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Human Factors and Ergonomics
for the Dental Profession

Abstract: This paper proposes that the science of Human Factors and Ergonomics (HFE) is suitable for wide application in dental education,
training and practice to improve safety, quality and efficiency. Three areas of interest are highlighted. First it is proposed that individual

and team Non-Technical Skills (NTS), such as communication, leadership and stress management can improve error rates and efficiency of
procedures. Secondly, in a physically and technically challenging environment, staff can benefit from ergonomic principles which examine

design in supporting safe work. Finally, examination of organizational human factors can help anticipate stressors and plan for flexible
responses to multiple, variable demands, and fluctuating resources.
CPD/Clinical Relevance: HFE is an evidence-based approach to reducing error rates and procedural complications, and avoiding problems
associated with stress and fatigue. Improved teamwork and organizational planning and efficiency can impact directly on patient

outcomes.
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Quality and safety in dentistry

Dental practitioners are
required to have in place effective ways of
ensuring safety and quality, encompassing
a whole range of issues including staffing,
procurement, infection control, and
complaint handling. The Care Quality
Commission (CQC) aims to ensure that
dental professionals provide ‘safe, effective,
compassionate, high-quality care [and]
meet fundamental standards of quality and
safety’,' and there are similar standards for
quality, efficiency and safety in Scotland
and Northern Ireland.??

Clinical audit in particular has
been applied with some success.*> However,
it has been noted that systematic safety
programmes are still lacking® and there
have been recent calls to apply ideas and
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initiatives in patient safety further, whether
in primary care dentistry,” or in dental
hospitals and oral/maxillofacial surgery
departments.?

The purpose of this paper is
to suggest that the established science of
Human Factors and Ergonomics provides
an integrated approach for practitioners
seeking to improve safety, quality and
efficiency.

Human Factors and Ergonomics

The International Ergonomics
Association defines Human Factors and
Ergonomics (HFE) as:

‘the scientific discipline concerned
with the understanding of interactions among
humans and other elements of a system, and
the profession that applies theory, principles,
data and methods to design in order to
optimize human well-being and overall
system performance’® (Figure 1)

NHS England’s National Quality
Board, in response to the Mid Staffordshire
NHS Foundation Trust Public Inquiry,™ is
committed to embedding HFE (in national
organizations, provider, and commissioning
organizations) to improve quality and

productivity."

There have been similar calls
for applying HFE principles through NHS
Scotland.™

Importantly, the CQC (along with
The National Institute for Health and Care
Excellence, the General Medical Council, the
Nursing and Midwifery Council and many
others) recently signed a joint undertaking
to build a’high performing, resilient and
efficient healthcare system’ through HFE
principles which can ‘contribute significantly
to improving the quality (effectiveness,
experience and safety) of care for patients’
by providing ‘an integrated, evidenced and
coherent approach to patient safety, quality
improvement and clinical excellence!'®

‘Not an optional extra’

This coherence in part derives
from the applicability of HFE at all levels of
safety and quality." There are benefits at:

B The individual/cognitive level (eg ways
of coping with fatigue and avoiding
human error);

B Team level (eg improved communication
and co-ordination);

B Environmental level (eg better design
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Figure 1. Human Factors and Ergonomics is

the science which studies interactions between
people, tasks and other elements of work systems
(With permission of the Chartered Institute

of Ergonomics and Human Factors — www.
ergonomics.org.uk).

of physical resources and use of
technology); and
B The system level (through understanding
of organizational processes).
HFE in healthcare aims both
to minimize error and improve quality by
optimizing behaviours and processes, and
addressing issues in design. It also provides
a sound theoretical basis for non-clinical
education and training. Sir Stephen Moss,
Chair of the Department of Health Human
Factors Reference Group, thus argues that:
‘embedding this knowledge and
understanding is not an optional extra. [...]
The time feels right to re-energise the focus
on our approach to embed human factors
knowledge into practice, education and
regulation [...]."

Human factors and ergonomics
for dental teams

The scope for engaging with
the applied science of HFE and harnessing
potential benefits for dentistry and its
associated professions is broad. However, a
few suggestions are put forward here.

