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Abstract: The complex anatomy of the vertebrate larynx shows a steady progression from the simple slit on the floor of the
lungfish's pharynx to the fine-tuned mechanism of the human vocal apparatus. The study was conducted on 50 cricoid
cartilages (36 males & 14 females) obtained from unclaimed bodies in the Deptt. of Forensic medicine, LHMC. This study
attempts to define and measure some biomechanically important morphometric features of cricoid cartilage which are useful
for constructing quantitative biomechanical models of vocal fold vibration and posturing. The dimensions and geometric
positions of Cricothyroid (CT) and Cricoarytenoid (CA) facets with respect to the laryngeal framework are biomechanically
important, as they contribute to the determination of CT and CA translation rotational dynamics, which are critical for length

changes and posturing (abduction and adduction) of vocal cords.
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1. Introduction

The precise understanding of anatomical structures is the
basic precondition of any surgical intervention. There are
several reasons why the dimensions of the larynx should be
known, such as for intubation, endoscopic procedures,
stenting, cricothyroidotomy and transplantation. In the
region of head and neck, the increasing application of
sophisticated electrophysiological and surgical methods in
diagnosis and treatment of laryngeal disorders i.e. subglottic
stenosis and post intubation stenosis of lower respiratory
tract, require a profound knowledge of size and proportion of
human larynx and its cartilaginous components, especially
cricoid cartilage. Immediately below the thyroid cartilage
and articulating with it, is cricoid cartilage, which is shaped
like a signet ring. It is the only complete cartilaginous ring of
larynx. The cartilage possesses a posterior quadrate lamina
and a narrow anterior arch. The lamina has a median vertical
ridge on its posterior surface to which two fasciculi of the
longitudinal muscle fibers of the esophagus attached. On
each side of this ridge, a shallow depression gives rise to the
fibers of origin of posterior cricoarytenoid muscle. The
cricoid cartilage has two articular facets on each sides for
articulation with other laryngeal cartilages i.e. (i) one facet is
on the sloping superolateral surface of the lamina and
articulates with the base of an arytenoid cartilage; (ii) the
other facet is on the lateral surface of the lamina near its base
and is for articulation with the medial surface of the inferior
horn of the thyroid cartilage. The cricoid is composed of
hyaline cartilage, which undergoes variable ossification with
advancing age which is especially pronounced in lamina [1,
2&3].

2. Material & Methods

The study was conducted in Department of Anatomy, Lady
Hardinge Medical College (LHMC) & associated S.K.
Hospital on 50 cricoid cartilages (36 males & 14
females).The specimens were obtained during autopsy of
unclaimed bodies from Department of Forensic Medicine,
LHMC & associated S.K. Hospital. The larynges were
removed together with trachea from level of hyoid bone to
third tracheal ring only when autopsy records, premorbid
medical records and gross examination revealed no
anatomical abnormalities. During autopsy, a midline incision
was given from chin to pubic symphysis to examine various
viscera. After identifying the thyroid prominence, larynx
was removed en bloc from base of tongue to the second or
third tracheal ring. After removal, it was washed under
running water and soft tissues removed. After careful
removal of all muscles and ligamentous attachments the
cartilages were measured in all their dimensions with help of
scale, Vernier caliper and a goniometer. Geometric
measurements on the laryngeal framework necessary for
modeling purposes were defined as follows:

(i) Anterior arch, height: the height of the anterior arch in
median plane (K-K”).

(ii) Anterior arch, antero-posterior thickness: the thickness of
the anterior arch in median plane (K’-P’).

(iii) Posterior wall, height: the height of the lamina in the
median plane (L-L”).

(iv) Posterior wall, left to right width: the distance between
the centers of the cricothyroid articular facets (10-10”).

(v) Inside diameter, antero-posterior (cranial edge): inner
distance between anterior arch and the posterior lamina at
cranial edge in median plane (I’-K”).
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(vi) Inside diameter, antero-posterior (caudal edge): inner
distance between anterior arch and the posterior lamina at
caudal edge in median plane (I1-K).

