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Abstract.

PURPOSE: Quantitative muscle ultrasound (QMUS) is potentially valuable as a diagnostic tool in central neurological
disorders, as it provides information about changes in muscle architecture. This study aimed to investigate whether ultrasound
images of the submental and masticatory muscles in children with spastic cerebral palsy (CP) differ from those obtained in a
reference group, and whether observed ultrasound abnormalities differ between subgroups of children with different Eating
and Drinking Ability Classification System (EDACS) levels to support its construct validity.

METHODS: A prospective cohort study was conducted in 25 children with spastic CP aged 3-18 years. QMUS of selected
muscles was performed. Muscle thickness and echogenicity in the CP group were compared to previously collected reference
values, and between different EDACS levels within the CP group.

RESULTS: Median echogenicity of all muscles was significantly higher in children with CP than in healthy controls. The
temporalis muscle was significantly thinner in the CP group. There were no differences in muscle thickness or echogenicity
between EDACS levels.

CONCLUSION: QMUS is able to detect abnormal architecture of submental and masticatory muscles in children with
spastic CP, but the interpretation of abnormalities in relation to the severity of mastication and swallowing problems needs
further investigation.
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CP often leads to limitations in daily activities and
participation because of disturbances of posture,
movement, sensation, perception, cognition, commu-
nication, and/or behavior [1]. The prevalence of CP
is approximately 2 : 1000 live births, of which spastic
CP is the most common subtype [2, 3].

Disturbed movement and sensation in children
with CP can lead to limited oral motor skills that neg-
atively affect speech, eating, drinking, swallowing,
and salivary control. As a consequence, dysphagia
is reported in 21-99% of children with CP [4, 5].
Both the volitional oral phase of food intake (includ-
ing mastication) and the reflexive pharyngeal phase
of swallowing may be disturbed, depending on the
affected brain regions [6]. Dysphagia can have pro-
found consequences resulting in a reduced quality
of life: inadequate food intake, a failure to thrive,
aspiration, the need for tube feeding [7]. To classify
the daily feeding and swallowing abilities of children
with CP, the Eating and Drinking Ability Classi-
fication System (EDACS) has been developed [8].
Previous research has shown that the severity of dys-
phagia in children with CP is related to gross motor
function as assessed with the Gross Motor Function
Classification System (GMFCS) [9]. Generally, the
most common way to identify feeding and swallow-
ing problems in children with CP is a routine clinical
assessment.

In children with neuromuscular disorders, it was
shown that ultrasound of submental and masticatory
muscles involved in feeding and swallowing has an
added value in the diagnostic process of mastica-
tion and swallowing difficulties [10, 11]. Quantitative
muscle ultrasound (QMUS) provides measures of
muscle echogenicity (determined by the degree to
which sound is reflected back to the transducer)
and muscle thickness [11]. Muscle ultrasound is
a quick, non-invasive, point-of-care technique that
could augment the clinical speech-language thera-
pist examination by providing information about the
structural integrity of muscles involved in the oral
phase of feeding [11]. Previous studies using QMUS
have shown that the structure of skeletal muscles in
patients with central neurological disorders may be
changed [12] and that these changes may involve both
paretic and nonparetic muscles [13]. In various age
groups of patients with spastic CP, several imaging
studies have shown that the thickness of the upper and
lower limb muscles significantly differed from refer-
ence values obtained in a healthy population [14—17].
Another study found that the amount of intramuscu-
lar fat of lower limb muscles was abnormally high in

patients with spastic CP, dependent on GMFCS level
[18]. Yet, the thickness and structure of submental
and masticatory muscles have not previously been
assessed with ultrasound in patients with CP. If the
thickness and echogenicity of submental and mas-
ticatory muscles in children with CP are abnormal,
this would confirm structural muscle changes that
could help describe some of the mechanisms under-
lying mastication and swallowing difficulties in these
children.

Therefore, the aim of this study was to assess
whether the thickness and echogenicity of submen-
tal and masticatory muscles in a cohort of children
with spastic CP differed from previously collected
reference values of typically-developing children [19,
20]. The secondary aim was to investigate whether
observed ultrasound abnormalities were different for
subgroups of children with different EDACS levels
to support its construct validity.

2. Methods
2.1. Participants

Children from the age of three to 18 years diag-
nosed with spastic CP (or a mixed type of CP in which
spasticity was clinically the dominant feature) were
included in this prospective clinical cohort study. All
visited a speech-language therapist at the interdisci-
plinary pediatric outpatient clinic for swallowing and
salivary control symptoms between April 2018 and
June 2021. The study was approved by the regional
medical ethics committee. Written informed consent
was given by all parents and, in the case of partici-
pants 12 years or older, assent was also provided.

