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PURPOSE. This study compares medial orbital wall supporting
structures in patients with isolated inferior and medial wall
fractures.

METHODS. The morphologic properties in all consecutive pa-
tients with periocular trauma who underwent orbital com-
puted tomography (CT) scans from January 2004 to March
2006 were reviewed. On CT scans, the size of the fracture, the
number of ethmoid air cell septa, and the length and height of
the lamina papyracea were measured.

RESULTS. In 118 patients without orbital wall fracture, there
were no bilateral differences in the measured structures. We
took measurements from the opposite site in patients with
fractures in whom it was difficult to visualize the structures at
the fractured site. Seventy patients with medial wall fractures
and 37 with inferior wall fractures showed no differences in
sex, side of impact, etiology of the trauma, association with
intraocular injuries, fracture size, anterior and posterior height,
anteroposterior length, or the area of the lamina papyracea. In
contrast, the number of ethmoid air cell septa was significantly
lower (3.09 � 0.86 vs. 3.62 � 0.79, P � 0.002) and the lamina
papyracea area supported per ethmoid air cell septum was
significantly higher (137.55 � 40.11 mm2 vs. 119.64 � 38.14
mm2, P � 0.028) in patients with medial wall fractures than in
those with inferior wall fractures.

CONCLUSIONS. Patients with fewer ethmoid air cell septa and a
larger lamina papyracea area per septum are more likely to
develop medial wall fractures than inferior wall fractures. (In-
vest Ophthalmol Vis Sci. 2009;50:495–499) DOI:10.1167/
iovs.08-2204

The type of fracture that occurs in the orbital region de-
pends not only on the magnitude, direction, and point of

impact forces involved, but also on the supporting structures
of the orbital walls. “Blow-out” fractures of the orbit occur
frequently in the inferior and medial orbital walls, the two
thinnest areas of the bony orbit.1

Assessments of the relationship between the structure of
the orbital walls and the orbital wall fractures2–7 have indicated
that the rigidity of these walls is proportionally dependent on
the anatomic structures that support them. Although the bony

septa of the ethmoid sinus air cells are thought to be the main
supports of the medial orbital wall, this hypothesis has not
been confirmed clinically. We therefore compared supporting
structures of the medial wall in patients with isolated medial
and inferior wall fractures. Our findings may help determine
the role of the morphologic properties of the orbital wall in the
pattern of blow-out fractures.

MATERIALS AND METHODS

Participants

The medical records of all consecutive patients with ocular trauma at
the Severance Hospital (Seoul, Korea) from January 2004 through
March 2006 who underwent orbital computed tomography (CT) scans
were retrospectively reviewed. Patients were divided into three
groups: those without orbital wall fractures, those with isolated infe-
rior wall fractures, and those with isolated medial wall fractures. All
subjects were treated in accordance with the Declaration of Helsinki.

The bony strut was used to discriminate between inferior and
medial wall fractures. To sort out isolated inferior and medial wall
fractured patients, we excluded patients in whom any of the three CT
reviewers suspected a combined inferior and medial wall fracture.
Patients with concomitant facial bone (i.e., the maxilla, mandible, and
nasal bones) fractures, combined inferior and medial wall fractures,
and lateral or superior orbital wall fractures were excluded because the
power and direction of the trauma vector in these patients may have
differed. Patients with bilateral orbital wall fractures, and those with
intranasal pathologic conditions such as nasal polyps, which could
obscure proper CT reading, were excluded. Patients with a history of
previous orbitofacial surgery, trauma, or chronic sinusitis were also
excluded because the orbitofacial anatomy can change due to these
conditions. Since the ethmoid air cells do not attain adult size until
puberty, we excluded patients under 16 years old.8

CT scan (SOMATOM Sensation 16; Siemens Medical Solutions,
Erlangen, Germany) results with 3-mm axial and 3-mm coronal section
thickness were stored digitally. All measurements were performed
using workstation software (GE Centricity, version 2.0; GE Healthcare,
Milwaukee WI). In patients without fractures, the number of ethmoid
air cell septa and the length and height of the lamina papyracea were
measured on both sides of the orbital wall. In patients with fractures,
we measured these parameters on the opposite orbital wall. To mini-
mize bias, all measurements were taken by two ophthalmologists and
a radiologist and the mean values of the three data sets were used.

