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Abstract

Background The clinical relevance of ankyloglossia in children remains controversial, largely due to the absence
of standardized diagnostic criteria and the predominant reliance on morphological assessment. Evidence linking
the combined anatomical and functional characteristics of the lingual frenulum to objective functional outcomes
during mixed dentition remains limited. Therefore, this study aimed to evaluate the association between lingual
frenulum characteristics and oral and craniofacial functional outcomes in children during the mixed dentition
period.

Methods In this cross-sectional study, 170 children aged 7—12 years were evaluated. Anatomical and functional
characteristics of the lingual frenulum were assessed using the Marchesan Lingual Frenulum Protocol. Oro-
facial functions, including breathing pattern, mentalis muscle activity, and swallowing, were examined using
selected components of the Orofacial Myofunctional Evaluation with Scores (OMES/OMES-E). Upper airway
patency was evaluated using the Mallampati and Brodsky classifications, malocclusion was assessed clinically,
and postural alignment was analyzed using the New York Posture Scale. Intergroup comparisons were performed
(»<0.05). Multivariate logistic regression analyses were conducted to identify independent predictors of swal-
lowing dysfunction.

Results Maximum mouth opening did not differ significantly between groups (p=0.137). However, reduced
tongue range of motion (<50%) was significantly more frequent in children with an altered frenulum (p<0.001).
No significant differences were observed in respiratory pattern, mentalis muscle activity, Mallampati or Brodsky
scores (p>0.05). Swallowing-related dysfunction, involving lip (»=0.012) and tongue (p=0.002) behavioral
alterations, as well as malocclusion (p=0.010), were significantly more prevalent in the altered frenulum group.
Regression analyses demonstrated that altered frenulum independently predicted tongue-related swallowing
dysfunction (OR=2.513, p=0.015), whereas breathing disturbance showed the strongest independent predictor
(OR=5.249, p<0.001).

Conclusion Lingual frenulum morphology was associated with reduced tongue mobility and domain-specific
functional impairments, particularly in swallowing. These findings support the integration of functional evalua-
tion alongside structural assessment in the clinical management of ankyloglossia.
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Introduction

Normal craniofacial growth and development is predicated on a synchronized interplay between structural, neu-
romuscular and functional components of the orofacial complex [1]. In this context, the stomatognathic system
represents a highly integrated neuromuscular functional unit responsible for essential activities such as breathing,
swallowing and speech, and plays a fundamental role in the regulation of orofacial development [2, 3]. From
a developmental and neurofunctional perspective, the oral cavity, pharynx, and larynx constitute an integrated
functional continuum, reflecting their shared embryological origin and interconnected neural control. Disruptions
within this continuum may extend beyond localized dysfunction, potentially compromising upper airway patency
and global postural alignment through myofascial compensations [1].

As a key regulator of tongue posture and mobility, the lingual frenulum is a three-dimensional, dynamic struc-
ture essential for stabilizing the tongue during oral functions [4, 5]. Ankyloglossia, representing the restrictive
end of the morphological spectrum, is a congenital condition that limits this functional range [6, 7]. Restricted
lingual mobility has been associated with several clinical outcomes, including malocclusion, atypical swallow-
ing and altered respiratory patterns, with some effects persisting into adolescence [8, 9]. However, the extent
to which morphological variations of the lingual frenulum are associated with clinically meaningful functional
impairment, particularly during the mixed dentition period, remains unclear. Existing evidence is heterogeneous
and findings across functional domains remain inconsistent [10, 11].

Despite its clinical relevance, the diagnosis of ankyloglossia remains challenging and heterogeneous, largely
due to the focus on isolated anatomical classifications rather than a comprehensive morpho-functional analy-
sis [6, 12—15]. Previous studies have reported inconsistent findings regarding the relationship between lingual
frenulum morphology and functional impairment [10, 11] and although various grading systems exist, none
have established a definitive, objective link between the degree of anatomical restriction and specific degrees
of functional impairment [16]. This diagnostic ambiguity is particularly relevant in pediatric patients, as timely
recognition of functional alterations has been emphasized as important for guiding appropriate management [6].

