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ANKYLOGLOSSIA WITH DEVIATION OF THE
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We observed ankyloglossia to be usually accompanied by displacement of the epiglottis and larynx. Infants with this disease developed
dyspnea and skin and hair abnormalities. In addition, they had other symptoms, such as a dark forehead, a frowning expression, a dark
color around the lips, scanty eyebrows, swelling around the palpebrae, harsh respiratory sounds, hard crying, snoring, and frequent yawn
ing. In spite of these abnormalities, they had been considered to be healthy by their pediatricians. Arterial oxygen percent saturation
(Sa02) was measured while the infants were asleep, suckling, and awake. The results revealed that their Sa02 was unstable and slightly
low. The symptoms and signs of this disease were very similar to those observed in victims of sudden infant death syndrome before their
death. Correction of the ankyloglossia and deviation of the epiglottis and larynx resulted in great improvement of these signs as well as a
stabilization and increase of Sa02.
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INTRODUCTION

Ishinhou, the oldest extant Japanese medical book,'
describes frenotomy being used when ankyloglossia
or tongue-tie was observed in newborn babies. Fre
notomy has been performed at least since the Chou
era (1050-256 Be) in China." In the Middle Ages in
France, at baptism a midwife would inspect the fren
ulum linguae and cut it with her little fingernail
when tongue-tie was present. If suckling difficulties
persisted she would repeat the procedure on the
third day." Apparently, this practice was also com
mon in other European countries."

Nowadays in Europe and America, clinicians
deny the relationship between ankyloglossia and
suckling difficulties. Illingworth says, "There are
still doctors who cut the frenulum in the new-born
period. This is always wrong."! In Western coun
tries ankyloglossia is discussed only in relation to ar
ticulation and malocclusion." We found no system
atic studies about the relationship between ankylo-

glossia and suckling, except for two cases reported
in English by Cullum."

In 1948, in Japan, Shiina' found 138 cases (59.20/0)
of ankyloglossia among 233 newborn babies; 98 of
the 138 patients underwent frenotomy, and he ob
served improvement of suckling abilities in all of
them. Shimizu and Matsuda" also reported an in
crease of suckling abilities after frenotomy of both
the frenulum linguae and the frenulum labii superi
oris. From 1975 to 1988, they treated 3,940 pa
tients, of whom 93.60/0 showed improvement. Mat
suda et al" reported that ankyloglossia was an auto
somal dominant congenital anomaly. Oketani10 ob
served that babies with tongue-tie and/or short
tongues not only had suckling difficulties but also
had other symptoms, such as inactivity and either
too slow or too fast development. The need for fre
notomy in babies with ankyloglossia has been em
phasized in Japan, especially among midwives!' (al
so unpublished observations, Suzuki and Katagili,

Fig 1. Categories of frenulum linguae (F) and base of tongue (see text, p 5). A) F3BI. B) F2B2. C) FIB3. D) FOB3. f - frenulum
starting from mandibular alveolar border, p - plica sublingualis, c - caruncula sublingualis,

From the Mukai Clinic and Research Institute of Biology, Kanagawa, Japan.
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Fig 2. Fiberscopic view from nasopharynx of epiglottis and larynx. A) Type A. Epiglottis stands toward nasopharynx, larynx is in
its normal position, and full abduction of vocal folds is observed during inspiration. B) Type B. Epiglottis leans toward radix lin
guae. Larynx is up and elongated by hypopharyngeal walls. Vocal cords do not abduct fully in inspiratory phase. C) Type B.
Larynx is elongated upward and curved toward radix linguae.

1989, and Yoshimi and Ajimoto, 1989). We have
noticed that newborn babies and suckling infants
with ankyloglossia present mild dyspnea as well as
typical skin and hair signs. Moreover, these patients
have deviation of the epiglottis and of the
larynx!2-14 We thought that all these signs might
characterize a single congenital abnormality, and
therefore we investigated the relationship between
the degree of ankyloglossia and the deviation rate of
the epiglottis and larynx, the arterial oxygen satura-

tion rate, skin and hair signs, and other symptoms
that we have noticed in newborn and suckling in
fants.

Here, we report the results of the surgical proce
dure we have established to correct this anomaly.
We also discuss the relationship between this anom
aly and sudden infant death syndrome (SIDS), for
the observed symptoms are quite similar to those re
portedly found in SIDS.Is-17

Fig 3. Characteristics of skin. A) Marbled. Also notice dark forehead, frowning expression, swelling around palpe
brae, forward location of tongue, hollowed fronto-orbital region and hypertrophy in lower part of cheek, slight re
traction of chest, and pigmentation of skin by nail wall. B) Cyanotic. Also notice thin fingers, scanty hair, dark lips,
and exhausted face.
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Fig 4. Characteristics of hair. A) Scanty hair. B) Pilo
erection. C) Both piloerection and scanty hair.
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PATIENTS AND OBSERVATIONS

Fifty-one patients with ankyloglossia who visited
the otorhinolaryngology division of Mukai Clinic
from May to December 1989 were entered in this
study. The patients' ages ranged from 3 to 59 weeks.
After the clinical examination was completed, 46
patients were operated on to correct the ankyloglos
sia and dislocation of the epiglottis and larynx. We
classified 1) ankyloglossia, 2) deviation of the epi
glottis and the larynx, 3) arterial oxygen saturation
rate, and 4) skin and hair signs as described below.

ANKYLOGLOSSIA

Ankyloglossia (Fig 1) was observed in relation to
abnormalities of the frenulum linguae and to varia-

tions in the origin of the free portion of the tongue.

Frenulum Linguae. On the basis of the degree of
the tied state of the tongue, we classified the frenu
lum anomalies into four grades.

1. Grade F3 (Fig IA). The frenulum went from the
mandibular alveolar border to the tongue.

2. Grade F2 (Fig 1B). The frenulum went from the
caruncula sublingualis to half the distance be
tween the floor of the mouth and the tip of the
tongue.