Measurement of the Lamina Papyracea Area

CT scans in the bone window setting (center, 570; width, 3077) were
used. Using the coronal view, the anterior height of the lamina papy-
racea was determined in the CT slice with the crista galli behind the
lacrimal bone, and the posterior height was determined at the ptery-
gopalatine fossa just anterior to the sphenoid. The anteroposterior
length was estimated in the axial slice transecting the optic foramen
starting from the posterior lacrimal crest to the sphenoid (Fig. 1). The
area of the lamina papyracea was calculated as the area of a trape-
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zoid � (anterior height � posterior height) � anteroposterior
length/2.

Number of Ethmoid Air Cell Septa

The number of ethmoid air cell septa was counted in the axial CT slice
transecting the optic foramen. Each linear septum from the medial
orbital wall to the nasal septum was counted as a single septum. In
multiple crossing shapes, each full length septum from the nasal
septum to the medial wall was counted as a single septum. Bleb-shaped
septa and those of partial length were not counted (Fig. 2).

Statistical Analysis

Independent t-tests were used to compare the morphologic characteris-
tics of the right and left medial orbital wall of patients without fractures
and the morphologic characteristics of patients with medial and inferior
orbital wall fractures. Pearson �2 tests were used to compare the sex, side
of trauma, etiology of injury, and association with intraocular injury in

patients with medial and inferior orbital wall fractures. Logistic regression
analysis was performed on the factors that differed significantly in the two
fracture groups. All statistical analyses were performed using analysis
software (SPSS, version 12.0.1; SPSS Inc., Chicago, IL). The level of statis-
tical significance was set at P � 0.05.

RESULTS

Symmetry of the Bilateral Supporting Structures
in Patients without Fractures

A total of 118 patients without fractures were examined, com-
prising 76 males and 42 females (mean age, 34.5 years; range,
17–73 years; Table 1). There were no differences in the ante-
rior (P � 0.991) and posterior (P � 0.184) heights of the
lamina papyracea, the anteroposterior length (P � 0.992), the
lamina papyracea area (P � 0.556), the number of ethmoid air

FIGURE 1. Measurement of the area
of the lamina papyracea. Top left: the
anterior height of the lamina papyra-
cea was measured in the coronal CT
slice containing the crista galli be-
hind the lacrimal bone. Top right:
the posterior height was measured at
the coronal slice just anterior to the
sphenoid sinus showing the pterygo-
palatine fossa. Bottom: the antero-
posterior length was measured in the
axial slice transecting the optic fora-
men, starting from the posterior lac-
rimal crest to the starting point of the
sphenoid bone (arrow). Area of the
lamina papyracea � (anterior height
� posterior height) � anteroposte-
rior length/2.

FIGURE 2. Number of the ethmoid
air cell septa. In branching shapes
(black arrows), only the septa with
full linear structural support from the
nasal septum to the lamina papyracea
were counted as one septum. A sep-
tum with a bleb-like shape (white
arrows) was not counted. Stars indi-
cate the anterior wall of the sphe-
noid sinus. Top left: this patient
therefore showed three septa in each
orbit. Top right: multiple branching
septa in the bilateral orbit: this pa-
tient had three septa in each orbit.
Bottom left: this patient showed
three septa in the right orbit and four
in the left. Bottom right: this patient
showed three septa in each orbit.
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cell septa (P � 0.936), or the lamina papyracea area/number of
ethmoid air cell septa (P � 0.823) when comparing the right
and left medial orbital wall (Table 2). We found that in each
patient, the structures supporting the bilateral medial walls
were symmetrical.

Morphologic Differences in the Supporting
Structures between Patients with Medial and
Inferior Wall Fractures

There were 37 patients with isolated inferior wall fractures and
70 with isolated medial wall fractures. The two groups showed
no differences in sex, side of impact, etiology of the trauma, or
association with vision-threatening intraocular injuries such as
traumatic hyphema, commotio retina, retinal or vitreous hem-
orrhage, retinal detachment, retinal tear, or eyeball perforation
(Table 1). Fracture size (P � 0.797), anterior (P � 0.225) or
posterior (P � 0.081) height, anteroposterior length (P �
0.195), or lamina papyracea area (P � 0.279) did not differ
between the two groups (Table 3). In contrast, the number of
ethmoid septa was significantly higher in patients with inferior
wall fractures than in those with medial wall fractures (3.62 �
0.79 vs. 3.09 � 0.86, P � 0.002; Table 3). In addition, the
lamina papyracea area supported per septum was larger in
patients with medial wall fractures than in those with inferior
wall fractures (137.55 � 40.11 mm2 vs. 119.64 � 38.14 mm2,
P � 0.028; Table 3).

