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Etiology of orbital blowout fractures
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Abstract

  There is still much controversy surrounding the mechanisms that produce orbital blowout frac-

to elucidate and demonstrate the globe-to-wall contact, hydraulic, and buckling mechanisms. However 
in clinical terms, it is very difficult to identify the precise mechanism(s) involved in each case. The 
author has encountered some rare clinical cases in which orbital blowout fractures may have been caused 
by a single mechanism alone. The aim of this review is to present the theories of the three types of 

-
fying rare situations in which the fractures may have been produced by a pure, single mechanism alone.
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Introduction

has been much debate and contention as to its etiol-
ogy. Three principal mechanisms have been proposed 

s : the globe-
to-wall contact1), hydraulic2), and buckling3) mecha-

-
cal evidence, however, it appears unlikely that a single 

-
out fractures seen in clinical practice. Therefore, the 
etiology of almost all orbital blowout fractures may 
involve a combination of these three mechanisms.
 Recently, however, we have treated several patients in 
whom the orbital fracture appears to have been caused by 
a single mechanism alone, which is rare. In this review, 
we discuss the three mechanisms which usually underlie 
orbital blowout fractures and then describe the rarer cases 
of possible single mechanism blowout fracture that we 
have encountered.

Three etiologies of orbital blowout fractures

1) The globe-to-wall contact mechanism
 First espoused by Pfeiffer1) in 1943, the globe-to-wall 
contact mechanism is the oldest accepted etiological 
basis of inferomedial orbital fractures. According to 
Pfeiffer, the mechanism of internal orbital fracture 
responsible for posterior displacement of the eye is 
clearly evident : the force of the blow received by the 
eyeball is transmitted to the wall of the orbit, causing 
fracture of the more delicate portion. For many years, 
the theory of globe-to-

two newer theories. However, in 1999, Erling et al.4)

supported the globe-to-wall theory on the basis of an 
analysis of fracture type using computed tomography 
(CT)
restricted to the medial and inferomedial wall, and 

of the globe in 75% of cases. They concluded that a 
significant number of internal orbital blowout fractures 
indicate globe-to wall contact as the major mechanism of 
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injury. Here, we have analyzed our own cases of medial 
and inferomedial blowout fractures based on the methods 
of Erling et al.5) It was found that the size and shape of 
the displacement of the orbital wall fitted the globe 

inferomedial area of the orbit.
 Some authors6)7) have contended that such posterior 
movement of the globe is unlikely. However, several 
reports of cases of blowout fractures described traumatic 
displacement of the globe into the ethmoid sinus.8-12)

These reports showed that the globes of the patients were 
entrapped within the ethmoid sinus by the inferomedial 
orbital wall ; moreover, the area of fracture of the orbit 
was similar to that observed in our own cases, which 
were due to the globe-to-wall mechanism. It is our 
belief that a strong, direct, blunt blow with an object 
smaller than the diameter of the orbit may induce poste-
rior movement and herniation of the globe into the eth-
moid sinus. Patients with such displacement of the 
globe represent the most severe cases of blowout fracture 
due to the globe-to-wall contact mechanism.

Clinical case of blowout fracture caused by globe-
to-wall contact mechanism

 A-53-year-old man fell and hit his right eye region on 
a small stake while he was playing tennis. After injury, 
he noticed diplopia with restricted upward and downward 
gaze. Displacement of the right inferomedial wall was 
observed by CT, and the size of the orbital wall displace-

-
tively and his diplopia resolved within three weeks. How-
ever, enophthalmos of his right eye was still present at 
one month post-injury ; bone graft surgery undertaken 
to improve his enophthalmos was successful (Figure 1).

2)  The hydraulic mechanism
 In 1957, Smith and Regan2) proposed what is known 
as the hydraulic mechanism of orbital fracture. They 

tissue pressed into the orbital cavity penetrates the fragile 
orbital floor ; fluid malleability of the contents of the 
globe helps prevent rupture of the globe. Many cadaver 
and animal studies have been cited to support this the-
ory.6)13-18)

caused by hydraulic pressure are common in the weakest 
areas, which are the medial posterior region of the orbital 

13-15) In an 
.18) noted that impact 

directed to the globe produces large fractures located 
mainly in the posterior and posteromedial aspect of the 

 In a clinical report, Lee19) described a young man who 
sustained orbital blowout fracture after being placed in a 
headlock by his friend (a headlock is a wrestling hold in 
which the attacker’s arm encircles the opponent’s 
head) ; the nature of this injury strongly suggested high 
hydraulic pressure in the orbital cavity as the cause of the 
blowout fracture. We previously reported another case 
with a similar cause of blowout fracture, which also sup-
ports a purely hydraulic mechanism.20)

Clinical case of blowout fracture caused by hydrau-
lic mechanism

 A 56-year-old woman presented at our clinic com-
plaining of right enophthalmos. During a quarrel, she 

pressure to her right eye region with his left palm. Dur-
ing this attack, she heard a cracking sound in her right 
orbital region. Enophthalmos of her right eye was 
prominent immediately following injury. A CT scan 

anterior portion to the most posterior portion of the 
-injury, 

employing the trans-

2

Figure 1 A 53-year-old man fell and hit his right eye region on a stake while playing tennis. A CT scan revealed displacement of 

a). After a bone graft operation, the enophthalmos showed good improvement (b).
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enophthalmos was resolved after this intervention.
 In this case, there was no strong blow to the orbital rim 
and globe. Additionally, the shape and area of these 

blowout fracture due to hydraulic pressure.18) We believe 
that the etiology of blowout fracture in this case was a 
purely hydraulic mechanism20) (Figure 2).

