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1 Introduction 

 

A condition in which lingual frenum is shortened (Delaney 1995), 

called ankyloglossia or tongue-tied, is a frequent seen anomaly in the 

practice of any orthodontist. Ankyloglossia is an oral anomaly well 

know since ancient times. Historical reference to this condition may 

be found even in the bible “the string of his tongue loosened and he 

spoke plain” (Mark 7:35) (Lalakea and Messner 2003). Although the 

authors present their attitudes toward ankyloglossia in the medical 

literature for decades, there are still controversies about this subject 

(Messner and Lalakea 2000). The lack of unified method of 

classification of ankyloglossia causes different values of the 

incidence of the condition in the literature. There is a wide range of 

opinions regarding the frequency and significance of clinical features 

associated with ankyloglossia. Research revealed that about 30% of 

otolaryngologists believe that ankyloglossia leads to feeding 

problems, and only 10% of pediatricians agree with this (Messner 

and Lalakea 2000). Conversely, while about 80% of pediatricians 

state that ankyloglossia rarely, if ever, causes speech problems, only 

50% of speech therapists and 40% of otolaryngologists agree with 

this statement (Messner and Lalakea 2000). Thus the condition of 

ankyloglossia is a very interesting problems not only in terms of 

anatomical structure but in many aspects of functional disturbances 

as well. 
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1.1 Definition 

 

The term ankyloglossia comes from Greek words ankilos- immobile 

articulation, glossa-tongue and implies that the tongue is fused with 

oral cavity wall (Ruffoli et al. 2005). Terms ankyloglossia, tongue-tie, 

ankyloglossia inferior or linqua accreta are related to fusion of the 

tongue with the floor of the mouth, which is the most common 

congenital abnormality of the tongue, although it can be the 

posttraumatic scarring effect (Varkey et al. 2006). Epiankyloglossia 

or ankyloglossia superior consist of fusion of the tongue with the 

palate. In the medical literature the term ankyloglossia is often 

identified with the most common -congenital lingual frenum 

shortening or fusion with the mouth floor. The severity of 

ankyloglossia is variable and can range from a light degree –slight 

shortening of frenum without clinical significance, to a rare complete 

ankyloglossia with the lack of frenulum -tongue is fixed to the floor of 

the mouth. Summing up ankyloglossia implies some abnormality, a 

condition outside of the range of normal anatomic or functional 

capacity. 
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1.2 Anatomy and histology of the frenum 

 

The floor of the mouth is a small horseshoe-shaped region beneath 

the movable part of the tongue and above the muscular diaphragm 

produced by the mylohyoid muscles (Fig.1). 

 

Fig. 1: Inferior surface of the tongue and the floor of the mouth 

(Berkovitz and Moxham 1988) 

The main muscle forming the floor of the mouth is mylohyoid (Fig.2).  

Immediately above it is geniohyoid. Mylohyoid lies superiorly to the 

anterior belly of digastric and, with its contralateral fellow, forms a 

muscular floor for the oral cavity. It is a flat, triangular sheet attached 

to the whole length of the mylohyoid line of the mandible. The 

posterior fibres pass medially and slightly downwards to the front of 

the body of the hyoid bone near its lower border. The middle and 

anterior fibres from each side decussate in a median fibrous raphe 

that stretches from the symphysis menti to the hyoid bone. The 

median raphe is sometimes absent, in which case the two muscles 

from a continuous sheet, or it may be fused with the anterior belly of 

digastric. In about one-third of subjects there is a hiatus in the muscle 
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trough which a process of the sublingual gland protrudes. Relations 

among anatomical structures can be described in several layers. The 

inferior (external) surface is related to platysma, anterior belly of 

digastric, the superficial part of the submandibular gland, the facial 

and submental vessels, and the mylohyoid vessels and nerve. The 

superior (internal) surface is related to geniohyoid, part of hyoglossus 

and styloglossus, the hypoglossal and lingual nerves, the 

submandibular ganglion, the sublingual gland, the deep part of the 

submandibular gland and its duct, the lingual and sublingual vessels 

and, posteriorly, the mucous membrane of the mouth. Mylohyoid 

receives its arterial supply from the lingual branch of the lingual 

artery, the maxillary artery, via the mylohyoid branch of the inferior 

alveolar artery, and submental branch of the facial artery. As far as 

innervation is concerned, mylohyoid is supplied by the mylohyoid 

branch of inferior alveolar nerve. The actions of mylohyoid is 

important in the first stage of deglutition as it elevates the floor of the 

mouth. It may also elevate the hyoid bone or depress the mandible 

(Fried 1976, Standring 2005). 

 

Fig. 2: Coronal section through the floor of the mouth (Berkovitz and 

Moxham 1988) 

Geniohyoid is a narrow muscle which lies above the medial part of 

mylohyoid. It arises from the inferior mental spine (genial tubercule) 
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on the back of the symphysis menti, and runs backwards and slightly 

downwards to attach to the anterior surface of the body of the hyoid 

bone. The paired muscles are contiguous and may occasionally fuse 

with each other or with genioglossus. The blood supply to geniohyoid 

is derived from the sublingual artery (suprahyoidal branch). 

Innervation is received by the first cervical spine nerve (cervical 

plexus), through the hypoglossal nerve. Contraction of geniohyoid 

elevates the hyoid bone and draws it forwards, and therefore acts as 

an antagonist to stylohyoid. When the hyoid bone is fixed, geniohyoid 

depresses the mandible (Standring 2005).  

The floor of the mouth as well as the inferior surface of the tongue is 

covered by oral mucosa. The oral mucosa is composed of the layer 

of stratified sguamous epithelium, which lies upon a connective 

tissue of varying thickness called the lamina propria. An additional 

layer of connective tissue, the submucosa, may or may not be 

present. Indeed, the oral mucosa shows a number of regional 

variations which depend upon functional demands.  

There are three types of oral mucosa: masticatory, lining and 

specialized mucosa. Masticatory mucosa is found in regions that are 

particularly exposed to stresses associated with mastication. Among 

its characteristic features are a keratinized epithelium and a thick 

lamina propria which is tightly bound to underlying periosteum. Lining 

mucosa is less exposed to masticatory loads and has a 

nonkeratinized epithelium which lines a thin elastic lamina propria 

and a submucosa. Specialized mucosa has the characteristics 

neither of lining mucosa nor of masticatory mucosa. The mucosa 

covering the gingivae and palate is masticatory mucosa. The surface 

of the tongue, and soft palate is lining mucosa. The mucosa of the 

dorsum of the tongue is a specialized gustatory mucosa, which 

exhibits a considerable number of papillae. Some of the papillae are 
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keratinized (the filiform papillae), others are non-keratinized (the 

fungiform and circumvallate papillae) (Berkovitz and Moxham 1988). 

The tongue is a highly muscular organ of deglutition, taste and 

speech. It is partly oral and partly pharyngeal in position, and is 

attached by its muscles to the hyoid bone, mandible, styloid process, 

soft palate and the pharyngeal wall. It has a root, an apex, a curved 

dorsum and an inferior surface. Its mucosa is normally pink and 

moist, and is attached closely to the underlying muscles. The dorsal 

mucosa is covered by numerous papillae, some of which bear taste 

buds. Intrinsic muscle fibres are arranged in a complex interlacing 

pattern of longitudinal, transverse, vertical and horizontal fasciculi 

and this allows great mobility. Fasciculi are separated by a variable 

amount of adipose tissue which increases posteriorly. The root of the 

tongue is attached to the hyoid bone and mandible, and between 

them it is in contact inferiorly with geniohyoid and mylohyoid. The 

dorsum (posterosuperior surface) is generally convex in all directions 

at rest. It is divided by a V-shaped sulcus terminalis into an anterior, 

oral (presulcal) part which faces upwards, and posterior, pharyngeal 

(postsulcal) part which faces posteriorly. The anterior part forms 

about two-thirds of the length of the tongue. The two limbs of the 

sulcus terminalis run anterolaterally to the palatoglossal arches from 

a median depression, the foramen caecum, which marks the site of 

the upper end of the embryonic thyroid diverticulum. The oral and 

pharyngeal parts of the tongue differ in their mucosa, innervation and 

developmental origins (Standring 2005). 

The presulcal part of the tongue is located in the floor of the oral 

cavity. It has an apex touching the incisor teeth, a margin in contact 

with the gums and teeth , and a superior surface (dorsum) related to 

the hard and soft palates. On each side, in front of the palatoglossal 

arch, there are four or five vertical folds, the foliate papillae, which 
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represent vestiges of larger papillae found in many other mammals. 

The dorsal mucosa has longitudinal median sulcus and is covered by 

filiform, fungiform and circumvallate papillae. The mucosa on the 

inferior (ventral) surface is smooth, purplish and reflected onto the 

oral floor and gums: it is connected to the oral floor anteriorly by the 

lingual frenum. The deep lingual vein, which is visible, lies lateral to 

the frenulum on either side. The plica fimbriata, a fringed mucosal 

ridge directed anteromedially towards the apex of the tongue, lies 

lateral to vein. This part of the tongue develops from the lingual 

swellings of the mandibular arch and form the tuberculum impar 

(Standring 2005, Woelfel and Scheid 1997). 

The postsulcal part of the tongue constitutes its base and lies 

posterior to the palatoglossal arches. Although it forms the anterior 

wall of the oropharynx, it is described here for convenience. Its 

mucosa is reflected laterally onto the palatine tonsils and pharyngeal 

wall, and posteriorly onto the epiglottis by a median and two lateral 

glosso-epiglottic folds which surround two depressions or valleculae. 

The pharyngeal part of the tongue is devoid of the papillae, and 

exhibits low elevations. The are underlying lymphoid nodules which 

are embedded in the submucosa and collectively termed the lingual 

tonsil. The ducts of small seromucous glands open on the apices of 

these elevations. The postsulcal part of the tongue develops from the 

hypobranchial eminence. On the rare occasions that the thyroid 

gland fails to migrate away from the tongue during development it 

remains in the postsulcal part of the tongue as a functioning lingual 

thyroid gland (Berkovitz et al.1978, Standring 2005). 

The tongue is divided by a median fibrous septum, attached to the 

body of the hyoid bone (Fig.3). There are extrinsic and intrinsic 

muscles in each half, the former extending outside the tongue and 

moving it bodily, the latter wholly within it and altering its shape. The 
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extrinsic musculature consists of four pairs of muscles namely 

genioglossus, hyoglossus, styloglossus (and chondroglossus) and 

palatoglossus. The intrinsic muscles are the bilateral superior and 

inferior longitudinal, the transverse and vertical. 

Fig. 3: Coronal section of the tongue to show the intrinsic 

musculature (Berkovitz and Moxham 1988) 

Genioglossus is triangular in sagittal section, lying near and parallel 

to the midline (Fig.4). It arises from a short tendon attached to the 

superior genial tubercule behind the mandibular symphysis, above 

the origin of the geniohyoid. From this point it fans out backwards 

and upwards. The inferior fibres of genioglossus are attached by a 

thin aponeurosis to the upper anterior surface of the hyoid body near 

the midline (a few fasciculi passing between hyoglossus and 

chondroglossus to blend with middle constrictor of the pharynx). 

Intermediate fibres pass backwards into the posterior part of the 

tongue, and superior fibres ascend forwards to enter the whole 

length of ventral surface of the tongue from root to apex, 

intermingling with the intrinsic muscles. The muscles of opposite 

sides are separated posteriorly by the lingual septum. Anteriorly they 

are variably blended by decussation of fasciculi across the midline. 