3. Grade FI (Fig Ie). The frenulum went from the
caruncula sublingualis to the lower portion of
the tongue.

4. Grade FO (Fig ID). No frenulum was observed.



EPIGLOTTIS AND LARYNX

Fiberscopy was carried out to examine the epiglot
tis and the larynx. Fiberscopes (30p II Machida,
Yokohama, Japan) were employed via the nose.

Epiglottis. Normally the epiglottis stands upright,
toward the nasopharynx. The position of the epiglot
tis was classified into one of two categories. In type
A, the epiglottis was in the normal position (Fig 2A).
In type B, the epiglottis leaned toward the radix lin
guae or was hard to see in its entirety from the naso
pharynx (Fig 2B,C).

Larynx. The position of the larynx was classified
into one of two categories. In type A, the larynx was
situated in its normal position and the vocal folds
were fully abducted during inspiration (Fig 2A). In

Base of Free End of Tongue. On the basis of the
origin of the free end of the tongue, we classified the
different types of patients into three groups.

1. Grade B3 (Fig lC,D). Those patients in whom
the base of the tongue was about 5 mm from the
plica sublingualis and the plica sublingualis was
barely mobile.

2. Grade B2 (Fig IB). Those patients in whom the
free end of the tongue originated at a point more
than 5 mm from the plica and in whom it was
pulled up during the examination.

3. Grade Bl (Fig lA). Those patients in whom the
caruncula and plica sublingualis were mobile
and remained in position when the tip of the
tongue was held up during the examination.

Ankyloglossia was diagnosed when the frenulum
linguae was classified as F3 and/or the base of the
tongue was classified as B2 or B3.

SURGICAL CORRECTION

In ankyloglossia with dislocation of the epiglottis
and larynx, the tongue is located forward, and as a
result the epiglottis has moved up and leans toward
the mouth. The larynx is also raised and curves ven
trally. The objective of operating is to move the epi
glottis and the larynx downward, so that they stand
in the normal relation to the nasopharynx, by cut
ting the connective tissue of the tongue, including
the septum linguae and the front bundles of the ge
nioglossal muscles (Fig 5). This operation includes
frenotomy, if a frenulum linguae exists, and correc
tions of the deviation of the tongue, the epiglottis,
and the larynx.:"

STATISTICAL ANALYSIS

Patients were divided into three groups according
to their age. The Xl test and Student's t test were used
in the statistical analysis of the various parameters
studied and the relationships among them.

RESULTS

Clinical data corresponding to the study group
presented here are summarized in Table 1. Except

E
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type B, the larynx was elongated upward and curved
toward the radix linguae. Also, 1) during phonation
the vocal folds were hard to see, because the plicae
aryepiglottica, tubercula corniculum, and tubercu
la cuneiform moved over them, and/or 2) full ab-
duction of the vocal fold during inspiration was not
observed (Fig 2B,C). The preoperative conditions
and the postoperative changes were videotaped
(Sony VO 9850 and Victor HA SC-IOOO, Tokyo, Ja
pan).

Arterial Oxygen Percent Saturation. The arterial
oxygen percent saturation (8a02) was measured dur
ing sleep, during suckling, and while the infant was
awake with a pulse oximeter (CSI 502, Tokyo, Ja
pan) with disposable sensors made for infants (CSI
572 or 573). During the measurements the pulse
waves were always confirmed. The duration of the
measurements was as follows. During sleep, 8a02
was measured from the time the babies fell asleep
until they woke up; during suckling, it was mea
sured from the beginning to the end of suckling. In
the awake state, it was measured for about 15 min
utes. Patients were classified into two groups ac
cording to their 8a02: 1) type A, when 8a02 was
within the normal range (99% to 96%), or 2) type
B, when 8a02 was 95 % or below.

Skin and Hair. In our observations, the patients
had normal, marbled, or cyanotic skin; their hair
was normal or scanty or showed piloerection (Figs 3
and 4). Although there were patients in whom two
features were observed, they were classified accord
ing to the predominant sign.

Other Symptoms. We observed other symptoms
that are described in Results.

N

Fig 5. Conception of correction of deviation of tongue (T),
epiglottis (E), and larynx (L). Solid line - preoperative,
dotted line - postoperative, Tr - trachea, N - nose.
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TABLE 1. PATIENT DATA

Age Base of
Case Sex (wk) Tongue Fnl Egl Larynx Skin Hair Sip Sck Awk Pslp Psck Pawk Others

1 F 3 3 0 B B e B B A B A A A NO, YeN, AS5
2 M 3 2 1 A B e B B B B B B B veN
3 F 4 1 3 B B B B B B B A A A
4 F 4 1 3 B A B e B B B A A A AS5

5 M 4 3 0 B B B B B B A A B A jvc, A85
6 M 4 1 3 B B A A B B A A A A
7 M 5 2 0 A B B e B B A A A A ASS
8 M 5 2 3 A B e e A B B A B A

9 F 5 3 1 B B B B B B A A A A Snore
10 F 5 2 2 A B B B B B B B B A NO,veN
11 F 5 2 2 A A B e B B B N N N Not operated
12 F 6 3 0 B B B e B B B A B B veN
13 F 6 3 1 B B B B B B B A A A ASS

14 M 7 1 3 B B B C B A A A A A A85

15 M S 2 2 A B B A B B B A A A
16 M 8 3 1 B B e c B A A A A A A85

17 F 8 2 2 A B B B B A A A A A SIp apn
18 F 8 1 3 A B B B B A A A B A Snore, A85
19 M 8 3 2 A A B e B A A A A A SIp apn
20 M 9 2 3 A B B e B B B N N N Not operated
21 M 9 2 2 B A B e B A B A A A A85

22 M 9 3 1 B B B B A B A N N N Jve, not operated
2"3 F 10 2 2 A A B C B B A A B A AS5

24 F 10 3 3 B B e C B B B A B A A85

25 M 11 1 3 B B B B B A A A A A
26 F 11 3 0 A B C A B A B A A A A85
27 M 11 2 2 B B B B B A A A A A A85

28 F 11 2 1 A B B C B A A A A A A85
29 F 12 2 3 B B B B B B B A B A SIp apn
30 F 14 3 0 A B B B B B A A A A Snore, A85
31 F 15 3 1 B B B e B A B A A A NO, Snore
32 M 15 3 1 B B C B B A A A A A A8S, near miss
33 M 15 2 2 A B A C A A A A A A NO
34 M 15 3 1 B B A B B B B A A A

