, the effectiveness
and reliability of teledentistry in its various
formats is dependent on two factors:

e The sophistication (technical capability
and ease of use) of the audio-visual
communication technology.

e The ability to replicate the information
obtained and outcomes from a live in-

person consultation.

The range of synchronous modalities for

clinical ~ patient assessments can be
considered as a spectrum ranging from an
audio telephone conversation as the most
basic to in-person three-way consultation
between the GDP, the consultant and the
patient as the most sophisticated and
desirable (Table 1). Across the range of
medical conditions and requirements, each of
these may adequate for the intended purpose
and as such it would be inappropriate to state
that one was better than the other. The more
basic forms are more technologically
accessible and easy to implement by the users
(patient and clinician). These basic modalities
may work very well as a screening tool to
determine the need for more detailed
consultations or to assess simple and visually

accessible conditions.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 4
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Modalities for the conduct of Synchronous Dental Consultations

Basic format Moderate

sophistication

Gold standard Proposed

Patient-Consultant

Two-way Two-way

remote remote teledentistry

teledentistry

Two-way Three-way

In-person remote consultation

consultation

*Single device *Single device

* Patient-dentist * Patient-dentist
*Live audio only * Live audio and vision

* Any telephone * Smart phone or tablet

*Direct patient- | *Multiple input devices

consultant in- | «Patient-dentist-

*Direct vision and | «|jye audio and vision

examination * Multiple bi-directional

e Limited or no direct
GDP

inputs: Cameras,

access to microphones, intra-oral

records, camera, practice IT

appointment medical records, digital

systems and other | radiography and 3D

electronic records models, CAD planning,

etc.

Table 1: Modalities of synchronous dental consultations and their relative merits.

The majority of studies that employed
teledentistry, focused on patient screening,
review and

prevention, preliminary

examinations.?”?° By contrast, the most
sophisticated consultations need to fulfil all
the requirements of the gold-standard in-
person consultation as a baseline and ideally
use the technology to provide the further

benefits outlined above.

It is important to note that the established

convention of an in-person consultation

between a patient and the specialist

consultant, is considered the ‘gold standard’
within the profession. It enables the specialist
consultant to undertake a clinical assessment
first-hand and in person, with full and
unimpeded access to all the required clinical
information  through a direct patient
discussion and intra-oral clinical examination.
In this way, the consultant is able to establish
an accurate diagnosis based on all the
available information and an in-person clinical
examination. This requirement overrides all
other considerations and potential benefits of

alternative modalities, including teledentistry.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 5
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This gold-standard requirement therefore
poses both a challenge and an opportunity for
the concept of remote clinical consultations. It
is essential that RCCs enable an effective,
high fidelity clinical assessment that leads to
establishing a diagnosis with all the
information that an equivalent in-person
consultation would provide.®" Thus, a RCC
must be safe, effective and not-inferior to an
in-person  consultation; with all other
additional benefits as secondary outcomes.
This requirement extends and includes the
ability to visually observe, with magnification,
if possible, the full intra-oral status of the soft
tissues, periodontal supporting structures, the
dentition and any associated prostheses. It is
also important that the more subtle cues and
nuances of patient behaviour and interaction
with the clinical team during the consultation
are captured and observed from eye-cameras
strategically placed in the dental surgery. The
need for a comprehensive clinical
examination, has been identified in the recent
literature in order to establish diagnoses in
RCCs.32%2  Thus, the standard’

required to ensure that a RCC is practical,

'‘baseline

efficient and safe (not-inferior to the standard

in-person consultation) has the following

characteristics:?

+ Allow for a full and unimpeded dialogue
between the patient (or representative)
and the specialist consultant.

* Enables the conduct of a full and
appropriate clinical assessment, to include

clinical

a  comprehensive  history,

examination and  required  special

investigations.
+ Enables the establishment of appropriate
and  accurate

diagnoses  (including

differential) and a prognosis for every
diagnosis reached.

* Enables the establishment of patient-
centred and pragmatic treatment options
and/or a treatment strategy for the
management of the referred condition and
any additional diagnoses.

* Enables the preparation and submission of
a report to be returned to the patient and
the referring dentist following the

consultation, that includes the findings of

the consultation and the outcomes as

above.

