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Abstract
Background: Functional endoscopic sinus surgery is a common procedure performed within otolaryngology, but it
carries potential for significant life-changing complications. It is therefore essential that trainees undergo adequate
training. The European Working Time Directive has led to reduced operating time for the trainee surgeon. With
variable access and the cost implications associated with cadaveric specimens, simulation can be an invaluable
educational resource in surgical training. The current literature regarding the various simulation methodologies
that have been used in functional endoscopic sinus surgery training is discussed.

Method: A literature search was conducted using the key words ‘nasal’, ‘nasal polyps’, ‘endoscope’, ‘education
and simulation’, ‘endoscopic sinus surgery’ and ‘training’.

Results: Twelve articles were identified; of these, eight trialled the use of simulators, two utilised ovine models
and two used task trainers.

Conclusion: Simulation has shown benefit in functional endoscopic sinus surgery training; however, a robust
platform accessible to ENT trainees is lacking.
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Introduction
Functional endoscopic sinus surgery (FESS) is
amongst the most common procedures performed by
an otolaryngologist. It is the ‘gold standard’ option
for the majority of nasal and sinus disorders, and is
minimally invasive, with both diagnostic and thera-
peutic benefits.1

Endoscopic sinus surgery is performed in a small but
complex anatomical space, in close proximity to import-
ant structures such as the orbit, optic nerve, internal
carotid artery and other neurological structures.2 As a
result, there can be associated major complications
such as cerebrospinal fluid leak, nasolacrimal duct
damage, blindness, haemorrhage and meningitis.2,3

Orbital and intracranial complications are amongst the
most commonly reported complications in medicolegal
cases.4 Iatrogenic complications occur in 5–30 per cent
of patients; therefore, appropriate training and operative
experience are required to reduce the risk of surgical
error.5

Otolaryngology trainees are expected to have
detailed knowledge of the anatomy and physiology of
the nose and paranasal sinuses. Approaching the
sinuses endonasally through the nostrils can present

the anatomy in an unfamiliar fashion.6 By the time of
training completion, UK trainees are expected to be
at a surgical curriculum level 4 (able to perform proce-
dures fluently without guidance) in several components
of endoscopic nasal surgery, including middle meatal
antrostomy, uncinectomy, nasal polypectomy and
anterior ethmoidectomy.7 A good grounding in the fun-
damentals of endoscopic nasal surgery provides a solid
platform for any trainees wishing to pursue a special
interest in advanced endonasal and skull base surgery.
For a trainee to be competent in a procedure, thor-

ough operative experience in that technique is required.
Skills in medicine, particularly in surgical practice,
have traditionally been initiated and developed in
patients undergoing surgery. The adage ‘see one, do
one, teach one’ is no longer an appropriate model for
medical education. Coupled with the increasing work-
load of a trainee surgeon and the European Working
Time Directive, time in the operating theatre can be
limited.8,9 Simulation and courses offering cadaveric
specimens can provide essential training to compensate
for this.8

Medical simulation provides an educational, safe and
realistic environment, where trainees can repeatedly
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practice clinical scenarios or perform skill sets transfer-
rable to real life.10 Simulation can vary from simple
trainers, designed to build on hand–eye co-ordination,
haptic feedback and task exercises, to high-end work-
stations simulating whole procedures.10 Simulation is
already used in other surgical disciplines such as neuro-
surgery, ophthalmology, general surgery, obstetrics
and gynaecology, and orthopaedics. Studies have
already shown the benefits of surgical simulation,
with a reduction in errors and improved surgical per-
formance for trainees who had simulation experi-
ence.11,12 A study published in 1998 recommended
that cadaveric dissection be performed at an early
stage, preferably before the trainee’s first operation on
a living patient.6 However, the cost, limited availability
and accessibility of cadaveric specimens necessitates
other forms of training methodologies in FESS.
This article provides an overview into the current

methodologies used to train novice surgeons in
FESS, their effectiveness and what assessment tools
are available.

Materials and methods
A literature search was conducted using the electronic
databases Embase and Medline. Key terms used in
the search included ‘nasal’, ‘nasal polyps’, ‘endo-
scope’, ‘education and simulation’, ‘endoscopic sinus
surgery’ and ‘training’.
A total of 32 articles were returned from the search.

Conference abstracts, letters to editors, non-English
language articles and those not relating to training
were excluded. Other articles of interest were found
through reference lists of included studies and were
subsequently obtained through Open Athens.
The inclusion criteria for articles included: papers that

investigated FESS training involving the use of virtual
simulators, ovine models and task trainers. There were
no restrictions on study population, trainee grade or
publication year. A total of 12 studies were found:
2 involving simple task trainers, 8 using simulators
and 2 using ovine models.

