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Abstract: Globe injury is a serious worldwide public health issue frequently leading to
permanent vision impairment. The plethora of different types of globe injuries is classified
into categories, including open and closed globe injuries. Globe injury occurs mainly in the
workplace and at home, affecting predominantly middle-aged working men. Socioeconomic
status (SES) is defined by income level, educational attainment, and employment status. Low
socioeconomic status has been associated with a higher incidence of globe injury and can be
utilized to identify at-risk populations. For managing open and closed globe injuries,
different strategies are applied and the implementation of adequate globe injury prevention
measures is needed for reducing the occurrence of globe injury. The following article aims to
provide an overview of globe injury characteristics and their correlation with socioeconomic
status and to highlight the significance of considering SES as a variable in globe injury
prevention.
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Introduction
Globe injury, defined as a superficial or intraocular injury or wound caused by
a mechanical agent resulting in varying degrees of tissue damage to the eye or the
adnexa, presents a serious public health issue worldwide."? It remains one of the
leading causes of acquired visual impairment across all age groups, with patients
sustaining globe injuries requiring hospital admission and/or surgical
management.>* Current data estimate that each year 55 million cases of eye injuries
occur resulting in 16 million cases of bilateral blindness and 19 million cases of
unilateral blindness.>® It is easily understood that globe injury imposes a serious
negative impact on the patient and the health system as a whole,” with conse-
quences varying but not limited to: the psychological, physical, and socioeconomic
effects of visual impairment on the patient (limited career opportunities, lifestyle
changes, etc.), the cost of medical expenses for the patient and their families and the
economic burden of the health system tasked with managing these cases.’
However, while ocular injury presents a wide spectrum of location, nature, and
cause of injury,® one of its main features is that, contrary to other causes of visual
impairment, 90% of eye injury cases can be prevented.”'® Therefore, to create
effective preventing measures, there is a need for a thorough understanding of the
epidemiology and potential risk factors of globe injuries.'' One of the key risk
factors repeatedly reported in several studies concerning globe injuries is socio-

economic status (SES)."*!'%!*"1> The incidence of ocular trauma tends to be higher
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in patients of lower SES, meaning of lower education,
occupation and income status. By studying the role of
socioeconomic status in globe injuries and, therefore,
defining which population is truly at risk, the best strategy
for the prevention of globe injuries can be achieved.

This review article offers a comprehensive overview of
the relation between socioeconomic status and globe inju-
ries and its potential role in creating effective preventive
measures.

Classification of Globe Injuries

Various models have been created by the scientific commu-
nity to classify ocular trauma and predict the final visual
outcome.'®'® To standardize the terminology of eye injury
and accurately describe eye injuries of all types, various
ocular trauma societies use the Birmingham Eye Trauma
Terminology (BETT). According to BETT, which uses as
the tissue of reference the entire globe, eye injury is divided
into open globe injury and closed globe injury. Open globe
injury is defined as a “full-thickness wound of the eyewall”
and closed globe injury is defined as a “non-full-thickness
wound of the eyewall”. When referring to the eyewall, for
practical purposes, only the sclera and cornea are taken into
consideration. Open globe injury is subdivided into rupture —
meaning “a full-thickness wound of the eyewall by a blunt
object” and in laceration — meaning “a full-thickness
wound of the eyewall by a sharp object”- which further
injury
(entrance wound only) and perforation (entrance and exit

entails intraocular foreign bodies, penetrating
wounds). Closed globe injury is further divided into lamel-
lar laceration, defined as “a partial-thickness wound of the
eyewall”, and contusion, meaning “a blow to the eyewall
causing partial-thickness wound”.""'

The Ocular Trauma Classification Group has created
a system based on BETT, to classify mechanical injuries of
the eye, excluding chemical, electrical, and thermal ocular
injuries. This system categorizes both open and closed eye
injuries according to four parameters: type of injury, based
on the mechanism that caused the wound, grade of injury,
meaning visual acuity at the initial examination, presence
or absence of a relative afferent pupillary defect, and zone
of injury."’

