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Purpose: The purpose of this study was to determine the incidence of minor and major 
ocular injuries in patients with orbital wall fractures at Loma Linda University Health, 
a level-one trauma center, to help determine the most appropriate setting for the initial 
dilated fundus examination by ophthalmologists.
Methods: A retrospective study was performed from January 2008 to January 2013 of 
patients diagnosed with orbital wall fracture secondary to trauma. Exclusion criteria included 
unknown mechanism of injury, the absence of ophthalmology consultation, or absence of 
imaging. Data collected included age, gender, mechanism of injury, visual acuity, and anterior/ 
posterior segment findings. Ocular injuries were categorized as either minor or major.
Results: Of 567 charts reviewed, 460 met criteria and were included for analysis. In the 
analysis, 86.5% of patients were male, and 81.3% were Caucasian. The most common 
mechanism of orbital fracture was blunt injury. Visual acuity was better than 20/100 in 
82.4% of patients. On chart review, 81.1% of patients were found to have either a minor 
injury, a major injury, or both. The most common injury was subconjunctival hemorrhage 
(53.5%). Globe rupture (2.9%) and vision-threatening posterior segment findings such as 
retinal tear and choroidal rupture (1.3%) were relatively rare. Only one retinal detachment 
(0.2%) was found, specifically in the setting of severe injury with concomitant globe rupture.
Conclusion: Knowledge of the common ocular injuries associated with orbital fractures will 
help emergency department (ED) physicians and ophthalmologists provide the dilated fundus 
exam in the most appropriate setting. The most frequent injuries identified were non-vision 
threatening, and visually significant posterior segment findings were relatively rare (1.3%). 
Thus, for the majority of patients presenting to the ED with orbital fracture, a dilated fundus 
exam can be performed at a later date in the outpatient clinic setting, unless urgent orbital 
fracture surgery is planned.
Keywords: ocular trauma, orbital wall fracture, subconjunctival hemorrhage, globe rupture, 
entrapment, vision loss

Introduction
Orbital fractures secondary to trauma are often complicated by ocular injuries.1–3 As 
such, consultations for a comprehensive ophthalmic exam are routine in private as well as 
academic sectors. A comprehensive ocular examination is necessary to prevent lasting 
visual and functional deficits, though the timing of the initial exam is debatable. Patients 
with orbital fractures are routinely assessed on an outpatient basis initially and, as 
demonstrated by Mellema et al, visually asymptomatic patients with orbital fractures 
are unlikely to have sustained severe injuries.4 Nonetheless, serious ocular findings such 
as globe rupture or entrapment still warrant an emergency department (ED) consultation 
by the ophthalmology service.
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Identifying the most common associations between 
orbital fractures and ocular pathologies, such as vision- 
threatening retinal injuries, will aid in the management and 
appropriate timing of a dilated fundus exam by ophthal-
mologists. This paper highlights the incidence of the most 
common ocular injuries sustained by patients with orbital 
fractures at Loma Linda University Health, a level-one 
trauma facility.

Methods
A retrospective review was performed of patients with 
orbital fractures evaluated at Loma Linda University 
Health, a level-one trauma center. Between January 
2008 and January 2013, 567 charts of patients with 
orbital fractures seen in the ED were reviewed. 
Exclusion criteria included the absence of an ophthal-
mology consult, absence of a CT scan read, or unknown 
mechanism of injury. Maxillofacial CT scan images 
were not reviewed personally by the investigators. 
A fracture of any orbital wall was included, but not 
classified further based on location. All fractures were 
due to trauma and categorized as blunt (representing 
physical assault), motor vehicle accidents (MVA), fall, 
or gunshot wound (GSW).

Data collected from the written ophthalmology consult 
included age, gender, mechanism of injury, visual acuity, 
and anterior/posterior segment findings. Ocular injuries 
were further separated into major and minor categories. 
A minor ocular injury was defined as an injury unlikely to 
result in permanent vision loss: subconjunctival hemor-
rhage, limitation of extraocular movement, pupil abnorm-
ality, commotion retinae, corneal abrasion, proptosis, 
chemosis, traumatic iritis, decreased sensation, retinal 
hemorrhage, macular hemorrhage (without foveal or chor-
oidal involvement), iridodialysis, and enophthalmos. A 
major ocular injury was defined as an injury likely to 
cause permanent visual impairment: hyphema, retrobulbar 
hemorrhage, ruptured globe, disc edema, entrapment, 
choroidal rupture, partial thickness corneal laceration, 
and retinal tear. The incidence of major and minor injuries 
in the setting of orbital fractures is reported.

