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INTRODUCTION

Alterations of nasal ciliary function, such as those caused by

congenital defects, e.g. the “immotile cilia syndrome”, and by

primary ciliary dyskinesia, have widely been investigated and

correlated with specific ultrastructural findings: ciliary and hair

cell loss [1-3] absence of dynein arms [2,4,5], defective radial

spokes [6] and transposition of ciliary microtubules [7]. Ciliary

functional incoordination, expressed by transposition of ciliary

microtubules, has also been reported as further cause for the

immotile cilia syndrome [8]. Ciliary dysfunction may lead to

development of bronchiectasis and idiopathic bronchiectasis

has been associated to a cyst-like structure within the ciliary

shafts [9]. 

The clinical correlate for a genetically-impaired muco-ciliary

function is the alteration of muco-ciliary clearance [10-13].

Muco-ciliary impairment due to chronic nasal pathologies has

also been demonstrated and put in correlation with ciliary ultra-

structural defects [14-16]. Since in chronic nasal pathologies the

microtubular defects are not as consistently present as in prima-

ry ciliary dysfunctions, it has been hypothesized that they could

be produced by infection with consequent alteration of muco-

ciliary transport [17]. The typical ciliary alteration of inflamma-

tory reactions is represented by the composed cilia, i.e. several

axonemas lined by the same basal membrane [18]. This finding

has been evidenced in asthma [19] and chronic rhinitis [20] with

high incidence of muco-ciliary transport impairment [21,22].

Ultrastructural studies of ciliary morphostructure in specific

chronic inflammatory nasal pathologies are scanty [23,24], while

more attention has been paid to the recovery patterns of nasal

mucosa after endoscopic nasal surgery [25-27].

This study has been designed in order to get evidence of corre-

lations between qualitative and quantitative ultrastructural

defects of ciliary unit and nasal obstructive diseases of different

etiology, via an ultrastructural analysis of brushing samples

Specific ultrastructural findings have widely been described in case of obstructive nasal dis-

eases due to congenital defects. Ciliary impairment has in particular been observed as the

main pathological feature in these conditions. 

In this study, nasal mucosal samples from different pathologies have been collected via the

“brushing” technique and analysed by transmission electron microscopy. TEM analysis was

focused on specific features, such as the numerical array of peripheral and central doublets

of the cilium axoneme, including eventual microtubular disarrangement; partial or total loss

of inner and/or outer dynein arms; defects of radial spokes and nexin links; disorientation of

the ciliary axis in closely adjacent cilia, calculating the angle between the line crossing the

central microtubular core and the horizontal ciliary axis and compound cilia (CC).

Statistical comparison was carried out between study and control groups.

A significant incidence of organic ciliary defects was found not only in patients with inflam-

matory processes, but mostly in those supposed to have a long-lasting nasal respiratory dis-

ease due to mechanical stenosis in relation to septum deviation and turbinate hypertrophy.

Prevalence and percentage of compound cilia were instead more related to inflammatory con-

ditions. 

The “brushing” technique can be considered an easy and reliable method for the assessment

of the condition of the nasal mucosa. According to the findings derived from this study,

mechanical nasal obstruction seems to cause major alterations on the nasal ciliary arrange-

ment, thus determining a functional impairment on the whole nasal function.
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from different conditions, i.e. normality, septum deviation,

turbinate hypertrophy and osteo-meatal blockage sinusitis.

MATERIAL AND METHODS

Patients

Eighty-nine patients (55 males, 34 females) aging from 30 and 60

years (mean 45 DS ± 15) with nasal obstructive disease requir-

ing surgery have been recruited for this study. According to the

aetiology of the respiratory disease, they were further classified

in three groups: A) osteo-meatal blockage sinusitis (34

patients); B) septum deviation (24 patients); C) turbinate hyper-

trophy (31 patients). Twenty normal subjects have also been

identified on the basis of negative history and clinical exam for

nasal pathology and allergy, and were included in this study as

control group (D) (Table 1).

