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Abstract
Purpose: To verify the value of dynamic magnetic resonance imaging (MRI) sequences, fast field echo (FFE), and 
balanced gradient echo (true fast imaging with steady-state free precession – TRUFI) in the evaluation of vocal fold 
mobility in healthy volunteers, against ultrasound examination (US) as the reference test.

Material and methods: Vocal fold mobility in 35 healthy volunteers (age 20-59 years, 20 women and 15 men) with no 
history of laryngeal disorders and neck surgeries was determined by means of US and MRI during normal breathing 
and phonation of the “hiiii” sound. US images were used to determine the glottic angles. During MRI two dynamic 
sequences, fast field echo and balanced gradient echo, were applied to determine the minimum and maximum 
values of the glottic angles, along with the rima glottidis area, separately for the right and left compartments. Due 
to differences in larynx anatomy, the abovementioned parameters were analysed separately for women and men.

Results: No significant differences were observed between the glottic angle values obtained during US and dynamic 
MRI (FFE and TRUFI sequences). Regardless of the dynamic MRI sequence used, a positive correlation was found 
between the maximum values of glottic angle and the rima glottidis area. This correlation was strong and statistically 
significant among men, but not in women.

Conclusions: Dynamic MRI of vocal folds using FFE and TRUFI sequence is an accurate method for the objective 
evaluation of rima glottidis width.
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Introduction
Vocal folds are paired mobile anatomical structures lo-
cated at the lateral internal walls of the larynx, which play 
a significant role in voice emission. During regular breath-
ing, vocal folds are abducted, which results in widening 
of the rima glottidis. During phonation, the folds are ad-
ducted and oscillate.

Currently, videolaryngoscopy is the test of choice in 
the evaluation of vocal-fold mobility disorders. However, 
videolaryngoscopy is an invasive and expensive method 

that requires dedicated and not necessarily widely avail-
able equipment, causes various degrees of discomfort in 
patients, and necessitates their good cooperation with 
the examiner. Furthermore, the quality of the result is to 
a large degree dependent on anatomical conditions, as 
well as the operator’s experience. Another drawback of 
videolaryngoscopy is the difficulty of obtaining objective 
measurements of the rima glottidis [1]. 

The list of imaging studies that are suitable for the eval-
uation of vocal folds includes ultrasonography (US), com-
puted tomography (CT), and magnetic resonance imaging 
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(MRI) [2–4].While published data confirm the usefulness 
of all these methods, ultrasonography and MRI seem to 
be more appropriate for vocal fold evaluation because they 
are not associated with exposure to ionising radiation and, 
even more importantly, are suitable for dynamic imaging. 
To date, US is considered the reference test in vocal fold 
examination. However, because of advantages in MRI 
techniques, such as shorter acquisition time, better avail-
ability, excellent tissue resolution, and most of all, due to 
a substantial increase in the number of indications to MRI 
in patients with pathologies of the neck, the evaluation of 
this method’s usefulness in the examination of rima glot-
tidis has become a vital issue. 

The aim of this study was to verify the value of dy-
namic MRI sequences, fast field echo (FFE, Siemens) and 
balanced gradient echo (true fast imaging with steady-
state free precession, TRUFI, Siemens) in the evaluation 
of vocal fold mobility in healthy volunteers, against US as 
the reference test. 

Material and methods
The protocol of the study was approved by the Local Bio-
ethics Committee at the Medical University of Lodz (de-
cision no. RNN/187/18/KE of 15 May 2018). The study 
included 35 healthy volunteers (20 women and 15 men) 
aged between 20 and 59 years, with no history of dys-
phonia or upper respiratory disorders other than upper 
respiratory tract infections. After expressing their written 
informed consent to participate in the study, the volun-
teers were instructed how to cooperate with the examiner 
during data acquisition. Before the vocal fold imaging, all 
participants of the study underwent a basic laryngological 
examination.

Aside from the vocal folds, the US and MRI assess-
ment included also the evaluation of all other organs of 
the neck, among them thyroid and salivary glands, and 
lymph nodes. None of the study participants presented 
with any pathologies within these organs.

Vocal fold mobility was observed during normal breath-
ing and phonation. During both US and MRI, the partici-
pants were instructed to produce a prespecified test sound 

after hearing the “start” command, and to continue until 
the “stop” command. The test sound was defined as “hiii” 
because phonation of the “i” vowel sound is known to be as-
sociated with maximum narrowing of the rima glottidis [5]. 

