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Purpose: The present study aimed to examine cost, 
demographics, and short-term complications associated with 
orbital fractures and their surgical repair in the inpatient 
population in the United States over a 7-year period.
Methods: A retrospective cohort study was performed by 

using the Nationwide Inpatient Sample from 2002 to 2008 and 
searching the database for discharges classified with International 
Classification of Disease-9 diagnosis codes of orbital fractures, 
orbital fracture repair, and associated diagnoses.
Results: There was nearly a 50% increase in the annual 

number of orbital fracture admissions from 2002 to 2008. 
Demographics for patients with orbital fractures showed that 
68% of them were male, most commonly between 18 and 44 years 
of age, with 69% of cases at large teaching hospitals. Associated 
ocular diagnoses included eyelid laceration, commotio retinae, 
and globe rupture. Approximately 25% of patients underwent 
surgical repair. Surgical patients were younger than nonsurgical 
patients by approximately 10 years. An overall complication 
rate of 15.8% was noted, including: pulmonary complications, 
diplopia, renal impairment, venous thromboembolism, and 
wound complications. Orbital fracture repair was associated 
with approximately 1 extra day of hospitalization and $22,000 
in-hospital charges. The rates of pulmonary, wound, and ocular 
motility complications were significantly higher in the patients 
undergoing orbital fracture repair (p < 0.05).
Conclusions: The number of orbital fractures and associated 

cost has dramatically increased over the past decade. Acute 
repair of orbital fractures is common and is associated with 
a longer hospital course, increased cost, and higher rate of 
complications.
(Ophthal Plast Reconstr Surg 2013;29:298–303)

Orbital fractures are among the most common facial frac-
tures seen following trauma. Since their formal description 

in 1957 by Smith and Regan,1 management of the orbital blow-
out fractures has become increasingly sophisticated. However, 

the indications for treatment and the modality of repair remain 
controversial.2–5 To date, there have been no large studies 
(>5,000 patients) describing the incidence of orbital fractures in 
the United States or any large population.

The goal of the current analysis was to examine the 
incidence, rates of repair, cost, demographics, associated mor-
bidities, and short-term complications associated with orbital 
fractures and their surgical repair in the inpatient population in 
the United States over a 7-year period.

METHODS
The Nationwide Inpatient Sample (NIS) is created, maintained, 

and distributed by Agency for Healthcare Research and Quality’s 
Healthcare Cost and Utilization Project. It contains discharge records 
for approximately 20% of hospitalizations in the United States and 
uses a complex survey design that allows accurate estimation of na-
tional trends. The NIS database has been deidentified and is in com-
pliance with the Health Insurance Portability and Accountability Act 
regulations; this analysis was exempt from Institutional Review Board 
approval. The 2002–2008 NIS database was searched for adults (age 
≥18 years) using the International Classification of Disease-9 (ICD-9) 
diagnosis codes for orbital floor fracture (closed: 802.6; open: 802.7). 
Cases were identified as either surgically or nonsurgically managed 
by the presence of a Current Procedural Terminology (CPT) code for 
closed reduction of orbital fracture (76.78) or open reduction of orbit 
rim or wall (76.79).

Year of hospitalization, age, race, sex, insurance provider, ad-
mission source (emergency department [ED] vs. all other sources), 
median household income of the patient’s zip code, hospital bed-size 
ranking, hospital location/type (urban teaching, urban nonteaching vs. 
rural), hospital region, up to 15 ICD-9 diagnosis and procedure codes 
per patient, discharge status (routine [i.e., to home] vs. nonroutine), 
length of inpatient stay, total hospital charges, and inpatient mortality 
were recorded for each patient.

