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Dentistry and aviation engineering — behind the scenes
at operations in a UK-based airline

Mohammed Dungarwalla'?* and Edmund Bailey'?

There has been substantive focus on human
factors and their interaction with decision-
making in healthcare.

Abstract

The authors present themes garnered from an
interview with a base maintenance manager from
one of the UK's largest airlines.

There are clear overlaps between engineering
and dentistry, specifically pertaining to
equipment regulation, checklists and working
directives.

The healthcare industry is commonly compared to the aviation industry with emphasis on human factors and the
decision-making processes undertaken by pilots and clinicians alike. The authors have been given exclusive access
to meet the head of the maintenance team behind one of the UK's most popular airlines. An open-ended interview
took place which was audio-transcribed for thematic analysis. Data were initially coded to identify basic patterns

in the transcript. Once this was completed, themes were identified and agreed between the authors which could
be compared to healthcare and dentistry. These themes were: regulation, occupational health, maintenance of

equipment, use of checklists, reporting, just culture, burnout and disturbances.

The aviation engineering industry requires the combination of a skilled workforce working under time pressure often
in a financially restricted environment in a similar way to healthcare, especially dentistry. The two industries share
common risks, although introduction of risk management tools such as checklists have been prevalent in aviation since
the 1930s. Recognition of said risks and themes can lead to shared learning opportunities to benefit both sectors.

Background

The awareness of human factors playing a
key role in how we conduct our professional
and non-professional lives has come to the
forefront of healthcare in recent years. It is not
uncommon to attend a continuing professional
development event with a lecture or workshop
on the subject of human factors. Increasingly,
these talks are given by our peers in professions
not related to healthcare - the aviation sector
being a common discipline. The authors were
given an exclusive insight into engineering
practice at a UK-based airline.
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Although there are numerous studies
comparing aviation to medicine and
surgery,2»+>678%10 to our knowledge, this
is the first piece which compares aviation
engineering to healthcare and dentistry.
Table 1 outlines the themes discussed.

Into the hangar and equipment
regulations

Having been given exclusive access to
the aeroplane hangar situated airside, the
experience of safety and security began the
moment the authors entered the premises.
All staft and visitors are identified by name
badges, and a named member of staff is
responsible for the visitor(s). Security, as
stringent as boarding a flight, required
removal of metallic objects and electronic
devices as well as bag searches, a commitment
by the staff who work here daily.

The hangar base manager’s accountabilities
include delivery of the compliance of the
facilities and the hangar. The use of tools,
the staff carrying out work on the aircraft
and the staff that are certifying airworthiness
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of an aircraft fall into the remit of the base
maintenance manager. The above duties are
stipulated in Regulatory Article (RA) 4810 —
Technical Information (MRP 145.A.45).

RAs provide a framework of rules and
policies which dictate the direction of
processes which contribute to air safety.
The article recognises that failure to adhere
to published technical information can
pose a risk to life. Furthermore, it requires
organisations to have systems in place
which allow ‘unsatisfactory features’ to be
reported.!!

The base maintenance manager must
ensure that activity within the hangar satisfies
Provision and Use of Work Equipment
Regulations (PUWER) 1998 and Lifting
Operations and Lifting Equipment Regulations
(LOLER) 1998.1213

PUWER places onus on organisations
or individuals who use equipment in the
workplace to maintain safety while using
such equipment. Equipment must be safe
for its intended use, maintained in a safe
condition and used by those who have received
appropriate training to do so.”?
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Table 1 Table outlining and comparing themes relevant to dentistry and aviation engineering

