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The distance between the orbits and their individual dimensions are important in the 
diagnosis of craniofacial anomalies. Most observers rely on standard radiographs for 
measuring the bony interorbital distance. Tomography of the skull base and orbital 
computed tomography (CT) can also be used. This article describes the normal range 
of the bony interorbital distance and other useful orbital linear and angular measure
ments as determined from a series of CT scans of the orbits in 400 adults who had CT 
for other purposes. The normal interorbital distance measured at the posterior border 
of the frontal processes of the maxilla on nonrotated scans, in the plane of the optic 
nerve, ranges from 2.29 to 3.21 cm (average, 2.67 cm) in men and 2.29 to 3.20 cm 
(average, 2.56 cm) in women. The widest interorbital distance lies behind the posterior 
poles of the globes. This ranges from 3.16 to 4.10 cm (average, 3.37 cm) in men and 
2.93 to 3.67 cm (average, 3.20 cm) in women. 

The eyes are often involved in craniofacial malformations, which includes orbital 
clefts and orbital hypotelorism and hypertelorism. Measurement of the bony inter
orbital distance is useful in establishing the severity of the hypertelorism. Surgical 
treatment of hypertelorism involves translocation of the globes toward the midline 
by lateral wall osteotomy at a point posterior to the equator of the eye [1]. The 
degree of hypertelorism and character of the lateral orbital wall determine the type 
of lateral wall osteotomy [1]. Computed tomography (CT) is very helpful in preop
erative evaluation of such patients. The CT scan may also show an encephalocele 
or a porencephalic cyst as an additional feature of the malformation [2] . This is a 
report of measurements of the normal orbit with reference to hypertelorism and 
other anomalies. 

Materials and Methods 

Four hundred adults (200 men aged 18-82, average age 52; 200 females aged 17-88, 
average age 54) were examined with the General Electric CT 7800 scanner (+500 to -500 
scale). To obtain uniform images for linear measurements, the window width and level were 
set at 250 and 50, respectively, for all cases. Data were collected from patients with normal 
orbits who were studied for suspicion of brain infarction, hearing loss, and brain tumors. 
None had any underlying craniofacial anomaly or congenital malformations. The patients were 
Caucasian except for a few who were Oriental. 

In all instances 5 or 10 mm sections were obtained parallel to the infraorbital-meatal plane. 
The optic nerve and canal are roughly parallel to this plane. For this study, data were collected 
only from the nonrotated axial sections in the plane of the optic nerves (fig . 1 A). 

The horizontal CT sections through the orbits at this level generally show two patterns: (1) 
a parallel separation of the medial orbital walls and (2) a fusiform or lateral spread of the 
ethmoidal air cells with the widest separation of the orbital walls occurring posterior to the 
posterior pole of the globe. The distance between the medial walls of the bony orbits at 
various pOints and other linear and angular measurements are illustrated in figures 1 and 2. 
Several reference points have been used. Anterior pole is applied to the central point of the 
anterior curvature of the eyeball and posterior pole to the central point of its posterior 
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Fig. 1.-A, Axial CT scan of orbits at level of plane 
of optic nerves shows outline of globes, lenses, vit
reous bodies, level of medial check ligaments (3), 
medial and lateral rectus muscles, optic nerves, and 
retroorbital fat compartments. Note nasal bone (1) 
and frontal process of maxilla (2) on each side. Frontal 
process of maxilla forms most anterior part of medial 
wall of bony orbit. Lacrimal bone is seen as a thin , 
increased density immediately posterior to frontal 
process of maxilla. Lamina papyracea is seen as very 
thin density hardly distinguishable from medial aspect 
of medial rectus . Posterior to that is most posterior 
part of medial wall of bony orbit (4) , which is related 
to anterior part of sphenoid sinus. (Reprinted from 
[3].) B, Diagram showing different points selected for 
various measurements presented in table 1 . 