The attachment of the genioglossi to the genial tubercles prevents 

the tongue from sinking back and obstructing respiration, therefore 
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anesthetists pull the mandible forward to obtain the full benefit of this 

connection. Genioglossus is supplied by the sublingual branch of the 

lingual artery and the submental branch of the facial artery. It is 

innervated by the hypoglossal nerve. Genioglossus brings about the 

forward traction of the tongue to protrude its apex from the mouth. 

Acting bilaterally, the two muscles depress the central part of the 

tongue, making it concave from side to side. Acting unilaterally, the 

tongue diverges to the opposite side (Berkovitz and Moxham 1988, 

Standring 2005).  

Fig. 4: Extrinsic musculature of the tongue- lateral view (Berkovitz 

and Moxham 1988) 

Hyoglossus is thin and quadrilateral, and arises from the whole 

length of greater cornu and front of the body of the hyoid bone 

(Fig.5). It passes vertically up to enter the side of the tongue between 

styloglossus laterally and the inferior longitudinal muscle medially. 

Fibres arising from the body of the hyoid overlap those from the 

greater cornu. Hyoglossus is related at its superficial to the digastric 

tendon, stylohyoid, styloglossus and mylohyoid, the lingual nerve and 

submandibular ganglion, the sublingual gland, the deep part of the 
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lingual vein. By its deep surface it is related to the stylohyoid 

ligament, genioglossus, the middle constrictor and the inferior 

longitudinal muscle of the tongue, and the glossopharyngeal nerve 

(Standring 2005). Posteroinferiorly it is separated from the middle 

constrictor by the lingual artery. This part of the muscle is in the 

lateral wall of the pharynx, below the palatine tonsil. Passing deep to 

the posterior border of hyoglossus are, in descending order: the 

glossopharyngeal nerve, stylohyoid ligament and lingual artery. 

Hyoglossus is supplied by the sublingual branch of the lingual artery 

and the submental branch of the facial artery. Hyoglossus is 

innervated by the hypoglossal nerve. Hyoglossus depresses the 

tongue. Hyoglossus depresses the tongue (Fried 1976, Standring 

2005).  

Chondroglossus is sometimes described as a part of hyoglossus, this 

muscle is separated from it by some fibres of genioglossus, which 

pass to the side of the pharynx. It is c.2 cm long, arising from the 

medial side and base of the lesser cornu and the adjoining part of the 

body of the hyoid. It ascends to merge into the intrinsic musculature 

between the hyoglossus and genioglossus muscles. A small slip 

occasionally springs from the cartilage triticea and enters the tongue 

with the posterior fibres of the hyoglossus muscle. Vascular supply, 

innervation and action are similar to those described for hyoglossus 

(Standring 2005). 
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Fig. 5: Extrinsic musculature of the tongue- inferior view (Berkovitz 

and Moxham 1988) 

Styloglossus is the shortest and smallest of the three styloid muscles. 

It arises from the anterolateral aspect of the styloid process near its 

apex, and from the styloid end of the stylomandibular ligament. 

Passing downwards and forwards, it divides at the side of the tongue 

into a longitudinal part, which enters the tongue dorsolaterally to 

blend with the inferior longitudinal muscle in front of hyoglossus, and 

an oblique part, overlapping hyoglossus and decussating with it. 

Styloglossus is supplied by the sublingual branch of lingual artery. 

Styloglossus is innervated by the hypoglossal nerve. Styloglossus 

draws the tongue up and backwards. 

Stylohyoid ligament is a fibrous cord which extends from the tip of the 

styloid process to the lesser cornu of the hyoid bone. It gives 
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attachment to some fibres of styloglossus and middle constrictor of 

the pharynx and is closely related to the lateral wall of the 

oropharynx. Below it is overlapped by hyoglossus. The ligament is 

derived embryologically from the second branchial arch. It may be 

partially calcified. 

Palatoglossus is closely associated with the soft palate in function 

and innervation, and is described with the other palatal muscles 

(Standring 2005). 

Another group of muscles are intrinsic muscles, among these are 

superior longitudinal, inferior longitudinal, transverse and vertical. 

The superior longitudinal muscle constitutes a thin stratum of the 

oblique and longitudinal fibres lying beneath the mucosa of the 

dorsum of the tongue. It extends forwards from the submucous tissue 

near the epiglottis and from the median lingual septum to the lingual 

margins. Some fibres are inserted into the mucous membrane. The 

inferior longitudinal muscle is a narrow band of muscle close to the 

inferior lingual surface between genioglossus and hyoglossus. It 

extends from the root of the tongue to the apex. Some of its posterior 

fibres are connected to the body of the hyoid bone. Anteriorly it 

blends with styloglossus. The transverse muscles pass laterally from 

the median fibrous septum to the submucous fibrous tissue at the 

lingual margin, blending with palatopharyngeus. The vertical muscles 

extend from the dorsal to the ventral aspects of the tongue in the 

anterior borders. The intrinsic muscles are supplied by the lingual 

artery, and innervated by the hypoglossal nerve. The intrinsic 

muscles alter shape of the tongue. Thus, contraction of the superior 

and inferior longitudinal muscles tend to shorten the tongue, but the 

former also turns the apex and side upwards to make the dorsum 

concave, while the latter pulls the apex down to make the dorsum 

convex. The transverse muscles narrows and elongates the tongue 
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while the vertical muscle makes it flatter and wider. Acting alone or in 

pairs and in endless combination, the intrinsic muscles give the 

tongue precise and highly varied mobility, important not only in 

alimentary function but also in speech (Berkovitz et al. 1978, 

Standring 2005). 

The inferior surface of the tongue is covered by a thin lining of 

nonkeratinised mucous membrane which is tightly bound to the 

underlying muscles. In midline, extending on to the floor of the 

mouth, lies the lingual frenum. It is situated near the base of the 

tongue, and forms a fold of tissue that extends on to the inferior 

surface of the tongue (Hall and Renfew 2005). Rarely, the lingual 

frenum extends across the floor of the mouth and attaches on to the 

mandibular alveolus. The structure can be a thin, delicate or thick 

and fibrous. A conjunctive-muscular tissue strip that turns towards 

the tip of the tongue from the mandibular alveolar process forms the 

lingual frenum. It can contain some fibers of genioglossus muscle 

and branches of the sublingual artery and veins (Garcia Pola et al. 

2002). In cases of complete ankyloglossia, total fusion of tongue with 

the floor of the mouth is seen, and the lack of frenulum is presented. 

The length of attachment of frenulum varies widely. Lingual frenum is 

frequently short in the newborn, and tends to correct itself between 

the second and fifth year of life through the growth in height of the 

alveolar ridge and lingual development (Kotlow 1999, Ruffoli et al. 

2005). In some babies it extends to the tip of the tongue. There may 

be a dimple on the anterior edge, referred to as a heart shaped 

tongue. The appearance of the tongue is not sufficient on its own to 

make a diagnosis, as the thickness and elasticity of frenulum also 

vary widely and affect the extend to which normal tongue movements 

are inhibited. 
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Lateral to the frenum lie irregular, fringed folds of mucous membrane 

called the fimbriated folds. Visible through the mucosa are deep 

lingual veins (Berkovitz and Moxham 1988). The sublingual papilla is 

a large, centrally positioned protuberance at the base of the tongue. 

The submandibular salivary ducts open into the mouth at this papilla. 

On either side of sublingual papilla are the sublingual folds. Beneath 

these folds lie the submandibular ducts and sublingual salivary 

glands (Berkovitz and Moxham 1988, Fried 1976).  

The mucosa of the palatal part of the tongue is partly keratinized and 

is characterized by the presence of numerous papillae. The most 

conspicuous papillae are circumvallate papillae which lie immediately 

in front of the sulcus terminalis. Also found are filiform, fungiform and 

foliate papillae. The pharyngeal surface of the tongue is covered with 

large, rounded nodules called lingual follicles. These are composed 

of lymphatic tissue (the lingual tonsil). The posterior part of the 

tongue slopes towards epiglottis, where folds of mucous membrane 

(the glosso-epiglottic folds) join the two. The anterior pillars of the 

fauces (the palatoglossal arches) extend from the soft palate to the 

sides of the tongue near the circumvallate papillae.  

The tongue is composed of intrinsic and extrinsic muscles. The 

intrinsic muscles are restricted to the substance of the tongue, 

whereas the extrinsic muscles arise outside the tongue.  

The intrinsic muscles of the tongue can be divided into three fibre 

groups: the transverse, longitudinal and vertical groups. However, 

these groups cannot readily be distinguished because their fibres 

intercalate. The transverse fibres pass laterally from a sheet of 

connective tissue that runs longitudinally through the midline of the 

tongue (the lingual septum). The longitudinal fibres are subdivided 

into the superior and inferior longitudinal muscles of the tongue. The 

vertical fibres pass directly between the upper and lower surfaces of 
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the tongue. They are particularly prominent at the lateral borders of 

the tongue (Berkovitz and Moxham 1988). 
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1.3 Diagnostic criteria of ankyloglossia 

 

The unified method of classifying ankyloglossia is lacking. Few 

studies have proposed standards of classification for ankyloglossia 

by employing anatomical and/or functional criteria, but they measure 

different things (Ballard et al. 2002, Fletcher and Daly 1974, Fletcher 

and Meldrum 1968, Garcia Pola et al. 2002, Hazelbaker 1993, 

Kotlow 1999). Some definitions focus on anatomical conditions other 

emphasize specific oral motor disorders and their effect related to the 

ankyloglossia rather than defining the degree of lingual restriction. 

The criteria applied in diagnosing the anomaly are based on 

functional tests or anatomical measurements. 

The methods are showed in the chronological order:  

Anatomic measures proposed by Fletcher and Meldrum (Fletcher 

and Meldrum 1968) are:  

Distance A: The distance between the point at which the base of the 

tongue attaches to the mandible and the sublingual gland.  

Distance B: The length of the lingual frenulum from sublingual gland 

to insertion point in the tongue. 

Distance C: Free anterior portion of the tongue from the midline point 

at which the mucosal covering on the tongue changes to filiform 

papillae. 

The statistical ratio representing the length of the free portion of the 

tongue compared with the total sublingual dimensions: C/A+B+C, 

divides patients into categories (the calculations were made for 

patients about 11 to 12 years of age): 

-limited lingual freedom group 0.14-0.22 

-normal lingual freedom group 0.21-0.38 

-greater lingual freedom group 0.39-0.51.  
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Williams and Waldron described clinical measures useful for 

quantifying lingual function (Williams and Waldron 1985).  

The task involves measuring (in millimeters) the widest mouth 

opening at which the tongue-tip can make contact with the junction of 

the lingual surface of the maxillary incisors and the maxillary alveolar 

ridge. The measurement is done between the mandibular and 

maxillary teeth -canines or premolars, in which the individual holds 

acrylic blocks of increasing thickness (2 to 20mm) or any other 

objects in which the thickness can be controlled. The patient is then 

instructed to make tongue tip contact with the maxillary alveolar ridge 

and central incisors. Progressive smaller or bigger blocks are used to 

determine the widest mouth opening at which the patient can contact 

properly. The authors did not establish normative values.  

 

According to Hazelbaker Assessment Tool for Lingual Frenulum 

Function (ATLFF), the infant’s tongue is assessed using 5 

appearance items and 7 function items (Hazelbaker 1993). 