Samples

In all the subjects a cytological sample has been obtained using

the “brushing” technique. This technique consists in the inser-

tion of a brush-tip instrument at the level of the middle

turbinate and in its rotation in order to collect mucosal sample.

It has been carried out without local anaesthesia either before

the surgical procedure or in the office for the control group. 

Transmission Electron Microscopy

Each sample was immediately fixed by direct immersion of the

brush-tip in a saline phosphate buffered 2% glutaraldehyde

solution and stored at 4°C. Cytological samples were then post-

fixed in 1% osmium tetroxide for 1 hour at 25°C, stained in 0.1%

tannic acid for 30 minutes at 25°C, dehydrated in aceton, and

embedded in Epon 812. Ultra-thin sections (70 to 90 µm), cut at

the level of the central core of each sample, were then post-

stained with lead cytrate and uranyl acetate for TEM observa-

tion (Philips Morgagni, Fei Co., Hillboro, OR, USA). For each

sample at least 150 transverse sectioned cilia randomly taken

from 20 different ciliated cells have been considered for evalua-

tion.

The following ultrastructural features have been taken into

account: 

a) numerical array of peripheral and central doublets of the cil-

ium axoneme, including eventual microtubular disarrange-

ment;

b) partial or total loss of inner and/or outer dynein arms;

c) defects of radial spokes and nexin links;

d) disorientation of ciliary axis in closely adjacent cilia, calcu-

lating the angle between the line crossing the central micro-

tubular core and the horizontal ciliary axis;

e) Compound cilia (CC).

Quantitative analysis of the incidence of the defects in each

group and for CC mean percentage value in all groups has been

performed.

An arbitrary grading scale for quantification of ultrastructural

anomalies has been generated, where up to 5% ciliary defect was

considered normal (Grade 0), while more than 5% ciliary defect

was considered pathological (Grade 1). Composite cilia (CC)

were graded as 0 when absent, as 1 if present. 

Grade 1 (pathological) incidence in the different study groups

for all parameters has been calculated. CC were also quantified

as mean percentage value for each patient in all the groups. 

Statistics

For statistical evaluation, Pearson’s chi-square has been used

for comparison of the paramethers between study and control

groups. Variance analysis (Anova) was used for statistical differ-

ence of mean percentage CC value in all study groups. 

RESULTS     

The incidence of ultrastructural defects in the study and control

groups is reported in Table 2.
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Table 1. Demographical data of the study and control groups

(Pearson’s chi square).

Group n M/F ratio Age
Osteo-meatal blockage- 34 15/19 48.1 ± 15.1

related sinusitis

Septal deviation 24 16/8 46 ± 15.7

Turbinate hypertrophy 31 24/7 37.1 ± 14.7

Control 20 6/14 38.7 ± 21.7

Table 2. Percentage of incidence of ultrastructural defects in the study (A,B,C) and control (D) groups. a= numerical array of peripheral and central

doublets of the cilium axoneme including eventual microtubular disarrangement; b= partial or total loss of inner and/or outer dynein arms; c=

defects of radial spokes and nexin links; d= disorientation of ciliary axis; CC= compound cilia.  

Group A Group B Group C Control Group

ULTRASTRUCTURAL a 41.7 83.3 58.1 12.5

DEFECTS b 29.4 75 35.5 6.2

c 79.4 66.7 64.5 31.2

d 41.2 37.5 41.9 25

e 38.2 33.3 51.6 6.2
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The analysis of microtubular arrangement (a) revealed as preva-

lent defect the presence of single tubules in the peripheral zone,

most frequently in group B (83.3%), and less in group A (47.1%)

and C (58.1%) (Figure 1A).

Alteration of inner and outer dynein arms (b) was more fre-

quent in group B (75%) and less in group A (29.4%) and C

(35.5%) (Figure 1B).

Radial spokes and nexin links (c) were present in all the study

groups, with more prevalence in group A (79.4%) and less in

group B (66.7%) and C (64.5%).