The study received approval by the LLU Institutional 
Review Board, adhered to the standards of Declaration of 
Helsinki, and was Health Insurance Portability and 
Accountability Act compliant. As this study was per-
formed retrospectively, the requirement for consent was 
waived by the LLU Institutional Review Board.

Results
Between January 2008 and January 2013, charts of 567 
patients with orbital fractures seen in the ED were 
reviewed. Exclusion criteria included the absence of an 
ophthalmology consultation (n=75), absence of the max-
illofacial CT scan read (n=29), and unknown mechanism 
of injury (n=3). Thus, of the 567 charts reviewed, 460 
were included for analysis. As observed in previous series, 
there was a strong male predominance at 86.5%. Other 
demographics such as ethnicity, age, and type of injury are 
noted in Table 1. Blunt trauma was the most common 
mechanism of injury in men while falls accounted for the 
highest number in women (Figure 1).

The patients’ visual acuity was assessed using 
a Snellen near card, though visual acuity could not be 
obtained in 103 of the 460 patients (22.4%) on initial ED 
presentation due to altered mental status, intubation, criti-
cal patient condition, and lack of documentation. Of the 
patients with documented visual acuity on initial presenta-
tion (n=357), vision was better than 20/100 in 82.4% of 
patients and equal to or greater than 20/30 in 44.8% of 
patients. Only 63 patients or 17.6% of the total charts 
reviewed had visual acuity of equal to or less than 20/ 
100. Of these 63 patients, 19.0% (n=12) had sustained a 
globe rupture, while the remaining 81.0% of patients had 

Table 1 Patient Demographics

Demographics N (%)

Sex
Male 398 (86.5%)

Female 122 (13.5%)

Ethnicity
White 374 (81.3%)

Black 40 (8.7%)
Other 33 (7.2%)

Asian 11 (2.4%)

Hispanic 1 (0.2%)

Type of Injury
Blunt 222 (48.3%)
MVA 117 (25.4%)

Fall 112 (24.3%)

GSW 9 (2.0%)

Age Years
Range 0–95
Median ± SD 32 ± 20.7

Abbreviations: MVA, motor vehicle accident; GSW, gunshot wound.
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incurred various injuries without any notable trends in 
incidence of injury type.

Overall, 81.1% of the patients (n=373) included were 
found to have sustained either a minor injury, a major 
injury, or both. There were 299 patients (65.0%) with at 
least one minor injury and 74 patients (16.1%) with at 
least one major injury. Among these individuals, a total of 
765 injuries were noted. There were 679 minor injuries 
identified, representing 88.8% of all documented ocular 
injuries, which were unlikely to result in permanent visual 
impairment. By far, subconjunctival hemorrhage (n=246) 
and limitation of extraocular movement (n=185) were the 
most common minor injuries (Table 2).

There were 86 major injuries identified, representing 
11.2% of all documented injuries, with hyphema (n=23) 
and retrobulbar hemorrhage (n=16) being the most preva-
lent (Table 3). Thirteen ruptured globes were identified 
(2.9%), and a visual acuity of 20/800 or worse was 
found in 12 of the 13 eyes. Of the 13 globe ruptures, 
there were no associated retinal complications noted on 
initial ED evaluation. However, when seven of these 
patients were further evaluated in later clinic visits, one 
patient was found to have developed a retinal detachment 
on two-week follow-up. Entrapment, confirmed by forced- 
duction testing, was identified in 7 of 460 patients (1.5%). 
Six of the seven patients who had restriction of extraocular 
muscles and were ≤21 years old. Only one out of the seven 
entrapped patients endorsed diplopia.

Of the identified major injuries, there was a relatively 
low incidence of major retinal complications, such as 
choroidal rupture and retinal tear (n=6; 1.3%). 
Specifically, there were five choroidal ruptures (1.1%) 
and one retinal tear (0.2%) on initial presentation. The 
patient with retinal tear subsequently underwent successful 
laser retinopexy. No treatment was provided for the 
patients with choroidal rupture. Additionally, there were 
no patients who presented with retinal detachment on 
initial ED evaluation in our study, though of the patients 
who had at least one follow-up clinic visit (n=109; average 

Figure 1 Mechanism of injury.  
Abbreviations: MVA, motor vehicle accident; GSW, gunshot wound.

