
This study investigates the actions of the cricothyroid 
joint for F0 changes based on high-resolution 
MRI and 3D image analysis. The data from a male 
speakerʼs phonation at two fundamental frequencies 
were analyzed with a 3D pattern matching method to 
obtain displacement and angular changes of the thyroid 
and cricoid cartilages. Results show displacement of the 
two cartilages relative to each other in 3D. The largest 
difference between 110 Hz and 165 Hz was found to 
be 1.2 mm horizontally and 0.6 mm vertically with 
respect to the translation of the cricothyoroid joint. This 
action is interpreted to be caused by the contraction of 
the cricothyroid muscle which draws the thyroid and 
cricoid cartilages together, and results in stretching of 
the vocal folds.

I. INTRODUCTION

It has been widely acknowledged that the cricothyroid joint 
offers a biomechanical basis for fundamental frequency 
(F0) control and that its action consists of two components, 
rotation and translation (gliding). While joint rotation has 
been believed to be an effective factor for stretching the 
vocal folds, the contribution of joint translation has been 
in question [1, 2]. This is because the measurement of the 
3D actions of the cricothyroid joint during phonation is so 
difficult that it has never been examined.
  Many researchers have investigated the actions of 

the cricothyroid joint both from laryngeal observation 
during phonation and examination of the mechanical 
mobility of excised cartilages. Using X-ray photography, 
Sonninen [3] reported that the cricothyroid joint translates 
anteroposteriorly by 3 mm for a three-octave change in 
F0. On the other hand, observations on laryngeal specimen 
reached two different conclusions. Mayet and Mundnich [4] 
and Maue [5] reported that the cricothyroid joint does not 
translate because the ligaments connecting the joint prevent 
it. On the other hand, Fink [1] noted that the cricothyroid 
joint does translate 1-2 mm by manually applying force on 
the excised larynx. Also, Vilkman et al. [2], basing on their 
examination on joint mobility, showed that joint translation 
is greater when its rotation is less extreme.
  Since the cricothyroid joint involves bilateral articulation 

on both sides of the cricoid cartilage, its mobility can be 
three-dimensional and asymmetric. Therefore, observation 
of joint actions in vivo requires volume imaging techniques, 
such as magnetic resonance imaging (MRI). The use of MRI 
has been limited to morphological studies of the excised 
larynges [6] because its application to laryngeal observation 
in vivo faces two problems: insufficient image resolution 
due to the small size of the laryngeal structure and motion 
artifact due to respiratory and phonatory movements of 
the larynx. To solve these problems, the present authors 
attempted laryngeal MRI with a custom larynx coil for 
higher resolution and phonation-synchronized scan to 
minimize motion artifacts [7]. Preliminary experiments with 
these techniques showed that the cricothyroid joint exhibits 
both rotation and translation between two frequencies in 
half an octave range and further suggested that accurate 
measurement of joint actions requires 3D image analysis. 
This study therefore investigates actions of the cricoid and 
thyroid cartilages using a 3D pattern matching algorithm to 
describe six degrees of freedom of joint actions.

II. METHOD

MRI experiments were conducted to measure relative 
movement of the thyroid and cricoid cartilages during 
sustained phonation at two fundamental frequencies (F0). 
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Fig. 1 Tracings and 3D reconstruction of the thyroid and 
the cricoid cartilages based on high-resolution MRI.
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A custom larynx coil and phonation-synchoronized 
MRI were combined to acquire laryngeal images with 
necessary resolution[7]. A 3D pattern matching program 
was developed to analyze the movement of the thyroid 
and cricoid cartilages in six degrees of freedom.

