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Abstract: Purpose: This is the first population-based descriptive study of hospitalised eye injuries in New South Wales 

(NSW), Australia that also estimates the cost of these injures to the health system. The purpose is to describe the inci-

dence and cause of hospitalised eye injuries in NSW from 1 July 2000 to 30 June 2005. 

Method: Hospitalised eye injuries in NSW were obtained from information recorded in the NSW Admitted Patients Data 

Collection and were identified using relevant International Classification of Disease, version 10 Australian modification 

(ICD-10-AM) codes pertaining to eye injury. 

Results: The annual rate of hospitalised eye injuries for NSW residents was 25.5 per 100,000 population. Males had 

higher rates of hospitalisation than females and males 20-24 years and females aged 85 years or over had the highest rates 

of hospitalisation for each gender. Injuries of the eye and orbit were the most common type of injury (40.8%) and inter-

personal violence was the most common type of injury mechanism (27.4%). The home was the most common specified 

location of the incident and eye injuries were identified as work-related in 9.8% of cases. 

Conclusions: Eye injuries are an important cause of hospitalised injury in NSW. Preventive approaches to ocular trauma 

should be promoted to populations identified at risk. 
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INTRODUCTION 

 Eye injuries are an issue for public health, irrespective of 
whether they occur at work, home or during play. An eye 
injury has the potential to impact on an individual’s em-
ployment prospects and their capacity to maintain independ-
ence; disfigurement can result in less tangible issues, such as 
appearance and sense of self worth. 

 There is limited population-based information regarding 
the incidence and type of ocular trauma experienced by indi-
viduals [1]. From what is known, it appears that men are 
more likely to sustain an eye injury than women [1-6]. Be-
tween 44% [3] and 60% [1] of eye injuries in Victoria, Aus-
tralia were estimated to be work-related. In particular, severe 
work-related eye injuries (i.e. penetrating injuries or injuries 
requiring hospitalisation) have been reported to encompass 
around 17% [3] of all eye injuries and represent 1.6% of oc-
cupational eye injuries [2]. Similarly, in the United States, 
14% of serious eye injuries were found to occur in the work-
place [7]. However, more recently published studies also 
report that the home is one of the most common locations for 
serious eye injuries [7, 8]. 

 In the United States, the hospitalised incidence of eye 
injuries has been decreasing over time, particularly for work-
related eye injuries [4]. It has been surmised that the down- 
 

 

*Address correspondence to this author at the School of Optometry and 

Vision Science, UNSW, Australia and School of Human Movement Studies, 
University of Queensland, Australia; Tel: +61 2 4782 3472;  
E-mail: j.long@unsw.edu.au, jlong@visualergonomics.com.au 

ward trend in occupational eye injuries may be due to the 
introduction of occupational health and safety legislation and 
the promotion of protective eyewear in the workplace [4, 7, 
8]. However, in Australia, the trend of eye injury incidence 
over time has not been described. 

 Little is known regarding the incidence and characteris-
tics of hospitalised eye injuries in New South Wales (NSW), 
Australia’s most populous state with around 6.4 million resi-
dents [9], nor is there information regarding the direct cost of 
these injuries to the health service. This study seeks to obtain 
an estimate of the incidence and cause of hospitalised eye 
injuries involving NSW residents and to determine the direct 
cost of hospitalisation for these injuries to the health system. 

MATERIALS AND METHODOLOGY 

 A descriptive study of hospitalised eye injuries was con-
ducted using a retrospective review of information recorded 
in the NSW Admitted Patients Data Collection (APDC) dur-
ing 1 July 2000 to 30 June 2005. 

Data Source 

 Data from the NSW APDC include information on inpa-
tient separations for NSW residents from public and private 
hospitals, private day procedures, and public psychiatric 
hospitals. It also includes data on episodes of care in hospi-
tal, which end with the discharge, transfer, or death of the 
patient, or when the service category for the admitted patient 
changes. The hospitalisation data were coded using the Aus-
tralian Modification of the International Classification of 
Diseases (ICD-10-AM) [10-13]. 
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 The direct hospitalisation cost for each admission for an 
eye injury was calculated for the 1 July 2003 to 30 June 2005 
period for public hospitals only from the Commonwealth 
Department of Health and Ageing’s National Hospital Cost 
Data Collection [14]. The average direct cost per diagnosis-
related group (DRG) for the procedures conducted for eye 
injuries were multiplied by the number of these procedures 
conducted and the total added to calculate the direct cost. 

