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e Orthopaedic and trauma surgeons performing surgery in the COVID-19 pandemic
environment faced problems with availability, use, rationing, modification, compliance and

recycling of personal protection equipment (PPE).

e Orthopaedic and trauma surgeons were not well informed concerning the use of PPE for

aerosol-generating orthopaedic and trauma procedures.
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 Scientific bodies, health authorities and management have provided insufficient guidelines
for the use of PPE in aerosol-generating orthopaedic and trauma procedures.

e The availability of specific PPE for orthopaedic and trauma operating theatres is low.

e Hospital management and surgeons failed to address the quality of operating theatre
ventilation or to conform to recommendations and guidelines.

e Operating theatre PPE negatively affected surgical performance by means of impaired

vision, impaired communication, discomfort and fatigue.

 Existing PPE is not adequately designed for orthopaedic and trauma surgery, and therefore,

novel or modified and improved devices are needed.
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An unknown viral infection causing severe pneumonia
erupted in December 2019 in the city of Wuhan, Hubei
Provence, China, and in January 2020, a novel coronavirus
named SARS-CoV-2 was identified as the causative virus
(1). In March 2020, the World Health Organization (WHO)
declared a global pandemic which dramatically changed
the priorities and activities of public and health systems
(2). For a considerable period of time, elective surgery
was halted and only emergency procedures were carried
out depending on country-specific issues (3, 4, 5). The
rapid global spread of the virus and the lack of specific
treatments led to an increased rate of infections among
the general public and health care workers (HCW), and
measures of social distancing for the public and the use of
personal protection equipment (PPE) for both the public
and HCW were enforced. Various recommendations
for the use of PPE, based on poor evidence, appeared

in the literature for general and orthopaedic surgeons
(5,6,7,8,9).

Soon, various problems with a substantial impact on the
working environment and staff safety appeared related to
the availability, use, rationing, modification, compliance and
recycling of PPE (7,10, 11, 12). Later, it was also observed that
PPE might cause problems to surgeons of certain specialties
and adversely affect their surgical performance, forexample,
due to a negative impact on vision and communication (13,
14, 15, 16, 17). Moreover, evidence-based literature has not
given detailed comparative recommendations for the use of
different kinds of PPE in the operating theatre and even the
WHO has failed to address this issue in the operating theatre
environment (18).

For orthopaedic and trauma surgeons, the control of
disease transmission on the wards and in the operating
theatre is of paramount importance since the majority of
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orthopaedic and trauma emergency and elective surgeries
are aerosol-generating procedures (5, 8, 9, 19, 20, 21).

We report the results of a survey among European
orthopaedicand trauma surgeons, under the auspices of the
European Federation of Orthopaedics and Traumatology
(EFORT), which assesses the perception, availability, usage,
modification, compliance and efficacy of the different types
of PPE used in orthopaedic wards and theatres.

Material and methods

In March 2021, EFORT started a PPE initiative for
orthopaedic and trauma surgeons and the industry. At an
initial stage, due to a lack of reliable data, a questionnaire
was developed in order to attract relevant data. The study
design was a prospective online survey sent to orthopaedic
and trauma surgeons (expert opinion) practising both
Orthopaedics and Traumatology. All participants’ names
were in the EFORT mailing database. The survey was also
sent to members of the European Hip Society, members
of the European Knee Associates and members of other
European National Orthopaedic Societies as well as made
available on EFORT website and newsletters. Approval
from an institutional review board was received from
two different countries (Sweden Ref no 2020-06288 and
Greece Ref no 20/11/2020-02585) despite the fact that
no patient data or personal records were involved. All
respondents were anonymous.

The survey was created with surveymonkey (http://www.
surveymonkey.com, San Mateo, CA, USA), an online data
collection programme . The survey included 24 questions
selected by the EFORT board. It collected demographic
data (working position, level of experience and country of
clinical practice), orthopaedic ward and operating theatre
PPE usage data, PPE availability and training data, and the
surgeon’s subjective impressions regarding PPE efficacy,
safety and the likelihood of adverse reactions during
surgery. A link to the survey was then sent out on the 1st of
December 2020, and the survey was finally closed on the
25th of May 2021. The questions were formulated so that
respondents could choose only one reply. Frequencies and
percentages were calculated for the collected data.