The use of adjunctive technologies for intra-
oral visualisation is reported with the
application of an intra-oral scanner to obtain
an accurate diagnosis in teledentistry.®® The
use of high-resolution communication media
can aid the clinical examination resulting in an
outcome for tele-dentistry that was not

inferior an in-person consultation.’®®

The aim of this clinical study is to assess the
feasibility and effectiveness of undertaking
remote clinical consultations in restorative
dentistry between a patient and dentist co-
located in a clinical primary care dental
practice and a specialist consultant in a
remote secondary care centre. This study
builds on the previous proof of concept
service evaluation undertaken by this research
group, that sought to assess the technical
feasibility and acceptability of all stakeholders
for conducting remote clinical consultations in
a simulated manner.’ In that study, the
rationale and the effectiveness of a RCC was
identified as a non-inferior process to an in-
person consultation for the ability to establish

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 6
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diagnoses, prognoses and planned treatment
strategy; with a high level of patient
acceptability that can be delivered in a
practical and simple manner. The specific
objectives of this study are: (i) Assure that the
actual clinical examination undertaken as a
RCC is as thorough and not inferior to that
carried out during an in-person assessment;
(i) establish a robust and practical ‘plug-and-
play’ technology platform with associated
communication infrastructure and
connectivity; (iii) identify the drivers for GDPs

in primary care to engage with this process.

The feasibility of undertaking specialist clinical
manner is
of the
technical and practical factors as well as

consultations in a remote

considered through an analysis
participant acceptance and willingness to
engage to enable the successful delivery of
the required outcomes.

The hypothesis is that a RCC between co-
located patient-dentist in the dental practice
and specialist consultant in a remote location
meets the primary outcome requirement and
in addition confers additional benefits that are
not attainable through the current in-person
model.

Outcome measures

Primary outcome — That the RCC is a safe,

effective  and enables a full and

comprehensive  patient-centred  clinical
examination and assessment that is not
inferior to an

equivalent  in-person

consultation.

Secondary outcomes: Active involvement of

the referring GDP clinician leading to a more

consensual outcome; a reduction in
inconvenience and associated cost from the
patient; a reduction in CO, emissions from
additional travel requirements. Full patient
engagement in a relaxed mode enabling

collaborative and group-decision making.

Method

Ethical approval for the conduct of this study
was obtained from the HRA and Health and
Care Research Wales (HCRW). IRAS project
ID: 279582. The sponsor was Sheffield
Teaching Hospitals NHS Foundation Trust
REC reference 20/YH/0112.

The methodology for this study is centred
around the following three objectives:

1. Design, development and testing of a

‘clinical assessment and examination
protocol’ that GDPs can use in a
predictable manner during a RCC. The
protocol was devised by the clinical team
investigators and tested multiple times
prior to validation with iterative
corrections and improvements to enable
full and predictable audio-visual clinical
(including intra-oral) data exchange. This
was tested in a pre-intervention pilot

studly.

2. Design, development and testing of a
bespoke communications platform and
associated connectivity to be used for the

The Advanced

Manufacturing and Research Centre

(AMRC, Sheffield, UK) engineering team

provided this and problem-solved in a

study intervention.

pre-intervention pilot.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 7
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3. Upon completion of the intervention, thematically based on the study
obtain the views and opinions from all undertaken by Braun and Clarke. **

parties (Patient, GDP, dental nurse and . o
The setting for the clinical study was between

Consultant) on the safety, effectiveness _ _ o
a primary care dental practice (Dinnington
Dental Practice, South Yorkshire, UK) and
consultants in a remote dental hospital
location (Charles Clifford Dental Hospital, STH

NHS Trust, Sheffield, UK).

and ability to achieve the primary and any
secondary outcomes.  Semi-structured
interviews and validated questionnaires
were used. The questionnaire's face
validity and content validity were assessed

by a mixed group of trained and . )
A total of 21 routine patients (10 female & 11

male) in need of specialist consultation were
included in this study that fulfilled the
inclusion criteria (Table 2).

calibrated clinicians considered
representative of the study participant.
The comments made in response to the
open-ended questions were analysed

Inclusion criteria

* The patients are under the care of the GDPs in the primary care dental practice.

