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ABSTRACT
Purpose: to analyze the compensatory strategies used by subjects with ankyloglossia 
for the production of the consonantal alveolar flap sound /ɾ/. 
Methods: a cross-sectional analytic observational comparative study was conducted 
with 88 subjects, 44 being diagnosed with ankyloglossia and 44 with normal lingual 
frenulum, matched by age and gender. They were asked to repeat the syllable /ra/ five 
times in a row. Video recordings of the speech were taken. Frame by frame analy-
sis of all recordings were performed to verify tongue, lip, and mandible movements 
during the production of the alveolar flap. The analysis of the films was performed 
by two Speech Language Pathologists specialized in Orofacial Myofunctional Disorder. 
Fisher’s Exact Test was used for statistical treatment (p≤0.05.) 
Results: the frame by frame analysis of the alveolar flap production of subjects with 
and without ankyloglossia showed that subjects with ankyloglossia performed several 
compensatory strategies when producing this sound. There was a statistically sig-
nificant difference (p=0.001) when subjects with and without ankyloglossia were 
compared. 
Conclusion: subjects with ankyloglossia used several lip, tongue, and mandible com-
pensatory strategies to produce the Brazilian Portuguese consonantal alveolar flap /ɾ/.
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INTRODUCTION
The presence of a frenulum in the human body 

occurs when there was, originally, an embryonic fusion 
of two surfaces, which later are separated during normal 
growth. The tongue and the floor of the mouth are origi-
nally fused and then separated during the embryonic 
development, originating the lingual frenulum1,2

. Thus, 

ankyloglossia results from the incompletion of this 
process2. Ankyloglossia can be an isolated alteration3 
or it can be related to genetic syndromes4-6.    

The point of frenulum attachment to the tongue 
and to the floor of the mouth does not change over 
time7; moreover, its histological constitution does not 
allow spontaneous rupture or elongation by means of 
exercises8. Those facts justify the importance of early 
diagnosis for ankyloglossia.

A recent study has shown that the lingual frenulum 
is a dynamic three-dimensional structure formed by 
a central fold in a layer of fascia that extends across 
the floor of mouth and varies in morphology on a 
spectrum9. With the anterior tongue in a resting position 
and the tongue’s ventral surface in contact with the 
anterior floor of mouth mucosa, the contour of the 
floor of mouth fascia is horizontal and it is not under 
tension. With all anterior tongue movements, the central 
attachment of the fascia to the ventral tongue surface 
creates passive movement of the floor of mouth fascia, 
together with the overlying oral mucosa9. Anterior and 
mid tongue elevation and/or retraction create tension in 
the fascial layer, drawing the fascia and the overlying 
mucosa up into a midline sagittal fold that forms 
the lingual frenulum9

. This diaphragm-like structure 
suspends the tongue and the floor of mouth structures 
to stabilize tongue position while allowing freedom of 
movement. With tongue elevation, the prominence and 
visual appearance of the lingual frenulum fold vary 
significantly between individuals.

In some subjects, the anatomical variation in 
frenulum morphology may create tongue movement 
restriction, such that there is an imbalance between 
these roles of stability and mobility9. Research on task 
specific tongue biomechanics help us to understand 
how movement restriction caused by the lingual 
frenulum may impact variable on different tongue 
activities such as the speech10-13.

For an adequate speech production, the anatomo-
-functional structures of the stomatognathic system 
must be balanced in order to perform the required 
movements14. Initial children’s speech acquisition 
contains generally obstructive and nasal sounds 

followed by the fricative and liquid sounds. The lateral 
and non-lateral liquid sounds are the last sounds to be 
acquired due to their complexity. The liquid sounds of 
the Brazilian Portuguese are /l/, /ɾ/ and /ʎ/. In cases of 
speech alteration those are the most altered sounds15.

The fast-synchronous and precise tongue 
movements are essential for an adequate articulation, 
mainly for the consonantal alveolar flap /ɾ/16,17 being that 
the mobility of the apex of the tongue interferes directly 
with the sound production.

