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Abstract This systematic review explores studies using
biomechanical analysis of hyoid bone displacement in
videofluoroscopy of swallowing as a spatial outcome
parameter to evaluate intervention effects. Two authors
independently carried out the literature search using the
electronic databases Embase, PubMed, and Cochrane
Library. Differences in their search findings were settled by
discussion. The search was limited to publications in the
English, German, French, Spanish, or Dutch language.
MeSH terms were used, supplemented by free-text words to
identify the most recent publications. In addition, reference
lists were searched by hand. Only studies using videofluoroscopy to evaluate the biomechanical effects of swallowing interventions in dysphagic subjects were included in the
review. While the body of literature on measuring hyoid
bone displacement in videofluoroscopy has grown, only 12
studies met the inclusion criteria. Several of the 12 studies
had methodological shortcomings. In general, the conclusions could not be compared across the studies because of
their heterogeneous designs and outcome measures. Overall, several intervention effect studies reported significant
results. In particular, bolus modification and swallowing
maneuvers showed a greater range of hyoid bone
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displacement. In light of this review, further research on
hyoid bone displacement as a spatial variable in welldefined patient populations using well-defined videofluoroscopic protocols to measure intervention effects is
recommended.
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Deglutition  Deglutition disorders

Oropharyngeal dysphagia is a common symptom among
aging individuals [1, 2]. Swallowing disorders are also
found in patients with central nervous system diseases,
neuromuscular disorders, or head and neck cancers [3, 4].
Complications caused by dysphagia can have far-reaching
consequences such as aspiration pneumonia, malnutrition,
dehydration, or death [5, 6]. Therefore, evaluation of oropharyngeal dysphagia by more objective methods is
essential to determine which intervention is most suitable
for each patient.
Videofluoroscopy (VFS) has become the accepted
standard for the evaluation of swallowing [7–10]. All VFS
studies include image sequences that can be digitized and
analyzed using various software applications. These techniques make measurements more precise by allowing
frame-by-frame analysis, thereby increasing intra- and
interrater reliability [7, 11]. Spatial, temporal, and visuoperceptual data can be collected from these studies. Several
standardized procedures are used to analyze VFS studies:
for example, a standardized VFS recording protocol [10]; a
well-designed software application using a standard plane
to correct for head postures; calibration to correct for the
magnification; and several well-defined anatomic reference
points of interest. Over the past 25 years, a range of
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software applications and standard planes have been
described. Logemann et al. [12] presented one of the first
interactive software applications to digitize, enhance, and
plot the movement of anatomical structures during swallowing. In this program, VFS analysis is based on four
major steps: digitization, identification of reference points
and anatomical points of interest, calculation of the coordinates, and generation of spatial position plots. One of the
seven anatomical points of interest is the anterior/superior
corner of the hyoid bone [12]. Furthermore, several other
studies have been performed to validate and improve VFS
analysis [7, 9, 11, 13].
Normally, the onset of hyoid bone displacement initiates
the pharyngeal phase of swallowing. This displacement is
caused by contraction of the suprahyoidal muscles. Suprahyoidal muscle contraction initiates superior laryngeal
movement, producing anterior traction on the cricoid. This
traction results in the opening of the upper esophageal
sphincter (UES) [14]. A diminished hyoid bone displacement indicates impairment of swallowing. Some consequences could be impaired bolus transport, aspiration, and
abnormal opening of the UES [15]. Almost all methodological articles evaluating VFS adopt the hyoid bone as
an anatomical point of interest to analyze swallowing
[7, 11, 12].
Biomechanical analysis of the hyoid bone in VFS is
influenced by various factors. Bolus characteristics [16],
etiology of dysphagia [17], and age and gender [1, 2] have
been shown to interact with swallowing. A well-designed
study has to treat these as important factors.
The aim of this review article was to summarize all
published articles on the spatial outcome parameter biomechanical analysis of hyoid bone displacement in VFS,
used by the authors to evaluate intervention effects in
dysphagic subjects. So far, no reviews have been published
on this topic.