A. MRI acquisition
  A Japanese male subject (54 y.o.) joined the MRI 

experiment using a clinical MRI scanner (Shimazu-
Marconi, Magnex Eclipse 1.5T). The subject took a 
supine posture with fixed head position so as to measure 
the geometry in the absolute coordinate system. The 
task for the subject was to regularly repeat a sustained 
vowel production listening a guide tone. High-resolution 
MRI data were acquired for the vowel /a/ in two levels 
of F0: low F0 (110 Hz) and high F0 (165 Hz). The 
larynx coil, modified from a commercial surface coil, 
was placed over the neck at a natural head position 
[7]. The phonation-synchronized method was used to 
obtain static laryngeal images only during phonation by 
synchronizing MRI scan to each phonation [7].
  The MRI scan settings were RF-FAST (TE=3.5 ms, 

TR=390 ms, and NEX=2), with  0.25 × 0.25 mm pixel 
size, 21 slices and 2 mm thick. In the images, cartilages 
were observed as darker regions than the surrounding 
tissue because they have been calcified. Fig. 1 shows a 
3D model of the thyroid and cricoid cartilages.

B. 3D registration
  A 3D registration method by pattern matching was 

developed to measure displacements and angular 
changes of the thyroid and cricoid cartilages from the 
data obtained at low and high F0. This analysis enables 
the estimation of the relative displacements of each 
cartilage from the “template” (low F0) to the “target” 
(high F0) in six degrees of freedom. The axes for the 
analysis were defined, as shown in Fig 2: x-axis: head/
foot, y-axis: front/back, z-axis: right/left. The center for 
image displacement and anglular changes was set to the 
centroid of the region of interest (ROI). To determine the 
action components of the cricothyroid joint, the data for 
the displacement and angular changes of each cartilage 
were converted into translation and rotation of the two 
cartilages at the cricothyroid joint.
  As a “template” in 3D pattern matching, the dark 

region of the cartilages with the surrounding tissue was 
selected as ROI by manual tracing on the low F0 images 
(Fig. 3). Since the original data had nonisotopic voxels 
in the volume, each sagittal image was downsampled 
to have isotopic dimensions. Then the images were 
smoothed by a Gaussian filter (low-pass filter) to obtain 
a smooth correlation function over the search space.
  The  3D reg is t ra t ion  of  each  car t i l age  was 

accomplished by finding the maximum correlation 
coefficient between the “template” and “target,” while 
applying image translation and rotation on the templateʼs 
ROI. This correlation method is often used for unclear 
or noisy data such as MRI. To avoid capturing a 
searched maximum in the local maximum, 30 random 
initial parameters were set to seek the global maximum. 
The output from this method was visually verified by 
comparing the template and matched target images 
in each slice. The maximum correlation coefficient 
between low and high F0 was 0.94 for the thyroid 
cartilage and 0.92 for the cricoid cartilage, respectively.

III. RESULTS AND DISCUSSION

  The 3D reconstructioned views of the thyroid and 
cricoid cartilages are shown in Fig. 4. As seen, the two 
cartilages are elevated from low to high F0, while the 
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Fig. 2  Axis definition. Figure on the right illustrates the 
angluar change around z-axis:θz;
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Fig. 3 Region of interst (ROI) for 3D pattern matching.

Table 1 Displacement and angular changes of the 
thyroid and cricoid cartilages estimated by 3D pattern 
matching.

x y z θx θy θz

thyroid -6.0 -1.1 0.2 -0.7 2.2 -0.9
cricoid -6.5 0.4 -0.4 -1.0 1.8 -7.9

[mm] [degree]
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cricoid cartilage rotates in the direction to stretch the 
vocal folds. The narrowing of the cricothyroid space 
from low to high F0 visually indicates joint rotation. 
Also, left/right asymmetry can be observed to be 
associated with the joint actions.

A. Displacement of each cartilage
  Displacement of each cartilage obtained from the 3D 

pattern matching is shown in Table 1.  The magnitude 
of these changes of both cartilages was the largest in 
the x-axis (sagittal plane) and smaller in the other axes. 
The thyroid and cricoid cartilages moved in the same 
direction in the x-axis, but not in the y- and z-axes.
  Table 1 indicates that elevation of the cartilages from 

low to high F0 is most remarkable among the changes 
observed: vertical displacement (x-axis) of the thyroid 
cartilage was 6.0 mm and the cricoid cartilage was 6.5 
mm. This means that vertical displacement of the cricoid 
cartilage is greater than the thyroid cartilage.
  Horizontal displacement (y-axis) of the thyroid 

