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Highlights

What are the main findings?

e  Children with speech disorders had higher NOT-S total and examination scores, and
these differences persisted after adjustment for age, sex, and systemic conditions.

e  In this sample, no severity-related association was found between Kotlow class or free
tongue length and NOT-S scores; given the small sample, this does not rule out an
effect of tongue-tie.

What are the implications of the main findings?

e Anatomical assessment of tongue-tie alone may be insufficient and should be comple-
mented by functional orofacial and speech and language evaluation.

e  Inchildren with speech disorders, decisions regarding frenectomy should not be based
on frenulum length alone but should include functional and speech and language
assessment.

Abstract

Background: Orofacial dysfunction may co-occur with speech and language disorders. This
study compared orofacial function in children with and without speech disorders using
the Nordic Orofacial Test-Screening (NOT-S) and examined whether Kotlow tongue-tie
severity is associated with orofacial function. Methods: This cross-sectional study included
77 children aged 5-13 years (37 with speech and language disorders [SD]; 40 without [N]).
Orofacial function was screened with the NOT-S, and free tongue length was classified
according to Kotlow. Nonparametric and exact tests, Poisson regression adjusted for age,
sex, and systemic conditions, and sensitivity analyses were used. Results: The SD group
had higher NOT-S total (median 3 vs. 1; p < 0.001; r = 0.50) and examination scores (p < 0.001;
r = 0.76) than the N group, whereas interview scores did not differ. After Holm correction,
facial expression, oral motor function, and speech remained more frequently impaired.
The difference persisted after adjustment (incidence rate ratio 2.21, 95% CI 1.53-3.19), in
children without systemic conditions, and after exclusion of the speech domain. Tongue-tie
prevalence and free tongue length did not differ between groups, and no severity-related
association with NOT-S scores emerged. Conclusions: Children with speech disorders
had higher NOT-S scores, which persisted after adjustment for age, sex, and systemic
conditions, whereas no statistically significant association between tongue-tie severity and
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orofacial function was demonstrated in this small sample, which does not rule out an effect.
Anatomical frenulum assessment alone may be insufficient and should be complemented
by functional and speech and language evaluation.

Keywords: speech disorders; tongue-tie; NOT-S; Kotlow; ankyloglossia; orofacial function

1. Introduction

The orofacial complex is composed of the masticatory and facial expression muscles,
bones, joints, ligaments, and teeth. Orofacial functions are the result of the integrated
activity of the central nervous system and the neuromuscular system. These functions
not only encompass vital actions such as respiration, mastication, and swallowing, but
also form the basis of social interaction through speech, sensory communication, facial
expression, and physical appearance [1,2]. Orofacial dysfunctions are frequently related
to genetic and congenital disorders. However, they may also be observed in otherwise
healthy children as a consequence of various diseases, trauma, or habits [2].

Orofacial functions—including mastication, swallowing, breathing, and the precise co-
ordination of tongue, lip, and jaw movements—play a fundamental role in the development
of intelligible speech. Disruptions in these functions may interfere with the motor control
and articulatory precision required for typical speech production, and several studies have
highlighted the close interplay between orofacial competence and speech development.
Given this anatomical and functional interdependence, difficulties in orofacial regulation
may manifest clinically as speech-related problems, ranging from subtle articulation errors
to broader deficits in speech intelligibility [3]. In a cohort of children with speech sound
disorders persisting after six years of age, 87% showed orofacial difficulties on the NOT-S,
and the majority also had co-existing general motor or neurodevelopmental difficulties [4].
Similarly, children and adolescents with speech sound disorders have been reported to have
poorer orofacial function and a higher prevalence of malocclusion than peers with typical
speech development [3]. Nevertheless, the relationship between nonspeech oral motor func-
tion and speech motor control is complex, and the clinical significance of nonspeech oral
motor findings for speech remains debated [5]. Taken together, these findings underscore
the importance of evaluating speech within the broader context of orofacial function.

“Speech disorders” is an umbrella term encompassing a broad range of difficulties
interfering with the accurate and intelligible production of spoken language. Speech is
generated through the coordinated movement of the lips, tongue, velum, and laryngeal
structures, and disruptions in the articulation of sounds, voice quality, or speech fluency
are collectively classified under this overarching category [6]. Within this broad frame-
work, speech sound disorders (SSD) represent one of the most common subtypes and are
characterized by inappropriate or inaccurate production of speech sounds compared with
age-matched peers [7]; although SSD are often of unknown origin, they may also occur in as-
sociation with hearing loss, structural anomalies, or neuromotor and neurodevelopmental
conditions [8]. SSD typically include both articulation and phonological disorders, whereas
other speech disorders include fluency disorders, such as stuttering, voice disorders, and
motor speech disorders, such as childhood apraxia of speech and dysarthria [6]. In clinical
practice, speech disorders frequently co-occur with language disorders, and both may be
part of the clinical presentation of neurodevelopmental or genetic conditions such as autism
spectrum disorder or Down syndrome [4]. In the present study, the term “speech disorders”
is therefore used broadly to include speech sound, language, fluency, and motor speech
disorders, irrespective of their etiology. This classification provides an essential conceptual
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foundation for understanding the diverse mechanisms that may underlie reduced speech
intelligibility in children [7,9].

If not addressed early, orofacial dysfunctions can negatively affect quality of life [10].
Although many protocols exist for quantifying orofacial dysfunction, the increasing need
for a common language and evidence-based practice in interdisciplinary collaboration
led to the development of the Nordic Orofacial Test-Screening (NOT-S) in 2002. It has
been recognized as a valid and reliable screening method [11]; it consists of a structured
interview and a clinical examination and is used in children aged three years and older
with difficulties in speech, chewing, or swallowing [10,11]. As a screening instrument,
NOT-S is intended to identify areas of orofacial dysfunction that require further assessment
rather than to establish a specific diagnosis. In its original validation, NOT-S showed
high sensitivity (0.96) but moderate specificity (0.63), and inter-examiner agreement was
moderate before examiner calibration [1]. Since orofacial function and tongue mobility may
affect speech production, it is crucial to evaluate these domains using standardized tools
and validated classification systems.

Ankyloglossia, commonly known as “tongue-tie,” is a congenital disorder charac-
terized by an abnormally short lingual frenulum that restricts tongue mobility. Early
identification of individuals with ankyloglossia is of great importance, particularly during
the period of craniofacial development [12]. In the presence of evident breastfeeding or
speech difficulties in infants or young children, dentists require classification systems
for accurate diagnosis and appropriate treatment planning. Various methods have been
described to assess the severity of ankyloglossia and limitations in tongue mobility, such
as Coryllos, Kotlow, and the Hazelbaker Assessment Tool for Lingual Frenulum Function
(HATLEFF) [13]. In this study, the Kotlow Classification of Ankyloglossia was used [14,15].
This classification system was chosen because it is one of the most widely applied clinical
methods for assessing tongue-tie severity in pediatric populations, and it has been used in
previous studies examining potential speech-related outcomes following frenectomy [16,17].
However, Kotlow’s classification is based solely on a static linear measurement of free
tongue length and does not evaluate tongue function. No grading system for ankyloglossia
has gained general acceptance, and the available assessment tools lack adequate psycho-
metric testing [13,18,19]. Consequently, the reported prevalence of ankyloglossia varies
considerably according to the assessment tool used, from approximately 2% to 20% [20].
The relationship between ankyloglossia and speech also remains controversial: systematic
reviews have found insufficient evidence that ankyloglossia causes speech disorders or that
frenotomy improves speech outcomes [21], and a clinical consensus statement concluded
that ankyloglossia does not typically affect speech, while expressing concern about the
overdiagnosis and overtreatment of tongue-tie [22]. Although tongue-tie has been widely
discussed in relation to breastfeeding and articulation difficulties, its relationship with
broader orofacial dysfunction profiles remains unclear [13].

