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Ultrasonographic evaluation of geniohyoid muscle mass
in perioperative patients
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ABSTRACT Surgical invasion and postoperative disuse are known to promote systemic
skeletal muscle atrophy; however, similar effects on the mass of the muscles of deglutition have
yet to be confirmed. Our method of using ultrasonography to measure the area of the geniohyoid
muscle (GM), to evaluate the mass of the muscles of deglutition, has been shown to have high
reliability. In the present study, we measured the GM area before and after surgery in patients
to investigate changes in their muscle mass. Parameters including GM area, quadriceps
femoris muscle (QF) thickness, hand grip strength (HGS), and arm muscle circumference were
measured preoperatively and at 7 and 14 days postoperatively in patients who underwent
thoracotomy and laparotomy. Patient height, weight, and serum albumin (Alb) level were also
obtained from medical charts. Comparison of each evaluation parameter between measurement
time points demonstrated significant decreases in GM area, QF thickness, HGS, and Alb
between preoperatively and both postoperative day (POD) 7 and POD 14. The patients were
divided into good (n = 19) and poor (n = 12) postoperative oral intake groups for comparison of
GM area. The percentage decrease in GM area was significantly greater in patients with poor
oral intake. To our knowledge, this is the first study to demonstrate that muscle atrophy due to
surgical invasion or disuse may occur in the muscles of deglutition, as in the limb muscles. The
findings showed that muscle atrophy occurs in the early postoperative period and persists even
at 2 weeks postoperatively. Furthermore, insufficient oral intake may promote disuse muscle
atrophy. doi:10.11482/KMIJ-E42(2)47 (Accepted on August 25, 2016)
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INTRODUCTION muscle atrophy reportedly progresses from the

Surgical patients are known to be at a risk of early postoperative period as a result of invasion

decreased systemic skeletal muscle mass due to or immobilityl_m. Similar decreases in muscle
surgical invasion, malnutrition, and disuse. Limb mass could be expected to occur in the muscles
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of deglutition. Muscle atrophy due to sarcopenia
and disuse is known to cause swallowing

6-12) . .
; however, no relationships between

impairment
these conditions and the mass of the muscles of
deglutition have been reported. Difficulties in
measuring the mass of the muscles of deglutition
and the lack of established, convenient methods for
bedside evaluation may account for the absence of
such studies.

The geniohyoid muscle (GM) is one of the
suprahyoid muscles that move the hyoid bone
anterosuperiorly during swallowing, contributing
to epiglottal inversion and opening of the upper
esophageal sphincter, and playing an essential role

13710 EByaluation of the

in swallowing movements
GM is thus useful for evaluating the muscles of
deglutition. Our previously reported method of using
ultrasonography to measure the area of the GM, to
evaluate the mass of the muscles of deglutition, has
been shown to be highly reliable'”.

The present study used ultrasonographic evaluation
to measure the preoperative and postoperative GM
area in order to (i) investigate factors correlating
to suprahyoid muscle mass, (ii) verify suprahyoid
muscle atrophy resulting from surgical invasion and
disuse, and (iii) assess the degree of postoperative
muscle mass change and the effects of disuse on the

muscles of deglutition.

METHODS
Subjects

The subjects comprised surgical patients admitted
at Kawasaki Medical School Hospital between
January and June 2016, and scheduled to undergo
surgery requiring postoperative bed rest and nil-by-
mouth status. Specifically, these surgeries comprised
thoracotomy involving cardiopulmonary bypass and
laparotomy as a radical treatment for esophageal,
gastric, small bowel, or colon cancer. Only patients
who provided preoperative informed consent for

participation and were available for evaluation were

enrolled. Patients who had a preoperative inability
to independently perform activities of daily living
(ADL) and those with previous dysphagia due to
otorhinolaryngological disease or brain and nervous
system disorders were excluded.

The present study was approved by the Research
Ethics Committee of Kawasaki Medical School
Hospital (approval no. 2278).

