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Background. Age-related muscle weakness due to atrophy and fatty infiltration in orofacial muscles may be related to 
swallowing deficits in older adults. An important component of safe swallowing is the geniohyoid (GH) muscle, which 
helps elevate and stabilize the hyoid bone, thus protecting the airway. This study aimed to explore whether aging and 
aspiration in older adults were related to GH muscle atrophy and fatty infiltration.

Method.  Eighty computed tomography scans of the head and neck from 40 healthy older (average age 78 years) and 
40 younger adults (average age 32 years) were analyzed. Twenty aspirators and 20 nonaspirators from the 40 older adults 
had been identified previously. Two-dimensional views in the sagittal and coronal planes were used to measure the GH 
cross-sectional area and fatty infiltration.

Results.  GH cross-sectional area was larger in men than in women (p < .05). Decreased cross-sectional area was asso-
ciated with aging (p < .05), and cross-sectional area was significantly smaller in aspirators compared with nonaspirators, 
but only among the older men (p < .01). Increasing fatty infiltration was associated with aging in the middle (p < .05) and 
posterior (p < .01) portions of the GH muscle. There was no significant difference in fatty infiltration of the GH muscle 
among aspirators and nonaspirators.

Conclusion.  GH muscle atrophy was associated with aging and aspiration. Fatty infiltration in the GH muscle was 
increased with aging but not related to aspiration status. These findings suggest that GH muscle atrophy may be a com-
ponent of decreased swallowing safety and aspiration in older adults and warrants further investigation.
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OROPHARYNGEAL aspiration increases in older adults 
(1), which can lead to lung infection and pneumonia 

(2). The latter is a major cause of morbidity/mortality and 
is a leading cause of death among elderly residents of nurs-
ing homes (3,4). More than 50% of healthy adults aspirate 
during sleep (5,6), and in a previous study, silent aspiration 
was demonstrated in 71% of patients with pneumonia com-
pared with 10% in control participants (7). Our previous 
studies identified silent aspiration in 30% of community-
dwelling healthy, awake, older adults (8,9) and determined 
that the etiology is multifactorial. Aspiration status in older 
adults was associated with decreased tongue strength and 
pharyngeal pressure (10,11), likely due to age-related atro-
phy of swallowing muscles. Muscle atrophy and associated 
functional decline with aging (sarcopenia) has been widely 
studied in muscles of the extremities. However, oropharyn-
geal muscle atrophy and loss of balance among different 
muscle groups during aging are poorly understood, which 

may explain the lack of effective treatment for oropharyn-
geal dysphagia, swallowing deficits with aging, and other 
age-related neurological diseases (4,12–14).

Decreased pharyngeal strength and decreased posterior 
tongue strength are associated with aspiration status in 
healthy older adults (10,15). However, aspiration status 
could also be associated with decreased pharyngeal closure, 
a process for airway protection in which the precise timing 
of the elevation of hyoid bone is important (16). A decreased 
range of motion and velocity of movement in the hyoid 
bone occurs in older adults compared with younger adults 
(17,18). Several suprahyoid muscles play a similar role in 
the raising, protracting, and stabilizing of the hyoid bone 
during swallowing. For example, the geniohyoid (GH) 
muscle connects the posterior aspect of the mandible in the 
midline and anterior surface of the body of the hyoid bone. 
The GH muscle’s contraction drives the hyoid bone upward 
and forward together with the mylohyoid, stylohyoid, and 
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anterior belly of the digastric muscles (19). Sarcopenia of 
these muscles may play an important role in reducing hyoid 
bone movement during aging and the resultant increased risk 
of aspiration in older persons. In addition, age-related increase 
in fatty infiltration into the muscle is correlated with decreased 
muscle mass and strength in the elderly population (20,21).

In our preliminary studies in a nonhuman primate 
model, the GH muscle showed more obvious age-related 
muscle atrophy than other oropharyngeal muscles (unpub-
lished data). Compared with the other suprahyoid muscles, 
the GH muscle is deeper; thus, its activity is difficult to 
record through noninvasive electromyographic techniques. 
However, GH muscle and fatty infiltration can be differenti-
ated on head and neck computed tomography (CT) scans 
based on their relative densities (21,22) (fatty infiltration 
index). In addition, two-dimensional CT images in the sag-
ittal and coronal planes allow measurement of the muscle 
cross-sectional area (CSA) to quantify atrophy. The pur-
pose of this study was to compare atrophy of the GH muscle 
between younger and older adults and between aspirators 
and nonaspirators in the older adults. We tested the follow-
ing two hypotheses: (a) age induces atrophy (decreased 
CSA) and increased intramuscular fat in the GH muscle and 
(b) aspirators have more muscle atrophy and intramuscular 
fat in the GH muscle.