Accurate identification of the etiological factors underlying speech disorders is essen-
tial for the effective implementation of multidisciplinary treatments. Pediatric dentists can
also contribute to the screening, early identification, and multidisciplinary management
of children with speech development disorders. The aims of this study were to compare
orofacial function, assessed with the standardized NOT-S, between children diagnosed
with speech disorders and children with typical speech development, and to examine
whether tongue-tie severity, classified according to Kotlow, is associated with orofacial
performance, taking into account the presence of systemic conditions.
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2. Materials and Methods

This cross-sectional study was conducted at the Istanbul Kent University Faculty of
Dentistry and the Department of Speech and Language Therapy, Faculty of Health Sciences,
and included children aged 5 to 13 years with speech disorders (SD group) and without
speech disorders (N group).

2.1. Ethics Approval

The study protocol was approved by the Istanbul Kent University Ethics Committee
at its meeting no. 23-09 dated 22 December 2023 (reference no. E-10420511-050-28896). The
study was conducted in accordance with the Declaration of Helsinki, and written informed
consent was obtained from the parents of all participants.

2.2. Eligibility Criteria

The inclusion criteria consisted of children aged between 5 and 13 years who presented
either to the Faculty of Dentistry or to the Department of Speech and Language Therapy
at the Faculty of Health Sciences, Istanbul Kent University, and whose parents provided
informed consent. Children diagnosed with speech disorders were evaluated at the Depart-
ment of Speech and Language Therapy and constituted the study group (SD group), while
children without speech disorders who presented to the Faculty of Dentistry formed the
control group (N group). The diagnosis of speech disorders was established by a licensed
speech and language therapist (N.A.K.) based on a detailed case history, an assessment
of hearing function, and standardized tests normed for Turkish-speaking children. All
diagnoses had been established by the speech and language therapist before enrollment, as
part of routine clinical care, at a median age of approximately 6 years (range, 4.5-12 years).
Speech sound disorders were assessed primarily with the Turkish Articulation and Phonol-
ogy Test (SST) [23], which is standardized for children aged 28 years. In older children, the
SST subtests were used to identify error patterns and were interpreted descriptively rather
than against normative scores, as in a previous study of Turkish-speaking children aged
8, 6-10, and 2 years [24]; when needed, the Ankara Articulation Test (AAT), standardized
for children aged 2-12 years [25], was used as a complementary norm-referenced measure.
When indicated, phonological awareness was assessed with the Turkish Phonological
Awareness Test (FFT; normed for 4;0-8;11 years) [26], and phonological process analysis
of speech samples was performed. Language disorders were assessed with the Turkish
version of the Test of Early Language Development (TEDIL; normed for 2;0-7;11 years) [27],
which was administered within its normative age range in all children, together with lan-
guage sample analysis. In children with combined speech sound and language disorders,
both domains were assessed. Fluency disorders were evaluated through analysis of speech
samples and fluency characteristics, and the motor speech disorder through oral motor
examination and assessment of motor speech and intelligibility. Norm-referenced scores
were interpreted only within the normative age range of each instrument. Diagnoses were
categorized as speech sound disorder, combined speech sound and language disorder, lan-
guage disorder, fluency disorder, motor speech disorder, or speech and language difficulty
not further specified (Table 1). Children in the control group were confirmed to have no
reported or observed speech difficulties through parental history and clinical interview;
they did not undergo a standardized speech and language assessment.

Children were excluded if their parents did not provide consent, if they were younger
than 5 or older than 13 years on the day of data collection, or if they were unable to
cooperate with the examination procedures. Further exclusion criteria were craniofacial
anomalies, a history of frenectomy, and neurological or cognitive conditions severe enough
to prevent participation in the assessment procedures. Children with hearing impairment
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were included if they had functional hearing with hearing aids or other hearing devices.
In these children (1 = 2, both in the SD group), hearing impairment was considered part
of the etiology of the speech disorder rather than a co-occurring systemic condition and
was therefore not included in the systemic condition variable. Children with neurodevel-
opmental or genetic conditions, such as autism spectrum disorder, developmental delay,
or Down syndrome, were included if they were able to understand simple instructions
and cooperate with all assessment procedures. Verbal speech was not a requirement for
participation; children who did not speak during the examination were therefore included
and scored according to the NOT-S manual. All systemic conditions were recorded and
accounted for in the statistical analysis. This approach ensured that the sample reflected a
clinically meaningful range of pediatric presentations commonly encountered in speech
and orofacial evaluations.

Table 1. Demographic and clinical characteristics of the participants.

SD (n = 37) N (n = 40) p
Age, years, median (IQR) 7.49 (6.21-8.77) 9.83 (8.24-10.70) <0.0012
Age, years, mean + S.D. 7.57 £+ 1.81 9.29 +1.93
Sex, 1 (%)
Female 12 (32.4) 23 (57.5) 0.039 P
Male 25 (67.6) 17 (42.5)
Systemic condition, n (%)
Present 20 (54.1) 7 (17.5) 0.001 P
Absent 17 (45.9) 33 (82.5)
Type of systemic condition, # (%)
Respiratory/allergic 8 (21.6) 4 (10.0)
Neurodevelopmental 7 (18.9) 1(2.5)
Genetic (Down syndrome) 2(5.4) 0(0.0)
Cardiac 3(8.1) 0(0.0)
Other 0 (0.0 2 (5.0)
Speech and language diagnosis, 7 (%)
Speech sound disorder 10 (27.0) -
Combined speech sound and language disorder 6 (16.2) -
Language disorder 10 (27.0) -
Fluency disorder 4 (10.8) -
Motor speech disorder 1(2.7) -
Speech and language difficulty, not further specified 6 (16.2) -
Kotlow classification, n (%)
Normal (>16.0 mm) 11 (29.7) 7 (17.5) 0.141°¢
Class I (12.0-16.0 mm) 9 (24.3) 18 (45.0)
Class II (8.0-11.9 mm) 13 (35.1) 14 (35.0)
Class III (3.0-7.9 mm) 4(10.8) 1(2.5)
Class IV (<3.0 mm) 0(0.0) 0(0.0)
Tongue-tie (<16.0 mm), 11 (%) 26 (70.3) 33 (82.5) 0.282b
Free tongue length, mm, median (IQR) 13.40 (9.50-17.20) 14.15 (10.15-15.33) 0.706 2

