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Purpose: Pediatric ocular trauma is an important cause of visual morbidity worldwide, 

accounting for up to one-third of all ocular trauma admissions. It has long-term implications 

for those affected and significant economic consequences for healthcare providers. It has been 

estimated that 90% of all ocular trauma is preventable. Targeted strategies are required to reduce 

the incidence and the severity of pediatric ocular trauma; this requires an understanding of the 

epidemiology and characteristics of these injuries and the children involved.

Methods: Prospective, observational study of pediatric ocular trauma cases presenting to UK-

based ophthalmologists over a 1-year period; reporting cards were distributed by the British 

Ophthalmological Surveillance Unit, and clinicians were asked to report incidents of acute 

orbital and ocular trauma in children aged #16 years requiring inpatient or day-case admission. 

A validated, standardized questionnaire was sent to reporting ophthalmologists to collect data 

on the demographics and circumstances of injury.

Results: Median age at presentation was 7.7 years, with boys more than twice as likely to be 

affected than girls (M:F =2.1:1.0). Almost 50% of injuries occurred at home, with 25% occurring 

in school or nursery. A total of 67% of injuries occurred during play, and 31% involved a sharp 

implement.

Conclusion: Pediatric ocular trauma remains an important public health problem. At least 

three-quarters of all injuries are preventable through measures, including education of children 

and responsible adults, restricting access to sharp implements, improving adult supervision, 

and appropriate use of eye protection.

Keywords: etiology, childhood eye injury, epidemiology, penetrating eye injury, perforating 

eye injury, prevention

Background
Pediatric ocular trauma is a significant cause of morbidity. It is estimated that there are 

up to 280,000 hospital admissions worldwide due to ocular trauma in children ,15 years 

of age each year.1 This is, however, likely to be only a small proportion of all ocular 

injuries, since it is thought that ocular trauma cases requiring hospital admission 

account for only 5% of the total.2 Extrapolation of these figures suggests that there 

are ~6 million episodes of ocular trauma affecting children ,15 years of age worldwide 

each year. Of those admitted to secondary eye care services, up to 24% have suffered a 

penetrating eye injury.3 As a result, global estimates suggest that there are 3.9 million 

people living with bilateral vision loss, and over 18 million with unilateral vision loss 

due to ocular trauma sustained during childhood or as an adult.4

Ocular injury is almost never life-threatening, and affected individuals must there-

fore live with the consequences of their injury for many years. Visual impairment 

can have a profound impact on schooling and activities of daily living, with marked 
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socio-economic implications for the patient, their family, 

and healthcare providers.5

Fortunately, up to 90% of all ocular trauma is thought to 

be preventable, through a combination of use of protective 

eyewear and education of supervising adults.6–8 However, 

before such targeted interventions can be implemented, it 

is necessary to have a detailed understanding of the demo-

graphics and characteristics of these injuries and the children 

affected. Data collection in this field has been sporadic to 

date, with a lack of standardized, validated collection tools. 

As a result, the ability to draw meaningful comparisons 

between existing studies, and to extrapolate published data 

to target populations is currently limited. Detailed epidemio-

logical and health–economic analyses have not been possible, 

but are essential.

To help address this problem, we have previously published 

a series of standardized data collection tools, designed and 

validated specifically for use in pediatric ocular trauma.9 The 

UK Paediatric Ocular Trauma Study (POTS) questionnaires 

were developed to enable collection of standardized, prospec-

tive epidemiological data concerning the demographics, inci-

dence, circumstances, and outcomes of serious ocular injury 

in children.9 This project collected prospective data through 

the Royal College of Ophthalmologists British Ophthalmo-

logical Surveillance Unit (BOSU) reporting card system. 

In this paper, we present the first data related to the incidence, 

demographics and causes of childhood ocular injury, and 

make policy recommendations for prevention of injury.