Methods

Participants
A retrospective review of head and neck CT scans of 80 

adults performed at Wake Forest Baptist Medical Center 
between 2006 and 2010 was performed. Forty healthy 
older adults (average age 78 years) comprised of 20 aspi-
rators and 20 nonaspirators (identified via earlier flex-
ible endoscopic evaluation of swallowing) were randomly 
selected from 73 older adults (10,23). As a control group, 
we selected at random CT scans from 40 younger adults 
(average age 32 years). These CT scans had been done to 
rule out brain infection, trauma, and intracranial bleeding 
in these patients. The medical records and notes for these 
participants were thoroughly reviewed and all selected par-
ticipants met the following criteria: (a) no known head and 
neck cancer (or other cancer); (b) no known neurological 
or muscular diseases; (c) no known swallowing, speech, or 
respiratory diseases; and (d) no prior orofacial implant sur-
gery or other head/neck surgery. The protocol was approved 
by the Wake Forest University Health Sciences Institutional 
Review Board.

Demographics
Demographic data collected for each participant included 

age, gender, height, and body weight. Body mass index 
(BMI) was calculated as follows: BMI (lbs/in2) = (weight in 
pounds × 703)/height in in2.

Image Analysis
For the older adults, noncontrast head and neck CT scan 

parameters were set at 120 KV, 280 mA, 0.8 seconds helical 
rotation time, 1.25 mm slice thickness, 6.25 speed, 0.625 
pitch, small focal spot, and 18 cm display field view (GE 
Lightspeed Pro 16). CT scans were taken while each partic-
ipant was in the supine position, with his or her head fixed 
in a padded head cradle with the chin slightly tilted toward 
the ceiling. Participants were instructed not to swallow or 
perform any oral movement during the CT scans. We could 
not document identical positioning among the younger 
adults, since their CT scans were done as part of clinical 
care. However, these patients’ heads would have been simi-
larly positioned as part of the usual protocol for head and 
neck CT scans at our imaging center.

The scans were imported into analysis software loaded on 
a General Electric workstation, and two-dimensional images 
were reformatted and constructed in the sagittal and coronal 
planes. Relative to the coronal plane, the boundary of the 
GH muscle in the section of the midsagittal plane was iden-
tified and the CSA of the GH muscle was measured (mm2; 
Figure 1A). Then, the GH muscle in the midsagittal plane 
was divided into anterior (one third), middle, and posterior 
(two thirds) segments (Figure  1B). The CSA of anterior 
and middle GH muscle in the coronal plane was measured 
(Figure  1C and D). Finally, muscle fatty infiltration was 
measured in Hounsfield units (HU; [24]). The HU represents 
the different density levels of tissues. The density of pure 
water was arbitrarily set at 0 HU and that of air at −1000 HU 
(25). The higher the HU are the less the fatty infiltration is 
within the muscle and vice versa (26). Due to the regionaliza-
tion of GH muscle activity (27,28), we analyzed the density 
at the three different sections (anterior, middle, and poste-
rior) of the GH muscle in the coronal plane (Figure 1C–E). 
Tissue density was measured in a 5 mm2 circular region of 
interest (29) in the central region of the muscle to assure that 
the region of interest (ROI) was intramuscular.

Randomly selected images were reviewed by a radiolo-
gist and an otolaryngologist to establish standardized meth-
ods to determine muscle separation and measurements. 
Then, one investigator who was blinded to age groups and 
aspiration status performed all the measurements twice at 
different times. Intra-rater reliability was analyzed using 
the intraclass correlation coefficient (ICC) (30). ICC for all 
the measures were 0.92–0.97 (p < .001) suggesting a high 
intra-rater reliability. Values from each measurement were 
averaged and calculated for statistical analyses.

Statistical Analysis
The results are presented as means ± standard deviation. An 

analysis of variance was used to examine differences in mus-
cle volume and fatty infiltration as a function of age, gender, 
and aspiration status. Pearson correlation coefficients were 
calculated between muscle size/fatty infiltration and BMI. 
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Independent t tests and Wilcoxon’s rank-sum tests were done 
to analyze the differences among age, gender, and aspiration 
status groups, respectively. Significance level was set at .05. 
All analyses were performed using SAS 9.2 (Cary, NC).