@ Mann-Whitney U test; b Fisher’s exact test; ¢ Fisher—Freeman-Halton exact test (Monte Carlo,
20,000 permutations). Age was calculated from the dates of birth and examination. Respira-
tory/allergic: asthma (SD, n = 6; N, n = 4), chronic sinusitis (SD, n = 1) and allergic rhinitis (SD, n = 1);
neurodevelopmental: autism spectrum disorder (SD, n = 6), developmental delay (SD, n = 1) and
attention difficulty (N, n = 1); other: hemophilia (N, n = 1) and familial Mediterranean fever (N, n = 1).
Speech and language diagnoses were established by a speech and language therapist. SD: children
with speech and language disorders; N: children without speech disorders; IQR: interquartile range;
S.D.: standard deviation.
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2.3. Study Population

An a priori sample size estimation was conducted using G*Power 3.1 for the primary
comparison of NOT-S scores between the SD group and the N group. Assuming a large
effect size (Cohen’s d = 0.80), an alpha level of 0.05, and a power of 0.80, the required
minimum sample size was 26 participants per group. To ensure adequate power and
account for potential data loss, the target sample was increased to at least 35 children per
group. The final sample, comprising 37 children in the SD group and 40 children in the
N group, met this threshold. This calculation was not designed to provide adequate power
for subgroup or Kotlow class comparisons. Participant recruitment and data collection
were carried out between February 2024 and June 2025; most children in the SD group were
examined in 2024 and most children in the N group were examined in 2025.

Participants were additionally categorized into four subgroups based on the presence
of speech disorders and tongue-tie (Kotlow Class I-1V, i.e., free tongue length <16.0 mm):
SD+TT (children with speech disorders and tongue-tie, n = 26), SD-TT (children with speech
disorders without tongue-tie, 7 = 11), N+TT (children with normal speech and tongue-tie,
n = 33), and N-TT (children with normal speech and without tongue-tie, n = 7). Because of
the unequal and small subgroup sizes, these comparisons were considered exploratory.

2.4. Data Collection

Demographic and clinical information was collected from all participants, including
age, sex, systemic health status, and relevant medical history. Age was calculated from the
dates of birth and examination. All assessments were conducted during a single clinical visit
in a quiet examination room under standardized conditions. Following the demographic
interview, each child underwent the structured NOT-S evaluation and the tongue mobility
assessment using Kotlow’s classification. Data were documented on standardized forms
and later transferred to a digital database for analysis. All NOT-5 evaluations and Kotlow
measurements were conducted by a single researcher (D.O.), a dentist experienced in
orofacial function assessment and trained in the use of the NOT-S instrument. Because
children with speech disorders were recruited from the speech and language therapy
department, the examiner was aware of each child’s group status, and the assessments
were not blinded. Each assessment session lasted approximately 15-20 min, and all children
were evaluated in the same standardized order: completion of demographic questions
followed by the NOT-S interview, the NOT-S clinical examination, and finally the Kotlow
tongue-tie measurement.

2.5. Screening of Orofacial Function

Orofacial dysfunction was screened using the NOT-S. Bergendal et al. [28] reviewed
multiple international studies and concluded that the NOT-S is a reliable and standardized
tool for assessing orofacial dysfunction. The validated Turkish version of the NOT-S, which
has demonstrated acceptable reliability and validity, was used in this study [29]. The NOT-S
consists of 12 domains divided into two sections: the interview covers sensory function,
breathing, habits, chewing and swallowing, drooling, and dryness of the mouth, and
the clinical examination covers face at rest, nose breathing, facial expression, masticatory
muscle and jaw function, oral motor function, and speech. Interview questions were
addressed directly to children capable of responding, or to their parents when necessary.
According to the manual, each item was recorded as dysfunction present, absent, or not
assessed; items that the child was unable to perform were recorded as dysfunction. Each
domain was scored 1 if at least one item was answered “yes” or if impairment was observed
during examination; otherwise, the score was 0. The total NOT-S score ranged from 0 to 12.
The speech domain comprises three items: (A) the child does not speak; (B) one or more
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indistinct sounds or abnormal nasality while counting to ten; and (C) dysfunction while
repeating the sequence /pataka/. If item A is positive, items B and C are not administered.
The official NOT-S form and illustrated guide were used.

2.6. Assessment of Ankyloglossia

Ankyloglossia was assessed using Kotlow’s classification [15], which is based on free
tongue length, defined as the distance from the insertion of the lingual frenulum at the
base of the tongue to the tip of the tongue. Measurements were performed with the child
seated upright under adequate illumination, with gentle elevation of the tongue, using
a digital caliper. A single measurement was obtained for each child. Free tongue length
was recorded to the nearest 0.1 mm and classified as normal (>16.0 mm), Class I (mild,
12.0-16.0 mm), Class II (moderate, 8.0-11.9 mm), Class III (severe, 3.0-7.9 mm), or Class
IV (complete, <3.0 mm) [14]. Intra- and inter-rater reliability of the measurements were
not assessed.

2.7. Statistical Analysis

Analyses were performed using IBM SPSS Statistics 30.0 and Python 3.12 (SciPy and
statsmodels). Data are presented as frequencies (%), means =+ standard deviations (S5.D.),
and medians with interquartile ranges (IQR). As NOT-S scores and age were not normally
distributed (Shapiro-Wilk test), nonparametric tests were used. The NOT-S total score was
the primary outcome. Groups were compared with the Mann-Whitney U test (effect size
r=Z/+/N, with bootstrapped 95% confidence intervals [CI]), and subgroups and Kotlow
classes with the Kruskal-Wallis test followed by Dunn’s test with Bonferroni correction.
Categorical variables were compared with Fisher’s exact or Fisher-Freeman—-Halton tests.
Holm correction was applied to the 12 NOT-S domain comparisons and to the Spearman
correlations between free tongue length and NOT-S scores.

To account for confounding, Poisson regression with robust standard errors was
used to estimate incidence rate ratios (IRR) for NOT-S scores, adjusted for age, sex, and
systemic conditions; free tongue length and its interaction with group were tested in
an additional model. Sensitivity analyses were restricted to children without systemic
conditions, excluded the speech domain (exploratory scores), restricted the SD group to
children with speech sound disorders, alone or with a co-occurring language disorder,
excluded children with neurodevelopmental conditions (with and without children with
Down syndrome), or were restricted to children aged 8 years and older, the age range in
which the Turkish version of the NOT-S was validated. A two-sided p < 0.05 was considered
statistically significant.