Although function-oriented assessment approaches have been increasingly adopted in the evaluation of lingual
frenulum alterations, few studies have comprehensively investigated the relationship between lingual frenulum
characteristics and multiple structural and functional domains within a single cohort [16, 18]. To address this
gap, the present study aimed to evaluate the association between lingual frenulum restriction and key orofacial
and postural characteristics by examining the stomatognathic system as a unified functional entity during the
mixed dentition period. The null hypotheses were that structural alterations of the lingual frenulum would not be
associated with reduced tongue range of motion during the mixed dentition period. and that structural alterations
of the lingual frenulum would not be associated with swallowing dysfunction during the mixed dentition period.
Tongue range of motion and swallowing function were considered the primary outcomes of this study, while
other orofacial and postural parameters were evaluated as secondary outcomes.

Materials and methods
Study design

This cross-sectional study was conducted at the Department of Pediatric Dentistry, Istanbul Health and Technol-
ogy University, between May 2024 and November 2024. Ethical approval was obtained by the Istanbul Health
and Technology University Scientific Research and Publication Ethics Committee at its meeting dated 22.01.2024
(Approval No: 2024/02—-01). Written informed consent was obtained from parents/legal guardians and verbal
assent was obtained from all children.
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Participants

Sample size was calculated using G¥*Power 3.1.9.7 (Franz Faul, Germany). Based on an effect size of d=0.354, a
95% confidence interval, and 85% statistical power, the minimum required sample size was determined to be 158.
To account for potential data loss and maintain adequate statistical power, a total of 170 children were ultimately
included in the study. The study population consisted of healthy, non-syndromic children aged 7-12 years who
were cooperative and able to follow instructions. Children with systemic diseases, craniofacial anomalies, a his-
tory of orofacial myofunctional therapy or previous frenectomy, as well as those for whom reliable measurements
could not be obtained, were excluded. All eligible participants were recruited consecutively. No preferential
selection of predefined subgroups was applied, and recruitment was conducted to reflect the characteristics of the
target population as broadly as possible.

Clinical and functional assessment

Clinical and functional evaluations were performed using standardized protocols by a single experienced exam-
iner. The lingual frenulum was evaluated according to the protocol developed by Irene Q. Marchesan [18], which
includes a structured anamnesis and clinical examination comprising a General Test (assessment of mouth open-
ing and frenulum attachment characteristics) and a Functional Test (assessment of tongue mobility, functional
positioning, and speech). In this scoring system, a General Test score>3 indicates possible structural altera-
tion, whereas a Functional Test score>20 suggests functional impairment. These predefined cut-off values were
adopted without modification for participant classification in the present study.

Tongue range of motion was assessed according to Marchesan’s quantitative protocol. The tongue range of
motion ratio (TRMR) was calculated as: TRMR (%) = (MOTTIP / MIO) x 100. For clearer clinical interpreta-
tion, results were reported as the percentage reduction obtained by subtracting TRMR from 100 (100—TRMR),
with the higher values indicating greater functional restriction of tongue movement. However, categorical clas-
sification was based on the original Marchesan cut-off values rather than the derived percentage reduction, a
TRMR <50% was used as a descriptive and exploratory threshold to identify an altered lingual frenulum in
subgroup analysis [16, 19].

The speech assessment was performed by the principal investigator, a pediatric dentist with certified train-
ing in speech and language disorders, to identify speech characteristics relevant to lingual frenulum alterations
within routine pediatric dental practice. As the original MLFP includes English-language articulation stimuli, the
speech component was linguistically adapted for Turkish using the Ankara Articulation Test [20] as a phonetic
and linguistic reference to select corresponding Turkish articulation phonemes. The Ankara Articulation Test was
neither administered nor scored as an independent diagnostic instrument. All speech findings were evaluated
according to the MLFP scoring criteria.

To enable a comprehensive evaluation of the stomatognathic system, orofacial function was assessed using
the Orofacial Myofunctional Evaluation with Scores (OMES) and its expanded version (OMES-E) protocols [21,
22]. Swallowing patterns, breathing patterns and mentalis muscle activity were evaluated and classified accord-
ing to the standardized clinical definitions within these protocols. The swallowing parameter of the OMES proto-
col was partially modified to standardize the assessment conditions for lip and tongue behaviors. Swallowing was
evaluated using a saliva-swallowing command without food or liquids, thereby minimizing variability associated
with bolus consistency and volume. This approach also facilitated a more feasible and consistent application
within a pediatric dental clinical setting. The operational definitions were applied as described in the original
protocols. Because the present study focused on the qualitative characterization of individual orofacial behavior,
each selected parameter was analyzed independently, and no composite score was calculated.

