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Objectives:

Haller cells are anterior ethmoid air cells located in the medial orbital floor

immediately lateral to the maxillary infundibulum. The purpose of this study was to
demonstrate the prevalence and relationship between the existence and size of these cells with
ipsilateral maxillary sinusitis and orbital floor dehiscence as visualized on cone beam CT
(CBCT) images.

Methods: CBCT image volumes of 50 patients were retrieved and analysed. All CBCT
images were acquired with a 9-inch field of view scan. y* and Cochran-Mantel-Haenszel tests
were used for statistical analysis of the obtained data, and p-values of <0.05 were considered

to be statistically significant.
Results:

There was no statistically significant association between the existence and size of

Haller cells and maxillary sinusitis. There was a significant association between Haller cells

and orbital floor dehiscence.
Conclusions:

The explanation of maxillary sinusitis on the basis of mechanical obstruction is

unlikely. This study provides evidence for the usefulness of CBCT scan in delineation of the

sinonasal anatomy.
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Introduction

Haller cells were first identified by Albrecht von Haller
(1708-1777) in 1765 and were subsequently named after
him." However, the terminology for these air cells has been
changed, reflecting a trend away from naming structures
after the anatomist who had first described them as the
need grows for international standardization and de-
scriptive nomenclature of anatomical terms. Therefore,
Haller cells are alternatively called infraorbital ethmoid
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cells, as they arise from anterior ethmoid cells and are
located in the medial orbital floor.

With the increasing popularity of endoscopic sinus
surgery and recent advances in CT technology, there
has arisen interest in the complex radiological anatomy
of the paranasal sinuses and ostiomeatal system. It is
well documented that some of the anatomical variations
of the paranasal sinuses can predispose to sinus pathol-
ogy or can even complicate sinus surgery, and Haller
cells are no exception. These cells are frequently seen as
incidental findings in CT examination of paranasal
sinuses. The position of Haller cells in the medial portion
of the orbital floor, lateral to the maxillary infundibulum,
places them in a key position to disturb the normal
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pattern of mucociliary flow and predispose to recurrent
maxillary sinusitis.”> * Several radiographic studies have
shown a significant relationship between Haller cells’ size
(greater than 3 mm) and maxillary sinusitis.>

To date, there have been few studies comparing im-
age quality in cone beam CT (CBCT) scans with that in
multislice CT.* Cadaver and clinical studies have pro-
vided the principle evidence for the application of
CBCT imaging to endoscopic sinus surgery, concluding
that both spatial and soft-tissue contrast were sufficient
to aid surgical navigation in the sinonasal cavity.” !
Preliminary evidence suggests that CBCT may be suited
to specific imaging tasks in the context of bony structural
evaluations enabling low-dose assessment of sinonasal
anatomy.

To the best of our knowledge, this is the first study
that uses CBCT in the evaluation of Haller cells in
human subjects. This study was primarily aimed at the
following purposes:

(1) to demonstrate prevalence of Haller cells as visual-
ized in CBCT images
(2) to evaluate the relationship between

(1) presence of Haller cells and ipsilateral maxil-
lary sinus disease

(i1) size of Haller cells and ipsilateral maxillary
sinus disease

(iii) size of maxillary sinus ostia and ipsilateral
maxillary sinus disease

(iv) presence of Haller cells and ipsilateral de-
hiscence of orbital floor.

Materials and methods

CBCT image volumes of 50 patients were retrieved from
the digital imaging and communications in medicine ar-
chive folder. All CBCT images were acquired with a
9-inch field of view by CB MercuRay (Hitachi Medical
Corporation, Tokyo, Japan) in the Department of Oral
and Maxillofacial Radiology at the University of Con-
necticut School of Dental Medicine. Images were
requested for various dentomaxillofacial indications, in-
cluding dental implants, jaw lesions, orthodontic and
temporomandibular joint evaluation. Patients with a his-
tory of sinus tumour or surgery, sinonasal polyposis or
midfacial trauma, and patients younger than 16 years
were excluded, as according to Gray’s anatomy, sinonasal
cavity does not reach its full development until ado-
lescence.'? All digital imaging and communications in
medicine files were viewed by CBWorks 3.0™ software
(v. 3.0; CyberMed, Seoul, Republic of Korea). The study
was approved by the institutional review board.

Criteria of recognition

We used meticulous criteria for defining Haller cells as
air cells, of any size, located along the medial portion of
the orbital floor and/or the lamina papyracea inferior to
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Figure 1 Coronal cone beam CT image shows Haller cells (arrow);
note the continuity with the ethmoid capsule

the bulla ethmoidalis, and continuous with the ethmoid
capsule (Figure 1). The continuity with the ethmoid
capsule distinguishes Haller cells from the infraoribital
recess of the maxillary sinus' (Figure 2).

Maxillary sinusitis was defined as radiographic evidence
of thickening of sinus mucosa and/or fluid accumulation
at any level (Figure 3). The finding of mucous retention
phenomenon (cyst) was not considered as a sinus disease.
Dehiscence of the adjacent orbital floor was recognized
as loss of bone density at any level. Whenever a clear
decision between “very thin bony wall” and “total
dehiscence” was not feasible, the results were accepted
as dehiscence (Figure 3). The size of the Haller cell was
measured at the maximum mediolateral dimension.
The maxillary sinus ostium was quantified by measuring
the distance between the Haller cell at its most medial
portion and the uncinate process. Both Haller cells and
maxillary sinuses ostia were arbitrarily categorized based
on the size into small (less than 2 mm), medium (2-4 mm)
and large (greater than 4 mm) (Figure 4).