* The patients and dentist would benefit from a specialist opinion in restorative dentistry,
including the sub-specialities of endodontics, periodontics or prosthodontics.

* An even distribution of gender, demographic status, and even representation from the
three subspecialties of restorative dentistry.

+ Patients of either sex and at least 18 years old at the start of the study.

* Patients who are able to attend the clinic for consultation and do not require
multidisciplinary input from other dental specialities.

Exclusion criteria

* Patients who were unable to give informed consent for participation in the study
(Classed as lacking capacity or belonging to a vulnerable population, as defined in ISO
141455) were not enrolled.

Table 2: Inclusion and exclusion criteria for the RCC clinical study

The recruitment process was as follows and to each patient who met the requirements
was in line with the ethics approval. and inclusion/exclusion criteria.
1. An invitation letter with a study outline

and a patient information sheet was sent

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 8
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2. Patients that responded positively to the
invitation letter were invited to attend the
consenting  session and  possible
recruitment thereafter.

The intervention took place in January
2022 over the course of ten half-day
sessions.

Each intervention was conducted by two

Two specialist consultants in restorative
dentistry providing a near equal number of
consultations each.

At the primary care dental practice
A GDP, a
dental nurse, an independent specialty-

and an |IT

(Dinnington Dental Practice):

grade observer support

investigator.

separate teams:

A detailed procedural sequence of events
was planned for the RCC (Table 3).

« At the specialist care centre (Charles
Clifford Dental Hospital, Sheffield, UK):

Clinical Assessment — Procedural sequence of events and interactions

GDP

Patient

Consultant

The GDP meets and greets the patient in the dental surgery

GDP and nurse in personal attendance.

GDP invites patient to take a seat in
the dental chair and explains the
technical set up.

Puts patient at ease

Patient takes a seat in the
dental chair

Patient remains upright

Patient in chair, in conversation with GDP

GDP explains nature of proceedings

Remote consultant on a live stream
via a tablet on a stand at the
eye-level when

patient’s sitting

down in the dental chair.

Direct vision and communication
between the three parties via this
tablet.

GDP introduces the patient to the
remote consultant

Patient and consultant greet each other.

The consultant provides a further explanation of proceedings as

appropriate

GDP listens and provides further input

as required

Patient in conversation with

consultant via tablet

Undertakes history aspect of clinical

examination

Hands control back to the GDP

GDP reclines patient

GDP undertakes the clinical
examination in conversation and

guidance with the remote consultant:

Patient reclined in the chair

during the clinical examination

Consultant interacts verbally with
GDP and agree on the clinical

observations made.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 9
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Clinical Assessment — Procedural sequence of events and interactions

GDP

Patient

Consultant

- Overhead camera (Light) allows
visualisation of extra-oral and anterior

dentition.

- Intra-oral camera allows visualisation

of whole mouth

- Procedural protocols are meticulously
followed to ensure that everything is

observed.

Further observations are made as
required using the intra-oral camera
operated by the GDP

The dental nurse provides support
by operating the camera if the
dentist is required to use other
instruments (e.g., probe/mirror).

GDP uprights the patient’s chair

Patient sits upright and able
to see/speak with the

consultant via tablet

Consultant is visible and audible via
tablet on stand next to the patient.

GDP talks with consultant and shares
further
investigations, including radiographs,

findings  from  special
diagnostic study casts, periodontal

charts etc

Patient remains seated in the

chair and listens to the

discussion

Consultant in discussion with GDP
regarding further investigations and
findings.

GDP listens and provides further input
as required

Patient in conversation with
consultant via tablet

Consultant in  conversation with

patient.  Explains and discusses
findings and shares a diagnosis,

prognosis and treatment strategy.

GDP, patient and consultant further discuss the proposed treatment strategy, the practicalities and any

queries from either party.

Good bye and sign out from patient and GDP to consultant

Good bye and sign out of consultant

GDP and patient address any in-practice care logistics

Conclusion of RCC - Consultant written electronic report to follow

Table 3: The procedural sequence of events and interactions that take place during the remote

clinical consultation in restorative dentistry.

