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ARTICLE INFO ABSTRACT

Keywords: Introduction: Tongue-tie, or ankyloglossia, occurs in 4-10% of the population. Treatment of tongue-tie has in-
Tongue-tie creased by 420% in Australia between 2006 and 2016 and 866% in the United States between 1997 and 2012.
Ankyloglossia Despite limited evidence, it has been suggested that tongue-tie can result in speech sound disorder (SSD). This
Speech study aimed to investigate tongue mobility and speech production outcomes in children with and without
}rrgrellhgeﬂ:nﬂégm tongue-tie diagnoses.

Chililrlen Y Method: Fifty-nine children aged 2; 1 to 4; 11 years were recruited and formed three groups: treated tongue-tie

(TTT), untreated tongue-tie (UTT) and no tongue-tie (NTT). Measures of lingual frenulum structure and function,
tongue mobility, speech production, and parent and clinician intelligibility ratings were collected.

Results: No statistically significant differences were found between the TTT, UTT and NTT groups for tongue
mobility, speech production or intelligibility. Significantly more UTT children had a history of speech pathology
attendance than participants in the NTT group.

Conclusion: This study provides preliminary evidence of no difference between tongue mobility and speech
outcomes in young children with or without intervention for tongue-tie during infancy. This study assists with
clinical decision making and makes recommendations for families not to proceed with surgical intervention for

tongue-tie during infancy, for the sole outcome of improving speech production later in life.

1. Introduction

Tongue-tie, or ankyloglossia, has traditionally been described as a
congenital oral abnormality where movement of the tongue is restricted
by a shortened, tightened or thickened lingual frenulum that connects
the tongue to the floor of the mouth [1]. Recently, Mills et al. [2] ex-
amined the anatomy and histology of cadavers and noted the lingual
frenulum is a midline fold rather than a band as previously thought [2].
Recently, a panel of ankyloglossia experts in the United States colla-
borated to form a Tongue-Tie Case Definition (TTCD) for newborns
from birth to six months. They proposed that tongue-tie is defined
anatomically in addition to functional or behavioral impairments [3].
An observable or palpable lingual frenulum is considered normal and is
common in young children, so should not be considered a tongue-tie in
the absence of functional impact [4].

The prevalence of tongue-tie varies between 4 and 10% [5], with
two studies from the United States reporting 4.2% and 4.24% pre-
valence using the Hazelbaker Assessment of Lingual Frenulum Function
(HATLFF) [6,7]. Additional rates of 4.2% and 10.7% were reported
using subjective observations in United States and the United Kingdom,

respectively [8,9]. In contrast, a much higher rate of 32.34% was re-
ported in Brazil during visual inspection of posterior tongue-tie in in-
fants [10]. Treatment of tongue-tie has increased worldwide. In the
United States, there were significantly more cases diagnosed with an-
kyloglossia (834%) and also more frenulotomy procedures (866%) re-
ported between 1997 and 2012 [11]. A similar 420% increase was
found in Australia between 2006 and 2016 [12]. The recognition of
infant and maternal health benefits associated with breastfeeding has
contributed to increased global promotion of breastfeeding [13,14]. As
the presence of a tongue-tie in an infant can exacerbate feeding diffi-
culties, this has likely contributed to the increase in ankyloglossia
procedures [15].

There are many methods to assess and classify tongue-tie based on
appearance and function [16]. Hong et al. [17] propose classifying at-
tachment of the frenulum as either anterior or posterior, while Genna
and Coryllos [18] suggest a classification system that uses four cate-
gories. These range from a fine elastic frenulum with an associated
heart-shaped tongue and attachment points of tongue-tip and near al-
veolar ridge, to a thick, non-visible frenulum from the base of the
tongue to the floor of the mouth which can be palpated. Suter and
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Borstein [19] provide alternative methods of assessing tongue-tie
structure including measuring length of free tongue, frenulum length
and use of the Frenotomy Decision Rule for Breastfeeding Infants
(FRDRI) [20].