Figure 2 Coronal cone beam CT image shows infraorbital recess of
maxillary sinus (arrow); note the discontinuity with the ethmoid capsule



Figure 3 Coronal cone beam CT shows maxillary sinusitis (long
arrow), multiple Haller cells (short arrow) and orbital dehiscence
(arrowheads)

For statistical analysis, the x> test was used to evaluate
the association of Haller cells with maxillary sinusitis and
orbital dehiscence. The Cochran—Mantel-Haenszel test
was used to evaluate the relationship between the size of
the Haller cells and the maxillary sinuses ostia with
maxillary sinusitis. p < 0.05 was considered to be statis-
tically significant.

Results

Of the 50 patients included in the investigation, 28 were
females and 22 were males, with ages ranging from 16 to
85 years (mean 37 years). Haller cells were recognized in

Figure 4 Coronal cone beam CT image shows measurement of
Haller cells (long arrows) and maxillary sinus ostium (short arrow)
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30 patients (60%); 17 (34%) were bilateral and 13 (26%)
were unilateral; ie. Haller cells were seen in 47 sides, in
which 13 were small sized, 10 medium sized and 24 large
sized. Small maxillary sinus ostia were encountered in 26,
medium in 12 and large ostia in 9 out of 47 sides (Table 1).
Haller cells concurring with ipsilateral maxillary sinusitis
were encountered in 27 (54%) cases (14 on the right side,
13 on the left side).

Concomitant presence of orbital floor dehiscence
with Haller cells was encountered on the right and left
sides in 19 and 20 patients, respectively. There was no
statistically significant association between existence of
Haller cells, size of Haller cells and size of maxillary sinus
ostium with maxillary sinusitis (p > 0.05). However,
there was a statistically significant association between
Haller cells and orbital floor dehiscence (p = 0.0001).

Discussion

Prevalence of Haller cells in the English literature is
remarkably variable, ranging from 2.7% to 45.1%.>'*
This enormous variability in the frequency of Haller
cells is probably owing to the inconsistency in definition
of Haller cells. Kennedy and Zinreich'® considered Haller
cells as ethmoid cells projecting below the ethmoid bulla
within the orbital floor in the region of the opening of the
maxillary sinus. Bolger et al’ defined Haller cells as any
cell located between the ethmoid bulla, the orbital lamina
of the ethmoid bone and the orbital floor. Kainz et al®
recognized Haller cells as cells within the orbital floor.
The variability in the prevalence of Haller cells could also
be explained on the basis of the patients’ age group and
race, and on the CT techniques used.

In the present study, we generated our own criteria of
definition; the major criterion was based primarily on
the distinction between Haller cells and infraorbital
recess of maxillary sinus. The latter is sparsely described
in the literature.'”> According to Earwaker,'® the
bony wall of the infraorbital recess of the maxillary si-
nus is discrete from the ethmoid capsule. We used this
concept in articulating a solid definition of Haller cells.
Prevalence of Haller cells in our study was relatively
high (60%). This could be explained on the basis of the
imaging tool used in the investigation, as CBCT is
a volumetric imaging technique, so it captures any
Haller cell when present, irrespective of size; by con-
trast, small-sized Haller cells could easily be missed in
the interslice intervals in multislice CT scans. Many

Table 1 Analysis of Haller cells and maxillary sinus ostia

Prevalence of Unilateral Bilateral Total
Haller cells” 13 (26%) 17 (34%) 30 (60%)
(47 sides)
Size of Haller cells® Small Medium Large
13 (28%) 10 (21%) 24 (51%)
Size of maxillary Small Medium Large
sinus ostia” 26 (55%) 12 (26%) 9 (19%)

“Out of 50 patients.
POut of 47 sides.

Dentomaxillofac Radiol, 42, 20130055



Cone bheam CT analysis of Haller cells
R Mathew et a/

cells identified in this survey were less than 1 mm in
size; such a cell will likely be missed in multislice CT
scanning. The high percentage of Haller cells in our
analysis may represent the greater sensitivity of CBCT
scan in the detection of small delicate bony structures.
This observation provides a piece of evidence of use-
fulness of CBCT technology in accurate imaging of
sinonasal cavity at substantially lesser radiation dose.

Our study reviewed the prevalence of Haller cells with
reference to their size. Bearing in mind the critical loca-
tion of Haller cells immediately medial to the maxillary
infundibulum, our side-specific analysis showed signifi-
cant association between the presence or size of the
Haller cell and ipsilateral maxillary sinus disease; hence,
the overall rate of maxillary sinusitis was similar for the
Haller and non-Haller cell populations (54% vs 46%,
respectively).

Several authors are in agreement with this
observation.!” " However, others found Haller cells as
important aetiological factor in maxillary sinusitis cer-
tainly when the cells are large enough (greater than
6 mm) to cause substantial narrowing of the maxillary
infundibulum.**>'

A limitation of our study is that maxillary sinusitis
could have been overrated because infectious sinusitis
cannot be distinguished from allergic sinusitis on the
basis of radiographic evaluation only.

The lack of association between the presence of Haller
cells and the ipsilateral maxillary sinusitis could also be
explained on the basis of the accessory maxillary sinus
ostia in the lateral nasal wall; these ostia have previously
been described in 14% of patients'® and would enhance
maxillary sinus ventilation by functioning as an alternative
route of drainage even in the case of mechanical ob-
struction of the maxillary infundibulum by a Haller cell.

A surprising additional finding is the lack of significant
association between the size of maxillary size ostium
and radiographic sinusitis; this could argue against the
historical theory of mechanical obstruction. This ob-
servation suggests that maxillary sinusitis might rather
be a primary condition than classically arising from
narrowing or occlusion of the maxillary sinus ostium.
We suggest that the role of Haller cells in sinus disease
should be evaluated on an individual basis depending
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