Case Selection Criteria 

 Hospitalised eye injuries of NSW residents were identi-
fied using the following criteria: 

• the hospitalisation was for a patient who was a resi-
dent of NSW; and 

• the ICD-10-AM principal diagnosis consisted of an 
injury to the eye: S00.1, S00.2, S01.1, S02.3, S04.0-
S04.2, S04.4, S05, T15, T90.4, H05.5, H44.6, and 
H44.7. 

 Hospitalisations as a result of an eye injury that met any 
of the following criteria were considered to be work-related: 

• the activity code in ICD-10-AM versions 2 to 4 indi-
cated the injured person was working at the time of 
the injury (i.e. Y93.2 or U73.0 to U73.09); 

• payment status was ‘compensable – NSW workers’ 
compensation’ (i.e. ‘40’); or 

• supplementary factors related to causes of morbidity 
and mortality was a ‘work-related condition’ (i.e. 
‘Y96’). 

Data Management and Analysis 

 Hospitalisations relating to transfers between hospitals 
and changes in the service category (e.g. a change from acute 
to rehabilitation for a patient during one episode of care in a 
single facility) were excluded in order to attempt to partly 
eliminate ‘multiple counts’ [15]. 

 Analyses were performed using SAS [16]. Age- and sex-
specific population estimates at 31 December of each of the 
years under study were obtained from the NSW Health De-
partment. These correspond to the mid-point of each finan-
cial year of hospitalisation data and were extrapolated from 
Australian Bureau of Statistics (ABS) population estimates 
at 30 June [15]. Direct age standardised rates were calculated 

using the estimated Australian residential population at 30 
June 2001 as the standard population. Ninety-five percent 
confidence intervals (95% CI) were calculated assuming a 
Poisson distribution [17]. Because of over-dispersion, nega-
tive binomial regression was used to examine the statistical 
significance of changes in the trend over time of hospitalised 
eye injuries [18]. 

 The NSW APDC includes hospitalisations of NSW resi-
dents that occurred in another state or territory, identified by 
their state of residence. These hospitalisations were included 
in the analysis to ensure the numerator and the denominator 
were as closely matched as possible. However, hospitalisa-
tion data for NSW residents in another state or territory were 
not available for 2004-05 at the time of analysis and are 
therefore not included in the analysis. They were estimated 
based on location of residence of the injured individuals dur-
ing the past 4 years to include 59 admissions or 3.4% of hos-
pitalised eye injuries based on the average of the past four 
years. 

RESULTS 

 There were 8,485 NSW residents hospitalised as a result 
of an eye injury during 2000-01 to 2004-05, giving an annual 
rate of 25.5 per 100,000 population (Table 1). The rate of 
hospitalisation for eye injuries during 2000-01 to 2004-05 
did not change significantly per year (p<0.9). Just under 
three-quarters of all hospitalised eye injuries occurred to 
males (71.9%), with males having two and a half times the 
rate of hospitalisation for eye injuries than females (Table 1). 
Males aged 20-24 years and females aged 85 years or over 
had the highest rates of hospitalisation for an eye injury for 
each gender (Fig. 1). 

 Injuries of the eye and orbit were the most common type 
of eye injury requiring hospitalisation (40.8%) (Table 2) and 
this trend was consistent for all age groups. Foreign bodies 
entering the eye were the most common reason for hospitali-
sation of children younger than 9 years (21.8%, n=178 0-4 
years; 13.2%, n=108 5-9 years). Fractures were most com-
mon in youth and young adults: 15-19 years (11.9%, n=231), 
20-24 years (16.4%, n=317), and 25-29 years (14.6%, 
n=283). In particular, young males (15-34 years) made up 
almost half (48.2%, n=935) of all fractures. Injuries to the 
eye and orbit were the most common reason for hospitalisa-
tion of individuals older than 75 years (39.2%, n=333). Re-
tention of an old foreign body in the eye were common in 

Table 1. Hospitalised Eye Injuries of NSW Residents by Year and Gender, Number, Rate and 95% CI, 2000-01 to 2004-05 

 

Male Female Persons 
Year 

n Rate
1
 95% CI

2
 n Rate

1
 95% CI

2
 n Rate

1
 95% CI

2
 

2000-01 1,166 35.8 33.8-37.9 413 12.2 11.0-13.4 1,579 24.2 23.0-25.4 

2001-02 1,321 40.0 37.9-42.3 482 13.7 12.5-15.0 1,803 27.1 25.9-28.4 

2002-03 1,290 39.0 36.9-41.2 538 15.3 14.1-16.7 1,828 27.4 26.2-28.7 

2003-04 1,245 37.6 35.6-39.8 504 14.3 13.1-15.7 1,749 26.1 24.9-27.4 

2004-05 1,082 32.5 30.6-34.5 444 12.3 11.2-13.5 1,526 22.6 21.5-23.7 

Total 6,104 37.0 36.1-38.0 2,381 13.6 13.0-14.1 8,485 25.5 25.0-26.0 

1Age-standardised rate per 100,000 population. 
295% confidence interval. 
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75-79 year olds (18.5%, n=31) and 80-84 year olds (12.5%, 
n=21). 