Results
The study publication dates ranged from 1998 to 2016.
All 12 papers were published as full-text articles and in
the English language. All studies were prospective,
with candidates of varying medical experience
ranging frommedical students to expert sinus surgeons.
Two studies assessed candidates with questionnaires,
six studies involved task-related assessments, and
four studies incorporated both questionnaire and task
assessments.

Simulators

Eight studies were identified to have used a simulation
platform for sinus surgery training.2,13–19 Sample size
varied from 5 to 111 participants, and studies consisted
of participants with varying levels of experience,
ranging from medical student to experienced surgeon.

Of the eight studies, six were virtual reality based and
twowere based on real anatomicalmodels.Of the virtual
reality simulators, three used the Endoscopic Sinus
Surgery Simulator (‘ES3’), one study involved valid-
ation of the McGill simulator for FESS and the remain-
ing two used unspecified software.
The majority of the studies were validation studies

assessing the simulators in terms of face, content and
construct validity. Few of the studies assessed
whether there was a correlation between performance
on a simulator and level of experience in endoscopic
nasal surgery. Five out of six of the studies assessed
candidates on sinus surgery skills such as uncinectomy,
maxillary antrostomy, and anterior and posterior eth-
moidectomy in a simulated environment.2,13,14,16,19

One study assessed the use of haptic feedback, with
and without visual aids, in the development of transfer-
rable skills for FESS.18 One study assessed the correl-
ation between results on the Endoscopic Sinus Surgery
Simulator and the results from assessment of skills
deemed necessary for the procedure, such as depth per-
ception, spatial awareness and instrument handling.2

One study assessed the role of operating performance
simulation in junior residents on their first endoscopic
nasal operation.14

Both studies investigating simulation on a real ana-
tomical model used the Sinus Model Otorhino Neuro
Trainer (‘SIMONT’).15,17 One study assessed the
benefit of this type of simulation on two groups of sur-
geons based on experience with sinus surgery.17 The
other looked at adapting the Sinus Model Otorhino
Neuro Trainer into a more cost-effective trainer and
considered what benefits this had on trainees.15

Two of the simulator studies utilised questionnaires,
two used task-related assessments, and four combined
both tasks and questionnaires as a means of assessing
either candidate performance or the value of the simu-
lator. Questionnaires were mainly based on Likert
scales.
Overall, the studies showed a positive correlation

between the level of experience of the surgeon and per-
formance on a simulator.13,16,19 For more junior trai-
nees, repetition of tasks often led to an improvement
in performance and decreased the task time in the simu-
lator suggesting an increase in confidence.17 Most
junior trainees felt simulation was useful in demonstrat-
ing anatomy and in the development of transferrable
skills, with one study positively showing that junior
trainees who had prior simulation training performed
better in their first endonasal sinus operation compared
to trainees who had not.13,14

Task trainers

Two of the studies identified involved the use of
task trainers.20,21 Both studies utilised the same, self-
constructed platform, but each study had different objec-
tives. The task trainer was constructed out of synthetic
and organic materials for under US$5.00.22 The first
study was a validation study assessing the task trainer
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in terms of realism.21 Although it scored poorly in this
domain, the task trainer was thought to be beneficial
in developing hand–eye co-ordination and camera
skills. The second study, using the same task trainer,
observed candidate performance on the task trainer
pre- and post-training.20 It found significant improve-
ment in performance with repeated practice, as
measured in a procedural checklist. In addition, it
suggested that combining an objective structured
assessment of technical skills with the model could
potentially determine competency outside the operating
theatre.20 The studies highlighted the benefits of a low-
cost alternative for novice surgeons in the development
of skills needed for FESS.20,21

Ovine models

Two of the studies identified used an animal model as a
training tool, with both employing a sheep’s head.23,24

The models used in these studies allowed the partici-
pants to perform various sinus surgery techniques on
the specimens. One study showed a positive correlation
between experience and performance.23 Both studies
used task-related assessments in evaluating candidate
performance. It was found that repeated practice led
to shorter dissection times and that an ovine model
would be useful in allowing early year trainees to
acquire endoscopic skills.25

Discussion
This overview highlights the current types of training
and assessment in FESS training, with 12 studies
identified. Six of the 12 studies were based around
virtual reality, with the most recognised simulator
being the Endoscopic Sinus Surgery Simulator. Two
of the 12 were based on real anatomical models (Sinus
Model Otorhino Neuro Trainer), 2 studies used animal
models and the final 2 used a task trainer. Simulation
needs to produce a realistic environment that
represents the actual surgical procedure (face validity).
Furthermore, it needs to be able to deliver what it set
out to achieve (content validity) and to be able to differ-
entiate between varying levels of experience amongst
candidates (construct validity).25