(vii) Inside diameter, left to right (cranial edge): inner
distance between the cricoid arch at cranial edge at the level
of the cricothyroid articular facets (M-M").

(viii) Inside diameter, left to right (caudal edge): inner
distance between the cricoid arch at caudal edge at the level
of the cricothyroid articular facets (N-N”).

(ix) Cricothyroid articular facet, major diameter: the length
of cricothyroid articular facet in antero-posterior direction
(8-9).

(X) Cricothyroid articular facet, minor diameter: the width at
the centre of cricothyroid articular facet perpendicular to
major diameter (6-7).

(xi) Cricoarytenoid articular facet, major diameter: length of
the cricoarytenoid articular facet in downward forward and
lateral direction (1-2).

(xii) Cricoarytenoid articular facet, minor diameter: width at
the centre of the cricoarytenoid articular facet perpendicular
to major diameter (3-4).

(xiii) Position of cricothyroid facet in polar coordinate: the
position of cricothyroid articular facet in polar co-ordinates
(Point L is the origin; rCT is the distance between point L to
the centre of the cricothyroid facet (10) and 6CT is the angle
between rCT and horizontal line along point L.)

(xiv) Position of cricoarytenoid facet in polar coordinate: the
position of cricoarytenoid articular facet in polar co-
ordinates (Point L is origin; rCA is the distance between

Cricoid (Lateral view)
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point L to the centre of the cricoarytenoid facet (5) and 6CA
is the angle between rCA and horizontal line along point L.)
Point L was defined as the most inferior and posterior point
of the cricoid cartilage in the midsagittal plane.

All linear measurements were made with a Vernier caliper
corrected to the nearest 0.01 mm. Angle measurements were
made with Goniometer in degrees corrected to the nearest
whole degree. All the measurements were taken three times
and mean of three taken into account.

3. Observations

The data obtained from measurement of 50 cricoid cartilages
(36 males & 14 females) were analyzed by Student’s T-test.
p-value obtained by this test said to be significant if it is less
than 0.05, highly significant if p value <0.01 and very highly
significant if p value <0.001. The average age of
males was 42.6+8.7 years, maximum being 58 years and
minimum 28 vyears. The average age of females was
30.2+6.6 years; maximum was 39 years and minimum 22
years {p = 0.001}. The average height of males was
163.1+£3.6 cm (max.171 cm & min. 157 cm; in females that
was 156.0£3.4 cm (max. 161 cm & min. 151 cm) {p =
0.000}. The cricothyroid (CT) facets were variable in size,
shape, and configuration. Some of them exhibited soft tissue
facet only, and after removal of this tissue revealed either a
flat cartilage surface or a slight protuberance with no
definable facet. (Table-1)

Cricoid (Lateral view)

Cricoid (Superior view)

Cricoid (Superior view)
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Graph-1: Showing various dimensions of cricoid cartilage in males & females
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Graph2: Comparing diameter and distances of right articular facets of cricoid cartilages in males & females

Cricothyroid articular facet, major diameter (rt)

Cricothyroid articular facet, minor diameter (rt)

Cricoarytenoid articular facet, major diameter (rt)
Cricoarytenoid articular facet, major diameter (rt)

Position of cricothyroid facet in polar coordinate (rt)-distance
Position of cricoarytenoid facet in polar coordinate (rt)-distance
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Graph3: Comparing diameter and distances of left articular facets of cricoid cartilages in males & females

Cricothyroid articular facet, major diameter (It)

Cricothyroid articular facet, minor diameter (It)

Cricoarytenoid articular facet, major diameter (It)
Cricoarytenoid articular facet, minor diameter (It)

Position of cricothyroid facet in polar coordinate (It)-distance
Position of cricoarytenoid facet in polar coordinate (It)-distance
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Graph 4: Comparing various angles of cricoid cartilage in males & females

