Concomitant Ocular Injuries
With Orbital Fractures

Mark S. Brown, MD#*
Willy Ky, MD}
Richard D. Lisman, MD £

Abstract:

Background and Objectives. The orbital floor may fracture
alone, and the fracture is then defined as “pure”; when there
is a rim involvement, the fracture may be defined as “impure.”
Controversy exists as to the pathophysiology of orbital floor
fractures and the incidence of orbital rim involvement. The
purpose of this retrospective review was to determine the inci-
dence of purity in orbital floor blowout fractures and the rate
of ocular injuries in pure and impure floor fractures.

Methods and Materials. The charts of 250 patients with orbital
[fractures, treated at a primary trauma center between 1992
and 1996, were reviewed. All fractures had been examined by
the Ophthalmology Service and confirmed by high-resolution
computerized tomography scans. The average age of the patients
was 45 years; more than 90% were male. Motor vehicle acci-
dents were the most commonly documented mechanism of
injury, followed by interpersonal violence and falls. Almost
50% could not be categorized for mechanism of injury.

Results and/or Conclusions. The incidence of ocular injuries
in pure fractures (n=54; 5.6%) was higher than in impure frac-
tures (n=26; 2.0%) (p=0.05). Serious visual injuries foliow-
ing orbital fractures occurred in 17.1% of the patients; they

were more common in patients with pure fractures.
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rbital fractures are among the most common mid-

facial fractures encountered in trauma centers.'? In a

review of 400 patients with facial fractures resulting

from motor vehicle accidents (MVAs), 9% of the fractures
involved the orbital floor.> In another review of 567 facial frac-
ture patients, 16% were orbital floor fractures and 3.4% were
recorded as “severe eye injuries,” including those resulting in
loss of vision.* This type of injury was first described in 1889
by Lang.’ Since then, there has been a significant expansion
of knowledge in diagnosis and treatment of orbital fractures.
However, a controversy has always existed as to the patho-
physiology of orbital floor fractures and the incidence of rim
involvement.® The orbital floor may fracture alone or in com-
bination with the orbital rim. Three theories have been pro-
posed to explain the mechanism of orbital floor fractures.
Smith and Regan’ and Pfeiffer® believe that a sudden increase
in intraorbital pressure, when applied in an anterior/posterior
direction and resulting in the pressure dissipation 90° to the
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Figure 1. Motor vehicle accidents (MVAs) were the most commonly
documented mechanism of injury, accounting for 30% of the frac-
tures, followed by blows of a fist (12%) and falls (9%). Almost 50%
of the injuries could not be categorized.
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Figure 2. There were 302 orbital fractures among the 250 patients.
(The percentages indicated exceed 100%, since many patients
sustained multiple fractures.) Fracture of the orbital floor was most
common (138 patients, 58%), followed by zygoma (72 patients, 32%)
medial wall (52 patients, 24%), inferior orbital rim (28 patients, 11%),
and roof (7 patients, 3%).

Figure 3. An isolated fracture was present in 85 patients. A pure
orbital blowout fracture of the floor (no orbital rim involvement) was
the most common (54 patients, 65%), followed by medial wall frac-
ture (18 patients, 22%).

line of force, may cause a “blowout” of the thin orbital floor;
this explanation is known as the “retropulsion™ theory. In
contrast, Fujino®" and Manson'' believe that the force may be
transmitted to the orbital floor through the rigid orbital rim,
without causing a fracture of the orbital rim; this theory is
known as the “buckling force” theory. Recently, Erling et al'
revisited an original theory of the mechanism of orbital blowout
fractures, initially proposed in 1943 by Pfeiffer.® This theory
proposed that a direct “globe-to-wall” contact was responsible
for some orbital blowout fractures. They contend that this is a
third and often unrecognized mechanism responsible for orbital
blowout fractures. If the orbital rim is fractured, the term
“impure” floor fracture is used.*”"> The mechanism of an impure
fracture is not one of debate. To our knowledge, there has never
been a study investigating the relationship between the purity
of orbital fractures and concomitant ocular injuries. The ocular
complications of orbital fractures are numerous, ranging in
severity from periorbital edema and ecchymosis to optic nerve
trauma and rupture of the globe.