Methods
The UK POTS incident questionnaire was developed to 

collect data on the incidence of serious pediatric ocular 

trauma, demographic characteristics of injured children, and 

causes and places of injury.9

Questionnaires were sent to UK-based ophthalmolo-

gists over a 12-month period between 1 June 2014 and 

30 May 2015. The study was conducted using the BOSU 

reporting card scheme; at the end of each month, cards were 

sent to all UK consultant ophthalmologists in the BOSU data-

base. Clinicians were asked to report any new cases of ocular 

trauma in children aged #16 years presenting in the preced-

ing month that required hospital admission for observation, 

treatment, or surgery. Ophthalmologists were requested to 

include both patients referred to them, and patients they 

referred on to other ophthalmologists; this was used to cross-

reference to ensure each case was recorded only once.

Reporting cards were returned to BOSU, which informed 

the principal investigator (FS) of each case. The investigator 

then contacted the reporting ophthalmologist directly. 

The reporting clinicians were requested to fill out and return 

the incident data collection questionnaire to the POTS team. 

A follow-up request was sent to the reporting ophthalmolo-

gists if no response was received within 3 months of the 

initial request. Specific strategies that were used to increase 

the response rate during the study period have previously 

been described in detail.9

Data were entered into a Microsoft Excel spreadsheet 

for initial coding and calculation of descriptive statistics. 

Statistical analysis was performed using GraphPad Prism 

(Version 7.0, GraphPad, La Jolla, CA, USA); comparisons 

between groups of categorical data were performed according 

to Fisher’s exact test or Chi-square analysis depending on 

sample size.

ethics approval
This study was approved by the Cambridge South Research 

Ethics Committee, Cambridge, UK. R&D approval was 

granted by Birmingham Children’s Hospital Research and 

Development Department, Birmingham, UK.

Results
A total of 126 reporting cards were returned to BOSU during 

the study period, which were followed up immediately by the 

investigator with the incident questionnaire.9 Eleven cases 

did not meet the inclusion criteria and 8 were duplicates, 

and were excluded from further analysis. Of the remaining 

107 eligible cases, questionnaires were not returned for 

20 cases and 1 case was excluded due to an incomplete 

dataset. This left 86 cases suitable for further analysis 

(86/107 eligible cases; 80.4% response rate).

According to census data from the Office for National 

Statistics (UK), the mid-2014 pediatric population 

(aged ,16 years) was estimated at 12,908,948 individuals.10 

Based on our data, this indicates an estimated incidence rate 

for reported severe ocular trauma of 0.7 per 100,000 for this 

population (95% CI: 0.5–0.8).

Demographic data is illustrated in Table 1. The sample 

comprised 58 (67.4%) boys and 27 (31.4%) girls (gender 

not specified in 1 case). Median age was 7.7 years (range 

0.7–15.8 years). There was an even distribution of laterality 

of injury (50.0% right eye, 50.0% left eye). The ethnic 

demographics of cases were as follows: White 76.7%, Asian 

10.5%, and Black 5.8%. There was no significant difference 

in ethnic demographics between this sample and the UK 

population aged ,16 years (according to mid-2014 census 

data from the Office for National Statistics, UK).

Most injuries were reported at play (n=57, 66.2%), with a 

significant proportion of injuries occurring during education 
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(n=8; 9.3%) or sport-related activities (n=6, 7%). The most 

common location of injury was in the child’s own home 

(n=41; 47.7%); however, almost 1 in 4 injuries were sus-

tained at school or in the nursery (n=21; 24.4%) (Table 2). 

Injuries occurred at a constant rate throughout the year (n=22 

January–March, n=22 April–June, n=20 July–September, 

n=22 October–December). A higher proportion of injuries 

were sustained outdoors in spring and summer months 

(19/42; 45.2%) compared with autumn and winter months 

(11/44; 25.0%); however, this was not statistically sig-

nificant (p.0.05).

Sharp instruments were the most commonly reported 

object involved in ocular injury (n=27; 31.4%), followed in 

order of frequency by plants (n=10; 11.6%), animals (n=8; 

9.3%, of which 6 were caused by dogs), and toys or sports 

equipment in joint fourth position (n=6 each; 7.0%). Impact 

with a projectile object was the leading causes of injury, 

occurring in 15 (17.4%) cases, followed by falls in 10 (11.6%) 

(Table 2). The reporter found no injuries to be associated 

with alcohol or substance misuse. There were no cases of 

suspected non-accidental injury reported in this series.