2.2. Procedure

The usual assessment for children with CP was per-
formed during their visit to the outpatient clinic and
could vary depending on the nature of the problem
voiced by patients and parents. Age, height, weight,
GMEFCS level, and the pattern of spastic CP (unilat-
eral, bilateral) were noted. The clinical assessment
included classifying the individual child’s EDACS
level with input from the parents. The EDACS con-
sists of five levels: level I, the patient eats and drinks
safely and efficiently; level II, eats and drinks safely
but with some limitations to efficiency; level 111, eats
and drinks with some limitations to safety; level IV,
eats and drinks with significant limitations to safety;
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level V, the patient is unable to eat or drink [8, 2.3. OMUS exams

21]. Furthermore, in all children, bilateral QMUS

of selected submental and masticatory muscles was All ultrasound examinations were performed using
added to the standard assessment. the Z.One Ultra Convertible ultrasound system

Probe placement

Digastric and
geniohyoid muscles and
tongue thickness

Masseter muscle

Temporalis muscle

Fig. 1. Probe placement and ultrasound image per muscle.
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(Zonare Medical Systems, Mountain View, Cali-
fornia, USA) with a broadband linear 10-5 MHz
transducer. Ultrasound settings were standardized as
described previously [19, 20]. A generous amount of
contact gel was applied to the probe, and the probe
was placed on the skin of the participant according to
a predefined protocol [19, 20]. Figure 1 shows the
probe placement per muscle. Standardized muscle
ultrasound images were obtained from the bilateral
submental and masticatory muscles to assess the
following variables: echogenicity and thickness of
the digastric muscles, masseter muscles and tem-
poralis muscles; the echogenicity of the geniohyoid
muscles; and thickness of the tongue. The intrin-
sic tongue muscles themselves (which would have
required the probe to be put inside the oral cavity)
[11] were not measured in order to avoid a patho-
logical bite reflex. Measurements were performed
while the participants were sitting in a regular chair
or in their wheelchair. Three images were taken from
every muscle and stored as DICOM files. The mean
echogenicity of selected regions of interest was cal-
culated using the grayscale histogram function of
a custom software program for quantitative muscle
image analysis, resulting in a mean grayscale level
ranging from zero (black) to 255 (white) [22]. Mus-
cle thickness was measured by placing electronic
calipers in the ultrasound images within the fascial
outline of the muscle at the level of the maximum
muscle bulk, following a standardized protocol [19,
20, 23]. All ultrasound images were checked for tech-
nical errors (i.e., sub-optimal scan angle). Ultrasound
images showing fatty degeneration of a muscle were
noted, as this lowers muscle echogenicity, leading to
“false negative” outcomes.

2.4. Statistical analysis

The average grayscale level and diameter obtained
from the three measurements per muscle was taken
for analysis. Z-scores (i.e., the number of standard
deviations from the mean) for the average echogenic-
ity and thickness were calculated for all individual
muscles. Reference values for healthy subjects and
the equations to correct for height, weight, and age to
calculate z-scores were previously reported [19, 20,
23]. Because of the small sample size, non-parametric
statistical tests were performed. Z-scores were con-
sidered abnormal for echogenicity if they exceeded
2.0. For muscle thickness, z-scores were considered
abnormal if they were lower than -2.0 or exceeded
2.0. Wilcoxon signed rank tests for paired data were

performed to determine whether the median z-scores
differed between the left and right body side.

To test whether the median z-scores of the partici-
pants differed from reference values, the Wilcoxon
signed rank test (with hypothesized median value
X = 0) was performed. A Kruskal Wallis H test was
used to test if z-scores differed between the EDACS
levels. In the case of a main effect of EDACS level,
a Mann Whitney U test was planned. All statistical
analyses were performed using SPSS Statistics for
Windows version 25 (IBM Corp, Armonk, NY), with
significance level set at p < .05.

3. Results
3.1. Participants

Twenty-five children with spastic CP were
included. Patient characteristics are presented in
Table 1.

3.2. Muscle thickness

There was no significant difference in thickness
between the left and right side for any muscle
(Table 2). The temporalis showed either a normal
or decreased thickness (Table 2) and was bilater-
ally significantly thinner in these participants as a
group compared to reference values (Table 3). The
digastric, masseter, and the tongue muscles showed
a decreased, normal, and increased thickness. In the
two participants with unilateral CP (participants 1 and
15), differences were found in the thickness of the
masseter and the temporalis. In the total group, seven
children showed normal thickness of all muscles. All
other children showed abnormal thickness of one or
more muscles.