There are a number of studies that suggest frenulotomy is beneficial
for improving breastfeeding of infants with tongue-tie, by improving
nipple pain, sucking and latch [15], though there is less evidence on the
effects of tongue-tie on speech outcomes of children. Despite limited
quality evidence to support claims, it is widely believed that tongue-tie
can result in speech sound disorder (SSD) [15]. Bellinger et al. con-
ducted a longitudinal cohort study of children who had tongue-tie
treatment in the neonatal period, and documented parent reports for
dental and speech outcomes at 9 and 38 month of age [21]. They found
that only two out of 112 (1.8%) parents reported concerns with speech
at 38 months of age. A systematic review investigated the impact of
tongue-tie surgery on both speech and feeding, and found no causal
relationship between tongue-tie and speech production [22]. Other
studies have reported improvements in speech outcomes in individuals
with tongue-tie who underwent surgery, but have used measures in-
cluding ‘subjective gains in speech’, parent perception of speech in-
telligibility, presence of articulation errors and ‘speech pathology eva-
luation’. These studies included small samples sizes and many
documented improvements were not statistically significant [23-25]. A
recent case series report from five participants found improved speech
skills (as measured by parental reports, and increased accuracy in
production of some speech sounds) following laser frenectomy. They
also reported that the participants required ongoing speech pathology
services [26]. Similarly, a case series reported the outcomes of five
children and found less severe speech sound processes, including im-
provements in substitution and omissions following tongue-tie surgery
[27]. Two studies have used parent intelligibility ratings to measure
speech production and found ratings significantly improved following
surgery [24,28]. Though parent intelligibility ratings are a clinically
valid observation, both studies lacked objective use of speech mea-
surement [24,28,29]. A Portuguese study discovered that children and
adults who had frenectomy and speech pathology intervention ex-
hibited improved tongue mobility, though their ability to produce the
sound under investigation, a rhotic phoneme called the alveolar tap, did
not improve [30]. A recent retrospective publication investigated the
outcomes of 48 participants with tongue-tie. They found that children
with moderate-to-severe, or severe speech or language difficulties ex-
perienced greater improvement of symptoms following frenulectomy
than children with mild and mild to moderate difficulties [31]. Finally,
a well-designed study by Dollberg and colleagues compared speech
outcomes of 23 children aged four to eight years old [32]. They com-
pared three groups: tongue-tie treated with frenulotomy conducted
during infancy (between two days and four weeks), untreated tongue-
tie and no history of tongue-tie. Articulation, speech intelligibility, oral
anatomy and tongue movement assessments revealed no significant
differences between groups on each measure. Given the small sample
size within the study, the findings were interpreted with caution [32].
In conclusion, the current evidence highlights the need for further re-
search in this area, with an adequate sample size, control group and
objective in addition to subjective measures of speech production [33].

The potential effects of tongue-tie on speech production can be in-
terpreted theoretically using the model of speech sensorimotor control
by Van der Merwe [34]. This framework consists of neural structures
and phases in processing of speech, through four levels: linguistic
symbolic planning, speech motor planning, speech motor programming
and execution. When an individual presents with tongue-tie, the
movement of their tongue, a prime articulator in speech, can be re-
stricted [1]. This suggests the ‘impairment’ of tongue-tie lies in the
execution stage of the model. When this breakdown occurs, tactile-ki-
nesthetic feedback is relayed back to the speech motor program, pro-
viding information on mobility parameters of the tongue such as muscle
tone, velocity, range, direction and force. An alternative motor program
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is created and executed accounting for the impairment as a result of
tongue-tie. The output of this speech is therefore an altered version,
creating the differentiation in speech production between some in-
dividuals with and without tongue-tie.