3. Results

A total of 77 children aged 5.1 to 13.0 years were included in the study: 37 in
the SD group (12 female and 25 male) and 40 in the N group (23 female and 17 male)
(Table 1). Children in the SD group were younger than those in the N group (median 7.49
[IOR 6.21-8.77] vs. 9.83 [IQR 8.24-10.70] years, p < 0.001), and the sex distribution differed
between the groups (p = 0.039). Systemic conditions were more frequent in the SD group
(20/37, 54.1%) than in the N group (7/40, 17.5%; p = 0.001); the most common were res-
piratory/allergic (n = 8) and neurodevelopmental conditions (1 = 7) in the SD group and
asthma (n = 4) in the N group. In the SD group, the most frequent diagnoses were speech
sound disorder (n = 10) and language disorder (n = 10), followed by combined speech
sound and language disorder (n = 6), speech and language difficulty not further specified
(n = 6), fluency disorder (n = 4), and motor speech disorder (n = 1). Tongue-tie (free tongue
length <16.0 mm) was present in 26 children (70.3%) in the SD group and 33 children
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(82.5%) in the N group (p = 0.282). Neither the distribution of Kotlow classes (p = 0.141) nor
free tongue length (median 13.40 vs. 14.15 mm, p = 0.706) differed between the groups, and
no child had Class IV tongue-tie.

The frequency of dysfunction in each NOT-S domain is presented in Table 2. Before
correction for multiple comparisons, four examination domains (nose breathing, facial ex-
pression, oral motor function, and speech) were more frequently impaired in the SD group
than in the N group. After Holm adjustment, the differences remained significant for
facial expression (29.7% vs. 0.0%, adjusted p = 0.001), oral motor function (29.7% vs. 0.0%,
adjusted p = 0.001), and speech (59.5% vs. 0.0%, adjusted p < 0.001), but not for nose
breathing (13.5% vs. 0.0%, adjusted p = 0.199). None of the interview domains differed
significantly between the groups.

Table 2. Frequency of orofacial dysfunction in each NOT-S domain in the SD and N groups.

NOT-S Domain SD (1 = 37) N (1 = 40) p? Adjusted p ?

Interview
L. Sensory function 14 (37.8) 8 (20.0) 0.129 0.904
II. Breathing 11 (29.7) 7 (17.5) 0.282 1.000
II1. Habits 20 (54.1) 15 (37.5) 0.173 1.000
IV. Chewing and swallowing 10 (27.0) 13 (32.5) 0.628 1.000
V. Drooling 8 (21.6) 3(7.5) 0.106 0.849
VI. Dryness of the mouth 9 (24.3) 12 (30.0) 0.617 1.000

Clinical examination
1. Face at rest 3(8.1) 1(2.5) 0.346 1.000
2. Nose breathing 5(13.5) 0(0.0) 0.022 0.199
3. Facial expression 11 (29.7) 0(0.0) <0.001 0.001
4. Masticatory muscle and jaw function 2 (5.4) 0(0.0) 0.228 1.000
5. Oral motor function 11 (29.7) 0(0.0) <0.001 0.001
6. Speech 22 (59.5) 0(0.0) <0.001 <0.001

Values are the number (%) of children with dysfunction in the domain (domain score = 1). A
domain was scored as 1 if at least one item within the domain was positive. ? Fisher’s exact test;
b Holm-adjusted for 12 comparisons.

Within the SD group, 22 children (59.5%) had dysfunction in the speech domain
(Table 3). Of these, two children did not speak during the examination, 10 showed dys-
function only while counting to ten (indistinct sounds or abnormal nasality), four only
while repeating /pataka/, and six in both tasks. The remaining 15 children (40.5%) in the
SD group showed no dysfunction in this domain.

Table 3. Distribution of findings in the NOT-S speech domain (clinical examination, domain 6) in the

SD group.
Findin n % of Children with Speech % of SD Group
8 Domain Dysfunction (n = 22) (n =37)
Does not speak (item A) 2 9.1 54
Dysfunction while counting to ten only (item B) 10 45.5 27.0
Dysfunction while repeating /pataka/ only (item C) 4 18.2 10.8
Dysfunction in both tasks (items B and C) 6 27.3 16.2
Total with speech domain dysfunction 22 100.0 59.5
No speech domain dysfunction 15 - 40.5

All items record dysfunction. Item A: the child does not speak (items B and C are then not admin-
istered); item B: one or more indistinct sounds or abnormal nasality while counting to ten; item C:
dysfunction observed while repeating /pataka/. Descriptive statistics.
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The SD group had significantly higher NOT-S total scores, the primary outcome, than
the N group (median 3.00 [IQR 2.00—4.00] vs. 1.00 [IQR 0.75-2.00], p < 0.001; r = 0.50,
95% C1 0.32-0.66), as well as higher examination scores (median 1.00 [IQR 1.00-2.00] vs.
0.00 [IQR 0.00-0.00], p < 0.001; r = 0.76, 95% CI 0.64-0.86), corresponding to large effect
sizes. Interview scores did not differ significantly between the groups (p = 0.190; r = 0.15,
95% CI —0.07 to 0.36) (Table 4).

Table 4. Comparison of interview, examination, and total NOT-S scores between the SD and N groups.

NOT-S Score

Mean + S.D. Median (IQR) Mean + S.D. Median (IQR)

SD (n =37) N (n = 40) P Effect Size r 95% CI)

Interview
Examination
Total

1.95 £ 1.56 1.00 (1.00-3.00) 1.45 £ 1.26 1.00 (0.75-2.00) 0.190
1.46 +1.37 1.00 (1.00-2.00) 0.03 £0.16 0.00 (0.00-0.00)  <0.001
341 £2.10 3.00 (2.00-4.00) 148 £1.28 1.00 (0.75-2.00)  <0.001

0.15 (—0.07 to 0.36)
0.76 (0.64 to 0.86)
0.50 (0.32 to 0.66)

Mann-Whitney U test. Effect size r = Z/+/N (0.1 small, 0.3 medium, 0.5 large); 95% confidence
intervals were obtained by bootstrapping (2000 resamples). The NOT-S total score was defined as the
primary outcome. IQR: interquartile range; CI: confidence interval.

In the exploratory comparison of the four subgroups, examination and total scores
differed significantly (both p < 0.001), whereas interview scores did not (p = 0.490) (Table 5).
Post hoc comparisons showed that both SD subgroups had higher examination scores
than both N subgroups, while the SD+TT and SD-TT subgroups did not differ from each
other (p = 0.293), and neither did the N+TT and N-TT subgroups. For total scores, both
SD subgroups had higher scores than the N+TT subgroup, whereas the N-TT subgroup,
which included only seven children, did not differ significantly from any other subgroup.
Within each group, the presence of tongue-tie was therefore not associated with higher
NOT-S scores.

Table 5. Comparison of interview, examination, and total NOT-S scores across the four subgroups.

NOT-S Score

SD+TT (n = 26)

SD-TT (n =11) N+TT (n = 33) N-TT (n=7) p

Interview

2.00 £ 1.57 1.82 £1.60 1.36 £1.19 1.86 = 1.57
1.50 (1.00-3.00)

0.490

1.00 (1.00-2.50) 1.00 (0.00-2.00) 1.00 (1.00-3.00)

Examination

112+£1212
1.00 (0.25-1.00)

227 +142%
2.00 (1.50-3.00)

0.00 £ 0.00b
0.00 (0.00-0.00)

0.03+0.17b

0.00 (0.00-0.00) <0.001

Total

3.124+1.802
3.00 (2.00-4.00)

4.09 £2.662 1.39 +1.22° 1.86 & 1.57 2P

300 (250-550) 1.0 (0.00-2.00)  1.00 (1.00-3.00) <0.001

Values are mean =+ S.D. (first line) and median (IQR) (second line). Kruskal-Wallis test (¢2 = —0.01,
0.62 and 0.24 for interview, examination and total scores, respectively) followed by Dunn’s post hoc
test with Bonferroni correction. Within a row, subgroups sharing a superscript letter do not differ
significantly; no post hoc comparisons were performed for interview scores. Subgroup comparisons

are exploratory because of the unequal and small subgroup sizes. TT: tongue-tie (free tongue length
<16.0 mm).