For children aged ,4 years, ocular injuries were sig-

nificantly more likely to occur in their own home compared 

with older children (76% vs 36.1%, p=0.0009 by Fisher’s 

exact test). No other statistically significant associations were 

observed between age or gender, and activity, place, object 

or mechanism of injury (p.0.05).

Discussion
In this prospective survey of pediatric ocular trauma present-

ing over a 12-month period in the UK, there were 86 cases 

requiring hospital admission in children aged #16 years. 

Ocular trauma is a significant cause of morbidity with lifelong 

implications, yet little data exist on the demographics of the 

affected population, and the location and mechanisms of such 

injuries. Through the use of previously developed POTS 

questionnaires,9 we have initiated the process for standard-

ized reporting of this important public health concern.

Table 1 sample demographics

n %

Gender
Male 58 67.4
Female 27 31.4
not stated 1 1.2
Laterality
right 43 50
left 43 50
Ethnicity
White 66 76.7
asiana 9 10.5
Blackb 5 5.8
Other 1 1.2
not stated 5 5.8

Notes: aasian: Pakistani n=4, indian n=3, Bangladeshi n=1, Chinese n=1. bBlack: 
african n=4, Caribbean n=1.

Table 2 location and mechanism of injury

n %

Activity
Playa,b 57 66.2
education 8 9.3
sportc 6 7
Paid workd 1 1.1
Othere 7 8.1
Unknown 7 8.1
Location at time of injury
Own home 41 47.7
school/nurseryf 21 24.4
Other home 4 4.7
leisure/sports facility 4 4.7
Public place – indoor 6 7
Public place – outdoor 2 2.3
Other 8 9.3
Cause of injury by object
sharp implementg 27 31.4
sports equipmenth 6 7
Plant 10 11.6
Furniture 5 5.8
Toy 6 7
animal 8 9.3
Fist 3 3.5
rock/stone 3 3.5
Otheri 13 15.1
not stated 5 5.8
Mechanism of injury
assault 6 5.8
animal attack 8 9.3
Fallj 10 11.6
impact with a projectile objectk 15 17.4
impact with a falling object 3 3.5
Self-inflicted accidentallyl 6 7
ran into object 2 2.3
Thermalm 2 2.3
Other accidental trauman 19 22.1
Unknown 3 3.5
not stated 12 14

Notes: aObject used during play: sharp object n=17, plant n=8, toy n=6, firework 
n=1, laser n=1. bMechanism of injury during play: fall n=7, animal attack n=7, 
projectile n=4. csports: football n=3, tennis n=2, cricket n=1. dPaid work: 14-year-old 
boy assaulted by another child, no information on type of work. eOther: asleep in 
mother’s arm n=1, sibling fight n=1, running into pen in waiter’s hand n=1. fschool 
n=20. nursery n=1. gsharp implement: pen/pencil n=7, dart n=5, kitchen utensil n=2, 
broken item (glass, ceramics) n=6, coat hanger n=2, stick n=2. hsports equipment: 
football n=3, tennis ball n=2, skipping rope handle n=1. iOther: plastic bottle n=2, 
bungee cord n=1, coin n=1, comb n=1, firework n=1, snowball n=1. jFall: from bicycle 
n=1, into bush/plant n=4, onto furniture n=2, onto other objects n=3. kProjectile 
object: ball n=5, thrown object excluding ball n=9 (pencil n=2, toy n=1, rock/stone 
n=1, plastic bottle n=1, metal spoon n=1, comb n=1, coin n=1, dart n=1), rock flung 
from lawnmover n=1. lSelf-inflicted accidentally: opening beer bottle with potato 
peeler n=1, getting lid off pen n=1, removing dart from board n=1, answering mobile 
phone n=1. mThermal: firework n=1, radiator n=1 (child asleep in mother’s arm). 
nOther accidental trauma: injuries sustained during normal daily activity or play, and 
injuries stated as “accident” for which no details were given.
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Our results show a number of striking trends. Boys 

are more than twice as likely as girls to sustain significant 

ocular trauma (M:F =2.1:1.0), the majority of injuries occur 

during play (66.2), and the most common location for such 

injuries to occur is within the home (47.7%), particularly for 

preschool-age children (p,0.05).