The purpose of this study was to explore the relationship between
tongue-tie status and speech production with a larger sample size than
previous studies, inclusion of a control group and use of both objective
and subjective measures. The relationship between lingual frenulum
function and speech production was investigated by comparing chil-
dren with no tongue-tie diagnosis (NTT) to children with untreated
tongue-tie (UTT), and the effectiveness of frenulotomy on speech pro-
duction was explored, by comparing the NTT group to a group of
treated tongue-tie (TTT) children. This pilot study aimed to investigate
whether:

1. Tongue-tie significantly impacts speech production as measured by
standardised speech production assessments.

2. Tongue-tie significantly impacts intelligibility (clinician and parent)
as measured by a Likert scale intelligibility rating.

3. Tongue-tie significantly impacts tongue mobility as measured by the
lingual control total score on the Verbal Motor Production
Assessment for Children (VMPAC).

2. Methods
2.1. Participants

Fifty-nine children aged between 2; 11 and 4; 11 years were re-
cruited to form three groups of participants: TTT, UTT and NTT. See
Table 1 for characteristics of participants.

Participants in the TTT and UTT groups were recruited from iKids
Specialist Paediatric Dentistry in Perth, Western Australia and the NTT
participants via convenience sampling. All children were required to
have English as their primary language, and not have hearing impair-
ment or generalised developmental delay. The diagnostic process of
tongue-tie was based on functional and structural measures and com-
pleted by a lactation consultant and paediatric dentist before six months
of age. All infants in the TTT and UTT groups were diagnosed with a
functional restriction by an International Board Certified Lactation
Consultant (IBCLC) combined with anatomical assessment by a pae-
diatric dentist. Where a diagnosis of tongue-tie was made by the IBCLC,
criteria included items listed in the Hazelbaker in addition to other
symptoms, including milk/cell stasis on the dorsum of the tongue,
aerophagia, milk transfer rates and others relevant to the infant.
Inclusion criteria for participants in the UTT group were diagnosis of
tongue-tie but no surgical treatment provided, while TTT children were
diagnosed with tongue-tie and had frenulotomy by Erbium:YAG laser.
NTT children had not been previously diagnosed with tongue-tie by any
health professional.

A one-way between groups analysis of variance (ANOVA) and chi-
square test of contingencies were used to assess group differences in age
(months) and gender respectively. Assumptions were met for both tests
and no significant difference was found for age, F (2, 56) = 0.60,

Table 1
Participant characteristics for the treated tongue-tie (TTT), untreated tongue-tie
(UTT) and no tongue-tie (NTT) groups.

n Age (months)

Male Female Total M SD Range
TTT 11 10 21 42.05 6.66 31-59
UTT 6 11 17 40.12 6.64 30-53
NTT 11 10 21 39.57 9.152 25-58
Total 28 31 59 40.61 7.59 25-59

Note. n = number of participants; M = mean, SD = standard deviation.
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Table 2
Descriptive statistics on phonology, intelligibility, oral motor and tongue mobility for TTT, UTT and NTT groups.
TTT UTT NTT
M SD R M SD R M SD R
Phonology SS 9.29 3.39 3-16 8.29 2.09 3-12 8.52 2.99 3-13
PCC 77.95 13.71 47-99 68.94 18.45 41-93 72.62 13.10 39-96
Intelligibility Parent 4.05 74 3-5 3.76 .75 2-5 3.86 .66 2-5
Clinician 3.95 .87 2-5 3.53 .94 2-5 3.86 91 2-5
VMPAC RS 31.67 3.47 24-36 31.71 3.69 24-36 31.60 4.06 23-36
Lingual frenulum RS 9.57 .75 8-10 8.88 1.27 7-10 9.71 .46 9-10

Note. M = mean; SD = standard deviation; R = range; SS = standard score; PCC = percentage consonants correct; VMPAC = Verbal Motor Production Assessment

for Children; RS = raw score. Intelligibility scores are from a scale 1 to 5 (1 =

p = .55, 7° = 0.021 (small effect) or gender, x> (2, N = 59) = 1.42,
p = .49, ® = 0.22.

Sensitivity analysis conducted using G*Power software concluded
that with 59 participants, there was 80% likelihood of achieving a
minimum effect size of f = 0.42 (large effect) [35].