Drooling was reported in 8 of 25 boys (32.0%) and in none of the 12 girls in the SD
group (p = 0.036), whereas no sex difference was observed in the N group (p = 1.000)
(Table 6). NOT-S interview, examination, and total scores did not differ between boys and
girls in the whole sample or within either group (all p > 0.055).

After adjustment for age, sex, and systemic condition, the SD group remained asso-
ciated with higher NOT-S total scores, with approximately twice the rate of dysfunction
domains compared with the N group (IRR = 2.21, 95% CI 1.53-3.19, p < 0.001) (Table 7,
Model 1). The group effect was also significant for examination scores (p < 0.001), although
this estimate was highly imprecise because only one child in the N group had a posi-
tive examination domain; no significant group effect was observed for interview scores
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(IRR =1.50, 95% CI 0.93-2.41, p = 0.094). In the adjusted model, the presence of a systemic
condition was associated with higher examination scores (IRR = 1.75, 95% CI 1.05-2.92,
p = 0.031), whereas age and sex were not associated with any NOT-S score. When the
speech domain was excluded, the SD group still had higher total scores (IRR = 1.76, 95% CI
1.14-2.71, p = 0.011). Free tongue length was not associated with NOT-S total scores (IRR
per mm = 1.03, 95% CI 0.99-1.07, p = 0.212), and the group X free tongue length interaction
was not significant (p = 0.191).

Table 6. Drooling (NOT-S interview domain V) according to sex in the SD and N groups.

Group Sex Drooling Present, 1 (%) Drooling Absent, 1 (%) p
SD Female 0(0.0) 12 (100.0) 0.036
Male 8 (32.0) 17 (68.0)
N Female 2(8.7) 21 (91.3) 1.000
Male 1(5.9) 16 (94.1)
Fisher’s exact test. Percentages are given within rows.
Table 7. Multivariable Poisson regression analyses of NOT-S scores.
Variable IRR 95% CI p
Model 1: NOT-S total score
Group (SD vs. N) 2.21 1.53-3.19 <0.001
Age (per year) 1.02 0.93-1.11 0.660
Sex (male vs. female) 0.99 0.73-1.34 0.929
Systemic condition (present vs. absent) 1.25 0.90-1.73 0.189
Model 2: NOT-S interview score
Group (SD vs. N) 1.50 0.93-2.41 0.094
Age (per year) 1.08 0.97-1.20 0.180
Sex (male vs. female) 0.98 0.69-1.40 0.910
Systemic condition (present vs. absent) 1.06 0.70-1.59 0.787
Model 3: NOT-S examination score @
Group (SD vs. N) 38.07 5.16-280.86 <0.001
Age (per year) 0.88 0.74-1.04 0.140
Sex (male vs. female) 0.98 0.55-1.74 0.939
Systemic condition (present vs. absent) 1.75 1.05-2.92 0.031
Model 4: NOT-S total score excluding the speech domain °
Group (SD vs. N) 1.76 1.14-2.71 0.011
Age (per year) 1.03 0.93-1.14 0.613
Sex (male vs. female) 1.00 0.71-1.41 0.999
Systemic condition (present vs. absent) 1.40 0.94-2.08 0.094
Model 5: NOT-S total score including free tongue length ¢
Group (SD vs. N) 2.22 1.53-3.23 <0.001
Free tongue length (per mm) 1.03 0.99-1.07 0.212
Age (per year) 1.02 0.93-1.11 0.728
Sex (male vs. female) 0.99 0.73-1.34 0.932
Systemic condition (present vs. absent) 1.22 0.87-1.70 0.248

Poisson regression with robust standard errors; all variables in each model were entered simultane-
ously. The dispersion ratio (Pearson x?/df) ranged from 0.91 to 1.41. 2 Only one child in the N group
had a positive examination domain; because of this sparse outcome distribution, the estimate of the
group effect on examination scores is highly uncertain (IRR 38.07, 95% CI 5.16-280.86) and should be
interpreted with caution. P Exploratory analysis. ¢ Adding a group x free tongue length interaction
term did not improve the model (interaction IRR = 0.93, 95% CI 0.84-1.04, p = 0.191). IRR: incidence
rate ratio; CI: confidence interval.

Sensitivity analyses are presented in Table 8. When the analysis was restricted to
children without systemic conditions (SD, n = 17; N, n = 33), the SD group still had
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significantly higher examination (p < 0.001; r = 0.85) and total scores (p = 0.033; r = 0.30).
After exclusion of the speech domain, the differences in examination (p < 0.001) and total
scores (p = 0.004) persisted. Children with speech sound disorders only (n = 10) had
significantly higher examination scores than the N group (p < 0.001), whereas the difference
in total scores did not reach significance (p = 0.060); when children with combined speech
sound and language disorders were also included (n = 16), both examination (p < 0.001) and
total scores (p = 0.013) were significantly higher. When children with neurodevelopmental
conditions were excluded (SD, n = 30; N, n = 39), the SD group still had significantly higher
examination (p < 0.001; » = 0.78) and total scores (p < 0.001; r = 0.44), with an adjusted IRR for
the total score of 1.95 (95% CI 1.35-2.80, p < 0.001); the results were similar when children
with Down syndrome were also excluded (SD, n = 28; adjusted IRR = 1.93, 95% CI11.32-2.81,
p < 0.001). In children aged 8 years and older (SD, n = 13; N, n = 32), the differences in
examination (p < 0.001; ¥ = 0.71) and total scores (p = 0.001; r = 0.49) also persisted (adjusted
IRR =2.28, 95% CI 1.43-3.63, p < 0.001). Interview scores did not differ between the groups
in any sensitivity analysis.

Table 8. Sensitivity analyses of NOT-S scores between the SD and N groups.