Measurements
1. GM area

The area of the GM was measured by using an
ultrasound device (SonoSite M-Turbo; FUJIFILM
SonoSite, Tokyo, Japan) with the patient positioned

(a)

GM

Fig. 1. Ultrasound appearance of the geniohyoid muscle (GM)
(a) Position of the ultrasound transducer. (b) Ultrasonic
image of the midsagittal plane. The ultrasound transducer
was applied in alignment with the midline of the floor of
the mouth and perpendicular to the lower chin surface of the
patient. The hyoid bone (H) and mandible (M) accompanying
the acoustic shadow together with the adhering GM were
delineated in the midsagittal plane.
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supine on a bed without a pillow. A 2- to 5-MHz
convex transducer was applied in alignment
with the midline of the floor of the mouth and
perpendicular to the lower chin surface of the
patient (Fig. la). The transducer was positioned
at a height that enabled delineation of the hyoid
bone while avoiding contact between the face of
the probe and the thyroid cartilage. Ultrasound
gel was liberally applied, and care was taken to
avoid compressing the submental soft tissues. The
hyoid bone and the mandible accompanying the
acoustic shadow together with the adhering GM
at rest were delineated in the midsagittal plane in
B-mode (frequency, 3.5 MHz) on a single screen
(Fig. 1b). Evaluation was performed three times,
and the respective static images were recorded.
Measurements were performed on a computer with
Image J version 1.43 software (NIH, Bethesda, MD,
USA)IS). The area enclosing the muscle and fascial
boundary of the GM was measured. The mean
values of measurements from three images were

used for analysis.

2. Quadriceps femoris muscle (QF) thickness

The QF (comprising the rectus femoris muscle
[RF] and vastus medialis muscle [VM]) thickness
was measured by using an ultrasound device
(SonoSite M-Turbo) with the patient in a supine
position with the hip and knee joints extended at 0°.
A 15- to 6-MHz linear transducer was applied at
the midpoint on a straight line joining the anterior
superior iliac spine and superior margin of the
patella. The RF, VM, and femur were visualized in
sagittal section (B mode; frequency, 10.5 MHz) on
one screen (Fig. 2). Ultrasound gel was liberally
applied, and care was taken to avoid compressing
the soft tissues of the thigh. The transducer was
angled in the direction that allowed obtaining
maximal echo intensity of the femur. Evaluation
was performed three times, and the respective

static images were recorded. Measurements were

Fig. 2. Ultrasound appearance of the quadriceps femoris
muscle (QF)

The ultrasound transducer was applied at the midpoint on a
straight line joining the anterior superior iliac spine and the
superior margin of the patella. The transducer was angled
in the direction that allowed obtaining the maximal echo
intensity of the femur. The surface rectus femoris muscle
(RF), deep vastus medialis muscle (VM), and the femur were
visualized in sagittal section (B mode).

performed on a computer with Image J version 1.43
software. The major axes of the RF and VM were
measured perpendicular to the superior margin of
the femur. The mean values of measurements from

three images were used for analysis.

3. Hand grip strength (HGS)

The HGS of the dominant hand was measured by
using a Grip-A device (Takei Scientific Instruments,
Niigata, Japan) with the patient positioned supine,
with the shoulder in neutral position and the elbow
extended. Measurements were performed twice, and
the higher value was used for analysis. Sufficient

rest was allowed between measurements.
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4. Arm muscle circumference (AMC) and percentage
AMC (%AMC)

The AMC was calculated by using the following
equation: AMC = arm circumference (AC; cm) -
3.14 X triceps skinfold (TSF; mm). Measurements
were taken from the left upper arm with the patient
positioned supine on a bed. With the elbow flexed
at 90°, a mark was made on the arm at the midpoint
on a straight line joining the acromion process and
the tip of the elbow. The elbow was then extended,
and the AC was measured at the level of the
mark by using a tape measure. The mean of three
measurements was used to calculate the AMC. The
TSF was measured at the same level as the AC. The
skin on the posterior of the upper arm was pinched
and pulled to separate the subcutaneous fat layer
from the muscle, and measurements were made by
using a subcutaneous fat caliper. The mean of three
measurements was used to calculate the AMC.