Significant ankyloglossia is diagnosed when the appearance score 

total is 8 or less and/or the function score total is 11 or less. The 

grade system is: 

Appearance Items 

I. Appearance of tongue when lifted 

2:Round or square 

1:Slight cleft in tip apparent 

0:Hear- or V-shaped 

II. Elasticity of frenulum 

2:Very elastic 

1:Moderate elastic 

0:Little or no elasticity 
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III. Length of lingual frenulum when tongue lifted 

2:>1cm 

1:1cm 

0:<1cm 

IV. Attachment of lingual frenulum to tongue 

2:Posterior to tip 

1:At tip 

0:Notched 

V. Attachment of lingual frenulum to inferior alveolar ridge 

2:Attached to floor of mouth or well below ridge 

1:Attached just below ridge 

0:Attached at ridge 

Function Items 

I. Lateralization 

2:Complete 

1:Body of tongue but not tongue tip 

0:None 

II. Lift of tongue 

2:Tip to mid-mouth 

1:Only edges to mid-mouth 

0:Tip stays at lower alveolar ridge or rises to mid-mouth only 

with jaw closure 

III. Extension of tongue 

2:Tip over lower lip 

1:Tip over lower gum only 

0:Neither of the above, or anterior or mid-tongue humps 

IV. Spread of anterior tongue 

2:Comlete 

1:Moderate or partial 

0:Little or none 
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V. Cupping 

2:Entire edge, firm cup 

1:Side edges only, moderate cup 

0: Poor or no cup 

VI. Peristalsis 

2:Complete, anterior to posterior 

1:Partial, originating posterior to tip 

0: Little or none 

VII. Snapback 

2:None 

1:Periodic 

0:Frequent or with each suck 

 

Mukai et al. proposed four grade system for lingual frenulum 

assessment in infants (1993).  

Grade F3: the frenulum goes from the mandibular alveolar border to 

the tongue. 

Grade F2: the frenulum goes from glandula sublingualis to half the 

distance between the floor of the mouth and the tip of the tongue 

Grade F1: the frenulum goes from the carancula sublingualis to the 

lower portion of the tongue 

Grade F0: no frenulum is observed. 

Another system was developed with regard to the base of the free 

end of the tongue. 

Grade B3: patients in whom the base of the tongue is about 5mm 

from the plica sublingualis, and in which the latter is barely mobile 

Grade B2: patients in whom the free end of the tongue originates at 

more than 5mm from plica sublingualis, and in whom the tongue can 

be pulled up during examination 
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Grade B1: patients in whom the caruncula and the plica sublingualis 

are mobile and remain in position when the tip of the tongue is held 

up during the examination. 

The diagnosis of ankyloglossia with deviation of epiglottis and larynx 

is established when the frenulum langue is F3 and/or the base of the 

tongue falls into the B2 or B3 category. The degree of ankyloglossia 

is strong when the base of the tongue is B3; mild, when the 

combination F3:B2 is given; light when either of these combinations 

occur: F2:B2, F1:B2 and F0:B2. 

 

The severity grade system of ankyloglossia by Kotlow (Kotlow 1999). 

1.Clinically acceptable, normal range of free tongue (defined as the 

length from the base of the insertion of lingual frenulum to the tip of 

the tongue) greater than 16 mm. 

2.Class I -Mild 12 to 16mm 

3.Class II -Moderate 8 to 11mm 

4.Class III -Severe 3 to 7mm 

5.Class IV -Complete less than 3mm. 

Structural guidelines were developed to assist in determining a 

normal range of motion of the tongue: 

1. The tip of the tongue should be able to protrude outside the 

mouth without clefting. 

2. The tip of the tongue should be able to sweep the upper and 

lower lips easily, without straining. 

3. When the tongue is retruded, it should not blanch the tissue 

lingual to the anterior teeth. 

4. The tongue should not place excessive forces on mandibular 

anterior teeth. 

5. The lingual frenum should allow a normal swallowing pattern. 
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6. The lingual frenum should not create a diastema between the 

mandibular central incisors. 

7. In infants the underside of the tongue should not exhibit 

abrasion. 

8. The frenum should not prevent an infant from attaching to the 

mother’s nipple during nursing. 

9. Children should not exhibit speech difficulties  associated with 

limitations of movement of the tongue.    

 

Pola et al. proposed to assess lingual mobility on the basis of two 

measurements (Garcia Pola et al. 2002): 

1.the distance between the cuspid of an upper canine tooth and 

lower homolateral canine tooth in maximum opening (in 6 year old 

children), or the distance between incisal edges of the upper central 

and lower homolateral central incisor (in 14 year old children). 

2.the distance between the same point reference when the tip of the 

tongue touches the palatal papilla. 

The ratio 2/1 divides results into two levels of lingual mobility: 

LI- beyond 51% (normal lingual mobility) 

LII-31%-50% 

LIII-below 30%. 

 

Naimer et al. proposed a modification of clinical criteria for normal 

range of motion of the tongue presented by Kotlow (Naimer et al. 

2003). These are: 

1. The tip of the tongue can be protruded outside without clefting. 

2. The tip of the tongue can easily sweep upper and lower lips. 

3. Retraction of the tongue should not cause blanching of the 

lingual tissue (at the insertion of the frenulum). 
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4. There is no traction of anterior mandibular teeth by lingual 

frenum. 

5. There is no protrusion of the lingual frenulum between 

mandibular incisors. 

6. There is no abrasion of the underside of the tongue. 

7. The frenulum does not cause poor attachment during 

breastfeeding in infants. 

8. There is no speech difficulty attributed to the limitation of 

motion of the tongue. 

 

Lalakea and Messner (2003) recommended measuring lingual 

mobility in children and tongue elevation to document and define the 

degree of restriction and ankyloglossia. Mobility is evaluated by 

measuring in millimeters the tip of the tongue extended past lower 

dentition. Evaluation is measured by recording interincisal distance 

with the tongue tip maximally elevated and in contact with the upper 

teeth. Typically, children with ankyloglossia have protrusion and 

elevation values of 15mm or less, and 20 to 25mm or greater in 

normal children. 

 

Marchesan (2005) compared three different measurements of the 

length of the lingual frenulum which were made with maximum mouth 

opening. He concluded that the measurement done with the tongue 

tip on the incisal papilla is most useful and statistically significant way 

of measuring frenulum length than ones done with the tongue sucked 

up and maintained against the hard palate or with tongue stretched 

over a spatula. 

 

In Ruffoli (2005) study two technique methods. 



 

 23 

Technique A-The length of the frenulum was measured by recording 

the distance between the insertion of the lingual frenulum into oral 

floor and the tongue. 

Technique B- The length of frenulum was indirectly evaluated by 

measuring the distance between the incisal border of the upper 

central and the incisal border of the lower homolateral central incisor. 

The measurement of the interincisal distance is simpler and better 

tolerated. The values obtained from this method of measurement 

were representative of mobility of the oral floor. In Ruffoli (2005) 

study, the modality of frenulum insertion resulted to be significantly 

related with the grade of severity of ankyloglossia. In fact, the 

distribution of the patients in our four levels of both classifications 

varied according to the modality of frenulum insertion. While the 

values of measurement, the greater part of patients with grade F2 by 

Mukai (1993) had mild or moderate ankyloglossia. Finally, none of 

the children with grade F3 showed normal values of measurement. 

This last observation might lead to believe the presence of grade F3 

of frenulum insertion as a diagnostic index of ankyloglossia.  

However, as only seven children with grade F3 were present in 

Ruffoli (2005)  study, they preferred to consider the presence of 

grade F3 frenulum insertion more as an index of complaint rather 

than a diagnostic index of ankyloglossia.  
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1.4 The incidence 

 

The ankyloglossia is the commonest distortion of the tongue 

structure. The lack of standardized definition makes it impossible to 

compare the data. The incidence of ankyloglossia varies from 0.02% 

to 10,7%, as the studies used different inclusion criteria, and age 

groups examined (Ballard et al. 2002, Catlin and de Haan 1971, 

Friend et al. 1990, Hogan et al. 2005, Horton 1969, Jorgenson et al. 

1982, Messner et al. 2000, Naimer et al. 2003, Warden 1991). The 

incidence of ankyloglossia in various reports ranges from 0.02% to 

as high as 10.7% of infants (DePorte and Parkhurst 1945, Messner 

et al. 2000). The condition appears to be more common in males with 

a prevalence ranging from 1.6 to three times than in females (Ballard 

et al. 2002, Friend et al. 1990, Messner et al. 2000, Sedano et 

al.1989). Concerning the classification of the severity of 

ankyloglossia the overwhelming incidence in the general population 

is of the lower grade, as a rule (Naimer et al. 2003). 

The etiology of the condition can be hereditary or acquired, i.e. 

posttraumatic, manifesting itself with an isolated malfunction, 

sometimes with family occurrence or connected with other disorders 

such as a small tongue (microglossia) or defect syndromes such as 

Turner’s, Urbach- Wiethes’s (Garcia Pola et al. 2002), Optiz’s, 

orofaciodigital’s, Beckwith-Wiedemann’s,  Simpson-Golabi-Behmel’s 

and X-linked cleft palate (Kupietzky and Botzer 2005). This condition 

is reported to be also more common in Turner’s syndrome and 

Klinefelter’s syndrome although no statistical evidence for this could 

be found (Garcia Pola et al. 2002). 
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1.5 The clinical consequences of ankyloglossia 

 

1.5.1 The influence on tongue resting position 

 

Shortened lingual frenum leads to forced, lowered position of the 

tongue observed during inability to set the tongue in a normal resting 

position when it adheres to the alveolar ridge and to the front palate 

(Lysiak-Seichter and Kaczmarek 2005). 
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1.5.2 The influence on tongue function 

 

The tongue mobility makes it a very crucial organ in an oral cavity. Its 

function influences all activities of stomatognathic system. The 

ankyloglossia influences the range of tongue’s movements, impairing 

its regular function. The condition restrains more or less its motor 

abilities causing oral motor disorders.  

 

1.5.2.1 Sucking   

The ankyloglossia influences sucking, which can be observed from 

the very first days of life. Disability to protrude the tongue toward the 

lower lip distorts breast feeding (Kupietzky and Botzer 2005, 

Messner et al. 2000).  

Symptoms attributed to ankyloglossia include nipple pain and 

trauma, difficulty in the baby attaching to the breast, frequent feeding, 

and uncoordinated sucking (Hall and Renfew 2005). These problems 

may result in the mother deciding to terminate breast feeding 

prematurely, slow weight gain for the baby, and even hypernatreamic 

dehydratation (Hall and Renfew 2005).   

The movements of the tongue during infant feeding have been 

studied by cine-radiography and more recently by ultrasound (Nowak 

et al. 1995, Weber 1986). Ultrasound reveals some similarities 

between the movements made by the baby when either breast or 

bottle-feeding (Nowak et al. 1995), but also some important 

differences (Wright 1995). The tongue is projected further forward in 

the breast feeding (Woolridge 1986) and the human nipple elongated 

during each suck in a way that an artificial teat cannot do (Nowak et 

al. 1995). During feeding, the artificial teat, or the nipple together with 

some breast tissue, is held fully in the mouth with the tongue 
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covering the lower gum ridge. The nipple is protected from damage 

and pain at the back of the baby’s mouth (Woolridge 1986). The 

baby’s jaw is then elevated, compressing the artificial teat, or the 

breast immediately behind the nipple, while the front of the tongue 

moves up to aid the expression of milk. In breast feeding, this is by 

compression of the milk ducts under the alveoli. A wave of upward 

movement of the medial part of the tongue progresses backwards, 

and the expression of milk is further facilitated by negative pressure 

generated by downward movement of the back of the tongue and the 

lower jaw and, in breast feeding, by the active expulsion of milk once 

the let down occurs (Hall and Renfew 2005). Since shortened lingual 

frenum restricts protrusion movement of tongue tip difficulties in 

described process are common in cases of ankyloglossia. 

