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Abstract
Human hyoid bone floats in the neck. Downwards of an amount of about half
vertebra and 0.3 cm forward following the correction of the glosso-larynx
(CGL) was observed by simple XP. Disappearance of symptoms of the ankyloglossia with deviation of the epiglottis and larynx (ADEL) and increased of
body temperature were observed after CGL. The results suggest that hyoid
bone makes a complex that controls not only respiration and swallowing but
also controls metabolism. It might be called hyoid bone complex (HBC).
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1. Introduction
Symptoms and signs of ankyloglossia with deviation of the epiglottis and larynx
(ADEL) are caused by respiratory insufficiencies. Correction of the glosso-larynx
(CGL) is a surgery for ADEL, consisting in cutting the frontal bundles of genioglossus muscles. Following CGL, the deviated epiglottis and larynx move
downwards aligned with the choanae, and improved respiratory rate and pulmonary function and increased body temperature are observed. The possible
mechanisms leading to improved respiratory rate and increased body temperature cannot be explained by the cut of the bundles of genioglossus muscle alone
and additional factors are likely to play a role, for example positional changes of
the hyoid bone occurring after CGL [1] [2] [3] [4] [5].
The aim of this study was to assess the positional changes of the hyoid bone
following GCL by using simple X-ray photographs (XPs) in order to assess the
possible mechanisms at the level of the hyoid bone that may be related to the
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beneficial effects observed following CGL.

2. Method
A total of 232 patients (138 females, 94 males; 17 to 78 years old (yr), average
40.1 yr) that underwent CGL from 2013 to 2016 were studied by taking XPs before and after CGL (Figure 1).
To assess possible positional changes in the hyoid bone, two measures were
extracted from XPs and compared before and after CGL. Specifically, we measured the height of point V and the length of segment VH, defined in the followings. A horizontal line was drawn to connect the outermost part of the hyoid
bone (point H) to the vertebrae (point V) and the distance between the two
points was computed (length of segment VH), as shown in Figure 1.
To define the height of point V along the vertebrae, four possible positions
were considered on each vertebra: the upper part (e.g., IIIup), the central part
(e.g., III) the lower part (e.g., IIIdn) and the joint between two vertebrae (e.g.,
III/IV).
The following two measures were assessed and compared before and after
CGL:
1) The height of point V.
2) The length of segment VH.
For the sake of comparing the length of segment VH before and after CGL,
calibrations on the XPs were performed to each film according to the scale on
film.
Possible differences in mean height of point V in the study sample before and
after CGL were assessed by using a contingency table test (StatView 4.5) and
possible differences in mean length of segment VH before and after CGL were
addressed by using Student t-tests (Microsoft Exel Mc2011).

3. Results
3.1. Distribution of Height of Point V
The height of point V before CGL ranged from the third vertebra (III) to the

Figure 1. XPs in one of the participants before and after CGL.
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upper part of the fifth vertebra (Vup). After CGL the heights of point V shifted,
on average, towards lower vertebrae and ranged from the third (III) to the fifth
vertebra (V). The median value of the height of point V before and after CGL
was IV up and IV, respectively, suggesting a trend towards a downward shift
(Figure 2).
Statistical analysis showed that there was a significant difference between two
distributions (p < 0.0001), suggesting a tendency to a downward shift in the
height of point V following CGL.

3.2. Length of Segment VH
The average length of segment VH before and after CGL was 4.4 cm (s.d. 0.63)
and 4.7 cm (s.d. 0.64), respectively (Female: 4.1 cm and 4.4 cm; Male: 4.9 cm and
5.2 cm) (Figure 3). There was significant difference between the distribution of
length VH before and after CGL (p < 0.0001), suggesting a trend towards an increase in distance between the hyoid bone and the vertebrae following the procedure.

Figure 2. Distribution of the height of point V before and after CGL in the study
sample (N = 232) (p < 0.0001).

Figure 3. Mean length of segment VH before and after
CGL in the study sample (N = 232) (p < 0.0001).
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4. Discussion
Phylogenetically, the tongue appeared later. In fishes, the hyoid bones are in the
inner margin of the mouth bones [6]. Fishes are able to eat and breathe with the
composite of visceral skeleton. They don’t need the tongue as mammals.
The tongue muscles are attached at the top of the hyoid bone in humans by
the hyoglossal membrane. The tongue muscles are attached to the mandibular
bone ventrally. The bottom edge of the hyoid bone the larynx is attached to the
thyrohyoid ligament. In turn, the larynx is connected with the trachea, bronchi
and lungs. These structures constitute a complex that is called the hyoid bone
complex (HBC). The hyoid bone floats in the neck but and the mandibular bone
is stable. As the hyoid bone is able to move upwards and downwards via the
muscles that are attached to its top and bottom edge, the HBC is able to move
upwards and downwards too [7]. As a result, the HBC in humans is pulled up
and forward by the tongue. The CGL is a procedure that cuts the frontal bundles
of genioglossus muscles and therefore the HBC can rotate downward and forward following CGL.
This study showed that the hyoid bone tended to move downwards of about
half vertebra and about 0.3 cm ventrally following CGL. These outcomes may be
interpreted in light of the observed improvements following CGL in individuals
with ADEL. In fact, disappearance of symptoms and signs of ADEL following
CGL (for example, improvement in respiratory function and increase in body
temperature) may be related to downward and ventral movements of the hyoid
bone that might accelerate respiration [8] [9] [10].
The improvement of symptoms of ADEL and the increase in respiratory function and body temperature observed after CGL may be related to downward and
forward movements of the HBC that, in turn, may accelerate physiological functions and may, as such, have further implications in terms of not only respiration and swallowing but also circulation, metabolism, and immune function.
The observed improvements are likely to be related to the function of the HBC, a
complex structure that regulates respiration and various human functions such
as drinking, laughing, singing, swallowing, vomiting, crying, and breathing.
It was reported that the hyoid bone of Homo Neanderthalensis is higher than
that of Homo Sapiens [11] [12]. The stylohyoid bone of Homo Neanderthalensis
was shorter than that of Homo Sapiens. Therefore the HBC of Homo Neanderthalensis might be shorter and it might have had more limited movements. Related to this, the metabolisms of Homo Neanderthalensis might have been lower
than that of Homo Sapiens, possibly contributing to a higher mortality rate, thus
suggesting that positional changes of the HBC, such as the ones induced by CGL
and demonstrated by this study, may play a role in an evolutionary perspective.

5. Conclusions
The tongue pulled HBC upwards. The improvements in symptoms and signs of
ADEL observed following CGL as downward and forward movement of the
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hyoid bone could improve respiration and, in turn, contribute to improved physiological function.
There might exist a system that control respiration and swallowing as well as
metabolism by the hyoid bone that is hyoid bone complex (HBC).
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