Position of cricothyroid facet in polar coordinate (rt)-angle
Position of cricothyroid facet in polar coordinate (It)-angle
Position of cricoarytenoid facet in polar coordinate (rt)-angle
Position of cricoarytenoid facet in polar coordinate (It)-angle
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S. No. Male Female P-Value
MEAN SD+/- MEAN SD+/-
1 Anterior arch, superior- inferior height 6.36 0.76 5.56 0.39 0.001
2 Anterior arch, anterior-posterior thickness 2.72 0.40 2.60 0.33 0.419
3 Posterior wall, superior- inferior height 22.24 1.27 19.68 0.59 0.000
4 Posterior wall, left to right width 27.61 1.29 21.65 1.50 0.000
5 Inside diameter, anterior-posterior (cranial edge) 28.59 1.30 22.13 1.42 0.000
6 Inside diameter, anterior-posterior (caudal edge) 19.84 1.40 17.37 0.21 0.000
7 Inside diameter, left to right (cranial edge) 17.03 1.40 12.39 0.50 0.000
8 Inside diameter, left to right (caudal edge) 20.38 1.76 16.60 0.30 0.000
9 Cricothyroid articular facet, major diameter (rt) 6.07 0.24 5.81 0.27 0.036
10 Cricothyroid articular facet, major diameter (It) 5.97 0.23 5.74 0.27 0.062
11 Cricothyroid articular facet, minor diameter (rt) 4.73 0.49 3.85 0.29 0.000
12 Cricothyroid articular facet, minor diameter (It) 4.57 0.45 3.78 0.27 0.000
13 Cricoarytenoid articular facet, major diameter (rt) 6.96 0.64 6.81 0.29 0.401
14 Cricoarytenoid articular facet, major diameter (It) 6.82 0.61 6.75 0.31 0.682
15 Cricoarytenoid articular facet, minor diameter (rt) 3.60 0.35 351 0.23 0.452
16 Cricoarytenoid articular facet, minor diameter (It) 3.46 0.25 3.44 0.19 0.812
17 Position of cricothyroid facet in polar coordinate (rt)-distance 18.00 0.29 14.35 0.54 0.000
18 Position of cricothyroid facet in polar coordinate (rt)-angle 42.36 2.38 62.13 3.52 0.000
19 Position of cricothyroid facet in polar coordinate (It)-distance 17.89 0.31 14.25 0.53 0.000
20 Position of cricothyroid facet in polar coordinate (It)-angle 42.18 242 61.88 3.72 0.000
21 Position of cricoarytenoid facet in polar coordinate (rt)-distance 23.26 1.26 19.86 0.47 0.000
22 Position of cricoarytenoid facet in polar coordinate (rt)-angle 70.68 1.43 78.25 1.67 0.000
23 Position of cricoarytenoid facet in polar coordinate (It)-distance 23.07 1.32 19.76 0.45 0.000
24 Position of cricoarytenoid facet in polar coordinate (It)-angle 70.68 1.73 78.25 1.83 0.000

Table- 1: Showing various parameters of Cricoid cartilage in male and female

Ajmani
Present Ajmani Tayama Eckel Zrunek  (Nigerian)[8 Maue Harjee  Randestad
Study (Indian)[4] [5] [6] [711 1 [9] t [10] [11]
M F M F M F M F M F M F M F M F M F
CRICOID
Anterior arch, superior- inferior 63 55 7. 54 6 62 8 68
height 6 6 05 0 9 0 10 O0
: : . 27 26 3. 25 61 4. 233 2L
Anterior arch, anterior-posterior 5 0 % 8 s 9 0 00
thickness 8
. PP 22, 19. 200 193 22 19, 24 21. 25 19, 2650 2460
quterlor wall, superior- inferior o4 68 0 0 6 e 6 30 3 30
height 9 0 0
27. 21 29 21 21, 1
61 65 8 76 82 8.
) . . 6 5
Posterior wall, left to right width 9
28. 22 29 23 21 17 27, 2
Inside diameter, anterior-posterior 59 18 'g 66 'g 40 8l g
(cranial edge) 4
; ; . . 19. 17. 220 183 20 17. 20 16. 20 16. 2882 2406 3. 31 240 18
Inside diameter, anterior-posterior 54 37 0 0 A a7 1 a0 7 oo 0 4 0 50
(caudal edge) 4 0 0
17, 12. 223 189 18 12 15 12. 21 15 29.84 2584 20. 1
Inside diameter, left to right 03 3 0 0 ‘g . ‘03 00 'g % 2 ‘Z‘
(cranial edge) 4
20.  16. 22 16, 18 14 24 19. 16 1 176 13
Inside diameter, left to right 38 60 ‘83 82 ‘g 50 g 3% %‘ 0 n
(caudal edge) 8
Cricothyroid articular facet, major 6%0 518 fé 56-39
diameter (rt)
Cricothyroid articular facet, major 5%9 5‘-17
diameter (It)
Cricothyroid articular facet, minor %/ 32 &Y o 1o
diameter (rt) 3
Cricothyroid articular facet, minor 4%5 3{37
diameter (It)
Cricoarytenoid articular facet, 6é9 GiB 34 658 886 762
major diameter (rt)
Cricoarytenoid articular facet, eés 657 gf) 7(‘)2 745 i‘ 9.20 764
major diameter (It) 9
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Cricoarytenoid articular facet, 1