Fig. 2.-A, Axial CT scan of head at level of planum sphenoid ale and anterior roots of lesser wings of 
sphenoid shows cranial openings (arrows) of optic canals. B, Diagram showing structures in A. A = cranial 
opening of optic canal; B = anterior root of lesser wing of sphenoid ; C = posterior border of chiasmatic 
groove; D = planum sphenoidale; E = tuberculum sellae; F = pituitary fossa ; G = middle clinoid; H = 
dorsum sellae; I = posterior clinoid; J = midportion of cranial opening of optic canal ; K = anterior clinoid; 
L = anterior border of chiasmatic groove. 

Fig. 3.-10-year-old girl with left microphthalmia. 
Posteroanterior view of skull. Left orbital plate of 
frontal bone (vertical arrows), left lesser wing of sphe
noid (2), and left maxillary sinus are hypoplastic; 
superior orbital fissures are asymmetric (1). Note 
difference between oblique lines (horizontal arrows), 
which represent cortices of temporal surface of great 
wings of sphenoid bone. 

curvature. These pOints are designated as point A and point P, 
respectively (fig. 1). A line joining the two poles forms the optic axis 
(AP). The primary axes of the two eyeballs are nearly parallel. The 
lacrimal bone and the lamina papyracea cast a thin line of increased 
density posterior to the frontal process of the maxilla. CT is the best 
method to evaluate the course and angle of the optic nerves. The 
optic canal can also be demonstrated . The cranial opening of the 
optic canal is well demonstrated in figure 2A. The optic canal lies 
between the two roots of the lesser wing and is bounded medially by 
the body of the sphenoid bone. The anterior root is broad and flat 
and is continuous with the planum sphenoidale. The posterior root is 
shorter and thicker and connected to the body of the sphenoid 
opposite the posterior border of the sulcus chiasmatis. 

In figure 2, the JJ line is considered the distance between the 
central optic canals at their cranial openings. With regard to the globe, 
the AP distance (fig. 1) is considered the anteroposterior diameter 
and the TT distance is considered the transverse diameter of the 
eyeball. For the measurement of the transverse diameter of the globe 
exclusive of the thickness of the lateral and medial rectus muscles, 
measurements were obtained with the cursor placed at the junction 
of the scleral ring and images of the rectus muscle. For the measure
ment of the eyeball diameters, no attempt was made to correlate the 
values obtained with possible myopia or hypermetropia. 

Results 

Our results (table 1) show that the medial orbital walls , in a 
horizontal section taken at the plane of the optic nerves, tend 

to be parallel or divergent (fig. 1 A). The narrowest interorbital 
distance at this section level is at the posterior border of the 
frontal process of the maxilla (fig . 1), and the widest distance 
is at or posterior to the posterior poles of the eyeballs. There 
was a slight difference between the right and left eyeball 
measurements. 

Discussion 

In the diagnosis of craniofacial anomalies, thorough radi
ographic inspection of the cranial vault, orbits, facial bones, 
and temporal bones and their interrelationships yields useful 
diagnostic information [3] . CT is particularly useful in identi
fying bony and soft-tissue features in these regions. 

Anatomic and Developmental Considerations 

Under normal conditions the eye directs orbital growth. 
During the first year of life, the eye practically doubles in 
volume and attains more than 50% of its adult volume [4]. By 
the end of the third year, 75% of adult volume is achieved 
(similar to neural growth [4]). The shape of the orbital cranial 
junction is also influenced by development of the brain and 
skull [5]. When the brain is underdeveloped but the eye is 
normal , the orbital plate of the frontal bone is usually elevated 
into the anterior fossa of the skull. In microcephaly the orbits 
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TABLE 1: CT Orbital Measurements in 400 Adults 

Line, Description 

AA, Approximates interpupillary distance . 
BB, BIOD measured at posterior border of frontal processes of maxillae 
ee, BIOD measured posterior or at level of orbital equator (useful orbits) .. 
DO, Distance between anterior margin of frontal processes of zygomatic 

bones at level of plane of optic nerves ............ 
EE, Distance between optic nerves where they enter eyeballs . . . . . . . . . . . 
FF , BIOD measured at level of posterior poles of eyeballs . ......... . . 
GG, BIOD measured at its widest part (usually posterior to FF line) 
HH , BIOD measured at its most posterior part (apex of bony orbit) 
II , Distance between superior orbital fissures at apex of bony orbit . 
JJ , Distance between central portion of cranial opening of optic canals . 
KK , Distance between tips of anterior clinoid processes 
EI , Length of intraorbital part of optic nerve: 

Right . .................... . ..... . . . . . . . . . . 
Left . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

AP , Anteroposterior diameter of eyeball : 
Right . . . . . . . . . 
Left . . . . . . . . . . . . . . . . . . . 

