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Abstract

This study explores the types of occupational laser injury and their prevalence in each occupation
which occurred from 2010 to July 2019 by using a combination of search terms in 10 sources (seven from
bibliographic databases-Ovid MEDLINE and In-Process, EMBASE, HMIC, PsycINFO, CINHAL Plus,
NIOSHTIC, and PubMed MEDLINE, plus two from the grey literature-UBIRA ETheses and EThOS, and
the last one from a reference list of all included studies). The final selected papers were assessed for quality
by a different form of checklist depending on study type. At least average or above-average quality studies
were extracted using a self-created data extraction form and were then analysed by deductive thematic
analysis. From a total of 2,056 identified papers, 29 were retrieved for data extraction. Some 69.0% of the
retrieved studies were accounted for by healthcare workers (HCWs), 17.2% by aviation, 6.9% by office
work, 3.4% by entertainment, and 3.4% by the military. Type of laser injury was themed among each oc-
cupation. Laser-generated air contaminants (LGACs) were the main type of injury among healthcare work-
ers, accounting for 85.0% of HCWs’ studies (17 out of 20 papers), while ocular injury was the only
published injury type in aviation (all 5 papers). In terms of prevalence, few studies were obtained, making
it impossible to perform a meta-analysis. However, it could be concluded that the main concerned health
effect of surgical smoke was human papillomavirus (HPV) transmission. There were five articles related to
this topic, most showing a low risk of HPV contamination in the air and protective equipment. Only one
paper mentioned that the prevalence of gastrointestinal mucosal HPV type was found among 5.8% of 156
employees who had been exposed to LGACs due to their involvement in the procedure of laser treatment of
patients with genital warts, compared to 1.7% of 115 of those with no history of exposure to LGACs as a
result of the procedure (p=0.12). Essentially, most laser incident reports were commonly known as ocular
and skin injuries. Nonetheless, this result reveals that the highest number of studies was published in LGACs
exposure among healthcare workers. Although there is a growing trend of laser use, the number of published
papers related to this area was too small and could not meet all this study’s research objectives. Therefore,

further study in this area could help to develop more knowledge.
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Introduction

LASER is an acronym for “Light Amplifi-
cation by Stimulated Emission of Radiation”. It is a
device that amplifies optical light and emits it as a
laser beam. Recently, there has been a growing trend
in the use of laser applications in industrial manufac-
turing, medical treatment, science technology, and
other areas intimately bound up with global techno-
logical and economic development.(l) One worldwide
laser market review showed that a more widespread
demand for lasers is expected to the figure of around
15 billion US dollars in the future.”

The current study focuses on occupational
laser injuries, defined as any injury resulting from
exposure to laser hazards during work activity. In
general, although similar equipment is used, different
types of injury can occur depending on the nature of
the work involved. However, despite these differences,
the vast majority of laser-related injuries can be
grouped into two overarching categories — beam or
non-beam - and the overall health effects can be eye
injuries, skin burns, fire, smoke inhalation (plumes).
and accidents such as electric shock and explosion.
% Beam hazards are damage caused by a laser
beam-- not only the direct beam itself but also the
reflection of a beam by a flat or a mirror-like surface.
) Non-beam hazards are other hazards related to
laser use besides the beam or its reflection.”” The
most common occupational injuries fall within the first
category and result in eye injuries and skin injuries.
' However, this data has not been updated for over
10 years. Moreover, there has been no attempt to
summarise the more updated types of laser injury and
analyse their prevalence in each occupation. Therefore,
this is the first study attempt to diminish that knowl-

edge gap.
702

Methodology

This qualitative systematic review study was
conducted as a system and comprises a number of
steps: search strategies, study selection, quality
assessment, data extraction, and analysis. There was
no funding or any conflict of interest in this project.
Only one author conducted all the steps under
supervision due to lack of resources. More information
is given in the following sections.

Search strategies

Scoping searches were carried out using a
number of databases: bibliographic databases, grey
literature, and reference lists. This included seven from
bibliographic databases, namely: Ovid MEDLINE and
In-Process, EMBASE, HMIC, PsycINFO, CINHAL
Plus, NIOSHTIC, and PubMed MEDLINE. The two
sources from the grey literature were UBIRA ETheses
and EThOS. The reference lists of all included stud-
ies were also followed. The terms used in the search
were based on the study’s research objective, name-
ly to explore the type of laser injury by occupation
and its prevalence by using the SPICE framework
(Setting, Phenomena of interest, Comparison, Eval-
uation). The pilot search was conducted using search
terms 1) and a) to e) with title or abstract filter.

