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In ankyloglossia with deviation of the epiglottis and larynx (ADEL) the tongue is located forward and as a result the
epiglottis is elevated and leans towards the mouth. The larynx is also raised and curves ventrally. Various symptoms have
been observed as a result of this condition. Correction of the glosso-larynx (CGL) is the operation performed to treat
ADEL. The CGL procedure and the results obtained with it are reported in this paper. In addition, we studied the
following six parameters using head and neck X-rays before and after CGL (the changes in these parameters as a result
of CGL are shown in parentheses): (i ) the shortest vertical length between the hyoid bone and mandible ( »10.3 mm);
(ii ) the vertical length between the hyoid bone and the tangent line of C2–4 ( »4.6 mm); (iii ) the shortest length between
the hyoid bone and the chin (»2.9 mm); (iv) the angle between the hyoid bone and the tangent line of C2–4 (»3.3°);
(v) the length of H–M, where H is the intersection of a tangent line of C2–4 and a vertical line from the hyoid bone and
M is the intersection of a tangent line of C2–4 and the mandible (»7.4 mm); and (vi ) the width of the narrowest part
of the hypopharynx (»3.0 mm). The changes in all the measured parameters after CGL were signi� cantly different
(pB0.05). Key words : ankyloglossi a with deviation of the epiglottis and larynx, genioglossus muscle, respiration, sleep
disorder, upper airway.

INTRODUCTION

We have studied ankyloglossia with deviation of the
epiglottis and larynx (ADEL) since 1987 and have
established an operation to correct this problem,
namely correction of the glosso-larynx (CGL).

The typical signs and symptoms of newborn and
suckling infants with ADEL are cold extremities, pale
complexion, underdevelopment of the mandible and
temporal muscles, harsh respiratory sounds, snoring,
persistent crying, lack of eye contact, dif� culty falling
asleep, waking easily, � nger sucking, choking and
vomiting easily and fear of strangers. Furthermore,
these neonates and infants cannot breast-feed (1).

The signs and symptoms of ADEL in infants are
malaligned teeth and malocclusion, poor posture,
fearfulness and dependency. They also lose their tem-
per easily, are sel� sh and do not play well with their
friends and:or alone (2).

Adults with ADEL tend to suffer from stiffness of
the shoulders, cold sensations in the extremities, in-
somnia and:or the feeling of disturbed sleep, fatigue,
malaligned teeth and malocclusion (3).

Of these symptoms, sleep disorders are common
for all age groups. As mentioned, babies do not fall
asleep promptly, awaken easily, snore and experience
apnea during sleep and exhibit harsh respiratory
sounds. They do not sleep until they can suckle (4).
They move abruptly and:or smile involuntarily. Simi-
larly, infants awaken easily, snore and move around
during sleep and display bad temper upon waking in
the morning. Adults subjectively feel that their sleep
is disturbed or inadequate, and suffer increased rates

of snoring and apnea during sleep. Accordingly, they
are sleepy during the daytime, easily become fatigued
and experience frequent headaches.

The symptoms cited above are ameliorated after
CGL (1–3, 5–8). In addition, decreased apnea during
sleeping, increased blood oxygen saturation rate, in-
creased vital capacity, increased expiratory volume in
1 sec and increased respiratory rates were observed
after CGL (1, 3, 9–11). Those reports indicated that
respiration is ‘‘restrained’’ by ADEL. CGL releases
this respiratory ‘‘restraint’’ and improves the symp-
toms and signs of ADEL, thus producing improved
clinical outcomes.

From an anatomical point of view, it would appear
important to study the changes resulting from CGL
in order to gain an insight into the causes and
treatments of ADEL. Therefore, positional changes
in the hyoid bone, cranium and width of the hy-
popharynx were determined by measuring various
parameters before and after CGL. Herein we report
details of the method of CGL employed and the
results of the measurements.

CGL

The purpose of CGL is to reduce the resistance of the
upper airways by cutting the frontal bundles of the
genioglossus muscle (GM) and to reduce any impedi-
ment to respiration caused by ADEL (1–4, 11, 12).

By cutting the frontal bundles of the GM, the
tongue rotates down and forwards as a fulcrum with
the attachment of the GM to the mandibular bone.
As the results show, the epiglottis and larynx move
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downwards and become vertically aligned towards
the epipharynx (1, 9). In addition, the hypopharynx is
widened (see Discussion).

Procedure
For babies aged B4 months with medial and light
ADEL, we cut one to two layers of the frontal bundle
of the GM after administering sedatives by supposi-
tory (Fig. 1). The mouth is opened with a gag and the
central portion of the oral side of the tongue is held
securely using a pair of forceps with a clasp (left).
The tongue is cut horizontally just above the carun-
cula sublingualis until the second layer of the GM is
exposed (right). The incision should be narrow in
order to avoid damage to the sublingual vessels and
nerves. The operation is completed in a few seconds
using a laser.