RESULTS

Demographic Data
The demographic data are shown in Table 1. No signifi-

cant differences in BMI were found across age and gender 
groups (p > .05).

Correlation Between Gh Muscle CSA/Fatty Infiltration 
and BMI

No significant correlations were found between BMI and 
CSA of the GH muscle in the sagittal (r = .24, p = .16) and 
coronal planes (anterior: r = .03, p = .79; middle: r = .01, 
p = .90). Fatty infiltration of the GH was not related to BMI 
in any portion of the muscle (anterior: r  =  .04, p  =  .76; 
middle: r = .08, p = .48; and posterior: r = .12, p = .29).

CSA of the Gh Muscle
CSA of the GH muscle was decreased in the older adults 

compared with the younger adults in both men and women, in 
both the midsagittal (p < .01; Figure 2A) and coronal planes 
(p < .01; Figure 2B and C). Among older adults, CSA of the 
GH muscle was larger in men than in women in the midsagit-
tal plane and anterior coronal planes (p < .01; Figures 2A and 
B). The men had larger CSAs for the middle GH muscle in 
the coronal plane than women, across age groups (p < .05; 
Figure 2C). Among the older adults who were aspirators, CSA 
of the GH muscle in the midsagittal plane was smaller than in 
the nonaspirators, but only in the men (p < .01; Figure 3).

Fatty Infiltration of Gh Muscle
No effects of gender on fatty infiltration index were 

found in either younger or older adults (p > .05); thus, data 
from men and women were combined for analysis. The 
fatty infiltration index was bigger in the anterior compared 
with the middle and posterior GH muscle across age groups 
(p < .01, anterior vs middle, anterior vs posterior, middle 

Figure 1. Two-dimensional computed tomography (CT) scans used for measurements of the geniohyoid (GH) muscle. (A) is the section in midsagittal plane; 
(B) is an enlargement of the white square in (A). (B) also shows axis of the longitudinal GH muscle between the mandible and hyoid bone drawn at the one-third 
(1), middle (2), and two-thirds (3) portions of the GH muscle in the midsagittal plane. These represent the anterior (C), middle (D), and posterior (E) portions of the 
GH muscle in the coronal plane. Fatty infiltration index, in Hounsfield units (Hhs), was measured separately for three sections (C–E). GG = genioglossus muscle, 
A = anterior digastric muscle, and M = mylohyoid muscle.

Table 1. Demographic Data

Younger Men Younger Women

Older Men Older Women

Nonaspirator Aspirator Nonaspirator Aspirator

Number of participants 20 20 9 (37.5%) 15 (62.5%) 11 (68.5%) 5 (31.5%)
Age (Y) 30.6 ± 6.1 32.6 ± 6.1 76.9 ± 4.2 77.7 ± 6.1 76.6 ± 8.7 79.4 ± 7.8
BMI 25.1 ± 4.5 31.2 ± 9.0 28.7 ± 4.5 28.6 ± 7.8 28.1 ± 5.7 28.1 ± 6.1

Note: Values are means ± standard deviation; BMI = Body mass index.
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vs posterior; Figure  4A and B). Different portions of the 
GH muscle were affected differently by aging, relative to 
fatty infiltration. In the middle and posterior GH muscle, 
the fatty infiltration index was smaller in the older adults 
compared with the younger adults (p < .05 and p < .01, 

respectively; Figure  4A). However, no significant differ-
ences were found in the anterior GH muscle between the 
older and younger adults (p > .05, Figure 4A). Aspirators 
and nonaspirators showed no significant differences in the 
fatty infiltration index in the anterior, middle, and posterior 
GH muscle (p > .05 for all; Figure 4B).

Discussion
To our knowledge, this is the first comparison of GH 

atrophy and fatty infiltration among younger and older 

Figure 2. Changes in geniohyoid (GH) muscle size associated with aging. 
Cross-sectional area (CSA) of GH muscle in older adults compared with 
younger adults in both men and women in the midsagittal (A) or anterior (B) 
or middle (C) sections of the coronal planes. *—indicates p < .05 and **— 
indicates p < .01.

Figure 3. Geniohyoid (GH) muscle size among older adults who were aspi-
rators (black bars) vs nonaspirators (white bars), showing cross-sectional areas 
(CSA) of the GH muscle in the midsagittal plane (A) and anterior and middle 
portions of the coronal planes in (B) and (C). *—indicates p < .05 and **—
indicates p < .01.
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adults, with additional comparisons among aspirators and 
nonaspirators in the older adults. The main findings in this 
study were as follows:(a) GH muscle atrophy was associated 
with aging, and aspirators had more atrophy compared with 
the nonaspirators, but only among the older men and (b) 
intramuscular fatty infiltration increases with aging but was 
not related to aspiration status in the older adults.