 

1.5.2.2 Swallowing 

 

The current literature reports swallowing abnormalities associated 

with ankyloglossia, although a complete agreement is difficult to 

reach (Ruffoli et al. 2005, Sanchez-Ruiz et al. 1999, Zyszko and 

Kozik 1991). Atypical swallowing is a pathology of difficult clinical 

evaluation in babies and children under two years old (Sanchez-Ruiz 

et al. 1999). In babies swallowing is infantile type by 2, and 4 years of 

age it turns into a mature pattern (Peng et al. 2004).  Some authors 

maintain that ankyloglossia resulting in the ability to raise the tongue 

to the roof of the palate may prevent development of the normal adult 

swallow pattern (Tuerk and Lubit 1959). In older age somatic 

swallowing requires lifting of the tongue tip toward the maxillary 

alveolar ridge, in which case a motor disability of the tongue hinders 

the mastering of the activity. The persistence of the infantile 
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swallowing pattern might be due to the inability to elevate the tongue 

(Zyszko and Kozik 1991). The latest study by Ruffoli (2005) did not 

confirm this observation because patients having the infantile 

swallowing pattern did not differ in the frenulum length and the 

intercisal distance from those who developed the mature swallowing 

pattern. The final conclusion of Ruffoli (2005) is that ankyloglossia is 

not associated with infantile swallowing pattern.  

 

1.5.2.3 Speech    

 

Ankyloglossia does not prevent or delay the onset of speech 

(Kupietzky and Botzer 2005). Children with ankyloglossia are 

expected to acquire speech and language at a normal rate, although 

in some cases ankyloglossia may interfere with articulation. Some 

difficulties for certain speech sounds -accurate labio-dental 

consonants may be expected. A connection between the quality of 

speech and the quality of tongue movements is statistically 

substantial for most of the phonemes, that’s why oral motor 

dysfunction in cases of ankyloglossia can result in lingual dysglossia 

of a certain type. Speech disorders including lisping and general 

disarticulations, are frequently thought to be caused by 

ankyloglossia. Common misconceptions about speech and 

ankyloglossia include the notion that ankyloglossia is related to 

speech sounds not requiring the tongue tip and even that it may 

cause stuttering. A decreased tongue mobility impairs speech 

articulation with an emphasis on selective phonemes (Fletcher and 

Meldrum 1968, Garcia Pola et al. 2002, Kupietzky and Botzer 2005, 

Lysiak-Seichter and Kaczmarek 2005, Messner and Lalakea 2002, 

Williams and Waldron1985). If elevation of the tongue tip is 
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restricted, the articulation of 1 or more of the tongue sounds-such as 

‘ t, d, l, th and s’ will not be accurate. Many studies demonstrated a 

significant impairment of speech in patients carrying ankyloglossia. 

Ruffoli et al. study (2005) demonstrated that patients with abnormal 

speech showed mean values of measurement significantly lower 

than patients with normal speech, in a high number of children 

undergoing the same standardized test evaluated by blind speech 

pathologists. Ruffoli (2005) confirmed a relationship between the 

presence of speech anomalies and a decreased mobility of tongue, 

but only for those subjects whose frenulum length resulted in 

moderate or severe levels of ankyloglossia.  

Although dentists lack training in phonetic analysis, it is nonetheless 

possible for individuals other than speech pathologists to judge the 

accuracy of a sample of patient articulatory production. In a 

questionnaire study by Quazi and Gangadhar (Quazi and Gangadhar 

2005) 73% of the dentists experienced alternation of speech in 

patients with ankyloglossia. Patients who have such difficulties 

should be referred to a speech pathologist for evaluation (Williams 

and Waldron1985). 

 

1.5.2.4 Chewing 

 

The role of the tongue during chewing is to grind food with the help of 

buccal fatty pads with the ankyloglossia causing some disadvantage 

in a correct motion (Quazi and Gangadhar 2005). 
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1.5.2.5 Mechanical problems 

Ankyloglossia can be the cause of mechanical problems associated 

with tongue mobility limitation. Being able to protrude his/her tongue 

is essential for dental toilette, oral and buccal hygiene, gesture, 

playing musical wind instrument and other (Naimer et al. 2003). Such 

activities as licking lips, sticking the tongue out, oral cavity hygiene 

through rubbing the teeth or cheeks with the tongue tip or simply 

licking an ice cream cone can be distorted in case of the 

ankyloglossia (Hall and Renfew 2005). Short lingual frenum may 

dislodge an individual’s lower denture whenever the tongue tip is 

raised (Douglas and Kresberg 1954, Khosla 1972). Several authors 

reported patients with ulcerations of the lingual frenulum resulting 

from oral sex (Hall and Renfew 2005, Ketterl 1995, Mader 1981).  

The questionnaire study revealed that (Quazi and Gangadhar 2005): 

-54% of the periodontists stated that accessibility of the lower lingual 

surfaces of the mandibulae posteriors was difficult for oral 

prophylaxis and performing surgery  

-73% of the dentist’s experienced problems with the border molding 

of the mandibular denture base.   

-34% of the orthodontist’s experienced difficulty in placing lingual 

brackets and diastema between the lower central incisors is usually 

present. Making of impressions was also altered  

-56% of the prosthodontist's failed to achieve a proper lingual sulcus 

and recording the jaw relation is also difficult as the denture would 

move even on the slightest movement of the tongue. Stability is 

compromised in these cases. Tooth preparation in these patients is 

usually difficult as the tongue cannot be retracted. 

-72% of the oral medicine radiology and diagnosis professionals felt 
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that the oral cavity examination was not thorough thus leading to an 

incomplete examination and diagnosis at times.  

-30% of the conservative dentistry professionals felt that the isolation 

for the cavity restoration was difficult and use of restorative materials 

which require complete isolation was difficult. 

-60% of the pedodontists experienced that communication and 

examination of oral cavity was difficult. Children with ankyloglossia 

usually have a bad oral hygiene. 

 

 1.5.2.6 Social problems 

 

Pediatricians judge that children with ankyloglossia are difficult to 

manage as the restricted tongue movement makes their nature very 

irritable (Quazi and Gangadhar 2005). Speech therapists suggest 

that the speech of the patient is affected and they can't pronounce 

most of the words correctly which leads to a low morale in these 

patients. The patients develop psychological isolation because of 

speech problems and are not able to maintain the oral hygiene thus 

increasing the caries activity of the patient. Children may be teased 

by their peers for their anomaly (Kotlow 1999). 
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1.5.3 The influence on stomatognathic system 

morphology 

 

1.5.3.1 Palate 

 

The ankyloglossia besides many other factors has a pathogenic 

influence on the development and modeling of hard palate. The 

condition causes lowering of the tongue and disables its 

physiological resting on the roof of the mouth. The phenomenon can 

induce such symptoms as in mouth breathers though, a high and 

narrow palate called gothic or highly arched (Zyszko and Kozik 

1991).  

 

1.5.3.2 Jaw, alveolar, dental position (malocclusion) 

 

Anatomical anomalies such as ankyloglossia and macro or 

microglossia cause distortion of functional mechanisms influencing 

mandibular position. Forced, lowered position of the tongue observed 

during inability to set the tongue in a normal resting position when it 

adheres to the alveolar ridge and to the front palate is a stimulus to 

mandibular protrusion (Mrowiec 2002). Equilibrium theory states that 

if any object is subjected to a set of forces but remains in the same 

position, those forces must be in balance or equilibrium (Proffit and 

Fields 1986). The form of the mandible, because it is largely dictated 

by the shape of its functional process, is particularly prone to 

alternation (Proffit and Fields 1986). The duration of a force, because 

of the biologic response, is more important than its magnitude. The 

duration threshold seems to be approximately 6 hours in humans 

(Proffit and Fields 1986). Since the light pressures from lips, cheeks, 



 

 33 

and tongue at rest are remained most of the time, tooth position 

should be affected by these soft tissue pressures. In case of an 

intensified ankyloglossia the tongue is permanently in lowered 

position, which is accompanied by pressing with a rather little force. If 

the time limit is exceeded, a mandibular bone modelling effect can be 

observed. A pressure from the checks, tongue and lips influence the 

force set in an oral cavity and they decide on the teeth positioning. 

An enduring improper tongue pressure can cause unbalancing of the 

forces, which results in the relocation of alveolar process along with 

teeth. According to Proffit (Proffit and Fields 1986) the most 

tremendous influence on teeth positioning is exercised by a stable, 

delicate but enduring pressure from lips, cheeks and resting tongue. 

Even a very soft pressure is able to cause tooth shift, if it lasts long 

enough.  

Low position of tongue can provoke maxillary compression and 

mandibular widening along with crossbite type malocclusions. The 

crossbite can appear due to the maxillary arch compression or 

mandibular arch widening, or the combination of both. Researches 

show that the letter form of malocclusion appears in patients with 

ankyloglossia (Garcia Pola et al. 2002, Zyszko and Kozik 1991). Also 

Karlowska (Karlowska 2001) underlines the importance of tongue 

resting position; she believes that low tongue placement fosters 

Class 3 malocclusion and crossbites and a frontal tongue position 

between dental arches may cause anterior open bite. 

Most of authors believe that ankyloglossia can influence morphology 

of paradontium tissues (gingival recession), jaw bones, and tooth 

position (lower incisor deformity) (Kotlow 1999, Kupietzky and Botzer 

2005, Williams and Waldron1985), on the contrary others (Garcia 

Pola et al. 2002) state that no statistical significance was 

demonstrated between lingual frenum and dentofacial anomalies. 



 

 34 

Some researchers (Tuerk and Lubit 1959) support that the 

continuation of the infantile swallow subsequently to inability to raise 

the tongue leads to open bite malocclusion. These authors further 

suggest that restriction of free upward and backward movement of 

the tongue may result in an exaggerated anterior thrusting of tongue 

against the anterior body of the mandible, producing mandibular 

prognathism. A similar thesis is acclaimed by Horton (Horton 1969), 

who believes that any limitations of free upward motion of the tongue 

that cause a forward tongue thrusting may result in excessive growth 

of the anterior portion of the mandible. In fact, research using 

intraoral pressure transducers has identified the range of tongue 

pressure exerted against the teeth or dental arches during 

swallowing by tongue thrusters to be of no greater magnitude or 

longer duration than that identified for nontongue-thrust swallowers 

(McGlone and Profit 1973, Proffit 1972, Proffit 1973, Wallen 1974).  

A relation between tongue thrusting /during swallowing and biting 

/and malocclusion is still controversial. In cases of anterior open bite 

the tongue is frequently observed to stick between teeth while 

swallowing. Some clinicians believe that anterior tongue position or 

tongue thrusting during swallowing causes anterior open bite, this 

mechanism is called primary diskinesis (Garnier 1976, Masztalerz  

1981, Pierce 1978). Other researchers believe that tongue thrusting 

is its natural and expected position in cases of open bite and which is 

eliminated after orthodontic correction of malocclusion - secondary 

diskinesis type (Kahl-Nieke 1999, Mason and Proffit 1974, Mason 

1979). Some authors claim that the ankyloglossia, which results in 

inability to lift the tongue up to the mouth roof, can preclude the 

development of a correct adult swallowing pattern. This causes 

persisting of an infantile swallowing pattern followed by inhibition of 

vertical growth of alveolar bones and arising open bite (Tuerk and 
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Lubit 1959). Whitman and Rankow (Whitman and Rankow 1961) 

suggested that many cases of Class 2 division 1 and almost all cases 

of Class 3 are results of shortening or pathological lowering of 

genioglossus muscle insertion. It can be firmly stated that in 

particular malocclusions (open bite, increased overjet and Class 3  

malocclusion) the tongue can worsen jaw morphology (Kahl-Nieke 

1999). 

Some authors (Tuerk and Lubit 1959) reported the presence of open-

bite and Angle’s Class 3 malocclusion in patients with ankyloglossia 

and infantile swallowing pattern. In line with this, Mukai (1993) who 

demonstrated that 84% of the examined patients with ankyloglossia 

had Angle’s Class 3 malocclusion. On the contrary, Mazzocchi and 

Clini (Mazzocchi and Clini 1992) and Garcia Pola (Garcia Pola et al. 