Theme Dentistry Aviation engineering
Training and Formal training pathway with a university degree and subsequent registration with a formal uElhlnelicle national d|p|_oma, university degree
= ) or apprenticeship. Licence recognised as per the European
regulation professional body A
Aviation Safety Agency
Health and Safety at Work Act, Management of Health and
Health and Safety at Work Act, Management of Health and Safety at Work Act, Safety at Work Act, Pressure Safety Systems Regulations,
Equipment Pressure Safety Systems Regulations, Electricity at Work Regulations, Medical Devices Electricity at Work Regulations, Personal Protective
regulations Regulations, Personal Protective Equipment at Work Regulations, lonising Radiation Equipment at Work Regulations, Provision of Use of Work
Regulations, lonising Radiation (Medical Exposure) Regulations Regulations, Lifting Operations and Lifting Equipment
Regulations
. - Lo o ) ) ) . ) Falling from heights, hand-arm vibration syndrome,
Risks in the Repetitive strain injury, transmission of infectious diseases via aerosols and direct repetitive strain injury, inhalation of noxious substances,
workplace inoculation (sharps injury), burnout B :
cuts and abrasions from equipment, burnout
Working In general practice, working hours can be self-determined. WTDs apply for all of those WTDs apply and engineers do not work for more than 12
patterns working in training posts in line with the new Junior Doctors’ Contract days out of 14 or for more than two weekends in a row
Encouraged and mandated with a learning system in
Reporting Encouraged and mandated but currently there are multiple reporting systems, lack ofa | place, with an aim to prevent the same incident from

safety incidents

national feedback system and potentially reluctance by individuals to report due to fear
of reprisal. A fair blame culture is actively encouraged

occurring again. Engineering safety reports are used
to report incidents. A fair blame culture is actively
encouraged

Seniority in the

In general practice, the practice principal may be involved in making overarching
decisions relating to treatment, patient safety and general operation of the practice.
The practice manager — often a non-registered team member — will be key in ensuring
compliance is delivered properly. In hospital, care is consultant-led and final decisions

Senior engineers will be assigned to safety-critical tasks
and are also responsible for training junior engineers.

workplace will rest with the consultant. Consultants train junior clinicians. Overarching decisions on | Challenging seniority is encouraged when justified
overall delivery of care are made by senior managers. Raising concerns is encouraged
although it is rarely direct to managerial level
Use of Not commpnplace in general practice. Cqmmonly use_zd in h_ospital settings (based on Routinely used_ in aviation and aviation engineering. In‘the
checklists WHO surgical safgty checklls‘gs) for invasive surgery (including dento-alveolar surgery). COCkat‘ checklist completlon ocaurs in real time, removing
Risk of retrospective completion the risk of retrospective completion
Use is commonplace in general practice and hospital. Often used to communicate with
Using mobile colleagues and forvi(_ieo cons_ultations with patients. Us_eful ininstances where hospital _ _
phones in the blegps or pagers are |nacce55|t_)le. Workpllaces WI|| have_ information governance Commonly used in the hangar. Engineers en;ourag_ed to
workplace policies relating to use of mobile phones in patient environments although monitoring | lock phones away as they are a recognised distraction

Key:

this activity remains varied. A recognised distraction and risk of perceived lack of
professionalism

WTD = working time directive; WHO = World Health Organisation.

LOLER regards lifting and lifting equipment.
Aircraft maintenance and repairs are often
carried out at height, and so this regulation
forms the backbone of aviation engineering
safety.”®

In healthcare, the Medicines and Healthcare
products Regulatory Agency (MHRA) have
provided specific guidance on the acquisition,
selection, training, maintenance, disinfection
and decommissioning of devices, which
includes equipment used in dentistry which is
further underpinned by the EU Regulation on
Medical Devices 2017/745 (Figures 1 and 2).**