3. Materials
The following objective measures were included in the study.
3.1. Measures

3.1.1. Speech sound assessment

Depending on the age of the participant, either the Toddler
Phonology Test (TPT) [36] or the phonology subtest of the Diagnostic
Evaluation of Articulation and Phonology (DEAP) [37] was adminis-
tered to assess each participant's speech sound production. Both tools
are standardised assessments for speech sound production, contain
normative data for Australian children, and use similar stimuli.

3.1.2. Intelligibility
Parent and clinician intelligibility ratings were used to measure the
child's overall ability to be understood on a 5-point Likert scale [28,38].

3.1.3. Oral motor skills
Tongue mobility was assessed using the lingual control subtest of
the Verbal Motor Production Assessment for Children [39].

3.1.4. Lingual frenulum function

To assess each child's current tongue-tie status, an assessment of
lingual frenulum function for children over one year of age developed
by Ito et al. was used [27]. A throat scope and permanent marker were
used to measure item one objectively to the closest millimetre, by
putting the throat scope underneath the child's tongue against the fre-
nulum and marking the position of the tip of the tongue. Ito and col-
leagues [28] reported that items one to four were based on the Ha-
zelbaker Assessment Tool of Lingual Frenulum Function (HATLFF)
[40], which is considered a gold standard of lingual assessment with
strong psychometric properties. The HATLFF, however, could not be
used as it is designed for the assessment of infants under 12 months.

3.2. Procedure

Ethical approval was obtained from the Curtin University Human
Research Ethics Committee. Written informed consent was obtained
prior to the commencement of each session. Sessions of 30-45 min were
completed at the participant's home in a quiet, distraction-free area, or
at a private speech pathology clinic if requested by the family. Parents
or guardians were permitted to observe and completed a parent ques-
tionnaire and intelligibility ratings during the session. The sequence of
each session included: rapport building (clinician intelligibility rating

completely unintelligible to 5 = completely intelligible).

attained), speech production assessment, oral motor assessment, and
lingual frenulum function assessment. A rest or reward activity was
offered between tasks when necessary. All sessions were video-recorded
with an iPhone and audio-recorded with an Olympus VN741PC re-
corder. Assessment data were transcribed after each session. Parents
were provided with a summary of their child's assessment results if
requested.

Two student speech pathologists (SSP), the chief investigator and an
assistant, completed all assessments. To ensure inter-rater reliability
between scorers, 20% of recordings (audio and video) were randomly
selected and scored in their entirety by both SSPs. A high rate of con-
sistency (> 95%) was achieved between the two raters, with any dif-
ferences being discussed and agreement reached.

3.3. Data analysis

Statistical analyses were conducted using Statistical Package for the
Social Sciences (SPSS) Version 23.0 software [41]. Outliers were not
excluded as they captured the spread of participants.

4. Results

Descriptive statistics for speech sound (phonology and intellig-
ibility), oral motor skills and lingual frenulum function (tongue mobi-
lity) are outlined in Table 2.

4.1. Speech sound assessment

Speech sound production skills were investigated through analysis
of participants’ phonology, measured by standard score and percentage
of consonants correct (PCC) on the DEAP and TPT [36,37]. The as-
sumption of normality was not met for all three groups for phonology
standard score. The Kruskal-Wallis one-way ANOVA found no sig-
nificant main effect for phonology standard score, H(corrected for
ties) = 2.63, df = 2, N = 59, p = .27, ;7 = 0.045 (small-medium
effect) between the three groups.

While groups were not significantly different by age (months),
variations of age were present, therefore an ANCOVA with a covariate
of age (months) for total PCC was completed. Normality assumption
was violated for the UTT group (p = .035), but due to the robust nature
of the ANCOVA and visual inspection indicating participants were
normally distributed, this test was conducted. Other assumptions of
homogeneity including regression, linearity and homogeneity of var-
iance were not violated. After accounting for the effects of age on PCC,
the ANCOVA found no significant effect of PCC between groups, F(2,
55) = 1.36, p = .267, partial 7° = 0.047 (small-medium effect). The
results indicated no significant difference between any groups on
speech production measures.