Logistic regression analysis of the factors that differed in the
two fracture groups showed that the number of ethmoid air

cell septa was the only significant independent factor in deter-
mining where a fracture was likely to occur (P � 0.022; odds
ratio, 0.344). Age (P � 0.053) and area of lamina papyracea
supported per septum (P � 0.369) were not significant.

DISCUSSION

Blow-out orbital wall fractures occur at the weakest points of
the orbital wall–the lamina papyracea and the inferior wall
medial to the infraorbital groove–as these are thinner than
other areas of the orbital wall.1,9 Although the lamina papyra-
cea is only 0.2 to 0.4 mm thick, most pure orbital blow-out
fractures involve the orbital floor.1,10–12 Recently, however,
the incidence of pure medial orbital blow-out fractures has
increased.13–15

On the CT scan review, we found that the incidence of
isolated medial orbital wall fractures was twice that of inferior
wall fractures (70 vs. 37 patients). Similar findings have been
reported in other studies from Korea,13 where medial wall
fractures (28%) were more frequent than inferior wall fractures
(16.8%) in an 8-year consecutive study. Accordingly, Park et
al.15 reported that medial wall fractures were found in 37.8% of
patients, whereas an inferior wall fracture was found only in
11.6%. Burm et al.16 reported the ratio of medial fractures to
inferior fractures to be 1.8:1. However, these high incidences
of medial wall fractures were not supported in other studies. In
a 10-year study in a single hospital in the United States involv-
ing mainly non-Hispanics, Hispanic Caucasians, and African

TABLE 1. Demographic Features

Factor
No Fracture
(n � 118)

Inferior Wall
Fracture
(n � 37)

Medial Wall
Fracture
(n � 70) P

Sex
Male 76 (64.4%) 27 (73%) 46 (65.7%) 0.443*
Female 42 (35.6%) 10 (27%) 24 (34.3%)

Age (year, mean � SD) 34.50 � 15.26 30.78 � 17.57 37.67 � 16.06 0.044†
Etiology of trauma

Blunt blow‡ 60 (50.8%) 21 (56.8%) 46 (65.7%) 0.756*
Fall 34 (28.8%) 11 (29.7%) 15 (21.4%)
Automobile accident 6 (5.1%) 3 (8.1%) 4 (5.7%)
Sharp object 14 (11.9%) 1 (2.7%) 4 (5.7%)
Unknown 4 (3.4%) 1 (2.7%) 1 (1.4%)

Concomitant intraocular injury§ Not assessed 10 (27%) 17 (24.3%) 0.756*
Laterality

Right 39 (33.1%) 16 (43.2%) 31 (44.3%) 0.568*
Left 67 (56.8%) 21 (56.8%) 37 (52.8%)
Bilateral 12 (10.1%) 0 (0%) 2 (2.9%)

* Pearson Chi square tests between the isolated inferior and medial orbital wall fracture groups.
† Independent t-test between the isolated inferior and medial orbital wall fracture groups.
‡ Including fists, feet, and/or other blunt objects.
§ Including traumatic hyphema, commotio retina, retinal or vitreous hemorrhage, retinal detachment,

retinal tear, and eyeball perforation.

TABLE 2. Measurements of the Medial Orbital Wall Supporting Structures in Patients without Fractures

Right
(mean � SD)

Left
(mean � SD) P*

Anterior height (mm) 15.32 � 2.25 15.32 � 2.33 0.991
Posterior height (mm) 10.77 � 1.54 11.04 � 1.55 0.184
Anteroposterior length (mm) 30.50 � 3.14 30.50 � 3.16 0.992
Area of lamina papyracea (mm2) 396.08 � 52.60 400.21 � 54.76 0.556
Number of ethmoid air cell septa 3.25 � 0.85 3.25 � 0.77 0.936
Lamina papyracea area/ethmoid air cell septa 131.94 � 50.78 130.64 � 37.83 0.823

* Independent t-test.
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Americans, He et al.17 reported that inferior wall fractures
were the most common. Gittinger et al.18 noted that African
Americans were more prone to medial orbital blow-out frac-
tures. They hypothesized that anatomic racial differences may
underlie these discrepancies. Racial variations in the shape of
the orbit or the partition of the ethmoid sinus may therefore
underlie the predominance of isolated medial orbital wall frac-
tures in Asian populations.19