Connectivity

visual and

auditory sensory

information

Analysis of system requirements identified
that a RCC process must seek to replicate or

improve the quality and thoroughness of the

captured during an in-person consultation.
Current technology using super-fast and
secure broadband connectivity and advanced

multimedia communication technology

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 10
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enables the RCC process. The features of the

system used are:

* A secure communication platform with
clear regulatory boundaries to comply

with clinical governance policies.

* A suite of camera/speaker/microphone
systems that enable effective two-way

communication.

A suite of tablets/laptops with web-based
enabled audio-visual conference facilities.

+ Additional speakers as required to enable

hands-free unimpeded hearing

throughout.

This system primarily used the secure network
infrastructure of The University of Sheffield
(UoS). A server PC was connected to the UoS
network, which acted as an intermediary
between the consultant and the GDP-patient
sites. All of the network communication was
encrypted using Hypertext Transfer Protocol
Secure (HTTPS) combined with the Secure
Socket Layer (SSL) and Transport Layer
Security (TLS) with self-signed certificates.
Secure network protocols were followed,
ensuring that no information was stored at any
time, live data was discarded after use and
adhered to the University of Sheffield
Information Security Policy and IT Code of
Practice.®?¢ (Fig 1).

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3183 11
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Fig 1: Hardware AV set up for RCC: (1) Room camera: This is a pc webcam, positioned at the

opposite end of the door and providing a visual to the remote consultant of the patient entering
and the whole of the surgery. (2) Chair light camera: High resolution, providing the same direct
observation extra-oral and front of mouth view as the dentist. (3) Intra-oral camera: High
resolution and magnified intra-oral visualisation. (4) RCC AV trolley: PC monitors: (left) Intra-oral
camera feed, shared with the remote consultant; (centre) remote consultant; (right) patient
radiographs, shared with the remote consultant. (5) Personal computer for all cameras and AV
transfer. (6) Speakers for remote consultant audio. (7) Webcam: To capture audio-vision of a

patient during consultation, relayed to the remote consultant.
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Hardware Dynamic live AV configuration

Clinical Surgery

* Three web-cams to provide a room view,
patient face view, overhead light/close up
extra and limited intra-oral view.

+ An intraoral camera to provide a detailed,
accurate, high resolution, magnified live
view.

* Live audio streaming, audio conferencing
microphone/loud speaker combination
devices used for room audio capture and
playback.

* Multiple monitor displays in the clinical
surgery, showing full screen image feeds
from the intraoral camera (to enable the
clinician to drive the camera), the X-ray
images, and the remote consultant
camera.

* Clinical surgery PC running camera
capture software and web streaming
application.

Remote consultant

* Remote consultant PC running a single
screen interface, showing camera feeds
from the surgery.

* Single face capture camera feed.

 Live audio streaming, audio conferencing
microphone / loudspeaker combination
devices used for room audio capture and
playback.

+ External camera feed control hardware to
remotely control the live video feeds from

the clinical surgery.

Stream from clinical surgery to consultation

room

Full surgery view from room camera
(Logitech C920 USB Webcam, or similar)
to allow the remote consultant to observe
the whole of the clinical set up and pick up
on subtle patient queues (mobility, mood,
disposition, anxiety...etc) and interaction
with GDP

Patient face camera (Logitech C920 USB
Webcam, or similar) for conversational
discussion feed

Close up patient face camera (Logitech
C920 USB Webcam, or similar), attached
to surgical overhead light

Video feed from intraoral camera
(Carestream CS1500), with local full screen
display for clinician use

Displayed X-ray images, with local full
screen display for clinician use.

Audio capture using audio conference
microphone/speaker

All audio/video to be live composited into
a single video stream to be sent out to the
remote consultant. The live compositing
can be controlled remotely by the remote
consultant

Stream from the consultation room to

clinical surgery

Camera capturing remote consultant face
for conversational discussion feed
Audio capture using audio conference

microphone/speaker
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https://esmed.org/MRA/index.php/mra/article/view/3183

Medical

Research
Archives Remote Clinical Consultations in Restorative Dentistry - A Pilot Clinical Study
* Remote camera compositing control intermediate software was used on the system

system to allow remote consultant to
adjust the composite video feed from the

clinical surgery

Software Platform

The software platform developed for the RCC
was entirely web-hosted using WebRTC (Web
(Fig.2). This

platform allowed for low latency peer-to-peer

Real-Time Communication)
teleconferencing at the Clinical Surgery and
the Remote Consultant. A key challenge
associated with the system design was to
ensure a suitable level of system response and
usability within the constraints of the available
network bandwidth. Providing this minimal
system performance was crucial to ensure a
practical user experience. To reduce the
required bandwidth for the

system, an

at the Clinical Surgery that combined the
various camera feeds into a single composite
video feed that included a simple user
interface.