The %AMC was calculated for the age and
sex of the patient based on the 2001 Japanese
Anthropometric Reference Data, by using the
following equation: %AMC = AMC = reference
AMC value (cm) X 100.

Procedure

The GM area, QF thickness, HGS, and
AMC were measured preoperatively (on initial
examination at our department) and at 7 and 14
days postoperatively. The patient height, weight,
body mass index (BMI), a w nd serum albumin
(Alb) level were also obtained from medical charts
on the same day of the measurements. If the weight
measurements and blood testing were not performed
on that day, the findings from within * 2 days were

used.

Analysis
Correlations between the GM area and each
evaluation parameter were analyzed to investigate

factors correlating with suprahyoid muscle mass.

Each evaluation parameter was then compared
among the preoperative, postoperative day (POD) 7,
and POD 14 measurements.

The patients were divided into the good and poor
oral intake groups based on whether postoperative
oral intake had or had not, respectively, returned to
the preoperative level within 2 weeks. Intergroup
comparison was performed for age, sex, surgery
type, and preoperative measurements for all
parameters, as well as the postoperative percentage
decrease in GM area at POD 7 and POD 14.

Statistical analyses

Correlations between evaluation parameters
were investigated by using the Pearson correlation
coefficient (correlation, 0.4 < r < (0.7; strong
correlation, 0.7 < r < 1.0). One-way repeated-
measures analysis of variance was used to compare
the evaluation parameters between the three time
points (preoperative, POD 7, and POD 14). If a
significant difference was identified, post hoc
Bonferroni #-tests were performed. Intergroup
comparisons between the good and poor oral intake
groups were performed by using an unpaired #-test.
Values of p < 0.05 were considered significant.
All statistical analyses were performed with SPSS
Statistics version 22 (IBM, New York, NY, USA).

RESULTS
Subjects

A total of 44 patients were enrolled (12 women
[27.3%], 32 men [72.7%]; mean age, 72.3 £ 9.5
years), after excluding 13 patients who met the
following exclusion criteria: preoperative inability to
independently perform ADL (n = 4) and dysphagia
(n = 2). Surgery was cancelled in two patients. Five
patients were unavailable for the 2-week follow-up
after declining to undergo postoperative evaluation
(n=1) or being discharged to home or transferred to
another hospital before follow-up on POD 14 (n = 4).

As a result, a total of 31 patients were analyzed.
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Thoracotomy was performed in 20 patients
(valvulopathy, n = 15; aneurysm, n = 3; coronary
artery disease, n = 1; atrial septal defect, n = 1),
whereas laparotomy was performed in 16 patients
(esophageal cancer, n = 3; gastric cancer, n = 5; and

colon cancer, n = 8).

GM area and evaluation parameters

The GM was visualized and found suitable
for measurements in all patients. The mean
measurements of preoperative evaluation
parameters, and the correlation between GM
area and each parameter are shown in Table 1.
A significant positive correlation was observed
between GM area and each of QF thickness, weight,
and HGS.

Preoperative and postoperative comparison

The comparison of evaluation parameters
among the preoperative, POD 7, and POD 14
measurements showed a significant difference
between the three time points in GM area, QF
thickness, HGS, %AMC, Alb level, and BMI. The
GM area, QF thickness, HGS, and Alb level showed
significant differences between preoperatively and
POD 7, whereas %AMC and BMI did not show a

significance. Further decline in QF thickness was

Table 1. The correlation between geniohyoid muscle (GM)
area and evaluation parameters