2002) could not find any relation between the short length of the 

frenulum and the occurrence of either dental, or orthodontic 

anomalies. In Ruffoli (2005), we found that 61.5% of the enrolled 

subjects possessed bite anomalies which were related with the 

anatomical measurements used for ankyloglossia. In particular, the 

patients with deep-bite possessed the lowest mean value which was 

statistically significant compared with other patients. In the contrast, 

the subjects with posterior or anterior open-bite or cross-bite showed 

mean values similar or even longer compared with children with 

normal bite (2005). By the Angle’s classification of occlusion the 

majority (55.5%) of the enrolled children possessed malocclusions. 

Both measurements were significantly the lowest in patients of Class 

3. In the study by Ruffoli (2005), the patients belonging to Class 3 

possessed a low tongue posture. Taken together, with previous 

observations the type of bite, occlusion and resting position of tongue 

are useful clinical predictors for the diagnosis of severity of 

ankyloglossia. 
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1.6 Treatment   

 

The ankyloglossia is the most frequent anatomic deviation of the 

tongue. In most cases it is rather subtle and easy to treat. However, 

in some patients it can cause both aesthetic and functional problems. 

It happens that in moderate cases there is a spontaneous correction 

arising from child’s mastering compensation of tongue motor 

incapability. Muscle exercises advised by a speech therapist are to 

improve compensational mechanisms. Adaptive abilities depend not 

only on tongue exercising or growing of alveolar process but also on 

the flexibility of the floor of the mouth (Garcia Pola et al. 2002). If 

there is no progress after mechanotherapy a surgical intervention is 

needed (frenulotomy or frenuloplasty), which results in a significant 

improvement. A surgery is advisable in cases of distorted tongue 

functions arising from the ankyloglossia and its results such as: 

speech impediments that are unsuitable for therapy, malocclusion, 

swallowing disorders, mechanical constraints such as; inability to lick 

lips, and providing inner hygiene of the oral cavity. In cases of breast 

feeding difficulties arising from ankyloglossia a surgery is needed in 

very first days of living; however, in other disorders the surgery is 

postponed when the child is 5 or 6 years old after intense 

miotherapy. The management of ankyloglossia varies. Treatment 

options such as observation, speech therapy, frenotomy without 

anesthesia or with topical anesthesia, and frenectomy under general 

anesthesia have all been suggested in the literature (Garcia Pola et 

al. 2002, Kotlow 1999, Lalakea and Messner 2003, Messner et al. 

2000, Sanchez-Ruiz et al. 1999, Williams and Waldron 1985). 

Advocated treatment of ankyloglossia range from conservative 

speech therapy, frenotomy (clipping) or frenuloplasty (Kotlow 1999, 
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Messner and Lalakea 2000). Speech therapy consists of stretching 

and widening the tongue; however, it often does not bring the 

expected improvement (Minczakiewicz 1997, Ostapiuk 2005). It is 

then advisable to perform surgical treatment enabling further tongue 

mobility. Messner (2000) and Ostapiuk (2005) examined a 

connection between the ankyloglossia and articulation problems and 

observed a clear speech enhancement after frenuloplasty. Although 

early intervention in all children may be unwarranted, delaying 

intervention until obvious difficulties emerge may commit some 

children unnecessarily to a period of speech therapy and social 

embarrassment (Kupietzky and Botzer 2005). Another consideration 

is that up to several month of age, a frenotomy can be performed 

quickly in the clinic without requiring general anesthesia. In contrast, 

if surgery is deferred until the child is older, general anesthesia is 

usually required if frenectomy is performed. Frenotomy can be 

accomplished, however, in children older than 1 year using 

conscious sedation (i.e. nitrous oxide/oxygen inhalation with oral 

premedication) (Kupietzky and Botzer 2005). It should be noted that 

some experts categorically state that frenotomy should not be 

performed before 4 to 5 years of age (Notestine 1990, Wallace 

1963). Several ankyloglossia treatment methods have been 

suggested. Management approaches range from very early 

treatment without anesthesia to the other extreme-that ankyloglossia 

should never be treated (Wright 1995). Physicians may often delay 

recommending treatment of ankyloglossia unless there are obvious 

speech or nursing difficulties (Kotlow 1999). Confronting this 

condition with insufficient experience will inadvertently result in case 

referral and unwarranted intervention, despite the existence of a 

simple solution immediately available to the primary care 

pediatrician. It is generally assumed that surgical treatment is not 



 

 38 

necessary when the ankyloglossia does not generate alternations of 

orolingual functions (Sanchez-Ruiz et al. 1999). In this way, a 

frenectomy would be indicated only in speech problems, 

malocclusions, lingual dysfunction and enormous oral habits. In 

young children, it is usually recommended that surgery be postponed 

until age five or six. Before these, nonsurgical treatment based on 

mechanotherapy exercises is preferable with the objective of forcing 

lingual mobility (Garcia Pola et al. 2002). Surgical treatment consists 

of a horizontal cutting of frenum at its root and healing by granulation, 

which is called frenulotomy or a plastic excision of a frenum, which is 

called frenulectomy (Kryst 1993). A scrupulous preparation of a 

frenum and a precise stitching of a wound during frenulectomy 

decrease a risk of surgery failure through scar tissue formation. 

Along with persistent recurrence a Z-plasty release is applied (Ketterl 

1995). After the surgery a speech therapy is performed. It is worth 

mentioning that a presence of an asymptomatic ankyloglossia does 

not require surgery. 

The therapeutic approach is usually derived from subjective 

perceptions of the associated problems by treating physicians. 

Among otolaryngologists, 53%-74% advice surgical treatment for 

feeding, mechanical and social or speech problems, whereas only 

19%-29% of pediatricians refer their patients to surgery for the same 

reasons (Messner and Lalakea 2000). There are also differences in 

preferences for surgical settings by various physicians: pediatric 

surgeons advocate general anesthesia for frenulectomy (Wright 

1995), about half of otolaryngologists perform frenulectomy under 

either general or local anesthesia (Messner and Lalakea 2000), while 

pediatric dentists promote local anesthesia only (Velanovich  1994). 

Naimer et al. (2003) recommend office-based electrocautery 
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dissection as an efficacious, economical and safe treatment for mild 

congenital ankyloglossia.  

Lalakea and Messner (Lalakea and Messner 2003) stated that 

complications of surgery may further limit tongue movement. A 

questionnaire study showed that 46% of the oral and maxillofacial 

surgeon's state that these patients are usually not convinced for the 

surgical procedure; and patient co-operation was less (Quazi and 

Gangadhar 2005). 

Frenotomy technique (Ballard et al. 2002, Kupietzky and Botzer 

2005, Messner and Lalakea 2000) 

The frenotomy procedure is defined as the cutting or division of the 

frenum. The procedure may be accomplished without local 

anesthesia and with minimal discomfort to the infant (Messner and 

Lalakea 2000). The discomfort associated with the release of thin 

membranous frena is brief and quite minor (Ballard et al. 2002). The 

authors, however highly recommend the use of topical anesthetic gel 

for pain control and to alleviate any parental concerns. Other 

clinicians suggest always using local anesthesia regardless of the 

age or extend of the attachment (Wright 1995). The parent or an 

assistant holds and stabilizes head. The infant is placed supine with 

the elbows held securely close to the body. The tongue is lifted 

gently with sterile gauze and stabilized exposing the frenum. This 

may be achieved by the placement of 2 gloved fingers of the 

clinician’s left  hand placed below the tongue on either side of 

midline, retracting the tongue upward toward the palate and exposing 

the frenum. The frenum is then divided with small sterile scissors at 

its thinnest portion. The incision begins at the frenum’s free border 

and proceeds posteriorly, adjacent to the tongue. This is necessary 

to avoid injury to the more inferiorly placed submandibular ducts in 

the floor of the mouth. Occasionally, complete release may be 
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accomplished with a single scissors cut. More frequently, however, 

especially when frenum is quite tight, 2 or 3 sequential cuts are 

required, each cut provides some release, allowing improved 

retraction and visualization for subsequent cuts (Messner and 

Lalakea 2000). Care is taken not to incise any vascular tissue. The 

frenum is poorly vascularized and innervated, allowing the clinician to 

accomplish the procedure without any complications. There should 

be minimal blood loss (i.e. no more than a drop or two, collected on 

sterile gauze). If needed, bleeding can be controlled easily with a 

brief period of pressure applied with gauze. The incision is not 

sutured. Crying usually limited to the time the infant is restrained. 

Feeding may be resumed immediately and is without apparent infant 

discomfort. No specific follow-up is required, except that breast milk 

is recommended for pain control, but is usually not necessary. 

Parents should be advised that a postoperative white fibrin clot might 

be seen to form at the incision site during the first couple of days. 

The parents should be reassured that it is part of the healing process 

and not be mistakenly perceived as infection. Antibiotic therapy is not 

needed. Follow-up in 1 to 2 weeks should show that the incision is 

completely healed. 

Frenectomy 

The frenectomy procedure is defined as the excision or removal of 

the frenum. Frenotomy is the preferred procedure for patients with a 

thick and vascular frenum where severe bleeding may be expected, 

and in some cases, reattachment of the frenum by scar tissue may 

occur. The procedure in young children is performed under general 

anesthesia. Older children or adults, however, may tolerate the 

procedure with the use of local anesthesia alone. The frenum is 

released in a similar manner as in frenotomy although occasionally 

limited division of the genioglossus may be required for adequate 
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release. The wound is sutured with a Z-plasty flap closure. 

Complications of frenotomy include infection, excessive bleeding, 

recurrent ankyloglossia due to excessive scarring, new speech 

disorders developing postoperatively, and glossoptosis (tongue 

swallowing) due to excessive tongue mobility (Messner and Lalakea 

2000). 

One incidence of life-threatening complication after lingual frenotomy 

has been reported in the literature (Walsh and Kelly 1995). A 7-year-

old-boy with ankyloglossia was placed under general anesthesia with 

nasal pharyngeal airway and face mask. The frenulum was incised 

and sutured. Immediately after removal of the airway, upper airway 

obstruction occurred. The patient displayed evidence of upper airway 

collapse, which resolved spontaneously within an hour. The authors 

explained that, normally, contraction of the genioglossus muscle pulls 

the tongue and hyoid bone anteriorly -it being the principal dilator of 

the upper airway. Ankyloglossia also holds the tongue anteriorly, 

and, after surgical release, the genioglosus muscle may not be able 

to generate sufficient force to prevent airway collapse. 
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1.7 Arch dimensions evaluation 

 

A key element in successful orthodontic treatment of growing 

patients is an understanding of the development of the dentition, 

particularly as it relates to the dynamics of dental arch maturation 

(McNamara and Brudon 2002). The literature on the development of 

the dentition is voluminous, as evidenced by the many studies (Friel 

1927, Cattell 1928, Clinch 1932, Sillman 1964, Schaur and Massler 

1941, Diamond 1944, and Hurme 1948). The classic studies of 

Baume (Baume 1950), were followed by the variety of articles and 

monographs (Lo and Moyers 1953, Nolla 1960, Vego 1962, Van der 

Linden 1972, Van der Linden 1976, Van der Linden 1982, Van der 

Linden 1983, McNamara 1977, and Nanda 1983). Several studies of 

the development of the dentition have been published after analyzing 

changes in serial dental casts (Clinch 1951, Moorrees 1959, Stillman 

1964, Knott and Meredith 1966, Leighton 1969, Leighton 1977 and 

Moyers et al.1976). These studies have provided data on the 

untreated individuals to which studied samples can be compared. 