3.3. Echogenicity

Only two children showed normal echogenicity of
all muscles (Table 2). All others showed increased
echogenicity of at least one muscle. Only for the tem-
poralis was there a significant side-to-side difference
within the CP group (Z = —2.57, p=.01), in which
the echogenicity of the left temporalis muscle was
higher. In one of the participants with a diagnosis of
unilateral CP, a side-to-side difference in echogenic-
ity of the temporalis muscle was found in which the
echogenicity was abnormal on the paretic side. The
median echogenicity of all muscles in the CP group
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Table 1
Participant characteristics (n =25)

Age (yrs), median (IQR) 9.3(5.9)
Sex (n)

Male 14

Female 11
Height (cm), median (IQR) 135.0 (31.5)
Weight (kg), median (IQR) 26.0 (27.0)
Clinical pattern (n)

Bilateral 23

Unilateral (right side) 2
GMECS level (n)

I 5

11 3

I 5

v 6

v 6
EDACS level (n)

I 3

1T 5

it 8

v 6

\" 3

Yrs, Years; IQR, Interquartile range; GMFCS, Gross Motor Func-
tion Classification System; Level I: The child can walk at home,
school, outdoors, and in the community and can climb stairs with-
out the use of arailing; Level II: The child can walk in most settings
and climb stairs holding onto arailing; Level III: The child can walk
using a hand-held mobility device in most indoor settings and may
climb stairs holding onto a railing with supervision or assistance;
Level IV: The child uses methods of mobility that require physi-
cal assistance or powered mobility in most settings; Level V: The
child is transported in a manual wheelchair in all settings. EDACS,
Eating and Drinking Ability Classification System; Level I: Eats
and drinks safely and efficiently; Level II: Eats and drinks safely
but with some limitations to efficiency; Level III: Eats and drinks
with some limitations to safety and there may be limitations to
efficiency; Level IV: Eats and drinks with significant limitations to
safety; Level V: Unable to eat or drink safely — tube feeding may
be considered to provide nutrition.

was significantly increased compared to healthy con-
trols (Table 3).

3.4. Muscle thickness and echogenicity for
different EDACS levels

There were no significant differences in muscle
thickness or echogenicity between the differ-
ent EDACS levels, except for the geniohyoid
(H@4)=11.21, p=.02) (Figs. 2 and 3). The Mann
Whitney U test for the geniohyoid showed a sig-
nificant difference between EDACS levels 2 and 5
(U=0.00, p=.04), but not between the other, sequen-
tial levels.

4. Discussion

The results showed increased echogenicity of
the submental and masticatory muscles in children
with spastic CP, strengthening the idea that mus-
cle ultrasound can measure structural abnormalities
of muscles necessary for chewing and swallowing
in these children. In contrast, muscle thickness as
assessed with QMUS was less informative, as only
the temporalis was significantly thinner in CP patients
than in healthy subjects. The thickness of the masseter
was not significantly different from the reference
group. Previous research has shown that the muscle
activity of the temporalis is more influenced by food
texture than that of the masseter [24]. Since the par-
ticipants in this study functioned to a large extent at
EDACS levels where food is modified, the thinner
temporalis in this CP group could be a consequence
of disuse.

There was no relation found between muscle thick-
ness or echogenicity and EDACS levels, which does
not corroborate the initial expectation that more
severely affected children would show more severe
abnormalities in their muscle architecture. The most
likely explanation for this unexpected result is that
QMUS measures specific aspects of isolated mus-
cles and the EDACS provides an overall functional
score for the daily safety and efficiency of eating
and drinking. The observed lack of relationship may
imply that QMUS adds distinct information that
complements such an overall assessment, which is
underscored by the finding that muscles can show
increased echogenicity in patients with EDACS level
1. This notion corresponds to clinical findings from an
earlier study in children with CP, showing that those
with EDACS level 1 had a significantly lower dys-
phagia limit than their peers and, thus, did not have
the same capacities related to eating and drinking
as healthy children [25]. Combining these findings
suggests that QMUS could be useful to assess even
children with CP at EDACS level 1, who might need
closer monitoring when their muscles show increased
echogenicity.