Methods
Two authors independently carried out a literature search
using the electronic biomedical databases Embase, PubMed, and Cochrane Library. Differences in their search
findings were settled by discussion. The search was limited
to publications in English, German, French, Spanish, or
Dutch. In PubMed, the MeSH term hyoid bone was combined with the terms movement or biomechanics. Next, the
MeSH term hyoid bone was combined with deglutition or
deglutition disorders. Furthermore, the MeSH terms
deglutition or deglutition disorders were linked with the
term biomechanics. In Embase, the thesaurus terms dysphagia or swallowing were combined with hyoid bone.
Second, the thesaurus terms biomechanics or movement
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were combined with hyoid bone. Third, the thesaurus term
biomechanics was combined with dysphagia or swallowing. To identify the most recent publications, the search
was expanded by using free-text words (truncation or
wildcard) for the period after September 2007 until March
2010. In PubMed, the free-text word hyoid* was combined
with deglut* or swallow* or dysphag*. Next, the word
hyoid* was combined with movement* or biomechanic*. In
Embase, keywords were used in advanced ovid search. The
word hyoid* was combined with biomechanic* or movement*. The word hyoid* was linked with the words swallow* or deglut* or dysphag*. In the Cochrane Library,
hyoid bone was recognized as a thesaurus term and hyoid*
was also explored as a free-text word.
The reference lists of all the included articles were
searched for additional literature. This search did not yield
additional studies. Intervention studies describing videofluoroscopic data of hyoid bone displacement were included. Only articles presenting both pre- and post-intervention
data of the oropharyngeal swallowing function in dysphagic subjects were included. Studies presenting data on
the effect of different bolus volumes and consistencies
on hyoid bone displacement were included. Articles
describing dysphagia as a side effect of therapy were
excluded; for example, the review excluded studies that
compared swallowing in pre- and postsurgical treatment
for head and neck cancer [18–22]. Review articles and
studies with a subject population smaller than five were
excluded [23, 24], as were experiments on animals [25].
Also excluded were studies based solely on temporal
variables—thereby leaving out spatial variables as outcome parameters of hyoid bone displacement, like
moment of onset of superior hyoid bone displacement [26,
27]—and articles that analyzed only qualitative measurements such as reduced hyoid bone displacement and
articles that measured hyoid bone displacement by methods other than VFS [28, 29].
Both reviewers independently based their first selection
on abstracts. The original articles were used to make the
definitive decision on inclusion. To determine the level of
evidence of the included articles, the ABC rating scale
developed by Siwek et al. was used [30]. Level A refers to
high-quality randomized controlled trials and level B refers
to well-designed nonrandomized clinical trials. Level C
articles presenting a consensus or an expert opinion were
excluded from this study.

Results
A total of 772 articles were found. Using MeSH terms, 416
articles were selected in PubMed. Using thesaurus terms,
252 articles were found in Embase and 11 in the Cochrane
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Library. Then, a search using free-text words resulted in 37
articles from PubMed, 30 from Embase, and 26 from the
Cochrane Library. Due to overlap, 177 articles were
excluded, leaving 595 articles in all. Eventually, only 12 of
these 595 articles met the inclusion criteria. While other
well-designed studies on the biomechanical analysis of
hyoid bone displacement in videofluoroscopy have been
published, they do not specifically evaluate the intervention
effects and could thus not be included in this review.
Table 1 (intervention effect studies) gives an overview
of the included studies. The table divides the interventions
into five groups: swallow postures, maneuvers, and rehabilitation exercises [31–33]; facilitation techniques [34];
bolus modification [35–37]; a combination of the mentioned interventions [38–41]; and other interventions [42].
The first column presents the level of evidence using the
ABC rating scale according to Siwek et al. [30]. References
in the second column are listed according to level of evidence and alphabetic order of the authors for the five
intervention groups. The third column gives information
about the number, diagnosis, and gender of the subjects.
The number of patients included and covered by the N in
the present review refers to the patients for whom statistical
analysis was applied, thus excluding the dropouts. Information about the raters is based on the number, reliability,
and blinding of the raters for the spatial analyses of the
hyoid bone in VFS. The other columns summarize the
following data (if present in the article): interventions and
treatment groups; information on software applications for
biomechanical analyses; definition of the hyoid bone reference points; applied bolus size and consistency; other
measurements or evaluation tool(s); and author(s)’ key
findings.
General Results
The number of subjects in the included studies varied from
5 (studies having less than five subjects were excluded) to
65. Most intervention effect studies analyzed rather small
dysphagic populations. All studies used both descriptive
statistics and statistical analysis to evaluate hyoid bone
displacement. Three of the 12 studies measured intervention effects using more than one assessment tool. Five of
the 12 used several landmarks on the cervical spine as
reference points to analyze hyoid bone displacement in
VFS, whereas six used landmarks on the hyoid bone. In
most studies, a point on the anterior corner of the hyoid
bone was marked for evaluation of hyoid bone displacement. All studies applied calibration by using a reference
marker to correct for magnification in VFS. For calibration
most investigators taped a radiopaque object to the subjects, affixing it in the field of imaging. Below, all 12
included studies are summarized briefly.
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Some frequently applied rehabilitation techniques for
dysphagia are swallowing maneuvers, particularly the
supraglottic swallow, the super-supraglottic swallow, the
effortful swallow, and the Mendelsohn maneuver. The
supraglottic swallow maneuver was designed to close the
airway at the true vocal folds before and during the swallow, thus preventing aspiration during the swallow (breathhold maneuver). The super-supraglottic swallow comprises
the same steps as the supraglottic swallow, but during the
voluntary breath-hold period, the patient is asked to bear
down, increasing the effort of closure. The increased effort
during the breath-hold tilts the arytenoids further forward,
toward the base of the epiglottis, and pulls in the false
vocal folds, generally completely closing the airway
entrance above the true vocal folds. During effortful
swallow, the patient has to squeeze hard with the muscles
of the tongue to increase the tongue base movements
during swallowing. The Mendelsohn maneuver involves
swallowing normally and as the larynx elevates, catching it
with neck muscles, and holding it at maximum elevation
for a count of six while swallowing to improve the UES
opening [43].
Rehabilitation exercises can include muscle strength
training like tongue exercises and the Shaker exercise
program. In the study of Shaker et al. [31], the effect of the
Shaker exercise program was compared to sham exercise in
dysphagic subjects in a randomized controlled trial design
(N = 27). The Shaker exercise program was developed to
strengthen the suprahyoid muscles in 6 weeks using a
head-raising exercise program. Patients initially included in
the sham exercise group were crossed over to perform the
real exercise program for 6 weeks. Following 6 weeks of
exercise, the anterior and superior hyoid bone excursion
did not show significant group differences. Nevertheless,
other biomechanical parameters, like anteroposterior
diameter of the UES opening and maximal anterior laryngeal excursion, did increase significantly after treatment,
as did the Functional Outcome Assessment Measure of
Swallowing (FOAMS). Regardless of heterogeneous etiologies and duration of the dysphagic complaints, all
parameters improved significantly. After completion of the
Shaker exercise program, the postdeglutitive aspiration
resolved and all patients were able to discontinue tube
feeding. However, the predeglutitive aspiration remained.
The authors concluded that the proposed suprahyoid muscle-strengthening exercise program is effective in restoring
oral feeding in some patients with deglutitive failure
because of abnormal UES opening.
The influence of three swallowing techniques on swallowing was analyzed by Bülow et al. [32]. Eight subjects
with pharyngeal dysfunction were evaluated in a singlesession design. Three different swallowing techniques
were used: chin tuck, effortful, and supraglottic swallow
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27 dysphagic patients
(variety of causes)

