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Abstract 

 

The morphologic differences of supporting structures  

between medial and inferior orbital wall blow-out fracture 

 

Won Kyung Song 
 

Department of Medicine 
The Graduate School, Yonsei University 

 
(Directed by Professor Sang Yeul Lee) 

 

Purpose: To compare the morphologic differences of the medial orbital wall 

supporting structures in the isolated inferior and medial wall fractured patients. 

Methods: Retrospective review of the medical records and orbital computed 

tomography (CT) scans of consecutive periocular trauma patients from 

January 2004 to March 2006. 

Results: In the group without orbital wall fracture, the total number of the 

ethmoid air cell septa (R: 3.25 ± 0.85, L: 3.25 ± 0.77, P = 0.897) and the 

ethmoid bone area supported by a single ethmoid air cell septum (R: 131.94 ± 

50.78 ㎣, L: 130.64 ± 37.83 ㎣, P = 0.705) showed no difference in bilateral 

orbits. The total number of ethmoid air cell septa was lesser in the medial wall 

fractured patients (n = 70, 3.09 ± 0.86) than in the inferior wall fractured 

patients (n = 37, 3.62 ± 0.79) (P = 0.002). Lamina papyracea area supported 
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per ethmoid air cell septum in the medial wall fractured group was 137.55 ± 

40.11 ㎣ which was broader compared to in the inferior wall fractured group 

119.64 ± 38.14 ㎣ (P = 0.028). 

Conclusion: The medial orbital wall fracture appears to be more common in 

patients with lesser supporting structures in the medial orbital wall. 

-------------------------------------------------------------------------------------- 

Key words : orbital wall blow-out fracture, ethmoid, lamina papyracea, 

ethmoid air cell septum, computed tomography 
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between medial and inferior orbital wall blow-out fracture 

 
Won Kyung Song 

 
Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor Sang Yeul Lee) 
 

 

I. INTRODUCTION 

 

The “blow-out” fracture of the orbit occurs frequently in the inferior and medial 

orbital walls, the two thinnest areas of the bony orbit, while the edges of the orbit 

remain undamaged.1 The type of fracture in the orbital region depends not only on the 

magnitude, direction and point of application of impact forces but also on the 

architecture and supporting structure of the orbital walls.  

There had been numerous experimental reports on the relationship between the 

architecture and structure of the orbital walls and the orbital wall fractures.2-7 The 

relation between the strength and structural variations of the orbital walls has also 

been investigated by Jo et al.8 They proposed that the rigidity and the strength of the 

orbital walls are proportionally dependent on the anatomical structures which support 

and strengthen these walls on the opposite side. The main supporting structure of the 

medial orbital wall they said was the bony septa of the ethmoid sinus air cells. 

This hypothesis has not yet been established in any clinical studies. In this study we 



 4 

 

compared the supporting structures of the medial wall in isolated medial wall and 

inferior wall fractures by analyzing the area of lamina papyracea and the number of 

the ethmoid air cell septa. The findings of this study might contribute to find out the 

role of the morphological properties of the orbital wall in the pattern of “blow-out” 

fractures. 
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II. MATERIALS AND METHODS 

 

1. Subjects 

 

All consecutive ocular trauma patients who visited Severance hospital from 

January 2004 through March 2006 by emergency department or outpatient 

ophthalmology clinic were retrospectively reviewed. The patients were devided into 

three groups. First, patients without orbital wall fracture, second, isolated  inferior 

wall fracture, and third, isolated medial wall fracture patients were enrolled. 

Orbital CT scan was used to analyze the supporting structures of the medial wall. 

We measured the length and height of the lamina papyracea and the number of 

ethmoid air cell septa in the opposite site of the orbit because of poor visualization of 

supporting structures of ethmoid sinus in fractured patients. 

In order to use the data from the opposite orbital structure, we measured the 

number of the ethmoid septa and size of the lamina papyracea in both sides of the 

orbital wall in the control group without orbital wall fracture to see the symmetricity 

of bilateral orbits. 

