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Objective: To investigate the epidemiological and clinical characteristics of 
sports-related eye injuries in China, as well as how they differ depending on the 
sport or other specific factor that caused them.

Methods: Consecutive medical records from 2015 to 2019 of sports-related eye 
injuries from a standardized database in nine tertiary referral hospitals in China 
were retrospectively reviewed and analyzed.

Results: A total of 377 eyes in 376 inpatients (mean age, 22.5  ±  7.3  years; 
men:women 15.4:1) were included. Soccer (46.8%), basketball (27.1%), and 
badminton (16.8%) were the top three sports that caused injury. Ball strikes (74.7%), 
physical collision (13.8%), and racket/equipment beating (9.0%) were the common 
specific causes of injury. Blunt force injuries (95.8%) and close globe injuries 
(95.1%) accounted for the majority of injuries. Open globe injuries occurred more 
in basketball (8.3%) than in other sports, mainly due to physical collision (12.8%) 
and racket/equipment beating (11.8%). Basketball (13.4%) or physical collision 
(21.3%) caused Zone I injuries more frequently than other sports. Soccer (60.5%) 
and basketball (54.6%) caused more injuries to the posterior segment of the 
eyeball than other sports, mainly due to ball strikes (96.6%). Badminton (69.8%) 
and racket beating (61.8%) caused more Zone II globe injuries than other sports. 
In badminton, the percentage of hyphema (85.7%), the most typical symptom 
of eye damage, and ultimate visual acuity (VA) ≥20/40 (88.9%) was the greatest. 
A final low vision score of (≤4/200) was observed in 10.6% of all participants, 
including three participants who had an eye removed due to rupturing. The final 
VA was positively correlated with the presenting VA (r  =  0.421).

Conclusion: Sports can lead to high proportions of ocular contusion injury and low 
vision. VA prognosis is closely related to initial VA following ocular sports trauma, 
which is directly determined by the causative sports and/or the specific causes. 
Effective eye protection is imperative to avoid or reduce visual impairments of 
sports participants.
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1. Introduction

The eyeball, a fragile and delicate visual organ, is vulnerable to 
serious damage by trauma, resulting in irreversible blindness and/or 
disability. About 7.5%–27.3% of eye injuries are sports-related (1–5), 
which is the leading cause of monocular blindness in the United States 
(6). An estimated 600,000 ocular sports injuries occur in the 
United  States each year and 13,500 of them result in permanent 
vision loss (7). In India alone, bilateral ocular trauma occurs in 17.7% 
of sports-related injuries (4). Ocular sports injuries are, therefore, a 
worldwide public health concern.

Nearly 90% of ocular injuries from sports are preventable (7). 
Given its preventability, clinical research can be used to collect data 
on the incidence and severity of eye injuries in sports events to 
review the risk of these injuries. Further studies on mechanisms 
involved in eye injuries can help to develop more effective clinical 
treatments and to formulate and adjust relevant protective devices, 
standards, rules and policies, which can prevent visual disability in 
sports participants as much as possible, thereby gradually reduce 
the related adverse effects, especially the quality of life among these 
sports persons and their families (8). Although the popularity and 
performance of different sports vary in different parts of the world, 
the basic mechanisms of eye injury caused by certain kinds of sports 
are similar and can be explored.

So far, China lacks a monitoring and reporting system for 
sports-related eye injuries and an effective procedure to obtain 
relevant official data on such injuries. However, it is possible to 
ascertain the potential of eye injuries in various specific sports and 
follow up on the results of an intervention through limited, 
specifically-designed studies. Although there are reports about 
professional athletes (9) and a specific population (college students 
whose data was obtained from a questionnaire) (10), as well as 
reports on certain sports (11), no relevant studies have reported on 
the overall situation of sports-related eye injuries in the general 
population in China. This study compiled data on sports-induced 
eye injuries from multiple centers in China over a 5-year period. 
Data on specific sports or causes and detailed symptoms of injured 
eyes and the correlation between them, as well as the influence of 
specific sports or causes of injuries, are also reported and analyzed 
comprehensively. The goal of this study is to help protect sports 
participants from eye injuries as much as possible and improve the 
effectiveness of relevant treatments and/or preventive measures.

2. Materials and methods

In this retrospective case series study, consecutive medical 
records of all patients with sports-related eye injuries admitted to 
nine tertiary referral hospitals in China from January 1, 2015 to 
December 31, 2019 were extracted from a standardized database 
and reviewed. A total of 377 eyes of 376 inpatients with eye injuries 
from sports were eligible for analysis.

2.1. Study design

Each case was recorded using a standardized preformulated data 
sheet, and the records were kept in a computerized eye injury database. 
Detailed information regarding each injured eye following the sports 
activity, described in the chief complaint and present history, was 
collected from electronic hospital records, which included patient 
information (including age and sex); a thorough history (such as related 
sports items, specific causes of eye injury, timing and nature of injury); 
clinical presentation, including initial vision following sports injury 
(presenting vision); and treatments and outcomes, including final vision 
at discharge or end of follow-up. Findings during surgery provided valid 
evidence. A completed ophthalmological examination was performed, 
including slit-lamp examination, ophthalmoscopy, tonometry, 
ultrasonography, computed tomography, and any other relevant 
investigations. In this study, all visual acuity (VA) results were either best-
corrected or pinhole VA was used. Cases with missing clinical data were 
excluded, and all included data were cross-checked for errors.

2.2. Definitions

Classification and definition of mechanical eye injuries (MEI) in 
this study was based on the Birmingham Eye Trauma Terminology 
(12). Open globe injury (OGI) indicates a full-thickness wound of the 
eyeball and includes rupture (caused by a blunt object, ‘inside out’ 
mechanism), penetration (caused by a sharp instrument, “outside in” 
mechanism), intraocular foreign body, and perforation; the latter two 
are not included in the study data. Close globe injury (CGI) includes 
contusion (by blunt force, but without global rupture), lamellar 
laceration (partial thickness wound of the eyeball), and superficial 
foreign body; the last one is not included in our data.

Globe injury zone was identified in accordance with the Ocular 
Trauma Classification System (13). The definition of zones in OGI 
(location of a full-thickness wound of the globe wall) is as follows: I, 
within the cornea and the limbus; II, scleral area within 5 mm posterior 
to the corneoscleral limbus; and III, extending 5 mm beyond the 
limbus. The definition of zone in CGI (involved eye tissues) is as 
follows: I, ocular surface (limited to the bulbar conjunctiva, sclera and 
cornea); II, anterior segment structures and pars plana ciliary; and III, 
intraocular structures behind the posterior capsule interface of the lens.

Chronic hypotony was defined as an intraocular pressure < 8 mmHg 
at follow-up of at least 6 months. Poor VA referred to a VA ≤4/200 
(including the removed eye).

2.3. Statistical analyses

Statistical analysis was performed using SPSS version 26.0 (SPSS Inc., 
Chicago, IL, United States). Three cases with unknown sports items were 
not included in the group calculation. Categorical variables were analyzed 
using the chi-square test or Fisher’s exact test when the proportion of cells 
with theoretical frequency less than 5 exceeded 20%; rank sum test was 
used for rank data (VA grading). Continuous variables were evaluated for 
normality, and means were compared using a two-tailed t-test. Snellen 
VA was converted to fractional VA, and Spearman’s rank correlation 
analysis was performed between initial VA and final VA. A p < 0.05 was 
considered statistically significant for all tests.