35 F 17 3 0 A B e C B B B A A A

36 F 18 2 3 A B B e B B B N N N SIp apn, not operated
37 F IS 3 3 B B B C B B B A B A SIp apn
38 F 19 3 0 B B B C B B B A A A

39 M 19 2 3 B B B C A B A A A A

40 M 20 2 2 A B B C B A A N N N Not operated
41 M 22 2 3 A B C B A A A A A A

42 F 26 3 2 A B B A B B B A B A Premature, A85
43 F 37 3 0 A A C C B A B N N N Not operated
44 F 37 3 0 B A B e A A A A A A
45 F 39 1 3 B B B B A B A A A A
46 F 43 3 0 A B A A A A A A A A
47 F 43 3 0 B B A A A A A A A A
48 F 46 2 3 B B A C A A A A A A

49 M 54 2 2 B B A A B A A A A A Muscle atony
50 M 59 2 2 B B A A A A A A A A
51 F 59 1 3 A A A B A A A A A A Snore

See text for definition of categories.
Fnl - frenulum, Egi - epiglottis, Sip - Sa02 during sleep, Sck - 5a02 during suckling, Awk - 5a02 awake, P - Sa02 postoperation, Oth-
ers - other chief complaints and symptoms, NO - nasal obstruction, VCN - vocal cord nodule, JVC - jaundice on vocal cord, Sip apn - sleep ap-
nea, A85 - 5a02 during sleep decreased below 85%, near miss - near-miss episode of sudden infant death syndrome.

for one patient (No. 42), all patients were born after and 12) were brought to us at the suggestion of
full-term pregnancy periods. Forty-four (86.3 %) of friends because they cried too hard. Five patients
them visited our clinic because of suckling difficul- (Nos. 17, 19, 29, 36, and 37) had apneic episodes
ties after consulting with personnel at health centers during sleep besides suckling difficulties, and two
or with midwives. Five patients (Nos. 1, 10, 31, 33, (Nos. 5 and 28) had already undergone frenotomy
and 51) were brought to us because their parents at other clinics. Patient 49 was diagnosed as having
thought they had nasal obstruction. Two (Nos. 2 central muscle atony and patient 32 had a history of
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Clinical examination of the patients gave the £01-

Fig 6. Distributions. A) Age groups. B) Types of frenulum (see text). C) Types of base of tongue (see text). D) Types
of epiglottis. Type A - normal position, type B -leaning toward radix linguae or hard to see in entirety from
nasopharynx. E) Types of larynx. Type A - normal position, with vocal folds fully abducting during inspiration,
type B - elongated upward and curved toward radix linguae.

a near-fatal episode resembling SIDS. Patients were lowing results for the frenulum: F3, 17 cases (33%);
classified into three stages according to their ages: F2, 13 cases (250/0); Fl, 9 cases (180/0); and FO, 12
newborn (3 to 4 weeks), suckling (5 to 14 weeks), cases (24%) (Fig6B). Thedistributionofthefrenu-
and post-suckling (15 to 60 weeks). The distribution lum types by age group is shown in Table 2. For the
of patients according to age group is shown in Fig base of the tongue, results were as follows: B3, 22
6A. cases (43%); B2, 21 cases (410/0); and Bl, 8 cases

(16%) (Fig 6e). The distribution of types of base of
tongue by age group is shown in Table 2. There was
no significant difference among the newborn, suck-
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TABLE 2. TYPES OF BASE OF TONGUE AND FRENULUM TABLE 3. RELATIONSHIP BETWEEN TYPES OF BASE OF
BY AGE GROUP TONGUE OR FRENULUM AND TYPES OF EPIGLOTTIS

Newborn Suckling Post-suckling Total Epiglottis

Base of tongue" A B

Bl 3 3 2 8 Base of tongue*
B2 1 12 8 21 B3 7 15

B3 2 9 11 22 B2 14 7

Total cases 6 24 21 51 Bl 2 6
Total 23 28

Frenulum] Frenulum]
FO 2 4 6 12 F3 6 11
Fl 1 5 3 9 F2 9 4
F2 0 8 5 13 Fl 2 7
F3 3 7 7 17 FO 6 6

Total cases 6 24 21 51 Total 23 28
See text for definition of categories. See text for definition of categories.

·X2 =6.9405 (not significant). ·X2 =6.8178; p< .02.

t:e =5.3445 (not significant). tx2 =4.115 (not significant).

Fig 7. Fiberscopic findings. A) Laryngeal nodule. B) Icterus
neonatorum of vocal cord. C) Narrowing of choanae. I 
inferior turbinate, S - septum, C - choanal ostium.
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Fig 8. Epiglottis and larynx. After opera
tion, epiglottis and larynx are lower in
position, vocal cords adduct fully, and
epiglottis stands toward nasopharynx.
Preoperative (1 and 2) and postoperative
(3 and 4) views during inspiration (1 and
3) and phonation (2 and 4).

ling, and post-suckling groups of patients regarding
the distribution of the frenulum and base of the
tongue characteristics. In this study population
there were 37 cases that fell in the category B3 or F3
or both; 11 cases were both B2 and F2; and two pa
tients had already undergone frenotomy.

EPIGLOTTIS AND LARYNX

According to the position of the epiglottis before
the operation, there were 23 cases (45 0/0) of type A
and 28 cases (55 0/0) of type B (Fig 6D). Regarding
the position of the larynx, there were 8 cases (16 0/0)
of type A and 43 cases (84 0/0) of type B (Fig 6E).
When the epiglottis leaned to the left or to the right,
the babies were able to suck only one of their moth
er's breasts. We did not observe nasal obstruction in
the babies whose chief difficulty was said to be na
sal obstruction, but their vocal cords were less ab
ducted than normal (Fig 2B). Moreover, in three
patients, vocal fold nodules were observed (Fig 7A).
In two patients the membrane of their vocal folds
presented remains of icterus neonatorum, but their
skin did not (Fig 7B). None of the patients had ade
noidal hypertrophy, tonsillar hypertrophy, or la
ryngomalacia, but narrowing of the choanae was ob
served in 12 cases (24 0/0) (Fig 7C). There was no sig
nificant difference among newborn, suckling, and
post-suckling groups of patients regarding the posi
tion of the epiglottis and the larynx. A direct rela-

tionship was observed between the status of the base
of the tongue and the position of the epiglottis
(p < .02), but not between the positions of the frenu
lum and the epiglottis (Table 3).