Table 2 Incidence of Minor Ocular Injuries (%)

Injury Type Rate (%)a

Subconjunctival hemorrhage 53.5%

Limitation of extraocular movement 40.2%

Pupil abnormality 17.8%
Commotio retinae 13.8%

Corneal abrasion 8.3%

Proptosis 6.3%
Chemosis 2.8%

Traumatic iritis 2.0%

Decreased sensation 1.1%
Retinal hemorrhage 2.4%

Macular hemorrhage 0.9%

Iridodialysis 0.4%
Enophthalmos 0.2%

Note: aIncidence of injury found in all patients reviewed, n = 460.

Dovepress                                                                                                                                                           Terrill et al

Clinical Ophthalmology 2020:14                                                                                             submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2839

http://www.dovepress.com
http://www.dovepress.com


time to follow-up=26.1 days), there was one patient who 
had developed a retinal detachment within two weeks of 
a ruptured globe as mentioned previously. This patient 
subsequently received retinal detachment repair.

Discussion
It is known that serious ocular injuries associated with 
orbital fractures have the potential to impair vision if not 
properly recognized and treated in a timely manner.5,6 

Because the incidence of major injuries varies in the 
literature (10% to 27.6%), it is important that co-managing 
specialties are aware of the most common minor and 
major injuries sustained by patients with orbital fractures.-
7,8 This knowledge could facilitate the delivery of time- 
efficient care in the appropriate consult setting by the 
ophthalmologist, by aiding in the determination of patient 
acuity and the need for evaluation in the ED versus out-
patient follow-up.

Recent studies have reported that patients with pene-
trating trauma, visual acuity deficits, afferent pupillary 
defects, and posterior orbital fractures were at highest 
risk for vision loss.8,9 Additionally, Richani et al identified 
four signs and symptoms to be predictors of severity— 
blurred vision, pain with eye movement, poor visual 
acuity, and restricted mobility—with the presence of two 
or more of these signs being predictive of severe ocular 
trauma, indicating the need for urgent ophthalmologic 
consultation.10 This is consistent with the results of our 
study which demonstrates that visual acuity deficits can be 
an indicator of potential serious ocular injury as 12 of the 
13 (92.3%) patients with ruptured globes were found to 
have VA of 20/800 or worse. For co-managing specialists, 
poor visual acuity or vision loss unexplained by anterior 
segment examination may indicate concomitant vision- 
threatening complications, though correlation with an eye 
examination and CT imaging is required. Patients with 

orbital fractures who are sedated, unconscious, or other-
wise unable to provide an accurate visual acuity should be 
examined by an ophthalmologist.

With respect to the mechanism of injury, a prospective 
study by al-Qurainy et al found assault to be the highest 
percentage (49.9%), while falls and road traffic accidents 
accounted for 19% and 12.4%, respectively—values com-
parable to a more recent study performed by Chow et al 
(48%, 17%, and 21%, respectively).5,9 Conversely, Amrith 
et al reported road traffic accidents to account for the 
largest proportion, at 36.5%, while the percentage for 
assault was 12.5%.11 In this study, blunt trauma was 
found to be the cause of 48.3% of cases while the percen-
tage of falls and motor vehicle accidents were found to be 
24.3% and 25.4%, respectively. Given the variability 
among several studies of adequate sample size, the differ-
ences observed are likely secondary to regional and cul-
tural factors.

Similar to previous reports, our study found anterior 
segment abnormalities and limitation of extraocular move-
ment to be the most common injuries reported overall.7,12– 

15 By far, subconjunctival hemorrhage was the most pre-
valent anterior segment finding in orbital fracture patients. 
However, while subconjunctival hemorrhages, due to their 
appearance, have the potential to alarm co-managing sub-
specialists, they are not vision-threatening unless there is 
concern for concomitant globe rupture, such as in cases 
with 360-degree involvement.

