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Abstract

Background: The aim of this study was to evaluate the clinical reliability of ultrasound (US) examination using
relative laryngeal movement of 40% as a cutoff point to diagnose pharyngeal abnormalities of swallowing using
ultrasonographic examination in dysphagic cerebral palsy (CP) patients and comparing its results with a flexible
fiberoptic endoscope.

Methods: Twenty-five cerebral palsy children suffering from clinical dysphagia were included in this study. The rest
distance between the thyroid cartilage and the hyoid bone and the shortest distance between them during
swallowing were measured by ultrasound, then the approximation distance and the percentage of relative
laryngeal movement were calculated. All children also have been submitted for flexible fiberoptic endoscopy (FEES).

Results: The mean value of the percentage of relative laryngeal movement was significantly less in the CP children
with pharyngeal phase abnormality diagnosed by the flexible fiberoptic endoscope (p < 0.001). The mean of relative
laryngeal movement in CP patients with and without pharyngeal abnormality diagnosed by the flexible fiberoptic
endoscope was 20.10 + 13.73 and 66.19% + 3.42 respectively.

Conclusion: Ultrasound can efficiently measure the relative laryngeal movement, and as it gives a numerical value,
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it can be used as a follow-up bedside test in children suffering from dysphagia.

Background

Cerebral palsy (CP) is a chronic disorder affecting patient
movement [1], and approximately 75% of CP children
have dysphagia, which causes malnutrition and impacts
their development [2].

The fiberoptic endoscopy (FEES) is used in the assess-
ment of swallowing, particularly the pharyngeal stage [3];
it can be used to demonstrate the penetration and/or
aspiration [4], but it does not provide direct information
on laryngeal elevation or hyoid—larynx approximation [5].

Dynamic laryngeal movement during swallowing with
laryngeal elevation and hyoid-larynx approximation is
an essential component of swallowing [6, 7], and it is
associated with bolus passage through the pharynx,
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opening and closure of the cricopharyngeal muscle, and
also airway protection [8, 9].

Ultrasound (US) can detect and recognize the hyoid
bone and thyroid cartilage, and hence, the percentage of
hyoid-laryngeal approximation can be calculated by the
measurement of the approximation distances of the two
structures [5].

The aim of this work is to assess the diagnostic per-
formance of US for diagnosing abnormalities in the
pharyngeal phase of swallowing in dysphagic CP patients
using reduced relative laryngeal movement of <40%
compared to flexible fiberoptic endoscopy.

Methods

Patients

The study was done in the Ain Shams Specialized
Hospital during the period from August 2016 till
February 2017. Twenty-five cerebral palsy children
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with dysphagia were included in this study. Both
fiberoptic endoscopic examination and US examin-
ation were done in the same day. Written consents
were taken from all parents of patients to participate
in this study, according to the rules of the ethical
committee.

Technique of US examination

e Ultrasound assessment was carried out by the same
operator for all patients.

e Children sat with the assistance of their relative to
the most comfortable position for them.

e An ultrasound was performed using an ultrasound
machine (LOGIQ™ P7, GE Healthcare) using a high-
frequency probe (7-10 MHz). Axial and sagittal
ultrasound scanning was performed.

e The transducer was placed in the midsagittal plane,
centered between the anterior border of the hyoid
bone and the superior border of the thyroid
cartilage, with the central sound wave running
perpendicular to this plane.

e 2 to 3 ml of water was inserted into patient’s mouth,
then the process of laryngeal elevation using
dynamic images with the assist of a cine loop was
evaluated (Fig. 1).

e The distance between the thyroid cartilage and
hyoid bone before swallowing (rest distance) was
measured and recorded as well as the shortest
distance during the swallowing process (Fig. 2).

e The approximation distance was obtained by
subtracting the shortest distance between the
thyroid cartilage and hyoid bone during swallowing
from the resting distance.

e Then the percentage of relative laryngeal movement
was calculated by dividing the approximation
distance by the resting distance.

Fig. 1 Ultrasound evaluation of relative laryngeal movement
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Fig. 2 Measurement of the thyroid cartilage hyoid bone distance. a
The hyoid thyroid distance during rest. b The shortest hyoid thyroid

distance during swallowing

e The swallowing process was repeated while the
transducer was placed in the axial plane with
sequential images obtained at the level of the
thyroid cartilage to evaluate if there is spillage of
water into the laryngeal airway (Fig. 3).