TT, Transverse diameter of eyeball: 
Right . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . .... 
Left . . . . . . . . . . . . . . . . . . . . . 

Angle between optic nerve axes (in degrees) 

Note.-BIOD = bony interorbital distance. 

Fig . 4.- ln mandibulofacial dysostosis, orbits often 
show deficiency of lateral orbital floor, representing 
orbital cleft . In severe malar hypoplasia, lateral orbital 
wall is formed by greater wing of sphenoid and zy
gomatic process of frontal bone. (Courtesy of Samuel 
Pruzanskyand Paul Tessier.) 

. . . . . . . . . . . 
......... 

antimongoloid 
axis of orbit 

Minimum 

Male Female 

6.26 6.21 
2.29 2.29 
2.63 2.56 

9.18 9.29 
5.16 4.78 
2.87 2.56 
3. 16 2.93 
2.16 2.43 
2.90 2.70 
2.20 201 
2.31 2.43 

2.70 2.40 
2.60 2.40 

2.50 2.39 
2.40 2.40 

2.50 2.40 
2.50 2.50 

35° 36.5° 

Measurement (cm) 

Maximum 

Male Female 

7.51 7.50 
3.21 3.20 
3.50 3.30 

10.13 11 .00 
6.40 6.00 
3.7 3.51 
4.10 3.67 
3.37 3.23 
3.83 3.63 
2.73 2.70 
3.21 3.16 

3.80 3.23 
3.80 3.21 

2.90 2.70 
2.80 2.80 

2.80 2.90 
2.90 2.90 

50° 51 .5° 
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Mean 

Male Female 

6.78 6.63 
2.67 2.56 
2.80 2.83 

9.73 9.97 
5.43 5.27 
3.10 2.97 
3.37 3 .20 
2.73 2.80 
3.10 3.00 
2.30 2.20 
2.80 2.83 

3.10 2.90 
3.20 2.80 

2.80 2.50 
2.70 2.63 

2.70 2.71 
2.80 2.83 

41° 42.3° 

z ygoma tic P""oces 5 i 
of temperal bone 

are usually circular and the roofs are highly arched [5]. When 
the eye is underdeveloped but the brain is normal , the orbital 
plate of the frontal bone appears hypoplastic and the vertical 
or calvarial part is usually normal (fig. 3) . 

In coronal suture synostosis, the orbit on the side of fusion 
is elongated superiorly and laterally imparting a harlequin 
appearance (plagiocephaly). Correction of the cranial defor
mity can lead to spontaneous correction of the orbital deform
ity in some instances [6] . 

In mandibulofacial dysostosis the orbits may be defective 
inferolaterally due to malar bone hypoplasia. With tomography 
the deficiency of the lateral orbital floor (orbital cleft) can be 
demonstrated [3] . In cases of severe malar hypoplasia the 
laterall wall of the orbit is formed by the greater wing of the 
sphenoid and the zygomatic process of the frontal bone (fig. 
4) . 

The medial wall of the orbital cavity is extremely thin, except 
in its most posterior portion , where it is related to the anterior 
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Fig. 5.-Caldwell (inclined posteroanterior) view of 
skull. Lamina papyracea of ethmoid is demonstrated 
by two lines on each side. Horizontal arrows poin t to 
anterior part of lamina papyracea and lower vertical 
arrows pOint to posterior part of it. Upper vertical 
arrows point to black dots, which indicate points at 
which usually interorbi tal distance is measured on 
radiograph . (Reprinted from 131.) 

A B 
Fig. 6.-4-year-old boy born without a nose and with Left microphthalmus and apparent hypertelorism. 