The position of vocal folds depends on the respiration 
phase, with the rima glottidis being wider on inspiration 
and narrower on expiration [6]. Minimum values of the 
angles and areas were determined during maximum ad-
duction of vocal folds, and the maximum values during 
their maximum adduction during normal breathing. 

Ultrasonography

Ultrasonography examinations were carried out with 
a Logiq S8 ultrasonograph (GE Healthcare) equipped 
with an ML6-15 (5-13 MHz) linear probe with 10 MHz 
frequency. The examination was conducted with the par-
ticipant in a supine position, with the head tilted back-
wards. The probe was applied transversely to the long axis 
of the body, in the midline at the level corresponding to 
the mid-segment of the thyroid cartilage. Then, the probe 
was advanced along the long axis to identify a position in 
which both vocal folds could be visualised symmetrically. 

The outcomes of the examination, in the form of static 
images and videos, were archived onto memory drives. 
The images were used to verify whether a complete closure 
of the glottis took place during the phonation (Figure 1). 
Furthermore, the images documenting maximum and 
minimum deviation of vocal folds from the midline were 
selected to determine the minimum and maximum glottic 
angles for the right and left compartment of the rima glot-
tidis with the aid of ImageJ software [7] (https://imagej.
nih.gov/ij/) (Figure 2).

Magnetic resonance imaging

MRI was carried out with 1.5T Magnetom Avanto scan-
ner (Siemens) using an eight-channel neck coil and 
a four-channel head coil. No contrast agents were admin-
istered. Static T2-weighted sequences, turbo spin echo 
(TSE) in the axial plane, and inversion recovery (IR; tur-
bo inversion recovery magnitude – TIRM, Siemens) in 

Figure 1. Ultrasonography – measurement of the minimum (A) and maximum (B) angle between the vocal fold and the midline during normal breathing
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the frontal plane were obtained along with the dynamic 
sequences FFE and TRUFI in the axial plane. Detailed in-
formation about the MRI protocol is presented in Table 1.

Based on pilot sagittal images, the coronal T2-weighted 
sequence was oriented perpendicularly to the horizontal 
plane of both vocal folds (Figure 3). Then, one of the cor-
onal slices was chosen to determine the level at which the 
vocal folds were later visualised during dynamic studies.

Abduction and adduction of vocal folds during nor-
mal breathing and phonation were evaluated using dy-
namic gradient sequences FFE and TRUFI (Figure 4). 
In the case of FFE sequences, three transverse slices at 
the larynx level were obtained during each acquisition.  
The sequences were oriented in such a way that the rima 
glottidis was on the central slice, and the remaining two 
slices contained the epiglottic and subglottic compart-
ments. Using this approach, three acquisitions were carried 
out during phonation, followed by another three acquisi-
tions during normal breathing, with a total of 15 acquisi-
tions, corresponding to a total of 45 slices.

In the case of TRUFI sequences, 60 transverse slices 
were obtained, all at the same level. The first 20 slices were 
obtained during phonation and the remaining ones dur-
ing normal breathing.

The slices were analysed with software provided by the 
scanner’s manufacturer (Syngo.via, Siemens). The area of 
the rima glottidis was measured using the ROI freehand 
function. First, a line connecting the anterior and poste-
rior commissure and dividing the rima glottidis into two 
symmetric compartments, the right and the left one, was 
defined. Then, the right and left glottic angles between the 
midline and the right and left vocal fold, respectively, were 
measured along with the areas of the right and left rima 
glottidis compartments defined as the areas between the 
midline and respective vocal folds (Figure 5).

Statistical analysis of the results was carried out with 
STATISTICA software (StatSoft, USA). Statistical char-
acteristics of analysed variables were presented as arith-
metic means, standard deviations, and medians. Normal 
distribution of the study variables was verified with the 

Shapiro-Wilk test. The variables with distributions oth-
er than normal were analysed with Friedman’s test with 
Dunn’s post-hoc tests or Kruskal-Wallis test. The results 
were considered significant for p-values < 0.05.