Shaker et al.
[31]

Bülow et al.
[32]

Logemann et al. 9 dysphagic HNC patients
[33]
post chemoradiation
therapy

Ludlow et al.
[34]

A

B

B

B

11 chronic dysphagic
patients (diverse
neurological pathologies)

(4#, 4$)

(6 CVA, 2 HNC)

8 dysphagic patients

(25#, 2$)

No. subjects
(Etiology)
(Gender)

Level of Ref.
evidence

Table 1 Intervention effect studies

JAVA software

Biomechanical analysis;
Reference points; Calibration,
raters, reliability

Single session

G4: No therapy/no
stimulation (N = 28 trials
by N = 11?)

G3: Stimulation at motor
threshold level at rest
(N = 10)

G2: Stimulation at motor
threshold level during
swallow (N = 10)

G1: Stimulation at sensory
threshold level during
swallow (N = 8)

Different conditions,
random order

2 blinded raters, measurement
reliability: ICC 0.58–0.99

5-cc and 10-cc liquid barium

Anterior/inferior corner C2&C4 Videofluoroscopy (hyoid
anterior/inferior point hyoid
position in superior and
anterior direction
Radius of the ball-bearing
(trajectory in mm))
(9.5 mm)

1-cc or 3-cc liquid

Videofluoroscopy (spatial and
visuoperceptual variables)

Only significant hyoid depression
occurred during stimulation at
rest. Aspiration and pooling
were significantly reduced only
with low sensory threshold
levels of stimulation and not
during maximum levels of
surface electrical stimulation.
Those patients who showed
reduced aspiration and
penetration during swallowing
with stimulation showed greater
hyoid depression during
stimulation at rest. Stimulation
may have acted to resist
patients’ hyoid elevation during
swallowing

Videofluoroscopy (spatial,
The super-supraglottic maneuver
temporal, and visuoperceptual
in patients who received
variables)
radiotherapy of the head and
neck did improve airway
closure at the entrance.
Furthermore, the maneuver
improved the speed of
hyolaryngeal movement,
especially early in the swallow
as the cricopharyngeal region
opens

Videofluoroscopy (superior
and anterior hyoid
excursion at onset of the
swallow and at maximal
extent (mm))

Anterior/superior aspect hyoid
bone

Super-supraglottic swallow

Videofluoroscopy (maximal
hyoid excursion (mm))

Saliva and 5-cc barium

FOAMS

The suprahyoid musclestrengthening exercise program
was shown to be effective in
restoring oral feeding in a small
group of patients with
deglutitive failure caused by
abnormal UES opening

Videofluoroscopy (spatial and
visuoperceptual variables)

Videofluoroscopy
(maximum superior and
anterior hyoid excursion
(mm))

Videofluoroscopy (spatial,
The major finding was a
temporal, and visuoperceptual
significant reduction of the
variables)
depth of contrast penetration
10-cc liquid barium (60% w/
when swallowing thin liquid
v)
Manometry
and applying effortful swallow
and chin tuck. None of the
techniques reduced the number
of misdirected swallows

2 blinded raters; sufficient
reliability

Author(s)’ conclusions/
key findings

Other
measurements
Tools

Measurement hyoid bone
motion (outcome); Bolus

Chin tuck, supraglottic
Known intersensor distance
swallow, effortful swallow
manometric catheter 25
frames/s
Single session

G2: Head-raising exercise
program [N = 27
(including crossover G1–
G2)]

G1: Sham exercise program Catheter with 3 tantalum
markers
(N = 7)

Randomized

Treatment(s)
Group(s)
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65 dysphagic patients,
65 years or older
(nonspecific causes)

Kendall and
Leonard [35]

Kendall et al.
[36]

Wintzen et al.
[37]