Orientation of central microtubules in closely adjacent cilia (d)

showed in all groups a similar incidence, not statistically differ-

ent from the control group (Figure 1E). 

Quantitative analysis of compound cilia (Figures 1C-D) mean

percentage value showed a significant difference among groups

and the highest value in group C (Figure 5).

Comparison between each study group and control group for all

ultrastructural features

From a statistical point of view, Group B incidence was signifi-

cantly different from Group D for a (p<0.01), b (p <0.01), c

(p<0.05) and CC (p<0.05), while not significantly different for d

(Figure 2).

Group C was significantly different from group D for incidence

of a (p<0.01), b (p<0.05), c (p<0.05) and CC (p<0.05) and not

significantly different for d (Figure 2).

Group A was significantly different from group D for a (p<0.05)

and for c (p<0.01) (Figure 3).

Figure 1. Transmission electron micrographs of cross-sectioned nasal

cilia showing ultrastructural defects. (A) Loss of peripheral micro-

tubules (arrows); bar = 100 nm; (B) Partial absence of inner dynein

arms (arrowheads); bar = 100 nm; (C and D) Compound cilia (arrows);

bars =500 nm; (E) Altered orientation of the central microtubules in

closely adiacent cilia; bar =200 nm.
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Figure 2. Comparison between septal deviation and control group for

all ultrastructural parameters.
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Figure 3. Comparison between turbinate hypertrophy and control

group for all ultrastructural parameters.
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Figure 4. Comparison between osteo-meatal blockage sinusitis and

control group for all ultrastructural parameters.
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Comparison among groups for percentage of defect frequency

CC feature incidence among groups showed the defect to be

more frequent in group C than in A, B and control groups.

DISCUSSION

Alterations of ciliary ultrastructure have been correlated to

impairment of nasal mucociliary clearance (NMCC) impair-

ment [14-17] and described as primary ciliary defects, e.g. in the

“immotile cilia syndrome”, or as acquired ultrastructural modi-

fications occurring in nasal inflammatory chronic diseases

[28,29]. In fact, it has recently been suggested that although

most patients with ciliary ultrastructural defects may have pri-

mary defects [30], ciliary alterations might also be present in

healthy subjects [31,32], in children exposed to chronic and

sequential air pollutants [23], or related to aging [24,33]. In addi-

tion, quantitative and qualitative changes in nasal respiratory

function may be induced also by anatomical modifications,

damage from recurrent infections, trauma and exposure to

external toxin and other unknown factors. Therefore, it is quite

difficult to demonstrate if a single nasal pathology directly or

indirectly leads to ciliary dysfunction when all these factors

merge.

Aim of the present study was to assess the occurrence and char-

acteristics of ciliary ultrastructural defects in nasal respiratory

diseases. In particular, object of the investigation were two types

of common nasal obstructive diseases, such as septum deviation

and turbinate hypertrophy, which were compared to the osteo-

meatal blockage-related sinusitis, as well as to a group of

healthy, non smokers patients recruited on the base of negative

anamnesis and clinical signs for upper and lower respiratory dis-

ease, aspirine allergy, aging between 30 and 60 years. A signifi-

cant difference between septum deviation, turbinate hypertro-

phy and the control group was observed for all ultrastructural

defects examined, except for the microtubular orientation,

whereas osteo-meatal blockage-related sinusitis and control

group findings showed significant differences only for the tubu-

lar configuration and connective spokes. 