Analysis and NOT-S Score SD, Median (IQR) N, Median (IQR) p Effect Size r (95% CI)
Children without systemic conditions (SD, n = 17; N, n = 33)

Interview 1.00 (0.00-3.00) 1.00 (1.00-2.00) 0.768 —0.04 (—0.36 to 0.26)

Examination 1.00 (1.00-1.00) 0.00 (0.00-0.00) <0.001 0.85 (0.73 to0 0.97)

Total 2.00 (1.00-3.00) 1.00 (1.00-2.00) 0.033 0.30 (0.03 to 0.54)
Speech domain excluded (SD, n =37; N, n = 40) @

Examination 0.00 (0.00-1.00) 0.00 (0.00-0.00) <0.001 0.51 (0.37 to 0.64)

Total 2.00 (1.00—4.00) 1.00 (0.75-2.00) 0.004 0.33 (0.13 to 0.52)
Speech sound disorder only (SD, n = 10; N, n = 40)

Interview 1.00 (0.25-1.00) 1.00 (0.75-2.00) 0.520 —0.09 (—0.36 to 0.20)

Examination 1.50 (1.00-2.00) 0.00 (0.00-0.00) <0.001 0.81 (0.58 to 0.98)

Total 3.00 (1.00-3.00) 1.00 (0.75-2.00) 0.060 0.27 (0.03 to 0.48)
Speech sound disorder with or without language disorder (SD, n = 16; N, n = 40)

Interview 1.00 (0.00-2.25) 1.00 (0.75-2.00) 0.672 —0.06 (—0.33 to 0.23)

Examination 1.00 (1.00-2.00) 0.00 (0.00-0.00) <0.001 0.82 (0.64 to 0.94)

Total 3.00 (1.00-3.00) 1.00 (0.75-2.00) 0.013 0.33 (0.10 to 0.54)
Children without neurodevelopmental conditions (SD, n = 30; N, n = 39) b

Interview 1.00 (1.00-3.00) 1.00 (1.00-2.00) 0.711 0.05 (—0.19 to 0.28)

Examination 1.00 (1.00-2.00) 0.00 (0.00-0.00) <0.001 0.78 (0.65 to 0.88)

Total 3.00 (2.00-3.75) 1.00 (1.00-2.00) <0.001 0.44 (0.24 t0 0.62)
Children without neurodevelopmental conditions or Down syndrome (SD, n = 28; N, n = 39)

Interview 1.00 (1.00-3.00) 1.00 (1.00-2.00) 0.797 0.03 (—0.22 t0 0.28)

Examination 1.00 (1.00-2.00) 0.00 (0.00-0.00) <0.001 0.80 (0.67 to 0.91)

Total 3.00 (1.75-3.25) 1.00 (1.00-2.00) <0.001 0.42 (0.20 to 0.61)
Children aged >8 years (SD, n = 13; N, n = 32)

Interview 3.00 (1.00-4.00) 1.00 (0.75-2.00) 0.061 0.28 (—0.03 to 0.59)

Examination 1.00 (0.00-1.00) 0.00 (0.00-0.00) <0.001 0.71 (0.48 to 0.93)

Total 4.00 (2.00-5.00) 1.00 (0.75-2.25) 0.001 0.49 (0.26 to 0.68)

Mann-Whitney U test. Effect size r = Z//N; 95% confidence intervals were obtained by bootstrapping
(2000 resamples). @ Exploratory scores calculated without the speech domain (examination score
range 0-5; total score range 0-11). IQR: interquartile range; CI: confidence interval. ® Autism
spectrum disorder, developmental delay, and attention difficulty; adjusted incidence rate ratios for
these analyses are reported in the text.

NOT-S scores according to Kotlow classification are shown in Table 9. In the whole

sample, interview (p = 0.369) and total scores (p = 0.286) did not differ across Kotlow
classes, whereas examination scores did (p = 0.025). Post hoc comparisons showed that
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this difference was due to higher examination scores in children without tongue-tie than in
those with Class I tongue-tie (adjusted p = 0.017), with no differences between the other
classes. The same pattern was observed within the SD group (p = 0.016; normal vs. Class
I, adjusted p = 0.018), in which 7 of the 11 children without tongue-tie had a systemic
condition, compared with 13 of the 26 children with tongue-tie. No differences across
Kotlow classes were observed in the N group. Free tongue length was not correlated with
any NOT-S score after correction for multiple comparisons. Overall, no severity-related
gradient between tongue-tie and orofacial dysfunction was observed.

Table 9. NOT-S scores according to Kotlow classification and their correlation with free tongue length.

NOT-S Score Normal Class I Class II Class III p? pp)?P
All participants (N = 77)
n 18 27 27 5
. 1.83 + 1.54 1.81 + 142 1.37 + 1.39 2.20 4+ 1.30
Interview 1.00 (1.00-2.75) 2.00 (1.00-2.50) 1.00 (0.00-2.50) 200 (1.00-3.00) 0362  011(0354)
o 1.39 +1.582 0.26 +£0.59b 0.74 +1.26 2P 0.60 + 0.55 2P
Examination 1.00 (0.00-2.00) 0.00 (0.00-0.00) 0.00 (0.00-100)  1.00 (0.00-100) °02°  0:05(0-669)
322 4+ 251 2.07 £ 1.36 2.11 £ 2.06 2.80 & 1.64
Total 3.00 (1.25-4.00) 2.00 (1.00-3.00) 100 (050-3.00)  2.00 (2.004.00) 286 014(0.236)
SD group (n = 37)
n 11 9 13 4
. 1.82 + 1.60 2.00 = 2.00 1.92 +1.38 2254 1.50
Interview 1.00 (1.00-2.50) 1.00 (1.00-3.00) 200(1.00-3.00) 2,00 (1.00-325) 0947 —0.07(0.697)
L 227 +142° 0.67 +£0.87b 1.54 +1.452b 0.75 + 0.50 ab
Examination 2.00 (1.50-3.00) 0.00 (0.00-1.00) 100 (1.00-2.00)  1.00 0.75-1.00) 016 0:27(0105)
4.09 £ 2.66 2.67 £ 1.66 3.46 +1.94 3.00 + 1.83
Total 3.00 (2.50-5.50) 3.00 (1.00-3.00) 300 (200-5.00)  3.00 (1.75-425) 0048 004(0793)
N group (n = 40)
n 7 18 14 1
. 1.86 + 1.57 1.72 £ 1.07 0.86 +1.23 2.00 = 0.00
Interview 1.00 (1.00-3.00) 2.00 (1.00-2.00) 050 (0.00-1.00)  2.00 (2.00-2.00) 076 036(0.021)
L 0.00 £ 0.00 0.06 & 0.24 0.00 £ 0.00 0.00 + 0.00
Examination 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.00 (0.00-0.00)  0.00 (0.00-0.00) 748~ 016(0.325)
Total 1.86 + 1.57 1.78 £+ 1.11 0.86 +1.23 2.00 = 0.00 0075 037(0018)

1.00 (1.00-3.00)

2.00 (1.00-2.75)

0.50 (0.00-1.00)

2.00 (2.00-2.00)

Values are mean =+ S.D. (first line) and median (IQR) (second line). # Kruskal-Wallis test followed by
Dunn’s post hoc test with Bonferroni correction; within a row, classes sharing a superscript letter do
not differ significantly. ® Spearman correlation between free tongue length (mm) and NOT-S score;
after Holm correction for nine correlations, no correlation was significant (all adjusted p > 0.162). No
Class IV cases were observed. Analyses by Kotlow class are exploratory because of the small number
of children in Class III.