We excluded patients with concomitant facial bone fractures(maxilla, mandibule 

and nasal bone fracture), combined inferior and medial wall fractures, lateral or 

superior orbital wall fractures. Because the power and direction of the trauma vector 

in these patients may differ from isolated inferior or medial orbital wall fractured 

patients. Bilateral orbital wall fractured patients, patients with intranasal pathologic 
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conditions such as nasal polyps obscuring proper CT reading, and children under 16 

year-old were also excluded. 

 

2. The measurement of the area of the lamina papyracea 

CT scans with 3-mm axial and 3-mm coronal section thickness orbital cuts in bone 

window setting (center 570, width 3077) were used. Lamina papyracea takes a shape 

of a trapezoid. In the coronal view, anterior height was determined at the CT slice 

with the crista galli behind the lacrimal bone, and the posterior height was determined 

at the pterygopalatine fossa just anterior to the sphenoid. The anteroposterior length 

was estimated at the axial slice transsecting the optic foramen starting from the 

posterior lacrimal crest to the sphenoid(Figure 1). To minimize bias, all of the 

measurements were done by two ophthalmologists and a radiologist. The mean value 

of the three datas were used to minimize interobserver discrepancies. The area of the 

lamina papyracea was calculated by the following formula. Area of trapezoid = 

(anterior height + posterior height) x anteroposterior length / 2. 
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(a)                (b)                 (c) 

Figure 1. Measurement of the area of the lamina papyracea. (a) The anterior height of 

the lamina papyracea was measured in the coronal slice in the right orbit of a patient 

with the crista galli. (b) The posterior height was measured at the pterygopalatine 

fossa. (c) The anteroposterior length was measured at the axial slice transsecting the 

optic foramen starting from the posterior lacrimal crest to the starting point of the 

sphenoid bone. Area of the lamina papyracea = (anterior height + posterior height) x 

anteroposterior length / 2. 
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3. The number of the septa of the ethmoid air cell  

The number of the ethmoid air cell septa supporting the medial wall was counted 

at the axial CT slice transsecting the optic foramen. The septum with a linear structure 

from the medial orbital wall to the nasal septum was counted as a single one. The 

septa with continuous shape from nasal septum to medial wall were counted as one 

septum in crossing and intervening septa. The ones with partial length and a bleb 

shape were not counted(Figure 2). The number of septa was also counted by two 

ophthalmologists and a radiologist to minimize observer discrepancies. 
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(a)                            (b) 

 

(c)                             (d) 

Figure 2. Number of the ethmoid air cell septa. (a) The 2 arrows in the right orbit of a 

patient shows branching shapes. Full linear structural support from nasal septum to 

the lamina papyracea were counted as one. The arrow in the left orbit is an example 

of a bleb like shape which is not counted. In this patient the number of septa is three 

in both orbits. (b) The arrow in the right orbit of this patient shows intervening septa. 

In this patient the number of septa in the right orbit is five and three in the left orbit. 

(c) The number of septa in the right orbit is four and three in the left. (d) This patient 

had three in the right and four in the left. 
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4. The statistical analysis 

The morphologic characteristics of the right and left medial orbital wall of the 

group without fracture were compared by paired t-test. The same factors were 

compared in the medial and inferior orbital wall fractured patients with independent 

t-test. The gender, side of trauma, etiology of injury, association of intraocular injury 

were also compared in the two fractured groups with independent t-test. Logistic 

regression analysis of these factors on the determination of fractured site was done. 

All statistical analyses were performed using SPSS 12.0.1(SPSS Inc., Chicago, IL). 