The selected protocol parameters were translated from English into Turkish by a native Turkish speaker flu-
ent in English, which was then back-translated into English by a native English speaker fluent in Turkish. The
translated version was subsequently reviewed by two pediatric dentists to verify linguistic accuracy and clinical
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relevance. Prior to data collection, the principal examiner underwent a calibration process on a randomly selected
group of 20 participants at the Istanbul Health and Technology University Pediatric Dentistry Clinic to standard-
ize the assessment procedures. The calibration process and scoring consistency were subsequently reviewed and
verified in collaboration with three experienced clinicians. Formal intra-observer reliability was assessed in 40
participants, who were re-evaluated after a two-week interval under identical conditions.

Dental occlusion was evaluated clinically using Angle’s classification with additional assessment of trans-
verse, vertical and sagittal discrepancies. For the primary analysis, malocclusion was recorded as a binary vari-
able (present/absence) with “’present” defined as the presence of any abnormalities in at least one of these three
dimensions.

Upper airway patency was assessed using the Mallampati classification [23] and tonsillar hypertrophy was
graded according to the Brodsky scale [24]. For statistical analyses, Mallampati scores were categorized into
class I-II versus class III-1V, and Brodsky tonsil grades were categorized into grades 0—2 versus grades 34,
consistent with prior pediatric studies employing this classification. These groupings were selected because they
represent clinically relevant thresholds of upper airway obstruction and reduce sparse observations across catego-
ries, thereby improving the robustness and interpretability of the statistical comparisons [23, 25].

Parental perception of posture was recorded during history-taking for descriptive purposes only and was not
included in the statistical analysis. Postural alignment was objectively assessed using the New York Posture Rat-
ing Chart [26], focusing on head and neck posture as well as shoulder and trunk alignment based on standardized
observational scoring criteria.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA).
Normality and homogeneity of variance were assessed using the Shapiro—Wilk and Levene tests, respectively.
Continuous variables were summarized as mean+standard deviation or median (min—max), and categorical vari-
ables as frequencies and percentages. For normally distributed continuous variables, between-group comparisons
were conducted using the Student’s t-test or one-way ANOVA, while the Mann—Whitney U test was applied when
parametric assumptions were not met. Categorical variables were analyzed using the chi-square test or Fisher’s
exact test, as appropriate. Tongue-mobility sub-items were evaluated and analyzed as binary outcomes (normal
vs. altered); intermediate response levels were not modeled separately in order to avoid sparse cells and preserve
the stability of the categorical comparisons.

Multivariate logistic regression analysis was performed to assess independent predictors of tongue dysfunction
during swallowing. Independent variables for the multivariate regression models were selected a priori based on
their clinical relevance, biological plausibility and functional assessment during routine pediatric dental exami-
nation rather than a statistical variable selection procedure, in order to construct a parsimonious model while
minimizing the risk of overfitting [17, 27]. Odds ratios with 95% confidence intervals and Wald statistics were
calculated. In a sensitivity analysis, the model was additionally adjusted for age and sex. Statistical significance
was set at p<0.05. Intra-observer reliability was assessed using intraclass correlation coefficients (ICC(A,1)) for
continuous variables and Cohen’s kappa (k) or weighted kappa (k%) for categorical variables.

Results
Participant characteristics and reliability of measurement

A total of 170 children were included in the study with a mean age of 9.2+ 1.8 years. The study population consist
of 52.4% girls (n=89) and 47.6% boys (n=_81). Intra-observer reliability was excellent across all measurements.
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ICC(A,1) values ranged from 0.974 to 0.988. Cohen’s kappa values ranged from 0.890 to 0.894 and weighted
kappa values from 0.827 to 0.902, indicating very good to excellent agreement.

General and functional MLFP findings and myofunctional assessment

MLFP general test scores ranged from 0 to 8, with a mean score of 3.1+2.1. Comparisons between children with
normal and altered lingual frenulum based on general test scores are presented in Table 1, showing that maxi-
mum mouth opening was comparable between groups, whereas mouth opening measured during tongue—incisive
papilla contact was significantly reduced in the altered frenulum group (p<0.001). Consistently, intraoral tongue
mobility was markedly restricted, with a significantly smaller functional tongue movement area and a higher pro-
portion of children demonstrating tongue movement confined to <50% of the oral cavity in the altered frenulum
group (p<0.001).