Results
Regardless of the imaging method, symmetric, uninter-
rupted mobility of vocal folds could be observed during 
normal breathing, and complete closure of the rima glot-
tidis during phonation was documented in all patients. 

Mean values of minimum and maximum glottic an-
gles determined using US and dynamic MRI during nor-
mal breathing did not differ significantly, either for the 
whole study group or for women and men separately. All  
p-values determined on Dunn’s test were higher than 0.05. 
Detailed results are shown in Table 2. 

Furthermore, no statistically significant differences 
were found between the two types of dynamic MRI se-
quences in the measurement of the rima glottidis area dur-
ing normal breathing, either for the whole study group or 
after stratifying the results according to participants’ sex.  

Figure 2. Ultrasonography – vocal folds during voice emission

Table 1. Parameters of obtained dynamic and static sequences

Dynamic examination Static examination

Type of sequence FFE Balanced GE (TRUFI) IR (TIRM) TSE

Repetition time (ms) 23 364.76 3440 3600

Echo time (ms) 3.64 1.29 76 82

Image resolution 1.1 x 1.1 1.4 x 1.1 0.9 x 0.9 0.8 x 0.8

Slice thickness 6 10 3 4

Number of slices 3 1 25 45

Flip angle 20 62 150 127

Field of view (mm) 220 x 220 280 x 280 220 x 220 210 x 210

Total acquisition time 1:08 0:22 4:42 3:43

Number of dynamic scans 15 60 Not applicable Not applicable
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Figure 3. A) Pilot sagittal sequence. B) Coronal turbo inversion recovery magnitude (TIRM) sequence. Identification of a plane for dynamic magnetic 
resonance imaging

Figure 4. Rima glottidis on dynamic magnetic resonance imaging sequences: A-B) fast field echo (FFE) and C-D) true fast imaging with steady-state free 
precession (TRUFI) during normal breathing 
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The p-values obtained with the Kruskal-Wallis test were 
higher than 0.05. Mean rima glottidis areas determined 
with both methods during normal breathing are presented 
in Table 3. 

Regardless of the type of MRI sequences, a positive cor-
relation was found between maximum glottic angle and 
maximum rima glottidis area. The coefficients of correlation 
were 0.355 and 0.541 (p < 0.05) for FFE sequences in women 
and men, respectively, and 0.232 and 0.516 (p < 0.05) for 
TRUFI sequences in women and men, respectively. The cor-
relation between maximum glottic angle and rima glottidis 
area was strong and statistically significant only in men. 

Discussion
Assessment of vocal fold mobility seems to be particu-
larly interesting from a clinical perspective, either in the 
evaluation of vocal fold paralysis or in the determina-
tion of the true extent of inflammatory and proliferative 
processes involving adjacent tissues. Vocal fold mobility 
assessment might also be a valuable instrument in the 
qualification for surgical treatment, as well as in the de-
tection and monitoring of surgical complications in pa-
tients operated for multiple conditions involving the neck 
and chest. 

Figure 5. Dynamic true fast imaging with steady-state free precession (TRUFI) sequence, axial slices. Representative measurements of the glottic angle (A) 
and rima glottidis area (B)

Table 3. Mean values of minimum and maximum rima glottidis area during normal breathing determined based on dynamic magnetic resonance imaging 
sequences

Parameter Minimum area (cm²) Maximum area (cm²)

Sequence FFE MRI TRUFI MRI FFE MRI TRUFI MRI

Whole group 0.36 ± 0.15 (Me = 0.30) 0.26 ± 0.11 (Me = 0.25) 0.62 ± 0.21 (Me = 0.60) 0.67 ± 0.20 (Me = 0.60)

Women 0.23 ± 0.08 (Me = 0.30) 0.20 ± 0.09 (Me = 0.20) 0.48 ± 0.10 (Me = 0.50) 0.56 ± 0.16 (Me = 0.53)

Men 0.47 ± 0.15 (Me = 0.45) 0.34 ± 0.10 (Me = 0.35) 0.81 ± 0.17 (Me = 0.80) 0.78 ± 0.19 (Me = 0.80)

Table 2. Mean values of minimum and maximum glottic angles during normal breathing

Parameter Minimum angle (°) Maximum angle (°)

Method USG FFE MRI TRUFI MRI USG FFE MRI TRUFI MRI

Whole group 7.17 ± 1.69 
(Me = 7)