In all 26 (100 %) patients who had a displaced
epiglottis before the operation, the epiglottis stood
in its normal upright position after the operation.
In all patients who were operated on, the position
of the larynx improved significantly in 35 cases
(78 0/0), improved slightly in 4 cases (9 0/0), and re
mained in its normal position in 6 (13 0/0) (Fig 8).
Full abduction of the vocal folds was observed in all
the patients who were operated on.

ARTERIAL OXYGEN PERCENT SATURATION

Results of the Sa02 measurements at the patients'
first clinical examination during sleep, during suck
ling, and while awake were as shown in Fig 9. In
76 % of the cases there was a decrease of Sa02 dur
ing sleep. During suckling the percentage was 53 %
and while awake it was 45 % . The intergroup distri
bution of Sa02 was as shown in Table 4.

During Sleep. The Sa02 ratio of type A to type B
in each group is shown in Fig 10. Statistical analysis
revealed that Sa02 during sleep varied significantly
according to the patients' age (p< .005). We ob
served two types of Sa02 decrease: one was an un
stable Sa02 that fell below 95 % at times (Fig 11A),



TABLE 4. INTERGROUP DISTRIBUTION OF ARTERIAL
OXYGEN PERCENT SATURATION DURING SLEEP,

SUCKLING, AND WHILE AWAKE

11

Awake

A B
2 4

13 11
13 8

28 23

1.5485
NS

Asleep Suckling

A B A B
061 5
2 22 10 14

10 11 13 8

12 39 24 27

11.6992 4.3624
< .005 NS

Age Group Cases

p
See text for definition of categories.
NS - not significant.

Newborn (3 to 4 wk) 6
Suckling (5 to 14 w k) 24
Post-suckling (19 to 59 wk) 21

Total 51

95.6%
A
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Fig 10. A:B ratio of Sa02 in each group during sleep. See
Fig 9 for definitions.
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three types of suckling difficulties. In the first, the
patient started sucking and his or her pulse rate in ...
creased, but then it suddenly decreased, and at the
same time the Sa02 fell below 95%; simultaneously,
the patient choked with coughing and could not
continue sucking. Sometimes the patient cried loud
ly and after breathing several times he or she could
recommence sucking (Figs lIB and 15A). In the sec
ond type of difficulty, the patient's pulse rate in
creased to 170 or more, and while it was high he or
she stopped sucking (Fig 16), sometimes to start
again when the pulse rate went back to normal, or
to finish suckling with an increased pulse rate (Fig
17). During the sucklings, the 8a02 was at the maxi
mum value of 99%. The babies fell asleep during
and/or just after finishing sucking when they pre
sented either of the two suckling problems described
above. The third type of problem was one in which
the patients continued sucking but it was difficult
for their mothers to tell whether they had stopped
sucking or not.

While Awake. The A:B ratio of Sa02 of each
group while awake is shown in Fig 18. There was no
significant difference with regard to 8a02 among
the three groups of patients. But in young babies
8a02 was unstable, and when they were put on the
bed they began to cry almost immediately. They
stopped crying when they were held in someone's
arms. Their 8a02 was stable when they were lying
on the bed in a prone position with the neck ex
tended.

A
95.6%

Awake

Suckling

Fig 9. Preoperative and postoperative arterial oxygen per
cent saturation (Sa02) during sleep, during suckling, and
while awake. Type A - within normal range (99% to
96%), type B - 950/0 or below.

and the other was an 8a02 that was constant for a
while after the babies fell asleep but then suddenly
fell below 95% (and the babies awoke) (Fig 12A). A
decrease in 8a02 below 95 % was always accompa
nied by a decrease in pulse rate (Fig 13).

There were 17 patients in whom the 8a02 fell be
low 85% (Table 1). All these patients were younger
than 16 weeks of age, except for patient 42 (born
prematurely), who was 26 weeks old. The mothers
of some of the patients said that their babies stopped
breathing at times; according to our observations,
these halts of breath lasted 1 to 2 seconds. Some of
the patients could not fall asleep; others did not fall
asleep unless they were sucking their mothers' nip
ples. They woke up very easily. In those patients
whose 8a02 did not fall below 95 % , it oscillated be
tween 99 % and 97 % during sleep.

During Suckling. The A:B ratio of the Sa02 of each
group during suckling is shown in Fig 14. Although
there was no significant difference with regard to
8a02 among the three groups of patients, we noted



Fig 11. (Case 15) Preoperative and
postoperative Sa02 patterns in 15
week-old boy during sleep, during
suckling, and while awake. Preop
erative Sa02 is unstable in all
states, but postoperative Sa02 is
higher and stable. A) Sleep. B)
Suckling. C) Awake. D) Suckling
and sleeping just after operation.
Patient awoke on cacation.

~V\
•Cacation

0..... ...... ..... _

9:35 9:50 10:05
10: 17:27

Suckling Sleeping Awake

D

100

75.....----.....---_......_-
10:03 10:18
19:29:31

100.~-~

B

a
or:::(
en
*-

Mukai et al, Ankyloglossia & Dyspnea12

100

0
or:::(
(J)
rf.

75
10:38 10:53
11 :07:48

A

100

0
or:::(
(J)

rf.

75
11 :25 11:40
11 :54:42

C

After the operation, in 43 of 45 patients Sa02 was
99 % the first day and sometimes 98 % or 97 % dur
ing sleep (Figs lID and 12B). In 2 patients, Sa02
was 99 % most of the time, occasionally decreasing
to levels below 95 %; but 3 weeks later their Sa02
was stable at 99 0/0. The infants had no breathing
difficulties after the operation, and the pulse rate
decreased in those babies who had increased pulse
rates during sucklings before the operation (Fig 17).
A decrease in pulse rate was also observed during
sleep and while awake. Suckling time became less in
all babies. After the operation 95.6 % of the patients
were classified type A while awake - the same as
during sleep (Fig 9).