The level of statistical significance was set at P < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 11 

 

III. RESULTS 

 

1. Symmetricity of bilateral supporting structures in patients without 

fracture 

118  patients were taken into the group without orbital wall fracture. 76 were 

male and 42 were female with a mean age of 34.5 ± 15.3 (Table 1). The posterior 

height (P = 0.000) and the area of the lamina papyracea (P = 0.031) was different in 

both sides of the orbit. But the anterior height of the lamina papyracea (P = 0.953), 

antero-posterior length (P = 0.961), lamina papyracea area/ number of ethmoid air 

cell septa (P = 0.705), and the number of the septa (P = 0.897) showed no difference 

in both sides of medial orbital wall (Table 3). In spite of the known variation of the 

ethmoid air cells, we found that in an individual, bilateral lamina papyracea area per 

septum and the number of total septa were symmetrical. 
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Table 1. Demographic features 

 

Patient 

demographics 

No fracture 

(n=118) 

Inferior wall 

fracture(n=37) 

Medial wall 

fracture(n=70) 
P-value* 

Sex 

Male 

Female 

 

76 (64.4%) 

42 (35.6%) 

 

27 (73%) 

10 (27%) 

 

46 (65.7%) 

24 (34.3%) 

0.448 

Age1 34.50±15.26 30.78±17.57 37.67±16.06 0.044 

Concomittant 

intraocular 

injury2 

31 (26.3%) 12 (32.4%) 28 (40%) 0.446 

Laterality 

Right 

Left 

Bilateral 

 

39 (33.1%) 

67 (56.8%) 

12(10.1%) 

 

16 (43.2%) 

21 (56.8%) 

0 (0%) 

 

31 (44.3%) 

37 (52.8%) 

2(2.9%) 

0.868 

* P-value of independent t-test between the isolated inferior and medial orbital wall 

fractured group. 

1 Age in years, mean ± standard deviation.  

2 Traumatic hyphema, commotion retina, retinal or vitreous hemorrhage, retinal 

detachment, retinal tear and eyeball perforation were included. 
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Table 2. Etiology of trauma 

 

Etiology 
No fracture 

(n=118) 

Inferior wall 

fracture (n=37) 

Medial wall 

fracture (n=70) 
P-value* 

Blunt blow1 60(50.8%) 21(56.8%) 46(65.7%) 

Falling down 34(28.8%) 11(29.7%) 15(21.4%) 

Automobile 6(5.1%) 3(8.1%) 4(5.7%) 

Sharp material 14(11.9%) 1(2.7%) 4(5.7%) 

Unknown 4(3.4%) 1(2.7%) 1(1.4%) 

0.635 

1 Fist, foot, and other blunt objects were included.  

* P-value of independent t-test of the etiology of fractures between the isolated 

inferior and medial orbital wall fracture groups. 
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Table 3. Morphologic characteristics in patients without fracture 

 

 Right1 Left1 P-value* 
Correlation† 

(P-value)  

Anterior height(㎜) 15.32 ± 2.25 15.32 ± 2.33 0.953 0.000(0.963) 

Posterior height(㎜) 10.77 ± 1.54 11.04 ± 1.55 0.000 0.000(0.876) 

Anteroposterior 

length(㎜) 
30.50 ± 3.14 30.50 ± 3.16 0.961 0.000(0.954) 

Area of lamina 

papyracea(㎟) 
396.1 ± 52.6 400.2 ± 54.8 0.031 0.000(0.928) 

Number of ethmoid  

air cell septa 
3.25 ± 0.85 3.25 ± 0.77 0.897 0.000(0.620) 

Area of lamina papyracea 

/ Ethmoid air cell septa 
131.9 ± 50.8 130.6 ± 37.8 0.705 0.000(0.682) 

1 Mean ± standard deviation. 

* Paired t-test of right and left structures. 

† Pearson correlation coefficient was obtained.  
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2. Morphologic differences of supporting structures between the medial 

and inferior wall fractured patients 

Subjects consisted of 37 patients with isolated inferior wall fracture and 70 

patients with isolated medial wall fracture. The gender, side of impact, etiology of the 

trauma, and association of intraocular injuries showed no statistical difference in both 

groups (Table 1). 

The difference in the anterior (P = 0.225) and the posterior (P = 0.081) height, 

antero-posterior length (P = 0.195), and the area of the lamina papyracea (P = 0.279) 

were not statistically significant in the two groups (Table 4). 