Fiberoptic endoscopy (FEES)

e FEES was carried out by a phoniatric to assess if
there was a pharyngeal phase of swallowing
abnormalities.

Analysis of data

e A relative laryngeal movement less than 40% [5]
considered as a diagnostic value for the pharyngeal
phase of dysphagia, and the US results were
compared to the FEES results.

e The B mode examination was also done, and
penetration/aspiration was diagnosed if water was
seen at the level of the vocal cord.

e The analysis data was done using IBM SPSS
statistics (V. 25.0, IBM Corp., USA, 2017). Data
were expressed as mean + SD for quantitative
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Fig. 3 B mode image at the level of the vocal cord with fine air
bubble casting posterior reverberation artifact (a) and with no
reverberation artifact (b)

parametric measures in addition to median
percentiles for quantitative non-parametric measures
and both the number and percentage of categorizing
data. Diagnostic validity tests were used, including
diagnostic sensitivity and specificity.

Results

Twenty-five CP children with a clinical diagnosis of dys-
phagia underwent both US examination and FEES. No
adverse events occurred during both procedures. The
median patient age was 3.5 years.

The median US resting distance was 1.39 cm, and the
median US shortest distance was 0.62 cm, while the median
US relative laryngeal movement was 63.28% (Table 1).

Of the 25 patients studied, the FEES examination
revealed pharyngeal dysphagia in 10 out of 25 (40%)
patients, while the US examination revealed reduced
relative laryngeal movement (< 40%) in 9 out of 25 (36%)
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Table 1 The median value measured by the US
US measurement Median Min.  Max.
Rest distance 1.39 083 248
Shortest distance during swallowing 0.62 0.23 18

Percentage of relative laryngeal movement 6328 % 2% 73.2%

patients with a significant correlation between both US
and FEES (p value <0.001) (Table 2). The mean of the
reduced relative laryngeal movement in these patients
was 20.10 £ 13.73.

The FEES examination revealed normal swallowing in
15 out of 25 (60%) patients while the US examination
revealed normal relative laryngeal movement in 16 out
of 25 (64%) patients with a significant correlation be-
tween both US and FEES (p value < 0.001). The mean of
relative laryngeal movement in these patients was
66.19% + 3.42. The false negative case shows borderline
relative laryngeal movement of 45%; yet during the B
mode examination, fluid was seen spilled into the laryn-
geal airway, and the final US diagnosis of this case was
an abnormal pharyngeal phase of swallowing (Table 3).

The inter-method agreement between the reduced
relative laryngeal movement (< 40%) and FEES for diag-
nosing abnormalities of swallowing pharyngeal phase
was 96%, with sensitivity, specificity, positive predictor
value, and negative predictor value of 90%, 100%, 100%,
and 93.75%, respectively, and the cutoff of our study was
45% with 100% sensitivity, specificity, positive predictive
value, and negative predictor value (Table 4).

Discussion

This study demonstrated that ultrasonography quantita-
tively evaluated reduced laryngeal movement help in the
assessment and diagnosis of pharyngeal phase dysphagia
in CP children with sensitivity of 96%, and it can be used
as an alternative to the FESS as it is a less-invasive and
less costly bedside test.

Cerebral palsy is a permanent movement disorder which
is attributed to disturbances in the developing fetal or
infant brain, and it appears in early childhood [1].

Dysphagia is closely related to gross motor dysfunction
in children with CP [10], and oropharyngeal dysphagia
occurs in about 85% of children with CP [11].

Over the years, endoscopy has become a standard tool
for diagnosing dysphagia [3] [12]. FEES investigates the
pharyngeal phase only [13].

Real-time ultrasound is a non-ionizing imaging modal-
ity and has been used to observe deglutitive movements
since the late 1970s [14, 15]. It was used in preliminary
investigations of infants to visualize the bolus move-
ment through the pharyngeal area while they are be-
ing breastfed [13].
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Table 2 Pharyngeal dysphagia diagnosed by the reduced relative laryngeal movement (< 40%) as compared to FEES which was

used as the reference modality

Pharyngeal dysphagia diagnosed by FEES Total
Neg Pos
Pharyngeal dysphagia diagnosed by Neg Count 15 1 16
reduced relative laryngeal movement % 100% 10% 64%
Pos Count 0 9 9
% 0.0% 90% 36%
Total Count 15 10 25
% 100% 100% 100%

Larynx elevation is crucial for airway protection and
cricopharyngeal muscle relaxation [9, 16, 17]. As the
thyroid cartilage approximates to the hyoid bone, the
larynx elevates, the epiglottis tilts down and closes to
prevent the bolus from entering the trachea, and crico-
pharyngeal muscle opens subsequently, allowing the
bolus to pass through [18, 19]. So incomplete laryngeal
elevation is assumed to be one of the major mechanisms
in dysphagia and often leads to aspiration [20]. The
fiberoptic endoscopic evaluation of deglutition is inva-
sive and does not allow one to quantify swallowing
movements [21].