Abbreviations: VA, visual acuity; MEI, mechanical eye injuries; OGI, open globe 

injury; CGI, close globe injury; LP, light perception.
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3. Results

3.1. Demographics characteristics

This study analyzed data on 376 patients with 377 eyes injured 
during sports (binocular injuries, 0.3%; left–right ratio, 1:1.2). There 
were 22 (5.9%) patients who were highly myopic. The men to women 
ratio was 15.4:1. The age range was 7 to 53 years (mean: 22.5 ± 7.3 years; 
median: 21 years).

3.2. Eye injuries in sports events and the 
different specific causes

Ball sports were the leading causes of sports-related eye injuries, 
followed by racket sports. The top three sports with the highest rates 
of injuries were soccer, basketball, and badminton, in the respective 
sequence. Direct ball strikes to the eye were the most common cause 
of ocular trauma in ball sports (281/376, 74.7%), followed by physical 
collision (52/376, 13.8%), and a hit by a racket/sports equipment 
(34/376, 9.0%). Among ball sports, ball strikes accounted for the 
majority of the causes of injuries in soccer (170/176, 96.6%) and 
accounted for 56.86% (58/102; p < 0.001) of the injuries in basketball. 
Ocular injuries due to physical collision were more common in 
basketball (43/102, 42.2%) than in soccer (6/176, 3.4%; p < 0.001; 
Table 1).

3.3. Types of mechanical eye injuries

A total of 371 eyeballs (98. 4%) were injured, of which CGI 
accounted for the majority (353/371, 95.1%) and OGI for residual 
4.9% (18/371). Contusions predominated in CGI (349/353, 98.9%), 
and the remaining were laminar lacerations (4/353, 1.1%); ruptures 
predominated in OGI (12/18, 66.7%), and the remaining were 
penetrating eye injuries (6/18, 33.3%; Table 2).

The composition of mechanical eye injuries (MEI; CGI vs. OGI) 
differed in different sports (p = 0.001) and with specific causes 
(p = 0.001). Of these, a significantly high proportion of CGIs were 
observed in soccer (175/177, 98.9%) than in basketball (89/97, 91.8%; 
p = 0.005) and other sports (27/31, 87.1%; p = 0.005). Accordingly, OGI 
occurred more frequently in basketball (8/97, 8.3%) and other sports 
(4/31, 12.9%) than in soccer (2/177, 1.1%; p = 0.005; Figure  1A). 
Regarding specific causes, ball strikes caused a higher proportion of 
CGI (275/281, 97.9%) than that caused by physical collision (41/47, 
87.2%; p < 0.001) and racket/equipment beating (30/34, 88.2%; 
p = 0.015). The proportion of OGI due to ball strikes (6/281, 2.1%) was 
significantly lower than that due to physical collision (6/47, 12.8%; 
p < 0.001) and racket/equipment beating (4/34, 11.8%; p = 0.015; 
Figure 1B).

3.4. Zones of mechanical eye injuries

Zone distributions of MEI among different sports and specific 
causes varied significantly (p < 0.001; Figures 1C,D). The proportion 
of each zone of MEI in different sports varied (p < 0.001). Zone I injury 

was caused more by basketball (13/97, 13.4%) and other sports (4/34, 
11.8%) than by soccer (3/177, 1.7%) and badminton (1/63, 1.6%; 
p < 0.05). Badminton (44/63, 69.8%) caused the most MEI in Zone II 
(soccer: 67/177, 37.9%, p < 0.001; basketball: 31/97, 32.0%, p < 0.001; 
and other sports: 14/34, 41.2%, p = 0.006). Soccer (107/177, 60.5%) 
and basketball (53/97, 54.6%) caused more injuries in Zone III than 
those caused by badminton (18/63, 28.6%; both p < 0.001; Figure 1C).

The proportion of different specific causes of MEI varied in Zone 
I (p < 0.001) and Zone II (p = 0.019). Physical collision (10/47, 21.3%) 
caused more Zone I injuries than that caused by ball strikes (9/281, 
3.2%; p < 0.001) and racket/equipment beating (1/34, 2.9%; p = 0.021). 
Racket/equipment beating (21/34, 61.8%) caused more Zone II 
injuries than that caused by ball strikes (120/281, 42.7%; p = 0.035) and 
physical collision (13/47, 27.7%; p = 0.002; Figure 1D).

3.5. Ocular trauma findings

In ocular sports trauma, hyphema (52.8%) was the most common 
clinical symptom, with varied proportions in different sports and was 
highest in the badminton group (54/63, 85.7%; p < 0.01). Following 
vitreous hemorrhage (15.4%), retinal breaks (13.3%) was the second 
most common clinical sign in posterior segment injuries, with 
significantly higher proportions in soccer (27/177, 15.3%) and 
basketball (19/102,18.6%) than in badminton (2/63, 3.2%; p = 0.012 
and p = 0.003, respectively). Traumatic glaucoma (12.7%) was the 
second most common sign in anterior segment injuries and was 
significantly higher in badminton (16/63, 25.4%) than in soccer 
(20/177, 11.3%; p = 0.009) and basketball (7/102, 6.9%; p = 0.001). In 
addition, traumatic cataract (6.4%) and traumatic optic neuropathy 
(6.1%) were other common globe injuries.

3.6. Treatments

Surgery was performed in 21.5% of the injured eyes, including 
intraocular surgery in 13.3% and vitrectomy in 6.4% (Table 3); 36.0% 
(18/50) underwent intraocular surgeries two or three times. Lens 
surgery was performed in 5.3% of the eyes (20/377) with intraocular 
lenses implanted in 2.4% (9/377); glaucoma filtration and ciliary body 
suturing were performed in 0.5% (2/377) each; scleral buckling 
performed in 5.8% (22/377), of which vitrectomy was additionally 
performed in 2.4% (9/377); and keratoplasty, optic nerve sheath 
decompression, and orbital fracture repair were performed in a total 
of 0.3% (1/377 for each procedure). Finally, three eyes (0.8%) were 
removed, including two enucleated eyes within 24 h after injury and 1 
eviscerated eye within half a month of injury.

The proportions of surgeries related to various sports and specific 
causes are shown in Table 3. Intraocular surgery for eye injuries were 
significantly different among sports and various other causes (p = 0.003 
and p = 0.009, respectively). Surgeries for soccer injuries accounted for 
the least proportion (p < 0.05), and surgeries for ball strike injuries 
were less than those for racket/equipment beating injuries (p = 0.046). 
The proportions of eye surgery and removal were significantly 
different among the specific causes (p < 0.001and p = 0.005, 
respectively) and were less for injuries caused by ball strikes than those 
caused by physical collisions (p < 0.001and p = 0.024. respectively).
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3.7. Changes in VA and outcomes

The presenting VA grades were significantly different from the 
final VA grades (p < 0.001). The presenting VA after sports-induced 
eye injury was most in light perception (LP)-4/200. A final low vision 
(≤4/200) was observed in 10.6% of the eyes (40/377; Table 4). This 
difference between the presenting and final VA existed in each type of 
sport (soccer, basketball, and badminton: all p < 0.001 and other 
sports: p = 0.002; Figure 2A) and in each specific cause (p < 0.001), 
except tumble/crush injury (p = 0.167; Figure 2C).