The Elixhauser method, a well-established technique for 
quantifying general comorbidity burden using ICD-9 diagnosis codes,6,7 
was used to summarize comorbidity. These included congestive heart 
failure, hypertension, diabetes, peripheral vascular disease. A comorbidity 
score was created by adding 1 point for each comorbidity present 
(maximum possible = 30). A set of possible orbital fracture–relevant 
secondary diagnoses were identified separately: globe rupture, eyelid 
laceration, eyelid laceration involving the lacrimal system, penetrating 
wound of orbit, orbital hemorrhage, vitreous hemorrhage, hyphema, 
retinal detachment, commotio retinae, oculomotor nerve injury, trochlear 
nerve injury, and abducens nerve injury. The degree of concomitant 
trauma was quantified using the International Classification of Disease-9 
Based Injury Severity Score,8 and the survival risk ratios published by the 
American College of Surgeons9 to estimate the probability of survival for DOI: 10.1097/IOP.0b013e318295f91d
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each patient given the set of assigned diagnosis codes. The International 
Classification of Disease-9 Based Injury Severity Score was subtracted 
from 1 and multiplied by 100 to produce a 0 (certain survival) to 100 
(certain death) probability of mortality corresponding to injury severity. 
In-hospital complications were identified by ICD-9 diagnosis code as 
follows: preseptal cellulitis (376.01), diplopia (368.2), strabismus (378), 
endophthalmitis (360.0, 360.1), eyelid retraction (374.41), renal (584–
997.5), cardiac (997.1, 410.0–410.91), neurologic (997.00–997.09), 
deep-vein thrombosis or pulmonary embolism (415.1, 415.11, 415.19, 
451.1, 451.11, 451.19, 451.2, 451.81, 451.9, 453.4, 453.40, 453.41, 
453.42, 453.8, 453.9), pulmonary (507.0, 518.4, 518.5, 518.81, 518.82, 
997.3, 997.31, 997.39), infection (038, 320, 510, 513.1, 519.2, 590.1, 
590.80, 683), and wound complication (998.1–998.9). Hospital costs 
were estimated from hospital charges using the cost-to-charge ratio files 
provided along with the NIS.

The NIS was developed using a complex survey design involv-
ing discharge weights, clustering around hospitals, and stratification 
over hospital and regional variables; therefore, complex survey analy-
sis methods were used (SAS Proc Surveyfreq, SAS Proc Surveymeans, 
SAS Proc Surveylogistic) to produce accurate standard error, variance, 
and p values. Throughout this article, the authors reference the weight-
ed, national estimates produced using these survey methods.

The Rao-Scott chi-square test, Fisher exact test, or linear re-
gression test were used to compare patient, hospital, and in-hospital 
outcomes between patients receiving surgical management for orbital 
fractures and those receiving conservative care. In all analyses, a p value 
less than 0.05 was considered statistically significant. All calculations 
were performed using SAS software (64-bit version 9.2; SAS Institute, 
Inc., Cary, NC, U.S.A.) running on Windows 7 Professional 64-bit.

RESULTS
Data for 120,469 patients were analyzed. Nationally weighted 

patient demographics and hospital characteristics are described in 
Table 1. Mean age of nonsurgical patients was 49.7 years, compared 
with 40.1 years for surgical patients (p < 0.0001). Nonsurgical manage-
ment was more common in both men and women (79.8% of women, 
and 72.5% of men), but a higher proportion of the surgical group was 
male than in the nonsurgery group. Specifically, 74.9% of the surgical 
group was male compared with 66.5% in the nonsurgical group (p < 
0.0001). On the basis of the comorbidity scores using the Elixhauser 
method, patients undergoing nonsurgical treatment had a higher number 
of comorbidities (mean of 1.2), compared with 0.76 in surgical patients 
(p < 0.0001). Similarly, nonsurgical patients had a higher probability of 
death derived from the International Classification of Disease-9 Based 
Injury Severity Score (7.18% nonsurgical group; 5.53% surgical group; 
p < 0.0001).

A higher percentage of the nonsurgery group was admitted from 
the ED when compared with the surgery group (83.4% nonsurgery 
group admitted from ED vs. 63.8% of the surgery group, p < 0.0001). 
There were also statistically significant differences between the groups 
in terms of insurance or expected payer (p < 0.0001). Of surgically treat-
ed patients, 75.5% were admitted to urban teaching hospitals, 21.5% to 
urban nonteaching, and 2.9% rural hospitals; whereas in the nonsurgi-
cally treated patients 66.9% were admitted to urban teaching hospitals, 
26.9% to urban nonteaching hospitals, and 6.2% to the rural hospitals. 
The differences between the 2 groups reached statistical significance (p 
< 0.0001). The median household income or hospital size was not statis-
tically significantly different between the 2 groups (median household 
income, p= 0.53; hospital size, p = 0.073).

When examining the overall trends over the time period from 2002 
to 2008, the number of admissions for orbital fractures increased from 
13,538 in 2002 to 20,160 in 2008, an increase of 49% (Fig. 1). This was 
mainly due to an increase of nonsurgical patient admissions. The estimated 
cost of admission has increased as well, with 28% increase in cost of surgi-
cal admissions and 8% increase in cost of nonsurgical admissions (Fig. 2). 

