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Orbital wall thickness and the spread of infection from the paranasal sinuses

Ninety-three human skulls (80 adults and 13 children) have been examined and the
extent of thin bone in the party walls between the orbit and the frontal, ethmoidal
and maxillary sinuses has been assessed. Translucent hone is most often present in
the lateral wall of the ethmoidal labyrinth and least often in the floor of the frontal
sinus. In children such bone is present significantly less often in the roof of the
maxillary sinus (P < 0.001) than in adults. Computerized tomography scans and
clinical data from 6 patients with orbital cellulitis were reviewed. In one of these an
inferolateral subperiosteal abscess of the orbit was associated with a defect in the
roof of the maxillary sinus. Two patients had a medial subperiosteal abscess associated
with ethmoiditis and in one there was direct continuity between the abscess and the
adjacent ethmoidal cells. In another case a superolateral abscess was demonstrated in
continuity with a surgical defect in the floor of the frontal sinus. We conclude that
the ethmoidal, frontal or maxillary sinuses may be sources of orbital infection and
that spread occurs either by direct extension through the sinus wall or by local

thrombophlebitis.
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Orbital cellulitis forms part of a spectrum
of orbital and periorbital sepsis. Periorbital
or preseptal cellulitis is oedema or cellulitis
of the eyelids superficial to the orbital
septum. It is a more common condition
than true orbital cellulitis! and frequently
arises as a result of sources of infection
other than sinusitis.2 The term ‘orbital
cellulitis’ encompasses diffuse cellulitis of
the orbital contents, subperiosteal abscess
of the orbit and orbital abscess. This latter
condition may result from rupture of a
subperiosteal abscess or coalescence of
diffuse orbital infection.®>°® Extension of
infection posteriorly may result in
cavernous sinus thrombosis with develop-
ment of signs in the other eye.

There appears to be disagreement about
which sinus is most commonly the source
of infection in orbital cellulitis. Mont-
gomery’ states that the ethmoidal air cells
are the most common origin. According to
Clairmont and Per-Lea® the ethmoidal and
sphenoidal sinuses are responsible, with or
without concommitant frontal sinusitis.
Dawes® agrees that ethmoiditis is
associated with this complication in
children, but considers frontal sinusitis
most commonly implicated in adults. He
states that the maxillary sinus is rarely a
source of orbital infection. An examination
of published series of cases of orbital
cellulitis due to infected sinuses® !°716
indicates even wider variation of opinion
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(Table I). These differences can probably
be explained on the basis of age differences
in the groups studied and variations in
radiological techniques and interpretation
of films. The assessment of patients with
orbital infection has been improved in
recent years with the introduction of
computerized tomography (CT) scan-
ning.+17:18

The purpose of the present study was to
clarify the role of individual sinuses in the
pathogenesis of orbital infection and the
routes by which spread occurs.

Materials and methods

Data has been collected from two different
sources.

AN ANATOMICAL STUDY OF THE
THICKNESS OF THE ORBITAL WALLS

Ninety-three human skulls were examined
and the extent of thin bone in the party
walls between the orbit and the frontal
sinus, ethmoidal labyrinth and maxillary
antrum was assessed. ‘Thin bone’ was
defined as bone having a similar trans-
lucent appearance to the typical bone of
the lamina papyracea. In addition to
simple inspection, transillumination was
employed to aid the identification of areas
of this type of bone. All specimens were
examined by one observer (RPM). In a
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minority of cases, there were differences
between the findings on the two sides.
Therefore, the results have been expressed
in terms of numbers of orbits rather than
skulls. Each orbital wall was classified into
one of four groups.

1 No thin bone

2 Limited area of thin bone

3 Moderate area of thin bone

4 Extensive thin bone

A RETROSPECTIVE STUDY OF CASES OF
ORBITAL CELLULITIS

CT scans from patients with orbital
cellulitis treated at the University of
Michigan were reviewed without reference
to the patients previous medical records.
Both authors examined the films to
determine which sinuses showed evidence
of infection and whether or not there were
signs of abscess formation within the orbit.
All films used in the study were taken using
a General Electric 8800 CT Scanner. Once
the radiographic findings were recorded,
the case notes were reviewed to see if the
appearance on CT scanning could be
confirmed by the clinical course of the
disease or by operative findings.