The number of the ethmoid air cell septa supporting the medial orbital wall was 

different in the two fractured groups (inferior : 3.62 ± 0.79, medial : 3.09 ± 0.86, P = 

0.002) (Figure 3). The area of lamina papyracea supported per septum was larger in 

isolated medial wall fractured patients (137.55 ± 40.11㎟) compared to inferior wall 

fractured patients (119.64 ± 38.14㎟) (P = 0.028) (Table 4). 

On regression analysis gender, age, etiology of fracture did not influence on the 

site of the fracture. 
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Table 4. Morphologic characteristics in fractured patients 

 

 
Inferior orbital wall 

fracture1 (n=37) 

Medial orbital wall 

fracture1 (n=70) 
P-value* 

Fracture size(㎜) 15.03±8.01 15.42±6.23 0.797 

Anterior height(㎜) 
R: 15.11± 1.98 

L: 15.13±2.02 
15.58±1.94 0.225 

Posterior height(㎜) 
R: 10.79±2.03 

L:11.02±1.95 
10.14±2.11 0.081 

Anteroposterior 

length(㎜) 

R: 31.67±2.11 

L: 31.77±2.02 
30.85±2.66 0.195 

Area of lamina 

papyracea(㎟) 
409.5±61.6 396.4±57.6 0.279 

Ethmoid air cell septa 
R: 3.57±0.69 

L: 3.5±0.91 
3.09±0.86 0.002 

Area of lamina papyracea 

/ Ethmoid air cell septa 
119.6±38.1 137.5±40.1 0.028 

1 Mean ± standard deviation. 

* Independent t-test. 
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<Medial wall fractured patients> 

 

<Inferior wall fractured patients> 

 

Figure 3. The number of the ethmoid air cell septa in medial wall fractured patients 

and inferior wall fractured patients. Note that the total number of the septa appears 

fewer in the isolated medial wall fractured patients compared to isolated inferior wall 

fractured patients. 
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3. Correlation of supporting structures and the size of the medial wall 

fracture 

The size of the medial wall fracture and the number of the septa showed positive 

correlation (Pearson correlation = 0.348, p = 0.003). The size of the medial wall 

fracture and the area supported per ethmoid septum showed negative correlation 

(Pearson correlation = -0.393, p = 0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 19 

 

IV. DISCUSSION 

 

The “blow-out” orbital wall fractures occur as the result of impact against the 

eyeball and transference of impact forces through the peri-and retrobulbar tissues. It is 

often singled out from other fractures because of its etiological specificities and 

unique clinical features and after effects. It occurs at the weakest point of the orbital 

wall. The lamina papyracea of the ethmoid and the floor medial to the infraorbital 

groove are the thinnest areas of the orbital wall.1, 9, 10 Theoretically, the lamina 

papyracea of the medial orbital wall is the most likely fractured because it is thinnest 

with only 0.2 to 0.4 ㎜ thickness. But it has been reported that pure orbital blow-out 

fractures most frequently involve the orbital floor.1, 11-14 Recently, increased incidence 

of pure medial orbital blow-out fractures are reported.15-17 

On the CT scan review of our patients, isolated medial orbital wall fracture(n = 70) 

was found twice the frequency of the isolated inferior wall fracture(n = 37). This 

finding was also noted by Lee et al15 where isolated medial wall fracture(28%) was 

more frequent than isolated inferior wall fracture(16.8%) in the 8 years of consecutive 

study. Accordingly Park et al17 reported solitary medial wall fracture was found in 

37.8% where inferior wall fracture which was found only in 11.6% of patients. Burm 

et al18 reported the ratio of medial fractures to inferior fractures to be 1.8:1. But this 

high incidence of isolated medial orbital wall fracture was not correlated in other 

studies. He et al19 in the 10 year period study in a single hospital reported inferior 



 20 

 

wall fracture to be the most common followed by medial and inferomedial fracture. In 

their study mainly non-Hispanic Caucasian, Hispanic, and African American were 

included. Gittinger et al20 noted that black people seemed to be more exposed to 

medial orbital blow-out fractures. They hypothesized that anatomical variance 

explains this racial predominance. Racial variations in the shape of the orbit or the 

partition of the ethmoid sinus appear to underline in the racial predominance of the 

isolated medial orbital wall fracture. 