These findings are consistent with previously reported 

data from other parts of the Western world, identifying a 

preponderance of injuries in boys, most of which occur in 

the home.11–13 These trends are likely to be explained by the 

tendency for boys to engage in more active and vigorous 

play than girls,14 and the fact that most play occurs within 

the home or garden environment.15 Preschool-age children 

spend the majority of their time within the home, and the 

opportunity to sustain injury away from the home is therefore 

more limited. These factors are also likely to explain the lack 

of seasonal variation, which is seen in adult ocular trauma16 

and has previously been observed in studies of more minor 

ocular injuries in older children.17

When considering the location of the injury, it was found 

that 76.8% of ocular trauma was sustained in environments 

where direct supervision of the affected children would have 

been expected (own home, other home, school or nursery), 

whereas only 14.0% of injuries occurred in relatively 

unsupervised locations (public places or sports facilities). 

It follows that at least three-quarters of all ocular injuries 

are potentially preventable through appropriate supervision 

by a responsible adult.

It is concerning that a significant proportion of injuries 

were caused by a sharp implement (31.4%). Ophthalmolo-

gists have warned of the risks of ocular injury due to darts for 

nearly 30 years; perforations by darts are often small, with the 

child, parents and carers often failing to appreciate the severity 

of the injury.18 Presentation to health care providers is thus 

often delayed, and affected children are placed at increased 

risk of developing post-traumatic endophthalmitis.19 It is 

evident that further publicity is required to highlight this 

danger, and there is a strong argument to promote the use of 

protective eyewear for children playing with darts.

Eight of the projectile injuries were caused by inappropri-

ately thrown objects. It would be beneficial to make parents, 

carers, teachers, and other supervising adults aware of the 

potential for serious ocular trauma from everyday objects, 

particularly if thrown.20 Preventing children from throwing 

objects outside of a safe sports environment would prevent 

these injuries, and throwing dangerous objects is clearly 

irresponsible behavior. Thrown objects are a significant 

concern at football matches, which has led some clubs to 

adopt a zero-tolerance approach to throwing projectiles. 

Zero-tolerance policies for offences, including drugs and 

violence have also been adopted in US schools.21 However, 

such policies do not allow for mitigation, may divert attention 

from more serious offences and, when applied to children, 

can fail to recognize cognitive differences between children 

and adults in their ability to understand and anticipate long-

term consequences of actions.21,22 Nevertheless, educating 

children about the risks of throwing projectiles, together 

with a strictly enforced policy of “no-thrown projectiles” in 

schools could prevent many serious eye injuries.

One relatively simple approach is to advocate the use of 

suitable eye protection when engaging in potentially high-

risk activities as has been advocated by several previous 

authors.23–26 It is now mandatory for squash players ,19 years 

of age to wear protective eyewear when playing in England 

squash tournaments. This is a beacon of best practice.

Animal attack-related hospital admissions appear to be 

increasing in the UK.27 In our series, 8 injuries were caused by 

domestic animals, all in the home. This is a notable increase when 

compared with a similar population 18 years previously11 when 

no animal attacks were reported and is greater than that 

reported range in other series (0.2%–3%).28 Children are par-

ticularly prone to maxillofacial injuries caused by animals;29 

attributed to their shorter stature, tendency to behave errati-

cally, and inability to recognize agitation in animals.30

Some injuries are more difficult to prevent; all injuries 

involving items of furniture were sustained by children 

aged ,5 years. In each case, the child had accidentally 

tripped or fallen, resulting in periorbital injury. It is difficult 

to avoid such occurrences in toddlers and preschool-age 

children, however, parents can be educated regarding strate-

gies to make the home environment safer, such as the use of 

cushioned guards for furniture edges or corners.

Individual injuries deserving special mention include 

1 incident where a stone was flung from a lawnmower, and 

another of a child playing “tug of war” with a bungee cord. 

Gardening and do-it-yourself (DIY) activities have previ-

ously been highlighted as common causes of ocular injury, 

although the risks are often overlooked by those engaging 

in such activities,31 and the dangers associated with misuse 

of bungee cords are widely known.32,33 Each of these has the 

potential to cause serious ocular injury, but are easily prevent-

able, have previously been highlighted in the medical press, 

yet continue to be reported in this pediatric population.