Hand-arm vibration syndrome and
musculoskeletal disorders

Hand-arm vibration syndrome (HAVS) is a
well-described consequence of repetitive and
overuse of equipment which delivers vibrations
to the hands. HAVS can affect fine motor skills
and sensation to the hands and fingers."”* The
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condition is also associated with a condition
known as ‘white finger’ which describes the
painful, often irreversible blanching of fingers
which is clinically a secondary type of Raynaud’s
phenomenon, potentially leading to loss of
function in the affected digits.'® The Control of
Vibration at Work Regulations are concerned
with the prevention of HAVS and the safe use
of equipment which has been identified in the
aetiology of HAVS. Tools in the aircraft hangar
are marked red, yellow and green. Each of
these tools has a specified ‘trigger time’ which
prevents equipment from being used over a
designated period. Equipment usage time is
measured by the number of minutes that air
flows through the piece of hand equipment.
The effect is cumulative and thus engineers can
use several pieces of equipment in a day. We
are told the threshold is rarely exceeded and,
in the case where it is exceeded, a worker is
substituted by another engineer.

The use of air-driven equipment and

hand instruments is commonplace in
dentistry; however, there is no specific
regulation pertaining to their overuse, even
though their deleterious effects are well
documented.'”'$** In a study of 220 dentists,
92% of dentists reported musculoskeletal
disorders with their neck and lower backs,
and 18.3% reported pain in their wrists."”
Similarly, a separate study found up to 69.5%
of dental hygienists reported pain in their
hands and wrists.'"® Moreover, in a group
of dentists surveyed regarding the cause
for their taking early retirement due to ill
health, 55% cited musculoskeletal disorder
as the primary cause for early retirement."
Coupled with the fact that in 2019, one
dental income protection firm paid out
approximately £1 million in claims related
to musculoskeletal disorders,? this is clearly
an issue which significantly affects the entire
dental team.
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Fig. 1 Dental instruments which are contaminated and/or damaged. Who takes the
responsibility in ensuring these instruments are routinely inspected, safely taken out of
circulation, disposed of correctly and replaced promptly? Image courtesy of Sally McFadyen,
Institute of Dentistry, Queen Mary University of London

Fig. 2 Repeated use of this suture needle has resulted in its deformation and blunting of the
needle tip. Regular peri-operative inspection of the needle must take place to prevent damage

to the tissues

Checklists

The authors acknowledge the relatively recent
uptake of checklists in the medical and dental
profession, conceived from the World Health
Organisation (WHO) Surgical Safety Checklist
in 2008.?' In the authors’ experience, checklists
are more often used in a secondary care setting
for dentoalveolar surgery, with their uptake
in primary care variable. As a stark contrast,
checklists within the aviation industry have
been present far longer and are ingrained
within the flying and engineering component.
The introduction of checklists in aviation has
its origins from an aeroplane crash in 1935
involving a Boeing B-17 aeroplane where the
gust locks (a lock which keeps flying surfaces
rigid while the aircraft is on the ground) were
not disengaged before take-off.”> There was
no evidence of equipment malfunction and
so investigators were led to believe that pilot
error was the cause of the crash, simply due
to the immense number of functions on the
aircraft which were beyond the capacity of a

pilot to operate simultaneously. As such, the
pilots were too overwhelmed to disengage the
gust locks, leading to the fateful incident.”? As
a result of this accident, Boeing introduced
the checklist as a mandatory tool to be used in
military and eventually commercial aviation.”

Checklists are recorded in real time onto
the cockpit voice recorder. The danger
within the medical and dental profession is
the retrospective completion of checklists
following completion of a procedure, which
has the potential to demote it as another
meaningless piece of paperwork.

When a plane is experiencing an emergency
during flight, the more senior pilot will take
control of the aircraft (even if the first officer
is in control at that moment in time). Pilots
will then use a Quick Reference Handbook and
complete a checklist accordingly.

All faults are written in a technical log
after the plane has landed and this is a
mandatory requirement as it forms the
communication bridge between the pilots and
engineering team.
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A comparison to healthcare to note here
is that recordings from the cockpit voice
recorder are not subject to routine auditing
or scrutiny unless an incident occurs.

Reporting technical issues

Measurements and parameters from the
aircraft are constantly being recorded on the
flight data recorder, and in newer aircrafts,
these measurements are sent remotely to
centres on the ground, which can detect issues
as they arise inflight without the pilots even
knowing that an issue may have arisen.