METHODS

Various publications have attempted to document the types of
ocular injuries associated with orbital fractures, but no study to
date has elucidated the relationship between ocular injuries and
the purity of orbital floor fractures. To investigate the relation-
ship, a retrospective review was performed of 250 consecutive
charts of patients with orbital fractures, evaluated by the
Ophthalmology Service at Bellevue Hospital in New York City
between 1992 and 1996. The protocol of this hospital requires
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that all patients with orbital fractures receive an ophthalmic
examination. The clinical evaluation of the fractures of all 250
patients, including dilated examinations of all, was confirmed
by orbital high-resolution computerized tomography (CT) scans.
Logs from the CT scans were reviewed to identify any
additional patients with orbital fractures; no additional patients
were identified. This information was used to determine:
The incidence of purity in orbital floor fractures.
The rate of concurrent ocular injuries of pure and
impure fractures. The definition of ocular injury was
based on those used in previous reports in the litera-
ture.**¥ It included ruptured globe, vitreous hemor-
rhage, angle recession, comeal abrasion, iritis, hyphema,
afferent pupillary defect (APD), retinal detachment,
dislocated lens, traumatic cataract, choroidal rupture,
commotio retinae, macular cyst, and retinal edema.
The incidence of medial wall involvement with orbital
floor fractures.
Whether there was a difference in the rate of intra-
ocular injuries between pure and impure fractures. A
Chi-Square test was used.

RESULTS

Demographics and Mechanism of Injury

The average age of the patients was 45 years, ranging from 15
to 75 years; more than 90% of the patients were male. There is
a suggestion of a biomodal distribution of age for orbital frac-
tures, with peaks at ages 21 to 30 years and at 41 to 50 years.
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Figure 4. The chart shows the frequency of fractures concomitant
with the orbital floor. The most common fracture is a zygoma (57
patients, 48%) followed by medial wall fracture (30 patients, 27%),
and orbital rim (26 patients, 21%).

Figure 5. The incidence of intraocular injuries with orbital fractures
is approximately 17%. The rate of injury was compared between
pure orbital fractures (floor only) and impure (floor and rim). Intra-
ocular injuries occurred in 5.6% of patients with a pure orbital floor
fracture and in 2.0% with an impure fracture.

Motor vehicle accidents were the most commonly docu-
mented mechanism of injury, accounting for 30% of the frac-
tures, followed by interpersonal violence (blow by a fist, 12%)
and falls (9%). Due to the lack of chart documentation, almost
50% of the injuries could not be categorized for mechanism
of injury (Figure 1).

Types of Fracture

There were 302 fractures among the 250 patients. The most
common fracture was the orbital floor (138 patients, 58%)
(Figure 2). Of the 250 patients, 85 had an isolated fracture. The
most common of the 85 fractures was a pure orbital fracture
(54 patients, 65%), followed by medial wall fracture (18 patients,
22%) (Figure 3). Of the 250 patients, 128 had a fracture con-
comitant with an orbital floor fracture. The most common frac-
ture to occur in combination with the orbital floor was zygoma
(57 patients, 48%), followed by medial wall (30 patients, 27%),
and orbital rim (26 patients, 21%) (Figure 4).

Incidence of Ocular Injury

Applying the above definition of ocular injury, we found the
incidence of ocular injury (all orbital fractures) to be 17.1%
(Figure 5). The incidence of injury in pure orbital fractures
(floor only) and impure orbital fractures (floor and rim) was also
compared. Of the patients who sustained a pure orbital floor frac-
ture, intraocular injuries occurred in 5.6%; only 2.0% sustained
an impure fracture (Figures 5 and 6). The incidence of eye
injuries in patients with pure fractures (n=54) versus impure frac-
tures (n=26) (Chi-Square=36.2, p=0.05) is presented (Figure 6).