A, Left globe slightly smaller than right. Increased soft tissue between medial wall of orbit and globe 
anteriorly has clinical appearance of hypertelorism. In fact , interorbital bony distance is normal. e, Coronal 
view. Irregular, thick compact bone in anterior midface with absent nasal structures and maxillary sinuses. 

portion of the sphenoid sinus and forms its lateral wall. This 
orbital wall slopes gently downward and laterally into the 
floor. This is best seen on the Caldwell view of the skull (fig. 
5) , where the anterior and posterior parts of the lamina 
papyracea are well demonstrated. The lacrimal bones, which 
are the smallest and the most fragile of the cranial bones, are 
situated at the front of the medial walls of the orbits. Their 
anterior border articulates with the frontal process of the 
maxilla, the posterior border with the orbital plate (lamina 
papyracea) of the ethmoid (fig . 1 A) . 

The value of CT can be appreciated in a patient with severe 
nasomaxillary hypoplasia who was found clinically to have 
hypertelorism (fig. 6). CT clearly shows the nasal and maxillary 
deformity. The bony interorbital distance is normal. Increased 
soft tissue in the nasoorbital angles has created the appear
ance of pseudohypertelorism or telecanthus [7]. 

The bony interorbital distance is an essential measurement 
in diagnosing orbital hypotelorism or hypertelorism [8-12]. 
Before CT the prinCipal methods used for such measurements 
have been based on conventional posteroanterior projection 
and cephalometric radiography. While such projections may 
be useful in the study of normal subjects, their utility in 
pathologic states is questionable. 

One major problem is that a conventional film is a composite 
of various structures at different planes; in some patients 
measurement landmarks are difficult to identify. The best 
methods to evaluate the bony interorbital distance are base 
tomography and CT. CT also provides significant information 
on the orbits, ethmoid , sphenoid sinuses, facial bones, the 
median and paramedian craniofacial cleft , and central nervous 
system pathology. 

The bony interorbital distance was first defined by Cameron 
(8) in a small number of dried skulls as the maximum distance 
between the medial walls of the bony orbits measured at the 

juncture of the crista lacrimalis posterior with the frontolacri
mal suture. Currarino and Silverman [9) , in their studies 
of arhinencephaly and trigonocephaly, measured the bony 
interorbital distance between the medial walls at what was 
described to be the junction between each medial angular 
process of the frontal bone with the maxillary and lacrimal 
bones. 

In order to provide a statistically more reliable standard, 
Gerald and Silverman [10] repeated the original work of 
Currarino and Silverman [9] using the same technical factors, 
and studied 100 patients in each year of age from birth to 12 
years. Hansman [11] presented measurements of the inter
orbital distance and thickness of the skull based on radi
ographs of the skull and paranasal sinuses in a large group 
of healthy subjects. According to him, from "infancy to adult
hood, the bony interorbital distance for girls is consistently 
narrower than for boys. Starting at 1 year 6 months, there is 
gradual increase in the size of the measurements for both 
sexes. At about 13 years of age the girl 's growth began to 
level off. Since the boys continue to increase to the age of 
about 21 years, the measurements in girls fall more markedly 
below the boys as growth is completed. " The average adult 
measurement in women is 25 mm and in men 28 mm [11]. 

CT of the orbit provides along with other information an 
opportunity to evaluate the distance between the orbits and, 
if necessary, any other linear or angular measurements. The 
lacrimal bones and the orbital plates of the ethmoid cast a 
thin line of increased density on the CT scan and, therefore, 
the bony interorbital distance can be measured at any desired 
pOints. Since orbital hypertelorism and hypotelorism are as
sociated with a variety of other malformations affecting the 
hard and soft tissues [13) , it is essential that appropriate 
radiographic methods including conventional radiography, 
cephalometry, tomography, and CT be used. Further study 
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of more cases to determine the normal standards for the 
bony interorbital distance in infancy and childhood is needed 
to determine the patterns of growth. The bony interorbital 
distance in pathologic conditions and the anatomic factors 
contributing to reduced orbital capacity and exophthalmos 
and the effect of form on function in Apert and Crouzon 
syndromes can be effectively evaluated by CT. This problem 
is being studied in various craniofacial anomalies and will be 
taken up in a subsequent publication . 
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