The medial orbital wall is composed of the frontal process of maxilla, lacrimal 

bone, lamina papyracea of the ethmoid and the sphenoid. The lamina papyracea 

closes the ethmoidal labyrinth on the lateral side and is the thinnest part in an orbit.9, 

10 Lamina papyracea is supported by the bony septa of the ethmoid sinus air cells with 

the shape of a honeycomb.1, 11, 21 Subdivisions of the ethmoidal sinus and formation of 

air cells results from the formation of more or less developed transverse bony septa in 

the interturbinal meatus covered by the respiratory mucosa.22, 23 The ethmoid air cells 

develop near the size of an adult by the puberty, so we excluded patients under the 

age 16.24 

The location and size of the fracture in the orbital region depend not only on the 

magnitude, direction and point of application of impact forces but also on the 

architecture and structure of the orbital walls. On the aspects of the extrinsic factors, 

there has been much debate and confusion regarding the mechanisms of orbital 

blowout fractures. Two principal mechanisms are buckling and hydraulic mechanisms 

caused by trauma to the orbital rim and the globe of the eye repectively. Recent 
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experimental studies suggest both of mechanisms contribute in the blowout fractures 

and establishing either mechanism as the primary etiology have been misplaced.7, 25 

In this study, we focused our efforts on revealing the relationship of the innate 

anatomical properties and the fracture site. Hotte5 reported that among the factors 

causing fractures in the orbital region, the architecture and anatomical structures of 

the orbit and the biomechanical characteristics of the bones play significant roles. He 

pointed out that although the orbit is reinforced by the bony ring at the entrance, the 

floor and the medial wall are still weak. These innate morphological properties may 

be important factors in determining the site of the fracture in an orbital wall. 

Therefore we compared the structural characteristics supporting medial orbital wall in 

the isolated inferior and medial wall fracture patients.  

Owing to the hemorrhage and edema in the patients with orbital blow-out fracture 

precise visualization and measurement of the supporting structures were impossible. 

Rather than using these unreliable data of blurred images of the fractured side we 

measured in the opposite orbital wall in the fractured patients. The ethmoid sinus is 

known to have large anatomical variations among the paranasal sinuses. In order to 

use the data from the opposite orbit we needed the preequisite that in spite of the 

highly variable nature of the air cell structures, the bilateral ethmoid structures which 

support the medial orbital wall in each individual are symmetric. 

According to our analysis, the bilateral symmetry of the number of the ethmoid air 

cell septa and the lamina papyracea area supported by each septum were statistically 

significant in the both orbital wall in individual persons. From these results, we were 
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able to compare the supporting structures of the medial walls from the opposite 

orbital walls in the orbits of the fractured patients. And we confirmed that the medial 

wall fractured patients had fewer ethmoid septa and larger area supported per septum 

than inferior wall fractured patients. This finding correlated with the previous 

experimental data by Jo et al8 who postulated that the medial orbital wall was stronger 

if the area was smaller and the number of ethmoid cells increases, or if the average 

size of ethmoid cells(surface area/ number of cells) were small. 

In patients without fracture the posterior height and the area of the lamina 

papyracea were different in both sides of the orbit. The difference in the posterior 

height resulted in the difference of the area which was calculated by the formula 

including the posterior height. The posterior height was measured at the coronal CT 

slice at the pterygopalatine fossa. Among the coronal scans, the CT slice just before 

the sphenoid bone which will be thicker than the lamina papyracea was selected for 

the measurement. But precise measurement of the posterior height might have been 

difficult with these methods. Because it is relatively a short distance to estimate and 

thus it may vary a lot in the serial 3-mm section cuttings. Also the part of the 

sphenoid bone in this area is not as easy to discriminate from the lamina papyracea as 

the lacrimal bone lining the front of the medial wall. 