SKIN AND HAIR

The distribution of skin characteristics observed
on the first visit is shown in Table 1 and Fig 19A
and the distribution of skin characteristics by age is
shown in Table 5. The statistical analysis revealed
significant differences regarding skin signs between
these groups (p< .01). Moreover, there were no sig
nificant differences with regard to marbled and cy
anotic skin; however, there were differences be
tween our study population and normal groups by
Student's t test (p< .01). The distribution of hair
characteristics observed on the first visit is shown in
Table 1 and Fig 19B, and that of hair characteristics
by age group is shown in Table 6. Regarding the
hair signs, it is noteworthy that in patients with pi
loerection this sign was more notable in the occipi
toparietal region than in the frontal and temporo
parietal regions. The distribution of types of skin
and hair by Sa02 during sleep, during suckling, and
while awake is shown in Table 7. There was a direct

relationship between skin signs and Sa02 (p< .05),
but not between Sa02 and hair signs (Table 8).

Cyanosis disappeared just after the operation,
and the marbled color gradually disappeared or
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Fig 12. (Case 37) Sa02 during sleep in 18-week-old girl. A)
Preoperative. About 1 hour after she fell asleep, her Sa02
began to drop, and finally she awoke. She had chief com
plaint of sleep apnea, but also had breaks in respiration of
1 or 2 seconds and harsh respiratory sounds. B) Postopera
tive. About 1 hour after she fell asleep, Sa02 was stable.
Breaks in respiration and harsh respiratory sounds ceased
also.
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Fig 13. (Case 49) Preoperative changes in pulse rate and Sa02 during sleep in 54·week-old boy. His 8a02 was stable at 99 % and
pulse rate was 120 until about 54 minutes after he fell asleep. Then his pulse rate suddenly rose, then fell, and his Sa02 also de
creased. Finally he was awakened with movements.

o A • B

Fig 14. A:B ratio of Sa02 in each group during suckling.
See Fig 9 for definitions.
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Fig 15. (Case 39) Changes in Sa02 in 45-week-old girl dur
ing suckling of 100 mL of milk. A) Preoperative. Assoon as
she began to suck milk, Sa02 decreased. When it decreased
most, she began to cry and bent back her head. She did not
finish all of her milk. B) Postoperative. Sa02 was stable.
She gulped 100 mL of milk and her Sa02 was stable. Suck
ling time was shortened also.

100

A

a«
CJ)

~

These babies cried hard, snored, yawned frequent
ly, had weak muscle tone and cold extremities, and
were emotionally unstable. They had thin fingers
and could not hold or could only weakly hold the
experimenter's forefinger. They had dakiguse, ie,
they wanted to be always in sorneone's arms and did
not stop crying until they were held by somebody.
They were very inactive and could not gaze at ob
jects. It was difficult for them to fall asleep and they
awoke very easily. They did not play alone and had
the habit of finger-sucking, they choked and spit up
milk frequently, and they had hitomishili, ie, they
seemed to be strongly afraid of strangers. However,
in spite of all these signs, pediatricians had told
their mothers the babies were healthy.

After the operation, we noted that most of the
signs described above had disappeared. That is, the
babies were livelier and looked healthier. The ex
pression on their faces was peaceful. They could
gaze at and follow objects, and the palpebral swell
ing disappeared. They became active, turned

Pes t-suckl in9Suckling
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100

90

80

70

60

% 50

40
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20

10
O+--....L..- ----l....---+------i...- ~__+-..l._---"""--i

faded away in the weeks following the operation.
Changes in hair signs were not so striking as those of
the skin; however, according to their mothers' ob
servations, the babies' hair did not stick to their
sheets, caps, or towels after the operation. Piloerec
tion at the frontal and temporoparietal areas also
began to disappear. But some babies even 2 or 3
months after the operation still had piloerection in
the occipital region.

OTHER SYMPTOMS

Besides dyspnea, suckling problems, and the skin
and hair signs described above, we observed several
other symptoms, such as dark forehead, dark color
around the lips, scanty eyebrows and eyelashes,
frowning expression, and retarded development of
the mandible and temporal muscles, which resulted
in hollowed fronto-orbitotemporal regions. More
over, swelling around the palpebrae, harsh respira
tory sounds, cornifications of the mucous mem
brane in the middle of the dorsum linguae (Fig
20A), high hard palate, hypertrophy in the lower
part of the cheeks, slight retraction of the chest, pig
mentation of the skin by the nail wall (Fig 20B),
and too fast or too slow growth were observed.
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Fig 18. A:B ratio of Sa02 in each group while awake. See
Fig 9 for definitions.
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Fig 17. (Case 33) Changes in pulse rate in 15-week-old boy
before and after operation. Before operation, he finished
suckling with increased pulse rate. After operation, both
his pulse rate and feeding time were decreased. Decrease of
pulse rate was observed not only in suckling, but also dur
ing sleeping and while awake.

tongue does not reflect the real state of ankyloglos
sia.

When examining a patient, experimenters should
pull the tip of the tongue up to determine the posi
tion of the frenulum and examine the base of the
tongue; otherwise, if they limit themselves to asking
the patient to move the tongue and check its mobil
ity only, they will miss those cases of ankyloglossia
accompanied by deviation of the tongue. Also, most
classifications of ankyloglossia have been done tak
ing into account the degree of attachment of the
frenulum alone8.18-22 without considering the origin
of the free portion of the tongue in relation to the
floor of the mouth. On the basis of the system we
propose here, those cases classified as F3 and/or B2
or B3 were diagnosed as ankyloglossia. Of the re
ported cases, by the frenulum alone only 17 cases
(33.3%) out of 51 would be diagnosed as ankylo
glossia. By the tongue base, 43 cases (84%) could be
diagnosed as ankyloglossia. These results (Fig 6B,C)
demonstrate that it would have been impossible to
achieve the correct diagnosis of ankyloglossia solely
on the basis of the frenulum. Moreover, some of the
patients who had been operated on before being re
ferred to our clinic showed very little improvement
after that first frenotomy alone, and we had to op-

Tinle (min.)