As far as the prevalence of ultrastructural defects in the 9+2

configuration is concerned, dynein arms, radial spokes and nex-

in links variations were more represented in septum deviation

and turbinate hypertrophy compared with osteo-meatal block-

age sinusitis. Compound cilia were instead more frequent in

turbinate hypertrophy and osteo-meatal blockage-related sinusi-

tis, and less in septum deviation. These findings could be

explained also on the basis of the very few previous studies

focused to the pathophysiological and clinical aspects correlated

with ultrastructural ciliary defects [3,6,9,17,19,23,29]. In those

studies, in fact, transmission electron microscopy allowed to

demonstrate a remarkable number of defects which,  in accor-

dance with  the clinical manifestation, could be distinguished

in: i)  a chronic inflammatory pattern, represented by swollen

and/or compound cylia, missing or supernumerary peripheral

microtubules or pairs; and ii) a more severe pattern probably

related to primary ciliary dyskinesia, characterized by missing or

supernumerary central microtubules or pairs, central transloca-

tion of peripheral pairs and lost or shortened dynein arms [2,34-

36]. It is noteworthy to remind that both in primary and sec-

ondary ciliary dyskinesia a normal ultrastructure with abnormal

orientation of the central microtubules has also been described

[8-10], thus suggesting that dysinchronia may be the only patho-

physiological expression of ciliary dysfunction in different clini-

cal manifestations. 

Literature which correlates ultrastructural defects in nasal

pathologies is scanty and mostly addressed to chronic inflam-

matory diseases [3,6,9,17,19,23,29]. In contrast with previous

reports, the results obtained in the present study showed a sig-

nificant incidence of organic ciliary defects not only in patients

with inflammatory processes (Group A), but mostly in those

supposed to have a long-lasting nasal respiratory disease due to

mechanical stenosis (Group B and C). Both the prevalence and

percentage of compound cilia appeared to be more related to

inflammatory conditions (Group A), although not pathogno-

monic, since they were also significantly present in patients

without evidence of active inflammatory processes. Since com-

pound cilia represent the product of elastasis enzymatic action

during chronic respiratory mucosa inflammation [10,21], their

incidence in all study groups and the mean percentage value for

patient would suggest a role of recurrent or previous inflamma-

tory diseases in the majority of the patients, as a consequence of

nasal stenosis. 

The recovery of respiratory mucosa after endoscopic sinus

surgery (ESS) has recently been documented, stressing the role

of altered mucociliary transport to produce ultrastructural mod-

ifications of nasal ciliary mucosa during chronic sinusitis [26]. In

our series of osteo-meatal blockage-related sinusitis, compound

cilia were less represented than in turbinate hypertrophy, sug-

gesting that both the inflammatory process and the alteration of

mucociliary transport occur inside the paranasal cavities and
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Figure 5. Quantitative analysis of cilia mean percent value in each

group (Anova: p=0,001). a: microtubules arrangement; b: dynein arms;

c: radial spokes; d: microtubules orientation. 
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affect the nasal mucosa to a minor degree.  

In contrast to previous reports, microtubular disarrangement,

which is considered the dysfunctional cause for desynchronized

ciliary beat, was not significantly different between the patho-

logical and the control groups, even in presence of dynein arms

defects which are presumed to induce a swinging of micro-

tubule and distortion of axonemic structure [37]. Moreover, in

no case it was possible to observe the association of this func-

tional defect to a normal ultrastructure.

The organic ciliary defects are usually considered to be correlat-

ed to the duration of the respiratory dysfunction, which basical-

ly prevails in septum deviation, respect to the inflammatory

process involved in turbinate hypertrophy and in osteo-meatal

blockage-related sinusitis. In these latter, compound cilia for-

mation represents the more common finding. 

It is possible to conclude that all the ultrastructural defects rela-

tive to ciliary configuration in patients with nasal respiratory

stenosis are likely to be secondary in origin, considering the

functional recovery observed after surgery. Organic defects and

compound cilia have been reported in all study groups with sig-

nificant difference of incidence in respect to healthy subjects:

the first one with probable correlation with the duration of the

respiratory disease, the second one due to chronic inflammato-

ry disease. Longitudinal TEM analysis of brushing samples of

nasal mucosa from patients with worse ultrastructural defects

could be helpful to better elucidate this issue. Further studies

are needed in order to elucidate the correlation between

mechanical nasal stenosis, possible muco-ciliary transport alter-

ation and ciliary ultrastructural defects, especially in patients

with poor functional post-operative recovery.
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