The presenting VA grades were not significantly different among 
the sports (p = 0.153) and among specific causes (p = 0.06), but the final 
VA differed among the sports (p = 0.017) and among specific causes 
(p = 0.035). The presenting VA in LP-4/200 grade was significantly 
different among sports (p = 0.009) and was highest in badminton 
(50.8%) and other sports (51.4%), followed by soccer (40.1%) and 
basketball (27.5%). Regarding the final VA, the proportions of no light 
perception (NLP; p = 0.019) and ≥ 20/40 VA (p = 0.028) differed among 
the sports items. Badminton had the highest proportion of ≥20/40 VA 
in the final VA result (88.9%, p < 0.05; Figure 2A).

The proportions of presenting VA in NLP and LP-4/200 grades 
varied among the different causes (p = 0.002 and p = 0.048, 
respectively). Ball strikes caused a lower percentage of NLP and a 
higher percentage of LP-4/200 than that caused by physical collision 
(0.4 vs. 5.8%, p = 0.012 and 41.1 vs. 23.1%, p = 0.019, respectively). 
Regarding the final VA, the NLP grades were significantly different 
among the specific causes (p = 0.002). Ball strikes had a lower 
proportion of NLP VA in the final VA measurement (0.4%) than that 
had by racket/equipment beating (5.9%; p = 0.032) and tumble/crush 
injury (16.7%; p = 0.041; Figure 2C), respectively.

At discharge or follow-up, VA improved in 80.9% (305/377), did 
not change in 16.7% (63/377), and decreased in 2.4% (9/377) of the 
eyes. However, the overall change in VA among the sports and the 
specific causes were not statistically significant (p = 0.151 and p = 0.170, 
respectively). Improved VA ratio was higher in badminton (88.9%) 
than that in basketball (72.6%; p = 0.013; Figure 2B). Deteriorated VA 
ratio varied significantly among the different causes (p < 0.001) and 
was less in tumble/crush injury than in other causes (p < 0.001; 
Figure 2D). Final VA was positively correlated with presenting VA 
(spearman coefficient 0.421, p < 0.001).

TABLE 1 Eye injury counts and rates by different sport events and specific causes.*

Sport events No. (%) Specific causes no. (%)

Ball strikes Racket/equipment 
beating

Physical collision Tumble/crush 
injury

Ball Games 279 (74.2) 229 (60.9) – 49 (13.0) 1 (0.3)

  Soccer 176 (46.8) 170 (45.2) – 6a (1.6) 0

  Basketball 102 (27.1) 58 (14.4) – 43b (11.4) 1 (0.3)

  Volleyball 1 (0.3) 1 (0.3) – 0 0

Racket Games 75 (19.9) 52 (13.8) 23 (6.1) 0 0

  Badminton 63 (16.7) 42 (11.1) 21 (5.6) 0 0

  Tennis 6 (1.6) 6 (1.6) 0 0 0

  Table tennis 4 (1.0) 2 (0.5) 2 (0.5) 0 0

  Baseball 1 (0.3) 1 (0.3) 0 0 0

  Squash racket ball 1 (0.3) 1 (0.3) 0 0 0

Others 19 (5.1) – 11 (3.0) 3 (0.8) 5 (1.3)

  Power twist 6 (1.6) – 6 (1.6) 0 0

  Fishing 3 (0.8) – 3c (0.8) 0 0

  Parallel bars 2 (0.5) – 1 (0.3) 0 1 (0.3)

  Skating 2 (0.5) – – 1 (0.3) 1 (0.3)

  Swimming 2 (0.5) – – 2d (0.5) 0

  Diving 1 (0.3) – – 0 1 (0.3)

  Rope skipping 1 (0.3) – 1 (0.3) 0 0

  Running 1 (0.3) – – 0 1 (0.3)

  Riding cycling 1 (0.3) – – 0 1 (0.3)

Unknown 3 (0.8) – – – –

*376 patients in total; percentages were calculated using this as the denominator. A case of binocular injuries caused by ball strikes from soccer.
a1 eye stabbed by shoes nail and 1 eye stabbed by broken glasses.
b18 eyes stabbed by fingers and 2 eye stabbed by broken glasses.
c1 eye beaten by hook and 2 by fishing pendant.
dEye injury from the swimming goggles beaten by hands.

https://doi.org/10.3389/fpubh.2023.1182647
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2023.1182647

Frontiers in Public Health 05 frontiersin.org

4. Discussion

4.1. Epidemiological characteristics

Sports-related eye injuries mainly affect young people in their 20s 
(14–19), which is similar to the age distribution in this study. In other 
rare instances, the incidence has been observed to be  higher in 
teenagers (3, 20), late vicenarians (21) or quadragenarians (11, 22) for 
particular groups or sports. Men accounted for an overwhelming 
majority (78.9%–88.3%) (14–16, 19, 21, 22) and accounted for 93.9% 
participants in this study, probably because of their stronger built and 
speed and their increased participation in relatively high-risk sports 
compared with that observed in women. The extremely high 
percentage in our study compared with previous studies may be due 

to differences in periods, region, sample, and the types of sports 
included in the study.

4.2. Main causative sports and specific 
causes of sport injuries

The primary causes of sports injury vary among different 
countries (3, 8, 10, 14–16, 20–25), such as prominence of basketball 
in America (38.6%) (14, 19), badminton in Malaysia (66.6%) (23), 
floorball in Finland (32%) (26), hockey in Canada (44.19%) (24), 
cycling in western Australian (22%) (20), and baseball in Korea 
(30.5%) (21). Soccer, the most popular sport in the world, is the 
primary (18.2–32.5%) (15, 16, 22, 25) or important (3, 14, 20, 21) 

TABLE 2 Types of ocular trauma in different sports events and specific causes of 377 injured eyes.