Results

Of the 93 skulls examined, 80 were normal
adult specimens used in routine teaching in

Table 1 Involved sinuses in reported cases of orbital cellulitis

Involved sinuses (%)

Author Date  Cases

Gamble 1933 21 71 19
Birch-Hirschfield,

(quoted by Gamble) 1933 684 21 22
Haynes & Cramblett* 1967 26 8 0
Jarrett & Guttman 1969 7 14 0
Quick & Payne 1972 12 9 18
Gans et al. 1974 120 6 42
Hawkins & Clark* 1977 24 0 0
Brook et al.* 1980 8 12 0
Morgan & Morrison 1980 14 0 0

Ethmoid Antrum Frontal

Ethmoid Frontal Antrum
& antrum & ethmoid & frontal Pansinusitis

5 5 0 0 0
29 0 0 0 IS
0 77 0 0 4
0 0 29 14 43
9 36 9 0 27
8 6 4 0 33
0 62 29 0 8
25 50 0 0 12
7 7 14 0 71

*Children only
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Table 2 The extent of thin bone between the orbit and the paranasal sinuses in 80 adult

skulls (n = 160 orbits)

Extent of

thin bone Ethmoids
1 None 0

2 Limited 4

3 Moderate 34

4 Extensive 122

Frontal % Maxillary %
134 84 50 31
2 1 41 26

6 4 41 26
18 11 28 18

the Anatomy Department at the University
of Michigan. The results for this group are
presented in Table 2. They reveal that
translucent bone was most frequently
present in the medial orbital wall, less often
in the floor of the orbit and least often in
the roof. The other 13 were children’s
skulls (ages 5-16 years) from the depart-
ment’s collection of skulls. Three of them
showed evidence of hydrocephalus, but the
remainder were normal. The results for this
group are presented in Table 3. In these
skulls too, thin bone was very frequently
present in the medial orbital wall. However
it was seldom present in the roof or floor.
The results for the 3 sinuses in adults and
children were compared using a Chi-
squared test. There was a highly significant
difference in the extent of thin bone in the
roof of the maxillary antrum between the 2
groups (¥*=27.6, P = <0.001), the
children being less likely to have a
significant area of thin bone. No difference
was apparent between the two groups with
regard to the medial orbital wall (y* = 2.4,
P = >0.5) or the floor of the frontal sinus
(x* = 7.3, P>0.05).

The same collection of skulls includes an
example of congenital dehiscences of the
orbital walls (Figure 1). Examination of
this specimen revealed extensive

deficiencies in the lateral and medial walls
on both sides and of the floor on the right,
allowing access to the orbit from both
ethmoidal labyrinths and the right
maxillary antrum.

CT scans from 6 patients with orbital
cellulitis were reviewed, 4 male and 2
female, ranging in age from 8-55 years
with a mean of 25.8 years. Five of these
had radiological evidence of infection of
one or more paranasal sinuses, but the other
(case 5) did not. There was evidence of
infection of the ethmoidal, frontal and
maxillary sinuses but in no case was
sphenoiditis demonstrated. The scans from
cases | and 2 suggested superiorly placed
subperiosteal abscesses of the orbit. Both
had undergone previous fronto-
ethmoidectomy operations and in case 2
surgical exploration confirmed the presence
of a superolateral abscess in direct
continuity with the frontal sinus via the
surgical defect (Figure 3). The orbital
cellulitis in case 1 resolved on medical
treatment without surgery. Cases 3 and 4
had surgically confirmed medial subperio-
steal abscesses of the orbit (Figures 4 and
6). In case 3 a defect in the lamina
papyracea was noted at operation and
there was direct continuity between the
abscess and the infected ethmoidal cells. In

Table 3 The extent of thin bone between the orbit and paranasal sinuses in 13 skulls
from children or adolescents (n = 26 orbits)

Extent of

thin bone Ethmoids
1 None 0

2 Limited 2

3 Moderate 6

4 Extensive 18

%
0
7

23

70

Frontal % Maxillary %
23 88 22 84
2 8 2 8
1 4 0 0
0 0 2 8
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Figure 1 Skull with extensive dehiscences of the orbital walls on both sides.

case 6 the CT scan did not show evidence
of intraorbital abscess formation, but did
suggest infection of the soft tissues of the
face. At operation an inferolateral sub-
periosteal abscess of the orbit was found
communicating with the maxillary sinus via
a defect in the orbital floor. Examples of
the CT scans from the 6 patients are
presented in Figures 2-7.

