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Abstract

Background: Abnormal short lingual frenulum may lead to
impairment of orofacial growth in early childhood. This may reduce
the width of the upper airway—a pliable tube—increasing its risk of
collapse, particularly during sleep.

Study: A retrospective study of prepubertal children referred
for suspicion of obstructive sleep apnea, found 27 subjects with
non-syndromic short lingual frenulum. The children had findings
associated with enlarged adenotonsils and/or orofacial growth
changes.

Results: Children with untreated short frenulum developed
abnormal tongue function early in life with secondary impact on
orofacial growth and sleep disordered breathing (SDB).

After presence of SDB, analysis of treatment results revealed
the following: The apnea-hypopnea index (AHI) of children with
adenotonsillectomy (T&A) performed without frenectomy improved,
but surgery did not resolve fully the abnormal breathing. Similar
results were noted when frenectomy was performed simultaneously
with T&A. Finally, frenectomy on children two years or older without
enlarged adeno tonsils also did not lead to normalization of AHI.
The changes in orofacial growth related to factors including short
lingual frenulum lead to SDB and mouth-breathing very early in life.
Recognition and treatment of short frenulum early in life—at birth,
if possible—would improve normal orofacial growth. Otherwise,
myofunctional therapy combined with education of nasal breathing
is necessary to obtain normal breathing during sleep in many
children.

Conclusion: Short lingual frenulum may lead to abnormal orofacial
growth early in life, a risk factor for development of SDB. Careful
surveillance for abnormal breathing during sleep should occur in
the presence of short lingual frenulum.
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Introduction

Abnormally short lingual frenulum may be seen in association
with well-described syndromes such as Beckwitz-Weideman,
orofacial digital syndrome, cleft palate, Optiz syndrome and others.

Many of these syndromes are associated with abnormal breathing
during sleep and obstructive sleep apnea (OSA) [1]. However, they
are most commonly isolated, involving more boys than girls with a
ratio of 3:1, and with a reported incidence of 5% at birth [1]. Studies
of the impact of short frenulum have shown that such anatomic
presentation impairs suction [2-5], chewing, swallowing, and
frequently leads to speech disorders [6]. Recently, protocols have
been published for evaluation of lingual frenulum both in infants and
in children [2,7-9]. It was emphasized that a short lingual frenulum
modifies the position of the tongue, particularly early in life, and
impairs orofacial development. There is secondary association with
anterior and posterior crossbite, disproportionate growth of the
mandible, and abnormal growth of the maxilla [10,11]. Treatments
for short lingual frenulum have been proposed and involve lingual
frenectomy [12-14].

The anatomical changes seen with short lingual frenulum
are related to the interdependence between function and form as
indicated by Melvin Moss [15]: The observed anatomical orofacial
changes lead to development of abnormal anatomic support of the
upper airway. The upper airway is a collapsible tube submitted to
negative intrathoracic pressure during inspiration; during sleep there
is an increased risk of collapsibility due to the change of muscle tone
related to sleep stages and state along with the recumbent position
associated with sleep [16].

We performed a retrospective study of children and teenagers
referred for suspicion of sleep-disordered breathing (SDB) during
the last five years, and identified from our de-identified database,
individuals with short lingual frenulum. We considered the associated
orofacial anatomical changes (including the presence of enlarged
adenotonsils and other orofacial changes), the recommended
treatments, and the outcome of these treatments. This retrospective
study of anonymous data was approved by the IRB.