1) Laser* AND occupation* or work or
work-related AND injur® or accident® or burn* or
occurrence* or exposure® or incident* or hazard* or
health effect®. ti, ab

a) Laser* AND aircrew* or aviation or
pilot* AND injur* or accident™ or burn* or occurrence*
or exposure™ or incident® or hazard* or health effect™®.
ti, ab

b) Laser* AND worker* or employee* or
engineer® or technician* or industrial AND injur*

or accident™ or burn* or occurrence* or exposure* or
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incident® or hazard* or health effect*. ti, ab

c) Laser* AND nurse* or doctor* or assis—
tant® or physician® or medical AND injur* or accident™
or burn* or occurrence® or exposure* or incident* or
hazard* or health effect*. ti, ab

d) Laser* AND military or soldier* or armed
force® AND injur* or accident® or burn* or occur-
rence™ or exposure* or incident® or hazard* or health
effect®. ti, ab

e) Laser* AND science or student* or sci-
entist* AND injur* or accident® or burn* or occur-
rence™ or exposure* or incident® or hazard* or health
effect®. ti, ab
Study selection

All articles obtained from the databases were
imported to RefWorks ProQuest for management and
screening. After deduplication, all the studies were
screened by title and abstract following the inclusion
criteria, namely:
Setting: Any study about occupation or
which was work-related. In
undetermined cases, it was
included for full-text
screening.

Phenomena of Interest: Laser injury or exposure by
the worker.

Comparison: None

Evaluation:

- The percentage of each occupation ac-
counting for the total number of included studies.

- Type of laser injury by occupation.

- Prevalence of occupational laser injury.
Additional inclusion criteria were observational study,
full-text available, and English language, while ex-
clusion criteria were conference article/guideline,

experimental study, and one case report.

Quality assessment

Quality assessment checklists were used
depending on the study type. The CASP tool Apprais-
al Checklist was used to assess the quality of the
systematic reviews and cohort studies® ™, the CARE
checklist was used to assess case reports, and the AXIS
checklist was used to assess cross-sectional
studies.”"°*" The overall checklists were considered
to have three main sections: internal validity, result
assessment, and applicability. Internal validity was the
assessment of clear objectives, sample size justifica-
tion, how a proper study design should be, etc. Result
assessment was the complete described result. The
applicability was the ability to apply for the local
population and worthy benefits. The scales were shown
in 5 choices: No, N/A, Yes, and if Yes then Poor,
Fair, and Good will be scaled if applicable. Finally,
the overall ranking of each paper was identified by
the percentage of Good and Yes from the overall
components. There were four quality levels of paper:
excellent, good, average, and poor. Higher or equal
to 80% of Good and Yes from overall components
was identified as excellent quality, 60%-79% was
identified as good quality, 50%-59% was identified
as average quality, and lower than 50% was identified
as poor quality.
Data extraction

At least average quality studies and above
were retrieved for data extraction by a self-created
extraction form consisting of 2 main parts: demo-
graphic characteristics and research interest details.
The demographic characteristics were information
about study ID, study type, setting, study population,
and sample size. The research interest details were
occupation, type of laser injury, prevalence, hazard

sources, and knowledge of users.
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Analysis
Deductive thematic analysis, a method for analysing
qualitative data by coding and developing themes

02 was applied

which are existing concepts or ideas
because it is a highly flexible approach and can pro-
vide informative detail. This study was a mix of
qualitative and quantitative data, various study types,
and different settings, and therefore the use of the-

matic analysis was deemed to be an appropriate data

analysis method. There were six-phase process for
doing analysis: familiarisation with the data, coding,
generating initial themes, reviewing themes, defining

and naming themes, and writing up.

Results
Search results and inclusion/exclusion
The full selection process is outlined in a

PRISMA flowchart (see Figure 1).

HMIC
1 Citation(s)

CINAHL
303 Citation(s)

Ovid Medline
30 Citation(s)

PsysINFO
1 Citation(s)

EMBASE
32 Citation(s)

1,898 Citation(s)

PubMed NIOSHTIC

53 Citation(s)

EThOS
0 Citation(s)

Reference Lists
8 Citation(s)

UBIRA ETheses
19 Citation(s)

= 2,056 Non-Duplicate

Citations Screened

Inclusion Criteria

S: Work-related

PI: Laser injury in workers
C:2010-2019

E: Type of laser injury

Exclusion Criteria

2,056 Non-Duplicate
Citations Screened

V

Inclusion Criteria
-Observational study
~Full-text available
Exclusion Criteria
- Conference article/Guideline
- Experimental study
-One case report