Recent experimental studies suggest that both buckling and
hydraulic mechanisms may contribute to blow-out fractures,
with neither being the primary cause.6,20 We therefore sought
to determine the relationship between the innate anatomic
properties and the fracture site. We compared the supporting
structures of the weakest portion of the medial orbital wall in
patients with isolated inferior and medial wall fractures. The
lamina papyracea is supported by the bony septa of the eth-
moid sinus air cells, which are shaped like a honeycomb.1,21,22

Due to hemorrhage and edema, however, it was impossible to
precisely visualize the supporting structures in the patients
with orbital blow-out fractures. We therefore measured the
opposite, non-fractured orbital walls in these patients. Since
the ethmoid sinus has large anatomic variations, we had to
show that these structures, which support the medial wall, are
bilaterally symmetric. We observed significant bilateral symme-
try in the number of ethmoid air cell septa and in the lamina
papyracea structures in patients without orbital wall fractures.
When we compared the supporting structures of the medial
walls from the opposite orbit of patients with fractures, we
found that patients with medial wall fractures had fewer eth-
moid septa and a larger area supported per septum than pa-
tients with inferior wall fractures. This finding correlated with
previous experimental results showing that the medial orbital
wall was stronger if the area was smaller and the number of
ethmoid cells was increased, or if the average size of ethmoid
cells (surface area/number of cells) was small.7

Thinner CT slices may have provided more detailed infor-
mation regarding the size and extent of the fracture, and the
length and height of the lamina papyracea. Nevertheless, the
length and height of the lamina papyracea was measured with-
out difficulty with the 3 mm thick CT slices provided. The
number of ethmoid air cell septa was counted in the axial CT
slice transecting the optic foramen.

We classified patients into either isolated inferior or medial
orbital wall fractured groups. We excluded patients in which
any of the three CT reviewers suspected a concomitant infero-
medial wall fracture. This classification was solely dependent
on two-dimensional 3 mm sliced CT findings. As surgeons, we
occasionally encounter cases of orbital wall fractures where
the surgical findings differ from the CT findings. Since not all
patients were candidates for surgery, we were unable to ex-
clude a minor number of cases in which fractures might have
extended from the inferior wall to the medial wall or lacrimal

bone. However, the discrimination between isolated medial
and inferior wall fractures by three observers was not difficult.

We attempted to measure the thicknesses of the lamina
papyracea and of each ethmoid septum involved at the fracture
site because they may have influenced the site and size of the
fractures. However, these structures were too thin to measure
and there were large interobserver variations.

This study did not include an analysis of the supporting
structures of the inferior orbital wall. This would require ex-
amining quasi-sagittal CT slices transecting the middle of each
orbit parallel to the inferior rectus muscle. Since our study was
retrospective, we could not obtain these CT slices.

Although the patients with other facial bone fractures and
combined orbital wall fractures were excluded, we could not
ignore the effect of different trauma vectors on the size and site
of blow-out fractures. However, we found no differences in the
etiology of trauma between the groups of patients with medial
and inferior wall fractures. Additional studies that include a
larger number of patients and that perform intense analysis
taking the trauma vector into account are required.

We have shown here that blow-out fractures of the orbit
depend on several intrinsic factors. When similar extrinsic
forces act on the periocular region, patients with fewer eth-
moid air cell septa and a larger lamina papyracea area per
septum are more likely to develop isolated medial wall frac-
tures than inferior wall fractures.

Acknowledgments

The authors thank Eunhye Yoo, MD (Department of Diagnostic Radi-
ology, Yonsei University College of Medicine, Seoul, Korea) for her
contributions to the measurement of structures and for her insightful
comments.

References

1. Jones DEP, Evans JNG. “Blow-out” fractures of the orbit: an inves-
tigation into their anatomical basis. J Laryngol Otol. 1967;81:
1109–1120.

2. Smith BC, Regan WF. Blow-out fracture of the orbit, mechanism
and correction of internal orbital fractures. Am J Ophthalmol.
1957;44:733–739.