Significant differences were also observed in categorical clinical findings related to tongue morphology and
frenulum attachment characteristics. Notably, Children with an altered frenulum more frequently demonstrated

Table 1 Comparison of general test parameters between groups classified by MLFP general test scores

Variable Normal frenulum Altered frenulum p-value
A.Demographic characteristics Mean=SD Mean=SD
Age (year) * 9.3+1.8 9.0£1.7 0.419%
n=83 (%) n=87 (%)
Gender 0.867°
Female 44 (53.0%) 45 (51.7%)
Male 39 (47.0%) 42 (48.3%)
B. Mouth opening measurements Mean+SD Mean+SD
Maximum mouth opening* 43.5+5.3 mm 44.8+£6.0 mm 0.1374
Mouth opening with tongue touching the incisive 28.0+£6.9 mm 22.6+6.6 mm <0.0014
papilla*
Mean percentage reduction (%) * 35.5+14.2 49.2+134 <0.001*
C. Categorical clinical findings n=283 (%) n=87 (%)
Area used by the tongue during movement <0,001°
within the oral cavity
Tongue movement range within the oral cavity 69 (83.1%) 43 (49.4%)
>%350
Tongue movement range within the oral cavity 14 (16.9%) 44 (50.6%)
< %50
Tongue tip shape
Rectangular 34 (41.0%) 32 (36.8%) 0.5765
V-shape 10 (12.0%) 33 (37.9%) <0.001°¢
Heart-shaped 0 (0.0%) 14 (16.1%) <0.001¢
Frenulum fixation — mouth floor <0.001¢
Visible only from the sublingual caruncles 42 (50.6%) 9 (10.3%)
Visible from the inferior alveolar crest 41 (49.4%) 78 (89.7%)
Frenulum fixation — sublingual <0.001°
In the middle of the tongue 77 (92,8%) 10 (11.5%)
Down the middle of the tongue 6 (7.2%) 2 (2.3%)
Between the middle and apex of the tongue 0 (0.0%) 70 (80.5%)
At the apex 0 (0.0%) 5(5.7%)

*Descriptive statistics are presented as mean=+standard deviation.
A Student’s t-test

B Pearson’s 2 test

€ continuity-corrected 2 test and

D Fisher—Freeman—Halton test were used. Continuous values are presented as percentage reduction (100—TRMR). Categorical classification
(>50%/<50%) is based on the original TRMR cut-off according to Marchesan’s criteria
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V-shaped or heart-shaped tongue configuration and attachment to the inferior alveolar ridge rather than the sub-
lingual caruncle (all p<0.001). Additionally, the position of the frenulum attachment below the midline of the
tongue was significantly more prevalent among children with an altered frenulum (p<0.001).

Myofunctional evaluation findings according to the MLFP general test classification are summarized in
Table 2. Most myofunctional characteristics were comparable between groups (all p>0.05). In contrast, swal-
lowing-related functional impairments involving both lip and tongue behavior were significantly more frequent
in children with an altered lingual frenulum (p<0.05). The prevalence of malocclusion was also significantly
higher in this group (p=0.010).

Functional Test scores ranged from 0 to 41, with a mean value of 8.6 + 8.2. scores >20 were classified as
indicative of an altered lingual frenulum.Comparisons based on functional test scores are presented in Table
3. Children with an altered lingual frenulum demonstrated significantly higher rates of functional restriction in
tongue mobility tasks, abnormal resting tongue posture and speech-related impairments, most commonly involv-
ing distortion of the /s/ and /r/ sound.

As summarized in Table 4, most myofunctional evaluation variables did not differ significantly according
to the functional test classification between groups (p>0.05). However, children with an altered lingual fren-
ulum exhibited significantly higher frequencies of functional disturbances in lip behavior during swallowing
(»<0.001). In contrast to general test classification, no significant association was observed between the func-
tional test classification and malocclusion (p=0.557).