B

B

B

Wire loop (1.7 cm)

Single session

(17#, 5$)

(4#, 11$)

Healthy controls: (n = 15)

Excluding N = 1 (faint
hyoid shadow)

Bolus volume modification

21 Parkinson (PD) patients

Normative value: 60 healthy Single session
controls

Height of C3

Y-axis parallel to the cervical
spine

4 blinded raters, interrater
reliability 75–90%

Wire circle (1.9 cm)

IMAGE software

Image software

Single session

Biomechanical analysis;
Reference points; Calibration,
raters, reliability

Bolus volume modification

Treatment(s)
Group(s)

20 head and neck cancer
Bolus consistency and
patients after radiotherapy
volume modification

2. 67–83 years (n = 23)

1. 18–62 years (n = 60)

Healthy controls: (n = 83)

No. subjects
(Etiology)
(Gender)

Level of Ref.
evidence

Table 1 continued

Saliva, 3-, 6-, 9-cc and 12-cc
barium-opaque fluid

Videofluoroscopy (superior
hyoid excursion,
hesitations hyoid bone (%
of vertebral height C3))

1-, 3-, and 20-cc liquid and
5-cc paste

Videofluoroscopy (superior
hyoid excursion (cm))

1-cc and 20-cc liquid barium
(60% w/v)

Videofluoroscopy
(maximum superioranterior hyoid excursion)

Measurement hyoid bone
motion (outcome); Bolus

Videofluoroscopy (spatial and
visuoperceptual variables)

Videofluoroscopy (spatial and
temporal variables)

Other
measurements
Tools

The adaptive descent of the hyoid
bone at starting position was
not seen in PD patients. This
lack of adaptation was
interpreted as a consequence of
hypokinesia. Furthermore, PD
patients showed an increased
frequency of hesitancy during
the onset of swallowing.
Increasing bolus volumes
showed no evident variation in
amplitude of hyoid bone
movement, neither in PD
patients nor in controls

A significant restriction of hyoid
movement was demonstrated in
the male radiotherapy patients
for all bolus sizes. Following
radiotherapy, it appeared that
the extent of hyoid
displacement may have been
limited, especially in men, but
was usually held at maximum
elevation for a longer duration

The distance of hyoid bone
elevation is usually greater for
the larger bolus categories.
Patients elevated the hyoid
bone significantly farther than
normal during a small-bolus
swallow. It was also seen, but
to a lesser extent, in the older
control group. An increased
extent of hyoid bone
displacement in older
dysphagic subjects may
represent a necessary
compensation designed to
minimize the effect of the short
duration of hyoid elevation on
the upper esophageal sphincter
opening

Author(s)’ conclusions/
key findings
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Ciucci et al.
[40]

Suiter et al. [41] 18 dysphagic tracheostomy
patients (14 with cuff)

B

B

Randomization

Single session

Deep brain stimulation
(DBS) and bolus volume
and consistency
modification

One-cent coin on left mandible

2 blinded raters, intrarater
reliability: 94–98%; interrater
reliability 91–98%

Disk (1.8 cm)

Anterior/inferior edge hyoid
bone

Aligning the calibration, orbital
cavity and posterior nasal
spine

2 blinded raters; interjudge
reliability: ICC 0.89
(0.72–0.96); intrajudge
reliability: ICC 0.94
(0.85–0.97)

Anterior/inferior point hyoid
bone Vertical dimension
anterior border C3 (15 mm)

Anterior/inferior corners
C2&C4j

ImageJ software

G2: Traditional swallowing Anterior/superior corner hyoid
exercises (superbone
supraglottic maneuvers,
Penny (1.78 cm)
Mendelsohn maneuvers,
2 blinded raters, reliability
tongue exercises) (N = 6)
[95%
and bolus modification

One-way tracheostomy
2 blinded raters
(variety of causes) (13#, 5$)
speaking valve, cuff
inflation and deflation and
bolus consistency
modification Single
session

(12#, 2$)

14 Parkinson patients

Excluding N = 1 (unrelated
adverse effects) (4#, 2$)

Carnaby-Mann
and Crary
[39]

Biomechanical analysis;
Reference points; Calibration,
raters, reliability

G1: Shaker exercise (N = 5) ImageJ software

Treatment(s)
Group(s)

5 chronic dysphagic patients 15 sessions NMES and
swallowing maneuvers
(3 stroke, 2 HNC, 1
and bolus modification
traumatic brain injury)

Excluding N = 5 (no
follow-up assessments)

Logemann et al. 14 chronic dysphagic
[38]
patients (HNC, stroke)

No. subjects
(Etiology)
(Gender)

B

A

Level of Ref.
evidence

Table 1 continued
Author(s)’ conclusions/
key findings

Videofluoroscopy (spatial and Shaker exercise and traditional
visuoperceptual variables)
therapy result in different effects.
The Shaker patients exhibited a
greater reduction in postswallow
aspiration. Traditional therapy
resulted in significant
improvements in biomechanical
measures. However, because of
the small number of patients,
caution is necessary in
interpreting the data

Other
measurements
Tools

2 liquid barium boluses
(60% w/v), 2 puree
boluses (apple sauce with
barium powder 4:1)