In instances where pilots have deviated
from the checklist, this will be recorded by the
flight data recorder (for example, not having
landing gear deployed and locked ready for
landing above a minimum threshold height)
and sent to the relevant monitoring centre.
Regardless of this, pilots are still expected to
report this deviation/near miss once it has
happened.

Similarly, aircraft engineers are required
to file engineering safety reports if there has
been an incident or near miss.

Reporting systems within healthcare
do exist, including Datix, the Yellow Card
Scheme (operated by the MHRA) and the
NHS Improvement Patient Safety Reporting
Tool. These systems rely on honest, accurate
and contemporary reporting of incidents
from healthcare professionals.

In UK healthcare, as part of the Five Year
Forward View, the patient safety incident
management system (PSIMS) is being
developed in order to include reporting of
incidents from settings other than acute care
and from patients themselves, and to reduce
the overlap of reporting which exists between
the Yellow Card Scheme (MHRA) and the
National Reporting and Learning System.*

The goal is the utilisation of a single
infrastructure which encourages reporting by
professionals and patients, the collection of
transparent data, direct feedback to providers
and resources to share with other providers to
aid learning.*

Just culture and burnout

Following on from reporting near misses and
adverse incidents, just culture and appropriate
raising of concerns deserves mention,
especially as just culture and whistleblowing
has seen a phenomenal amount of publicity
within healthcare in recent years.”
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One of the factors discussed in both industries
is the incentive to drive change. Engaging
individuals and teams to adopt a culture which
some may perceive as unnecessary has been an
obstacle towards achieving just culture. One
way this has been overcome is through local
training days and engagement projects for team
members.

When discussing fatigued workers, it was
clear that there is no compromise on workers
who declare fatigue. They are immediately
relieved from performing a ‘safety-critical” task
and substituted by an equally skilled replacement.

Similarly, if a pilot declares that they are not
fit to fly for reasons beyond their control, then
the airline will send a second crew to relieve the
pilot(s) of their duties. This could mean that
flights are delayed, or even cancelled in some
instances. Pilots are guaranteed 12 hours of rest
from the point of reaching their residence.

Exploring some of the reasons for mistakes
in the engineering hangar, it is clear that a
series of mistakes or failures of safeguarding
occur before an error becomes apparent. In the
aircraft industry, these can lead to catastrophic
consequences for staff and passengers.

Reason’s Swiss Cheese model has been a
commonly cited paradigm to describe such
failures.?

Many mistakes in the hangar are put down
to poor planning. This poor planning, in turn,
results in increased time pressure for engineers
to complete certain tasks. Due to inadequate
planning, engineers may be faced with absent
or incorrect equipment to complete a task and
may be tempted to improvise with existing
equipment.

A prime example of this occurred in 1990
when a flight bound for Malaga experienced
sudden decompression and loss of the cockpit
window soon after take-off. The result was the
captain was partially ‘sucked out’ of the window,
leaving the co-pilot to manoeuvre the aircraft
back to land safely.”” The investigation found
that the engineer responsible for changing the
window was under time pressure to complete
the task before the plane was scheduled to fly
the next morning.

Furthermore, the engineer improvised by
using bolts to secure the windscreen which
were 0.66 mm smaller than the prescribed
diameter (Fig. 3).”” The investigation
recognised the need for this task to have been
verified by a more senior or equally trained
engineer.”

Burnout is now a recognised occupational
phenomenon by the WHO, characterised by
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Fig. 3 There is a deficiency of less than one millimetre on try-in of this non-precious metal
onlay, which guarantees a plaque trap if accepted as so. The error could have initiated at
the time of impression, during casting of the model, during construction of the onlay, or a
combination of factors. Auditing work which is remade or sent back to the laboratory is a
useful learning tool for clinicians and technicians to understand the root cause

a feeling of exhaustion, reduced professional
efficacy and increased mental distance or
feelings of negativity towards one’s job.?® The
most concerning study related to our profession
found that 54.9% of dentists from a cohort of
2,053 reported high levels of job stress, with
over 17% of respondents admitting to thinking
of suicide.” In particular, the demands of a job,
namely role stress, workload, job ambiguity
and work pressure, have been cited as causes
of burnout.* In contrast, engagement is seen as
the polar opposite of burnout and maintaining
engagement is likely to improve dentist-patient
relationships, clinician wellbeing and job
satisfaction.”