Fig 16. (Case 34) Preoperative changes in pulse rate in
11-week-old boy during suckling. His Sa02 was stable at
97% or 980/0 while awake, but when he started sucking it
rose to 99 0/0. With sucking his pulse rate increased to 170
or more, and when his pulse rate increased he stopped
sucking. He started suckling again only when his pulse rate
went back to normal. He fell asleep with his mother's nip
ple in his mouth.

around in their beds, played alone, clasped things,
and explored their bodies with their hands. A baby
in whom the diagnosis had been central muscle ato
ny could even walk by himself the next day after the
operation. The babies stopped crying before or after
falling asleep and slept well. Their harsh respira
tory sounds disappeared. The first night after the
operation their abnormal respiratory sounds ceased
to the extent that some of the mothers went to look
at them several times while the babies were asleep
because they thought the babies had died. Their
voices became clear and loud. Several weeks after
the operation we noticed that the cornifications of
the dorsum linguae had disappeared and their eye
brows and eyelashes had turned thicker. Mothers
said that it was easier for them to take care of their
babies after the operation, that now the babies
laughed more frequently, and that somehow they
felt more fond of their babies.

DISCUSSION

It has been observed that ankyloglossia babies
have suckling difficulties and other symptoms, such
as a frowning expression, a dark forehead, a whitish
tongue, adducted feet, and hard crying. But causes
of these symptoms were thought to be related to
their mothers' rnilk'":" (also Suzuki and Katagili,
unpublished observations, 1989). It became clear in
our observations that ankyloglossia accompanies
deviation of the epiglottis and larynx. The relation
ship between ankyloglossia and respiration had
been missed. We will discuss ankyloglossia and dis
placement of the epiglottis and larynx, and the rela
tionship between this disease and respiration and
the other symptoms observed. Finally, we will dis
cuss the relationship between this disease and SIDS.

ANKYLOGLOSSIA

According to our observations, although there is
an improvement regarding the mobility of the tongue
as patients grow older, ankyloglossia itself does not
change. Therefore, the degree of mobility of the
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Fig 19. Distribution of A) skin and B) hair characteristics.

erate on them once more. Satisfactory results were
obtained after the second operation, which cor
rected the tongue, epiglottis, and larynx as de
scribed above.

EPIGLOTTIS AND LARYNX

Displacement of the larynx was observed in 84 0/0
of the patients. Displacement of the epiglottis was
in close correlation with that of the base of the
tongue. After the operation the epiglottis was in its
correct position in all the patients, and the larynx in
87% of them. These results demonstrate that anky
loglossia is accompanied by displacement of the
tongue and of the epiglottis and larynx.

In normal newborn babies the epiglottis and the
larynx stand upright toward the nasopharynx. In
newborns, both conjugate with the nasopharynx
during sucklings;" so the infants can breathe while
feeding. The arytenoid cartilages in normal infants
are located in an anterior position with regard to
those of adults, and the movements of the cricoary
tenoid joints are mainly horizontal. 24.25 However, in
our patients we observed vertical movements, too;
the plicae aryepiglottica, the tubercula corniculum,
and the tubercula cuneiform moved vertically over
to the vocal folds, partially covering them during
phonation. However, after the operation these
movements were reduced and the patients' voices
sounded loud and clear. The structures might work
as a muffler. Another factor involved was probably
the improvement of the resonance of the vocal
folds, for a stream of air hitting them at a right an-

TABLE 5. SKIN CHARACTERISTICS BY AGE GROUP

gle made them vibrate more effectively than before
the operation.

The infants' harsh respiratory noises disappeared
after the operation. We think that harsh respiratory
sounds existed in relation to the deviation of the
larynx and incomplete abduction of the vocal folds
- probably because the deviation of the larynx in
terfered with the movements of the posterior crico
arytenoid muscles and/or the cricoarytenoid joints.

Since the epiglottis was also deviated toward the
radix linguae, there was no full conjugation of the
nasopharynx with the epiglottis and larynx. Conse
quently, these babies had difficulties and choking
during sucklings. The rapid decrease in 8a02 was
probably due to a reflexive defensive closure of the
larynx. 26~28

After the operation the position of the epiglottis
and the larynx was corrected and choking during
sucklings disappeared. Therefore, the operation
served two purposes: to obtain an increased volume
of the free portion of the tongue and to correct the
deviations of the epiglottis and larynx.

During induction of general anesthesia, we ob
served closure of the vocal cords in some patients.
The vocal cords did not open even when 8a02 de
creased to levels below 40 % . All of the patients were
14 weeks old or younger and their 8a02 was unsta
ble during sleep. We think that these patients' laryn
geal closure occurred very easily and it was difficult
for them to respond to the hypoxia. 29.30 In three pa
tients we detected vocal cord nodules that no doubt

TABLE 6. HAIR CHARACTERISTICS BY AGE GROUP

Normal Marbled Cyanotic

Newborn 1 3 2
Suckling 0 20 4
Post-suckling 8 9 4

Total 9 32 10
x3 = 35.8220; p< .01.

Normal

Newborn 1
Suckling 2
Post-suckling 5

Total 8
xJ = 6.9060 (not significant).

Scanty

4
10
5

19

Piloerect

1
12
II
24
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TABLE 7. DISTRIBUTION OF TYPES OF SKIN AND
HAIR BY ARTERIAL OXYGEN PERCENT SATURATION

DURING SLEEP, SUCKLING, AND WHILE AWAKE

Asleep Suckling Awake

Cases AB A B A B

Hair
Normal 8 3 5 5 3 5 3
Scanty 19 5 14 8 11 12 7
Piloerection 24 4 20 11 13 11 13
Total 51 12 39 24 27 28 23
See text for definition of categories.

were caused by excessive crying. Three months after
the operation these nodules had disappeared.