Results

Demographics

The survey was fully completed by 695 respondents. The
country of practice for 684 respondents (98.4%) was
Europe and for 11 (1.6%), it was outside Europe. Four
hundred and seventy-one respondents (67.77%) were
experienced, with more than 10 years ofclinical practice,
and 224 (32.23%) had less than 10 years of clinical practice
as specialists. Of the 695 respondents, 224 (32.23%)
were practising orthopaedics and/or traumatology in an
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academic/university hospital, 305 (43.88%) in a state/
community hospital and 138 (19.86%) in a private hospital
and/or office.

Virus contact

Five hundred and eighty-three (83.88%) respondents had
come into contact with COVID-19-positive patients (either
symptomatic or asymptomatic) in their professional
practice, 67 (9.64%) had not and the remaining 45
(6.47%) were uncertain. Three hundred and fifty-three
(50.79%) respondents had operated on a COVID-
19 patient, 284 (40.86%) had not, while a further 58
(8.35%) were unsure. Five hundred and seventy-nine
(83.31%) respondents stated that they had had at least
one colleague or staff member who developed symptoms
or had a PCR-positive test, 108 (15.54%) had not and 8
(1.15%) were uncertain.

Information

Five hundred and seventy (82.1%) respondents considered
themselves well informed regarding PPE for operating
theatre surgeons in general, 61 (8.78%) did not and 64
(9.21%) were unsure. At the same time, 566 (81.44%)
considered themselves well informed regarding PPE for
HCW in general, 68 (9.78%) did not and 61 (8.78%) were
unsure. Finally, 355 (51.08%) considered themselves well
informed regarding PPE for aerosol-generating (both
orthopaedic and trauma) procedures, 206 (29.64%) did
not and 134 (19.28%) were unsure.

Hospital directives

Four hundred and seventy-six (68.49%) respondents
were aware of the introduction of relevant guidelines for
the use of PPE on the wards, in the clinics or operating
theatres of their hospital, 133 (19.14%) were not and
86 (12.37%) were uncertain. In contrast, only 271
(38.99%) respondents were aware of the introduction
of guidelines for the use of PPE for aerosol-generating
procedures (power tools, pulsatile lavage, electrocautery
and radiofrequency) when operating on COVID-19 PCR-
positive patients in their hospital, 294 (42.30%) were not
and 130 (18.71%) were unsure. Five hundred and sixty-
two (80.86%) respondents confirmed that their hospitals
had separate management pathways for COVID-19 and
non-COVID-19 patients, 111 (15.97%) did not and 22
(3.17%) were unsure.

COVID-19 testing

Five hundred and seventy-two (82.30%) respondents
confirmed that their hospital routinely use PCR testing for
COVID-19 patients, 104 (14.96%) did not and 19 (2.73%)
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were unsure. At the same time, 330 (47.48%) confirmed
that their hospital routinely use antigen testing for
COVID-19 patients prior to surgery, 318 (45.76%) did not
and 47 (6.76%) were uncertain.

Education

Three hundred and forty-seven (49.92%) of the
respondents confirmed that they had been instructed
about the systematic or specific use of PPE, 192 (27.63%)
had not and 156 (22.45%) were unsure.

Availability

Five hundred eighty-nine (84.75%) respondents confirmed
that sufficient amounts of masks, face shields, goggles
and gloves were available in the wards and clinics of their
hospitals, 77 (11.08%) said there were not and 29 (4.17%)
were uncertain. Three hundred and sixty-three (52.23%)
respondents confirmed that there have been temporary
PPE shortages in their hospitals, 238 (34.24%) did not and
94 (13.53%) were uncertain. Operating theatre availability
of PPE in sufficient amounts is shown in Fig. 1.