Application 1: Non-technical skills for the
dental team

Many patient safety tools,
such as pre-surgical checklists, have their
roots in Crew Resource Management
(CRM) techniques developed in aviation
to improve cockpit performance.'® There
is evidence that error and harm can be
prevented'” through paying close attention
to a set of interrelated cognitive and social
abilities now widely referred to as Non-
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Core Non-Technical Skills Categories

Elements

Situation awareness

Gathering information
Interpreting information
Anticipating future states

Decision-making

Defining the problem

Considering options

Selecting and implementing option
Outcome review

Communication

Sending information clearly and concisely
Including context and intent during
information exchange

Receiving information, especially by listening
Identifying and addressing barriers to
communication

Team-working

Supporting others
Solving conflicts
Exchanging information
Co-ordinating activities

Leadership

Using authority

Maintaining standards

Planning and prioritizing
Managing workload and resources

Stress management

Identifying symptoms of stress
Recognizing effects of stress
Implementing coping strategies

Fatigue management

Identifying symptoms of fatigue
Recognizing effects of fatigue
Implementing coping strategies

Table 1. Main categories and elements of non-technical skills from Flin et al (2008)."

Technical Skills (NTS) which are:

‘general cognitive and social
skills that allow [healthcare professionals] to
[...] monitor the situation, make decisions,
take a leadership role, [and] communicate
and co-ordinate their actions within a team,
in order to achieve high levels of safety and
efficiency.”®

Table 1 shows elements within
the main NTS categories."

There is now a wide range
of activity in healthcare around training
and assessing these NTS, measuring
associations with clinical outcomes (Figure
2).2°2' For example, procedural problems
and increased operative times have both
been related to poor leadership and
management skills,?> and the ability to make
predictive judgements from observation is
inversely related to error rates.”

A report in the American Journal
of Surgery showed that teams displaying
NTS markers such as pre-briefing, mutual
respect, asking for input, and ongoing
reflection to avoid ‘tunnel vision, had
a lowered risk of surgical deaths and
complications.?* It would be interesting
to study whether any of these or similar
markers could be reliably observed in
dental teams, and what the associated
outcomes might be.

The General Dental Council
is clear that dental education aims to
produce rounded individuals with a range
of professional and team-working skills,
recognizing that a good team will have:

B Good leadership;

B Different roles and responsibilities;

B An understanding of those roles and
responsibilities;
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B Clear, shared aims; and

B An ability to work together to achieve
these aims.”

It is apparent that there is clear
alignment between the aims of the GDC
and the body of evidence for promoting key
NTS and associated behavioural markers
(see also the World Health Organization
curriculum with respect to effective
teams).?®

Bringing these non-clinical
aspects in dental education and practice
into alignment with the strategically-
supported NTS frameworks, particularly
relating to surgical procedures,?* offers a
chance to:

B Learn from good practice across other
areas of primary and secondary care;

B Observe, assess and improve key NTS in
the dental context;

B Design improvement interventions that
are built on work already done in NTS
across healthcare;

B Embed NTS principles and
understanding into undergraduate
education and postgraduate training/
Continuing Professional Development.

There are specialty-specific NTS
taxonomies, including for Anaesthetists’
Non-Technical Skills (ANTS*) and Non-
Technical Skills for Surgeons (NOTSS?®).
Our own work to identify, develop and test
educational tools for Dental Non-Technical

Figure 3. Sketch of dentistry chair ergonomically designed for posture support. (Permission from IJOEM.)*
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Skills (the ‘DENTS’ project) is underway.
Further initiatives include a
preliminary standardized safety checklist
for dental implant surgeries® and an
outpatient checklist directly derived from
CRM/aviation safety principles.?* The aim of
both is to reduce error through maintaining
situational awareness. The latter has
five stages: ‘appointment review'before

procedure; ‘procedure; ‘before dismissal’ and
‘after dismissal’ Checklist items include but
are not limited to: verbalize medical history;
review medications; review notes from other
health care providers, including specialists;
review postoperative instructions and care
with patient; inform team members of
necessary follow-up items, etc. Feasibility and
effectiveness trials of these or similar tools

Figure 2. Many surgical specialties now train and assess teams in ‘Non-Technical Skills’ such as
communication, leadership and management of stress and fatigue. (With permission from Neil and
Elise Wallace STRATUS Center for Simulation, Brigham and Women'’s Hospital, Boston, MA — www.

notss.org
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Figure 4. Model looking at safety from an organizational human factors perspective. (Permission from Taylor and Francis).**

would seem worthy of further investigation.