Eye injuries Close globe injury (n =  353) Open globe injury (n =  18) Eyelid injury 
(n =  42)

Orbital 
fracture 
(n =  5)Sports items 

specific 
causes

Contusion 
(n =  349)

Lamellar 
laceration 

(n =  4)

Rupture 
(n =  12)

Penetrating 
(n =  6)

Soccer (n = 177) 173 2 0 2 10 1

  Ball strikes 

(n = 171)

169 2 0 0 9 0

  Physical collision 

(n = 6)

4 0 0 2a 1 1

Basketball (n = 102) 87 2 6 2 13 1

  Ball strikes 

(n = 58)

52 1 2 2b 4 0

  Physical collision 

(n = 43)

35 1 3 0 8 0

  Tumble injury 

(n = 1)

0 0 1 0 1 1

Badminton (n = 63) 60 0 3 0 6 0

  Ball strikes 

(n = 42)

41 0 1c 0 2 0

  Racket beating 

(n = 21)

19 0 2 0 4 0

Others (n = 32) 27 0 3 1 12 3

  Ball strikes 

(n = 11)

10 0 1d 0 2 0

  Racket/

equipment 

beating (n = 13)

11 0 1e 1f 4 0

  Physical collision 

(n = 3)

1 0 1g 0 2 1

  Tumble/crush 

Injury (n = 5)

5 0 0 0 4 2

Unknown (n = 3) 2 0 0 1b 1 0

a1 eye stabbed by shoes nail and 1 eye stabbed by broken glasses.
bEyes stabbed by broken glasses.
cThe eye with history of penetrating keratoplasty surgery.
d1 eye beaten by baseball.
e1 eye beaten by fishing pendant.
f1 eye stabbed by the broken glasses beaten by bat of table tennis.
g1 eye hit by other’s head while skating.
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cause of eye injuries in many countries. Basketball (3.8–22.6%) (15, 
16, 18, 21, 22) and badminton (1.3–14.6%) (15, 16, 21, 22, 25) are also 
widely reported as common causal sports. Soccer (46.8%), basketball 
(27.1%), and badminton (16.7%) were the most common causal sports 
for eye injuries in this study, with higher proportions than those 
reported in the previous literature. A survey of Chinese college 
students showed that these three were also the favorite sports among 
men (basketball, 54.1%; soccer, 32.2%) or women (badminton, 26.9%) 
students (10), which supports our findings.

Ball strikes (74.7%), physical collision (13.8%), and racket/
equipment strikes (9.0%) were the common specific causes of eye 
injuries in this study. According to most literature, ball strike is the 
most common cause of eye injuries (42.4%–95.2%) (3, 9, 15, 16, 22, 
27). Physical collision generally accounts for 12%–28.2% (3, 9, 16, 20, 
25, 27), and even as high as 47.3%–64.5% in middle school and college 
students (28), respectively, predominantly in basketball games (15). 
Our study also found a similar observation (42.16%) reflecting a 
higher frequency and intensity of the collision among the players due 

FIGURE 1

The composition distributions of CGI and OGI (A,B) and zones (C,D) in mechanical eye injury resulted from different sports items (A,C) and specific 
causes (B,D). 371 eyes with MEI in total; excluding 3 eyes related with unknown specific sports in figure (D). Asterisks indicate significantly different 
composition proportions (* p  <  0.05, ** p  <  0.01, *** p  <  0.001). CGI, close globe injury; OGI, open globe injury.

TABLE 3 Surgical treatments in different sports and specific causes of 377 injured eyes no. (%).*

Activity (n =  377) Eye surgery 
n =  81 (21.49)

Intraocular surgery 
n =  50 (13.26)

Vitrectomy 
n =  24 (6.37)

Eye removal  
n =  3† (0.80)

Sports items

  Soccer (n = 177) 20 (11.3) 13 (7.3) 8 (4.5) 0

  Basketball (n = 102) 36 (35.3) 17 (16.7) 10 (9.8) 2 (2.0)

  Badminton (n = 63) 11 (17.5) 10 (15.9) 3 (4.8) 0

  Others (n = 35) 14 (40.0) 10 (28.6) 3 (8.6) 1 (2.9)

Specific causes

  Ball strikes (n = 282) 45 (16.0) 30 (10.6) 18 (6.4) 0

  Physical collision (n = 52) 23 (44.2) 8 (15.4) 3 (5.8) 2 (3.9)

  Racket/equipment beating (n = 34) 8 (23.5) 8 (23.5) 3 (8.8) 0

  Tumble/crush injury (n = 6) 2 (33.3) 2 (33.3) 0 1 (16.7)

  Unknown (n = 3) 3 (100.0) 2 (66.7) 0 0

*Percentages were calculated using the total number of each row as the denominator.  
†3 eyes of severe rupture were removed. Two in basketball (1 injured by a fall, 1 hit by the upper limb); and one hit by other’s head while skating.
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to the fast speed and relatively limited space for movement in the 
basketball court compared with soccer; racket/equipment beating 
varied from 5.8% to 42.5% (3, 16, 20, 25) owing to the different 
proportions of racket/stick sports included in different studies.

4.3. Mechanisms of eye injuries in sports

Mechanical forces from sports activities can lead to closed or open 
globe injuries and can involve ocular appendages such as the eyelids, 
orbits, and optic nerve. The condition of sports-induced injuries is 
closely related to the characteristics of the objects that collided with 
the eye, such as its properties, contact area relative to the orbital rim 
diameter, volume and depth of entry into the orbit depth, maximum 
force and velocity, and hardness or elasticity (8, 29).

4.3.1. Blunt or sharp objects
Collisions of blunt objects, such as balls, rackets, sticks, paddles, 

fishing pendant with heavy weights, and body parts, exert compressive 
forces on the eyeballs whose expansion perpendicular to the direction 
of impact, which has been proposed as the major cause of contusion 
(8). This explanation is consistent with the pattern of most of the 
trauma cases in this study. When a blunt external force is quickly 
applied to the eye and intraocular pressure is greatly elevated 
exceeding the capacity of the globe wall [computational models of 
blunt eye impacts reported the following threshold values: stresses in 
the corneoscleral shell >23 MPa and local dynamic pressures >2.1 MPa 
(29)], the eyeball ruptures (8). The rupture occurs mostly at the 
location of peak stresses, such as the apex of the cornea, the limbus, 
and the equator of the globe (30) or occurs at the weakness in ocular 
wall caused by previous surgery or trauma. In this study, one case of 
rupture caused by a hit from a shuttlecock had a history of 
penetrating keratoplasty.

Most small, sharp, or high-speed projectiles, such as fishhooks, 
shattered eyewear lenses, and shoes nails, can cut and even penetrate 
the eyeball wall, which has the highest ratio of lamellar laceration or 
even penetrating injuries. In this study, five out of six penetrating 
injuries were caused by broken lenses worn by the participants during 
sports activities. The possible conversion of a blunt eye trauma into a 
globe penetration injury or even an intraocular foreign body due to a 
broken eyewear and the subsequent occurrence of a permanent visual 
impairment cannot be ignored.

4.3.2. Contact area
Larger diameter objects (> 5 cm in diameter), such as soccer ball, 

basketball, and most parts of the physical body, deliver a limited force 
into the orbit, because most of their energy can be dispersed across 
the surrounding orbital bones and face (8, 30). Conversely, a blunt 
object smaller than the orbital opening causes anteroposterior 
compression and dilation of the middle part of the globe, transmitting 
a great force to the internal ocular structure. Similarly, the fingers, for 
example, are more likely to cause penetrating trauma during a 
basketball game (7, 30).

4.3.3. The extent of orbital invasion
The larger the volume and/or depth of the blunt object invading 

the orbit, the more severe the eyeball will be crushed or damaged (8). 
Blunt objects smaller than the orbital opening (sticks, fingers, fishing 
pendent, table tennis ball, etc.) can transmit greater forces to the globe 
than that transmitted by ones that are larger than the bony opening 
(soccer, basketball, tennis ball, the elbow, the fist, some rackets, 
etc.) can do.