In 2002, Kuhn et al created the Ocular Trauma Score
(OTS), which acts as a prognostic tool in open globe
injuries for predicting the final visual outcome. The vari-
ables necessary to calculate OTS at initial clinical presen-
tation are initial visual acuity, rupture, endophthalmitis,
injury, detachment, and afferent

perforating retinal

pupillary defect.'® Another prognostic model for open
globe injuries was created by Schmidt et al using the
classification and regression tree (CART) analysis. CART
is used to predict vision survival or no vision and is
commonly used as a guide following treatment.'® Since
the development of these prognostic models, several stu-
dies have assessed their accuracy in predicting the visual

8,22-25

outcome, with some suggesting modifications to the

2627 in order to include

variables taken into account,
a broader range of ocular injuries, such as adnexal injuries
and nonmechanical injuries.”® Nevertheless, these models
present a useful tool in the hands of the clinician to
achieve the fastest assessment of the trauma and the best

suitable management decision.

Epidemiology of Globe Injuries
Several studies have analyzed the epidemiology of globe

1- 11,23,27,29— . - .
3.5.68.9,11.2327.29-37 15y industrialized countries,

injuries.
traumatic eye injuries are the most common cause of visits
to the emergency room.’” Hospital admission and further
treatment are often needed for these type of injuries,
whose incidence reportedly ranges from 8.6 to 89 per
100,000 population-years.®> Across all studies, some uni-
versal characteristics of globe injury can be observed.
There is a clear male predominance, with the male to
female ratio in some studies reaching a 4:1.'611.23.32
This can be attributed to occupational exposure, risk-
taking activities, and harmful behavior, such as alcohol
consumption.””  Unilateral globe injuries are more
common,” with most patients being in their third decade
of life."**3® The most common location where the
injury occurred was either the workplace'~1:23-31.32
or the home.®** The most frequently reported mechanisms
of injury were: trauma by foreign objects including
organic objects, such as particles of sand or wood and
such as wire, metal bar, nail,

metal objects,

hammer, %211

penetrating injuries by pellets, firecrackers
and equipment explosion, shotgun injuries, motor vehicle
crashes and domestic accidents like falls.®"!

Interestingly enough, when analyzed according to sex,
the male prevalence was reported in all mechanisms of
injury except domestic falls, where the majority of patients
were females.>'*® When the mechanism of injury was
organized according to age groups, motor vehicle acci-
dents, explosions, and shotgun injuries were more com-
mon in younger patients in their early third decade of life,
trauma by foreign objects was most common in the mid-
dle-aged working population and domestic falls were more

2 6 https:
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common in the elderly, possibly due to comorbidities like
connective tissue disease, osteoporosis and degenerative
neurological diseases.®""+3°

As far as the type of injury is concerned, there were
conflicting results regarding the proportions of open and
closed globe injuries, with some studies reporting similar
percentages for both,> others reporting more closed globe
injuries, and others reporting a predominance of open
globe injuries.® Nevertheless, for open globe injuries, the
most common conditions were an intraocular foreign body,

3611 while for closed

corneal penetration, and rupture,
globe injuries lamellar lacerations, contusions, traumatic
lens subluxation or dislocation, and traumatic corneal ulcer
were most frequently observed.'+°

Factors influencing the final visual outcome in all types
of eye injuries included: initial visual acuity, corneal and
anterior segment wound, posterior extent and length of the
wound, presence of hyphaema or retinal vitreous patholo-
gies, such as vitreous prolapse, optic nerve damage, and
others.''** Injuries classified as Zone III had a poorer
prognostic result compared to other zones,’' while when
injuries were limited to the eyelid or adnexa the final
visual outcome was better compared to both open and

closed globe injuries.’