3. Converse JM. Blow-out fracture of the orbit. Plast Reconstr Surg.
1962;29:408–417.

4. Hötte HH. Symposium on orbital fractures. Amsterdam, April 19–
20, 1969. Klin Monatsbl Augenheilkd. 1970;156:448–450.

5. Smith B, Lisman R. Blowout fracture of the orbit. Am J Ophthal-
mol. 1981;92:592–593.

6. Waterhouse N, Lyne J, Urdang M, Garey L. An investigation into the
mechanism of orbital blowout fractures. Br J Plast Surg. 1999;52:
607–612.

7. Jo A, Rizen V, Nikolic V, Banovic B. The role of orbital wall
morphological properties and their supporting structures in the

TABLE 3. Measurements of the Medial Orbital Wall Supporting Structures in Patients with Fractures

Inferior Orbital
Wall Fracture*

(n � 37)

Medial Orbital
Wall Fracture*

(n � 70) P†

Fracture size (mm) 15.027 � 8.011 15.417 � 6.230 0.797
Anterior height (mm) 15.097 � 1.970 15.581 � 1.945 0.225
Posterior height (mm) 10.884 � 2.003 10.141 � 2.108 0.081
Anteroposterior length (mm) 31.511 � 2.174 30.846 � 2.665 0.195
Area of lamina papyracea (mm2) 409.485 � 61.569 396.440 � 57.645 0.279
Ethmoid air cell septa 3.622 � 0.794 3.086 � 0.864 0.002
Area of lamina papyracea/ethmoid air cell septa 119.635 � 38.144 137.550 � 40.107 0.028

* Mean � standard deviation.
† Independent t-test.

498 Song et al. IOVS, February 2009, Vol. 50, No. 2



etiology of “blow-out” fractures. Surg Radiol Anat. 1989;11:241–
248.

8. Libersa C, Laude M, Libersa J. The pneumatization of the accessory
cavities of the nasal fossae during growth. Anat Clin. 1981;2:265–
273.

9. Doxanas MT, Anderson RL. Clinical Orbital Anatomy. Baltimore,
MD: Williams & Wilkins; 1984:23–42.

10. Chung WS, Kim YS. A clinical study on orbital fracture. J Korean
Ophthalmol Soc. 1993;34:279–285.

11. Paek SH, Kim YS, Lee TS. A clinical study of blowout fracture. J
Korean Ophthalmol Soc. 1993;34:1194–1198.

12. Miyaguchi M, Ishida M, Hori T, Tamaki H, Matsunaga T. Blow-out
fracture. Rhinology. 1983;21:315–319.

13. Lee SY, Kim SY, Kim HB. Orbital fractures evaluated by computed
tomography. J Korean Ophthalmol Soc. 1990;31:249–253.

14. Ahn SK, Jung SW. The clinical aspects of orbital fractures proven
by computed tomography. J Korean Ophthalmol Soc. 1997;38:
2077–2083.

15. Park SH, Rah SH, Kim YH. Clinical evaluation of the associated
ocular injuries of orbital wall fracture patients. J Korean Ophthal-
mol Soc. 2002;43:1474–1481.

16. Burm JS, Chung CH, Oh SJ. Pure orbital blowout fracture: new
concepts and importance of medial orbital blowout fracture. Plast
Reconstr Surg. 1999;103:1839–1849.

17. He D, Blomquist PH, Ellis E 3rd. Association between ocular
injuries and internal orbital fractures. J Oral Maxillofac Surg.
2007;65:713–720.

18. Gittinger JW Jr, Hughes JP, Suran EL. Medial orbital wall blow-out
fracture producing an acquired retraction syndrome. J Clin Neu-
roophthalmol. 1986;6:153–156.

19. Manson PN. Pure orbital blowout fracture: new concepts and
importance of the medial orbital blowout fracture. [Correspon-
dence and brief communications]. Plast Reconstr Surg. 1999;104:
878–882.

20. Ahmad F, Kirkpatrick NA, Lyne J, Urdang M, Waterhouse N. Buck-
ling and hydraulic mechanisms in orbital blowout fractures: fact or
fiction? J Craniofac Surg. 2006;17:438–441.

21. Greenwald HS Jr, Keeney AH, Shannon GM. A review of 128
patients with orbital fractures. Am J Ophthalmol. 1974;78:655–
664.

22. Stammberger H. Special endoscopic anatomy of the lateral nasal
wall and ethmoidal sinus. Functional Endoscopic Sinus Surgery;
The Messerklinger Technique. Philadelphia: BC Decker; 1991:52–53.

IOVS, February 2009, Vol. 50, No. 2 Effect of Medial Wall Supporting Structures on Fracture Site 499