Diplopia (double vision) is a symptom that concerns 
patients and can be a “red-flag” to co-managing surgical 
subspecialists. Evaluation for entrapment is a common rea-
son for which ophthalmologists are consulted on patients 
with orbital fractures. Entrapment of extraocular muscles is 
more prevalent in the pediatric population, as demonstrated 
by our study where six of the seven patients with entrap-
ment were ≤21 years old. The increased prevalence of 
entrapment in children and young adults may be explained 
by a phenomenon termed “trap door fracture”. First 
described by Soll and Poley, this is a fracture where a 
transient increase in orbital pressure results in a temporary 
displacement of bone which immediately recoils back to its 
original position, allowing for extraocular muscles and/or 
orbital tissue to become entrapped in the process.16 The 
increased bone elasticity in the younger population likely 
facilitates entrapment by this mechanism.17,18 It should be 
noted, however, that while entrapment requires urgent sur-
gery preferably within 48 hours, diplopia due to impinge-
ment is not an ophthalmologic emergency and surgery 

Table 3 Incidence of Major Ocular Injuries (%)

Injury Type Rate (%)a

Hyphema 5.0%
Retrobulbar hemorrhage 3.5%

Ruptured globe 2.9%

Disc edema 1.7%
Entrapment 1.5%

Choroidal rupture 1.1%

Partial thickness corneal laceration 0.9%
Retinal tear 0.2%

Note: aIncidence of injury found in all patients reviewed, n = 460.
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should be deferred until it can be performed by an adept 
surgeon.19,20

In this study, we found vision-threatening injuries to 
account for 11.9% of all ocular injuries that presented to 
the ED. Of these major injuries, posterior segment findings 
such as retinal tear or choroidal rupture encompassed a 
small percentage (1.3%) of all injuries. Of these, only one 
condition, the retinal tear, was treatable by laser retino-
pexy. Additionally, during the five-year duration of our 
study, there was only one case of retinal detachment 
(0.2%), identified after initial examination in a patient 
who had suffered a globe rupture two weeks prior, who 
subsequently received treatment for the retinal detach-
ment. The low incidence of retinal detachments in this 
study is consistent with the relatively low reported values 
in the literature regarding retinal detachments associated 
with orbital fractures, ranging from 0.7% to 2.9%.6,8 Such 
a low incidence should give ED providers confidence that 
the dilated fundus examination to evaluate the posterior 
segment can be reasonably deferred at the initial patient 
encounter to the outpatient clinic setting for the majority 
of patients, typically within one to two weeks. This delay 
also allows time for the reduction of pain and periorbital 
swelling, permitting a more comfortable and comprehen-
sive examination of the patient. If urgent orbital fracture 
surgery is undertaken, then a dilated fundus exam should 
be considered prior to the planned surgery.

Furthermore, there is evidence that orbital fractures in 
the setting of ocular trauma may counterintuitively play a 
protective role by providing decompression of the orbital 
tissue as compared with ocular trauma without accompa-
nying fracture.21,22 We, therefore, recommend that ED 
providers prioritize the assessment of visual acuity, ante-
rior segment findings, extraocular muscle function, and 
imaging, instead of a dilated fundus examination, in 
patients presenting with traumatic orbital wall fractures. 
However, in patients for whom a dilated fundus examina-
tion is deferred, it is important to provide counseling on 
the warning symptoms of a retinal tear or detachment— 
new onset of significant photopsias, floaters, curtain-like 
shadow, and visual field loss—that may develop prior to 
their scheduled outpatient appointment. Patients who 
develop such symptoms should be instructed to contact 
their ophthalmologist to be examined urgently.

Limitations
This study has several limitations. Because we retrospec-
tively examined patients who had been seen on an emergent 

basis immediately following the ocular trauma, baseline 
visual function and anterior/posterior segment exam find-
ings were unavailable for the majority of individuals. 
Additionally, while visually threatening ocular injuries 
after orbital fracture was uncommon on initial evaluation, 
it is difficult to determine the exact incidence of permanent 
vision loss that may have developed in patients with injuries 
originally classified as minor ocular trauma, as most 
patients did not have follow-up visits with our institution. 
Lastly, the patient demographic of this study was confined 
to the region surrounding one medical facility and thus may 
not be generalizable to populations of significantly different 
cultural or socioeconomic background. However, though 
several theoretical limitations exist in the generalizability 
of our findings, our results are in concordance with the 
consensus of current literature regarding this issue.

Conclusion
For specialists involved in the co-management of orbital 
fracture patients, it is reasonable to consult ophthalmology 
when there is a notable decrease in visual acuity, vision 
loss not explained by anterior segment examination, evi-
dence of anterior segment trauma or ruptured globe, in the 
setting of penetrating injury, when the patient is sedated/ 
unconscious, or when the patient is unable to participate in 
a basic bedside eye examination performed by the primary 
provider. However, for the majority of patients presenting 
to the ED with orbital fracture, a dilated fundus examina-
tion can be performed at a later date in the outpatient clinic 
setting, unless urgent orbital fracture surgery is planned.
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