Surgical repair of orbital fractures was associated with significantly longer 
hospital stay (0.9 days longer; p < 0.0001), higher total hospital charges 
($22,000 difference; p < 0.0001), and total hospital costs ($8,000 differ-
ence; p < 0.0001) (Figs. 3 and 4, Table 2).

Nonoperative management was associated with significantly 
higher mortality rate of 3.05%, as compared with 0.39% in patients 
receiving surgical management (p < 0.0001) (Table 2). Overall, surgi-
cally treated patients had significantly higher rates of in-hospital com-
plications (18.9% [surgery group] vs. 14.7% [nonsurgery group], p 
< 0.0001), including higher rates of diplopia, pulmonary issues, and 
wound complications. The nonsurgical treatment group exhibited sig-
nificantly higher rates of cardiac and renal complications.

Among associated diagnoses, the most common were eyelid lac-
eration (4.71%), commotio retinae (2.21%), and globe rupture (1.78%) 
(Table 3). Statistically significant differences between the secondary 
diagnoses in surgical and nonsurgical treatment groups were seen only 
with eyelid lacerations, which were higher in surgically treated patients 
(5.73% eyelid lacerations and 0.963% eyelid laceration involving cana-
licular system vs. 4.37% and 0.46% in the nonsurgical group, respec-
tively). Conversely, orbital hemorrhages were higher in the nonsurgery 
group (0.24% vs. 0.083% in the surgery group).

DISCUSSION
This study examines the demographics, costs, and short-

term complications associated with orbital floor fractures and sur-
gical repair in the inpatient population in the United States over a 
7-year period (2002–2008). The authors analyzed the largest series 
of over 120,000 patients with orbital floor fracture (Table 4).

In 1985, Ellis et al.10 reported on a series of 2,067 cases 
of zygomatico-orbital fractures and found that the majority of 
patients were men (80.2%) and that the peak incidence occurred 
in the age range of 10 to 40 years of age. Twenty-three percent 
of their study population did not undergo any surgical interven-
tion. Shere et al.11 in 2004 published a larger series of patients 
with facial fractures consisting of over 4,400 patients, but only 
1141 of their study patients had orbital blowout fractures. Their 
study further confirmed the demographic distribution of orbital 
fractures as having the highest predilection in young men, and 
most commonly resulting from assault. These findings were 
again confirmed in a more recent study by Chi et al.12 in 2010.

In the first portion of the present analysis, the authors 
examined the differences in demographics between patients 
who received surgical intervention and those who did not have 
orbital fracture repair surgery (Table 1). The majority of both 
men and women did not have surgery for orbital floor frac-
tures, a finding also reported by Yano et al.4 The mean age of 
patients who had surgery was statistically significantly lesser 
than those receiving nonoperative management. The surgery 
group also had a higher proportion of men than the nonsurgery 
group. The age and sex discrepancy could be attributed to the 
fact that those who underwent surgery tended to be healthier 
(i.e., fewer comorbidities). Others have reported that isolated 
orbital floor fractures seem to be more common in men as a 
result of assault.10–13 Another interpretation of the data is that 
patients who underwent surgical management of their fractures 
had more severe fractures that met the clinical criteria for repair. 
Although the limitations of this study prevented an analysis of 
the preoperative severity of the orbital fractures in these demo-
graphic groups, it is important for surgeons to be aware of these 
overall trends in the surgical management of orbital fractures.

Interestingly, a higher percentage of patients in the non-
surgery group were admitted to the hospital from the ED when 
compared with the surgery group. This could be explained by 
the present data showing that the nonsurgery group had a higher 
level of comorbidity based on the Elixhauser comorbidity scale 
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and the probability of mortality derived from the International 
Classification of Disease-9 Based Injury Severity Score, which 
is a measure of concomitant trauma morbidities. Also, often the 
decision to proceed to surgery is made several days to weeks 
after the initial ED presentation,2,4,12 thus those patients who 
proceed to surgery and admission to the hospital are more likely 
to be admitted from the outpatient setting.