Table 2 Myofunctional assesment according to MLFP general test scores

Normal frenulum Altered frenulum p-value
n=_83 (%) n=_87 (%)
Breathing 0.712%
Normal 54 (65.1%) 51 (58.6%)
Mild dysfunction 28 (33.7%) 35 (40.2%)
Severe dysfunction 1(1.2%) 1 (1.1%)
Mentalis muscle activity 0.070®
Normal 38 (45.8%) 25 (28.7%)
Mild dysfunction 22 (26.5%) 27 (31.0%)
Moderate dysfunction 18 (21.7%) 22 (25.3%)
Severe dysfunction 5 (6.0%) 13 (14.9%)
Swallowing- Lip Behavior 0.0124
Normal 54 (65.1%) 36 (41.4%)
Mild dysfunction 22 (26.5%) 34 (39.1%)
Moderate dysfunction 6 (7.2%) 13 (14.9%)
Severe dysfunction 1(1.2%) 4 (4.6%)
Swallowing- Tongue Behavior 0.0024
Normal 60 (72.3%) 44 (50.6%)
Adaptation/dysfunction 23 (27.7%) 38 (43.7%)
Excessive protrusion 0 (0.0%) 5(5.7%)
Malocclusion 40 (48.2%) 59 (67.8%) 0.0108
Mallampati Score 0.6628
Class 1 ve 2 57 (68,7%) 57 (65.5%)
Class 3 ve 4 26 (31.3%) 30 (34.5%)
Brodsky Score 0.056°
Grade 1+2+3 54 (65.1%) 44 (50.6%)
Grade 4+5 29 (34.9%) 43 (49.4%)
Postural Problems 39 (47.0%) 44 (50.6%) 0.6408

A Fisher—Freeman—Halton test
B Pearson’s y? test
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Table 3 Functional assessment outcomes between groups classified by MLFP functional test scores

Variable Normal frenulum Altered frenulum p-value
A.Demographic Characteristics Mean+SD Mean=+SD

Age (year)* 93+1.8 85+1.5 0.0294
n=144 (%) n=26 (%)

Gender 0.9628
Female 76 (52.8%) 13 (50.0%)
Male 68 (47.2%) 13 (50.0%)

B.Tongue Functions
Tongue mobility

Sucking against palate 29 (20.1%) 14 (53.8%) <0.0018

Apex vibration 26 (18.1%) 8(30.8%) 0.2208

Protruding 35 (24.3%) 13 (50.0%) 0.0158

Touch the upper lip with the apex 27 (18.8%) 12 (46.2%) 0.0055

Touch right/left commissura labiorum 20 (13.9%) 7 (26.9%) 0.140°¢
Tongue position during rest 0.021°

Not visible: assessment is not possible 101 (70.1%)? 11 (42.3%)*

Between the teeth/lateral 33 (22.9%)° 12 (46.2%)"

On the floor of the mouth 10 (6.9%) 3 (11.5%)

Speech problem 32 (22.2%) 26 (100.0%) <0.0018

*Data are presented as mean +standart deviation (SD)
A Student’s t test

B Continuity-corrected ? test

€ Fisher’s exact test

D pearson’s 2 test

Functional findings according to tongue range of motion

Comparisons based on tongue movement area are presented in Table 5. Children with a tongue range of motion
ratio of <50% showed a significantly higher frequency of altered lingual frenulum according to the general test
score (p<0.001). While the distribution of breathing dysfunction severity did not differ significantly between
groups (p=0.153), swallowing-related functional impairments involving both lip and tongue behavior were sig-
nificantly more severe in children with a tongue range of motion ratio of <50% (p»<0.001 and p=0.011, respec-
tively). These findings were observed in parallel with differences identified by the structural assessment.

Multivariate logistic regression analysis

Multivariate logistic regression analysis is presented in Table 6. In model 1, dysfunction in mentalis muscle
activity and the presence of an altered lingual frenulum based on morphology were identified as significant
predictors of tongue dysfunction during swallowing. After additional adjustment for breathing pattern, age, and
sex (Model 2), breathing dysfunction emerged as the strongest independent predictor, increasing the likelihood
of tongue dysfunction during swallowing by 5.2-fold (95% CI: 2.379-11.620; p<0.001), while morphologically
altered lingual frenulum increased the risk by 2.5-fold after adjustment for other variables (95% CI: 1.199-5.266;
p=0.015).
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Table 4 Myofunctional evaluation outcomes according to the MLFP functional test score