Alveolar and palato-alveolar sounds were of particular interest
given the impact of reduced tongue movement on the accuracy of
production of these sounds, so these were investigated separately. The
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assumption of normality was not met, therefore a Kruskal-Wallis one-
way ANOVA was used. No significant difference was found between
groups for the initial or final word position of alveolar (/t/,/d/,/s/,/z/
,/1n/,/1/) or palato-alveolar (/§/,/3/,/t{/,/d3/,/1/) sounds.

4.2. Intelligibility

Parent and clinician intelligibility ratings were compared between
the TTT, UTT and NTT groups. As intelligibility ratings contain ordinal
data, a non-parametric Kruskal-Wallis one-way ANOVA was used. No
significant difference was found between groups for parent intellig-
ibility rating, H(corrected for ties) = 1.31,df = 2, N = 59, p = .52,
#? = 0.023 (small-medium effect) or clinician intelligibility rating, H
(corrected for ties) = 1.85,df = 2, N = 59, p = .40, 5° = 0.032 (small-
medium effect).

4.3. Tongue mobility

Since the assumption of normality was not met for VMPAC scores
between TTT, UTT and NTT groups, a Kruskal-Wallis one-way ANOVA
was conducted. No significant difference was found between all groups
for VMPAC raw score, H(corrected for ties) = 0.028, df = 2, N = 58,
p = .99, ;12 = 0.00049 (no to small effect). Data for one participant in
the NTT group was not available for analysis due to non-compliance on
this task.

4.4. Tongue-tie status

Participants' current tongue-tie status’ were classified on the basis of
the lingual frenulum function scores [27]. The assumption of normality
was not met for lingual frenulum function raw score; therefore, a
Kruskal-Wallis one-way ANOVA was conducted. No significant differ-
ence was found between groups, H(corrected for ties) = 5.24, df = 2,
N = 59, p = .073, 4 = 0.090 (medium-large effect). Although no
significant difference was found between lingual frenulum raw scores, a
significant difference was detected for tongue-tie status, H(corrected for
ties) = 10.42, df = 2, N = 59, p = .005, 7 = 0.18 (large effect)
between TTT (Mean Rank = 32, n = 21), UTT (Mean Rank = 25.06,
n = 17) and NTT (Mean Rank = 32, n = 21) groups. This was analysed
with a Kruskal-Wallis one-way ANOVA, as normality assumption was
not met. Pairwise comparisons via Mann-Whitney U Test revealed a
significant difference in tongue-tie status, between UTT (Mean
Rank = 17.03, n = 17) and NTT groups (Mean Rank = 21.5,n = 21),
U = 136.5, = -2.32 (corrected for ties), p = .020, two-tailed, r = 0.38
(medium-large effect) and a significant difference between UTT (Mean
Rank = 17.03,n = 17) and TTT (Mean Rank = 21.5, n = 21) groups,
U = 136.5, z = —2.32 (corrected for ties), p = .020, two-tailed,
r = 0.38 (medium-large effect). However, when Bonferroni correction
was applied and the alpha level was adjusted to p = .017, pairwise
comparisons indicated no significant difference between any of the
pairs of groups (TTT and UTT, UTT and NTT, TTT and NTT).

4.5. History of speech pathology services

A Kruskal-Wallis one-way ANOVA revealed a significant difference
in previous speech pathology services, H(corrected for ties) = 6.54,
df = 2, N = 59, p = .038, 7 = 0.112 (medium-large effect), between
TTT (Mean Rank = 28.88,n = 21), UTT (Mean Rank = 25.82,n = 17)
and NTT (Mean Rank = 34.50, n = 21) groups. Pairwise comparisons
via the Mann-Whitney U Test with adjusted alpha level of p = .017,
indicated a significant difference between UTT (Mean Rank = 6.41,
n = 17) and NTT (Mean Rank = 22, n = 21) groups, U = 126,
z = —2.63 (corrected for ties), p = .008, two-tailed, r = 0.43
(medium-large effect). The reasons for children attending speech pa-
thology services can be seen in Table 3. No children in the NTT had
previously received speech pathology services.