cartilage was 1.1 mm between low and high F0, while 
the cricoid cartilage was 0.4 mm. The horizontal 
displacement of the thyroid cartilage was larger than the 

cricoid cartilage, which was in opposite directions of 
each other. These changes take place in the direction to 
stretch the vocal folds, agreeing with previous studies 
[3, 7]. In comparison to the data for low F0, lateral 
displacement of the thyroid cartilage in high F0 was 0.2 
mm to the left and the cricoid cartilage was 0.4 mm to 
the right. These movements were also in the opposite 
direction of each other, which also contributed to 
changes in vocal fold length.

B. Angular change of each cartilage
  Angular changes of each cartilage are also shown in 

Table 1. Between low and high F0, the angular change 
of the thyroid cartilage are -0.7, 2.2, and -0.9 degree in 
the x-, y-, and z-axis, respectively, while the angular 
change of the cricoid cartilage are -1.0, 1.8, and -7.9 
degree in the x-,  y-, and z- axes, respectively.
  The angular change of the cricoid cartilages around 

the z-axis was found to be the greatest among the data, 
which was in the direction to stretch the vocal folds. The 
angular changes of the both cartilages are in the same 
direction, and the cricoid cartilage rotated more than the 
thyroid cartilage. 
  All these results suggest that movements of the 

thyroid and cricoid cartilages are three-dimensional and 
asymmetrical.

c. Actions of the cricothyoroid joint
  The values for displacement and angular changes of 

Table 2 Translation of the cricothyroid joint from low  to 
high F0.

low F0

low F0

high F0

high F0

low F0 high F0

low F0 high F0

oblique

front

side

top

Fig. 4 3D reconstruction of the thyroid and cricoid catrilages with low and high F0.

x y z
left 0.5 -1.2 0.0

right 0.4 -0.5 0.0

 [mm]



the thyroid and cricoid cartilages were converted into 
the translation of the cricothyroid joint, as shown in 
Table 2.
  The translation of the left cricothyroid joint are 0.5, 

-1.2, and 0.0 mm in the x-, y-, and z-axes, respectively. 
In the same way, the translations of the right cricothyroid 
joint are 0.4, -0.5, and 0.0 mm in the x-, y-, and z-axis, 
respectively.
  The  anteroposterior translation (y-axis) of the 

cricothyroid joint was found to be the largest (-1.2 mm), 
the vertical translation (x-axis) of the cricothyroid joint 
was found to be of some extent (0.5 mm), and the lateral 
translation (z-axis) of the cricothyroid joint was found 
to be zero (0.0 mm). These results apparently show that 
both translation and rotation of the cricothyroid joint 
contribute to stretch the vocal folds, as shown in Fig. 5. 
These results agree with previous studies [1,2,3, and 7], 
not [4,5].
  Translation of the cricothyroid joint is caused by 

forward movement of the thyroid cartilage. This 
joint action has left/right asymmetry, and horizontal 
translation was larger than vertical translation. Although 
the contribution of the vertical translation to F0 control 
is still unclear, this action is presumably caused by the 
constriction of the cricothyroid muscle to approximate 
the thyroid and cricoid cartilage for stretching the vocal 
folds.

IV. CONCLUSION

The action of the cricothyroid joint was observed by 
estimating the displacement and angular changes of the 
laryngeal cartilages using high-resolution MRI and a 3D 

pattern matching method.
(1) The movement of the thyroid and cricoid cartilages 

had left/right asymmetry, suggesting six degrees 
of freedom in the motion of thyroid and cricoid 
cartilages.

(2) The angular change of the thyroid cartilage was in 
the same direction as the cricoid cartilage, but left-
right and front/back displacement was inconsistent 
between the thyroid and cricoid cartilages.

(3) The anteroposterior translation of the cricothyroid 
joint was 1.2 mm, and vertical translation was 0.5 mm 
in the vertical direction.
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Fig 5. Actions of the cricotyroid joint beween low and 
high F0.
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