Although the primary lesion causing the move-
ment disorder in children with CP is located in the
central nervous system, previous research has shown
that skeletal muscles in people with central nervous
system disorders may show abnormal echogenicity
[13,26]. As in previous studies, the increased muscle
echogenicity found in the current study most likely
can be explained by secondary motor neuron denerva-
tion due to pyramidal tract damage, fitting the notion
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Table 2
Muscle thickness and echogenicity per participant and per muscle

EDACS  Participant Digastric Digastric Geniohyoid Masseter Masseter Temporalis Temporalis  Tongue

left right left right left right
MT EG MT EG EG MT EG MT EG MT EG MT EG MT
1 + + + + + + + > + < - + - +
9 + + + + — > + + + + + + + +
21 < - < - — + - + + < — < - +
2 2 + + + + + + - > + < — + + +
16 + + > + + + + + + + + + + >
20 > + + + + + + + + + + + + +
22 + + + + + + + + = + + + + +
24 + + + = = + = + = + = + = <
3 3 + = + = + + = + = + + + + +
4 < + < = = < = + < = + = +
8 + + + + = < = < = + = + = +
10 + = + = + < = < = < = < + <
12 + + + + + + + + + < = < = na
13 + = + = = + + > + + = + = +
15 + = + = + + = + = + + + — +
17 + = + + = + + + + < = < + +
4 6 + + + + + + + + + + + + + na
7 + + + + + + + < — + + + + +
11 > - > - — + + + — + + + + +
14 + + + + — + + + + + + + + +
18 + — + — + + — + + + — + — +
19 + — + — + + + + + + — + + +
5 5 + — + — — + — + + < — + + >
23 + — + — — + + + + + + + + +
25 > + > + — > + > + + — + + <
Number of partici- 5(20) 11 (44) 5(20) 12 (48) 12(48) 5(20) 10(40) 7(28) 9(36) 8(32) 14(56) 4(16) 9(36) 5(20)
pants with abnormal

muscle (%)

Shaded cells indicate abnormal muscle thickness or echogenicity. EDACS: Eating and Drinking Ability Classification System; MT: muscle
thickness; EG: echogenicity; +: normal muscle thickness or echogenicity (based on z-scores); — : abnormal echogenicity; <: z-score for
muscle thickness <-2; >: z-score for muscle thickness >2; na: not applicable.

Table 3 of transsynaptic degeneration in central nervous sys-
Median muscle thickness and echogenicity z-scores with tem disorders [27, 28]
statistical comparison to healthy controls ’ )

Side Median (IQR) p-value*

This study showed that there is potentially a wide
variation in echogenicity of submental and masti-
catory muscles amongst individuals with CP. This

Muscle thickness

Digastric Left 0.00(2.35) 0.58 raises the question whether training (for example, to
Right 0.10 (2.40) 0.60 . ticat f ) 1d be b
Masseter Left 0.65 (1.60) 013 improve masticatory performance) would be bene-
Right -0.46 (2.42) 0.70 ficial, particularly in those children with relatively
Temporalis Left -0.60 (2.10) <.01 preserved muscle architecture. In the future, insight
Toneue Right *(1)'80(2(13'2?) ;'g; about the structure of submental and masticatory
Echi p—— — : muscles of children with CP may provide direction
o ajric Y Lot 9017 —o1 for whether therapy should consist of performance
& Right 299 (3:20) <0l trainir.lg or focus on f:ompensatory strateg.ies.
Geniohyoid - 2.30 (3.11) <.01 A limitation of this study is that a relatively small
Masseter Left 1.34(2.80) <01 group of patients was included, so the results should
Temporalis Iilff}it é';g g;g; :g} be interpreted with caution. Future studies should
Right 140 (1:40) <01 focus on bilateral ultrasound measurements of sub-

IQR: Interquartile range. *test-value X = 0. mental and masticatory muscles in a larger group
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of participants to get a better sense of the rela-
tionship between oral muscle function and muscle
architecture. For instance, it might be interesting
to investigate the correlation between the structure
of masticatory muscles and chewing performance
tests or between submental muscles and swallow-
ing capacity tests, such as the test of mastication and
swallowing of solids or the dysphagia limit [29, 30].
In addition, it would be of interest to study the dif-
ferences between the paretic and non-paretic side in
patients with unilateral CP to better understand under-
lying (neural and non-neural) mechanisms of altered
muscle architecture. Future research should also col-
lect longitudinal ultrasound muscle data in children
with CP to gain insight into adaptation processes of
the muscles affected by spastic CP.

So far, muscle ultrasound is not yet widely used
as part of the clinical assessment of speech-language
therapists. With this study, it was shown that QMUS
is suitable to measure the (affected) structure of sub-
mental and masticatory muscles in children with CP.
Orofacial muscles in children with CP are affected,
but the quality is independent of EDACS level.
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