International Journal of Pediatric Otorhinolaryngology 134 (2020) 110035

Table 3
Number of children in treated tongue-tie (TTT) and untreated tongue-tie (UTT)
groups previously attending speech pathology for each goal of therapy.

Therapy Goals TTT UTT
Speech Sound Production 41 2x2
Oral Motor 0 1
Language 0 2
Unknown 0 1
Total n 4 5

% of group 19.05% 29.41%

Note. N = number of participants. One child in UTT group had received therapy
for both speech and language.

$/1/,/5/,/5/,/8/,/tW/,/8/,/2/,/1/.

*2/s/.

5. Discussion

This study investigated differences between speech production and
tongue mobility across young children and found no significant differ-
ence between TTT, UTT and NTT groups on measures of speech pro-
duction, parent and clinician intelligibility ratings and tongue mobility.
Significantly more children in the UTT group had previously seen
speech pathologists, in comparison to the NTT group. It was interesting
to note that the majority of children within the UTT group no longer
presented with a tongue-tie, as indicated by their lingual frenulum
function score [27].

5.1. Tongue-tie and speech production

Although it is widely believed that tongue-tie can affect speech
production [24,26,27 and 32], research in this area is inconclusive due
small sample sizes and variability in methodology and assessment tools
used in existing studies [33]. In the current study, no significant dif-
ference in speech outcomes was found between children with UTT and
NTT. These findings align with existing evidence of no causative effect
of tongue-tie on speech production skills . Significant differences in
speech production after surgery were reported in two studies [24,28],
however the differences were based solely on parental reports and did
not include objective measures of speech production. The current study
compared children with TTT to UTT and a control group of NTT on a
range of measures, including standardised speech assessments, parent
and clinician intelligibility ratings, and found no significant difference
in speech outcomes between the three groups. These results are similar
to findings of a previous study by Dollberg and et al., who utilised a
similar research design but with fewer participants, and found no sig-
nificant difference in speech outcomes between TTT, UTT and NTT
groups [32]. The current study did not support significant findings for
speech production on the basis of parental report [24,28], with in-
telligibility not differing significantly between groups. However, pre-
vious studies that found this difference compared children's intellig-
ibility pre- and post-surgery [24,28].

5.2. Tongue-tie and speech motor programs

In relation to the model of speech sensorimotor control [34], it was
predicted that participants with UTT would need to create an alter-
native motor program to account for the impairment as a result of
tongue-tie. It was believed that this altered motor program would
create a difference in the sound of speech produced.

It was also hypothesized that TTT children would independently
develop new motor programs, following the treatment of their tongue-
tie, and would no longer present with alternative motor productions
and difference in speech compared to NTT participants. Through au-
ditory feedback of speech sounds produced by others and individual
self-monitoring of speech, it was postulated that these children would
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independently update motor programs. The main results from this study
support this prediction, as the speech sound production scores of par-
ticipants in the TTT group were not significantly different to NTT
participants. However, further investigation into results revealed this
hypothesis was not necessarily supported. When considering speech
pathology history, 19% of children within the TTT group had seen a
speech pathologist previously; all of whom had attended due to pro-
blems with alveolar and palato-alveolar sounds (/1/,/s/,/t/,/§/,/z/).
This indicates that a high proportion of TTT children required assis-
tance to develop new motor programs for sounds which required
tongue movement, following their tongue-tie release. Therefore, al-
though TTT children did not present with speech acoustically different
to NTT children and appeared to have new motor programs, many
needed support to create these programs.