DISCUSSION

When orbital bones are fractured, intraocular injuries occur in
various patterns. Numerous studies emphasize the importance
of an ophthalmic examination in patients with orbital frac-
tures; however, only a limited number of studies have focused
on the incidence of intraocular injuries in patients with orbital
fractures. In these studies, there is no consensus as to the
incidence of injury. It is possible that the specialty of the
physician conducting the research may account for the incon-
sistencies.! The previous studies reporting incidences of intra-
ocular injury concomitant with orbital floor fractures are listed
in the Table. There is a wide spectrum of incidence from the
1% of McCoy?" to the nearly 70% of Holt.> Another variable
to consider when comparing trauma studies is the location of
the treating facility. This study was performed in a large major
metropolitan area where there are fewer high-speed motor
vehicle accidents than in the western segment of the United
States. In addition, the difference in the incidence of violent
crime varies with the geographic region.

The results of the intraocular injury incidence were 17%, as
previously defined. Although we believe our data to be complete,
it is possible that some patients may have been excluded inad-
vertently. Such exclusion may have occurred if the patient did not
receive an orbital CT scan, an ophthalmic examination, or if the
fracture was diagnosed by plain films. If exclusions have occurred,
the incidence of ocular injury may be slightly different.

Three theories of mechanism have been formulated and
are known as the “retropulsion,” “buckling,” and “globe-to-wall”
theories of mechanism.
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Figure 6. The rate of eye injuries in patients with pure fractures (54)
versus impure fractures (26) were as follows: Iritis: 20.4% versus
11.5%. Hyphema: 5.6% versus 3.8%. Corneal laceration: 0.0% versus
0.0%. Corneal abrasion: 5.6% versus 0.0%. Ruptured globe: 0.0%
versus 3.9%. APD (Afferent pupillary defect): 9.4% versus 7.7%.
Vitreous hemorrhage: 1.9% versus 0.0%. Commotio retinae:

14.8% versus 7.7%. Retinal hemorrhage: 7.4% versus 0.0%. Retinal
detachment: 0.0% versus 0.0%. Retrobulbar hemorrhage: 5.6%
versus 3.95%.

Lang was the first to publish a case of an orbital floor
fracture in a 13-year-old boy with enophthalmos and diplopia.’
He identified this fracture as a case of “traumatic enophthal-
mos with retention of perfect visual acuity.” Pfeiffer was the
first to hypothesize a theory as to the mechanism for orbital

Retropuision e

Figure 7. The “retropulsion” theory of Pfeiffer, advanced by Smith
and Regan, refers to a fracture of the orbital floor, caused by force
applied to the aperture of the orbit, retropulsing the globe posteriorly
and inferiorly, creating a fracture.

floor fractures.® He reviewed 120 cases of fractures of the
facial bones with orbital involvement and suggested from the
results of the review that pure orbital blowout fractures were
caused by the transmission of the force of injury toward the
orbital floor directly from the retropulsed globe. The cadaver
experiments conducted by Smith and Regan’ found that the
force created by striking a hurling ball over the globe in a
cadaver was capable of reproducing an orbital floor fracture
(without rim involvement). When the same force was used to
strike the ball on a cadaver with the globe enucleated, no frac-
ture was produced (Figure 7).

Table

Concomitant Ocular Injuries With Orbital Floor Fractures

% Evaluated

Author Year PBlished NE™f Patients Ophthalmolog BRular Injuries Comments
McCoy? 1962 855 - Unknown 1% AC
Milauskas'® 1966 84 100% 14% AB
Miller"’ 1967 30 100% 17% AB
Fradkin' 1971 53 85% 40% A.B
Gwyn* 1971 1517 Unknown 3.5% C
Jabaley® 1975 57 11% 18.4% C.R

49 100% 29% C,P
Holt" 1983 727 51% 67% A,B
Brown et al Current Study 250 100% 17.1% B

A = Rim involvement not specifically detailed
B = Ophthalmologist conducting the study

C = Plastic surgeon conducting the study

R = Retrospective portion of the study

P = Prospective portion of the study

*Variable of 2°, depending how “injury” is defined.
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Figure 8. The “buckling” theory maintains that an anterior force is
transmitted through the rim back into the orbital floor, causing the
floor to buckle.