Operating theatre environment

Six hundred and four (86.91%) respondents confirmed
that routine surface decontamination is performed on
the wards, in the clinics and operating theatres of their
hospitals, 45 (6.47%) did not and 46 (6.62%) were
uncertain. Two hundred and ninety-seven (42.73%)
respondents confirmed that the ventilation system in their
operating theatres had been checked or improved in order
to meet contemporary specifications, 152 (21.87%) said
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Figure 1

Availability (percentage and number of responders) of different
operating theatre PPE is shown.
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it had not and 246 (35.40%) were uncertain. Surgeons’
perceptions of PPE efficacy, safety and possible existence
of adverse reactions during surgery are shown in Fig. 2.
PPE was reported to impair vision in 402 respondents
(58%). The corresponding figure was 331 (48%) for
impaired communication. Surgical fatigue was reported
in 183 (26%) respondents and discomfort in 470
(68%). Impaired surgical performance was reported by
185 (27%).

Compliance

In the case of availability of PPE in the private office or
hospital, along with regulations for its use, the level of
compliance by staff and surgeons with these regulations
is shown in Figs 3 and 4.

Modified PPEs

One hundred and four (14.96%) respondents confirmed
that they had modified PPE in their hospitals, 356 (51.22%)
had not and 235 (33.81%) were unsure.

Discussion

The COVID-19 pandemic has caused dramatic changes
in every step on the patient pathway, from pre-hospital
emergency diagnosis and treatment, emergency
orthopaedic surgery, anaesthesia and post-operative
management (8). The impact on the working environment
and staff safety has been considerable. A year and a
half following the initial pandemic shock, containment
measures such as lockdowns and quarantines were
gradually removed and the medical community has
started to reorganise medical services at various levels

SURGEON's SELF PERCEPTION
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Figure 2

Surgeons’ perception (percentage and number of responders)
of side effects caused by intra-operative usage of PPE is shown.
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Figure 3

Surgeons’ compliance (percentage and number of responders)
with the use of PPE in the private office or hospital settings is
shown.

keeping in mind the possibility of future waves of the
pandemic, perhaps caused by variants of COVID-19.
Orthopaedic surgery has been progressively reestablished
at various rates depending on country-specific issues
(3, 4). Orthopaedic surgery involves several aerosol
procedures with the use of high-speed saws, power drills,
pulsed lavage, suction and the use of electrocautery (5, 8,
9,19, 20, 21). Initially, the possibility of shedding of blood
and wound droplets was overcome with the extensive
use of general PPE such as masks, protective eyewear,
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Staff compliance (percentage and number of responders) with
the use of PPE in the private office or hospital settings is shown.
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goggles and visors. Various other types of PPE were later
used in order to avoid virus transmission on the wards
and in the operating theatre (5, 6, 7, 8, 19, 20). Soon,
serious concerns appeared among orthopaedic surgeons
and other HCWs regarding a lack of comparative efficacy,
scientific evidence, compliance, shortage of materials and
the side effects of PPE usage.

The EFORT board focused on PPE usage problems and
implemented an initiative to improve orthopaedic ward
and operating theatre protection for both orthopaedic and
trauma surgeons and HCWs. We report the results of the
initial survey which was developed as part of a problem-
recognising process. The majority of the 695 responders
were experienced European orthopaedic and trauma
surgeons practising both trauma and elective surgery in
national health systems (43.88%), in academic centres
(32.23%) and in the private sector (19.86%). The vast
majority (more than 80%) of these orthopaedic surgeons
had come into contact with COVID-19-positive patients
and recalled incidences of surgeons or HCWs developing
COVID-19 symptoms in their departments. Moreover, half
of the respondents had operated on COVID-19-positive
patients. The above data clearly show the wide exposure
and vulnerability of orthopaedic surgeons and relevant
HCWs to the COVID-19 virus. The possible exposure and
vulnerability of both general and orthopaedic and trauma
surgeons have been previously reported (5, 6, 7, 8, 9, 19),
but actual numbers and percentages for orthopaedic and
trauma surgeons are first reported in this study.