4.3.4. Peak force and velocity
The faster the speed and greater the mass of the injured object, the 

greater the kinetic energy, and the shorter the time to reach the peak 
force value, the stronger the impact and damage to the eyeball. For 
example, OGI developed more likely from a standard major league 
baseball at 23.2 m/s (55 mph) than a kicked soccer ball (31). Racket 
sports, such as badminton, table tennis, tennis, squash (8), which are 
popular in China, are a common cause of serious eye injuries. For 
badminton and tennis, the small, density and high-speed shuttlecock 
or tennis ball, respectively, from an opponent or a doubles partner is 
a reason for the high risk of eye injuries (8, 11). Although the table 
tennis ball is small and light, its speed can be very high during a 
competition because of the small table and the close distance between 
the players.

4.3.5. Hardness or elasticity
The soccer ball, relatively slow and soft compared to other balls, 

can deform and mold on impacting the contour of the orbital aperture 
(32), and remains in contact with the orbit for approximately 10 ms, 
2.5 to 10 times longer than other balls (8). The impact can generate 
transient pockets of high and negative pressure (a suction effect as it 
withdraws) with a peak of 66.6 kPa near the impact point, and the 
impact subsequently propagates linear pressure wave, exerting 
compressive and tractional forces on the retina, especially localized to 
the posterior pole or superior temporal quadrant (8, 33). The suction 
power can distort the globe and tear the internal ocular structures in 
the anterior (such as tearing of sphincter pupillae or peripheral edge 
of the iris, recession of the anterior chamber angle, and ciliary body 
detachment from the scleral spur) and posterior segments of the eye 
(such as acute posterior vitreous detachment, dialysis of the ora 
serrata, retinal tears, macular holes, retinal or choroidal laceration, 
and optic papilla avulsion) (34). Furthermore, clinically, the 
insignificant coup and contrecoup mechanical injury can also generate 
commotio retinae (35). However, hard balls (field hockey, baseball, 
softball, polo ball, and golf ball) rebound in a fifth to a tenth of the 
time of the soccer ball, whose hardness quickly transmits energy or 
deeply penetrates into the orbit, which more likely cause eyeball 
rupture (8).

TABLE 4 Presenting and final visual acuity of eyes injured in sports.*

VA grades Presenting VA Final VA p value

Grade 1 20/40 or 

better
100 (26.5%) 280 (74.3%)

p < 0.001

Grade 2 20/100–

20/50
62 (16.5%) 32 (8.5%)

Grade 3 5/200–

19/100
60 (15.9%) 25 (6.6%)

Grade 4 LP-

4/200
149 (39.5%) 34 (9.0%)

Grade 5 NLP 6 (1.6%) 6 (1.6%)

VA, visual acuity; LP, light perception; NLP, no light perception.  
*377 eyes; the final visual acuity of NLP including the 3 removed eyes.
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4.4. Peculiarity of sports-induced 
mechanical eye injuries

Blunt force injuries (contusion and rupture) predominates in 
sports-related ocular trauma. This was observed in the present study 
(361/377, 95.8%) as well as most previous related reports (3, 7, 11, 16, 
20, 27), which is different from the pattern of some other causes of eye 
injuries (2, 5).

CGI, especially contusion, accounts for the majority of the eye 
injuries in all sports groups (95.1%) and specific causes groups 
(349/377, 92.6%) in this study, which is similar to or even more than 
other sports-related reports (contusion, 29.1%–77%) (3, 7, 9, 19, 21, 
28). The difference in data may be due to the fact that the study sample 
comprised hospitalized patients with more severe eye injuries, and 

some sports such as hockey, baseball and tennis, which are more 
aggressive, were excluded.

In this study, the occurrence of OGI (4.9%; 12 eyes of rupture by 
blunt injury and 6 eyes penetrated by a sharp object) was relatively 
higher in basketball (8.3%) and other sports (12.9%) than in soccer 
(1.1%), and in physical collision (12.8%) and racket/equipment 
beating (11.8%) than in ball strikes (2.1%). OGI generally constitute 
a minority of injuries in sports (0.7%–7%) (3, 19–21) but constitute an 
exceptionally high proportion in golf (36). In this study or other 
literature (29), soccer was not identified as a sport that is commonly 
associated with OGI, excepting the related secondary injuries that are 
caused by inappropriate equipment (21), such as broken eye-wears 
and shoe snails, which were responsible for all the cases of penetration 
in this study. Globe rupture depends on the area-normalized kinetic 

FIGURE 2

The comparision between the initial and final visual acuity (A,C) and the distributions of visual acuity changes (B,D) in percentage of different sports 
items (A,B) and specific causes (C,D). Asterisks indicate significantly different composition proportions (* p  <  0.05, ** p  <  0.01, *** p  <  0.001). LP, light 
perception; NLP, no light perception.
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energy caused by the contact object, which synthesizes relative in size 
to the area of the eye, mass, velocity and kinetic energy (26). Basketball 
sports which involve a fiercer confrontation compared with that in 
soccer may be the reason why basketball is more prone to causing 
area-normalized kinetic energy and eyeball rupture. In this study, one 
case of eyeball rupture was caused by a baseball. However, such small, 
hard, and fast ball or rod striking sports are not popular in China and 
the sample size was too small, accounting for the low proportion of 
eyeball rupture injury in this study. Regarding characteristics of 
velocity, stiffness and geometric difference, physical collision and 
racket/equipment beating in sports is obviously more likely to generate 
higher area-normalized kinetic energy than that generated by 
large balls.

The affected zone of injured eyes differed by sports or specific 
causes. According to a computer simulation study, soccer ball and 
basketball, relatively slow, soft and large balls, exert a primary linear 
force (pushing) and subsequent suction power (pulling) mainly to 
zone III (posterior segment) of the eyes (33). The bigger weight (630 g) 
and the faster and more hush physical contact of the basketball (37) 
contribute to a higher impact force to zone I than that observed with 
the soccer ball and shuttlecock. However, the large and smooth 
interface of the basketball prevents it from further squeezing and 
deforming the eyeball, which less often leads to damage in zone II 
compared with that caused by the shuttlecock in badminton. The 
small and dense shuttlecock that can produce a speed of over 200 kph 
(38) and racket/equipment are made of hard materials with much 
higher kinetic energy than that transferred to the ball and even shapes 
that are smaller than the eye sockets (power twist, stick, fishing 
pendant, etc.), which can allow direct globe compression deformation, 
mainly endangering zone II.

4.5. Ocular clinical manifestations

Hyphema (52.8%) was the most frequent clinical feature in ocular 
sports injury as reported by other literatures (28.9%–87.5%) (3, 11, 15, 
16, 21, 22, 25, 38), and was particularly highest in badminton sport 
(85.7%), similar to that reported in a previous literature (94%) (38). 
Hyphema is a direct trauma that causes the shearing of forces on the 
blood vessels of the iris (39) located in zone II of the eyeball, which is 
consistent with the evidence that badminton is prone to affect zone II, 
as indicated above. Similarly, secondary glaucoma caused by hyphema, 
anterior chamber angle recession or forward of iris-lens septum 
mainly involve tissues in zone II. The proportion of such injuries 
caused by badminton is significantly higher than caused by other 
sports. Retinal breaks more frequently caused by soccer and basketball, 
fully corroborates the previous hypothesis that the vitreous body tracts 
on the retina (both belonging to zone III) due to the large ball rebound 
force. Any damage to the vascularization network of the uvea or 
retinal vessels can hemorrhage into the vitreous cavity.

