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Abstract

Currently, computed tomography is the method of choice for assessment of paranasal sinuses,

nasal fossae and their anatomical variants. Presumably, these variations might induce osteal

obstruction, preventing mucus drainage and predisposing to chronic rhinosinusitis. However,

this concept is still controversial and the presence of any anatomical variant does not necessarily

establish an etiology for rhinosinusitis. Among three subtypes of concha bullosa, only the

bulbous type seems to be strongly associated with symptoms. Size and obliteration of

osteomeatal complex drainage pathways may be relevant as well. Variations and tomographic

signs of sinusal disease occurring on the same side reinforce the likelihood of interference with
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the mucus drainage process. Computed tomography offers detailed study of anatomical

variations and is an invaluable tool for managing clinical decisions and planning surgical

strategies. Imaging assessment must be based on identification of variants, definition of their

dimensions, as well as on their association with obstruction of drainage ostia and tomographic

signs of sinus disease.
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INTRODUCTION

The approach to patients with chronic rhinosinusitis has been changed with the arrival of

the endoscopic functional surgery of paranasal sinus and nasal cavity. As far as it is concerned,

the computed tomography (CT) has become indispensable to the surgical planning, since it

allows a detailed study of the whole structure of this region, which would not be possible with

plain X-rays. In most cases, the endoscopic surgery aims at removing the obstruction of the

main drainage pathway – the osteomeatal complex –, based essentially on the concept that such

obstruction perpetuates the sinus disease(1–3).

Paranasal sinus and nasal cavity anatomical variants are usual findings with an estimated

prevalence of 65%(4). Some authors propose the hypothesis that anatomical variants may be

obstructive factors, predisposing to sinusitis(5). Notwithstanding, a consensus on this matter has

not been reached yet but many recent studies have contributed with new information. This

article provides an updated review, showing points that seem to be of agreement about what

remains undefined on this theme.

DEVELOPMENT AND ANATOMY OF PARANASAL SINUS AT CT

The development of paranasal sinus starts early in the fetal period as nasal cavity

invaginations. Only the maxillary and ethmoidal sinuses are present and can pneumatize at

birth. The sphenoidal and frontal sinuses develop from the first years of life(6), expanding

progressively and maturing up to the age of 12–14 years(7,8). The ethmoidal cells pneumatization

process may originate some variant cells like agger nasi, concha bullosa and Haller’s(7,8).

The anatomical relations of relevant bone structures and soft tissues with sinus drainage

ostia can be more easily understood on coronal tomographic images(9) (Figure 1). The nasal

septum is an osseocartilagenous wall dividing the nasal cavity into right and left sides. The

lateral nasal wall consists of inferior and middle turbinates and, occasionally, a superior or

supreme turbinate bone with their respective meatus. The middle meatus is the most important

of them, with an opening — the semilunar hiatus — which receives the main drainage pathways
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from the paranasal sinuses. The drainage to this fissure is made by the frontal sinus, through the

frontal recessus, and the maxillary sinus, through the infundibula (medially limited by the

unciform process and laterally limited by the ethmoidal bulla), middle and anterior ethmoidal

cells. The semilunar hiatus and surrounding structures together compose the osteomeatal

complex(9). One believes that the obstruction of this narrow region is a key factor in the

development of chronic sinusitis(1–3). The drainage of the sphenoidal sinus and posterior

ethmoidal cells is performed through the sphenoethmoidal recess and through the superior

meatus. Only occasionally this posterior group of sinuses is affected by inflammatory

processes(3,4,6,9).