 Where an external cause code was present, interpersonal 
violence (27.4%), struck by/ struck against (20.2%), falls 
(15.7%), effects of foreign bodies entering the eye (10.9%), 
and motor vehicle crashes (6.1%) were the most common 
types of injury mechanisms that resulted in an eye injury 
requiring hospitalisation (Table 3). 

 The home was the most common specified location 
where the injury occurred (19.0%). However, unspecified 
places accounted for 44.1% and not known places for 3.2% 
of the locations where the eye injury occurred (Table 3). 

 Just less than 10% of hospitalised eye injuries were iden-
tified as being work-related (n=833). Where an incident was 
identified as work-related, the majority of injuries occurred 
to males (92.1%) and involved those aged 20-44 years 
(64.3%). Injuries to the eye and orbit (53.7%) were the most 
common type of injury for work-related hospitalisations and 
these were commonly caused by foreign bodies entering the 
eye (25.0%) or by being struck by/ struck against (24.1%) 
(Table 4). 

 The direct cost of the hospitalisations following an eye 
injury in NSW during 1 July 2003 to 30 June 2005 was esti-
mated at $7,434,186, with a mean cost of $181,322 per ad-
mission. 

DISCUSSION 

 Hospitalised eye injuries represent a serious public health 
issue for NSW. The annual rate of hospitalised eye injuries 
in NSW over the 5 year period examined was estimated at 
25.5 per 100,000 population. This is within the range of in-
patient eye injuries which have been calculated elsewhere to 
be between 8.1 and 29.1 per 100,000 population [8]. While 
the incidence of hospitalised eye injuries in NSW appears to 
be near the top of this range, there are differences between 

the conduct of these studies, such as use of different case 
definitions, that hamper direct comparisons. 

 Males accounted for the majority of hospitalised eye in-
juries in NSW, representing just less than three-quarters of 
all hospitalisations. Males had a higher proportion of all in-
jury mechanisms compared to females, except for falls. This 
difference in proportion between genders is likely to be due 
to the increased likelihood of males to be involved in inter-
personal violence and other incidents where their eye is 
struck by objects or equipment [7, 19, 20]. Males also ac-
counted for almost all of the work-related eye injury hospi-
talisations. This is likely to be due to occupational demo-
graphics where working males are more likely than females 
to be employed in hazardous occupations where the risk of 
injury is higher [21]. 

 Age-related trends for eye injury hospital admissions in 
the current study peaked in males aged 20-24 years. A peak 
in this age group was also found in Victoria [3] and in the 
United States [19]. In the current study, the injury rate for 
females over the age of 75 years exceeded the injury rate for 
males of the same age. In fact, the eye injury rate for a fe-
male older than 80 years approached the rate of that of a 20-
24 year old male. Reasons for this high incidence of eye in-
juries in older females are not entirely clear, but are likely to 
relate to the incidence of falls in this age group and subse-
quent fracture of the orbital floor. However, this bimodal 
distribution of injuries is consistent with that published in 
other studies [22-24]. 

 Interpersonal violence was the most common injury 
mechanism associated with a hospitalised eye injury and was 
greatest in males 20-44 years old (70.5%, n=1,605) and 
largely accounts for the injury peak for 20-24 year olds. In 
contrast, in the United States, foreign bodies entering the eye 
were the most common injury mechanism, accounting for 
between 41.7% [4] to 44.6% [19] of injuries resulting in 
presentation to an emergency department. While the use of 

 

Fig. (1). Rate of hospitalised eye injuries of NSW residents by age group and gender, 2000-01 to 2004-051,2. 
1Age-standardised rate per 100,000 population. 
2Twelve individuals were excluded as their ages were not known. 
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different classification systems makes exact comparisons 
difficult, it appears that the proportion of foreign bodies en-
tering the eye in the current study (10.9%) is far lower than 
that reported in the United States. However, the United 
States research used data from emergency department pres-
entations, which is likely to represent less severe eye injuries 
than the current research where all persons were admitted to 
hospital. 