Variable Normal frenulum Altered frenulum p-value
(n=144) (n=26)
Breathing 0.0614
Normal 94 (65.3%) 11 (42.3%)
Mild dysfunction 48 (33.3%) 15 (57.7%)
Severe dysfunction 2 (1.4%) 0(0.0%)
Mentalis muscle activity 0.204
Normal 57 (39.6%) 6 (23.1%)
Mild dysfunction 42 (29.2%) 7 (26.9%)
Moderate dysfunction 30 (20.8%) 10 (38.5%)
Severe dysfunction 15 (10.4%) 3 (11.5%)
Swallowing- lip behavior <0.0014
Normal 81 (56.3%) 9 (34,6%)
Mild dysfunction 49 (34.0%) 7 (%26.9)
Moderate dysfunction 13 (9.0%) 6 (23.1%)
Severe dysfunction 1 (0.7%) 4 (15.4%)
Swallowing- tongue behavior 0.079%
Normal 92 (63.9%) 12 (46.2%)
Adaptation/dysfunction 49 (34.0%) 12 (46.2%)
Excessive protrusion 3(2,1%) 2(7.7%)
Malocclusion 82 (56.9%) 17 (65.4%) 0.557¢
Mallampati score >0.999¢
Class 1-2 97 (67.4%) 17 (65.4%)
Class 3-4 47 (32.6%) 9 (34.6%)
Brodsky score 0.833¢
Grade 0-1-2 84 (58.3%) 14 (53.8%)
Grade 34 60 (41.7%) 12 (46.2%)
Postural problems 70 (48.6%) 13 (50.0%) >0.999¢

*Descriptive statistics are presented as median (minimum—maximum)
A Fisher—Freeman—Halton test
B Pearson’s 2 test

€ continuity-corrected ¥ test

Discussion

The present study demonstrated that an altered lingual frenulum was significantly associated with reduced tongue
range of motion and swallowing dysfunction. In contrast, no significant associations were observed between
lingual frenulum alterations and upper airway findings or postural alignment. The general and functional assess-
ment components of MLFP yielded complementary findings, suggesting that structural and functional evaluation
capture different dimensions of lingual frenulum alterations. These relationships were evaluated during the mixed
dentition period, a development stage marked by neuromuscular maturation and ongoing functional adaptation
[28, 29], making it particularly suitable for investigating morpho-functional interactions of the stomatognathic
system.

These findings should be interpreted within the complexity of lingual frenulum assessment in children. Ana-
tomical variability and functional adaptation may influence clinical presentation [30], meaning that anatomical
restriction does not necessarily result in overt functional impairment, whereas subtle anatomical variations may
still have clinical relevance [6, 31-33]. Taken together, the present findings highlight the value of a multidimen-
sional morpho-functional assessment strategy that integrates structural and functional evaluation with comple-
mentary myofunctional assessments of breathing, swallowing, perioral muscle activity and posture.

Maximum mouth opening (MMO) has been reported as a clinical parameter in the assessment of mandibu-
lar function and did not differ between children with normal and altered lingual frenulum in the present study,
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Table 5 Altered frenulum and myofunctional findings based on TRMR across general and functional scores

Variable Greater than %50 %50 or less p-value
(n=112) (n=58)

Generally test score <0.001*
Normal 69 (61.6%) 14 (24.1%)
Altered frenulum 43 (38.4%) 44 (75.9%)

Functional test score 0.4648
Normal 97 (86.6%) 47 (81.0%)
Altered frenulum 15 (13.4%) 11 (19.0%)

Breathing 0.153€
Normal 74 (66.1%) 31 (53.4%)
Mild dysfunction 36 (32.1%) 27 (46.6%)
Severe dysfunction 2 (1.8%) 0 (0.0%)

Swallowing-lip behavior <0.001¢
Normal 70 (62.5%) 20 (34.5%)
Mild dysfunction 29 (25.9%) 27 (46.6%)
Moderate dysfunction 12 (10.7%) 7 (12.1%)
Severe dysfunction 1 (0.9%) 4 (6.9%)

Swallowing-tongue behavior 0.011¢
Normal 76 (67.9%) 28 (48.3%)
Adaptation/dysfunction 35 (31.3%) 26 (44.8%)
Excessive protruding 1 (0.9%) 4 (6.9%)

*A Pearson’s y? test
B continuity-corrected y? test

C Fisher—Freeman—Halton test

Table 6 Multivariate logistic regression analysis of factors associated with tongue dysfunction during swallowing

Odds Ratio %95 Confidence Interval Wald p-value
Lower bound Upper bound
Model 1 OR LCI UCI Wald p-value
Altered frenulum based on general score 2.085 1.054 4.122 4.463 0.035
Altered frenulum based on functional score 1.480 0.597 3.669 0.716 0.398
Dysfunction in mentalis muscle activity 4.449 2.068 9.572 14.582 <0.001
Model 2
Altered frenulum based on general score 2.512 1.199 5.266 5.963 0.015
Altered frenulum based on functional score 1.141 0.421 3.096 0.067 0.795
Dysfunction in mentalis muscle activity 2.170 0.898 5.243 2.960 0.085
Breathing dysfunction 5.258 2.379 11.620 16.828 <0.001
Age 1.001 0.809 1.239 0.001 0.990
Sex 0.985 0.476 2.039 0.002 0.967

