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Abstract

Videofluorography is frequently used to evaluate swallowing and is considered the 
“gold standard” among imaging modalities. This modality, however, has several disad-
vantages, including radiation exposure and limitations in the detection of soft tissues. 
Conversely, magnetic resonance imaging (MRI) offers excellent contrast resolution in  
soft tissue without radiation exposure. A major drawback of MRI in evaluating swallowing,  
however, is that temporal resolution is poor. The aim of this study was to investigate  
a new cine-MRI modality. Imaging parameters were optimized and the efficacy of this  
new technique is discussed. Three techniques for speeding up MRI were combined: true  
fast imaging with steady state precession, generalized auto-calibrating partially parallel 
acquisition, and key-hole imaging. The effects of the receiver coils used, receiving 
 bandwidth, slice thickness, and flip angle on each image were determined. The optimal 
imaging parameters obtained comprised a reduction factor of 2, receiving bandwidth of  
1,000 Hz/pixel (repetition time of 151.7 milliseconds and echo time of 1.4 milliseconds),  
flip angle of 50°, and slice thickness of 6 mm. Neck and spine coils were used. Under 
these conditions, the new cine-MR imaging technique investigated showed a temporal 
resolution of 0.1 sec/slice (10 frames/sec). Even with optimized parameter settings, this 
technique did not allow a true temporal resolution of 30 frames/sec by a large margin. 
Motion artifacts persisted. Further study is needed on how to speed up this technique.
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Introduction

The movements involved in swallowing  
are categorized into four phases: the oral  
preparatory, the oral, the pharyngeal, and the  
esophageal. In the oral preparatory phase, a 
food bolus is taken into the oral cavity and  
masticated in preparation for swallowing.  
In the oral phase, voluntary movement of  
the tongue propels the bolus out of the oral 
cavity and into the pharynx. The pharyngeal  
phase is involuntary, and involves palatal  
closure to prevent nasal reflux, bolus trans-
port through the pharynx, glottal closure to 
prevent aspiration, and opening of the upper 
esophageal sphincter. In the final esophageal 
phase, peristalsis transports the bolus toward  
the stomach2). The motions of the anatomical 
structures involved in swallowing are complex  
and rapid.

Videofluorography (VF) is frequently used  
to evaluate swallowing3). Although considered  
the “gold standard” among imaging modalities,  
VF does have several disadvantages, including  
exposure to radiation and limitations in the 
detection of soft tissue. On the other hand, 
flexible endoscopic evaluation of swallowing 
(FEES) is gaining in popularity as it is less 
invasive, simple to perform, and low cost. 
However, the well-known “white out” may 
occur during the pharyngeal phase with this 
technique, which is a problem12).

Magnetic resonance imaging (MRI) offers 
excellent contrast resolution in soft tissues 
without radiation exposure. Recent advances 
in MRI mean that it can now capture the 
motions of soft tissues during swallowing.  
Various high-speed MRI techniques such  
as echo-planar imaging, turbo-fast low-angle 
shot (turbo-FLASH), and single-shot fast spin  
echo, have been used for dynamic imaging of  
soft tissues during physiological motions1,4,6–8,10,11).  
However, none of these methods allows full 
capture of movement during the pharyngeal 
phase, in which movements take less than 
1 sec. Therefore, we have developed a new 
cine-MRI technique. The aims of this study 
were to optimize the imaging parameters  
and discuss the efficacy of this new method.

Methods

Magnetic resonance imaging was carried 
out using a 1.5-T unit (Siemens, Erlangen,  
Germany). For dynamic imaging of swallowing  
movements, true fast imaging with steady state  
precession (True-FISP) sequence was used as  
the basic fast imaging technique. True-FISP is  
a coherent gradient echo imaging technique 
that uses a rewind gradient magnetic field  
to produce images with a high S/N ratio at 
high speed. This technique is mainly used for 
T2-weighted imaging. To make the dynamic 
imaging faster, True-FISP was combined with 
generalized auto-calibrating partially parallel 
acquisition (GRAPPA)9), a parallel and key- 
hole imaging technique13). In order to optimize  
the imaging parameters, the effects of the  
number of receiver coils used, receiving  
bandwidth, slice thickness, and flip angle on 
each image were determined. Receiver coils 
were used for the head, neck, and spine,  
with 2 or 3 being employed simultaneously, 
corresponding to reduction factor of 2 or 3, 
respectively. The receiving bandwidths were 
set at 600, 1,000, and 1,500 Hz/pixel. Slice  
thicknesses of 4, 6, and 10 mm, and flip  
angles of 10° and 50° were used. The field of 
view and reconstruction matrix were fixed at 
244×300 and 164×256, respectively.