ANATOMICAL VARIANTS

The role of anatomical variants in the sinusitis genesis is controversial. Theoretically,

these variants could shift and compress osteomeatal complex components, determining an

obstruction to the paranasal sinuses mucus drainage(9,10). Researches on this theme consider that,

if anatomical variants really predispose to sinusitis, one should expect that these variants were

more frequently found at CT in patients with sinus disease (symptomatic) than in the general

population (asymptomatic). Findings of several studies on the theme are summarized in Tables

1 to 6. Tonai and Baba(1) have analyzed tomographic studies of 75 adult patients. Comparison of

anatomical variants prevalences in the symptomatic and asymptomatic groups has showed no

significant difference (Table 1). In another study(4), of all the evaluated anatomical variants

(Table 2), only one specific type of middle concha bullosa has presented association with the

clinical disease (Table 3). Four studies have described the anatomical variants prevalence on CT

examinations in children with chronic or recurrent sinusitis.(Table 4)(6,11–13). However, in these

studies there was not a control group for statistical correlation. Liu et al.(14) have demonstrated

that the greater the size of the anatomical variant, the higher the frequency of association with

paranasal sinus mucosal alterations at CT (Table 5). Scribano et al.(10) have studied patients with

anatomical variants by means of CT, aiming at identifying patients in which an anatomical

variant determined a contact between the mucosal surfaces of the osteomeatal complex (aerial

space obliteration). One has observed that the maxillary sinus opacification was significantly

more frequent in cases where the concha bullosa determined osteomeatal complex obliteration

(Table 6), when compared with cases of concha bullosa without osteomeatal complex

obliteration. For these authors, the contact of mucosal surfaces would be more significant for the

sinusitis pathogeny than the size of concha bullosa.
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Different types of anatomical variants present distinct relations with either clinical or

tomographic sinus disease. Main anatomical variants are middle concha bullosa, Haller and

agger nasi cells, nasal septum deviation and enlarged ethmoidal bulla.

The middle concha bullosa is a result of pneumatization of the osseous plate due to

ethmoidal extention (Figures 2 and 3). A prevalence up to 80% is observed(4) and, besides Haller

and agger nasi cells and deviated nasal septum, the middle concha bullosa is one of the most

frequent anatomical variants(1,4,6,11–13) (Tables 1 and 2). In children diagnosed with sinusopathy,

the frequency of this anatomical variant ranged between 4.2% and 24% of cases(6,11–13) (Table

4). Milczuk et al. have found an association with ipsilateral ethmoid-maxillary sinusopathy in

the childhood in 63% of cases studied(13) (Figure 2). Contradictorily, Lusk et al.(12) have not

observed any association of concha bullosa with sinus disease in children (Figure 3). Tonai and

Baba(1) (Table 1) and Zinreich et al.(15) also have not detected any relation of concha bullosa

with sinusopathy. It is important to note that the degree of pneumatization found in the

population studied by Tonai and Baba(1) was low, which they attribute possibly to a racial factor

(the study has been developed in Japan). The concha pneumatization may occur at several

degrees, from that affecting only the bulbous portion (distal) (Figure 2) or lamellar portion

(proximal), or the called true variant where there is pneumatization of both portions(4) (Figure

4). In one of these studies(4), the bulbous-type middle concha bullosa was the only anatomical

variant presenting a relation with sinusopathy (Table 3). The association of anterior ethmoidal

cells and maxillary sinuses with tomographic alterations may depend not only on the subtype,

but also on dimensions of the concha bullosa(14). Scribano et al.(10) have demonstrated that when

the concha bullosa does not interfere with the amplitude of paranasal sinuses drainage paths at

CT, it possibly cannot cause a sinus disease, and probably the rhinosinusitis genesis involves an

osteomeatal complex aerial column obliteration by an anatomical variant (Table 6).

Haller cells are found in up to 45% of the general population(1,4,16,17) and in 1.4% to 18%

of children(6,11–13) (Tables 1, 2 and 4). Haller cells are anterior ethmoidal cells that project

beyond the limits of the bulla ethmoidal under the orbital floor, forming the infundibulum

lateral wall between the papyracea lamina and the unciform process(1,13,18) (Figure 4). There was

no difference in its prevalence between patients with and without sinusopathy (Tables 1 e 2)(1,4).