The relative laryngeal movement is used in this study
rather than the approximation distance to exclude the
normal interpersonal variation, especially as the study
deals with children in different ages.

In this study, the mean relative laryngeal movement in
CP children with no pharyngeal abnormalities was
66.19% + 3.42. Similar results were concluded by Kuhl et
all. [22] who have examined 42 healthy people and 18
dysphagic patients suffering from different neurological
diseases, and they found that the mean relative laryngeal
movement was 61% + 3 in normal subjects. Huang et al.
[5] have also examined 15 normal volunteers, 20 patients
without dysphagia, and 20 patients with dysphagia, and
they found that the mean relative laryngeal movement in

normal volunteers was 47.26 +4.9% and in stroke non-
dysphagic patients 42.66 + 8.3%.

In our study, the mean relative laryngeal movement in
the dysphagic CP children suffering from pharyngeal ab-
normalities was reduced to less than 40% (20.10 + 13.73);
similar results were also concluded by Huang et al. [5] and
Kuhl et al. [22] who showed reduced relative laryngeal
movement to less than 40% in patient suffering from dys-
phagia (34.06 + 10.9% and 42% + 10 respectively).

In addition to the evaluation of relative laryngeal
movement, B mode examination at the level of the thy-
roid cartilage may increase the sensitivity of US examin-
ation in diagnosing the pharyngeal phase of dysphagia,
as the spillage of water into the laryngeal airway could
be visualized in these children as air bubbles intermixed
with water droplets, and it was beneficial in this study as
the only false negative case which showed borderline
reduced relative laryngeal movement (45%); penetration
of water over the vocal cord was identified during B
mode examination and the final US diagnosis was
pharyngeal dysphagia.

The reduced relative laryngeal movement cut off value
in this study was 45%, which was also similar to Huang
et al’s [5] result who found that the relative laryngeal
movement of less than 40% may imply dysphagia, with
acceptable sensitivity and specificity.

Table 3 Pharyngeal dysphagia diagnosed by US, including both the reduced relative laryngeal movement (< 40%) and the B mode

as compared to FEES which was used as the reference modality

Pharyngeal dysphagia diagnosed by reduced relative laryngeal movement and B Total
mode
Neg Pos
Pharyngeal dysphagia diagnosed by FEES Neg Count 15 0 15
% 100% 0.0% 60%
Pos Count 0 10 10
% 0.0% 100% 40%
Total Count 15 10 25
% 100% 100% 100%
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Table 4 The diagnostic validity of reduced laryngeal movement of < 40% for diagnosing pharyngeal dysphagia and our study cut

off value for diagnosing pharyngeal dysphagia

Percentage of reduced relative laryngeal movement TN FP TP FN SN% SP% PP% PN% Eff%
40% 15 0 9 1 90.0 100 100 93.8 96
45% 15 0 10 0 100 100 100 100 100

The limitation of this study is that we compare the
result of reduced relative laryngeal movement with the
clinical result of FEES, rather than the videofluoroscopic
examination which is the gold standard examination for
the evaluation of swallowing where the laryngeal move-
ment can be readily measured and compared, yet we use
the FEES to avoid exposing the children to X-rays, and
despite the limitation of this study, the advantage of US
of being a noninvasive, radiation-free, and less-expensive
bedside procedure in addition to its quantitative value
makes it an emergent and promising examination which
can be used in the screening and serial monitoring for
treatment response of dysphagia in children; another ad-
vantage of US examination is that it can be repeated
many times without influencing the children or their
parent any psychological disturbance.

Conclusion

Ultrasound can efficiently measure the relative laryngeal
movement, which is an important parameter of the swal-
lowing process, and as it gives a numerical value, it can
be used as a follow-up bedside test in children suffering
from dysphagia.
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