4.6. Impact on visual acuity in sports 
participants

The initial low vision (≤4/200) accounted for as high as 41.11% 
(155/377) of the inpatients, who had severe ocular symptoms in this 
study, which was more than that (11%) reported among outpatients 

in the literature (15). In this study, sports-related eye injuries were 
mainly CGI, especially contusion, so the proportion of final vision 
≥20/40 (74.3%) was similar to that reported in the literature for 
similar condition (68.5%) (40), but extremely higher than that 
reported in the literature on OGI (23.9%) (41).

The results of this study suggest that the VA prognosis in ocular 
sports injuries is closely related to the causative sports and/or the 
specific causes. For example, badminton caused the most MEI in zone 
II, where tissue damage mostly led to cloudy optical media in the 
anterior segment, such as hyphema and lens abnormality, resulting in 
poor initial VA following injury. However, the tissue damages in zone 
II were relatively resolvable by surgery or conservative treatment. 
Therefore, in this study, the ratio of improved VA was higher, and the 
ratio of a final VA of ≥20/40 was also the highest in the badminton 
sport group. Ball strikes caused more CGI and less OGI (destruction 
of the integrity of the eyeball and more serious damage to the 
intraocular tissues), which implied less surgeries; therefore, the 
percentage of NLP, VA, and enucleation was low.

4.7. Emphasis on effective avoidance and 
eye protection

Although all the main sports involved in this study, such as soccer, 
basketball, badminton are moderate-risk sports (7, 8), the permanent 
visual impairment of patients who experience related eye trauma is 
also very prominent and cannot be  ignored. A systematic review 
indicated that the median percentage of eye injuries in racket sports 
due to no eyewear was found to be as high as 93% and to be especially 
noted was that wearing prescription lenses, contact lenses, and 
industrial eyewear in sports led to more severe eye injuries (42). Only 
protective equipment, such as polycarbonate lenses that adheres to the 
updated American Society for Testing and Materials (42), rather than 
regular lenses that are one-twentieth as strong (43) and can cause 
indirect eyeball penetration injuries, is necessary and effective in 
sports to reduce sports-related ocular trauma, especially in collision 
or contact sports (7). Eye injuries declined steeply following the 
introduction of visors, which was mandated for use during the 
national hockey league in 2013 (44). The establishment of safer 
surroundings and sports rules for participants also requires more 
attention. About 12.6% of all athletes are reported to use protective 
equipment for their eyes, reflecting the lack of eye protection 
awareness (9). Based on the developments in scientific protective 
eye-wears or masks, it is important to strengthen the safety awareness 
regarding protection against sports-related injuries.

4.8. Limitations

Although this study investigated multiple sports and drew 
polycentric data across a 5-year period, providing a broader overview 
of sports-related eye injuries in China, the limitations of observational 
study cannot be ignored. First, a selection bias might have occurred 
due to the limitations of sampling hospitals and inpatients, which 
excluded outpatients and emergency patients. Second, the sample size 
was relatively small. Third, there was a potential limitation in the 
integrity and validity of data. Fourth, not all evaluated cases had long-
term follow-up data, and the long-dated changes and treatment 
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outcomes of some injured eyes were unknown. Fifth, due to the lack 
of accurate records of relative afferent pupillary defect in many 
medical records, ocular trauma scores (45) cannot be used to evaluate 
and compare vision outcomes impaired by different sports or injury 
causes. Lastly, this study mainly analyzed popular sports in China, but 
lacks data on popular sports in other countries such as baseball. 
However, the detailed hospital records used in this study provided 
relatively comprehensive and accurate information on ocular tissue 
damage, treatments, and visual function.

5. Conclusion

This is the first report on sports-related eye injuries and the overall 
situation among the general population in China, based on multiple 
centers spanning 5 years. The clinical characteristics of eye injuries by 
various causal sports and specific causes are different. In soccer, ball 
strikes caused more injures to the posterior segment of the eyeball. 
OGI caused by physical collision of a player with basketball and 
racket/equipment beating should not be ignored. Badminton causes 
more Zone II injuries, and the visual prognosis is relatively better 
compared with that of other zone injuries. The VA prognosis was 
closely related to ocular tissue injuries and initial VA following a 
sports injury. The high proportion of final low vision and permanent 
visual impairment highlight that effective eye protection among sports 
participants is imperative and important.

Data availability statement

The original contributions presented in the study are not included 
in the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board of Chinese PLA General Hospital (S2002-074-01). The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 

in this study was provided by the participants' legal guardians/
next of kin.

Author contributions

YZ designed the study. QY, JY, QW, ZZ, and HZ collected and 
analyzed the data. YZ, HJ, and XK drafted the initial manuscript. YZ 
revised the article critically. XK, and HJ reviewed and edited the 
article. All authors contributed to the article and approved the 
submitted version.

Funding

This study was supported by the Medical Science and Technology 
Innovation Program (21QNPY130) and Military Theory Research 
Project (JJ2023A06-B007).

Acknowledgments

Thanks to all the organizations and individuals who contributed 
to the research and the article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Tovell A, McKenna K. (2018). Eye injuries in Australia, 2010–11 to 2014–15. In: 

Injury research and statistics series no 194 cat no INJCAT 114. Canberra: Australian 
Institute of Health and Welfare, Available at: https://www.aihw.gov.au/
getmedia/36037e3e-5007-4d8b-9a8b-349060694453/aihw-injcat-194

 2. Gordon KD. The incidence of eye injuries in Canada. Can J Ophthalmol. (2012) 
47:351–3. doi: 10.1016/j.jcjo.2012.03.005

 3. Leivo T, Haavisto AK, Sahraravand A. Sports-related eye injuries: the current 
picture. Acta Ophthalmol. (2015) 93:224–31. doi: 10.1111/aos.12633

 4. Maurya RP, Singh VP, Kadir SMU, Das JK, Bosak SK, Prajapat MK, et al. The study 
of simultaneous bilateral ocular trauma in northern India: clinical presentation, 
epidemiology and patterns of injury. Int Ophthalmol. (2022) 42:1193–203. doi: 10.1007/
s10792-021-02104-5

 5. Madan AH, Joshi RS, Wadekar PD. Ocular trauma in pediatric age Group at a 
Tertiary eye Care Center in Central Maharashtra, India. Clin Ophthalmol. (2020) 
14:1003–9. doi: 10.2147/OPTH.S244679

 6. Thylefors B. Epidemiological patterns of ocular trauma. Aust N Z J Ophthalmol. 
(1992) 20:95–8. doi: 10.1111/j.1442-9071.1992.tb00718.x

 7. Mishra A, Verma AK. Sports related ocular injuries. Med J Armed Forces India. 
(2012) 68:260–6. doi: 10.1016/j.mjafi.2011.12.004