A healthy, 28-year-old female volunteer with  
no history of swallowing disorders or other 
chronic illness was enrolled in the study. The 
subject was placed in a 30-degree Fowler’s 
position. All images were obtained in the 
 mid-sagittal plane. The study protocols were 
approved by the Institutional Ethical Review  
Committee of Tokyo Dental College (No.130).  
Subjects were instructed to constantly suck a 
thick liquid bolus (Weider in jelly; Morinaga,  
Tokyo, Japan) through a straw. For about 3 sec  
after commencing sucking, reference scans for  
GRAPPA and reference images for key-hole 
imaging were obtained. Imaging was com-
pleted at approximately 3 sec after initiation of  
swallowing (Fig. 1). Optimal MR images were 
visually determined by a consensus decision  
between one oral and maxillofacial radiologist  
and two radiological technologists.
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Results

While 3 receiver coils (reduction factor  
of 3) shortened imaging time, the amount  
of noise was greater than that with 2 coils, 
yielding a reduction factor of 2 (Fig. 2). The 
image was clear when a head coil was used  
(b, c). However, an increase was observed in 
noise above the palate. The image quality 
with 2 coils was superior to that with 3 coils,  
suggesting that 2 coils provide a better picture  

of oral movement as noise from the head coil 
is abolished.

In True-FISP, repetition time (TR) and 
echo time (TE) depend on the bandwidth 
used, with a narrower bandwidth resulting in 
a longer TR and imaging time, as seen here. 
The smallest amount of noise was generated 
at a receiving bandwidth of 600. However, 
motion artifacts caused by the increase in 
imaging time were conspicuous. Although 
motion artifacts showed a decrease at a 

Fig. 1 Scanning protocols

※1 Preparation Scan: Reference scans for generalized auto-calibrating 
partially parallel acquisition were performed and reference images 
for key-hole imaging obtained.

※2 Real Scan: Dynamic imaging of swallowing was performed.

Fig. 2 Number of receiver coil settings

a: 2 (Neck, Spine); reduction factor, 2, b: 3 (Head, Neck, Spine); reduction factor, 2, c: 3 (Head, Neck, Spine); 
reduction factor, 3.
Each arrow shows characteristic noise on image. Image was clear when head coil was used (b, c). However, noise 
increased above palate. Image without head coil showed smallest amount of noise (a).

a b c
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 bandwidth of 1,500, noise was conspicuous.  
A bandwidth of 1,000 appeared to be the  
optimal (Fig. 3), yielding only a small amount  
of noise and a short imaging time.

Although the clearness of the images  
increased with decrease in slice thickness, 
noise showed an increase (arrow on image). 

Noise was inadequate for images with a slice 
thickness of 10 mm and tissue contrast was 
low. A slice thickness of 6 mm was considered 
optimal (Fig. 4).

With a large flip angle, water was depicted 
with high signal intensity. A flip angle of 50° 
was considered optimal for the test food in 

Fig. 3 Bandwidth (BW)

Oral phase: Pressing more of its dorsal surface against hard palate, tongue pushes bolus backward into oral pharynx. 
BW set at: a; 600 Hz/pixel, b; 1,000 Hz/pixel, c; 1,500 Hz/pixel.
Motion artifacts caused by increase in imaging time were conspicuous at bandwidth of 600 (arrows on a). Motion 
artifacts decreased at bandwidth of 1,500, while noise increased compared with at bandwidth of 1,000 (head arrows 
on b and c).

Fig. 4 Slice thickness set at: a; 4 mm, b; 6 mm, c; 10 mm

Images became clearer as slice thickness decreased. However, noise increased (arrow on image). Noise was inadequate  
for images with slice thickness of 10 mm and tissue contrast was low. It was impossible to distinguish respiratory tract 
(head arrow on c).

a b c

a b c
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this study (Fig. 5).
The present results indicate that the optimal  

imaging parameters are a reduction factor of 
2, a receiving bandwidth of 1,000 Hz/pixel 
(TR of 151.7 milliseconds and TE of 1.4 
 milliseconds), a flip angle of 50°, and a slice 
thickness of 6 mm (Fig. 6). Neck and spine 
coils were used. Under these conditions, the 
new cine-MR imaging technique developed 
in this study achieved a temporal resolution 
of 0.1 sec/slice (10 frames/sec).