For babies with severe ADEL and hypoxia or for
patients aged ]5 months, we cut two to three layers
of the GM under general and:or local anesthetic (Fig.
2). Panel 1: the technique involves passing a rather
thick thread through the tip of the tongue. Using this

thread, the tip of the tongue is pulled upwards, and
the ventral aspect of the tongue and the base of the
oral cavity are exposed for surgery. The tongue con-
tinues to be held during the operation by the thread.
The needle has to pass through the middle of the
tongue, where the septum linguae runs. The middle of
the tongue is the safest place to insert the needle
given that the muscles, vessels and nerves of the
tongue are separated by the septum linguae. If the
needle deviates from the midline, it sometimes dam-
ages lingual vessels and bleeding occurs.

Panel 2: the incision starts vertically in the midline
ventral portion of the tongue. The cut is then ex-
tended horizontally at the upper part of the cornicu-
lum sublingualis, producing an operative window
shaped like a rhombus. The vertical incisions rarely
injure vessels, but horizontal incisions do sometimes
cut sublingual vessels. These vessels are observable
through the mucous membrane, so bleeding is avoid-
able if the surgeon is careful. The � rst bundles of the
GM, which run parallel to one another and beneath
the mucous membrane, appear after separation

Fig. 1. Illustration of the CGL pro-
cedure for babies aged B4 months
with moderate ADEL. Tng¾condi-
tions of the tongue (1, 3, 9, 14). See
text for details.
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Fig. 2. Illustration of the CGL procedure for babies with severe ADEL and hypoxia or for patients aged ]5 months. See
text for details.

of the connective tissues. Generally, there is little
bleeding.

Panel 3: the � rst layers of the GM are shrunken by
cutting. Then the second layers appear they are two
or three times as thick as the � rst bundles. Small
branches of the sublingual vessels run between the
second and third layers. After ligature of the bundles,
the second layer should be incised. Panel 4: when the
ankyloglossia is severe and:or is accompanied by
strong deviation of the epiglottis and larynx, the third
layer of the GM should also be cut. After cutting the
second layer, expose the third layer of the GM.
Ligature the bundles and then cut them. CGL is
� nished at this point.

Panel 5: hemostasis must be con� rmed at this
stage. Panel 6: the operated wound must be left open,
because edema of the tongue occurs after the opera-

tion. Suturing results in pain as well as delayed
healing. Sometimes the tongue swells by hematoma
caused by postoperative hemorrhage. If there is a lot
of hemorrhage, the blood will exudate through the
septum linguae into the epiglottis. This in� ltration of
blood causes swelling of the epiglottis and results in
respiratory insuf� ciency. In addition, postoperative
adhesion has been observed more in sutured wounds
than in open wounds. Edema of the tongue is less
marked and pain is reduced by leaving an open
wound. Control of postoperative hemorrhage is also
easier without suturing. Lastly, the tongue is more
mobile after surgery in the absence of sutures. Clini-
cians should note that the open wound is covered
with a pseudo-membrane, as seen after tonsillectomy.
The wound gradually contracts and heals in a cross
shape.
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MATERIALS AND METHODS

Subjects
The subjects were 30 adults (15 males, 15 females;
average age 30919 years; range 13–68 years) who
visited the Otorhinolaryngology Division of the
Mukai Clinic complaining of symptoms of ADEL
between June and December 1997.

Methods
A simple lateral head X-ray was taken for every
subject under the following conditions: constant fo-
cus; bulb voltage 58–63 kV; bulb current 200 mA;
shutter speed 0.06–0.1 s; distance from � lm 800 mm.
Each subject’s head was self-supported; subjects were
asked to look at a mirror marked with a vertical line
and to avoid leaning the head or rotating the neck.
They were asked to close their mouths and to abstain
from phonation or swallowing when the shutter was
released.

The X-rays were taken 1 month prior to surgery
during a general examination and immediately after
CGL.

Measured parameters
Six parameters were measured from the X-ray � lms,
as shown in Fig. 3. These parameters were measured
using a micrometer with a precision of 0.01 mm. The
measurements were rounded to one decimal place.
StatView software (SAS Institute, Cary, NC) was
employed for statistical analysis.

RESULTS

As shown in Table I, the changes in all the measured
parameters after CGL were signi� cantly different
(Student’s paired t-test). Brie� y, the results showed
that the hyoid bone moved down and forwards, the
cranium rotated upwards and the hypopharynx was
widened (Figs 4 and 5).

DISCUSSION

The tongue consists of muscles, and the hyoid bone is
its pivotal point of attachment (13). The following
muscles are attached to the anterior face of the
corpus of the hyoid bone: the genioglossus, geniohy-
oid, hyoglossus, mylohyoideus, digastricus and stylo-
hyoideus muscles. The thyrohyoid muscles are
attached to the posterior face of the corpus of the
hyoid bone. The fascia of the geniohyoid and ge-
nioglossus muscles is attached to the superior hyoid
face, and the sternocleidohyoid, omohyoid and part
of the thyrohyoid muscles are attached to the inferior
hyoid face. The thyrohyoid muscles are attached to
the lateral part of the greater cornu, and the fascia of

the thyrohyoid muscles is attached to its medial side.
The ligaments of the lateral thyrohyoid muscles are
attached to the posterior greater cornu, or tuberclum.
The stylohyoid ligaments and the muscles of the
inferior glossus, superior glossus and middle pharyn-
geal constrictor are attached to the lesser cornu.