It was anticipated that participants in the UTT group would not
possess typical oral motor skills given the presence of tethered oral
tissue, and it was predicted that these children would need to create
alternative motor programs and thus present with altered speech pro-
duction. However, there was no significant difference between groups
on speech production outcomes, so this prediction was not supported.
Although significantly more UTT children had seen speech pathology
previously when compared to NTT children, only 12% of UTT children
attended therapy for speech production, with 6% of the group speci-
fying this was for an alveolar sound (e.g./s/). Most UTT children at-
tended for other reasons, including language development and devel-
oping oral motor skills. This highlights that many UTT children
independently learned to create sounds that were acoustically matched
to the sounds of individuals without tongue-tie. Although speech
sounds were not acoustically different, it would be interesting to con-
duct further analysis of speech sound productions of UTT children using
a specialized speech analysis program such as Praat [42], or use of
electropalatography, to measure contact with the palate and alveolar
ridge during speech production. Perceptually, it appeared that partici-
pants in the TTT group needed support to create typical motor pro-
grams and the majority of UTT participants independently created
motor programs which accounted for their tongue-tie. However, it is
possible that participants in the TTT group had more restricted lingual
frenulum structure before surgery than the UTT group, and that par-
ental report of speech therapy goals may have been inaccurate.

5.3. Limitations and future directions

The Ito and colleagues lingual assessment tool [27] for children over
one year of age was deemed the most appropriate assessment to mea-
sure current tongue-tie status, as it is the only assessment tool found for
children over the age of one. However, throughout the study, the ac-
curacy of the lingual frenulum tool was questioned, which may have
impacted internal validity [27]. In particular, item five ‘speech for age’
contained no reliability data and Ito et al. [27] did not explain how this
item was assessed, so it was unclear whether this score was measured
based on speech sound errors, phonetic inventory, or intelligibility. The
inclusion of this item within the assessment suggests there is an as-
sumption that lingual frenulum function and tongue-tie status impact
speech production. It was also interesting that the majority of children
within the UTT group were not classified as having a tongue-tie, as
indicated by this measure. This could be due to inadequate sensitivity of
the lingual frenulum tool to diagnose tongue-tie within older children
from two to five years of age. In the future, it would be beneficial to
validate an accurate and reliable diagnostic tool of tongue-tie for chil-
dren older than one year old.

All participants from the current study were recruited from a single
clinic and received treatment with Erbium laser surgery. A direction for
the future could be to replicate this study across multiple sites and with
alternative surgical procedures, to determine if the results are gen-
eralised to a wider population. Secondly, the classification of tongue-
tie, superior and inferior attachment and other functional
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characteristics were not controlled in the current study, and tongue-tie
severity may have differed between UTT and TTT groups. It is possible
that UTT children had less severe tongue-ties, therefore, did not pro-
ceed with surgery. Noting the UTT and TTT cohort were initially seen
for nursing dysfunction, the UTT group also included infants with
functional and structural lingual frenulum dysfunction that were able to
achieve adequate functional change with non-surgical interventions.
This is a very important aspect to consider controlling in future pro-
spective studies. Finally, it is suggested that the study be replicated with
a larger sample size. It would also be beneficial to conduct a prospective
study, which follows TTT, UTT and NTT participants over time, to track
lingual frenulum structure and function, speech production, intellig-
ibility, and tongue mobility.

6. Conclusion

There has been an increased awareness and surgical management of
tongue-tie over the past decade [11,12]. Yet inconclusive evidence
exists for the impact of tongue-tie presence on speech production in
children, and current conclusions have been based on studies with small
sample sizes, that lack control groups, and use of objective measures.
The current study of 59 participants found that objective measures of
speech outcomes, intelligibility and tongue mobility did not sig-
nificantly differ between TTT, UTT and NTT groups. Further in-
vestigation accounting for this study's limitations are recommended.
Due to the multidisciplinary nature of tongue-tie treatment, it is im-
portant that these findings are communicated to a range of health
professionals to inform clinical decision making and allow sound advice
to be provided to families about the impact of tongue-tie and the po-
tential effects of on speech production and development [14,43,44].
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