This pilot study used head and neck CT scans to meas-
ure the size and fatty infiltration of GH muscle as a factor 
of gender, age, and aspiration status. The CT system used 
allowed us to view the same anatomic structure in three dif-
ferent planes (sagittal, coronal, and axial) at the same time. 
This allowed us analyze the muscle of interest in each plane 
relative to the other two planes at the same time. Thus, we 
could exclude other adherent muscles in the analysis.

The midsagittal plane was the section where the mylohy-
oid muscle could be best distinguished in the anterior and 
middle portions of the GH muscle. The posterior portion of 
the GH muscle in the midsagittal section might include some 
of the mylohyoid muscle during measurements; however, it 
is a small percentage compared with the whole GH muscle 
area. We standardized measurements in each participant to 

try to minimize this bias. We also analyzed the anterior and 
middle portions of the GH muscle in the coronal plane to 
strengthen our measurements, since these portions of the GH 
muscle could be more easily distinguished from the genio-
glossus and mylohyoid muscles based on the muscle outline.

The CT imaging technology did have limitations in 
measuring total volume of the GH muscle. Other techniques, 
such as MRI, might be better to visualize and separate 
the muscular structure in the submental area and provide 
more detailed information regarding muscle volume 
measurements (31,32). These preliminary findings from 
our current database of head and neck CT scans could help 
determine which imaging modalities are better for future 
mechanistic studies (eg, MRI and ultrasonography [31,33]). 
In the future, we may also use histological analyses from 
autopsied tissues to verify our results.

Clinical Implications
In this study, CSA of GH muscle from head and neck CT 

scans decreased in older adults, regardless of gender. More 
importantly, aspiration status was linked to age-related 
decrease in CSA of GH muscle in the older men, indicating 
that our hypothesis that GH atrophy may play an important 
role in age-related aspiration is worthy of study.

Currently, many clinical strategies for swallowing 
rehabilitation focus on enhancing tongue strength (34). 
Targeting and improving GH muscle activity during swal-
lowing rehabilitation has not been previously addressed. 
In addition, whether the activity of GH muscle can be 
efficiently improved by swallowing exercises that aim 
to strengthen all swallowing muscles has not been deter-
mined. GH muscle activity with different swallowing exer-
cises is difficult to estimate by electromyography using 
surface electrodes in the submental area because the GH 
muscle is in a deeper position (35). Although submental 
transcutaneous electrical stimulation (36) has had benefi-
cial effects in treating oropharyngeal dysphagia (29), this 
intervention inconsistently elevates the hyolaryngeal com-
plex (37), which limits its beneficial effects in airway pro-
tection. Our pilot findings from the CT images suggest that 
it has value to verify (a) risk of loss of muscle mass in the 
whole GH muscle and (b) GH muscle functional decline 
associated with aging that could predispose to aspiration. 
GH muscle mass can be measured by MRI, and GH muscle 
contraction can be evaluated by ultrasound (31,38). These 
studies will help elucidate the mechanisms of GH muscle 
sarcopenia underlying aging-related aspiration and help to 
develop efficient strategies to improve airway protection 
and avoid aspiration.

Gh and Fat Infiltration
Sarcopenia in the elderly population occurs from age-

related loss of muscle mass, strength, and coordination 

Figure 4. Fatty infiltration of the anterior, middle, and posterior portions of 
the geniohyoid (GH) muscle. (A) Effect of aging on these associations in older 
(black bars) vs younger (white bars) participants. (B) Effects of aspiration on 
these associations in aspirators (black bars) vs nonaspirators (white bars). Fatty 
infiltration measured in Hounsfield units (HU). **—indicates p < .01.
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(39). In addition, age-related changes in body composition, 
such as increased body fat mass, play important roles in 
functional impairment in the elderly population because 
high fat mass is associated with lower muscle quality and 
accelerated loss of lean mass (40,41). This body fat is 
distributed in the visceral, subcutaneous, and intermuscular 
adipose tissues outside the skeletal muscle (40). Increased 
intramuscular fatty infiltration is also related to muscle 
strength in the elderly popualtion. For example, attenuation 
values of limb muscle in CT scans of older persons account 
for differences in muscle strength (21). These findings 
provided the rationale for this study to examine effects 
of aging and aspiration on fatty infiltration within the GH 
muscle. The average BMI of the participants in this study 
was 28 ± 7 (considered overweight but not obese). Although 
intramuscular lipid content is increased in obesity (42), we 
found no significant differences in BMI across age, gender, 
or aspiration status. In addition, no correlation was found 
between the BMI and the fatty infiltration index of the GH 
muscle.