The vast majority (more than 80%) of the respondents
were well informed considering the general use of PPE for
HCWs and were operating theatre surgeons. However,
only half of them considered themselves informed about
PPE for aerosol-generating orthopaedic procedures.
The mechanism of COVID-19 virus transmission and
the potential hazardous effects of aerosol-generating
procedures for orthopaedic surgery (19, 20, 21, 22) and
other surgical specialties (23, 24, 25, 26, 27, 28) have been
well documented. However, it seems that information
relating to their use is lacking, and more importantly, the
efficacy of available PPE has been unclear (29). Surprisingly,
the use of surgical helmets is questioned, and it is possible
that they may even have a negative effect (21, 22). The vast
majority (more than 80%) of our respondents confirmed
that their hospitals had introduced satisfactory testing and
different management pathways for COVID-19 and non-
COVID-19 patients. Additionally, the majority confirmed
the existence of relevant guidelines for the use of PPE on
the wards, in clinics or in the operating theatres of their
hospitals. Surprisingly, only 40% of the respondents
confirmed the existence of guidelines for the use of PPE
for aerosol-generating procedures when operating on
COVID-19 patients. It seems that health authorities and
hospital management introduced general guidelines
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for the overall management of COVID-19 patients (5,
6, 7, 8, 9). However, it has become obvious that health
authorities and management have not focused on and
have not provided guidelines for the use of PPE in aerosol-
generating orthopaedic and trauma procedures (20, 29).

Despite the introduction of guidelines for the
general (wards and outpatient clinics) or specific (intra-
operative) use of PPE, education about their appropriate
use was lacking, since only 50% of the responders were
trained to use them. No previous report has addressed
this problem either in orthopaedic surgery or in other
surgical specialties. The majority (more than 80%) of the
respondents confirmed that simple PPE (such as masks,
face shields, goggles and gloves) were available in the
wards and clinics of their hospitals, but half of them
recalled temporary shortages. When it comes to more
specific PPE for orthopaedic operating theatres, availability
was far lower. Shortages of either general or specific PPE
during the pandemic have already been reported (27, 30).

The vast majority (87%) of our respondents confirmed
that routine surface decontamination is performed on
the wards, in the clinics and in operating theatres of their
hospitals in line with recommendations and guidelines
(8, 9, 19). Less than 50% of the respondents confirmed
that the ventilation system in their operating theatres had
been checked or improved in order to meet contemporary
specifications and 35% of them were uncertain. The
above data clearly show that hospital management
and orthopaedic surgeons have failed to address
operating theatre ventilation quality or to conform to
recommendations and guidelines (8, 9, 19). The majority
of the respondents confirmed that operating theatre
PPE negatively affected their surgical activity in terms of
visual impairment and impaired communication, also
causing discomfort and fatigue as well as overall impaired
surgical performance. All of the above-mentioned areas
increase the cognitive load on the performing surgeon.
This might negatively affect the quality of care and reduce
PPE compliance if the surgeon perceives discomfort to be
hampering surgical performance. The above data also
clearly show that existing PPE is not adequately designed
for orthopaedic and trauma surgery; this is an open field
forfurtherimprovement (13, 14, 15, 16, 17). The limitations
of PPE use have already been recognised in various surgical
specialties (16, 17, 23, 24, 27, 29) and may explain the
relatively low level (60%) of compliance with their use
found in our study for both orthopaedic surgeons and
staff. A small number (15%) of respondents confirmed that
they had used modified PPE due to either PPE shortages or
in an attempt to reduce virus transmission during aerosol-
generating orthopaedic procedures. The use of modified
PPE for orthopaedic surgery and other surgical specialties
has already been reported (31, 32, 33, 34, 35), and future
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research should be directed towards new developments
and the study of their comparative efficacy.

The main limitation of this study is that it reports
the results of a questionnaire consisting of 24 simple
questions designed in a way to reveal clear answers
from as many orthopaedic surgeons as possible. As a
result, descriptive data are reported only with more
advanced statistical evaluation being impossible. Another
limitation is the diversity of the sample since the majority
of the orthopaedic and trauma surgeons were highly
experienced and working mainly in academic/University
hospitals. The fact that we report data related to the use of
PPE in orthopaedic and trauma surgery for the first time,
the high number of respondents and the clarity of their
answers are the main strengths of the study.

In conclusion, the COVID-19 pandemic has put not only
patient but also surgical staff safety at centre stage. Apart
from virus tests and basic hygiene protocols, the supply,
compliance and safe use of PPE must not be overlooked
in order to evaluate cognitive ergonomics for the surgical
staff and thus ensure optimal surgical performance and
patient safety.
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