Unusual movements of the lips, tongue and 
mandible performed by subjects with ankyloglossia 
during speech production are directly or indirectly 
related to the restriction of the vertical movements of 
the tongue; however, they do not interfere with speech 
intelligibility18,19

. Although some authors correlate 
ankyloglossia with speech production alterations20-22, 
the alveolar flap production by subjects with ankylo-
glossia is still poorly described in the literature. This 
study aimed to analyze the compensatory strategies 
used by subjects with ankyloglossia for the production 
of the consonantal alveolar flap sound /ɾ/.

METHODS
A cross-sectional analytic observational comparative 

study was conducted with 88 subjects who had been 
assessed in a health care institution from 2016 to 2018. 
The research project was approved by the Research 
Ethics Committee of CEFAC, under number 1.181.172. 
All participants signed the Informed Consent Form and 
Free and Clarified Assent Form (for children), according 
to Resolution CNS 466/12-National Health Council.

The study included 44 subjects diagnosed with 
ankyloglossia, (experimental group – EG) by means 
of a specific protocol23 and 44 subjects without 
ankyloglossia (control group- CG) aged between 7 
and 42 years. The 44 subjects without ankyloglossia 
were matched for age and gender. Of the 44 subjects 
diagnosed with ankyloglossia 17 were female and 27 
male, average age 13.6 years old. 

The exclusion criteria for both groups were: presence 
of phonological deviations, hearing impairment history, 
temporomandibular joint disorder, mental deficiency, 
neurological disorder, genetic syndromes, mouth 
breathing, cleft palate, and subjects who underwent 
surgery to release lingual frenulum or speech therapy. 

Both groups were individually assessed in the 
same room by the first author of this study. Speech 
samples from all subjects were taken during the 
production of a sequence of syllables using a Canon 
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PowerShot SX530HS camera. The camera was placed 
at a distance of 15 centimeters having the lower third 
of the face focused. Each subject was asked to repeat 
the syllable /ra/ five times in a row. All recordings were 
converted into slow motion for later frame by frame 
analysis of tongue, lip, and mandible movements 
during the production of the alveolar flap. The analysis 
of the films was performed by two Speech Language 
Pathologists specialists in Orofacial Myofunctional 
Disorder, experienced in lingual frenulum assessment.  
All tongue, lip and jaw movements visually observed 
frame by frame by the two specialists were recorded in 
spreadsheets for further statistical treatment.

Statistical analysis was performed using the SPSS 
(Statistical Package for the Social Sciences), version 
24.0. Fisher’s Exact Test was used to verify possible 
differences in the alveolar flap production in subjects 
with and without ankyloglossia at a 5% significance 
level (p≤0.05).

RESULTS
The frame by frame analysis of the alveolar flap 

production of subjects with and without ankylo-
glossia demonstrated that subjects with ankyloglossia 
performed several compensatory strategies when 
producing this sound, as shown in Table 1.

There was a statistically significant difference 
(p=0.001) when both the subjects with and without 
ankyloglossia were compared. The subjects with 
ankyloglossia had reduced mouth opening, mandible 
deviation, elevation of the lateral sides of the tongue, 
tongue deviation, cupping of the tongue, mandibular 
vertical movements, tongue blade deformation, and 
variation of the articulation point when producing the 
alveolar flap (Figure 1). Those strategies were not 
observed in the subjects without ankyloglossia. Of the 
44 subjects with ankyloglossia only three subjects had 
lip motions when producing the alveolar flap and only 
two had variations of the manner of articulation. Those 
strategies were not observed in the subjects without 
ankyloglossia.

Table 1. Compensatory strategies performed by subjects with and without ankyloglossia to produce the alveolar flap sound