consistent with previously reported pediatric data [34, 35]. This finding suggests that MMO alone is insufficient
to detect tongue-specific functional limitation, whereas proportional assessments of tongue movement were more
likely to identify functional restriction. Within the Marchesan Lingual Frenulum Protocol, the ratio between max-
imum mouth opening and mouth opening with the tongue tip positioned at the incisive papilla has been defined
as a meaningful indicator of functional ankyloglossia and has been identified as the only independent parameter
directly associated with tongue mobility restriction [16, 36]. This measure was subsequently termed the tongue
range of motion ratio (TRMR) by Yoon et al., who reported that values below 50% indicate severe limitation of
tongue movement [16].

In the present research, a TRMR below 50% was more frequently observed in children with altered lingual
frenulum based on MLFP general scores, leading to rejection of first hypothesis that structural alterations of the
lingual frenulum are associated with reduced tongue range of motion [36, 37]. However, nearly half of these
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children did not have this restriction, highlighting that morphological alteration does not necessarily correspond
to functional impairment. These findings emphasize the importance of interpreting tongue range of motion using
proportional indices and integrating quantitative measures with qualitative clinical assessment rather than relying
on fixed thresholds alone. Accordingly, a TRMR cut-off of 50% should be regarded as an exploratory, supportive
clinical reference rather than an independent diagnostic threshold [16, 17, 36, 38].

Based on general test results, significant differences were observed between groups in parameters related to
mouth opening, tongue tip morphology and frenulum attachment sites, whereas no differences were detected
in functional scores. This pattern also suggests that morphological alterations of the lingual frenulum may not
always translate into functional limitation. Furthermore, the differences observed between the structural and func-
tional MLFP classifications indicate that these scoring systems evaluate complementary rather than interchange-
able aspects of lingual frenulum alterations. Collectively, these findings underscore the need for an integrated
structural-functional approach to evaluate lingual frenulum characteristics, particularly in pediatric populations
during the mixed dentition period, for which systematic data remain limited.

Functional assessments revealed higher rates of impairment in children with altered lingual frenulum, par-
ticularly in tasks requiring effective tongue—palate interaction, including tongue suction, tongue elevation and
speech, consistent with previous reports [39—41]. Functional test scores appeared more sensitive than morphol-
ogy-based assessments in detecting speech-related effects, in line with evidence that ankyloglossia does not
prevent speech acquisition but may contribute to articulation difficulties, most commonly involving /s/ and /t/
sounds [42—44]. Although detailed speech-related observations were recorded as part of the original assessment
protocol, they were not analyzed separately, as they form components of a composite speech assessment score
rather than standalone outcome measures. Notably, while age did not differ between groups based on general test
scores, children with altered frenulum identified by functional test scores were significantly younger, a finding
that may reflect developmental differences in early, task-specific compensatory responses. Overall, these findings
reinforce that lingual frenulum morphology alone is insufficient to predict speech disorders, whereas functional
restriction appears clinically relevant, underscoring the importance of incorporating functional evaluation into
diagnostic protocols.

Beyond speech and function, upper airway parameters were also examined as part of the multidimensional
assessment. Previous studies have reported that children with a short lingual frenulum may exhibit narrowing of
upper airway—supporting structures, increased mouth breathing, and a higher risk of obstructive sleep apnea [4,
38, 45, 46]. In the present syudy, breathing-related findings were mild and did not significantly differ between
groups, nor were Mallampati or tonsillar parameters associated with frenulum classification. Given the relatively
young age of the study population and cross sectional design, these findings should be interpreted with caution
and may not be generalizable to other developmental stage or study.

Although mentalis muscle activity did not differ significantly between groups, the observed pattern may be
consistent with previous reports suggesting compensatory activation of the mentalis muscle in individuals with
lingual frenulum restriction [16]. However, this interpretation is based on clinical examination rather than direct
measurement of muscle activity, which may require confirmation using objective techniques such as electromy-
ography in future studies.