However, larger Haller cells are more likely related to tomographic alterations of maxillary

sinuses(14,18) (Table 5).

Middle concha may present a curvature contrary to the one normally seen; this is another

anatomical variant named paradoxical concha (Figure 5) and present at CT in 30% of patients

(Tables 1 e 2)(1,4). In children, its prevalence is lower, ranging from 4.4% to 10%(6,11–13) (Table
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4). Depending on the curvature degree, the infundibulum may be compressed, causing sinusal

obstruction(1,9). There is no consistent data about its relation with sinusopathy(1,4,11–13).

The agger nasi cell is the most anterior ethmoidal cell, situated below the frontal sinus,

next to the frontal recess, representing the lacrimal bone pneumatization due to ethmoidal

extension (Figure 6). This may be an important factor in the genesis of symptoms like

lacrimation and frontal sinus disease. Reported prevalence is quite variable (10% to 98.5%)(1,4,9)

(Tables 1 and 2), possibly due to two factors: 1) different definitions are assigned to this

anatomical variant; 2) the small size of the agger nasi cell might make its detection difficult in

former researches involving anatomic pieces. Therefore, higher frequencies are described in CT

studies in which agger nasi cell can be easily identified(1,4). A positive relation between the cell

size and the presence of frontal sinus disease has been described by Liu et al. (Table 5)(14).

Nassar Filho et al.(19) also have observed that this cell presented hyperpneumatized more

frequently in the group with sinusopathy than in the control group. However, this anatomical

variant has not been considered as an obstructive factor in the study of Voegels et al.(20).

In the junction of the nasal cartilage with the vomer, an acute angulation occurs in 20% to

30% of the population(7,16), constituting the nasal septum deviation (Figure 7), one of the most

frequent anatomical variants(19,11,12). Its prevalence in children ranges from 10.4% to 14%(6,11,12).

In older children (on average 9 years of age) septum deviation tends to be more pronounced(12).

This last observation might indicate an acquired nature of this condition(11). It may determine

compression of the middle concha with consequential infundibulum obstruction(9). One has

demonstrated the association of higher grades of septum deviation with ipsilateral sinusopathy

in adults(9,21,22). Some authors(1,4) do not mention this anatomical variant in their studies.

An enlarged ethmoidal bulla may obstruct the infundibulum or the middle meatus. The

exact prevalence of enlarged ethmoidal bulla is not known(9,23). Its size is an important factor

when associated with opacification of anterior ethmoidal cells at CT in patients diagnosed with

sinusopathy(14). However, one has not found in the literature an objective description of what

could be considered an enlarged ethmoidal bulla(9,10,19,23). Late in its development, the ethmoidal

sinus measures on average 36 x 18 x 14 mm (length, height and width) in measurements

performed in MRI studies(24). These measures were similar in cadaver skulls(25). The ethmoidal

bulla, however, has not been separately evaluated in theses studies. In measurements at CT in

adults, the average area of each ethmoidal cell is 0.73 ± 0.42 cm², the larger ones, situated in the

posterior portion of ethmoid, measure 1.46 ± 0.64 cm²(26). Again, the size of the ethmoidal bulla

has not been described separately. Since the ethmoidal bulla is the largest anterior cell(24), it is

implicit that its average area should not exceed 2.1 cm².
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Other anatomical variants appear less frequently. The superior extremity of the unciform

process may deviate laterally, medially or anteriorly and may interfere in the middle meatus

drainage(14). Its prevalence was of 6.9% in a study with children(11). The unciform process

pneumatization also is hardly frequent (prevalence up to 2.5%)(1,4,11,12,16). Hypoplastic maxillary

sinus appears in about 6.9% to 17.5% of the pediatric population(11–13). According to Lusk et

al.(12), the hypoplasia may be a result of the loss of pneumatization by the infundibulum. The

correlation of these anatomical variants with sinusopathy has been not determined(4,9,12,13).