Figure 9. The “globe-to-wall”’ theory states that if the globe is
displaced to within 2.5 cm of the orbital apex, the globe itseif
fractures the orbital wall.

This theory was challenged by the experiments of Fujino.’
In 1974, Fujino was able to reproduce an orbital fracture with-
out rim involvement by striking the inferior orbital margin of
a dried-out human skull, thereby demonstrating that “hydraulic
pressure from the orbital content against the orbital floor was
not essential for the development of an orbital “blowout frac-
ture.” Subsequently, Fujino and Sato' found that the impact
on the eyeball and infraorbital margin resulted in fractures that
were similar to those resulting from impact on the infraorbital
margin alone. Exertion of a greater force was required to pro-
duce orbital floor fracture when striking the eyeball alone
(Figure 8). Both these experiments supported the theory first
hypothesized by Le Fort,” who also believed that orbital floor
fractures were produced by the force of the injury, transmit-
ted through the orbital rim directly to the floor.

The third theory is an extension of Pfeiffer’s theory and
was formulated in 1999 by Erling et al.” It states that if the
globe is displaced to within 2.5 cm from the orbital apex, the
globe itself fractures the orbitai wall (Figure 9).

By definition, pure blowout fractures do not involve simul-
taneous fractures of the orbital rim.* According to Putterman
et al, orbital floor fractures involving the orbital rim are entirely
different entities, differing in etiology, results, and treatment.?
Lauer et al proposed a classification system based upon the
location of the fracture, its relationship to the infraorbital nerve,
and its association to other facial fractures, particularly the
zygomatico-orbital and Le Fort fractures.” It was found in this
study that even though pure and impure fractures may be asso-
ciated with fractures on both sides of the infraorbital nerve,

pure fractures tend to be medial to the infraorbital nerve while
impure fractures tend to be lateral.

The rates of injury were also compared between pure
orbital floor fractures (floor only) and impure (floor and rim).
Of patients who sustained a pure orbital floor fracture, intra-
ocular injuries occurred in 5.6%, compared with only 2.0% of
the patients who sustained an impure fracture. Intraocular
injuries are more common in patients with pure orbital frac-
tures than in patients with rim involvement (impure) (p=0.05).
However, the rate of a ruptured globe is higher with impure
orbital fractures than with pure fractures.

We find that the incidence of ocular injury is significantly
higher in the pure fracture group, thereby suggesting that a
different mechanism may be involved. It is more reasonable
to hypothesize that the acute rise in orbital pressure will lead
not only to a fracture of the orbital floor but also to a greater
incidence of intraocular injury as the globe retropulses. It could
be argued, however, that in the case of the impure fracture, the
rate of injury is lower because the force is blunted by the rim.
Nevertheless, we believe that these data suggest (but not com-
pletely clarify) whether the retropulsion theory is a more likely
explanation for orbital fractures. Either theory — retropulsion,
buckling, or globe-to-wall — could explain variations of
ocular findings in pure and impure fractures.

CONCLUSION

Serious ocular injuries may result from a wide range of
midfacial fractures. Although they are more common in tripod
fractures, the incidence in orbital floor and medial wall
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fractures is nevertheless significant.”’ The ocular sequelae of
midfacial fractures range from vision-nonthreatening injuries
(including iritis, ecchymosis, and edema of the soft tissues,
nasolacrimal disturbances, commotio retinae, and ptosis) to
vision-threatening injuries (including raptured globe, vitreous
hemorrhage, diplopia, retrobulbar hemorrhage, and the optic
nerve and retinal detachments). Long-term vision-threatening
injuries following orbital fractures are uncommon; however,
the incidence of intraocular injuries, based on our definition,
is approximately 17%. This incidence is consistent with pre-
vious studies in which 100% of the patients were examined
by an ophthalmologist. Intraocular injuries are more common
in patients who sustain pure orbital fractures than in patients
with rim involvement (impure). Pure orbital fractures are twice
as common as impure orbital fractures. The medial wall is
fractured in approximately 30% of floor fractures.
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