A secondary webpage was also hosted,
providing a video feed remote control,
allowing the remote consultant to select
which camera feed occupied the most
significant screen segment in the remote
consultant user interface. This webpage
consisted of five buttons to select each clinical
surgery video feed. It could also be accessed
on a secondary device such as a tablet
allowing for more convenient placement of
the controls without the need for the remote
clinician to use a secondary screen and switch
away from the teleconference call.

Legend

== >Non Video Data
==>Video Data
I:DLocal Data

Webcam

Face-to-face

AMRC

AMRC Janus
Server

Remote Consultant

Audio
Microphone and
Speaker AMRC Hosted Video

Software

=

(o e

Dental Practice

\

Audio
Microphone and

Speaker PC Monitor

PC Monitor

AMRC Hosled Video
Software

PC Monitor

Camera Compositing
Foot Pedal
Webcam

Webcam
Face-to-face Room
Intraoral Camera

A
Webcam Image/X-Ray viewer

Video feed remote I
K control
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/

Fig 2: Software platform developed by the Advanced Manufacturing Research Centre (AMRC)
for the RCC web-hosted using WebRTC (Web Real-Time Communication)
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Results the whole of the dental surgery,

A total of 24 patients were enrolled in the
study. One patient cancelled his appointment
on the day, and two patients did not attend
their appointment. The study analysis was
undertaken based on data for 21 patients,
with the primary focus of the consultation
being in the field of endodontics (6),
periodontics (7) and prosthodontics (8). 100%
of the questionnaires from all the participants
In 100% of
cases, the GDP was able to convey all the

were completed and returned.

essential information to the consultant via the
use of an intra-oral camera and special
investigations. In 100% of cases, irrespective
of the subspeciality, the consultant confirmed
that she/he was able to conduct an effective
clinical consultation through the RCC process
and convey all the appropriate consultation
outcomes, including the correct diagnoses,
prognoses, treatment options and future care
pathways to the GDP, and the patient
effectively.

85% of patients (18/21) felt that the RCC
project worked well. Three patients would
have preferred to see the consultant in
person, but only if it could have been offered
at the same location without the need to
travel to the remote consultant centre. These
patients preferred the RCC if this avoided the
appointment in the remote location of the

specialist consultant.

An effective RCC software platform was
validated as being secure, providing high
fidelity of audio and visual communication of
all the required aspects for the conduct of the

consultation. This included full visualisation of

comprehensive  two-way communication

between all parties and a full clinical

assessment visualisation.

The majority of the barriers to the study were
related to the audio quality — 9% (2/21) — and
visual quality — 4% (1/21). The mean time
required to undertake an RCC from start to

finish was 35 minutes.

100% of GDPs agreed that there was scope

for having a professional educational

experience and continuing professional

development (CPD) during the process.

All participants, including patients and GDPs,
felt that they were included in the process and
valued the ability to engage in a live three-
way discussion whilst based in a familiar and
non-threatening environment.

Discussion

This clinical investigation sought to confirm
the findings of a previous service evaluation
for the conduct of specialist remote clinical
consultations between a patient and a primary
care dentist collocated in the dental practice,
and a specialist in a remote secondary care
site. The aim of this study; to assess the true
feasibility and effectiveness of undertaking
restorative  dentistry  remote  clinical
consultations between a patient and GDP (co-
located in their primary care dental practice)
and a specialist consultant in a remote
secondary care setting has been met. The
hypothesis for a remote clinical consultation
of this type has been confirmed. The findings

from this pilot study also confirms the
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technical and practical feasibility and = communication channel to establish the