Videofluoroscopy
(maximum superior and
anterior hyoid excursion
(mm))

5- and 10-cc liquid barium
(60% w/v), 7 g of graham
cracker coated with
barium sulfate esophageal
cream (60%w/v)

(maximum hyoid bone
excursion (cm))

Videofluoroscopy

Videofluoroscopy (spatial,
temporal, and
visuoperceptual variables)

Videofluoroscopy (temporal
and visuoperceptual
variables)

Cuff status had no effect on
penetration or aspiration. Oneway speaking valve placement
significantly reduced scores on
the penetration-aspiration scale
for the liquid bolus

Subthalamic DBS appeared to
improve timing and muscle
excursion for some aspects of the
pharyngeal stage, as shown by
improved pharyngeal total
composite score and pharyngeal
transit time in the stimulated
condition. Hyoid bone excursion
was not significantly influenced
by DBS condition

Videofluoroscopy (spatial and Significant change was
visuoperceptual variables)
demonstrated for clinical
MASA/FOIS
swallowing ability, functional
5- and 10-cc thin liquid and
oral intake, weight gain, and
nectar thick liquid
patient perception of swallowing
ability. Hyoid and laryngeal
elevation during swallowing
demonstrated bolus-specific
patterns of change. A systematic
therapy for chronic pharyngeal
dysphagia using adjunctive
NMES produced improvement in
clinical swallowing ability and
functional oral intake without
significant weight loss or
complications

Videofluoroscopy (superior
hyoid excursion (mm))

5- and 10-cc liquid barium
and 3-cc barium pudding

Videofluoroscopy (anterior
and superior hyoid
excursion (cm))

Measurement hyoid bone
motion (outcome); Bolus
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Single session
(5 oral cancer, 3 laryngeal
cancer) (7#, 1$)

G1 first group, G2 second group, JAVA Jandel Scientific, San Mateo, CA, Visuoperceptual data including only qualitative measurements of the swallowing act like the penetration-aspiration scale, FOAMS functional outcome
assessment of swallowing, UES upper esophageal sphincter, CVA cerebrovascular accident, HNC head and neck cancer, w/v weight per volume, C cervical vertebrae, ICC intraclass correlation coefficient, NIH Bethesda, MD,
NMES neuromuscular electrical stimulation, MASA Mann Assessment of Swallowing Ability, FOIS functional oral intake scale

Videofluoroscopy (spatial,
Light digital occlusion of the
temporal, and visuoperceptual
tracheostomy tube may
parameters)
improve the swallow
biomechanically and may also
eliminate aspiration. However,
the results vary from individual
to individual, and the effects
must be assessed for each
patient videofluoroscopically
Anterior/inferior corner C2&C4 Videofluoroscopy
(maximum anterior and
Anterior/superior aspect hyoid
superior hyoid hyoid
bone
excursion (mm))
Diameter of a coin
3-cc liquid barium
Digital occlusion
tracheostomy
Logemann et al. 8 dysphagic HNC patients
[42]
with tracheostomy tube
B

Level of Ref.
evidence

Table 1 continued

No. subjects
(Etiology)
(Gender)

Treatment(s)
Group(s)