When comparing burnout in the aviation
industry, a 2018 study demonstrated that
from a cohort of 1,147 pilots, 40% reported
experiencing ‘very high burnout’* Revealingly,
the same study demonstrated that two key
outcomes, happiness and performance in
simulator training, were related to pilot
burnout. Namely, the higher the burnout,
the greater effect it would have on the pilot’s
overall wellbeing and, as such, would cause a
diminished performance at simulator training.
The authors of this study hypothesised that the
lack of energy due to burnout resulted in pilots
failing to adjust to their optimal preferences
when undertaking simulator training.*
Whether this can be applied directly to dentistry
and dentists operating simulated tasks (or
indeed on real patients) remains to be proven.

Additionally, it was demonstrated that
insecurity about future employment and work
interfering with one’s private life was linked
to high levels of exhaustion.**** With the
aviation industry being subject to thousands
of job losses and even some airlines ceasing
trade in recent months,* many dentists have,
too, been subject to insecurity regarding their
future employment.

Just saying ho’, working time
directives and changing the culture

Engineers are encouraged to report when they
do not have the correct equipment and will
refuse to complete a task should they feel that
safety is being compromised. Furthermore,
engineers are encouraged to declare if they do
not feel safe carrying out a certain task due to
fatigue or lack of skill, even if this results in
a delay in the schedule or turnaround of an
aircraft.

The lack of challenging seniority within the
flight deck deserves mention as it is responsible
for several notable incidents in aviation. These
have often occurred when less experienced and
pliant co-pilots have failed to speak out above
their seniors, even when they were aware of a
malfunction. In 1999, Korean Air 8509 crashed
shortly after departure from Stansted Airport.
Accident investigators were flummoxed that
the various alarms that could be heard on the
cockpit voice recorder were ignored by the
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crew. Investigators concluded that the junior
crew members were reluctant to question the
actions of the experienced captain (based on
cultural tradition), with one description of the
junior crew as ‘fearing dishonour more than
death itself’*

Adhering to working time directives (WTDs)
is central to the safe practice of engineering
within the company. Engineers will never work
more than 12 days in 14 and they will never
work two weekends in a row. Following the
introduction of the controversial reformed
junior doctor contract in 2016, among much
paroxysmal debate, the document stipulated
that no doctor should be rostered for more
than 72 hours of work in a consecutive 168-
hour period and no doctor should be rostered
for more than an average of 48 hours per
week.* Simultaneously, the duty of ‘exception
reporting’ was introduced which mandated
junior doctors to report incidences where
they are working unsafe hours or beyond their
rostered hours.””

For those of our colleagues working in
on-call patterns, although the WTDs apply, it is
likely that these new regulations will be hard to
adhere to and many departments continue to
function on the ‘goodwill’ of their personnel.*®
This perhaps naturally comes with the role of
looking after patients with fluctuating and
unpredictable clinical needs.

Less than 20 years ago, it was normal for
engineers and doctors alike to be working
72(+)-hour weeks due to exemption from
WTDs,” the perceived need for training and
the lack of recognition of how safety-critical
tasks were impaired due to fatigue. It was
agreed that the newer generation of engineers/
clinicians are more open to reporting these
violations and will normalise working in a
shift pattern that complies with WTDs. This
is further enhanced by the introduction of
apprenticeships directly started by airlines
which can engrain this culture from the very
beginning of training.