participant (All stakeholders: Patient, dentist
and consultant) acceptance and willingness to
engage in the process. [t is important to
underline that this finding is based on the
required use of the audio-visual set up as
conducted for this investigation; thus ensuring
that the minimal data set for remote clinical
consultations in restorative dentistry has been
achieved.” This hardware and software

platform includes an intra-oral camera
operated by the primary care dentist and all
clinicians following specific pre-established
clinical protocols for the conduct of the
examination and sharing of all data. The RCC
hardware/software platform delivered all the
required features of an in-person consultation.
Patient concerns with AV quality/volume are
simple technical problems that are easy to
resolve. The addition of data recording
capability would further enhance the ability to
review the process and outcomes for the
purposes of further decision making, report

writing or medico-legal disputes.

The consultant’s requirement to establish an
accurate diagnosis based on a comprehensive
assessment of all the required data has been
achieved. The consultant accepted the direct
responsibility for making a diagnosis and
establishing a treatment strategy based on

the information obtained and assessed.

This study has confirmed in a true clinical
setting the earlier findings for the conduct of
RCCs in restorative dentistry between a
dentist-patient and a remote consultant.”>™
This study has further emphasised the critical

importance of a clinician-to-clinician comprehensive

validity of the process. The RCC provided a
patient-centred discussion between all three
parties that established an understanding of
the findings and diagnosis, and also the
options and practicalities for the provision of
the required treatment in the different
settings. RCCs shift the decision-making-
process from a one-to-one scenario (GDP-
patient, consultant-patient, consultant-GDP)
to group decision-making with all three
stakeholders present in the dialogue in a
contemporaneous manner. The result of this
study demonstrated the high satisfaction of
the patients and other stakeholders which is in

agreement with the previous studies.'®?

Thus, the primary outcome for this study was
met as was the ability for all parties to actively
engage in the consultation with a more
consensual outcome; a reduction in
inconvenience and associated cost from the
patient; an associated reduction in CO;
additional

requirements. In this context, RCCs provide a

emissions from travel
further tool to reduce the environmental
impact associated with the delivery of oral
healthcare and it is a good fit with The
National  Elective Care  Transformation
Programme, that highlights the drivers for this
plan “to save patients time and money and
reduce pollution from road travel”?” It is
encouraging that patients acknowledge this
and support the adoption of teledentistry to
environmental from

reduce the impact

travelling.®®

The findings from this study provide the

required evidence base to pursue ways to
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make better use of digital technology to
address the limitations of current modes of
consultation practice in the management of
patient care pathways. This should involve a
new clinical service operating model for the
workforce centred around a more patient-
centred specialist advice service with full input
and ownership of all stakeholders: Patient,
GDP, Consultant and commissioning services.
The cultural change, technology application
and service transformation required to
achieve this goal is dependent on an
incremental programme of research that
addresses planned objectives and emerging
challenges. The implementation of this
remote clinical consultation modality will
require collaborative engagement between
care commissioners, patient safeguarding
organisations and clinical delivery teams. This
will enable the provision of trully patient-
effective

centred, sustainable and

consultation modality.

Conclusions

The RCC process advocated in this study
confirms the ability to provide a service that is
not inferior to an in-person procedure and
presents with additional benefits:

e Active  patient-centred  decision
making.
e Greater patient acceptance with

potential for reduced inconvenience,
cost and care inequalities.

reduced COse
emissions associated with reduced

e A potential for

patient transport.
The main features of the RCC service

provision advocated in this report are:

A synchronous communication
platform that enables a true three-way
communication and clinical
assessment between the three parties:
Patient, dentist and consultant; the
first two co-collocated in the dental
practice and the consultant is in a
remote location.

The use of a comprehensive high-
speed, robust and secure AV
communication internet platform. The
use of a range of cameras (including an
intra-oral camera) and audio displays,
that are low cost and readily available
as plug-and-play commercial devices.
The need to follow specific and pre-
agreed examination protocols that
ensure that the clinical assessment is
not-inferior to an in-person
examination and will provide high
fidelity data in a predictable and
infallible manner.

The ability to have direct verbal

contact between referring clinician,

patient and  consultant  which
minimises scope for error,
misunderstandings or

miscommunications and allows for

bidirectional dialogue.
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