Median household income was not significantly differ-
ent between the surgery and nonsurgery groups. While orbital 
floor fractures can afflict persons of any income bracket, the 

present data suggest that a greater proportion of fractures occur 
in the more economically challenged subpopulation: 31.6% of 
admissions for orbital floor fractures, regardless of manage-
ment, occurred in the first quartile of median household income, 
while less than 20% occurred in the highest quartile of income. 
The surgical and nonsurgical groups were significantly different 
with respect to type of insurance or expected payer. The surgery 
group had a much lower proportion of Medicare patients and a 
higher proportion of private and other payers including Medicaid 
than the nonsurgery group, likely a reflection of the younger 

TABLE 1. Patient demographic characteristics

Patient demographics

Overall Nonsurgery Surgery

pCases (%) Cases (%) Cases (%)

Overall 120,469 (100) 90,060 (100) 30,409 (100)
Age < 0.0001*
 18–44 years 62,180 (51.6) 42,514 (47.2) 19666 (64.7)
 45–64 years 29,858 (24.8) 22,203 (24.7) 7656 (25.2)
 65–84 years 20,842 (17.3) 18,047 (20.0) 2795 (9.2)
 85 years and > 7,589 (6.3) 7,297 (8.1) 293 (1.0)
Race 0.0010*
 Caucasian 59,570 (49.4) 45,191 (50.2) 14,379 (47.3)
 Black 12,891 (10.7) 9,130 (10.1) 3,761 (12.4)
 Other 17,858 (14.8) 12,752 (14.2) 5,106 (16.8)
 Missing 30,150 (25.0) 22,987 (25.5) 7,163 (23.6)
Sex < 0.0001*
 Female 37,776 (68.6) 30,159 (33.5) 7,617 (25.1)
 Male 82,518 (31.4) 59,804 (66.5) 22,715 (74.9)
Comorbidity score < 0.0001*
 0 50,407 (41.8) 33,877 (37.6) 16,531 (54.4)
 1 34,119 (28.3) 26,155 (29.0) 7,964 (26.2)
 2 19,966 (16.6) 16,269 (18.1) 3,697 (12.2)
 3 9,658 (8.0) 8,165 (9.1) 1,494 (4.9)
 ≥4 6,319 (5.2) 5,595 (6.2) 724 (2.4)
Admitted from ED† < 0.0001*
 Yes 82,039 (78.4) 64,879 (83.4) 17,161 (63.8)
 No 22,612 (21.6) 12,879 (16.6) 9,733 (36.2)
Insurance/expected payer < 0.0001*
 Medicare 27,917 (23.2) 24,504 (27.2) 3,414 (11.2)
 Private insurance 42,404 (35.2) 29,653 (32.9) 12,751 (41.9)
 Other including medicaid 50,148 (41.6) 35,903 (39.9) 14,245 (46.8)
Median household income 0.5339
 First quartile 32,457 (31.6) 24,520 (31.8) 7,938 (31.2)
 Second quartile 26,243 (25.6) 19,903 (25.8) 6,340 (24.9)
 Third quartile 23,723 (23.1) 17,688 (22.9) 6,035 (23.7)
 Fourth quartile 20,189 (19.7) 15,071 (19.5) 5,118 (20.1)
Hospital bed-size ranking 0.0729
 Small 6,292 (5.2) 5,001 (5.6) 1,291 (4.2)
 Medium 24,011 (19.9) 18,321 (20.4) 5,690 (18.7)
 Large 90,135 (74.8) 66,707 (74.1) 23,428 (77.0)
Hospital location/type < 0.0001*
 Urban teaching 83,172 (69.1) 60,199 (66.9) 22,973 (75.5)
 Urban nonteaching 30,803 (25.6) 24,259 (26.9) 6,543 (21.5)
 Rural 6,463 (5.4) 5,571 (6.2) 892 (2.9)
Hospital region < 0.0001*
 Northeast 23,354 (19.4) 17,891 (19.9) 5,463 (18.0)
 Midwest 25,878 (21.5) 20,309 (22.6) 5,569 (18.3)
 South 48,318 (40.1) 35,837 (39.8) 12,482 (41.0)
 West 22,919 (19.0) 16,024 (17.8) 6,896 (22.7)
Probability of mortality‡ 6.77% [6.35, 7.18] 7.18% [6.72, 7.65] 5.53% [5.09, 5.97] < 0.0001*

*Statistically significant.
†Excludes cases with missing data.
‡A probability estimate of injury severity derived from the ICD-9 Based Injury Severity Score; ranges from 0 (no chance of death) to 100 (certain death). Presented as 

mean [minimum, maximum].
ED, emergency department.
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age of the surgical patients and therefore higher percentage of 
Medicaid patients in the nonsurgery group. The authors also 
found a higher proportion of surgical patients at urban teaching 
hospitals compared with the nonsurgery group (75% vs. 66.9%, 
respectively). This may be related to more severe periocular 
injuries presenting to the urban teaching hospitals due to the 
nature of such institutions having a higher proportion of Level 
I Trauma Centers, or perhaps the urban hospitals having better 
access to expertise to perform surgical repair.