Subjects and Testing

The de-identified charts of children, age 2 to 17 years, referred
for suspicion of SDB were selected. Obese and syndromic children
were eliminated from the review. To be included in the analysis,
charts contained information on initial complaints leading to consult
with usage of Pediatric Sleep Questionnaire [17], report of clinical
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Figure 1: Example of a short lingual frenulum in a prepubertal child with obstructive sleep apnea

Table 1: Disease characteristics at entry and after first treatment

At entry After 1%t treatment
n (%) n (%)
Demographics (n=27)
Boys 18 (63%)
Mean Age (years) (SD) 114+52 123146
Disease characteristics
Overall symptoms 27 (100) 9(90)

Fatigue 27 /(100) 10/(37)

EDS 9 /(35) 1/(4)

Poor sleep 18 (67) 9/(33)

Snoring 20 ((74) 2/(7.5)

Speech problems+ 13 (48) 2/(7.5)

Swallowing problems+ 7 (26) 0(0.0)

Chewing problems+ 6 (22) 1(3.7)
Tonsil scale

0/1 8(30) 18(66.6)

2 9(33) 9( 33)

3 5(18.5) 0(0.0)

4 5(18.5) 0(0.0)
Mouth breathing 27(100) 25 (92.5)
PSG findings
AHI, mean +SD 12+4.6 3+2
SaO2nadir, mean +SD 8925 94 +1.6
Flow limitation, mean +SD) 73+ 11 31+9
Mouth breathing (%TST) 78 £ 14 61+16

+ indicates that symptom was reported during pre-pubertal period but not present
necessarily at time of evaluation

evaluation of orofacial findings indicating investigation of tonsils
using the Friedman scale [18], investigation of subjective upper-
airway opening using the Mallampati-Friedman scale [18], evaluation
of inferior nasal turbinates, dental crowding, presence of over jet and/
or overbite [18], and determination of “facial harmony” with frontal
measurements [18]. If nasal allergies were suspected, a consult with
an allergist for treatment was obtained, and if orthodontic problems
were suspected, results of evaluation by a specialist were available.
Indication of short lingual frenulum and its potential association
with speech, swallow, or mastication problems were outlined.
Such impairment may have occurred during early childhood, and
treatment of the secondary consequence (such as speech therapy)
may have been implemented without addressing the primary cause
(short lingual frenulum).

All patients had in-laboratory diagnostic polysomnography
(PSG) that included the following: EEG (4 leads), EOG, chin and
leg EMG, ECG (one lead), and body position. The respiration was
monitored using nasal pressure transducer; mouth-breathing with
thermos-couple; chest and abdominal movements with inductive
plethysmography bands, diaphragmatic-intercostal, and rectus-
oblique muscle EMG; pulse oximetry (Massimo ™) from which both

oxygen saturation (SaO2) and finger-plethysmography were derived;
and continuous video monitoring.

The conclusion of the testing was abnormal breathing during
sleep with indication of the treatment plan.

Post treatment follow-up was available indicating:

a) Selected treatment

b) Changes compared to baseline, including questionnaire data
c) Post-treatment PSG findings

Based on the results obtained, a follow-up decision contained
any further treatment recommendations and subsequent follow up
information including PSG data.

Analysis

The data were collected and organized on spreadsheets. Sleep and
respiratory scoring of PSGs followed the pediatric scoring guidelines,
according to the American Academy of Sleep Medicine (AASM-
2007) [19]. The presence of nasal flow limitation was determined
using criteria published by Guilleminault et al. [20] and Palombini
et al. [21]. The time spent mouth-breathing during sleep was also
calculated as a percentage of total sleep time [22]. Data were analyzed
using t-test for repeated measures.

Results

We identified 27 patients with association of short lingual
frenulum and SDB who met entry criteria (Figure 1). The mean
age was 11.4 years (range: 2 to 16 years). Children presented with
symptoms of SDB (Table 1) such as snoring, poor sleep, and fatigue
but also a history of symptoms associated with short lingual frenulum
such as problems with speech, swallowing or suction, particularly
early in life. Children with speech problems may have been sent to
speech therapy, but none of the children had frenulum treatment.
As can be seen (Table 1), 10 children had enlarged tonsils (Friedman
scores of 3 and 4), five children had been recommended to consult
an orthodontist due to evident crowding of dentition, 22 children
presented with an abnormal Mallampati-Friedman score of 3 or 4
[18]. In all cases, there was presence of a high and narrow hard palate
and distortion of the “harmonic face” [18] with either a longer lower
third of the face or reduction of the middle third compared to the
other thirds.