GM area
Mean = SD r

GM area (cm®) 1.97 £ 0.60
QF thickness (cm) 256 = 0.74 0.490**
HGS (kg) 2751 = 10.16 0.540**
Weight (kg) 53.81 * 12.46 0.486**
Height (cm) 158.3 = 9.81 0.395
BMI (kg/m®) 2117 = 4.17 0.320
AMC (cm) 1745 = 8.50 0.236
%AMC (%) 78.16 = 38.87 0.121
Alb level (g/dl) 3.58 = 0.62 0.320

GM; geniohyoid muscle, QF; quadriceps femoris muscle,

HGS; hand grip strength, BMI; body mass index,

AMC; percentage arm muscle circumference, Alb; serum albumin
7 : Pearson correlation coefficient. *p<0.05, **p<0.01.

observed from POD 7 to POD 14 (Fig. 3).

Intergroup comparisons in postoperative oral intake

No significant differences were observed between
the good oral intake group (n = 19; 5 women, 14
men; mean age, 70.6 £ 10.1 years; thoracotomy,
n = 13; laparotomy, n = 6) and the poor oral intake
group (n = 12; 5 women, 7 men; mean age, 74.8 =
5.3 years; thoracotomy, n = 5; laparotomy, n = 7)
with regard to age or any preoperative evaluation
parameters.

The percentage decreases in GM area in the
good and poor oral intake groups were 9.47% and
17.49%, respectively, at POD 7, and 8.58% and
18.30%, respectively, at POD 14. The postoperative
percentage decrease in GM area was greater on
average in the poor oral intake group than in the
good oral intake group, and a significant difference
was observed at POD 14 (Fig. 4).

DISCUSSION
Ultrasound evaluation of suprahyoid muscle mass

To our knowledge, the present study is the first
to longitudinally evaluate the muscle mass in
the suprahyoid muscles. In the clinical setting,
evaluation of the mass of the muscles of deglutition
is not usually performed. The mass of those
muscles is only estimated by using indirect methods
such as visual examination and palpation, and
videofluorography of the hyoid bone and laryngeal
movement during swallowing.

Quantitative evaluation of the mass of the muscles
of deglutition can be performed by using computed
tomography7), magnetic resonance imagingm, and
ultrasonography. Among them, ultrasonography
has the advantages of being minimally invasive,
relatively inexpensive, not restrictive of patient
posture, and able to be performed at the bedside.
This approach also enables easy visualization
of the submental muscles, making it suitable for

quantitatively evaluating the mass of the muscles of
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Fig. 3. Postoperative comparison of evaluation parameters
Mean values and standard deviations preoperatively and at postoperative day (POD) 7 and 14 for (a) geniohyoid muscle (GM)

area, (b) quadriceps femoris muscle (QF) thickness, (c) hand grip strength (HGS), (d) percentage arm muscle circumference
(%AMC), (e) serum albumin (Alb) level, and (f) body mass index (BMI). The three measurement time points were compared by
using analysis of variance with post hoc Bonferroni #-test. *p < 0.05, **p < (.01.
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Fig. 4. Postoperative geniohyoid muscle (GM) area

POD7 POD14

Measurements at postoperative day (POD) 7 and 14 for the GM area are shown normalized to preoperative measurements. The
percentage decreases in the GM area in the good and poor oral intake groups were 9.47% and 17.49% between preoperatively
and POD 7, and 8.58% and 18.30% between preoperatively and POD 14. Intergroup comparisons between the good and poor oral
intake groups were performed by using unpaired . *p < 0.05, **p <0.01.

deglutition.

Significance of muscle mass evaluation
The QF thickness and cross-sectional area were
reported to correlate with leg muscle strength and

20-2 Skeletal muscle mass

muscular performance
serves as an indicator of physical functioning, and
this may hold true for the muscles of deglutition.
Feng et al.®’ reported a correlation between the GM
cross-sectional area and the distance of hyoid bone
movement during swallowing. Furthermore, the GM
cross-sectional area is reportedly smaller in patients
who experienced aspiration”. These studies
demonstrated the relationship between suprahyoid
muscle mass and swallowing function, and indicated
the importance of measuring the area of the GM,
one of the suprahyoid muscles, when evaluating the

mass of the muscles of deglutition.