Most dentists working in the UK are
self-employed.®® Arguably, the role offers
the possibility of flexible working hours,
the freedom to focus on particular skillsets
and offer niche services (for example, facial
aesthetic work), and the potential to earn
financially well. At the same time, however,
many self-employed dentists may feel obliged
to meet targets of dental activity and, as such,
work longer hours to meet these, which raises
the possibility of dentists working while
exhausted to meet contractual demands.

A recent landmark case concerning a
self-employed hairdresser found that the
hairdresser should be receiving the benefits
of an employee considering that the salon she
worked at took a percentage of her earnings
and also dictated her working hours. This
tribunal hearing may set the precedent for
thousands of self-employed dentists, and
may change the way in which dentistry is
delivered and indeed how it is rewarded in
the future.*!

Do not disturb

The use of mobile phones in the workplace is
a well-recognised phenomenon, and although
their advantages are significant,* there is the
potential for devices to interrupt and affect the
safe execution of a task. In a study of 312 nursing
students, 46.2% used their smartphones during
clinical practice, with nearly a quarter (24.7%)
admitting to being distracted by their phones.**
Engineers are given lockers to secure their
personal belongings, and close friends and
family are given the engineering office number
in case of an emergency.

Similarly, in our workplace, there are
warnings and notices during induction
regarding the use of mobile phones and
information governance policy, although in the
authors’ experience, many clinicians will argue
that mobile phones help them to perform their
job effectively and safely, and are commonly
used in a clinical setting.

Engineers performing safety-critical tasks
wear bibs to denote such activity. This has a
twofold effect of warning other colleagues
not to disturb them during this activity and
signposting to other colleagues in that role who
is performing a certain aspect of that task.

In our department, there is no clear visible
identifier to denote who is carrying out which
part of a safety-critical task. Conversely, in
theatre settings, blue scrubs are the common
attire with only name badges to denote our
name and role. In nursing, bibs are given to
nurses who are dispensing drugs for patients
with a clear notice stating: ‘Drug round in
progress — do not disturb,* although the
uptake for this is not trust-wide, let alone
nationwide. Furthermore, some clinicians are
now bearing their speciality/role on their scrub
hat or apron, which has proven to be useful in
major incidents and instances where personal
protective equipment remains worn for long
periods of time (as seen in the COVID-19
global pandemic).
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Root cause analysis and sharing
information

Much of aircraft engineering practice is
governed by local regulations, although there
are overarching regulations set by the European
Union Aviation Safety Agency. The impact of
Brexit on compliance with these regulations is
unknown, although it is unlikely that there will
be any major shifts in practice. The emphasis
on root cause analysis is strong and airlines/
engineering firms are mandated to share this
information with other providers to prevent
the same incident from occurring again.

This is not necessarily the case in healthcare
where, although information sharing is
promoted, it does not necessarily occur, nor
does it necessarily lead to the desired changes.
It is possible that past examples of heavy-
handedness and unfair penalties by regulatory
bodies have scared honest professionals into
keeping safety-critical incidents shrouded in
secrecy.

This culture, however, is changing for the
better. Nationally, there are programmes
dedicated to learning about mistakes
concerning human errors in healthcare and
dentistry,*** and there is ample literature
available relating to developing a safety culture
within healthcare. 74849505152

Conclusion

Some of the factors concerning safety in the
aviation engineering industry have been
highlighted in this piece with comparison to
dentistry and the wider healthcare field. There
are some factors which share common themes
and obstacles. However, it appears that the
engineering industry and aviation industry
have been able to adopt this approach more
swiftly compared to our profession.

Health and safety remain the backbone of
both industries, and the sentiment gathered
is that there is a passion to maintain and
improve safety. Safety defines every action
that is undertaken within the aircraft hangar.
All actions are there to preserve the health
of, and reduce the risk of injury to, one’s self
and the people around them. Challenges exist
and are overcome, some more readily than
others, and often learning from our peers in
non-healthcare-related industries sets the
precedent.
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