Other studies of the development of the dentition include the vast 

literature on genetics and inheritance (Garn 1977, Graber 1978), and 

the etiology of malocclusion (Brash 1956). In addition are 

monographs resulting from interdisciplinary conferences on biological 

mechanisms underlying tooth eruption and tooth movement (Norton 

and Burstone 1986, Davidovitch 1988). Other publications have dealt 

with topics that have specific clinical relevance, including interarch 

tooth-size discrepancies (Bolton 1958, Bolton 1962), as well as 

several mixed dentition analyses (Hixon 1958, Moyers 1958, Moyers 

1988, Tanaka and Johnston 1974) (McNamara and Brudon 2002).  
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An the literature refers many measurements and concepts 

concerning arch size evaluation some definitions may help clarify the 

important issues involved. 

The basal arch is the arch formed by the corpus mandibularis or 

maxillaries. Its dimensions probably are unaltered by the loss of all 

permanent teeth and resorption of the alveolar process. It is the arcal 

measurement of the apical base (Moyers 1972). 

The alveolar arch is the arcal measurement of the alveolar process. 

The dimensions of the alveolar arch may not coincide with those of 

the basal arch if, for example, the teeth are tipped labially off the 

basal arch (Moyers 1972). 

The dental arch usually is measured through the contact points of the 

teeth and represents a series of points where the muscle forces 

acting against the crowns of the teeth are balanced. When the 

crowns are tipped markedly off the basal bone, the dental arch and 

alveolar arch are not synonymous (Moyers 1972). 

The evolution of orthodontic diagnosis and treatment planning has 

been gradual. Initial emphasis was placed on sagittal relationships, 

as is indicated by the Angle classification of maloclussion. The Angle 

system of classification remains at the core of orthodontic diagnosis 

a century after its development, even through this classification 

scheme is not sensitive to imbalance in the vertical and transverse 

dimensions. In fact, it was not until the 1960s, in part due to the 

contributions of Schudy (Schudy 1964), that the role to vertical 

dimension finally was recognized. Further, it only has been during the 

last two decades or so that the role of transverse dimension has 

been a topic of interest to the typical practicing orthodontist. In fact, it 

is our opinion that skeletal imbalances in the transverse dimension 

often are ignored or simply not recognized. Thus, the treatment 

options for such patients by necessity are more limited than if these 
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transverse skeletal problems were recognized. In contrast to the 

aggressive approaches often taken in treating skeletally-based 

anteroposterior and vertical problems, orthodontists traditionally have 

been reluctant to change arch dimensions transversely (Strang 1949, 

Tweed 1966), except in the instance of treating a unilateral or 

bilateral posterior crossbite (Haas 1961). Yet, it appears that the 

transverse dimension of the maxilla may be the most adaptable of 

the all regions of the craniofacial complex (McNamara and Brudon 

2001). 

There are a lot of methods of intermolar width measurements (Fig.6-

12). The reference points can be located on lingual, occlusal or 

buccal surface of teeth (Chen 2007, McNamara and Brudon 1993). 

However, there are individual, sexual, and racial differences in the 

size of human teeth (Moorrees 1957, Moyers 1972). Consequently, 

measurements performed on different anatomical points can result in 

different values and ratios. 

 

Fig. 6: Maxillary intermolar width (Van der Linden 1983) 
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Fig. 7: Mandibular intermolar width (Van der Linden 1983) 

 

Fig. 8: Maxillary intermolar width (Lux et al. 2003) 

 

Fig.9 : Mandibular intermolar width (Lux et al. 2003) 
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Fig. 10: Maxillary intermolar width UM-M (Uysal et al. 2005) 

 

Fig.11 : Mandibular intermolar width LM-M (Uysal et al. 2005) 
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Fig.12 : Upper dental arch width W (Braun et al.1996) 

Staley et al. (Staley et al. 1985) calculated the posterior transverse 

interarch discrepancy as the difference between maxillary and 

mandibular intermolar widths. This interarch discrepancy turned out 

to be a simple and effective parameter for assessing the transverse 

congruence of dental arches. Molar difference is the difference 

between the maxillary and mandibular intermolar widths. In Class I 

subjects with normal occlusion, these measurement points are on top 

of each other; hence, maxillary and mandibular intermolar widths are 

equal, and the molar difference is zero in subjects with normal 

occlusion. Molar difference is frequently related to an anteroposterior 

skeletal discrepancy, with the mandibular arch advanced relative to 

the maxillary arch. Consequently, the corresponding interarch widths 

are not correctly matched (Braun 1985). A protrusive chin may be 

considered as a result of either maxillary hypodevelopment or 

mandibular hyperdevelopment because of low tongue posture and 

ankyloglossia (Courly 1989, Defabianis 2000). The clinical 

usefulness of this width difference can be pointed out with respect to 

determining the severity of the molar crossbite problems. The relative 

constriction of the maxillary intermolar width can be assessed by 

means of molar difference. 
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1.8 Aim of the study 

 

The aim of the study was to analyze the transverse morphology of 

the dental arches in untreated patients with severe and complete 

ankyloglossia. The null hypothesis to be tested states that there is no 

statistically significant correlation between intermolar difference and 

ankyloglossia severity by Kotlow.  
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2 Material and methods 

 

2.1 Sample selection 

 

The number of 50 sets of pretreatment orthodontic records of 

patients in at least early mixed dentition or later dentition 

development phase were selected from orthodontic patient’s record 

files of  Private Orthodontic Practice in Torun. The subjects were 

referred to orthodontist, none of the children had undergone 

orthodontic treatment prior the study or had medical problems. All the 

patients were examined. The chosen patients were not a random 

sample. 
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2.2 Characteristics of group A and B 

 

Group A consisted of cases with ankyloglossia classified by means of 

the Kotlow scale as severe or complete (free tongue length; severe 3 

to 7mm, complete less than 3mm) (Figure 13). Group B consisted of  

cases with normal length of lingual frenum (free tongue length; 

greater than 16 mm) (Figure 14). The length of free tongue by Kotlow 

measured clinically during intraoral examination was written in 

orthodontic records, accurate to 0.5mm. Cases of  dental agenesis, 

premature tooth loss or ectopic eruption which could influence the 

first molar position were excluded from the sample (6 cases all 

together), so the quantity of groups was 34 patients in group A and 

10 patients in group B respectively.  
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Fig. 13: The case chosen from the group A consisted of cases with 

ankyloglossia classified by means of the Kotlow scale as severe (free 

tongue length ranging from 3mm to 7mm) or complete (free tongue 

length less than 3mm). Kotlow free tongue length in this case was 4 

mm which classifies it as a severe ankyloglossia case  
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Fig. 14: The case chosen from the group B consisted of  cases with 

normal length of lingual frenum (free tongue length greater than 16 

mm) 

 

 

 

 

 



 

 53 

2.3 Study models analysis 

 

Dental study models in both groups were analyzed in order to asses 

transverse upper and lower dental arch dimensions. Measurement 

points on first permanent molars were recorded in each dental arch. 

Maxillary and mandibular intermolar width were measured as the 

distance between the central fossae of the right and left first maxillary 

molars in upper arch (Figure 15) and the  distance between the tips 

of the distobuccal cusps of the right and left first mandibular molars in 

the lower (Figure 16). In addition, molar difference (maxillary 

intermolar width minus mandibular intermolar width) was determined 

(Lux et al. 2003). The measurements were performed on dental casts 

using orthodontic caliper accurate to 0.01mm.  

The age of patients in months was recorded. The cases were divided 

into three groups according to molar relation in occlusion proposed 

by Edward H. Angle (1907), which is essentially a classification of 

antero-posterior relationship of the dentition. Class I maloclussiom 

comprises those in which the first permanent  molars are, in normal 

relationship of the arches in the anteroposterior dimension, although 

this may be associated with an increased or reduced overbite and/or 

a crossbite. Generally speaking it involves the condition of crowding 

or spacing, rotation of teeth and local abnormalities. Any of these 

conditions may of course be found superimposed on a 

malrelationship of the dental arches: that is a Class II or Class III 

malocclusion. Class II malocclusion is found in those cases where 

the lower first molar is in postnormal relationship to the upper. It is 

divided into two divisions. Division 1 comprises those cases where 

there is an increase in overjet, usually, but not necessarily, with 

proclined upper incisor teeth. Division 2 comprises those cases in 
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which the upper incisor are retroclined, usually with an increase in 

overbite. Not infrequently the lateral incisors are proclined giving the 

very typical appearance, although this is not necessary part of the 

condition. Sub-division is rather archaic term and is used by Angle 

where the buccal segment on one side of the mouth is in Class I 

relationship and on the other in Class II relationship. This would be 

described as ‘Class II sub-division’. There is not a series of sub-

divisions, and the term is rather a quaint one. Class III malocclusion 

comprises those cases where the lower first permanent molars are in 

prenormal occlusion. This is frequently found in association with an 

anterior crossbite, where the upper incisors are occluding inside the 

lower incisors (Mills 1987). Inclusion criteria for the Angle Class I 

were: that mesiobuccal cusp of the maxillary first permanent molar 

articulates in the buccal groove of the mandibular first permanent 

molar. Class II or III was recognized as there was at least ½ of a 

premolar width distal or mesial shift, at least on one side.  
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Fig.15: Maxillary intermolar width -measured as the distance 

between the central fossae of the right and left first maxillary molars 

in upper arch 
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Fig.16: Mandibular intermolar width -the  distance between the tips of 

the distobuccal cusps of the right and left first mandibular molars in 

the lower dental arch 
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3 Results 

 

Descriptive statistics including means and standard deviations were 

determined for each group.  

 

3.1 Age structure 

 

The detailed values of age in group A and B are presented in table 1. 

Cases in group A presented the age values ranging from 6-7 to 12-0. 

The range of age values in group B was greater and accounted for  

8-4 to 12-8. Average age value in group A was 9-7, however in group 

B was greater accounting 10-5. Standard deviation in group A was 

15.88 in group B 16.55 (table 2). Above mentioned data are showed 

graphically in figures number 17 and 18. 
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Tab. 1: The detailed values of age for cases in group A and B are 

presented. The first column shows the number of list of cases in 

group A, the second column shows the age 

 
Group A 

 
Group B 

Case 
Number 

 
Age 

Case 
Number 

 
Age 

1 8-0 1 8-8 

2 10-3 2 10-2 

3 11-5 3 12-1 

4 9-0 4 10-3 

5 9-2 5 8-4 

6 8-6 6 9-5 

7 8-9 7 10-10 

8 9-1 8 10-10 

9 12-0 9 12-8 

10 9-9 10 11-1 

11 9-7 

12 10-7 

13 8-7 

14 11-6 

15 9-4 

16 9-4 

17 8-1 

18 8-2 

19 6-7 

20 8-0 

21 7-11 

22 12-0 

23 10-9 

24 8-10 

25 8-10 

26 10-3 

27 9-11 

28 10-4 

29 9-11 

30 10-7 

31 10-7 

32 10-8 

33 12-0 

34 10-1 
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Tab. 2: Average values of age in years and month, standard 

deviation and confidence level for each group are presented 

 Average 
Age in 
years 

Average 
Age in 
month 

 
Standard 
Deviation 

 
Confidence 

Level 

 
Group A 

 
9 

 
7.88 

 
15.88 

 
5.338 

 
Group B 

 
10 

 
5.2 

 
16.55 

 
10.258 

 

 

 

 

 Fig.17: Age values in group A ranged from 6-7 to 12-0 in, with  the 

average of 9-7 
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Fig.18: Age values in group B ranged from 8-4 to 12-8, with the 

average of 10-5 
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3.2 Sex structure 