 It has been estimated that severe eye injuries, including 
those that need hospitalisation and those that result in a per-

manent or significant change in ocular function, account for 
less than 10% of all eye injuries [3, 7]. Therefore, many eye 
injuries, including corneal foreign bodies, lacerations to the 
eye orbit and welding flash burns, are not represented in this 
data analysis. Nevertheless, foreign bodies entering the eye 
were the greatest cause of work-related injuries in this study 
(25.0%). This is consistent with other published reports that 
foreign bodies are a common mechanism for all work-related 
eye injuries, both severe and non-severe [2, 3, 19], and may 
reflect the inherent risks within some occupations. 
 

Table 2 Hospitalised Eye Injuries of NSW Residents by Injury Type, Number and Percent, 2000-01 to 2004-05 

 

Injury Type Number Percent 

Injury of eye and orbit 3,459 40.8 

Injury of conjunctiva and corneal abrasion without mention of foreign body (S05.0) 255 3.0 

Contusion of eyeball and orbital tissues (S05.1) 859 10.1 

Ocular laceration and rupture with prolapse or loss of intraocular tissue (S05.2) 318 3.8 

Ocular laceration without prolapse or loss of intraocular tissue (S05.3) 239 2.8 

Penetrating wound of orbit with or without foreign body (S05.4) 161 1.9 

Penetrating wound of eyeball with foreign body (S05.5) 257 3.0 

Penetrating wound of eyeball without foreign body (S05.6) 212 2.5 

Avulsion of eye (S05.7) 23 0.3 

Other injuries of eye and orbit (S05.8) 759 9.0 

Injury of eye and orbit, unspecified (S05.9) 376 4.4 

Fracture 1,939 22.9 

Fracture of orbital floor (S02.3) 1,939 22.9 

Open wound 1,168 13.8 

Open wound of eyelid and periocular area (S01.1) 1,168 13.8 

Superficial injury 907 10.7 

Contusion of eyelid and periocular area (S00.1) 907 10.7 

Other superficial injuries of eyelid and periocular area (S00.2) - - 

Effects of foreign body entering through natural orifice 816 9.6 

Foreign body in cornea (T15.0) 407 4.8 

Foreign body in conjunctival sac (T15.1) 90 1.1 

Foreign body in other and multiple parts of external eye (T15.8) 60 0.7 

Foreign body on external eye, part unspecified (T15.9) 259 3.1 

Diseases of the eye and adnexa 168 2.0 

Retained (old) foreign body following penetrating wound of orbit (H05.5) 14 0.2 

Retained (old) intraocular foreign body, magnetic (H44.6) 5 0.1 

Retained (old) intraocular foreign body, non-magnetic (H44.7) 149 1.8 

Nerve damage 28 0.3 

Injury of optic nerve and pathways (S04.0) 19 0.2 

Injury of oculomotor, trochlear, or abducent nerve (S04.1, S04.2, S04.4) 9 0.1 

Sequelae of injury - - 

Sequelae of injury of eye and orbit (T90.4) - - 

Total 8,485 100.0 
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Table 3. Hospitalised Eye Injuries of NSW Residents by In-

jury Mechanism and Location, Number and Per-

cent, 2000-01 to 2004-05 

 

 Number Percent 

Mechanism 

Interpersonal violence 2,275 27.4 

Struck by/ struck against 1,680 20.2 

Falls 1,305 15.7 

Foreign body entering the eye 905 10.9 

Motor vehicle crash 506 6.1 

Cut/pierce 286 3.4 

Natural and environmental factors 194 2.3 

Poisoning 118 1.4 

Other road transport 84 1.0 

Machinery 47 0.6 

Explosive material 42 0.5 

Water transport 17 0.2 

Explosion of pressure vessels 17 0.2 

Firearms 10 0.1 

Attempted self-harm 10 0.1 

Fire and burns 9 0.1 

Other mechanism 812 9.8 

Location 

Home 1,613 19.0 

Street and highway 789 9.3 

Trade and service area 460 5.4 

Sports and athletics area 422 5.0 

School, other institution and public adminis-
trative area 

319 3.8 

Industrial and construction area 275 3.2 

Residential institution 194 2.3 

Farm 54 0.6 

Other specified places 349 4.1 

Unspecified place 3,743 44.1 

Not known 267 3.2 

 

 Around 10% of all hospitalised eye injuries were identi-
fied as work-related. This proportion is less than that re-
ported in the United States for severe ocular trauma identi-
fied as work-related (14%) [7]. It is also less than that re-
ported in Victoria [3] for patients admitted to hospital with 
work-related eye injuries (17%). However, it is likely that 
the proportion of missing (38.6%) and unspecified (35.7%) 
activity codes, which are largely used to identify work-
related hospitalisations in NSW, may have contributed to an 
under-enumeration of work-related hospitalised eye injuries 
in the current study. 