3) The buckling mechanism
 In 1974, Fujino3)

rim of a dried human skull with a silicon rubber 
plate. He described a direct compression, or buckling 
force, as the cause of orbital floor fractures. Several 
studies have been cited to support this bone buckling the-
ory.15)16)18)21) Ahmad et al.18) reported that rim-directed 
trauma produced fractures limited to the anterior part of 
the orbital floor. Nagasao et al.21) specifically investi-
gated various striking angles and found that fractures 
were distributed over a wider area of both the orbital 

 In a clinical analysis of blowout fracture, Burn et al.22)

noted that the most common facial fracture associated 
with medial wall fracture was nasal fracture. Their 
investigations of this finding suggested that the force 
causing nasal fracture is as important a causative factor 
of pure medial wall fracture as the buckling force from 
the medial orbital rim.
 Kulwin and Leadbetter23) reported a man who devel-

to the lateral orbital rim. The bony rim was intact and 
the direction of the blow precluded contact with the 
globe. Kersten24) reported an old man who developed 
blowout fracture of the floor with entrapment of the 

orbit. He wore heavy-framed glasses, and a blow to the 
frame produced fracture of the floor without an associ-
ated orbital rim fracture. These two cases support the 
concept of a pure buckling force to the orbital rim in pro-

also encountered one case of medial wall fracture of the 
orbit which may have been caused purely by a blow to 
the nose.

Clinical case of blowout fracture caused by buck-
ling mechanism

 A 62-year-old man hit the frame of his metal-framed 
glasses against a shelf while he was cleaning. After the 
trauma, he reported nasal pain and bloody nasal dis-
charge. He noticed a swelling around his right orbital 
region while blowing his nose. A CT scan revealed a 
right orbital medial wall fracture and emphysema in the 
orbital soft tissue, while the nasal bone and the right 
orbital rim were unaffected. He reported no ophthalmic 
symptoms, so treatment was conservative. The blowout 
fracture suffered by this patient appeared to have been 
caused purely by a buckling mechanism (Figure 3).

Discussion

 The physical mechanisms of orbital blowout fractures 
have been vigorously debated for many years by plastic 
surgeons and ophthalmologists. Three main theories 
have been considered, including the globe-to-wall con-
tact and hydraulic and buckling theories.1-3) However, it 
is very difficult to identify the precise mechanism(s) 
involved in individual clinical cases. Therefore, almost 
all orbital blowout fractures may be due to a combination 
of these three mechanisms. However, there are some 
reports of cases of orbital blowout fractures which appear 
to have arisen via a pure, single mechanism, although 

3

Figure 2
palm. She complained of enophthalmos of the right eye after the attack.

An operation was undertaken 3 days after 
injury. The patient’s enophthalmos resolved after the intervention (b).
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they are very rare.19)23)24)  We also have previously 
reported on rare cases of orbital blowout fractures due to 
a pure, single mechanism in patients treated at our 
clinic.5)20). This suggested that each of the mechanisms 
outlined by these three theories sometimes acts indepen-
dently to produce characteristic orbital fractures.
 Regarding clinical symptoms, a strong association of 
orbital fractures and traumatically-induced ocular inju-
ries can be anticipated with the globe-to-wall contact 
and hydraulic mechanisms, 25)26) because in both mecha-
nisms the force is driven directly to the ocular globe. 
Moreover, in our clinical analysis of blowout fractures 
caused by the globe-to-wall contact mechanism, frac-
tures were often accompanied by more serious ophthal-
mic and neurological complications.5) In some cases, the 
posterior movement of the globe causes neuropathy of 
the optic and cranial nerves by posterior hemorrhage or 
direct impact between the globe and the wall.27) When the 
displacement of the globe was great, the shearing and 
stretching force on the optic and/or other cranial nerves 
was also great.28)

 In contrast, the most noticeable complication associ-
ated with blowout fractures due to the buckling mecha-

(Table 
1). Fujino and Makino29) described that entrapment of 

phase difference of the movement of solid, bony, and 
elastic soft orbital structures. This complication is par-
ticularly likely to accompany blowout fracture in young 
patients, because the elasticity of bone is more prominent 
in this age group.30) We concur with many authors who 

recommend early intervention to avoid muscle degenera-
-

ocular muscle entrapment.30-32)

 In summation of this review, a more detailed under-

will improve the effectiveness of both the diagnosis of 
and treatment selection for complications resulting from 
orbital blowout fractures.
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Figure 3 A 62-year-old man who wore metal frame glasses hit the frame of the glasses on a shelf. He felt swelling around his right 
orbital region following nose blowing. A CT scan revealed a right orbital medial wall fracture and emphysema in the orbital 
soft tissue. No fractures were revealed on the nasal bone or right orbital rim. 
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