 8. Vinger P. (2018). The mechanisms and prevention of sports eye injuries. Available 
at: http://www.worldbadminton.com/training/documents/The-Mech-and-Prev-of-
Sports-Eye-Injuries.pdf

 9. Zhang J, Zhu X, Sun Z, Wang J, Sun Z, Li J, et al. Epidemiology of sports-related eye 
injuries among athletes in Tianjin, China. Front Med (Lausanne). (2021) 8:690528. doi: 
10.3389/fmed.2021.690528

 10. Gao Y, Cai W, Gao L, Wang J, Liang J, Kwok H, et al. Physical activity-related 
injuries among university students: a multicentre cross-sectional study in China. BMJ 
Open. (2018) 8:e021845. doi: 10.1136/bmjopen-2018-021845

 11. Yu J, Chen Y, Miao J, Zhao M, Keng C, Wang X, et al. Doubles trouble-85 cases of 
ocular trauma in badminton: clinical features and prevention. Br J Sports Med. (2020) 
54:23–6. doi: 10.1136/bjsports-2018-099496

 12. Kuhn F, Morris R, Witherspoon CD, Mester V. The Birmingham eye trauma 
terminology system (BETT). J Fr Ophtalmol. (2004) 27:206–10. doi: 10.1016/
s0181-5512(04)96122-0

https://doi.org/10.3389/fpubh.2023.1182647
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.aihw.gov.au/getmedia/36037e3e-5007-4d8b-9a8b-349060694453/aihw-injcat-194
https://www.aihw.gov.au/getmedia/36037e3e-5007-4d8b-9a8b-349060694453/aihw-injcat-194
https://doi.org/10.1016/j.jcjo.2012.03.005
https://doi.org/10.1111/aos.12633
https://doi.org/10.1007/s10792-021-02104-5
https://doi.org/10.1007/s10792-021-02104-5
https://doi.org/10.2147/OPTH.S244679
https://doi.org/10.1111/j.1442-9071.1992.tb00718.x
https://doi.org/10.1016/j.mjafi.2011.12.004
http://www.worldbadminton.com/training/documents/The-Mech-and-Prev-of-Sports-Eye-Injuries.pdf
http://www.worldbadminton.com/training/documents/The-Mech-and-Prev-of-Sports-Eye-Injuries.pdf
https://doi.org/10.3389/fmed.2021.690528
https://doi.org/10.1136/bmjopen-2018-021845
https://doi.org/10.1136/bjsports-2018-099496
https://doi.org/10.1016/s0181-5512(04)96122-0
https://doi.org/10.1016/s0181-5512(04)96122-0


Zhang et al. 10.3389/fpubh.2023.1182647

Frontiers in Public Health 11 frontiersin.org

 13. Pieramici DJ, Sternberg P Jr, Aaberg TM Sr, Bridges WZ Jr, Capone A Jr, Cardillo 
JA, et al. A system for classifying mechanical injuries of the eye (globe). The ocular 
trauma classification group. Am J Ophthalmol. (1997) 123:820–31. doi: 10.1016/
s0002-9394(14)71132-8

 14. Patel V, Pakravan P, Mehra D, Watane A, Yannuzzi NA, Sridhar J. Trends in sports-
related ocular trauma in United States emergency departments from 2010 to 2019: 
multi-center cross-sectional study. Semin Ophthalmol. (2022) 38:333–7. doi: 
10.1080/08820538.2022.2107400

 15. Lee DE, Ryoo HW, Moon S, Ahn JY, Kim JH, Kim JY. Epidemiology and risk 
factors for sports- and recreation-related eye injury: a multicenter prospective 
observational study. Int J Ophthalmol. (2021) 14:133. doi: 10.18240/ijo.2021.01.19

 16. Ashraf G, Arslan J, Crock C, Chakrabarti R. Sports-related ocular injuries at a 
tertiary eye hospital in Australia: a 5-year retrospective descriptive study. Emerg Med 
Australas. (2022) 34:794–800. doi: 10.1111/1742-6723.13982

 17. Radtke S, Trepp GL, Müller M, Exadaktylos AK, Klukowska-Rötzler J. Floorball 
injuries presenting to a Swiss adult emergency department: a retrospective study (2013-2019). 
Int J Environ Res Public Health. (2021) 18:6208. doi: 10.3390/ijerph18126208

 18. Pieramici DJ. Sports-related eye injuries. JAMA. (2017) 318:2483–4. doi: 10.1001/
jama.2017.17560

 19. Haring RS, Sheffield ID, Canner JK, Schneider EB. Epidemiology of sports-related 
eye injuries in the United States. JAMA Ophthalmol. (2016) 134:1382–90. doi: 10.1001/
jamaophthalmol.2016.4253

 20. Hoskin AK, Yardley AM, Hanman K, Schneider EB. Sports-related eye and 
adnexal injuries in the Western Australian paediatric population. Acta Ophthalmol. 
(2016) 94:e407–10. doi: 10.1111/aos.12911

 21. Moon S, Ryoo HW, Ahn JY, Park JB, Seo KS, Shin SD, et al. Analysis on sports and 
recreation activity-related eye injuries presenting to the emergency department. Int J 
Ophthalmol. (2016) 9:1499–505. doi: 10.18240/ijo.2016.10.22

 22. Dockery DM, Harrington MA, Gardiner MF, Krzystolik MG. A 5-year 
retrospective assessment of clinical presentation associated with sports injury in young 
people presenting to a tertiary eye center. J Pediatr Ophthalmol Strabismus. (2021) 
58:377–84. doi: 10.3928/01913913-20210423-02

 23. Chandran S. Ocular hazards of playing badminton. Br J Ophthalmol. (1974) 
58:757–60. doi: 10.1136/bjo.58.8.757

 24. Archambault C, Gabias C, Fallaha N, Bélanger C, Superstein R. Pediatric ocular 
injuries: a 3-year review of patients presenting to an emergency department in Canada. 
Can J Ophthalmol. (2019) 54:83–6. doi: 10.1016/j.jcjo.2018.02.006

 25. Barr A, Baines PS, Desai P, MacEwen CJ. Ocular sports injuries: the current 
picture. Br J Sports Med. (2000) 34:456–8. doi: 10.1136/bjsm.34.6.456

 26. Weaver AA, Kennedy EA, Duma SM, Stitzel JD. Evaluation of different projectiles 
in matched experimental eye impact simulations. J Biomech Eng. (2011) 133:031002. doi: 
10.1115/1.4003328

 27. Patel PA, Gopali R, Reddy A, Patel KK. Trends in soccer-related ocular injuries 
within the United States from 2010 through 2019. Semin Ophthalmol. (2022) 37:57–62. 
doi: 10.1080/08820538.2021.1909077

 28. Boden BP, Pierpoint LA, Boden RG, Comstock RD, Kerr ZY. Eye injuries in high school 
and collegiate athletes. Sports Health. (2017) 9:444–9. doi: 10.1177/1941738117712425

 29. Vinger PF, Capão Filipe JA. The mechanism and prevention of soccer eye injuries. 
Br J Ophthalmol. (2004) 88:167–8. doi: 10.1136/bjo.2003.026229

 30. Vinger PF, Duma SM, Crandall J. Baseball hardness as a risk factor for eye injuries. 
Arch Ophthalmol. (1999) 117:354–8. doi: 10.1001/archopht.117.3.354