9.54 ± 3.18 
(Me = 8)

8.11 ± 2.14 
(Me = 8)

17.09 ± 4.00
(Me = 17)

16.63 ± 4.46 
(Me = 16)

17.46 ± 3.73 
(Me = 18)

Women 7.35 ± 1.57 (Me 
= 7)

9.55 ± 3.36 
(Me = 9)

7.95 ± 2.21 
(Me = 8)

17.00 ± 3.85 
(Me = 17)

16.95 ± 4.05 
(Me = 17)

17.95 ± 3.17 
(Me = 18)

Men 6.93 ± 1.87 
(Me = 7)

9.53 ± 3.02 
(Me = 8)

8.33 ± 2.09 
(Me = 8)

17.20 ± 4.33 
(Me = 16)

16.20 ± 5.07
(Me = 15)

16.80 ± 4.40 
(Me = 15)
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Observation of vocal fold mobility is an essential com-
ponent of the laryngoscopic evaluation. While laryngos-
copy can provide quantitative data about the size of the 
rima glottidis, it is technically challenging. This stimulated 
research on alternative methods for an objective, i.e. re-
producible and accurate measurement of vocal folds and 
rima glottidis. Without doubt, the group of such methods 
also includes imaging studies, US, and MRI.

Transcutaneous US is a non-invasive atraumatic ex-
amination suitable for objective assessment of vocal fold 
mobility in real time [8]. The usefulness of this method 
and its high sensitivity have already been demonstrated 
in previous studies [4,9,10], and thus, US is considered 
an alternative to laryngoscopy, especially during the pe-
rioperative assessment of patients with goitre or thoracic 
aortic aneurysms [11]. The limitations of US include the 
inability to obtain diagnostic images in patients with cal-
cifications of the thyroid cartilage (more often found in 
men), as well as problems with the evaluation of patients 
with higher BMI, older age, male sex, or those after neck 
surgery [12,13]. Transcutaneous US of vocal folds is not 
a routine examination. Usually, this examination is carried 
out in centres with well-developed departments of endo-
crinological surgery. 

Similar to US, the primary advantages of MRI include 
its non-invasive character and lack of exposure to ionising 
radiation. Among a plethora of available MRI sequences, 
the most suitable are those enabling dynamic real-time 
imaging with an optimal spatial resolution and short 
acquisition time [14]. MRI is also suitable for objective 
measurement of the rima glottidis. This is particularly 
important in the case of patients who are not eligible for 
laryngoscopy and US, e.g. due to anatomical obstacles 
such as tumours, scar tissue, or massive calcifications of 
the thyroid cartilage [15]. Furthermore, it should be em-
phasised that MRI provides the highest tissue resolution 
of all available imaging studies.

Nevertheless, MRI has also some drawbacks, includ-
ing its relatively high cost and limited availability. While 
the interpretation of MRI results can be hindered by mo-
tor artefacts associated with the pulsation of blood ves-
sels, swallowing, or coughing, their occurrence has been 
substantially reduced due to technological advances, such 
as breathing sensors, dedicated larynx coils, and new, fast 
sequences [14,16]. 

An important factor determining the quality of dy-
namic imaging of the larynx is an appropriate selection of 
the imaging plane. Transverse slices should be precisely 
parallel to the vocal folds. In our present study, the lev-
el of visualisation was determined based on the analysis 
of coronal slices. In some patients, no distinct separation 
of vocal folds was observed on coronal images. Planning 
a study, one should consider changes in the position of  
the larynx in the sagittal plane during phonation [5]. 
However, none of the conditions mentioned above seem 
to be a significant limitation of dynamic MRI. Due to 

ultrashort acquisition time, in the case of the sequences 
used in this study 22 s or 68 s, the dynamic scans can 
be repeated a virtually unlimited number of times, un-
til adequate slices are obtained in a time regimen that is 
comfortable for the patient. 