We observed also that although icterus neonato
rum had already disappeared in their skin, jaundice
was observed in the laryngeal membranes. Perhaps
icterus neonatorum presents last in the larynx. Nar
rowing of the choanae was observed in 24 % of the
patients. Although we did not find a relationship
between the narrowing of the choanae and this con
genital disease, there is a possibility that this disease
accompanies choanal narrowing at a high rate.

MOVEMENTS DURING SUCKLING

Normal suckling movements involve biting, suck
ing, mastication, and swallowing. However, in pa
tients with ankyloglossia with displacement of the
epiglottis and larynx, these movements are reduced
to sucking and swallowing'"" (also Suzuki and
Katagili, unpublished observations, 1989).

To examine the movements during suckling the
senior author (S.M.) put his little finger in the babies'
mouths; normally, babies -would wrap the finger
with the tip of the tongue and bite rhythmically
with their gums and they would suck the finger.
Their tongues are soft. But these patients neither
wrapped nor bit the finger. They just sucked the
finger by pressing it with the dorsum of the tongue
against the hard palate. Their dorsa linguae were
hard also. It is very likely that the high hard palate
and the cornification of the dorsum linguae we ob
served in these babies were due to their peculiar
suckling pattern. Moreover, it is worth mentioning
that many of their mothers had deformed or wounded
nipples, probably because of this abnormal suckling
pattern. The same can be said of the retarded devel
opment of the mandible and temporal muscles and
the hypertrophy of the lower part of the cheek.

OXYGEN SATURATION RATE

There was a statistically significant inverse rela
tionship between age and the level of 8a02 during
sleep. The 8a02 was quite unstable in newborn ba
bies and young infants; in fact, all the patients in
whom 5a02 dropped below the 85 % level were ba-

Skin
Normal
Marbled
Cyanotic
Total

9
32
10
51

6 3 7 281
5 27 11 21 17 15
1 964 3 7

12 39 24 27 28 23

TABLE 8. STATISTICAL RELATIONSHIP BETWEEN
SKIN AND HAIR SIGNS AND ARTERIAL OXYGEN

PERCENT SATURATION

Asleep Suckling Awake

Skin

X
2 11.4362 6.1476 11.4362

p .0462 .0343 .0033
Significance level p<.05 p<.05 p< .005

Hair

x2 1.578 0.9672 1.5067

P .4543 .6166 .4708
Significance level NS NS NS

NS - not significant.

bies under 15 weeks of age. These babies were at a
great risk of falling into a state of hypoxia. More
over, they showed a limited response to hypoxia.
Therefore, it is not exaggerating when we say that
the life of a baby with this disease is in danger dur
ing sleep.

Asthe babies grew older 8a02 became more stable;
there were patients who became very lively when
they were about 4 months old. We think that as
they grow older, their muscles become stronger and
the elasticity of the oral tissues increases. Thus, the
negative effects of this disease probably subside by 4
months or more.

After the operation, the basal value of 8a02 rose
to 99 % in all the patients, and 8a02 remained stable
during sleep. We concluded that the state of hypoxia
observed in these patients during sleep was due to
ankyloglossia and the concomitant deviation of the
epiglottis and larynx.

In some patients we detected hypoxia even when
they were awake, and Sa02 was especially low when
they were in bed lying on their backs. When Sa02
was low they started to cry. It seems that in the su
pine position the resistance of the respiratory air
way increases. The babies slept well with the neck
extended while being cuddled in someone's arms.
This position might decrease the airway resistance.
Apparently, the babies developed dakiguse, or a
cuddle habit, because of an uncomfortable increase
of the airway resistance. We think that babies cry to
get enough oxygen and that dakiguse is closely re
lated to this anomaly.

There are several reports in the literature about
babies with ankyloglossia who have suckling prob
lems. Most authors reported that these babies would
suddenly stop sucking and push aside their mothers'
nipples, or they would suddenly start crying during
sucklings, or they would show displeasure at the
sight of their mothers' breasts, turning their face in
the opposite direction. The explanation given for
this abnormal behavior was that the babies could
not wrap the nipple with the free portion of their
tongue. 3

.
8

-
11 According to our observations, as dem

onstrated here, there was always a drop in Sa02 at
the time they suddenly stopped sucking or when
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Dropping of the radix linguae has been reported
in patients with nocturnal sleep apnea. 35.39.40 But we
cannot think that the dyspnea of this disease is
caused by dropping of the radix linguae, for the
tongue is rather in a forward position in the patients
with congenital ankyloglossia. And the operation
for this disease rotates the tongue down and back.
The epiglottis and the larynx also move down and
back. After the operation the dyspnea disappears.

The authors deduced dyspnea in this disease from
the following observations: 1) an increase of upper
airway resistance caused by displacement and less
abduction of the larynx, 2) incomplete conjugation
of the nose and the epiglottis and larynx, 3) dis
placements of the larynx, tongue, and epiglottis
that decrease activities of respiration, and 4) conse
quent decreased elasticity of the lung. The authors

Fig 20. Other symptoms. A) Cornification of dorsum linguae. It is white and harder than normal when palpated with finger. B)
Pigmentation of skin of nail wall. This was present in all patients.

they suddenly began crying - probably because larynx is 25%. The carbon dioxide response of the
there was a reflexive closure of the larynx at that genioglossus muscle is in proportion to that of the
very moment. diaphragm muscle. 34.35 The posterior cricoarytenoid

muscles discharge in synchrony with that of the dia-
Some of the patients in our study would stop suck- phragm. 26.36 The ala nasi muscles also act in concert