We tried to measure the thickness of the lamina papyracea and the thickness of 

each ethmoid septum which may play a role in determining the site and size of the 

fractures. But even in the bone setting window of the orbital CT, these structures were 

too thin to measure. And there were large interobserver variation in the data.  
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The analysis of the supporting structures of the inferior orbital wall were not 

included in this study. The inferior orbital wall is stronger with less surface and more 

supports from trabeculae and incomplete septa of the maxillary sinuses.8 To analyze 

these anatomical characteristics, CT slices transsecting the middle of the each orbit 

going parallel to the inferior rectus muscle is needed. Since our study was 

retrospective, we could not obtain proper CT slices.  

Even though the patients with other facial bone fractures and combined orbital 

wall fractures were excluded, the vector of the trauma on the size and site of the 

blow-out fractures cannot be forgotten. This may explain the last part of our study 

where the results came out opposite to what one could expect. According to the 

differences in the number of the ethmoid septa in medial and inferior wall fractured 

patients, we expected the size of the fracture to be larger in the patients with fewer 

septa. But in isolated medial wall fractured patients, the fracture size showed a 

positive correlation with the number of the septa and a negative correlation with the 

area supported per septum. Which means, with more support of the septa, one gets 

larger fracture. Variables in vector might explain this finding. Larger number of cases 

and intense analysis including the trauma vector may help in verify this finding. 
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V. CONCLUSION 

 

According to our clinical experiences, blow-out fractures of orbits depend on 

several intrinsic factors. The medial orbital wall could be estimated to be stronger if it 

is supported by more septa and the less surface area per septum. Therefore in the 

situations of similar extrinsic forces acting on a periocular lesion, patients with less 

ethmoid air cell septa and larger lamina papyracea area per septum are more likely to 

develop isolated medial wall fracture than inferior wall fracture. 
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AAAAbstractbstractbstractbstract(I(I(I(In Koreann Koreann Koreann Korean)))) 

안와내벽과안와내벽과안와내벽과안와내벽과    하벽골절하벽골절하벽골절하벽골절    환자에서환자에서환자에서환자에서        

골절부위에골절부위에골절부위에골절부위에    따른따른따른따른    안와구조의안와구조의안와구조의안와구조의    차이차이차이차이    

 

<지도교수 이상렬> 

 

연세대학교 대학원 의학과 

송 원 경 

 

목적: 안와 하벽과 내벽골절 환자에서 안와 내벽을 지지하는 해부학적 

구조의 차이를 보고자 하였다. 

방법: 2004년 1월부터 2006년 3월까지 안와 주위 수상으로 내원한 환자

의 임상기록과 안와 전산화 단층촬영을 후향적 분석하였다. 

결과: 골절이 없는 군에서 양안의 벌집궁 격막의 수(P = 0.897)와 종이뼈 

면적/ 벌집궁 격막의 수(P = 0.705) 모두 양쪽 안와에서 차이가 없었다. 격

막의 수는 하벽 골절군에서 평균 3.62 ± 0.79개, 내벽 골절군에서 3.09 ± 

0.86개로 내벽 골절군에서 더 적었고(P = 0.002), 종이뼈 면적/ 벌집궁 격

막의 수가 하벽 골절군에서 119.64 ± 38.14 , 내벽 골절군에서 137.55 ± 
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40.11 로 내벽 골절군에서 더 크게 나타났다(P = 0.028).  

결론: 안와 내벽 골절은 종이뼈를 지지하고 있는 벌집궁 격막의 수가 적고 

한 격막당 지탱하는 종이뼈 면적이 큰 환자에서 더 잘 일어난다. 

-------------------------------------------------- 

핵심되는 말 : 안와벽 골절, 벌집뼈, 종이뼈, 벌집궁 격막, 전산화 단층촬영 
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