 31. Stitzel JD, Duma SM, Cormier JM, Herring IP. A nonlinear finite element model 
of the eye with experimental validation for the prediction of globe rupture. Stapp Car 
Crash J. (2002) 46:81–102. doi: 10.4271/2002-22-0005

 32. Carrera W, Ng C, Koppinger J, Saud A, Chen JJ, Agarwal A. Multimodal imaging 
of soccer ball-related ocular posterior segment injuries. Eur J Ophthalmol. (2022) 
32:3527–35. doi: 10.1177/11206721221086230

 33. Lam MR, Dong P, Shokrollahi Y, Gu L, Suh DW. Finite element analysis of soccer 
ball-related ocular and retinal trauma and comparison with abusive head trauma. 
Ophthalmol Sci. (2022) 2:100129. doi: 10.1016/j.xops.2022.100129

 34. Kroll P, Stoll W, Kirchhoff E. Kontusions-Sog-trauma nach Ballverletzungen 
[contusion-suction trauma after globe injuries]. Klin Monatsbl Augenheilkd. (1983) 
182:555–9. doi: 10.1055/s-2008-1054853

 35. Sipperley JO, Quigley HA, Gass DM. Traumatic retinopathy in primates. The 
explanation of commotio retinae. Arch Ophthalmol. (1978) 96:2267–73. doi: 10.1001/
archopht.1978.03910060563021

 36. Crane ES, Kolomeyer AM, Kim E, Chu DS. Comprehensive review of golf-related 
ocular injuries. Retina. (2016) 36:1237–43. doi: 10.1097/IAE.0000000000001119

 37. Lee TH, Chen YH, Kuo HK, Chen YJ, Chen CH, Lee JJ, et al. Retinal detachment 
associated with basketball-related eye trauma. Am J Ophthalmol. (2017) 180:97–101. doi: 
10.1016/j.ajo.2017.05.025

 38. Fong LP. Sports-related eye injuries. Med J Aust. (1994) 160:743–50. doi: 10.5694/
j.1326-5377.1994.tb125941.x

 39. Cass SP. Ocular injuries in sports. Curr Sports Med Rep. (2012) 11:11–5. doi: 
10.1249/JSR.0b013e318240dc06

 40. Vangelova A. Contusion eye traumas: etiology, clinical characteristics and final 
results. Khirurgiia (Sofiia). (2001) 57:35–7.

 41. Malek I, Sayadi J, Zerei N, Mekni M, El Amri K, Zgolli H, et al. Epidemiology and 
prognostic factors of open globe injuries in a Tunisian pediatric population. J Fr 
Ophtalmol. (2020) 43:604–10. doi: 10.1016/j.jfo.2019.10.024

 42. Mazarelo JFD, Winter SL, Fong DTP. A systematic review on the effectiveness of 
eyewear in reducing the incidence and severity of eye injuries in racket sports. Phys 
Sportsmed. (2023) 18:1–10. doi: 10.1080/00913847.2023.2196934

 43. Ohana O, Alabiad C. Ocular related sports injuries. J Craniofac Surg. (2021) 
32:1606–11. doi: 10.1097/SCS.0000000000007618

 44. Pradeep T, Arun S, Ravipati A, Poudel B, Aradhya A, Pradeep K. Eye injuries in 
the National Hockey League from 2010 to 2018: an analysis of injury rates, mechanisms, 
and the National Hockey League visor policy. Can J Ophthalmol. (2021) 56:17–23. doi: 
10.1016/j.jcjo.2020.08.003

 45. Kuhn F, Maisiak R, Mann L, Mester V, Morris R, Witherspoon CD. The ocular 
trauma score (OTS). Ophthalmol Clin N Am. (2002) 15:163–5. doi: 10.1016/
s0896-1549(02)00007-x

https://doi.org/10.3389/fpubh.2023.1182647
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/s0002-9394(14)71132-8
https://doi.org/10.1016/s0002-9394(14)71132-8
https://doi.org/10.1080/08820538.2022.2107400
https://doi.org/10.18240/ijo.2021.01.19
https://doi.org/10.1111/1742-6723.13982
https://doi.org/10.3390/ijerph18126208
https://doi.org/10.1001/jama.2017.17560
https://doi.org/10.1001/jama.2017.17560
https://doi.org/10.1001/jamaophthalmol.2016.4253
https://doi.org/10.1001/jamaophthalmol.2016.4253
https://doi.org/10.1111/aos.12911
https://doi.org/10.18240/ijo.2016.10.22
https://doi.org/10.3928/01913913-20210423-02
https://doi.org/10.1136/bjo.58.8.757
https://doi.org/10.1016/j.jcjo.2018.02.006
https://doi.org/10.1136/bjsm.34.6.456
https://doi.org/10.1115/1.4003328
https://doi.org/10.1080/08820538.2021.1909077
https://doi.org/10.1177/1941738117712425
https://doi.org/10.1136/bjo.2003.026229
https://doi.org/10.1001/archopht.117.3.354
https://doi.org/10.4271/2002-22-0005
https://doi.org/10.1177/11206721221086230
https://doi.org/10.1016/j.xops.2022.100129
https://doi.org/10.1055/s-2008-1054853
https://doi.org/10.1001/archopht.1978.03910060563021
https://doi.org/10.1001/archopht.1978.03910060563021
https://doi.org/10.1097/IAE.0000000000001119
https://doi.org/10.1016/j.ajo.2017.05.025
https://doi.org/10.5694/j.1326-5377.1994.tb125941.x
https://doi.org/10.5694/j.1326-5377.1994.tb125941.x
https://doi.org/10.1249/JSR.0b013e318240dc06
https://doi.org/10.1016/j.jfo.2019.10.024
https://doi.org/10.1080/00913847.2023.2196934
https://doi.org/10.1097/SCS.0000000000007618
https://doi.org/10.1016/j.jcjo.2020.08.003
https://doi.org/10.1016/s0896-1549(02)00007-x
https://doi.org/10.1016/s0896-1549(02)00007-x

	Discrepancy of eye injuries in mechanism, clinical features, and vision prognosis by different causative sports
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Definitions
	2.3. Statistical analyses

	3. Results
	3.1. Demographics characteristics
	3.2. Eye injuries in sports events and the different specific causes
	3.3. Types of mechanical eye injuries
	3.4. Zones of mechanical eye injuries
	3.5. Ocular trauma findings
	3.6. Treatments
	3.7. Changes in VA and outcomes

	4. Discussion
	4.1. Epidemiological characteristics
	4.2. Main causative sports and specific causes of sport injuries
	4.3. Mechanisms of eye injuries in sports
	4.3.1. Blunt or sharp objects
	4.3.2. Contact area
	4.3.3. The extent of orbital invasion
	4.3.4. Peak force and velocity
	4.3.5. Hardness or elasticity
	4.4. Peculiarity of sports-induced mechanical eye injuries
	4.5. Ocular clinical manifestations
	4.6. Impact on visual acuity in sports participants
	4.7. Emphasis on effective avoidance and eye protection
	4.8. Limitations

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