Overview of Socioeconomic Factors
Socioeconomic status (SES) has been defined as

a broad concept that refers to the placement of persons,
families, households and census tracts or other aggregates
with respect to the capacity to create or consume goods
that are valued in our society.®

Several factors comprise and define socioeconomic status.
Traditionally, SES is measured by employment status,
educational attainment, and income level. Employment
status is further defined as being employed, unemployed,
or belonging to a specific occupational group (eg, agricul-
tural workers). Educational attainment is assessed by the
continuous years of education completed and the creden-
tials earned (eg, high-school diploma, bachelor’s degree,
master’s degree, Ph.D., etc.). Income level includes the
individual’s annual income, the annual household income,
and/or the family income.*~°

In order to categorize SES, several different indexes
have been utilized, with the Hollingshead (1975) four-
factor index of SES being one of the most frequently
used to accumulate an SES score. The four factors used
in the Hollingshead index are: education, occupation, sex,

and marital status. Education status receives a 1 through 7
score, with 1 representing a less than a seventh-grade
education and 7 being graduate training. Occupation
receives a | through 9 score, with 1 being equal to farm
laborers/menial service workers and 9 being equal to
higher executives, proprietors of large businesses and
major professionals. Both scores are weighted to compute
a single score, ranging from 8 to 66, which corresponds to
five social strata (major business and professional/medium
business, minor professional, technical/skilled craftsmen,
clerical, sales workers/machine operators, semiskilled
workers/unskilled laborers, menial service workers)
(Hollingshead AB. Four Factor Index of Social
Status; 1975. [Unpublished document, Yale University,
New Haven, CT]).

It is well accepted that low socioeconomic status plays
a role in an individual’s health, morbidity, and mortality.
SES impacts an individual’s health status through control-
ling aspects like access to medical facilities, participation
in health screening, medical insurance, and more.>’
Unfortunately, information about an individual’s SES is
usually not collected, therefore it is often hard to assess the
at-risk population through socioeconomic factors. The
need to assess these factors is particularly prominent in
globe injuries, due to the large role that socioeconomic
factors seem to play in globe injuries’ epidemiology.
Workplace, as it has been aforementioned, is the most
common location for eye injuries to occur.’ In industria-
lized countries, the construction and manufacturing indus-
try present the highest incidence of globe injuries, while in
countries with mainly agricultural workers there is
a higher risk of eye injuries due to environmental expo-
sure, lack of protection, and adverse working conditions.'
Socioeconomic factors also have an impact in urban socie-
ties influencing high-risk behaviors, such as urban vio-
lence, gunshot injuries, motor vehicle crashes, sports
practice, etc., which are often responsible for many types
of globe injury.*!

Socioeconomic Status and Globe
Injuries

Through several studies, a trend has been reported for the
rising prevalence of globe injuries with rising socioeco-

39 ethnic

nomic deprivation,'->"-%10:14:364192 [ymiorants,
minorities,*' non-permanent residents,® and residents of
rural areas outside the bigger city centers,'”> all had

a higher incidence of globe injuries reported. This could
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be because it has been noted that residents outside city
centers choose to seek help only in more serious cases.>
However, Low et al reported that lack of geographical
access played no role in the incidence of eye injuries and
other factors, such as health-seeking behavior, patient
anxiety, patient education, etc., should be considered.’
Employment status and type of occupation play also
a crucial role across most studies in the globe injury
occurrence. In both rural and urban areas,” people con-
ducting manual work, such as industry works, factory
workers, and construction workers, had a higher preva-
lence of globe injuries when compared to non-manual
workers, liberals, and civil servants.'***™* Especially
high incidence was reported in younger inexperienced
manual workers*® and more occupational accidents were
reported in the years of the economic crisis, possibly due
to the unemployment rates resulting in workplace tension,
the bigger volume of work, and disregard for safety
issues.® Educational attainment seemed to be impacting
the occurrence of globe injuries, with studies reporting
participants having a lower educational status than the
general population,® namely many having completed mid-
dle school™** or high school.'"* This correlation may be
because people with higher educational status are better
informed and thus exercise more caution and/or on the
other hand, people with lower educational attainment
acquire jobs with more exposure to harmful conditions.'*
Financial status influenced the incidence of eye injuries.