The Endoscopic Sinus Surgery Simulator was devel-
oped by the company Lockheed Martin between 1995
and 1998, in association with the University of
Washington, Ohio State University and the Ohio
Supercomputer Center. The Endoscopic Sinus Surgery
Simulator utilises virtual instruments with haptic feed-
back, in a three-dimensional anatomical environment
derived from computed tomography images. As the
student advances through the training, they are given
more complex tasks to perform.26,27 The Endoscopic
Sinus Surgery Simulator has been validated by several
studies assessing performance on the simulator against
visuospatial, depth perception and hand–eye co-ordin-
ation abilities.2 It has been proven to demonstrate con-
struct validity, with the simulator able to distinguish

between three levels of experience in surgeons.16 It is
the only simulator that has been correlated with an
improvement in surgical performance in the operating
theatre, albeit with a small sample size.14

The McGill virtual simulator had some initial evi-
dence supporting its use as an educational tool; it
scored highly on realism, and can differentiate
between senior and novice surgeons. It has not yet
been as thoroughly validated as the Endoscopic Sinus
Surgery Simulator. Other virtual reality simulators
were often found to be more beneficial to junior trai-
nees in developing anatomical knowledge or basic
skills such as instrument handling.13,18

The Endoscopic Sinus Surgery Simulator is no
longer in production. Newer simulators have been
developed, but have not yet been validated or assessed
for trainee benefit.28 Use of the Sinus Model Otorhino
Neuro Trainer anatomical model has been associated
with an improvement in participants’ surgical ability.
The model can be adapted to individual needs.
However, only one dissection can be performed
before the model needs refurbishment. One study
attempted to bypass these additional cost implications
by adapting the model with the use of eggs as a
cheaper alternative.17,29

Ovine models and task trainers are considered to be a
cheaper alternative to simulators. Task trainers, though
inexpensive, did not prove to be a realistic alternative,
although they were useful in developing basic endos-
copy skills. Ovine models, in particular a sheep’s
head, are not expensive models. However, the nasal
anatomy of a sheep varies considerably from that of a
human. Nevertheless, such models allow trainees to
perform various surgical manoeuvres similar to those
in real life. Some procedures, such as opening of the
sphenoid sinus, could not be performed reliably, as
the necessary anatomical landmarks are absent in the
sheep. One study demonstrated construct validity
using a sheep’s head, by distinguishing between
novice, intermediate and expert surgeons through com-
paring task-specific scores.23

Simulation was, on the whole, well received in all
studies reviewed. The benefit appears to be most
useful in junior trainees who have had little to no
experience in endonasal sinus surgery, which was
also demonstrated in studies when most complications
were encountered.19 The benefit of simulation appears
to be less for more experienced surgeons when realism
is more important. Besides the Endoscopic Sinus
Surgery Simulator, the others did not have a progres-
sion element to the training, instead only offering a
single training session. Studies that involved task repe-
tition universally showed an improvement in perform-
ance and decreased task completion time when the
initial and final attempt were compared.16,17,21,24

Despite the use of task-related assessments and ques-
tionnaires, there was a lack of a standardised assess-
ment for these simulators. Whilst simulation has been

FUNCTIONAL ENDOSCOPIC SINUS SURGERY TRAINING AND ASSESSMENT 135

https://doi.org/10.1017/S0022215117002183 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215117002183


shown to improve surgical performance in other disci-
plines, this has yet to be replicated in FESS at a signifi-
cant level.

• There are few studies reviewing the general
use of simulation in ENT as a whole

• No studies have reviewed use of simulation
solely in functional endoscopic sinus surgery
(FESS)

• Studies have proven the benefit of simulation
in FESS training

• There is a lack of robust accessible platform
for FESS training

Simulation, whether virtual or anatomical, or animal
models and task trainers, will form a more important
aspect of surgical training in an ever-changing
medical career. Time constraints in the operating
theatre, which lead to diminished operating exposure,
could be compensated by a face-, content- and con-
struct-validated surgical trainer, with tasks varying in
difficulty, feedback and out-of-hours accessibility.
The use of inexpensive task trainers would allow the
most junior trainees to practice instrument handling,
depth perception and hand–eye co-ordination in a
safe environment.

Conclusion
There are limited studies detailing training and assess-
ment in FESS. Whilst all the studies identified showed
a benefit to trainees, none of the simulators have been
regularly incorporated into a training curriculum. The
Endoscopic Sinus Surgery Simulator came closest to
being part of resident education in North America;
however, it is no longer in production and has limited
availability. Simulation is an invaluable training tool
for trainees, but at present there is no accessible and
robust platform widely available for its integration
into training programmes.
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