DISCUSSION

Most probably, the rhinosinusitis genesis is multifactorial, and the physiological factor

(mucociliary clearance disorders) possibly is as much significant as the mechanical obstructive

factor(19). Indications for surgical correction of the sinusal drainage deal with the possibility of

an anatomical variant constituting an obstructive factor, principally at the level of the

osteomeatal complex, but there is no reference to objective parameters like anatomical variant

dimensions or drainage pathways amplitude as specific indicators(27,28).

The role of anatomical variants in the chronic or recurrent sinusitis pathogenesis can be

evaluated by comparison between anatomical variants prevalence in populations with

sinusopathy and prevalence in populations free from sinusal problems. If anatomical variants

determine any effect on the chronic rhinosinusitis genesis, it is assumed that they are found

more frequently in groups of patients with sinusopathy. Some studies on the prevalence of

anatomical variants have failed in identifying a significant relation with rhinosinusitis symptoms

or with mucosal alterations of paranasal sinus at CT(1,4,19,20). However, Bolger et al.(4) have

found out that the pneumatization of the bulbous portion of the middle concha presented a

prevalence significantly increased in patients with sinusopathy (Table 3). Likewise, larger

anatomical variants present higher probability of association with tomographic alterations of

paranasal sinus (Table 5)(14). Finally, even disregarding factors like subtype or size, Scribano et

al.(10) have observed that, if the anatomical variant determines obliteration of the aerial space of

the osteomeatal complex drainage paths, the sinusal disease is more frequently detected at CT

(Table 6) than when the anatomical variant does not obstruct these pathways.

The prevalence of anatomical variants seems to increase with the age (Table 4). Lower

prevalences are found in the study including lower age ranges (1 to 7 years of age)(6). These data

suggest the hypothesis of some anatomical variants being of acquired nature. Besides the fact

that in children the sinus disease is usually bilateral and symmetrical(12), one may infer that

anatomical variants have less influence on the sinusitis etiopathogenesis in this age range than in

adults.
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Some disparities between frequencies in different studies(1,4,6,10–14,19,20) can be explained

by some controversial factors, definitions and ratings of the anatomical variant(4,9), the

utilization of evaluation methods with different sensitivities (anatomical pieces versus CT) and

also racial or population factors(1). Also, it is necessary establish the difference between clinical

sinusopathy and tomographic sinusopathy, since sinusal alteration at CT does not mean

necessarily clinical disease(4,29–33). Finally, since each variant seems to have a different influence

on the development of the sinus disease, it would be convenient to determine the risk of each

variant independently. A few studies involve a sufficient number of cases for a statistically

satisfactory data analysis, as some anatomical variants present a very low incidence. Lusk et

al.(12), for example, have examined 115 children and observed that the frequency of anatomical

variants was not sufficiently high to allow a statistical correlation with sinusopathy.

CONCLUSION

There is no consensus in the literature on the role of anatomical variants in the chronic

rhinosinusitis physiopathogenesis. The single detection of an anatomical variant itself does not

establish the genesis of the disease. Before the suggestion of a causal relation between the

anatomical variant and the sinusopathy in the tomographic analysis of a patient with

sinusopathy and one anatomical variant, these conditions should be considered in conjunction

with the clinical picture, its type and size, its association with obliteration of osteomeatal

complex drainage paths and the presence of ipsilateral sinusal mucosa alterations.
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O PAPEL DAS VARIANTES ANATÔMICAS DO COMPLEXO OSTIOMEATAL

Tabelas e Figuras

Table 1 Prevalence of anatomical variants at CT (%). (Tonai & Baba(1)).

Agger nasi cell

Haller cell

Middle concha bullosa

Middle paradoxical concha

Pneumatized uncinate

Total

(n = 75)

86.7

36.0

28.0

25.3

0

Symptomatic

(n = 57)

86.0

33.3

28.1

29.8

0

Asymptomatic

(n = 18)

88.9

38.9

27.8

11.1

0

p

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

Table 2 Prevalence of anatomical variants at CT (%). (Bolger et al.(4)).