Discussion

Magnetic resonance imaging is useful in 
the identification of soft tissues in the head 
and neck and carries no risk of exposure  
to ionization radiation. Using water as the 
contrast material is better than using barium  
as it allows the risk of aspiration to be avoided  
in dysphagia patients. Recent developments 
in MRI techniques allow dynamic cine-MRI.  
Echo-planar imaging is used for evaluation of  
the tongue and pharyngeal cavity, but results  
in decreased image resolution5,14). Turbo- 
FLASH offers high temporal resolution and 

sufficient spatial resolution. This technique, 
however, requires food or drink to be mixed 
with a contrast agent for MRI. The toxicity  
of gadolinium in cases of aspiration remains 
to be clarified1,4). Single-shot fast spin echo, 
on the other hand, better facilitates evalua-
tion of deep structures and mobility during 
dry swallows6,8). However, previously, cine-MRI  
techniques have operated at 0.2–0.3 sec/slice,  
which is much slower than VF, which can 
operate at 30 frames/sec (0.033 sec/image)2), 
allowing motion to be captured more con-
tinuously than with cine-MRI methods. The 
cine-MRI technique developed in this study 
can operate at 10 frames/sec. However, the 
results showed that motion artifacts persisted 
in the pharyngeal phase. Further study is 
required to develop greater speed with this 
technique.

Static MRI, with its higher spatial resolution,  
provides detailed information concerning  
the various soft-tissue structures involved in 
swallowing, allowing the anatomical struc-
tures of the tongue, epiglottis, soft palate, 
hypopharynx and larynx, in particular, to be 
readily evaluated. Static MR images depicted 
differences in the muscles of the tongue  

a b

Fig. 5 Flip angle

Coil number set at:
a: 2 (Neck, Spine); reduction factor, 2; BW, 1,000 Hz/pixel; slice thickness, 6 mm; FA (Flip angle), 10°.
b: 2 (Neck, Spine); reduction factor, 2; BW, 1,000 Hz/pixel; slice thickness, 6 mm; FA, 50°.
Water was depicted with higher signal intensity at flip angle of 50° (arrow on b).

Cine-MR Imaging of Swallowing
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more clearly than cine-MRI, suggesting that 
comparing static and dynamic images would 
improve diagnostic potential. Moreover, pre-
operative comparison of static images and 
cine-MRI might contribute to the evaluation  
of the effects of tumor location and dimension  
on swallowing in patients with head and neck  
cancer. Postoperative cine-MRI seems to be  
suitable for depicting the state and movement  
dynamics of muscle changed by resection or 

reconstruction.
The positioning of the patient in scanning  

during MRI may impose a limitation on  
diagnosis of swallowing. Swallowing in the 
supine position can induce compensatory  
mechanisms in some dysphagic patients.  
Although a 30-degree Fowler’s position was 
adopted in this study, this position is not 
appropriate for all patients. Some patients  
rely in part on gravity for swallowing11).  

a

c d

b

Fig. 6 Optimal images obtained in this study

Coil number set at: 2 (Neck, Spine); reduction factor, 2; BW, 1,000 Hz/pixel; slice thickness, 6 mm; FA, 50°.
a. Oral-preparatory phase: contrast bolus was identified in oral cavity.
b. and c. Pharyngeal phase: contrast bolus was identified in oropharynx.
d. Esophageal phase: contrast bolus was identified in esophagus.
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Further investigation is needed on this issue. 
Moreover, further study is needed on the 
effect of the properties of the oral agent 
 liquid and/or food properties in this type of 
examination.

At present, it would be difficult to argue  
that VF could be replaced with cine-MRI. How-
ever, cine-MRI does offer some advantages.  
In future study, we will investigate which test 
foods can be depicted more clearly during  
the pharyngeal phase of swallowing and  
determine which imaging conditions best  
suit those foods. Moreover, we will explore 
new technologies for speeding up cine-MRI.
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