The hyoid bone is connected to the spine of the
GMs to the front, upward with the styloid process
and downward with the epiglottis, larynx and thyroid
cartilage by muscles and ligaments cited above. Con-
sidering the forces exerted on the hyoid bone via
these connections, the greatest continuous force ex-
erted on the hyoid bone is directed forwards to the
mandibular bone by the GMs and the geniohyoid
muscles. The condition of ADEL is caused by the
force directed upwards and forwards, thereby pro-
ducing deviation of the epiglottis and larynx. This
explanation makes sense given that the GMs are the
strongest of all the muscles connected to the hyoid
bone (14, 15).

Fig. 3. Illustration indicating the measured parameters,
constructed using Adobe Photoshop from an outline of the
X-ray. (a) The shortest vertical length between the hyoid
bone and the tangent line of the lower edge of the
mandibular bone (L–LÆ). (b) The vertical length between
the hyoid bone and the tangent line of C2–4 (V–VÆ). (c)
The shortest length between the hyoid bone and the chin.
(b) The angle between L–LÆ and V–VÆ. (d) The length of
H–M, where H is the intersection of V–VÆ and the vertical
line from the hyoid bone and M is the intersection of V–VÆ
and L–LÆ. (e) The width of the narrowest part of the
hypopharynx.
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Table I. Mean9SD of measured parameters

After CGLParameters Difference pBefore CGL

18.0 93.9 10.3a (mm) B0.0017.795.3
40.194.1b (mm) 44.7 95.0 4.6 B0.001

55.494.9 2.952.596.2 B0.005c (mm)
72.6 95.2 3.3 B0.005b (°) 69.395.3
30.7 97.8 7.423.398.5 B0.001d (mm)
15.694.9e (mm) 3.0 B0.00112.690.4

a See Fig. 3 for de� nition of parameters.

After the operation, the hyoid bone had descended
and the cranial bone had rotated forwards. As a
result, both the hypopharynx and oropharynx were
expanded. These changes mean that the tongue ro-
tated down and forwards at the fulcrum of the spina
muscles genioglossus of the mandibular bone. The
results also suggest that the tongue pulls the hyoid
bone and cranium.

The malocclusion frequently seen in infants and
adults with ADEL might be caused by this substan-
tial force. This force acts constantly on the mandible
during swallowing and speaking in a backwards di-
rection. In response, the mandibular bone is thought
to grow forwards. Hirano et al. (16) compared the
shapes of the dental arches, spacing of the teeth,
numbers of teeth affected by caries and types of
swallowing in 5- and 6-year-old children who under-
went CGL before the age of 1 year, and in controls of
the same age who had not undergone CGL. The
results showed that the infants who underwent opera-

tions had fewer caries and optimal combinations of
masticatory function and dentrofacial esthetics.

Several other physical changes after CGL have
been reported in the past 10 years. Tsuno (17) re-
ported eight cases in which the center of gravity of
the foot moved forwards after CGL. Takemura et al.
(18) compared the heights of 159 patients before and
after CGL. The average height increased by 2 mm
after CGL. Higashino et al. (19) measured � exibility
of the body in 199 cases. On average, patients could
bend their backs an additional 2.3 cm after CGL.
Nagasugi et al. (20) reported that four patients who
had previously presented with primary complaints of
swallowing dif� culties improved after CGL. In addi-
tion, we have observed improvements in swallowing
abilities after CGL in many Down’s syndrome pa-
tients. Suzuki (21) reported that his Burger disease
improved as a result of CGL, as he could walk and
jog more afterwards. Taken together, these reports
suggest that ADEL impairs physical condition.

Fig. 4. Examples of X-rays taken (a) before and (b) after CGL.

(a) (b)
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Fig. 5. Mean changes in the hyoid bone and cranium after
CGL computed using Adobe Photoshop. The hyoid bone
(shown in red) moved down and forwards and the cranium
(gray shading) rotated upwards.
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ADEL is an autosomal-dominant condition (22).
At a health check for 4-month-old babies performed
at the Hodogaya and Asahi Health Center in Yoko-
hama, Japan in 1993, of a total of 206 babies, 25.5%
had severe ankyloglossia, 41.7% had medial anky-
loglossia and 25.5% had light ankyloglossia (23). In
2000, we examined the tongue, nose, ears and teeth
and investigated occlusion and the orthodontic ap-
pearance of 5- and 6-year-old infants in Kobe, Japan.
Out of a total of 97 infants, 22.6% presented with
severe ankyloglossia, 38.0% had medial ankyloglossia
and 37.1% had light ankyloglossia (24). These � nd-
ings suggest that ADEL is much more common than
was previously thought.

When we encounter patients with sleep disorders
and other signs and symptoms of ADEL, our � rst
choice of treatment is CGL, especially given that it
only takes a short time to perform (25). We recom-
mend this operation for those with signs and symp-
toms of ADEL.
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