Factors correlating with suprahyoid muscle mass

According to Feng et al. 6), the GM cross-

sectional area correlates positively with physical
height. Although no correlation between GM
area and physical height was found in the present
study, a positive correlation was observed
between QF thickness and weight, indicating
a possible correlation between suprahyoid and
systemic skeletal muscle mass. The GM area
also correlated positively with the HGS. The
HGS is an indicator not only of arm strength and
function but also of systemic muscle strength and

23, 24) .
. Many studies have

physical functioning
reported the relationship between HGS and both
of swallowing function and the strength of the
muscle of deglutition. Hathaway et al® measured
the HGS and evaluated swallowing function by
using videofluorography, and found a relationship
between decreased HGS and impaired swallowing
function. Meanwhile, Butler ef al® and Mendes
et al.”” reported that decreased systemic muscle
strength may cause impairment of deglutition

based on a positive correlation between HGS and
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lingual pressure. However, the relationship between
HGS and suprahyoid muscle mass has not been
investigated. The relationship between HGS and
suprahyoid muscle mass observed in the present
study demonstrated that the suprahyoid muscle mass
may also be decreased in patients with systemic
decrease in muscle strength and/or physical

function.

Changes in postoperative suprahyoid muscle mass

Invasive surgery causes elevations in inflammatory
cytokine levels, and hypermetabolism. In addition,
disuse due to bed rest and nil-by-mouth status
is also known to cause systemic skeletal muscle
atrophy (secondary sarcopenia or disuse muscle
atrophy). Gruther et al. " found that muscle mass in
patients in the intensive care unit rapidly decreased
after admission because of invasion and disuse.
Furthermore, disuse atrophy occurred rapidly in the
first week of immobilityZ). The present findings
similarly showed that the GM area, QF thickness,
and HGS decreased rapidly from POD 7, indicating
progression of muscular atrophy from an early
postoperative stage.

The GM area, QF thickness, HGS, AMC, %AMC,
Alb level, and BMI remained significantly lower at
POD 14 than their preoperative values. Additionally,
patients with insufficient postoperative oral intake
displayed a greater percentage decrease in the GM
area at POD 14. These findings suggest that the
effects of surgical invasion persist beyond 2 weeks
after surgery. Furthermore, disuse of the muscles
of deglutition caused by decreased oral intake may
exacerbate and delay recovery from postoperative
muscle atrophy. To prevent disuse, early activities at
the postoperative period are known to be effective.
However, postoperative patients do not always
return to their early oral intake; thus, it would be
useful to investigate effective exercises for the
muscle of deglutition than can be performed even at

nil-by-mouth status.

Ng et al. v reported that elevated inflammatory
response and decreased muscular performance due
to surgical invasion persisted for at least 1 month
postoperatively. As the present subjects comprised
hospital inpatients, their postoperative evaluation
was limited to 2 weeks. Further long-term evaluation
of discharged patients is required to investigate the

postoperative recovery process.

Limitations

The present study investigated patients undergoing
major surgery who were predicted to require
postoperative bed rest and a nil-by-mouth status.
As the disease and surgery type were not controlled
for, the findings may have been affected by various

factors.

SUMMARY

The present study measured the area of the GM,
a suprahyoid muscle, to evaluate the mass of the
muscles of deglutition. Suprahyoid muscle mass
correlated with systemic skeletal muscle mass,
muscle strength, and physical functioning. Skeletal
muscle atrophy due to surgical invasion was shown
to occur from the early postoperative period and
to affect the muscles of deglutition. The present
findings also suggest that use of the muscles of
deglutition also affects the process of muscle mass

atrophy after invasive surgery.
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