This series also included a 13-year-old boy who suffered an 

accidental penetrating ocular injury caused by a mobile phone; 

the responding ophthalmologist stated that the child had 
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“accidentally stabbed himself in the eye while answering 

the phone”. While the use of mobile phones has previously 

been implicated in a range of musculoskeletal34,35 and der-

matological injuries (through exploding batteries),36,37 to our 

knowledge, this is the first example of serious ocular trauma 

due to mobile phone use.

We found a lower incidence of firework and air gun-related 

ocular injuries than previously reported; Knox et al described 

13 episodes of ocular trauma due to fireworks presenting to 

UK ophthalmologists involving children aged ,18 years 

over a 2-year period,38 and Shuttleworth et al reported 

78 cases of ocular injury due to air gun pellets presenting 

to UK ophthalmologists involving children aged ,18 years 

over a 1-year period.39 In comparison, we observed only 

1 firework-related injury and none due to firearms or air guns. 

Reasons for these differences may reflect differences in the 

reporting population, response bias, or changes in behavior 

over recent decades, including changes in the management 

of blunt trauma, which is less likely to be managed by inpa-

tient care.

Overall, the incidence of severe pediatric ocular trauma 

reported in this series (0.7 cases per 100,000 population) is 

considerably lower than previously reported in 1991–1992 

(8.85 cases per 100,000 population).40 We are currently 

undertaking further work to try and ascertain the number of 

serious injuries that may not have been reported to BOSU 

during the study period. Preliminary findings indicate that 

in some ophthalmic units, up to 75% of open globe injuries 

were not reported via the BOSU system (Blanch R 2017, 

personal communication, 15 August).

Potential limitations of data collection via BOSU include: 

1) incomplete or changing data on UK consultant ophthal-

mologists, 2) reporting ophthalmologists may not keep track 

of reported patients and their hospital identification at the 

initial stage of reporting, resulting in subsequent difficulty 

tracing the patient, and 3) clinicians are often under severe 

pressure and may not have the time to engage with BOSU.

Multiple studies have stated that a high proportion of pedi-

atric ocular trauma is preventable.6–8 However, a Cochrane 

review found no reliable evidence that educational interven-

tions can reduce the incidence of eye injuries.7 In contrast, 

targeted and tailored interventions with educational compo-

nents as well as monitoring and enforcement of behavioral 

change can dramatically reduce eye injuries in an occupa-

tional setting.41,42 It is recognized that primary legislation 

on specific issues in the society, such as wearing seatbelts 

can greatly reduce eye injuries in the general population.43 

Health and safety legislation regulates the provision of eye 

protection and safe practices in the working environment, and 

broad legislation regulates schools and nurseries (EN 1176 

and 1177). Health and safety legislation states that employees 

must work safely and in accordance with their training. 

Responsible adults in school and nursery environments 

should receive education and training in the prevention of 

serious ocular trauma in children.

Perhaps more challenging, but more relevant in view of 

the findings of this study, is the implementation of educational 

programs for those supervising children in domestic environ-

ments. Educational programs could potentially tackle some 

of the carers’ attitudes associated with injury; interviews 

after childhood injury found several significant associations, 

including unrealistic expectations, acceptance of injuries 

as the norm, lack of anticipation of risk, and ignorance of 

normal development. However, there is a fine balance to 

strike between “promoting ocular health” and “interfering” 

parenting approaches, and as health care professionals, we 

must acknowledge that children need an appropriate level of 

independence for intellectual and social development.

Many of the injuries reported in this series are avoidable 

through sensible restrictions on access to age-inappropriate 

items and careful supervision. By highlighting trends in the 

incidence and epidemiology of pediatric ocular trauma, it is 

hoped that we can continue to reduce the morbidity associ-

ated with this important public health concern. Perhaps the 

time has come to set up a UK Registry of Serious Pediatric 

Ocular Trauma to enable us to map trends in this area and 

demonstrate the impact of interventions.

Data availability
Data supporting the results reported in this manuscript are 

available from the corresponding author on request.
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