Variable Category
Ankyloglossia

p-ValueNo Yes
Frequency % Frequency %

reduced mouth opening
no 43 97.70% 6 13.60%

< 0.001*
yes 1 2.30% 38 86.40%

mandible deviation
no 44 100.00% 22 50.00%

< 0.001*
yes 0 0.00% 22 50.00%

 elevation of the lateral sides of the 
tongue

no 44 100.00% 17 38.60%
< 0.001*

yes 0 0.00% 27 61.40%

lip motions
no 44 100.00% 41 93.20%

0.121
yes 0 0.00% 3 6.80%

tongue deviation
no 44 100.00% 32 72.70%

< 0.001*
yes 0 0.00% 12 27.30%

cupping of the tongue
no 44 100.00% 19 43.20%

< 0.001*
yes 0 0.00% 25 56.80%

mandibular vertical movements
no 44 100.00% 14 31.80%

< 0.001*
yes 0 0.00% 30 68.20%

tongue blade deformation
no 44 100.00% 39 88.60%

0.028*
yes 0 0.00% 5 11.40%

variation of the articulation point
no 44 100.00% 17 38.60%

< 0.001*
yes 0 0.00% 27 61.40%

variation of the manner of articulation
no 44 100.00% 42 95.50%

0.247
yes 0 0.00% 2 4.50%

Fisher´s exact test. *statistical significance = p<0.05
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Figure 1. Compensatory tongue strategies when producing the alveolar flap sound /ɾ/

DISCUSSION
In this study we characterized the compen-

satory strategies of 44 subjects with ankyloglossia 
when producing the alveolar flap /ɾ/ of the Brazilian 
Portuguese. The literature reports that the acquisition 
of this sound is later, around 5 years of age15,24. For 
the adequate production of the alveolar flap /ɾ/, rapid, 
synchronous, and accurate tongue movements are 
required16. Although having restriction of tongue 
movements, the omission of the alveolar flap /ɾ/ was 
not found in the subjects with ankyloglossia. However, 
all subjects produced the sound using one or more 
compensatory strategies, as reduced mouth opening, 
mandible deviation, elevation of the lateral sides of 
the tongue, tongue deviation, cupping of the tongue, 
mandibular vertical movements, tongue blade defor-
mation, and variation of the articulation point when 
producing the alveolar flap. There was a statistically 
significant difference (p=0.001) when comparing both 
the subjects with and without ankyloglossia. 

The participation of the lips during the production 
of alveolar flap as well as the variation of the articu-
latory mode were not present in subjects without 
ankyloglossia ; however, a small number of subjects 
with ankyloglossia performed those compensations, 
demonstrating that these subjects can use a variety of  

strategies, which are not  expected for the production 
of this sound.

These findings demonstrate that even with 
movement restrictions, the tongue is able to perform the 
alveolar flap using unusual compensatory strategies. 
The intrinsic muscles of the tongue, responsible for 
the precise speech movements, function as muscular 
hydrostats, altering the shape of the tongue so it can 
perform a greater variety of movements25,26

.

Two studies assessed the speech production 
of subjects with ankyloglossia and concluded that 
the most frequent features were distortion, locked 
articulation, and low tongue posture22,27

. Both studies 

assessed the general characteristics of the speech 
production; however, they did not investigate how the 
altered sounds were produced.  

The compensatory strategies described above also 
varied from subject to subject, and there was no single 
compensation pattern that could characterize the 
production of the alveolar flap in cases of ankyloglossia. 
Nevertheless, all alveolar flap productions differed from 
the way that subjects without ankyloglossia produced 
this sound. A literature review demonstrated that in 
the presence of ankyloglossia the phone that is most 
frequently altered is the alveolar flap /ɾ/, and that 
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subjects with ankyloglossia compensate in order to 
minimize tongue movement restrictions28

. 
It is important to highlight that compensatory 

strategies were observed even in speech produc-
tions considered auditively normal. These findings 
demonstrate the importance of visual analysis of lip, 
tongue, and mandible movements during speech 
production in subjects with ankyloglossia, as reported 
in the literature18

, and not only the auditory-perceptual 
analysis. 

One limitation of this study is the lack of examina-
tions such as electropalatography and ultrasound, 
which allow both real-time visualization of the tongue 
movements and the observation of the articulatory 
adjustments involved in the production of the alveolar 
flap, which are not auditively perceived. One suggestion 
for future studies is to include those examinations for 
further speech production analyses.

CONCLUSION
The results demonstrated that subjects presented 

with ankyloglossia use several lip, tongue, and 
mandible compensatory strategies to produce the 
Brazilian Portuguese consonantal alveolar flap sound 
/ɾ/.
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