Application 2: Dental ergonomics

Itis also a strength of HFE
approaches to healthcare that the safety
and wellbeing of the practitioner, as
well as the patient, is prioritized; in fact
the one area within HFE that is relatively
well established in dentistry centres on
ergonomic issues affecting the profession.®

Lack of attention to the physical
workspace (seating, instruments, lighting,
etc) increases stress and fatigue and is
associated with a range of unwanted
outcomes for patients and clinicians alike.3*
Musculoskeletal disorders are a significant
issue for professionals in dentistry and
dental hygiene® and problems are known
to develop as early as the undergraduate
stage.* Studies have identified specific
biomechanical issues such as prolonged
cervical flexion and upper arm abduction
which arise from non-neutral or ‘deviated’
postures.?’” Various painful and debilitating
inflammations can also arise from repetitive
tasks and static force problems, eg in pinch
gripping.®

With the recent bestowing of the
Royal Charter on the Institute of Ergonomics
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and Human Factors (CIEHF), there are
renewed opportunities to link more closely
with recognized professionals in HFE
practice, and to embed evidence-based HFE
principles into all aspects of the physical
and technical dental workspace, including
health technology design, human-device
interactions, etc. Gupta et al’® outline
a range of practical recommendations
including training in dental schools to
promote ‘ergonomic culture’ They also
recommend the integration of design
interventions (eg in chair technology
(Figure 3), magnification, lighting,
ergonomic instruments), with behavioural
interventions targeting postural and other
fatigue-related problems (exercises, resting
periods, procedural list rotation, etc). Good
quality research is vital in this area, and any
interventions need to be interdisciplinary,
but lead by the profession. A systematic
programme of work can be useful in:
B Providing information on risks and
preventive interventions;
B Understanding the impact of new
technology and procedures; and
B Ensuring regulations and standards are
informed by sufficient understanding of
ergonomic considerations.

Application 3: Organizational human factors

Finally, there is now widespread
recognition that patient and organizational
outcomes in healthcare emerge from a
combination of multiple individual, team,
technological and environmental factors
and processes (Figure 4).

This ‘systems thinking’ means
that improvement attempts focused on
single components or issues are often
unsuccessful over the longer term.*® Faced
with this need to deal with a complex set
of circumstances, professionals in a range
of disciplines across the NHS have begun
to look to HFE for tools and techniques
to help them explore, understand and
evaluate work systems and processes more
holistically.*'#2

Dental care involves multiple
interacting factors. People make decisions
that are affected by:

B Fluctuating demand;

B Patient information, including how this is
assessed and recorded;

B Clinical aims;

B Staffing issues;

B Technical resource and equipment
issues; and

B Regulatory demands and requirements.
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There are multiple members
of the multidisciplinary team all balancing
their own capacities against the demands
placed upon them; and this all takes place
in a physical environment that offers various
environmental conditions within which
fatigue and stress has to be managed.

Resilient healthcare

The systems-level discipline of

Resilient Health Care (RHC)* is concerned

with the inherent difficulties in practice and

the ways in which people and organizations
overcome these. This involves paying close
attention to work ‘as it is actually achieved' in
the face of difficulty, rather than assuming
that a set of ideal conditions can always be
maintained. No matter that we may attempt
to put protocols and guidelines in place,
there will always be some need to adapt or
adjust in response to fluctuating conditions;
to paraphrase Einstein, ‘the difference
between theory and practice is bigger in
practice than in theory To put it another
way, there is a tension between ‘work-as-
imagined’ and ‘work-as-done”:

B In work-as-imagined, it is assumed that
we can align demand (eg patients,
treatment plans, targets) with capacity
to meet that demand (eg staffing,
equipment, procedures);

B In work-as-done, this alignment is
never 100%, thus everyday clinical work
is characterized by adaptations and
adjustments that people constantly have
to make to reconcile gaps between
goals, procedures and resources.*

Success/failure is dependent
upon the ability to make successful
adjustments and adaptations to fluctuating
demand and capacity, and then to learn
from this and anticipate the next potential
bottleneck or stressor. By focusing on

these tensions in everyday practice*

and, in particular, on the ways in which

organizations and individuals bridge these

potential gaps in care,*” we can learn from
work that is accomplished dynamically and
successfully under variable conditions.

Resilient organizations have
ways of finding ‘windows on the system..

One idea is to have ‘pre-mortems’ at team

or department meetings, where imaginary

(but possible) ‘patient safety incidents’

are described, then causes/reasons for

the ‘failure’ are generated, and actions

discussed.® This embeds a collective

mindfulness, and the actions generated are

often better thought out than those 'knee
jerk’ responses to an actual event where
harm has occurred and blame is assigned.

It is also desirable to assess
resilience regularly, individually or in
groups,*' through working through a set of
questions designed to find the edge of the
‘safe operating envelope’ (ie when demand
is outstripping capacity)® and to adjust
accordingly. The idea is that the system is
able to ‘stretch’ before brittleness (inertia,
inability to respond flexibly) sets in.*
Questions can include:

B Do we know what to do if (x) problem
arises; do we have the capacity; how
did we decide on this response; are we
training for such events; are there events
we haven't imagined yet?

B Are we measuring the right things;
what about process as well as outcome
indicators; what is the time lag between
measurement and interpretation?

B How do we achieve success; what do we
learn from it; do we only act/redesign
after failure?

B Where is the edge of our safety
envelope; are we close to the edge; how
will we know?

Resilient Health Care is about the
ways in which people and teams proactively
create safety in their everyday work through
processes like this, building in adaptive
and reflexive capacities that equip them to
respond better when circumstances change.
Dental care seems a highly appropriate area
for the application of these organizational
models from HFE. Because the focus in not
solely on avoiding harm, but on proactively
maximizing success and opportunity as
well, this can promote a positive culture,
which empowers clinical staff to put safety,
quality and efficiency at the forefront of
patient-centred care.

Discussion

It has recently been claimed that
‘tremendous progress’ has been made in
applying HFE to healthcare, thus moving
‘from a state in which clinicians had little
exposure to HF work, and even fewer saw
its value, to widespread acknowledgement
of the value of human-centred systems
thinking in healthcare'*® Whilst this may be
overstating the case somewhat, a number

of strategic initiatives have recognized

HFE as an evidence-based approach which
can help in meeting the quality and safety
goals of providers and regulators alike, and
all dental professionals are encouraged to

engage with the discipline.

Conclusion

Dentistry can benefit from
applied HFE principles and approaches.
HFE offers many advantages to dental
professionals wanting to engage with an
evidence-based approach to quality and
safety.

Take away messages are:

B Existing knowledge about how
individuals and teams co-ordinate care
can be adapted/applied to the dental
setting. This understanding is vital in
avoiding costly errors, promoting safe
cultures of working, and learning from
adverse events.

B In a pressured physical workplace, with
ongoing advances in dental technology,
a good understanding of ergonomic
principles can be fruitful for avoiding a
range of work-related disorders which
affect efficiency, productivity and safety.

B |tis important that those seeking to
implement improvement initiatives
understand the multiple demand/
capacity issues facing practitioners
and the important role of planning for
flexible, adaptive responses in producing
good care.

B The challenge going forward will be
to embed HFE in dental education
and practice to support safe, efficient
systems of care. Some in healthcare
have misapprehended ‘human factors’
as simply a collection of things about
humans. Dentistry has the opportunity
to lead the way in realizing the full
potential of HFE science. Dental
professionals will be the key ingredient,
as much of this potential relies on the
ability and willingness of those at the
sharp end to take this forward.
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