All children presented with abnormal orofacial anatomy and
reduced oral cavity size. None of the children or their parents was
aware of the presence of an abnormal short lingual frenulum, despite
history of speech therapy early in life, feeding and/or swallowing
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difficulties, or prior adenotonsillectomy (T&A) or orthodontic
treatment.

All children had PSG s with an abnormal apnea-hypopnea-index
(AHI) and abnormal nadir of oxygen saturation during sleep. Results
are presented in table 1.

In sum: on initial presentation, children with a short lingual
frenulum had associated anatomic problems linked to abnormal
breathing during sleep, such as adenotonsillar hypertrophy, but
all presented with orofacial features favoring collapse of the upper
airway during sleep with presence of a high and narrow palatal vault
[16,22].

Finally, detailed family history revealed that one parent had
a short frenulum in 6 out of our 27 cases, and short frenulum was
present in three siblings of the patients.

Following recognition of abnormal breathing during sleep, some
children (n=10) had been referred to ear-nose-throat specialists
(ENT) for T&A and frenectomy when large tonsils were present,
and 8 children with normal sized tonsils (confirmed by naso-
pharyngoscopy and/or lateral radiographs) were also referred to ENT
for frenectomy. Nine children were referred to orthodontists for
rapid maxillary expansion (RME) and need for frenectomy was also
mentioned. Children were asked to have post-treatment follow-up by
sleep medicine including investigation with PSG.

Follow-up post treatment#1

The sleep medicine follow-up occurred between three and four
months post T&A with frenectomy or isolated frenectomy; and about
one month after rapid maxillary expansion, with expander in place,
for children sent to orthodontists. None of the children sent for
orthodontia treatment had frenectomy and two children had T&A
without frenectomy. In summary: 13 children had frenectomy either
isolated (n=5) or in association with T&A (n=8), but frenectomy was
not performed in 14 children despite recommendation to perform
such treatment.

Table 1 presents the results obtained post treatment #1,
independent of its type.

There was an overall improvement by clinical evaluation and PSG
including children in which frenectomy had not been performed;
parents reported, however, persistence of some symptoms
particularly of “fatigue” and “poor sleep” in about one third of the
cases. The AHI was significantly decreased, and oxygen saturation
nadir was significantly improved (p=0.01 for each condition, paired
t-test); flow limitation was also improved (p=0.05 paired t-test) but
to a lesser degree.

There was persistence of mouth-breathing: only two children,
treated by both T&A and frenectomy spent less than 10% of their
sleep mouth breathing, a percentage considered as normal [28]. All
others had abnormal mouth-breathing during sleep, including the
five children that underwent isolated frenectomy.

The conclusion of this first follow-up was that children recognized
with OSA were clearly improved after either T&A or orthodontics,
performed with or without frenectomy. However, 92.5% of the
treated children still had an abnormal amount of mouth-breathing
during sleep.

After collection of data, children without frenectomy were
referred back to ENT and recommended to undergo treatment (n=16).
Considering the prior finding of persistence of mouth-breathing
despite frenectomy, all children with residual AHI, flow limitation,
and mouth-breathing were recommended to have myofunctional
treatment with a specialist after surgery (n=25).

Follow-up post treatment #2

Eleven patients came back for further follow-up, six months
after the first post treatment investigation. They had treatment with
myofunctional therapy for 4 to 6 months [23-25].

These included those who underwent frenectomy with
orthodontia (n=5), isolated frenectomy (n=4)), and children post
T&A with new frenectomy subsequent to the first follow up visit (n=
2).