Only a few previous studies have dealt with dynamic 
MRI of the vocal folds. Schlamman and Faust confirmed 
consistency of results obtained by means of MRI with 
a 1.5T scanner and laryngoscopy, but their observations 
were based solely on qualitative analysis. Ahmad et al. an-
alysed changes in the position of vocal folds in transverse 
and sagittal slices obtained with a 1.5T scanner during 
phonation of various sounds by healthy volunteers. Those 
authors were the first to estimate the width of the rima glot-
tidis on the basis of the angle between both vocal folds [5]. 
Baki et al. used a 3.0T scanner to examine healthy persons 
and patients with unilateral vocal fold paralysis [3]. Based 
on MRI images, those authors determined the angle be-
tween each vocal fold and the midline and calculated the 
area of the right and left rima glottidis compartment. We 
used the same methodology in our present study, but, im-
portantly, the images were obtained with a 1.5T scanner. 
Hence, we confirmed that dynamic imaging of vocal folds 
is possible with the most widely available scanners, and as 
such, can be used in routine clinical practice. 

Moreover, the protocol of our study included two dy-
namic sequences not used by Baki et al.: FFE and TRUFI, 
the former already positively verified by those authors for 
a 3.0T scanner [3]. This sequence was shown to be suitable 
for reliable assessment of vocal fold abduction and adduc-
tion, as well as for the diagnostics of vocal fold paralysis. In 
the present study, the FFE sequence was accommodated to 
a 1.5T scanner, which enabled us to acquire a total of 15 slic-
es at three levels within an acquisition time of 68 seconds. 
An advantage of this sequence is the possibility of obtain-
ing three transverse scans at various levels simultaneously, 
which makes it applicable for the examination of patients 
with more complex anatomical conditions and/or greater 
phonatory mobility of the epiglottis in the sagittal plane. 

Another dynamic sequence analysed in our study 
was TRUFI, which is characterised by the highest image 
to time ratio, 60 scans per 22 seconds. Previous studies 
demonstrated high effectiveness of this sequence in dy-
namic imaging of hand movements, albeit with a 3.0T 
scanner [17]. The slices obtained with this sequence ac-
curately depict even subtle changes in fast-moving ana-
tomical structures.

The primary aim of this study was to compare the re-
sults obtained using dynamic MRI sequences with the out-
comes of transcutaneous US, which is currently the gold 
standard in vocal fold assessment. We compared these two 
methods based on the values of glottic angles formed by 
the vocal folds and the midline during normal breathing.  
The measurements were taken separately for the right and 
left rima glottidis compartments. Vocal-fold mobility dis-
orders can be unilateral or bilateral, and hence only the 
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approach described above can accurately reflect the actual 
clinical situation. Moreover, the results were stratified ac-
cording to patient sex [7]. Regardless of the analysed MRI 
sequence, the values of glottic angles did not differ signifi-
cantly from those obtained using US; this implies that dy-
namic MRI is an accurate method for vocal fold assessment.

We also analysed a correlation between the maximum 
glottic angle and maximum rima glottidis area. These two 
parameters correlated positively with each other, but a sig-
nificant strong correlation was observed only among men 
(0.541 for FFE and 0.516 for TRUFI), whereas the rela-
tionship in women was weak and insignificant (0.355 for 
FFE and 0.232 for TRUFI). This discrepancy was probably 
a consequence of sex-specific differences in the anatomi-
cal structure of the larynx. Thus, our findings suggest that 
the rima glottidis area and the glottic angle can be used 
interchangeably as the indices of rima glottidis morphol-
ogy in men, but these parameters should be interpreted 
carefully in women. Further studies involving a substan-
tially larger population of volunteers are needed to verify 
the correlations identified herein in an entirely objective 
manner. Another objective of future research, important 
from a clinical perspective, would be the identification of 
the reference values for the glottic angles and rima glotti-
dis area in women and men. 

Despite similarities in the methodology of both stud-
ies, direct comparison of our findings with the results pub-
lished by Baki et al. is not possible because the latter were 
presented in a complex manner. Instead of absolute values, 
those authors reported relative changes in the rima glottid-
is area and glottic angle during phonation. In our opinion, 
determination of the absolute values, although it might be 
considered an oversimplification by some, is more useful 
from a clinical perspective as a simple, rapid, and effective 
method for the vocal fold mobility assessment. 

Conclusions
Dynamic MRI using GRE and balanced GE sequences 
might be an accurate method for objective assessment 
of vocal fold mobility, helpful in the diagnostics of neck 
pathologies, qualification for surgical procedures, and 
monitoring of treatment outcomes. Dynamic sequences 
should be included in the standard MRI protocols for 
neck examination.
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