 

The sex structure was different in both groups with male to female 

ratio 9/8 in group A and 1/1 in group B. There was 18 boys and 16 

girls in group A, and 5 boys and 5 girls in group B. The exact sex 

distribution in group A and B are showed in table 3. The percentage 

of female and male in each group are presented in table 4. Male to 

female ratio in both groups are showed graphically on figures 19. and 

20..   
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Tab. 3: The exact sex distribution in group A and B is showed. The 

first column shows the number of list of cases in group A, the second 

presents sex- the letter M means male, the letter F-female 

 
Group A 

 
Group B 

Case Number Sex Case Number Sex 

1 M 1 M 

2 M 2 M 

3 F 3 M 

4 F 4 F 

5 M 5 F 

6 F 6 F 

7 M 7 M 

8 M 8 F 

9 M 9 F 

10 M 10 M 

11 M 

12 F 

13 M 

14 M 

15 F 

16 F 

17 F 

18 F 

19 F 

20 M 

21 M 

22 M 

23 M 

24 M 

25 F 

26 F 

27 F 

28 F 

29 M 

30 M 

31 F 

32 F 

33 F 

34 M 
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Tab. 4: The percentage of female and male in each group are 

presented  

  
Female 

 
Male 

 
Group A 

 
47.06% 

 
52.94% 

 
Group B 

 
50% 

 
50% 

 

 

Fig.19: Male to female ratio in group A, which accounts for 9/8, is 

graphically showed   
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Fig.20: Male to female ratio in group B, which accounts for 1/1, is 

graphically showed   
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3.3 Free tongue length distribution 

 

Free tongue values in group A, which consisted of severe (free 

tongue values by definition ranges from 3mm to 7mm) and complete 

ankyloglossia cases (free tongue values by definition is below 3mm), 

ranged from 2.5mm to 7mm. In group B which consisted of normal 

free tongue cases (free tongue values by definition is equal or more 

than 16mm) ranged 16mm to 18.5mm. The detailed values for cases 

in group A and B are showed in table 5. The average free tongue 

length was 5,93 in group A, and 17,1 in group B, standard deviation 

and confidence level for each group are presented in table 6. The 

figure number 21. shows graphically Kotlow free tongue values and 

the average value in group A. The figure number 22. shows 

graphically Kotlow free tongue values and the average value in group 

B.  
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Tab.5: The detailed Kotlow free tongue length values in group A and 

B are showed. The first column shows the number of list of cases in 

group A, the second presents result of clinical measurement of 

Kotlow free tongue accurate to 0.5mm 

 
Group A 

 
Group B 

Case Number Kotlow Free 
Tongue 

Case Number Kotlow Free 
Tongue 

1 2.5 1 16 

2 3 2 16 

3 4 3 16 

4 4.5 4 16.5 

5 4.5 5 17 

6 5 6 17.5 

7 5 7 17.5 

8 5 8 18 

9 5.5 9 18 

10 5.5 10 18.5 

11 6 

12 6 

13 6 

14 6 

15 6 

16 6 

17 6 

18 6 

19 6 

20 6.5 

21 6.5 

22 6.5 

23 6.5 

24 7 

25 7 

26 7 

27 7 

28 7 

29 7 

30 7 

31 7 

32 7 

33 7 

34 7 
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Tab. 6: Average values of Kotlow free tongue, standard deviation and 

confidence level for each group are presented 

 Average 
Kotlow 
Free 

Tongue 

 
 

Standard 
Deviation 

 
 

Confidence 
Level 

 
Group A 

 
5.93 

 
1.17 

 
0.393 

 
Group B 

 
17.1 

 
0.94 

 
0.583 

 

 

Fig. 21: Kotlow free tongue values and the average value in group A 

are presented graphically 
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 Fig. 22: Kotlow free tongue values and the average value in group B 

are presented graphically 
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3.4 Angle Class structure 

 

There was 16 cases of Angle Class I occlusion type, 12 of Angle 

Class II and 6 of Angle Class III in group A. There was 5 cases of 

Angle Class I occlusion type, 4 of Angle Class II and 1 of Angle Class 

III.  Table 7 shows the exact Angle Class distribution in group A and 

B. The percentage of I, II and III Angle Class in each group are 

presented in table 8. In group A the ratio accounted for 8/6/3 and in 

group B for 5/4/1. These relations are showed graphically for group A 

on the figure number 23 and for group B on the figure number 24. 
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Tab. 7: The exact Angle Class distribution in group A and B is 

presented. The first column shows the number of list of cases in 

group A, the second presents Angle Class classification, symbol I 

represents Angle Class I, II-Angle Class II, III-Angle Class III 

 
Group A 

 
Group B 

Case Number Angle Class Case Number Angle Class 

1 III 1 II 

2 II 2 II 

3 I 3 III 

4 II 4 I 

5 I 5 I 

6 II 6 II 

7 III 7 I 

8 II 8 I 

9 III 9 II 

10 I 10 I 

11 I 

12 II 

13 I 

14 I 

15 II 

16 I 

17 I 

18 III 

19 II 

20 I 

21 I 

22 I 

23 II 

24 I 

25 II 

26 I 

27 III 

28 I 

29 II 

30 I 

31 III 

32 II 

33 II 

34 I 
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Tab. 8: The percentage of I, II and III Angle Class in each group are 

presented  

 Angle 
Class I 

Angle 
Class II 

Angle 
Class III 

 
Group A 

 
47.06% 

 
35.29% 

 
17.65% 

 
Group B 

 
50% 

 
40% 

 
10% 

 

 

Fig. 23: Angle Class structure in group A is showed graphically  
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 Fig. 24: Angle Class structure in group B is showed graphically  
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3.5 Maxillary intermolar width structure 

 

Maxillary intermolar width values ranged from 38.77 to 48.96 in group 

A. In group B maxillary intermolar width values ranged from 43.33 to 

48.58, exact values for both groups are showed in table 9. Average 

values of maxillary intermolar width, standard deviation and 

confidence level for each group are presented in table 10. The 

average maxillary intermolar width was 45.16 in group A, and 45.94 

in group B. Above mentioned values are showed graphically for 

group A in figure number 25 and for group 10 in figure number 26. 

Standard deviation in group A was 2.74 in group B 1.7. 
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Tab.9: Maxillary intermolar width values in group A and B. The first 

column shows the number of list of cases in group A, the second 

presents result of measurement of maxillary intermolar width done on 

plaster models accurate to 0.01mm 

 
Group A 

 
Group B 

 
Case Number 

Maxillary 
Intermolar Width 

 
Case Number 

Maxillary 
Intermolar Width 

1 42.15 1 47.69 

2 42.81 2 46.89 

3 38.77 3 44.68 

4 43.08 4 43.33 

5 48.06 5 48.58 

6 48.96 6 46.24 

7 48.71 7 46.56 

8 45.5 8 45.46 

9 43.98 9 43.56 

10 47.67 10 46.37 

11 48.68 

12 44.93 

13 42.4 

14 43.64 

15 40.22 

16 47.15 

17 43.63 

18 40.86 

19 43.37 

20 45.12 

21 45.17 

22 48.49 

23 42.31 

24 44.05 

25 47.32 

26 46.31 

27 44.18 

28 48.94 

29 46.6 

30 46.45 

31 44.52 

32 49.57 

33 44.43 

34 47.27 
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Tab. 10: Average values of maxillary intermolar width, standard 

deviation and confidence level for each group are presented 

 Average 
Maxillary 

Intermolar 
Width 

 
 

Standard 
Deviation 

 
 

Confidence 
Level 

 
Group A 

 
45.16 

 
2.74 

 
0.920 

 
Group B 

 
45.94 

 
1.7 

 
1.053 

 

 Fig.25: Maxillary intermolar width values and the average value in 

group A are presented graphically 
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 Fig.26: Maxillary intermolar width values and the average value in 

group B are presented graphically 
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3.6 Mandibular intermolar width structure 

 

Mandibular intermolar width values ranged from 44.28 to 53.02 in 

group A. In group B mandibular intermolar width values ranged from 

43.52 to 49.07, the exact values for each group are presented in 

table number 11. Average values of maxillary intermolar width, 

standard deviation and confidence level for each group are 

presented in table 12. Above mentioned values are showed 

graphically on the  figure number 27 for group A and on the figure 

number 28 for group B.   
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Tab. 11: Mandibular intermolar width values in group A and B. The 

first column shows the number of list of cases in group A, the second 

presents result of measurement of maxillary intermolar width done on 

plaster models accurate to 0.01mm 

 
Group A 

 
Group B 

 
Case Number 

Mandibular 
Intermolar Width 

 
Case Number 

Mandibular 
Intermolar Width 

1 53.02 1 49.07 

2 51.18 2 48.03 

3 44.94 3 46.15 

4 51.06 4 43.52 

5 51.28 5 46.71 

6 53.97 6 47.12 

7 51.93 7 47.41 

8 54.99 8 45.29 

9 51.02 9 44.11 

10 51.96 10 46.24 

11 49.94 

12 50.91 

13 50.86 

14 44.39 

15 47.58 

16 48.35 

17 45.44 

18 49.22 

19 50.34 

20 49.37 

21 49.87 

22 49.03 

23 44.28 

24 48.59 

25 48.59 

26 48.02 

27 48.48 

28 49.53 

29 47.92 

30 47.22 

31 47.32 

32 51.91 

33 50.1 

34 51.62 
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Tab. 12: Average values of maxillary intermolar width, standard 

deviation and confidence level for each group are presented 

 Average 
Mandibular 
Intermolar 

Width 

 
 

Standard 
Deviation 

 
 

Confidence 
Level 

 
Group A 

 
49.54 

 
2.55 

 
0.857 

 
Group B 

 
46.37 

 
1.71 

 
1.060 

 

  

Fig.27: Mandibular intermolar width values and the average value in 

group A are presented graphically 
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Fig.28: Mandibular intermolar width values and the average value in 

group B are presented graphically 
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3.7 Molar difference structure 

 

Molar difference values ranged from -10.87 to -0.54 in group A. In 

group B molar difference values ranged from -1.47 to 1.87, detailed 

values for each group are presented in table number 13. The 

average molar difference value was -4.38 in group A, and 0.43 in 

group B. Average values of molar difference, standard deviation and 

confidence level for each group are presented in table number 14. 

Above mentioned values are showed graphically in the figure number 

29 for group A, and in the figure number 30 for group B.  
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Tab. 13: Molar difference values in group A. The first column shows 

the number of list of cases in group A, the second presents the 

difference between the maxillary and mandibular intermolar widths 

accurate to 0.01mm 

 
Group A 

 
Group B 

Case Number Molar Difference Case Number Molar Difference 

1 -10.87 1 -1.38 

2 -8.37 2 -1.14 

3 -6.17 3 -1.47 

4 -7.98 4 -0.19 

5 -3.22 5 1.87 

6 -5.01 6 -0.88 

7 -3.22 7 -0.85 

8 -9.49 8 0.17 

9 -7.04 9 -0.55 

10 -4.29 10 0.13 

11 -1.26 

12 -5.98 

13 -8.46 

14 -0.75 

15 -7.36 

16 -1.2 

17 -1.81 

18 -8.36 

19 -6.97 

20 -4.25 

21 -4.7 

22 -0.54 

23 -1.97 

24 -4.54 

25 -1.27 

26 -1.71 

27 -4.3 

28 -0.59 

29 -1.32 

30 -0.77 

31 -2.8 

32 -2.34 

33 -5.67 

34 -4.35 
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Tab. 14: Average values of molar difference, standard deviation and 

confidence level for each group are presented 

 Average 
Molar 

Difference 

 
Standard 
Deviation 

 
Confidence 

Level 

 
Group A 

 
-4.38 

 
2.93 

 
0.985 

 
Group B 

 
-0.43 

 
0.99 

 
0.614 

 

Fig. 29: Molar difference values and the average value in group A are 

presented graphically 
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Fig.30: Molar difference values and the average value in group B are 

presented graphically 
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3.8 Intergroup comparisons 

 

The correlation between molar difference and Kotlow free tongue in 

both groups was analyzed. The correlation of these two features was 

stronger in group A than in group B. Table 15 shows detailed values 

of molar difference and Kotlow free tongue for group A and B. 