None of these 11 patients or their parents had clinical complaints.
At follow-up PSG, these cases had a mean AHI of 0.8 + 0.9, a mean
oxygen saturation nadir of 97.2 + 1.0%, a mean flow limitation during
sleep of 7.5 + 6%, and time spent mouth breathing during sleep of 4
+4.1%.

Discussion

Diagnosing frenulum abnormalities can be difficult because the
examiner has to be aware of the anatomy of the tongue, including
different aspects of the frenulum and adjacent regions. In addition, the
examiner must know what functions may be affected by the alterations
of the lingual frenulum. Moreover, the cut-off point between normal
and abnormal frenulum may be a challenge particularly early in life.
In this study, all patients were non-syndromic and had a clearly
recognizable short lingual frenulum at clinical evaluation. None of
the children referred for suspicion of SDB had been recognized with
such anatomical abnormality before referral. Short lingual frenulum
is a known factor in altering orofacial growth particularly impacting
development of the maxilla due to the low placement of the tongue. It
leads to the abnormal development of a high and narrow hard palate,
and secondarily, mouth-breathing during sleep. These changes occur
early in life, as the orofacial growth is particularly fast during the
first two years of life. The observed secondary anatomical changes
occurring in the oral cavity are known to increase the degree of
collapsibility of the upper airway during sleep, and recognition of a
short lingual frenulum in a toddler and older children should lead to
investigation of SDB.

It has also been hypothesized that mouth-breathing may be a
factor in tonsillar enlargement: normally a child is an obligate nose-
breather and the nose humidifies, heats, and regulates airflow before
it reaches the distal portions of the upper airway. Mouth-breathing
not only increases upper airway resistance [26] but also causes micro
trauma to the back of the throat that may induce local inflammatory
reactions in the tonsils, leading to their enlargement. Unrecognized
short lingual frenulum at birth or very early in life may lead to
suction, swallowing, masticatory, and speech acquisition problems.
It negatively impacts orofacial growth leading to abnormal breathing
during sleep, including development of mouth-breathing that will in
turn worsen the abnormal orofacial growth. This can produce “nasal
disuse,” particularly during sleep, an often-missed condition [22]
that will not spontaneously improve even after surgical elimination
of the abnormal anatomic presentation; daytime reeducation and re-
training of nasal usage will be needed.

Our study involves a relatively small number of children, and our
longest follow-up investigation is with fewer children than at initial
presentation due to loss to follow up, and such factors are limitations
in the interpretation of our findings.

We have no indication why frenectomy was not performed
earlier or even, in many cases, at time of T&A. Frenectomy does
not significantly increase the surgical risks associated with T&A.
Considering the negative impact of short lingual frenulum on
orofacial development of children early in life, and the fact that the
above children were already presenting with OSA, we suggest that
lingual frenulum be systematically examined by otolaryngologists
and pediatricians in the presence of early in life difficulties with
function of the oral cavity and in the presence of SDB. Additionally,
frenectomy should be integrated in surgical planning, independently
of its timing [27].

Evaluation of breathing during sleep should be performed as
early as possible in subjects recognized with short lingual frenulum.
One fact is clear: frenectomy for short lingual frenulum in isolation
or following T&A helps but is commonly insufficient to resolve all
abnormal breathing patterns during sleep when SDB is present.
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Myofunctional therapy, which has been previously demonstrated to
allow return to normal nasal breathing [22-25] may be needed post

surgery.

Finally, the existence of familial cases and the association with
genetic syndrome suggest that presence of a short lingual frenulum
may be part of a specific genetic predisposition, but no genetic study
has been performed on familial cases of short lingual frenulum.

In conclusion: children with SDB should be evaluated for a short
lingual frenulum, and conversely, children with an abnormally short
frenulum should be investigated for the presence of SDB. Frenectomy
should be performed as early as possible but it may not be sufficient to
restore normal nasal breathing function during sleep [28], particularly
if the frenulum-related problem has lingered over years, and nasal
breathing reeducation may be needed in these cases.
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