4. Discussion

The present study examined the clinical utility of the Nordic Orofacial Test-Screening
(NOT-S) in identifying orofacial dysfunction among children with speech disorders in
comparison with peers who do not have speech disorders and evaluated whether tongue-
tie severity, classified according to Kotlow, was associated with orofacial function. Children
with speech disorders had significantly higher NOT-S total and examination scores than
children with typical speech, with large effect sizes, whereas interview scores did not differ
between the groups. This difference remained significant after adjustment for age, sex, and
systemic conditions, and it persisted when children with systemic or neurodevelopmental
conditions were excluded, when the analysis was restricted to children aged 8 years and
older, and when the speech domain was removed from the scores. These findings indicate
an association between speech disorders and clinically observed orofacial dysfunction;
however, given the cross-sectional design, they do not establish a causal relationship. These
results are consistent with previous work by Mogren et al. [3], who reported that children
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with speech sound disorders frequently present with deficiencies in multiple orofacial
functions and may be at increased risk for compromised oral function and malocclusion
relative to their peers, and with their earlier finding that 87% of children with persistent
speech sound disorders had orofacial difficulties on the NOT-S [4]. The absence of a
difference in interview scores suggests that the dysfunction in the SD group was mainly
detected by the clinical examination rather than by parent- or child-reported symptoms.

Speech disorders negatively impact children’s cognitive development, socio-emotional
well-being, and communication skills, and may reduce overall quality of life [30]. There-
fore, early diagnosis and intervention are important to prevent long-term functional and
developmental problems. Pediatric dentists hold a key position in the early detection of
orofacial dysfunctions and speech delays, and they can facilitate the initiation of timely
multidisciplinary interventions. However, the role of tongue-tie in this context remains
controversial. Although some studies have reported improvements in articulation after
frenotomy or frenuloplasty in selected children [17], systematic reviews have found the
evidence insufficient to conclude that ankyloglossia causes speech disorders or that its
surgical release improves speech outcomes [21,31,32]. A clinical consensus statement con-
cluded that ankyloglossia does not typically affect speech and recommended consultation
with a speech and language therapist before frenotomy is performed for speech concerns in
older children [22]. This uncertainty provided the rationale for examining the relationship
between tongue-tie severity and orofacial function in the present study.

In the present study, sex was not associated with NOT-S interview, examination, or
total scores, either in group-wise comparisons or in the adjusted analyses. Previous studies
involving healthy or school-aged children reported no sex-related differences in NOT-S
outcomes [29,33]. Drooling was reported more frequently in boys than in girls within the
SD group; however, this finding was based on a small number of children, the SD group
included more boys than girls, and the study was not designed to examine associations
with specific diagnoses. It should therefore be interpreted with caution and verified in
larger samples.

Tongue-tie in neonates and infants may result in complications such as breastfeeding
difficulties, respiratory issues, and food refusal, while in older children and adolescents
speech difficulties have frequently been attributed to it, although this association remains
controversial. Restricted tongue mobility may also lead to altered swallowing and chewing
patterns, thereby disrupting appropriate muscular coordination [21,34,35]. In the present
study, the prevalence and severity of tongue-tie did not differ between the SD and N
groups, and free tongue length was similar in both groups (median 13.4 vs. 14.2 mm),
whereas orofacial function differed markedly between them. Neither Kotlow class nor free
tongue length analyzed as a continuous variable showed a severity-related association
with NOT-S scores, and free tongue length was not associated with NOT-S total scores after
adjustment for group and potential confounders. Although examination scores differed
across Kotlow classes, this difference reflected higher scores in children without tongue-tie
than in those with Class I tongue-tie, rather than a gradient of increasing dysfunction with
increasing severity; in the SD group, most children without tongue-tie had a systemic
condition, which may explain their higher examination scores. Within each group, the
presence of tongue-tie was not associated with higher NOT-S scores. The fact that NOT-S
scores did not vary according to tongue-tie severity suggests that the presence or anatomical
extent of ankyloglossia alone may not adequately explain functional orofacial disorders in
this cohort. However, given the small sample, the small number of children with severe
tongue-tie, and the absence of Class IV cases, the lack of a statistically significant association
does not rule out an effect of tongue-tie on orofacial function. In parallel with our results,
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two systematic reviews concluded that there was no clear link between ankyloglossia and
speech disorders [31,32].

A possible explanation for this mismatch is that a static, linear measurement of the
free tongue does not capture the dynamic aspects of tongue function that are relevant to
orofacial performance. Kotlow’s classification quantifies the distance between the frenulum
insertion and the tongue tip at a single point in time, but it does not assess the range, speed,
or coordination of tongue movements, or the compensatory strategies that children may
develop. Orofacial functions such as chewing, swallowing, and speech depend on the
coordinated activity of multiple muscle groups and on neuromotor control rather than on a
single anatomical dimension. Assessment tools that combine anatomical and functional
criteria, such as the HATLFF, have been proposed for this reason, and a functional definition
of ankyloglossia based on tongue range of motion has been suggested [36]; however, the
psychometric properties of the available tools remain insufficiently established [13,19]. A
classification framework that integrates anatomical and functional criteria and is designed
to predict speech outcomes is therefore still needed [13,14]. From a clinical perspective, our
findings are consistent with recent recommendations for caution regarding the overdiag-
nosis and surgical overtreatment of the lingual frenulum [22,37]. In children with speech
disorders, a short lingual frenulum alone should not be considered a sufficient indication
for frenectomy without a documented functional limitation and a comprehensive speech
and language assessment.

Further limitations of the Kotlow system became apparent in this study. The heteroge-
neous distribution of tongue-tie severity, the low prevalence of severe cases, and previously
documented concerns regarding its subjective nature and limited examiner reliability re-
duce its usefulness in predicting functional impact [36-40]. In addition, tongue-tie was
identified in 77% of the children in our sample (70.3% in the SD group and 82.5% in the
N group), which is considerably higher than the pooled prevalence of approximately 5%
reported in a recent meta-analysis, in which prevalence varied from 2% to 20% depending
on the assessment tool [20]. This high prevalence is likely to reflect methodological factors
rather than a true excess of ankyloglossia: Kotlow’s thresholds are fixed values that are
not adjusted for age or tongue size, the classification relies on a single linear measurement
that is sensitive to the degree of tongue elevation and to the stabilization of a flexible
muscular organ, and most cases in our sample were mild (Class I) or moderate (Class II).
It has been reported that respiratory function contributes to the regulation of intraoral air
pressure during speech production [41]; whether intraoral air pressure measurement could
complement the assessment of tongue-tie-related speech difficulties is a hypothesis that
should be examined in future studies.