92 Articies Retrieved

Figure 1: PRISMA flowchart of the selection process of records for inclusion/exclusion Quality assessment

Overall, the majority of studies were good
quality (57.0% out of 35 papers). At least average
quality studies or above were retrieved for data ex—

traction, totalling 29 papers: 20 out of 24 papers in

HCWS(IHZ), 5 out of 5 papers in aviationm’”), 2

out of 4 studies in office work®*™**

, and one study
each from entertainment and military.(‘m’“) As stud-
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ies in healthcare workers, they were identified as
excellent quality at 12.5% of the total 24 papers in
HCWs, good at 62.5%, average at 8.3%, and poor
qualities at 16.7%.
Study characteristics

The bulk of data was obtained in HCWs.

Hence the study characteristics and the findings from
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only healthcare workers are given in Table 1. The
study populations were varied and depended on study
type, which were medical personnel, medical treatment
environment, and others. The single biggest study type
was cross-sectional studies. A small number of stud-
ies were systematic reviews, literature reviews, cohort
studies, and case reports. The detail of the settings
differed and included laser hair removal (LHR) pro-
cedure, tattoo removal procedure, head and neck
surgery, and CO2 laser for genital wart treatment,
among others.

After deductive thematic analysis, the data
were grouped into five different occupations:
healthcare workers (HCWs), aviation, office work,
entertainment, and military. A total of 29 papers which
were at least average quality studies or above were
retrieved for data extraction. Some 69.0% of the
retrieved studies were accounted for by HCWs, 17.2%
by aviation, 6.9% by office work, 3.4% by enter-
tainment, and 3.49% by the military. The type of laser
injury was themed among each occupation. La-
ser—generated air contaminants (LGACs) was the
main type of injury among HCWSs, accounting for
85.0% (17 out of 20 papers for HCWs) while oc-
ular injury was the only type of occupational laser
injury interest in aviation (all 5 papers in aviation)
as well as entertainment and military (only one paper
each).(1° 139791404 printer Emitted Engineered
Nanoparticles (PEPs) were the main concern in office
work (both 2 papers in office work).¢7%®

In terms of prevalence, few studies were
obtained on which meta-analysis could not be
performed. However, it could be concluded that the
main health effect concern with surgical smoke was
human papillomavirus (HPV) transmission. Five

articles were related to this topic, most of them showing

a low risk of HPV contamination in the air and
protective equipment.>'"'*** Only one paper
mentioned that the prevalence of mucosal HPV type
was found among 5.8% of 156 employees with
experience of laser treatment of genital warts,

compared to 1.7% of 115 of those with no experience
(p=0.12)."%

Discussion

Meanwhile, this study has attempted to
systematically collect data from multiple sources, a
procedure which could help to reduce selection bias
and increase more accurate findings on the situation
with laser accidents. At least average or above-
average quality studies were analysed to filtrate a
higher quality of data. The main limitation of this
study is that the review conducted by only one
reviewer due to a lack of resources. To our knowledge,
it is the very first study attempts to summarise and
update new types of laser injury and their prevalence
in several themed occupations. Essentially, most of
the laser incident reports were widely known as
ocular and skin injuries.””” This current study was able
to reveal that LGACs exposure among HCWs was of
high interest among published papers, while ocular
injury was the only published injury type in
aviation."**"**"*") For the remaining occupations, the
number of studies (around 1-2 studies) was insuf-
ficient, and therefore it should be borne in mind that
the results might not be an accurate reflection of
reality.®**"

In terms of prevalence, meta-analysis
cannot be performed due to the high heterogenicity of
information. The data for the risk of mucosal HPV
type came from only one study.(w) Moreover, the
other studies displayed a low risk of HPV contami-
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nation in air and equipment.(15’17’19’3°) Therefore, this
study could assume that the risk of HPV transmission
by surgical plume is quite low. Nevertheless, further
research focusing on occupational HPV infection from

surgical smoke to obtain richer data is required.

Conclusion

This study found that there were different
interest types of occupational laser injury in each
occupation. LGACs were the main focus among HCWs
whereas ocular injury is still the main focus in
aviation. Although there was worldwide laser use, the
number of published articles in occupational laser
injury still faces huge limitations. There was an
insufficient number of papers to reveal even the type
of laser injury in other occupations, except for HCWs
and aviation. Moreover, this limitation meant that it
was not possible to conduct a meta-analysis to obtain
any prevalence. The overarching important conclusion
to draw is that a large amount of further research
focusing on various aspects of occupational laser

injury is urgently needed.
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