Table 4. Work-Related Hospitalised Eye Injuries of NSW 

Residents, Number and Percent, 2000-01 to 2004-05 

 

 Number Percent 

Gender 

Male 767 92.1 

Female 66 7.9 

Age group 

<15 # # 

15-19 73 8.8 

20-24 106 12.7 

25-34 240 28.8 

35-44 190 22.8 

45-54 133 16.0 

55-64 76 9.1 

65+ 13 1.6 

Not known # # 

Injury type 

Injury of eye and orbit 447 53.7 

Foreign body entering the eye 152 18.3 

Fracture of orbital floor 127 15.3 

Open wound of eyelid and periocular 
area 

78 9.4 

Superficial injury 17 2.0 

Nerve damage 7 0.8 

Retained old foreign body in eye 5 0.6 

Injury mechanism 

Foreign body entering the eye 208 25.0 

Struck by/ struck against 201 24.1 

Interpersonal violence 87 10.4 

Cut/ pierce 83 10.0 

Poisoning 48 5.8 

Motor vehicle crash 43 5.2 

Falls 35 4.2 

Machinery 24 2.9 

Natural and environmental factors 9 1.1 

Explosive materials 7 0.8 

Explosion of pressure vessels 6 0.7 

Other 14 1.7 

Not known 68 8.2 

# Cell size less than 5 cases. 

 

 While there are some differences in the epidemiological 
characteristics of eye injury hospitalisation in both work-
related and other settings, it is likely that the broader com-
munity would benefit from injury prevention strategies that 
have been developed predominantly for the work-related 
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setting. For example, in the work setting a number of preven-
tion strategies have been promoted to attempt to prevent eye 
injuries, such as use of protective goggles or face masks, yet 
these types of devices have yet to be widely promoted to the 
general community as safety measures to prevent serious eye 
injuries. 

 The most common specified location where the eye in-
jury occurred was the home (19%) and this was twice as 
frequent as any other specified location. The home was also 
a common location of ocular trauma in Victoria, accounting 
for 24% of incident locations [1], and in the United States, 
accounting for between 41% [7] to 44.6% [19] of locations. 
Again, the differences in the methodology of these studies, 
particularly the different case definitions adopted for injury 
severity, are likely to contribute to different proportions 
found for the locations of the injurious incident. 

 The calculation of the direct cost of hospitalisation of eye 
injuries of just less than $7.5 million for a 2 year period rep-
resents a conservative estimate of the cost of these injuries to 
the community and to the health system. Other costs, such as 
hospital overhead costs and indirect costs, including outpa-
tient treatment, loss of productivity, should be taken into 
account in future studies of the cost impact of eye injuries to 
NSW. 

 Limitations of the current analysis include a lack of detail 
regarding the location where the incident occurred (ie. the 
location where the injury occurred was unspecified in 44.1% 
cases and not known in 3.2% of cases) and a likely under-
enumeration of the total number of hospitalised eye injuries 
as only the principal diagnosis of injury was used to identify 
eye injuries and for 2004-05 information was not available 
for NSW residents hospitalised for an eye injury in another 
Australian state. It is possible that some individuals, particu-
larly with head trauma, also had associated eye injuries that 
may have been recorded in supplementary diagnoses codes. 
There is also likely to be an under-enumeration of the identi-
fication of work-related cases since the identification of 
work-relatedness was undertaken using three mechanisms, 
none of which provide comprehensive coverage [25]. The 
ability to directly compare the findings of this study to others 
was hampered by the use of different classification systems, 
different inclusion criteria (eg. inpatients and/or outpatients) 
and different case definitions of “severe” or “serious” eye 
injuries. Similarly, it was difficult to compare the direct costs 
to the health system with other Australian studies due to dif-
ferent methods of direct cost calculation [3]. Despite these 
limitations, this study has been the first to describe the inci-
dence of hospitalised ocular trauma and to estimate its cost 
in NSW. 

CONCLUSION 

 This study has shown that eye injuries are an important 
cause of hospitalised injury in NSW. It has also highlighted 
that young men and elderly women have the highest risk of 
hospitalised eye injuries and that these groups should be tar-
geted for preventive activities. Overall, injuries to the eye are 
preventable and relevant precautions should be undertaken to 
limit the incidence of injury to the eye, particularly in the 
home environment and the work-related setting. 
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