ing, rest for a while, and then continue sucking. with the posterior cricoarytenoid muscles." That is,
When they stopped sucking their pulse rate was the ala nasi muscles, genioglossal muscles, and pos-
very high but their Sa02 was about 99 %. They terior cricoarytenoid muscles are tonic during inspi-
might hyperventilate. These babies usually fell rations. Activities of the intrinsic muscles of the
asleep during sucklings, and we think that they larynx are also important during expirations." The
were under strong stress due to a respiratory and activities of these muscles are elevated in supine po-
circulatory conflict while they were feeding them- sitions, but in rapid eye movement sleep their activ-
selves. Therefore, it was only natural for them to ities greatly decrease.P":" Togawa et al4S observed
feel tired during sucklings and fall asleep out of ex- hypoxia with obstructive sleep apnea in infants dur-
haustion. Moreover, we observed that these babies, ing rapid eye movement sleep. In dogs, hypoxia
especially post-suckling babies, were emotionally causes awakening from sleep. We think that as seen
unstable - perhaps because of the stress they were in infants with obstructive sleep apnea and dogs,
subjected to while they were trying to feed them- the reported patients awoke because of hypoxia
selves. The suckling movements gradually normal- during rapid eye movement sleep. They may be
ized after the operation in all the patients, and drowsy and they frequently yawn during the day-
younger babies started to suckle with a normal time.
rhythm sooner than the older ones. They neither
choked nor fell asleep during sucklings, and their
pulse rate decreased to normal levels not only dur
ing sucklings but also while they were awake or
sleeping. A notorious increase of the babies' suck
ling abilities after frenotomy has been reported by
several other investigators in the past3.7.8.10.11.31.32
(also unpublished observations, Suzuki and Kata
gili, 1989, and Yoshimi and Ajimoto, 1989). We
think that the increase they reported was due not
only to an increased mobility of the tongue but also
to an improvement of their respiratory and circula
tory functions.

TONGUE, LARYNX, EPIGLOTTIS, AND
RESPIRATION

According to Comroe, 33 the resistance of bronchi
under 2 mm in diameter is 10 %, that of the nose
and oral cavity is 30 % to 50 %, and that of the
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imagine that the patients had central lesions caused
by hypoxia, but cannot deduce that dyspnea was
produced by direct central lesions caused by these
congenital anomalies.

SKIN AND HAIR

Abnormal signs of the skin and hair were found
in 80 % and 84 % of the patients, respectively. The
high frequency of these signs in babies with this
disease suggests a close relationship between this
anomaly and the skin and hair signs.

A significant direct relationship was observed be
tween Sa02 and skin signs. We can say that the ab
normal skin signs are related to the hypoxia state.
Usually cyanosis is observed when the blood P02
drops below 5 g/dL. Under normal conditions cya
nosis appears in the extremities and the nails. Mar
bled skin can also be seen as a response to cold, and
it is more prominent when the patient is debili
tated. It is caused by abnormal ectasia of capillar
ies. However, its pathophysiology is unknown. 46

But in patients with this congenital disease the pres
ence of cyanosis or marbled skin is related to their
hypoxia state. There was no significant relationship
between the presence of cyanosis and marbled skin.
But our impression is that patients with cyanosis
were less vigorous than those with marbled skin.
And the skin of the former is colder than that of the
latter.

Although no significant relationship was ob
served between the presence of abnormal hair signs
and Sa02, after the operations the hair became
thicker in those babies who had scanty hair before
the operation, and piloerection tended to disap
pear. We think that as the changes of hair required
weeks, there may be a time lag between the two.

OTHER SYMPTOMS

As for the other symptoms we observed in these
patients, which may be easily and erroneously tak
en as nonspecific, all disappeared as soon as Sa02
became normal, except for the thin eyebrows and
eyelashes, which changed later in time. It can be
said that the following signs or symptoms were due
to hypoxia: dark foreheads, darkness around the
lips and of the lips themselves, frowning, slightly
swollen palpebrae, hard crying, decreased muscle
tone, yawning, cold extremities, inactivity, difficul
ty in gazing at objects, and light sleep. We think
that ankyloglossia itself caused such symptoms as
underdevelopment of the mandible and temporal
muscles, cornifications of the mucous membrane of
the dorsum linguae, swelling in the lower part of
the cheeks, and too fast or too slow development.
Owing to displacement of the epiglottis and larynx,
choking and spitting up occurred easily. A light re-

traction of the chest and harsh respiratory sounds
might also be caused by these displacements.

We think that other signs, ie, sucking on their fin
gers, their strong anxiety about strangers, their
emotional instability, and their dakiguse were
probably related to the dyspnea and their respi
ratory as well as circulatory distress. We observed
no infants who were operated on before 3 months
who had anxiety about strangers. We think that
pigmentations of the skin on the nail bed could have
been caused by chronic hypoxia.

RELATIONSHIP BETWEEN ANKYLOGLOSSIA AND
SUDDEN INFANT DEATH SYNDROME

According to the data found in the literature, the
following are some of the symptoms that have been
observed, prior to their death, in babies who fell
victim to SIDS. These babies cried hard, they were
breathless and exhausted during sucklings, their
reaction to stimuli from the environment was less
intense than in other babies, their growth rate was
rather slow, and their pulse rate was high.15.16.19 All
the reported signs are related to a chronic state of
hypoxia.f":" Finally, it is common knowledge that
most victims of SIDS were babies 2 to 3 months old
and that they had a history of near-miss episodes. so

The symptoms and epidemiologic characteristics
of both SIDS and ankyloglossia, as reported here,
are so strikingly similar that it is difficult not to
suspect a similar pathogenesis. Mirchandani et al51

reported that in every epidemiologic study SIDS
was less prevalent in breast-fed babies than in
bottle-fed babies. This fact suggests that SIDS
babies probably had difficulties in suckling and
therefore had been bottle-fed.

There was one case of near-miss SIDS among our
cases reported. In our experience, among 181 pa
tients with ankyloglossia we had three near-miss
cases. 52

•
53 Moreover, there is a report of a SIDS vic

tim whose brother had undergone frenotomy due to
ankyloglossia (Suzuki and Katagili, unpublished
observations, 1989).

According to our review of the literature, this is
the first study in which a classification and defini
tion of ankyloglossia from a physiologic point of
view has been attempted. In this study we estab
lished the relationship existing between ankylo
glossia and deviations of the epiglottis and larynx.
The implications these anatomic abnormalities
have for the respiratory function were also demon
strated for the first time. Moreover, on the basis of
the data available to us, we can say that almost no
or very little consideration has been paid to this
anomaly, which has an autosomal dominant char
acter."
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