minor diameter (rt)

Cricoarytenoid articular facet,
minor diameter (It)

Position of cricothyroid facet in
polar coordinate (rt)-distance

Position of cricothyroid facet in
polar coordinate (rt)-angle
Position of cricothyroid facet in
polar coordinate (It)-distance
Position of cricothyroid facet in
polar coordinate (It)-angle

Position of cricoarytenoid facet in
polar coordinate (rt)-distance
Position of cricoarytenoid facet in
polar coordinate (rt)-angle
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Table2: Comparison between Various Studies

4. Discussion

In Homo sapiens, vocal performance has reached its highest
degree of versatility, with a vocal fold capable of adjustment
in length, tension and shape. In the course of organic
evolution, man appears to have chosen the ability to speak
and sing over the security that an intranarial epiglottis would
have given him. [12] In the region of head and neck, the
increasing application of sophisticated electrophysiological
and surgical methods in diagnosis and treatment of laryngeal
disorders i.e. subglottic stenosis and post intubation stenosis
of lower respiratory tract, require a profound knowledge of
size and proportion of human larynx and its cartilaginous
components. [6]

Observations on cricoid cartilages revealed similarity in the
height, anteroposterior dimension and lateral dimension.
Thus, the length, width and height measurements of
cartilages show that cricoid cartilage is roughly cuboidal.
The transverse diameter of cricoid was more in male than in
female. The difference between male and female diameter
was 4.2 mm on average in the present study. The transverse
diameter of cricoid at the cranial edge was less than the
caudal edge i.e. it is increasing cranial to caudally to
accommodate the wider tracheal ring. The dimensions and
geometric positions of CT and CA facets with respect to the
laryngeal framework are biomechanically important. The
anterior gap between the thyroid cartilage and the cricoid
cartilage was 9.91+0.35 mm in male and 8.70+0.31 in
female (p = 0.000). This distance is very important for
biomechanical modeling vocal cord length changes and
fundamental frequency control. Comparison of present
observations in north Indian population with other
populations [Table-11] reveals that the absolute values differ
greatly in different populations which could be due to
differences in body built and racial differences.

5. Conclusion

The dimensions and geometric positions of CT and CA facet
with respect to the laryngeal framework are biomechanically
important, as they contribute to the determination of CT and
CA translation rotational dynamics, which are critical for
length changes and posturing (abduction and adduction) of
vocal cords. The morphometric data obtained are useful for
construction and refinement of quantitative biomechanical
models of vocal fold vibration and posturing, e.g. continuum
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mechanical models [13] and finite-element models of vocal
folds. [14] The morphometric data we obtained in Indian
population differ greatly from different populations, so our
data can be used for construction of vocal fold/laryngeal
models for Indian population specifically. Asymmetry was
found in the shape and size of the CA facet and CT facet.
We can further evaluate the effect of this asymmetry on
dynamics of cricothyroid (CT) and cricoarytenoid (CA)
joints.
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