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ABSTRACT: Ciliary orientation was studied on the respiratory epithelium of
the nasal cavity or the sphengidal sinps of ten adult nonsmokers without
respiratory disease. The ciliary orientation was evaluated from micrographs by
measuring the angle between the plane defined by the central tubules and
reference line (with a semiautomatic image analyser (IBAS 1}). The standard
deviation of the angles of cilia population was counted in every field. The
standard deviation of the measurements described the ciliary alignmeat. It
varied from 12.1-4£.2°. The mean standard deviation was 27.3+7.4°. 58% of
all measured cilia were within +0-20° of the mean and 85% of cilia were within
4-0-40", However, a few cilia or small groups of cilia were found in most ficlds
which diflered dramatically from the main orientation. The size of these groups
was always less than ten cilia, On the normal respiratory cpithelium the
standard deviation of ciliary orientation varies hetween + 10-40 (at ahout
97% probability). For diagnostic conclusions more than 60 cilia should be
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In recent years many anomalies have been reported
in ciliary ultrastructure in chronic respiratory infec-
tions [3, 6, 13, 14}, in acute viral upper respiratory
infections [4, 26, 34] and in bronchial asthma [7]. The
immotile cilia syndrome, showing an absence of
dynein arm [1], is best known and occurs in
Kartagener’s syndrome [2, 12, 33].

With radioisotopic methods, mucociliary activity
can be measured on the respiratory epithelium [11)
Ciliary beat frequency can be measured photometri-
cally rom samples taken from respiratory epithelium
[8, 25, 35]. Using u phase-contrast microscope, ciliary
motility has been shown in some cases of the immotile
cilia syndrome [22]. I1 has been suggested that this
syndrome be called ciliary dyskinesia [30].

It is generally accepted that the disorientation of
cilia leads to impairment of mucociliary transport.
Random ciliary orientation has aiso sometimes been
found in Kartagepner’s syndrome [9, 15, 16]. All
reported cases of random orientation ofl cilia are
based on small cilia populations. No paper consider-
ing ciliary orientation in normal human respiratory
epithelium has been published. The obvious lack of
standardization has led us to study the normal
orientation of respiratory cilia with our recently
created method for measuring ciliary beat direction
[20]. In this paper we report our results on normal
ciliary orientation.

Materials and methods

The measurements were made from samples of ten
adult nonsmokers who did not suffer from any

respiratory discase. Four of them were healthy
volunteers and from these specimens were taken from
the middle concha of the nose. Six specimens were
taken, during transphenoidal hypophysectomy, from
the sphenoidal sinus of patients who had a hypophy-
seal tumour. All the specimens were biopsies and it
was impossible to distinguish whether the evaluated
cilia were from the same cell or from adjacent cclis of
a cell sheet.

The specimens were fixed with a mixture ol 4%
formaldehyde und 1% glutaraldehyde in 0.1 M
phosphate buffcr at +4 ' C for a week or less [19]. The
samples werc then washed in veronal acetatc HCI
buffer (pH 7.4). posthxed for | h with 0,Q, in s
collidine buffer (pH 7.4). washed again in veronal
acetate HC] bufler and stained en bloc with uranyl
acetate in veronal acetate HCI] buffer. The samples
were embedded in Epon 812 and sectioned with a
diamond knife. Ultra-thin sections were stained with
uranyl acetate-lead citrate and examined in a Jeol
JEM 100 § electron microscope.

From these specimens, areas with the best cross
sections of cilia were chosen and thesc areas were
photographed at the primary magnification x 15,000,
The final magnification of prinis was x 45,000. The
size of the measured fields was 3.8 x 5.1 pm and in
micrographs 17.0 x 23.5 em. From the micrograph,
the orientation of the cilia was measured from every
cilia, il the two central tubules could be seen.

The beat direction of cilia is perpendicular to the
axis tbrough the central tubules [27]. The stroke is
cffective in one direction only and the motion in the
other direction is a recovery stroke [28, 29]. These two

