Discussion

There are 4 possible routes by which
infection might pass between the paranasal

sinuses and the orbit: arteries, veins,
lymphatics and direct extension through
bone. Bacteraemia occurs in 15-17% of
patients,?'? and the general circulation is a
more likely route for systemic rather than
local spread. There are no known lym-
phatics within the orbit, although they are
found in the eyelids and paranasal
sinuses.20~23

Venous connections exist between the
maxillary, frontal and ethmoidal sinuses
and the orbit.?? Venous pathways between
the sphenoidal sinus and the orbit have
also been reported.>* The vessels in this

Figure 2. Case 1: CT scan showing opacification of posterior ethmoid cells on the right and of anterior and middle
cells on the left. A surgical defect can be seen in the lateral wall of the right ethmoidal labyrinth and there is a
clip on the anterior ethmoidal artery. There is an area of oedema in the anteromedial portion of the right orbit

which is probably superficial to the orbital septum.
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Figure 3. Case 1: CT scan showing opacification of the right frontal sinus.

area have no valves, and flow can therefore
occur in either direction.?? According to
Chandler?® and Hajek?* septic throm-
bophlebitis is the most common means of
spread of infection. Hajek?* has described
cases in which septic thrombi were
observed in the orbital venous systems of
patients with orbital cellulitis at post-
mortem examination.

Our anatomical study confirms that thin

Figure 4. Case 2: CT scan showing a surgical defect
in the floor of the left frontal sinus in continuity with
a superolateral subperiosteal abscess of the orbit.

bone is always present in the lamina
papyracea as its name implies. In addition,
there may be congenital dehiscences in the
bone.2%2¢ The cellular structure of the
ethmoidal labyrinth means that pus can
accumulate under pressure adjacent to this
partition and breach it. This is probably
the most common way in which a sub-
periosteal abscess is produced. Most
abscesses lie medially within the orbit.®!7
Both Harley & Guerier® and Jarrett &
Gutman'? have described cases (similar to
case 3) in which there was direct continuity

Figure 5 Case 3: CT scan showing opacification of
the right ethmoidal labyrinth with an adjacent
medial subperiosteal abscess of the orbit.
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Figure 6 Case 3: CT scan showing opacification of
the right maxillary sinus.

between pus in the ethmoidal labyrinth and
an abscess via a defect in the lamina
papyracea.

The frontal sinus is larger than an
ethmoidal air cell and bone of comparable
thickness to the lamina papyracea is not
often present in its floor. However, the
floor is usually the thinnest wall of the
sinus?%28 and osteitis is capable of pro-
ducing defects in the anterior and posterior
walls of the sinus leading to subperiosteal
abscess formation in the forehead and

Figure 7 Case 4: CT scan showing opacification of
the right ethmoidal labyrinth with an adjacent
medial abscess of the orbit.

Figure 8 Case 5: CT scan showing a laterally placed
area of pre- and post-septal cellulitis of the orbit.

cranial cavity. Abscesses in the supero-
lateral part of the orbit have been pre-
viously described in which there was no
history of previous frontal sinus
surgery.® '8 Superomedial abscesses may
arise either from the frontal or ethmoidal
sinuses. Harris® has reported a case in
which an abscess was found in the orbit of
a neonate with an infected intravenous
infusion site, and without any evidence of
sinusitis. This lesion must therefore have
arisen as a result of a septic throm-
bophiebitis, and this in turn suggests that
an actual break in the bone is not essential
in every case. This is particularly relevant
to the frontal sinus because unlike the
other paranasal sinuses it is set in diploeic
bone.?®

Pus within the maxillary antrum will
only come into contact with the roof of the
sinus if the sinus is full of infected material
or when the patient lies down. By contrast
pus in the frontal and ethmoid sinuses will
be constantly in contact with the respective
portions of the orbital wall. The volume of
the maxillary antrum is about 15 ml in the
adult.2%27 The sinus is smaller in the child,
but our data indicate that there is less
likelihood of its roof being thin. Case 6
demonstrates that direct extension of
infection from the maxillary sinus can
occur, although it is rare in otherwise
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uncomplicated maxillary sinusitis.
Sequestration of the orbital floor has been
described in association with osteomyelitis
of the maxilla.*®

There were no cases of sphenoiditis
evident on CT scanning in our series. None
of the series of cases presented in Table I
included any report of sphenoiditis,
although this sinus may have been involved
in cases described as ‘pansinusitis’.
Goldberg et al.'” reported 1 case in which
opacification of the sphenoid sinus on CT
scanning was associated with infection of
the ethmoid and maxillary sinuses in a case
of orbital cellulitis. If infection does spread
from the sphenoid sinus to the orbit it is
probably a very rare event.

In most of our cases there was close
agreement between the CT appearance and
the operative findings and clinical course of
the disease. The main exception was case 6.
In this patient coronal cuts might have
provided more accurate imaging.

We conclude that orbital subperiosteal
abscess is a complication of ethmoidal,
maxillary or frontal sinusitis. It may arise
either by direct extension through the sinus
wall or, less commonly, as a result of local
thrombophlebitis.
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