Biomechanical analysis;
Reference points; Calibration,
raters, reliability

Measurement hyoid bone
motion (outcome); Bolus

Other
measurements
Tools

Author(s)’ conclusions/
key findings
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maneuver. None of these maneuvers changed the maximal
hyoid bone displacement significantly. A significantly
decreased preswallow distance between hyoid and mandible was measured when applying the chin tuck maneuver. Similarly, at preswallow state and during swallowing,
a decreased distance between thyroid and hyoid was found
using the chin tuck maneuver. The effortful swallow and
the chin tuck maneuver resulted in a significant reduction
in depth of contrast penetration. None of these techniques
resulted in a reduction of misdirected swallows and none
influenced the opening of the UES significantly. In this
study it was noted that many of the dysphagic subjects had
difficulty performing some of the rehabilitation techniques.
Logemann et al. [33] presented data on the effect of the
super-supraglottic swallowing maneuver in nine head and
neck cancer patients treated with chemoradiation therapy
for tumors of the posterior oral cavity. All subjects had
severe swallowing problems, as perceived by their physician during or after treatment. After five trials of practicing
the maneuver, the dysphagic subjects were analyzed in a
single-session design during VFS while performing the
maneuver. Overall, fewer swallowing disorders were
observed when the patients used the super-supraglottic
swallow than when they did not. Five of nine subjects
showed significant changes in swallowing during the
intake of 1-cc boluses. Maximal hyoid elevation at the time
of first cricopharyngeal opening and overall maximal hyoid
elevation were increased significantly during the maneuver. Five patients showed significantly increased maximal
hyoid elevation with the maneuver during the 3-cc trails.
The authors concluded that the super-supraglottic swallow
maneuver resulted in improved biomechanics of swallowing in irradiated head and neck cancer patients.
Surface electrical stimulation has been described in the
literature as a means to facilitate swallowing. Hypotheses
suggested that electrodes for surface electrical stimulation
may simultaneously activate the submental and laryngeal
regions of the throat, with the aim of producing a simultaneous contraction of the mylohyoid in the submental
region (to elevate the hyoid bone) and the thyrohyoid in the
neck (to elevate the larynx to the hyoid bone) [44]. The
gradually rising intensity of the electrical current (motor
stimulation) may cause a depolarization of nerve endings
in muscles lying beneath the skin’s surface, leading to
muscle contraction [24, 45–47].
Ludlow et al. [36] studied the effect of surface electrical
stimulation on a small population of chronically dysphagic
subjects (N = 11). Ten subjects received motor stimulation
at rest, ten received motor stimulation swallow trials, and
eight received low sensory levels of stimulation. Statistical
analysis showed significant inferior hyoid bone displacement during motor stimulation at rest. Posterior hyoid bone
displacement on the x axis was not significant during motor
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stimulation at rest. Sensory stimulation levels during
swallowing showed significant improvement on the NIH
Swallowing Safety Scale (NIH-SSS) but not on the Penetration-Aspiration Scale [48]. Scores on these two scales did
not differ significantly between the nonstimulated swallows
and the motor-stimulated swallows. A reduction on the
Penetration-Aspiration Scale during motor stimulation
while swallowing was significantly inversely related to the
degree of inferior hyoid bone displacement at rest during
motor stimulation. The authors found an unexpected relationship indicating that dysphagic subjects with the greatest
hyoid depression during motor stimulation at rest had the
greatest improvement during swallowing with the same
levels of stimulation.
Many studies evaluated the effect of bolus modification
on swallowing. Bolus modification was evaluated as an
intervention effect in the three studies described below.
Kendall et al. [35] evaluated swallowing in elderly
dysphagic subjects and compared those results with those
of younger and older healthy control subjects (N = 65).
This evaluation was performed using different bolus volumes. The hyoid bone elevation was increased in female
dysphagic subjects compared to younger healthy female
control subjects during the ingestion of a 1-cc bolus. Three
male dysphagic subjects showed decreased hyoid elevation
during the ingestion of 20-cc boluses in contrast to the
healthy younger and older men. The distance of hyoid bone
elevation was usually greater for the larger boluses. The
patients elevated the hyoid bone significantly farther than
normal during a small-bolus swallow. This was also seen,
though to a lesser extent, in the older control group.
Temporal measurements in VFS showed delayed hyoid
bone displacements in the dysphagic subjects compared to
the younger healthy control subjects. The application of 20cc boluses in the dysphagic subjects resulted in significantly earlier onset of superior hyoid bone displacement
relative to bolus arrival in the vallecula compared to the
younger healthy control subjects. The duration between the
initiation of swallowing and the moment of maximal hyoid
bone displacement was prolonged in dysphagic subjects
during the intake of 20-cc boluses. The duration of the
position of maximal hyoid bone displacement was shortened in the patients as well as in the elderly healthy subjects for 1-cc boluses. The authors concluded that an
increased extent of hyoid bone displacement in older dysphagic subjects may represent a necessary compensation
designed to minimize the effect of the short duration of
hyoid elevation on the UES opening.
Kendall et al. [36] performed a preliminary study to
identify swallowing characteristics in head and neck cancer
patients treated with chemoradiation therapy (N = 20). In
this study different bolus volumes and consistencies were
used in patients than in healthy control subjects. Aspiration
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was observed in two patients with tongue base tumors
while swallowing a small-sized thin liquid bolus. During
the application of a paste bolus, aspiration disappeared. In
male patients a significant reduction in hyoid bone displacement was demonstrated for all bolus volumes and
consistencies compared to healthy male control subjects.
The amplitude of hyoid bone displacement did not differ
across the tumor location groups. In the healthy control
subjects, hyoid bone displacement was influenced by bolus
size and by gender. Larynx-to-hyoid approximation was
diminished in the patient group. The laryngeal displacement decreased significantly in the radiotherapy patients
compared to normal subjects, except for the paste bolus.
The amplitude of the UES opening was preserved despite
radiotherapy. Increased bolus volume caused increased
UES opening. The pharyngeal area at maximal constriction
was significantly larger in the radiotherapy patients than in
the healthy control subjects, indicating a less effective