14 residence in

poorer and deprived areas,' no health insurance,'*** or

Individuals with a lower annual income,

benefiting from financial relief programs,’” demonstrated
higher rates of eye injuries, probably due to lacking the
necessary resources to deal with these type of injuries and
also being disproportionately exposed to high-risk
conditions.'® For people especially living in socioecono-
mically deprived areas, another factor influencing the pre-
valence and mechanism of injury was intoxication, leading
to higher rates of injuries via assault,” a phenomenon
connected to low socioeconomic status by the theory pre-
viously described as “social selection or drift”.*® A similar
correlation between SES and ocular trauma has also been
When taken
together as a whole, studies outlined that socioeconomic

described for the pediatric population.*’

status correlated with the incidence of eye injuries, with
people of lower socioeconomic status or people living in
socioeconomically deprived areas exhibiting higher per-

S 241
centages of eye injuries.™

Management of Globe Injuries
Assessment of ocular and periocular injuries can be an
intimidating task and the utmost efficacy and speed are
often needed. A thorough medical history is taken to
determine age and occupation, the extent and mechanism
of injury, a prominent example being chemical injury
where the nature of the chemical determines the nature
of the treatment, time and place of injury, treatment of the
injury before the presentation and previous ocular and
medical history.*® Furthermore, an ocular examination is
performed including inspection for obvious injuries such
as contusions and intraocular foreign bodies, assessment of
visual acuity and orbital wall, ocular mobility and adnexae
integrity, careful exploration of the upper and lower fornix,
conjunctiva, cornea, and sclera, and anterior chamber for
the presence of lacerations, foreign bodies, hyphaema and
more, evaluation of the presence of the relative afferent
pupillary defect (RAPD), estimation of the lens and pos-
terior segment morphology and measurement of the intrao-
cular pressure (IOP).*>° Based on the findings, globe
injuries are classified as non-globe injuries, mechanical
globe injuries, or non-mechanical globe injuries. The
mechanical globe injuries are further classified according
to the Birmingham Eye Trauma Terminology (BETT)
system.' "
The management of open globe injury entails protec-
tion of the eye with a plastic/metal shield, CT scan of the
brain and orbits and/or gentle b-scan ultrasound to detect
and rule out intraocular foreign bodies (IOFBs), adminis-
tration of systemic antibiotics within 6 hours of injury,
tetanus toxoid and if needed antiemetics and analgesics
and arrangement for surgical repair.’®>' Intravitreal anti-
biotics are recommended in patients with a high risk of
infection, eg, retained IOFBs, rupture of the lens capsule,
long delay of surgical repair.’® In the case of IOFBs,
surgical extraction is considered due to the potential com-
plications of leaving IOFBs in place. The nature of the
IOFBs determines the treatment strategy: organic IOFBs
degrade over time and are removed due to the high risk of
orbital cellulitis, small, deeply stationed metallic objects
can be managed conservatively, metals such as iron, cop-
per, and ferromagnetic IOFBs have a risk of severe inflam-
mation and are removed, gunshot pellets are made of 80—
90% lead and 10-20% iron and thus are removed.”” It is
important to note that the timing of surgery plays an
essential role in the treatment. Patients of lower SES,
due to limited access to healthcare, often have a delay in

2 8 https:
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presentation, which can significantly influence the treat-
ment plan and final outcome.”

The management of closed globe injury includes con-
tusion, protection of the eye with a plastic/metal shield and
in the presence of hyphaema, positioning of the head at
3045 degrees, cycloplegics for the affected eye, and
avoidance of antiplatelet/anticoagulation medications. For
lamellar laceration, administration of antibiotic ointment
and a pressure patch for the first 24 hours for comfort, for
large lacerations (>1 to 1.5 c¢cm) suturing may be applied
and in the case of dirty wounds, tetanus toxoid may be
administrated.’™>" If superficial foreign bodies (FBs) are
present, a topical anesthetic is applied and the FBs are
removed either with a cotton-tipped applicator or with
irrigation. The Rust ring left by metallic FBs is removed
as completely as possible, the pH is evaluated if
a chemical injury is suspected (eg, alkali from fireworks)
and antibiotic ointment is instilled.>® For chemical injuries,
rapid irrigation of the affected eye with saline or Ringer
lactate solution or tap water in the absence of both is
necessary.”'