Our results showed that fatty infiltration was not evenly 
distributed within the GH muscle. The fatty infiltration 
index averaged 75, 64, and 60 HU at the anterior, middle, 
and posterior regions of the GH muscle, respectively, sug-
gesting a gradual increase of fatty infiltration in the GH 
muscle from anterior to posterior sections. Fatty infiltration 
increased with aging only in the middle and posterior areas, 
not in the anterior portion of the GH muscle. This finding 
suggests more severe muscle tissue loss in the middle and 
posterior portions of the GH muscle, consistent with earlier 
reports of a 13%–26% loss of fiber CSA in muscles of older 
individuals (43–45).

Unexpectedly, we found no difference in GH fatty infil-
tration between aspirators and nonaspirators among older 
adults. A  previous study found that isometric strength of 
the lower posterior tongue was associated with greater pos-
terior tongue adiposity but was not related to aspiration in 
healthy older adults (46). Thus, these data suggest that fatty 
infiltration in the GH muscle may not be a direct biomarker 
for aspiration in such individuals.

Gh Atrophy and Possible Mechanisms
Decreased range of motion and velocity of the hyoid bone 

(17,18) predisposes older adults to aspiration. Our findings 
strongly indicate that loss of GH volume in the elderly 
population may play an important role in this process. 
Considering that the etiology of muscle weakness during 
aging is multifactorial, which may include age-related mus-
cle atrophy, increased inter- and intramuscular fatty infiltra-
tion, denervation/reinnervation, inflammation, and changes 
in circulating hormones (47), further studies are needed to 
investigate the underlying mechanisms that contribute to the 
decreased CSA of the GH muscle during aging. Our pilot 
studies in a nonhuman primate model (unpublished data) 

showed a similar age-related GH atrophy, possibly due to 
a decline in myonuclear function, since changes in nuclear 
morphology and distribution are highly related to reduced 
nuclear function with aging (30,48). Other factors such as 
decreased satellite cells and increased myonuclear apopto-
sis (49,50) could also contribute to GH atrophy. Because of 
the difficulty of obtaining oropharyngeal muscle samples 
from humans, an appropriate animal model is helpful for 
mechanistic studies.

The GH muscle plays a key role in hyoid bone move-
ment in the anterior direction for airway protection (19). 
However, swallowing is a biomechanical process that 
needs a balanced output from multiple skeletal muscles 
in the oral, pharyngeal, and esophageal compartments. If 
the swallowing muscles are disproportionately affected by 
aging, the output of the skeletal muscular balance will be 
interrupted and result in swallowing disorders. This study 
is an initial attempt at quantification of the GH muscle 
involved in aging and aspiration. In future studies, we plan 
to examine the effects of aging and aspiration on other 
swallowing muscles, in the oropharyngeal and bulbar 
regions using MRI or other imaging modalities for more 
detailed and precise measurements. In addition, future 
biomechanical studies to analyze the functional contribu-
tion of each swallowing muscle and how they are affected 
by aging will be valuable to illuminate the mechanisms 
underlying swallowing dysfunction that occurs during 
normal aging.

A limitation of this study is the lack of information on 
aspiration status in the younger participants. However, 
previously, we found a 0% incidence of aspiration in 
young adults during a flexible endoscopic evaluation of 
swallowing study (8). Thus, it is unlikely that the presence of 
aspiration in the younger adults we studied was significant. 
In addition, our recruitment criteria reduced the possibility 
of including aspirators among the younger adults. Future 
studies in larger cohorts that include aspiration status will 
provide more information on the relationship of GH and 
other swallowing muscles to aspiration status.

Conclusions
In summary, using head and neck CT scans, we found 

that decreased CSA of GH muscle was associated with 
aging and was greater in aspirators compared with non-
aspirators in older men. However, fatty infiltration of the 
GH muscle was correlated only with aging. These findings 
may indicate an association between GH muscle atrophy 
and decreased swallowing safety and aspiration in older 
adults and warrants further investigation. Future physio-
logical studies will be valuable to elucidate the relationship 
between the functional decline of the GH muscle and aspi-
ration and will be beneficial in the development of targeted 
rehabilitation strategies for treating aspiration associated 
with dysphagia.
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