The validity and reliability of the Turkish version of the NOT-S were confirmed by
a previous study, supporting its clinical use [29]. Our findings support the value of the
NOT-S, particularly its clinical examination component, as a screening tool for identifying
orofacial dysfunction and supporting referral; however, as a screening instrument, it
does not establish a specific diagnosis [1]. Speech disorders encompass a heterogeneous
spectrum, such as articulation, phonological, fluency, voice, and motor speech disorders,
and the functional impact of tongue-tie likely varies substantially across these categories.
In our study, 22 of the 37 children in the SD group had dysfunction in the speech domain,
most frequently while counting to ten (Table 3). The /pataka/ task reflects diadochokinetic
performance, which is influenced by age, sex, and the speech material used, and children
younger than about eight years may not yet have the motor maturity to perform such
tasks with speed and accuracy [42,43]. Dysfunction in these brief tasks may therefore
reflect articulatory or diadochokinetic difficulties, but it does not in itself establish a motor
speech control deficit, which would require a comprehensive motor speech assessment.
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Furthermore, the speech domain is not designed to capture phonological patterns, voice
quality, fluency, or language, which may explain why 15 children with clinically diagnosed
speech or language disorders did not score in this domain. Because speech is both the
characteristic defining the study groups and a component of the NOT-S examination, we
performed an exploratory analysis excluding the speech domain; the differences between
the groups persisted, indicating that the higher NOT-S scores in the SD group were not
driven solely by the speech domain. Expanding or supplementing the speech domain to
better reflect different types of speech disorders may be considered in future research.

Systemic conditions were significantly more frequent and more diverse in the SD
group than in the N group (p = 0.001). Conditions such as autism spectrum disorder,
Down syndrome, and respiratory disease may independently affect orofacial muscle tone,
coordination, breathing, and saliva control and could therefore confound the comparison
between the groups. However, the group difference persisted in the adjusted analyses, in
children without systemic conditions, and after the exclusion of children with neurode-
velopmental conditions, indicating that it cannot be explained solely by these conditions.
At the same time, the presence of a systemic condition was itself associated with higher
examination scores in the adjusted model, suggesting that both the speech disorder and
co-occurring conditions contribute to orofacial dysfunction. This is in line with the high
rate of co-existing general motor and neurodevelopmental difficulties reported in children
with persistent speech sound disorders [4]. Because the number of children with each
specific condition was small, the effects of individual diagnoses could not be examined
separately, and residual confounding cannot be excluded.

The SD group was younger than the N group, and the Turkish version of the NOT-S
was validated in children aged 8-14 years [29]. Several findings suggest that these factors
do not explain the group differences. First, age was not associated with any NOT-S score
in the adjusted models. Second, when the analysis was restricted to children aged 8 years
and older, the age range covered by the Turkish validation, the differences in examination
and total scores persisted, although this subgroup included only 13 children with speech
disorders. Third, the original NOT-S was developed for use in children from three years
of age [10,11]. Nevertheless, younger children may find some examination tasks, such as
the repetition of /pataka/, more difficult [42,43], and Turkish reference values for children
younger than 8 years are lacking; the NOT-S scores of the younger children should therefore
be interpreted with caution.

A single assessment protocol may be insufficient to fully evaluate intraoral and orofa-
cial functions in children with speech disorders. Combining complementary tools, such
as NOT-S, comprehensive speech and language assessment, and functional tongue as-
sessment, may capture different dimensions of functional impairment; whether such a
combined approach improves diagnostic accuracy should be evaluated in future studies.
In this regard, the NOT-S can be considered a valuable component of early screening
and referral pathways. Its implementation through coordinated efforts among speech
and language therapists, pediatric dentists, and pediatricians may contribute to timely
identification, targeted intervention, and ultimately improved developmental outcomes for
affected children.

Limitations

This study has several limitations. First, the SD group was clinically heterogeneous,
including speech sound, language, fluency, and motor speech disorders, as well as six
children with speech and language difficulties not further specified; the relationship be-
tween orofacial dysfunction and speech may differ across these groups, and the number of
children in each diagnostic category was too small for separate analyses. In addition, the
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severity of the speech disorders and the history of previous or ongoing speech therapy were
not systematically recorded and could therefore not be considered in the analyses. Second,
the groups differed in age, sex distribution, and the prevalence of systemic conditions.
Although these factors were included in the adjusted and sensitivity analyses, residual con-
founding cannot be excluded, and the effects of individual systemic conditions could not be
examined, apart from a sensitivity analysis excluding children with neurodevelopmental
conditions. Third, the groups were recruited from different clinical settings and largely
during different periods, which may have introduced selection bias, and children in the
control group did not undergo a standardized speech and language assessment, so mild
undiagnosed speech or language difficulties cannot be ruled out. Fourth, all assessments
were performed by a single examiner who was not blinded to group status, as children with
speech disorders were recruited from a speech therapy setting. Although free tongue length
was measured with a digital caliper, which provides an objective numerical value, observer
bias may have affected the NOT-S clinical examination, which involves observational
judgments. Measurements were not repeated, and intra- and inter-rater reliability were not
assessed and could not be evaluated retrospectively, because the participants’ oral struc-
tures may have changed with growth since the examinations; this is particularly relevant
given the moderate inter-examiner agreement reported for NOT-S before examiner calibra-
tion [1]. Fifth, the Turkish version of NOT-S was validated in children aged 8-14 years [29],
whereas our sample included children from 5 years of age; although the group differences
persisted in children aged 8 years and older, this subgroup was small. Moreover, in children
older than 8 years, SST results were interpreted descriptively rather than against normative
scores. In addition, speech and language diagnoses had been established before enrollment,
so the interval between diagnosis and the orofacial examination varied among children.
Sixth, the speech domain of NOT-S consists of brief screening tasks and cannot distinguish
between different types of speech disorders. Seventh, the sample-size calculation was based
on the comparison between the SD and N groups; subgroup and Kotlow class analyses
were underpowered, with only seven children in the N-TT subgroup, five children with
Class III tongue-tie, and no Class IV cases, and these analyses should therefore be regarded
as exploratory. Finally, the cross-sectional design does not allow causal inferences regarding
the relationships between speech disorders, tongue-tie, and orofacial function. Future stud-
ies should include larger and more homogeneous diagnostic groups, standardized speech
and language assessment of all participants, blinded assessments by multiple calibrated
examiners with reliability analyses, and functional measures of tongue mobility.

5. Conclusions

In summary, children with speech disorders exhibited greater orofacial dysfunction
on the NOT-S, particularly in the clinical examination, and this difference persisted after
adjustment for age, sex, and systemic conditions. In contrast, no statistically significant
association between tongue-tie severity, assessed using Kotlow’s classification or free
tongue length, and orofacial function was demonstrated in this sample; given the limited
sample size and the small number of children with severe tongue-tie, however, an effect
cannot be ruled out. These findings suggest that anatomical assessment of the lingual
frenulum alone may be insufficient and should be complemented by functional orofacial
and comprehensive speech and language evaluation before treatment decisions such as
frenectomy are made. Larger, function-focused studies with more homogeneous diagnostic
groups are needed to clarify the role of tongue-tie in speech and orofacial development.
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Abbreviations

The following abbreviations are used in this manuscript:

NOT-S Nordic Orofacial Test-Screening

SSD Speech sound disorders

HATLFF Hazelbaker Assessment Tool for Lingual Frenulum Function
SD Study group (children with speech disorders)

N Normal group (children without speech disorders)

SD+TT Study group with tongue-tie
SD-TT Study group without tongue-tie
N+TT Normal group with tongue-tie

N-TT Normal group without tongue-tie
1T Tongue-tie

S.D. Standard deviation

IQR Interquartile range

CI Confidence interval

IRR Incidence rate ratio
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