In this study, the most common associated diagnoses with 
orbital floor fractures in the entire study population were eyelid 
laceration, commotio retinae, and globe rupture. The preva-
lence of globe rupture (1.78%) in this study is within the range 
reported in the literature (0.5%–7.9%).11–13 When separated into 
treatment groups, eyelid lacerations were more common in the 
surgically treated group, while orbital hemorrhages were higher 
in the nonsurgery group (5.73% vs. 4.73%). It seems plausible 
that eyelid lacerations occurred more commonly in those with 
more severe fractures, which were also more likely to require 
surgery. Orbital hemorrhages were noted to be more common 
in the nonsurgery group although still very uncommon (0.24% 
vs. 0.083%, p < 0.01). This perhaps could be explained by the 
decompressive effect of a large orbital fracture leading to a 
slightly decreased risk of an acute orbital hemorrhage.

Follow up of the data for trends  between the years 2002 
and 2008 showed that the number of admissions for orbital frac-
tures increased by 49%, from 13,538 in 2002 to 20,160 in 2008. 
Interestingly, this increase appeared to be mostly attributable to 
a rise in the number of nonsurgical patients, while the number 
of surgical patients stayed relatively constant. Not surprisingly, 
the surgery group had a longer hospital stay, higher hospital 
charges, and costs. Recovery from surgery is most likely the 
primary factor in increasing hospital stays. Likewise, surgery 
itself incurs higher costs due to operating room time, surgeon 
fees, and anesthesia fees.

There was a higher rate of complications during hospital-
ization in the surgery group (18.9%) compared with the nonsur-
gery group (14.7%). Analysis of the contributing complications 
revealed that there were much higher rates of diplopia (5.19% 
surgery group vs. 1.71% nonsurgery group) and wound compli-
cations (1.60% surgery group vs. 0.84% nonsurgery group) in 
the surgery group. This difference in rates of diplopia would be 
expected as diplopia is often an indication for surgery and is also 
a common postoperative sequela of orbital fractures.2,4,12,13,16,17 
Surgical repair may also increase the risk of wound complica-
tions, although the overall rate was low. The authors acknowl-
edge that the higher rate of local complications in the surgery 
group likely reflects the more severe periocular injuries in this 
group of patients. However, it is important to note that in this 
study, patients undergoing surgical repair in the inpatient set-
ting did not demonstrate an advantage in local outcomes when 
compared with the nonsurgery group.

This study was able to show several important trends for 
this group of patients based on a national sample. However, the 
approach of the study and data analysis has several limitations. 
The first limitation is that these results rely on the accurate ICD-9 
diagnoses and CPT procedure coding. A second limitation is that 
NIS is a 20% stratified sample, which has included an increasing 
number of states each year. In 2002, there were only 32 states in 
the database, but by 2007, the number had grown to 40. Third, 
the NIS only includes patients who were admitted to the hospital 
with orbital floor fractures. The trends in the outpatient popula-
tion with orbital fractures may differ from the present results. This 
study can only comment on the trends and costs of inpatient treat-
ment of orbital fractures and not the costs of outpatient nonop-
erative management, which may be lower. It is important to also 
consider that isolated orbital fractures may not be managed in an 

FIG. 2. estimated cost of admission in UsD by year.

FIG. 3. Mean length of hospital stay by treatment group dur-
ing the study period 2002 to 2008.

FIG. 4. Mean total hospital charges and hospital cost by 
treatment group during the study period of 2002 to 2008 
(2008-adjusted UsD).

FIG. 1. Number of admissions for orbital fracture by year, 
overall, and by treatment group.
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inpatient setting except for surgical cases and that at least some 
of the nonsurgical patients described here could be inpatients for 
the treatment of their associated diagnoses. Last, the timing of the 
surgical repair of orbital fractures and other relevant longitudinal 
information is not available from the NIS.