Prevention of Globe Injuries

In contrary to the plethora of information about the descrip-
tion and occurrence of globe injuries, relatively less data are
available on the aspect of globe injury prevention.>*
Considering the risk of permanent visual impairment, the
need for hospitalization and the burden of globe injuries on
the individual and the health system as a whole, globe
injury prevention strategies present a clear priority as
a public health issue.’> Eye protection devices are selected
based on the activity that imposes a risk for eye injury. They
act as a barrier between the eye and mechanical, thermal,
chemical, radioactive, and actinic injury.”* As mentioned
before, a large number of eye injuries occurred in the work-
place. In theory, it is mandatory to use eye protection
devices while being in the workplace, especially for high-
risk occupations like the construction industry and
agriculture.>>> However, several studies reported that the
vast majority of individuals sustaining eye injury were not

using eye protection*8:32:44:56.57

nor were they informed of
the dangerous properties they were handling or how to
perform first aid in case of an injury.'*® Possible reasons
for this behavior may include discomfort from the device,
vision limitation, shyness, and lack of proper education.>**

Educational programs raising awareness are required for
all workers. By underlining the high risk of permanent

vision impairment through an eye injury, attention will be

brought to the subject of accurate use of eye protection in the
workplace and, in this current digital era, social media could
be major contributors to this cause.® Furthermore, additional
measures should be taken according to the mechanism of
injury. In construction, industrial industry, and agriculture,
face masks and shields could be implemented to protect the
eye and the adnexae from mechanical injuries. In agricul-
ture, sunglasses may be needed for protection from exces-
sive sun exposure. Visual ergonomic measures, such as blue
light filters, are proposed for those working in the technolo-
gical industry.®’ As far as sport-related eye injuries are
concerned, sports are classified as low, high, and very high
risk.®? In the high and very high-risk sports, such as racquet
sports, hockey, lacrosse, baseball, basketball, and water-
sports, facial protection cages and polycarbonate eye and
facial protectors are available.”'** Prohibiting firecrackers,*®
implementing seatbelts and airbags, and educating about
traffic regulations and guidelines,”” have been noted to
reduce the incidence of firework-related and motor vehicle
crash-related eye injury, respectively. Fall prevention strat-
egy should also be implemented and specifically to the
population at risk, ie, women and the elderly.®” It must not
be forgotten that since the prevalence and characteristics of
ocular injuries are variable, preventive strategies need to be
designed based on the special characteristics of each
population.

Conclusions

Globe injury is a serious global public health issue result-
ing frequently in permanent vision impairment. It is clas-
sified into various categories including open and closed
globe injuries. Its incidence is higher in the workplace and
at home, with the population mainly affected by it being
middle-aged men. Many mechanisms of injury have been
identified including but not limited to: foreign objects,
motor vehicle crashes, and domestic accidents like falls.
Socioeconomic status defined by income level, educational
attainment, and employment status has been found to
negatively correlate with the occurrence of globe injuries
and can be used to identify the at-risk population. SES has
a great impact on ocular trauma incidence, characteristics
and treatment. Preventive strategies have to consider SES
as an important variable in future planning. Implementing
eye protection strategies can prevent globe injuries and
reduce their occurrence in the future. The reduction of
such cases is a given that will affect the costs of their
treatment. Beneficiaries will be the patients themselves,
the health units, and hospitals which will reduce the
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costs of dealing with such situations, the insurance com-

panies, and organizations, and, consequently, the National
Health System itself.
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