Agger nasi cell

Haller cell

Middle concha bullosa

Middle paradoxical concha

Pneumatized uncinate

Total

(n = 202)

98.5

45.1

53.0

26.1

2.5

Symptomatic

(n = 166)

(a)

45.9

53.6

27.1

3.0

Asymptomatic

(n = 36)

(a)

41.6

50.0

22.3

5.6

p

(a)

> 0.05

> 0.05

> 0.05

> 0.05

(a) Not reported by the authors.

Table 3 Prevalence of middle concha bullosa subtypes in symptomatic and asymptomatic patients at CT

(%). (Bolger et al.(4)).

Lamellar

True

Bulbous*

Total

(n = 202)

46.2

15.7

31.2

Symptomatic

(n = 166)

45.9

17.4

35.3

Asymptomatic

(n = 36)

47.2

8.4

13.9

p

0.99

0.38

0.04*

* Statistically significant difference.

Table 4 Prevalence of anatomical variants in symptomatic children at CT (%).

Haller cell

Middle concha bullosa

Middle paradoxical concha

Pneumatized uncinate

Nasal septum deviation

Dutra &

Marchiori(6)

1.4

4.2

(a)

1.4

14.1

Lusk et al.(12)

10.0

10.0

8.5

0

10.4

Milczuk et al.(13)

5.3

9.6

4.4

(a)

(a)

April et al.(11)

18.0

24.0

10.0

(a)

13.0

(a) Not reported by the authors.

Table 5 Size of the anatomical variant in relation to the tomographic alteration of respective paranasal

sinus (between brackets in the first column). (Liu et al.(14)).

Agger nasi cell (frontal)

Haller cell (maxillary)

Altered sinus

11.7 mm

91.6 mm²

Normal sinus

8.5 mm

41.6 mm²

p

< 0.01*

< 0.05*

* Statistically significant difference.



Table 6 Relation of the mucosal contact in the osteomeatal complex over the opacification in the presence

of anatomical variants(a). (Scribano et al.(10)).

With contact (n = 44)

Without contact (n = 69)

Maxillary opacification

35

17

Normal maxillary

9

52

p

< 0.05*

< 0.05*

(a) n = 73 (113 anatomical variants). * Statistically significant difference.

Figure 1. Coronal CT slice at the level of the osteo-

meatal complex. Maxillary sinus (1), ethmoidal cells

(2), middle concha (3), inferior concha (4), middle

meatus (5), hard palate (6), nasal septum (7), unci-

form process (+), ethmoidal bulla (*), infundibulum

(arrow). Note the slight nasal septum deviation to

the left.

Figure 3. Coronal CT at the level of the osteomeatal

complex. Child with a true middle concha bullosa to

the right (*), with dimensions similar to that presented

in Figure 2, without associated sinus disease.

Figure 2. Coronal CT at the level of the osteomeatal

complex. Right ethmoid-maxillary sinusopathy (*),

probably determined by obstruction of the osteomeatal

complex by bulbous-type middle concha bullosa (+).

Figure 5. Coronal CT. Paradoxical middle concha to

the right (arrow), posteriorly to the osteomeatal com-

plex. There is a discrete mucous thickening on the

floor of the maxillary sinus.

Figure 4. Coronal CT. Haller cell to the left (arrow),

associated with bilateral conchas bullosas (*), a true

concha bullosa at the left and a lamellar concha

bullosa to the right, both small-sized. The osteomeatal

complexes are free from obstruction. Minimal mu-

cosal disease can be observed in the right maxillary

sinus (double arrows).

Figure 6. Coronal CT. Lamellar-type middle concha

bullosa to the right (arrow), whose pneumatization

comes upon a prominent agger nasi cell (*), next to

the right frontal recess. There is no sinus disease.

Figure 7. Coronal CT. Accentuated nasal septum

deviation to the right (arrows), with formation of a

spur.