mechanism of pharynx constriction against the tongue base
in the patients. The authors concluded that following
radiotherapy, it is likely that even patients with no complaints of dysphagia will demonstrate an abnormal
swallow.
In the study of Wintzen et al. [37], 21 Parkinson patients
were compared to their spouses during the evaluation of the
effects of different bolus volumes on swallowing. The
starting position of the hyoid bone in Parkinson patients did
not change with increasing bolus volumes. However, in the
healthy control subjects, an adaptive descent of the hyoid
bone in the starting position was observed using increasing
bolus volumes. The mean amplitude of maximal superior
hyoid bone displacement did not differ between Parkinson
patients and healthy control subjects. The mean amplitude
of hyoid bone displacement was also not significantly
influenced by bolus size. Another outcome parameter was
the number of swallows with hesitancy during the onset of
swallowing. This number was significantly higher in the
Parkinson group. The authors concluded that the lack of
adaptative descent in the rest position of the hyoid bone
could be explained by hypokinesia; however, the amplitude
of maximal hyoid bone displacement was not influenced by
hypokinesia.
Four studies combined different interventions and analyzed their effects on hyoid bone displacement.
A recent study published by Logemann et al. [38]
compared the Shaker exercise program to traditional
swallowing therapy in dysphagic subjects (N = 14). The
traditional swallowing therapy involved a series of exercises that included different swallowing maneuvers and
several specific well-defined tongue exercises. Postswallow
aspiration decreased significantly in the Shaker exercise
group compared to the traditional swallowing therapy
group. Post therapy, the location of oral and pharyngeal
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residue did not significantly differ between the treatment
groups. Following traditional swallowing therapy, the superior hyoid bone displacement and superior laryngeal displacement increased significantly. Following the Shaker
exercise program and traditional therapy, the width of the
UES opening increased significantly. The authors concluded that traditional swallowing therapy and the Shaker
exercise program have different effects. Based on their
findings, the authors concluded that after swallowing
aspirating patients, in particular, should follow the Shaker
exercise program. Patients showing a reduced range of
displacement of their pharyngeal structures would preferably be given traditional swallowing therapy.
Carnaby-Mann and Crary [39] presented data from a
prospective case series that investigated the influence of
neuromuscular electrical stimulation combined with functional swallowing activities in chronically dysphagic subjects (N = 5). Four stimulating electrodes, representing
two channels, were placed on the anterior neck midline in a
vertical arrangement: two electrodes superior and two
inferior to the thyroid notch. Subjects practiced during 15
treatment sessions. Post therapy, there was significant
improvement in all primary clinical outcome parameters,
including the Mann Assessment of Swallowing Ability
(MASA) [49], the Functional Oral Intake Scale (FOIS),
nutritional status, and the patient’s perception of swallowing ability. No long-term changes were observed after
the 6-month follow-up. Post therapy, larynx and hyoid
showed increased elevation using a 10-cc thick liquid
bolus. However, the opposite pattern was observed using a
5-cc thin liquid bolus. The authors concluded that this
program of swallowing therapy resulted in clinical and
functional gains for chronically dysphagic subjects.
Ciucci et al. [40] described the effects of deep brain
stimulation (DBS) and modulation of bolus volume on
swallowing in Parkinson patients (N = 14). No significant
effects were found for the DBS condition on maximal
hyoid bone displacement. Furthermore, hyoid bone displacement showed a tendency to occur in the opposite
direction to that expected. Results showed a main effect of
increasing bolus volume on maximal hyoid bone displacement in all DBS conditions. More impairment
occurred in the 10-cc bolus condition compared with the
5-cc condition. The pharyngeal transit time and visuoperceptual analysis of the pharyngeal phase (pharyngeal total
composite score, e.g., decreased velar elevation and laryngeal penetration) improved in the DBS ON condition.
The authors concluded that the degree of hyoid bone
excursion and oral-stage measures did not improve, suggesting that these motor acts may be under the control of
different sensorimotor pathways within the basal ganglia.
Suiter et al. [41] analyzed the effect of tracheostomy
cuff status and one-way speaking-valve placement using
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bolus modification in dysphagic subjects (N = 18). Cuff
status significantly influenced the anterior hyoid bone displacement. A deflated cuff increased the amplitude of
anterior hyoid bone displacement. There was also a significant bolus effect resulting in increased maximal anterior
hyoid bone displacement using liquid bolus compared to
the pureed bolus (cuff-inflated condition versus the oneway speaking-valve condition). However, laryngeal elevation was not significantly influenced by cuff status or
one-way speaking-valve placement. The cuff-inflated
condition versus the one-way speaking-valve condition
showed no significant effects on the amplitude of maximal
anterior hyoid bone displacement. Neither penetration nor
aspiration was significantly affected by cuff status. However, one-way speaking-valve placement significantly
reduced scores on the Penetration-Aspiration scale [48]
compared to cuff-inflated and cuff-deflated conditions. The
authors concluded that clinicians who complete VFS with
tracheostomized patients should include several bolus
presentations with a one-way speaking valve in place
before making any decisions about using the valve to
reduce aspiration.
Logemann et al. [42] examined the effect of digital
occlusion of the tracheostomy in eight dysphagic subjects
treated for head and neck cancer (N = 6 surgical treatment,
N = 2 chemoradiotherapy). Lightly digital occlusion
resulted in a minor reduction of swallowing disorders. Two
of four aspirating subjects showed eliminated aspiration
after the swallow during occlusion of the tracheostomy
tube. These two patients showed reduced laryngeal elevation without occlusion. Digital occlusion resulted in some
significant biomechanical changes. First, both the maximal
superior laryngeal elevation and the laryngeal elevation at
the time of initial UES opening increased. Second, the
hyoid bone elevation at the time of initial UES opening
increased. Third, the duration of tongue base contact with
the posterior pharyngeal wall was reduced and the onset of
anterior displacement of the posterior pharyngeal wall
occurred later. The authors concluded that swallowing
characteristics showed interindividual variation as well as
variation during changes of tracheostomy cuff status. VFS
is advised for each patient in order to evaluate these
conditions.