Previous studies have shown that reduced tongue range of motion can adversely affect swallowing and sucking
functions and a short lingual frenulum accompanied by reduced tongue mobility is associated with an infantile
swallowing pattern [47—49]. In agreement with these observations, the present findings demonstrated that chil-
dren with an altered frenulum based on the general test scores demonstrated significantly higher rates of dys-
function in both lip and tongue behaviors during swallowing based on general test scores, with tongue-related
impairment reaching statistical significance in functional assessments while lip behavior did not. Accordingly,
our second hypothesis was rejected, as children with structural lingual frenulum alteration exhibited significantly
greater swallowing dysfunction than those with a normal frenulum. This pattern suggests that tongue function
may indicate the primary limiting factor, with perioral musculature, including the lips and mentalis muscle,
recruited as part of early compensatory strategies to partially maintain swallowing performance [16]. As the
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present study was designed to reflect routine pediatric dental practice, swallowing was assessed as a screening
procedure using saliva swallowing rather than physiological food or liquid boluses. Therefore, these findings
should be interpreted within this clinical context.

Orofacial myofunctional disorders have been associated with malocclusion and craniofacial structural altera-
tions, acting both as a contributing factor and a consequence of chronic oral dysfunction [50]. In the present study,
malocclusion was assessed as an additional clinical parameter alongside the Marchesan lingual frenulum pro-
tocol. Although detailed occlusal characteristics, including sagittal, transverse, and vertical relationships, were
recorded, only the overall presence or absence of malocclusion was included in the primary analyses. A higher
prevalence of malocclusion was observed in children with an altered lingual frenulum when classification was
based on the MLFP general score, whereas this association was not statistically significant when groups were
defined according to functional test scores. From the perspective of the functional matrix theory [51], this pat-
tern may indicate that occlusal alterations are more likely to reflect broader structural and postural adaptations
accumulated over time rather than functional performance assessed at a single point in time. Therefore, the rela-
tionship between lingual frenulum status and malocclusion may vary depending on the assessment approach and
should be interpreted cautiously within the multifactorial etiology of occlusal development.

The potential relationship between lingual frenulum morphology and postural function has been increasingly
discussed in the literature [37, 52, 53]. In the present study, no significant differences in postural parameters
were observed between normal and altered frenulum groups based on either general or functional test scores. As
postural function matures throughout late childhood and is strongly influenced by environmental factors during
childhood [54-57], the relatively young mean age of the study population and the use of static postural assess-
ment methods may have limited the detection of frenulum—posture interactions. These findings suggest that
postural adaptations, if present, may emerge later in development or require more sensitive dynamic assessment
tools [57].

Multivariate regression analysis allowed evaluation of the independent associations between structural and
functional factors and swallowing outcomes. Our findings indicate that swallowing-related tongue dysfunction
showed a more direct association with lingual frenulum morphology, while respiratory dysfunction exerted the
strongest overall influence, increasing the risk of tongue-related impairment by approximately fivefold. The
attenuation of mentalis muscle contribution after adjustment, which reached only a borderline level of signifi-
cance, suggests that tongue-mediated swallowing is primarily constrained by structural and respiratory factors,
whereas neuromuscular compensation plays a secondary role. These findings further support a function-oriented
evaluation model.”

Collectively, these findings support the value of an integrated morpho-functional assessment, which provides
a more clinically meaningful evaluation than structural classification alone. Anatomical restriction appears to
acquire clinical significance primarily when it translates into measurable functional limitation. Therefore, rigid
morphology-based thresholds should be interpreted cautiously and contextualized within objective functional
performance.

Despite its methodological strengths, the present study has several limitations that should be considered when
interpreting the findings. Although all assessments were performed by a single examiner who underwent a cali-
bration process with experienced clinicians prior to data collection and excellent intraobserver reliability was
achieved, interobserver reliability was not formally assessed, which may limit the reproducibility of the findings
across different examiners. Furthermore, the unequal group sizes arising from the functional test classification
(n=144 vs. n=26) likely reflect the clinical prevalence of severe composite functional restriction within this
sample and the reduced sample size in the functionally altered subgroup may have limited statistical power
in subgroup-specific analyses; therefore, findings from these comparisons should be interpreted with caution.
Finally, the cross-sectional design limits causal inferences and the single-center sample may reduce generalizabil-
ity. Future longitudinal studies incorporating larger cohorts and objective digital or three-dimensional assessment
tools are warranted to further refine morpho-functional diagnostic criteria.
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Conclusion

In children during the mixed dentition period, structural and functional alterations of the lingual frenulum were
associated with reduced tongue range of motion and tongue-related swallowing dysfunction. No significant asso-
ciations were observed with breathing pattern, upper airway characteristics or postural alignment. The combined
assessment of morphology and function may provide complementary information in the evaluation of lingual
frenulum alterations.
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