This study analyzed the largest cohort of patients with the 
floor fractures reported to date and provides important insight 
regarding the differences between surgical and nonsurgical cohorts 
in terms of length of hospital stay and charges, comorbidities, and 
associated diagnoses. These data suggest that it is important to 

TABLE 2. In-hospital outcomes, overall and by treatment group

In-hospital outcomes Overall Nonsurgery Surgery p

Died 2.38% 3.05% 0.39% < 0.0001*
Any complications 15.8% 14.7% 18.9% < 0.0001*
 Preseptal cellulitis 0.13% 0.16% 0.061% 0.0702
 Diplopia 2.59% 1.71% 5.19% < 0.0001*
 Strabismus 0.48% 0.44% 0.61% 0.1009
 Endophthalmitis 0.027% 0.031% 0.016% 0.5207
 Lid retraction 0.024% 0.017% 0.048% 0.2401
 Cardiac 0.51% 0.58% 0.30% 0.0064*
 Infection 0.77% 0.77% 0.78% 0.9197
 Neurologic 0.10% 0.11% 0.079% 0.4868
 Pulmonary 10.1% 9.82% 10.9% 0.0359*
 Renal 1.26% 1.47% 0.63% < 0.0001*
 Venous thromboembolism 1.23% 1.17% 1.42% 0.1401
 Wound complication 1.03% 0.84% 1.60% < 0.0001*
Nonroutine discharge 30.1% 33.6% 19.5% < 0.0001*
Length of stay (days)† 6.5 [6.2–6.8] 6.3 [5.9–6.6] 7.2 [6.8–7.6] < 0.0001*
Total hospital charges†‡ $57K [53–61] $51K [47–55] $73 [68–78] < 0.0001*
Total hospital cost†‡ $20K [19–22] $18K [17–20] $26K [24–28] < 0.0001*

*Statistically significant.
†Presented as mean [95% CI].
‡Adjusted to 2008 US dollars.
CI, confidence interval.

TABLE 3. associated secondary diagnoses

Associated diagnoses Overall% Nonsurgery% Surgery% p

Globe rupture 1.78 1.69 2.04 0.0899
Eyelid laceration 4.71 4.37 5.73 0.0002*
Eyelid laceration involving lacrimal system 0.60 0.46 0.963 < 0.0001*
Penetrating wound of orbit 0.31 0.30 0.35 0.5487
Orbital hemorrhage 0.20 0.24 0.083 0.0105*
Vitreous hemorrhage 0.45 0.48 0.36 0.2217
Hyphema 0.052 0.052 0.051 0.9822
Retinal detachment 0.045 0.033 0.080 0.1276
Comotio retinae 2.21 2.25 2.11 0.6571
Oculomotor nerve injury 0.11 0.089 0.16 0.1666
Trochlear nerve injury 0.023 0.020 0.031 0.6209
Abducens nerve injury 0.046 0.036 0.077 0.1834

*Statistically significant.

TABLE 4. summary of the large studies on orbital fractures

Study No. of patients Comments

Ellis et al.10 1985 2067 Retrospective analysis of zygomatico-orbital fractures at a single center in Scotland during 1974–1983
Tong et al.13 2001 199 Retrospective analysis of surgically treated orbital fractures in a nonurban tertiary care center in Michigan
Shere et al.11 2004 4426 Twenty-year (1980–2000) retrospective multicenter analysis of midfacial and orbital blowout fractures in US 

Army soldiers
Eski et al.14 2006 101 Retrospective study of zygomatico-orbital fractures at a single center in Turkey
Hwang et al.15 2009 391 Retrospective analysis during 12-year period at 1 hospital in South Korea
Yano et al.4 2009 208 Retrospective analysis of blowout fracture cases over a 5-year period at 1 hospital in Japan
Chi et al.12 2010 733 Retrospective analysis of surgically treated blowout fractures during 2000–2007 at 1 hospital in South Korea
Rosado et al.16 2011 314 Retrospective study at a single center in Spain over a 6-year period
Gosau et al.17 2011 189 Retrospective analysis of surgically treated orbital floor fractures between 2003 and 2007 at a single center 

in Germany
Kirby et al.18 2011 317 Retrospective analysis at a single center in Kentucky, 1991–2009
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carefully consider the risk/benefit ratio, costs, and comorbidities 
of nonoperative and surgical treatment of orbital floor fractures 
when formulating guidelines on managing this group of patients.
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