Discussion
Intervention Effects in the Literature
It may be concluded that hyoid bone displacement
showed statistically significant intervention effects in many
studies with dysphagic subjects. While the Shaker exercise program did not significantly influence hyoid bone

123

180

J. G. J. van der Kruis et al.: Biomechanical Analysis of Hyoid Bone Displacement in Videofluoroscopy

displacement [31, 38], it did significantly improve other
biomechanical parameters and reduce postswallow aspiration [31, 38]. Traditional swallowing exercise and the supersupraglottic swallow showed increased superior hyoid bone
displacement [33, 38]. Evaluation of specific maneuvers like
the effortful swallow, the supraglottic swallow, and the chin
tuck showed no significant intervention effects on hyoid
bone displacement [32]. The effortful swallow maneuver
and chin tuck applied in dysphagic subjects did show
reduction of penetration [32]. Bolus volume and consistency
modification resulted in variable effects on hyoid bone
displacement in dysphagic subjects. Three studies showed
significant effects from bolus modification [36, 40, 41]. In
dysphagic subjects with a tracheostomy, the anterior hyoid
bone displacement increased significantly with a liquid
bolus compared to a pureed bolus [41]. In Parkinson
patients, the maximal hyoid bone displacement increased
significantly with increased bolus sizes [40]. In healthy
control subjects, the same effect of increased superior hyoid
bone displacement was seen with increased bolus sizes [36].
Both DBS and NMES showed opposite effects on hyoid
bone displacement in dysphagic subjects [34, 40]. During
DBS stimulation, the hyoid bone tended to move inferiorly,
in contrast to the superior displacement caused by other
swallowing interventions. Carnaby-Mann and Crary [39]
combined the NMES with functional swallowing activities.
These combined interventions showed an increased superior
hyoid bone displacement with a 10-cc thick liquid bolus. In
contrast, the opposite effect was seen with a 5-cc thin liquid
bolus, with less elevation following therapy. The last
intervention to be mentioned is the effect of tracheostomy
status on hyoid bone displacement. Cuff deflation resulted in
significantly increased anterior hyoid bone displacement
[41]. During digital occlusion of the tracheostomy, hyoid
bone elevation at the time of initial UES opening increased
significantly [42]. However, maximal superior and anterior
hyoid bone displacement were not significantly influenced
by digital occlusion [42].

36, 38–40]. Five studies did not present any information
about the raters, resulting in less robust conclusions [32,
33, 35, 37, 42].
Study size varied from 5 to 65 subjects. However, most
of the studies using dysphagic subjects were rather small.
Four studies analyzed a population of fewer than ten subjects [32, 33, 39, 42]. Several small-sized populations used
parametric statistics, thus assuming a normal distribution;
however, no information on the data distribution was presented [34–41]. Five studies used very heterogeneous
dysphagic populations and did not deal with possible
confounding factors like etiology, age, and gender [31, 32,
34, 38, 39]. Three studies compared dysphagic subjects to
healthy control subjects. Kendall et al. [35] described a
group of 23 healthy control subjects matched for age and
gender with the patients. However, in another study of
Kendall et al. [36], 60 healthy control subjects were evaluated without presenting any subject characteristics.
Wintzen et al. [37] chose the spouses of the dysphagic
subjects as healthy control subjects, not matched for gender. In some articles intervention effects were analyzed
during the immediate phase following, for example, stroke,
surgery, or radiotherapy, not taking spontaneous recovery
during therapy into account [31–33, 36].
When analyzing hyoid bone displacement, different
software applications can be used. Investigators should
describe the applied reference points on the hyoid bone and
on structures serving as a coordinate system (x, y axes).
Only 4 of the 12 studies described the applied reference
points [34, 39, 40, 42]. Finally, few studies used more than
one assessment tool to evaluate the intervention effects [31,
32, 39].
In conclusion, because of the different study designs,
small-sized heterogeneous populations, different ways of
evaluating hyoid bone displacement, and methodological
shortcomings, the results of these studies could not be
compared with one another using statistical pooling.

Future Research
Methodological Problems
The systematic search conducted for this review generated
a limited number of articles on the biomechanical analysis
of hyoid bone displacement in VFS to evaluate intervention
effects in dysphagic subjects. Only 2 of the 12 included
articles met the level A criteria [31, 38]. All studies varied
in quality of design, frequently showing diverse methodological shortcomings. The requirements to obtain sufficiently reliable study results are blinding of the raters
combined with consensus training and independent scoring. Only six studies described the blinding and reliability
analysis of the raters and used more than one rater [31, 34,
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This article presents a review of the evaluation of intervention effects on swallowing, using biomechanical analysis of hyoid bone displacement in VFS as the outcome
parameter. This review has shown that VFS analysis of the
spatial outcome parameter hyoid bone displacement is able
to detect significant intervention effects. For future
research, it is nonetheless advisable to use well-defined
subject populations and well-defined videofluoroscopic
protocols, including the description and application of the
software program used for tracking hyoid bone displacement. Furthermore, future studies should be based on an
adequate number of subjects, more than one assessment
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tool, and well-defined outcome parameters. The challenge
that lies ahead is to develop a universal standardized
software application to analyze hyoid bone displacement,
which would make it easier to compare the studies with one
another.
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