Correlation coefficient for both groups are presented in table number 

16. 

Above mentioned values are showed graphically in the figure number 

31 for group A, and in the figure number 32 for group B. 
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Tab.14: Molar difference values  and Kotlow free tongue in group A 

and B. The first column shows the number of list of cases in group A, 

the second presents the molar difference, the third Kotlow free 

tongue  

 
Group A 

 
Group B 

Case 
Number 

Molar 
Differece 

Kotlow 
Free Tongue 

Case 
Number 

Molar 
Difference 

Kotlow Free 
Tongue 

1 -10.87 2,5 1 -1.38 16 

2 -8.37 3 2 -1.14 16 

3 -6.17 4 3 -1.47 16 

4 -7.98 4,5 4 -0.19 16.5 

5 -3.22 4,5 5 1.87 17 

6 -5.01 5 6 -0.88 17.5 

7 -3.22 5 7 -0.85 17.5 

8 -9.49 5 8 0.17 18 

9 -7.04 5,5 9 -0.55 18 

10 -4.29 5,5 10 0.13 18.5 

11 -1.26 6 

12 -5.98 6 

13 -8.46 6 

14 -0.75 6 

15 -7.36 6 

16 -1.2 6 

17 -1.81 6 

18 -8.36 6 

19 -6.97 6 

20 -4.25 6,5 

21 -4.7 6,5 

22 -0.54 6,5 

23 -1.97 6,5 

24 -4.54 7 

25 -1.27 7 

26 -1.71 7 

27 -4.3 7 

28 -0.59 7 

29 -1.32 7 

30 10 7 

31 10 7 

32 10 7 

33 12 7 

34 10 7 
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Tab. 15: Correlation coefficient for relation between Kotlow free 

tongue and molar difference for each group are presented 

 Correlation Coefficient  
for Kotlow Free Tongue vs. Molar Difference 

 
Group A 

 
0.614 

 
Group B 

 
0.413 

 

 Fig.31: Correlation between molar difference and Kotlow free tongue 

in group A 
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 Fig.32: Correlation between molar difference and Kotlow free tongue 

in group B 

 

Significance was considered at the 0.05 α level. The study has 

shown that in cases of ankyloglossia the increased negative value of 

molar difference is observed. Thus, the null hypothesis that there is 

no statistically significant correlation between intermolar difference 

and ankyloglossia severity by Kotlow was rejected.  
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4 Discussion  

 

4.1 Tongue vs. dental arch and facial morphology 

 

The great anatomical variability of tongue’s structure influences 

strongly the function of this organ. It reflects all activities of tongue, 

not only in alimentary act but also in speech and many other 

functions. The lingual frenum which is a thin sheet of tissue that 

attaches the center of the undersurface of the tongue to the floor of 

the mouth as a cord-like structure can limit the amount of the tongue 

movement (Woelfel and Scheid 1997). There are many anatomical 

variants of lingual frenum morphology which can range from the total 

absence of lingual frenum through shortened lingual frenum to the 

lingual frenum of increased length. The lack of unified criteria of 

classifying the cases of ankyloglossia results in very wide range of 

incidence of ankyloglossia reported in medical literature. The authors 

present the values from 0.02% to 10.7% measured on different 

populations, using different inclusion criteria.      

The relationship between form and function of the stomatognathic 

system was researched for decades in many ways. The interaction 

between the muscle function and dentofacial forms is widely 

accepted. Although it is still controversial whether muscle function 

influences bone morphology or merely adapts to the local changes in 

the environment. There were many studies about relationship 

between the tongue size, posture and function and the surrounding 

cavity (Alexander and Sudha 1997, Cheng et al. 2002, Fuhrmann 

and Diedrich 1994, Lowe and Johnston 1979, Melsen 1987). Some 

authors state that the size of the tongue and its dysfunction are 

essential etiological factors in the development of malocclusion 
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(Cheng et al. 2002). On the other hand others suggest that the 

tongue merely adapts to the environmental changes for swallowing 

and speech (Cheng et al. 2002). The relationship between the 

tongue and the surrounding structures is a mutual interaction, with 

either part being a principal or a subordinate factor (Brash et al. 

1956, Brodie 1957, Graber 1972, Hovell 1962, Sanchez-Ruiz et al. 

1999). The tongue is located inside the dental arches and is almost 

always in contact with the teeth, exerting the pressure on rest and 

function (Tamari et al. 1991). It is very difficult to assess lingual 

posture and mobility in a simple clinical observation as the tongue is 

situated in the oral cavity. Subsequently unusual tongue volume or 

abnormal tongue movement and position may deform dentitions, 

especially during development phase. Since the tongue is a very 

mobile organ consisting of muscle bundles with a free end, it is 

difficult to assess its morphology by means of quantitive records and 

measurements, so there have been few attempts to determine the 

tongue volume and to analyze the relationship between the tongue 

volume and the surrounding structures (Bandy and Hunter 1969, 

Lowe 1986, Takada et al.1980). To make the assessment more 

detailed and objective the examination can be made by means of 

electropalatography (Ichida et al. 1999), cineradiography (Ekberg 

and Hillarp 1986), computerized tomography (Lowe 1986), magnetic 

resonance imaging (Schwestka-Polly 1995) and ultrasonography 

(Cheng et al. 2002, Fuhrmann and Diedrich 1994, Peng and Miethke 

1994). Bandy and Hunter (Bandy and Hunter 1969) and Takada et al. 

(Takada et al.1980) showed the relationship between the tongue 

volume and the lower dental arch sizes with the canines, the 

premolars, and the molars as points in measuring dental arch size. 

The study by Tamari et al. (Tamari et al. 1991) detected statistically 

significant correlations between the tongue volume and the dental 
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arch sizes. It seems to imply that the tongue volume is involved, at 

least as one morphologic factor in maintaining the dental arch sizes. 

The lingual movement can be more mobile at the free end (tongue 

tip), like a whip, as the muscle bundles of the tongue have no 

skeletal insertion, and the lingual frenum has a proper length. The 

mobility of the tongue seems to be more limited posteriorly and more 

stable than its anterior part. The hypothesis that the relationship 

between the tongue and the lower dental arch varies according to its 

anteroposterior location in the arch was researched by Tamari et al.( 

Tamari et al. 1991). The correlation coefficient between the tongue 

volume and each dental arch size tended to become larger toward 

the posterior parts of the dental arch. This phenomenon led to the 

suggestion that the size effects of the tongue on the lower dentition, 

as one of the factors of tongue form (size, shape, and position), tend 

to become larger toward the posterior part (Tamari et al. 1991). On 

the basis of the assumption mentioned in this study the intermolar 

width was taken into account as dental arch transverse dimension.  

In this study, we attempted to clarify the morphologic relationship 

between the tongue frenum length and the transverse dental arch 

dimensions. 

Previous reports have indicated that the size, posture and function of 

the tongue are significantly correlated with dentofacial morphology, 

including jaw relationships, abnormality of dental arch form, and 

abnormal tooth position or malocclusion (Cheng et al. 2002). With 

reference to dental arch form and tongue, Lowe and Johnston (Lowe 

and Johnston 1979) stated that the frequency of low tongue postures 

and narrow maxillary arches appears to increase with large lower 

facial heights. Mikell (Mikell 1985) reported that flaccid, low-lying 

tongue allows buccal pressure to constrict the maxillary arch and 

might cause the palate to develop a high, narrow, and arched 
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construction. The development of an occlusion must be considered 

as a result of the interactions among genetically determined 

developmental factors and a number of external and internal 

environmental factors. In addition to heredity, many factors must be 

considered: the frequency of swallowing or how often the tongue 

exerts force on the teeth, the counteraction of these forces by other 

muscular structures such as lips, the resistance of dentoalveolar 

structures to displacement, and the resting posture of the tongue 

when no swallowing is occurring. This multifactoral nature of the 

process still remains not understood. Further studies are needed to 

identify a specific cause-and-effect relationships. 
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4.2 Transverse arch dimensions and their changes 

 

Longitudinal studies on growing children indicated that skeletal and 

dental transverse widths demonstrated a progressive increase (Chen 

et al. 2007, Cortella 1997, Snodell 1993). The longitudinal study 

conducted on subjects with normal occlusion between age of 11 to 

31 revealed that the differences for maxillary and mandibular molar 

arch widths were not statistically significant in this period of growth 

(Ward et al. 2006). Although growth of the mandibular width during 

this period was greater than the maxillary growth (mean value 0.67 

and 0.48 respectively). Authors stated that arch width naturally 

change with age during adulthood, but the magnitude of changes can 

be small and variable amongst samples (Sillman 1964, Ward et al. 

2006). Another longitudinal study performed by means of 

cephalometric measurements in Class III patients between age of 10 

to 14 demonstrated incremental growth changes in the maxillary and 

mandibular molar arch width (Chen et al. 2007). These results are 

consistent with the findings of other studies (Cortella et al. 1997, 

Sillman 1964, Snodell et al. 1993). The increments in maxillary and 

mandibular width vary according to different factors among which 

gender, chronological age, occlusion type and facial growth pattern 

can be mentioned (Chen et al. 2007, Lux et al. 2003). A number of 

authors noted that changes in arch width vary between males and 

females, with male arches reported having an increased width 

(Bishara et al. 1997, Carter and McNamara 1998, Moyers et al. 

1976).  

In the present study the author aimed to mineralize the influence of 

sex, age and  occlusion type (in terms of Angle Class) on transverse 

dental arch dimensions by selecting study groups of similar 
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characteristic. As far as gender is concerned group A included 

47.06% females, and group B 50% of females. Age values in group A 

ranged from 6-7 to 12-0, and in group B 8-4 to 12-8, with a mean 

value 9-7 and 10-5 for group A and B respectively. Angle Class 

structure was 47.06%, 35.29% and 17.65% in group A, and 50%, 

40% and 10% in group B for Angle Class I, II and III respectively.        

Sample size restriction prevent subgroup analysis of definite age, sex 

and occlusion type in terms of changes in transverse dental arch 

dimensions between them.    

Maxillary intermolar width, mandibular intermolar width and molar 

difference values in both groups were compared. The mean values of 

maxillary intermolar width were quite similar in both groups and 

accounted for 45.16mm and 45.94mm in group A and B respectively. 

The mean values of mandibular intermolar width were more different 

than for maxillary intermolar width. In group A the average was 

49.59mm, and in group B 46.37mm. These reflects increased 

transverse lower dental arch dimensions in cases of ankyloglossia. 

This relationship was not discussed in previous studies.  

The mean molar difference values in both groups differed 

diametrically. In group A the mean value was -4.38mm and in group 

B 0.43mm. These results suggest that there exists a tendency to 

discrepancy between maxillary intermolar width and mandibular 

intermolar in cases of ankyloglossia. Comparing the results of 

present study with the data from other publications,  it can be stated 

that the mean molar difference value is highly decreased in cases of 

ankyloglossia. The correlation of Kotlow free tongue and molar 

difference was stronger in ankyloglossia group than in the other and 

accounted for 0.614. 
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Tab. 25: Molar difference the data from literature 

 

 

 

 

Lux et al. 2003 

(the same measurement 

method) 

 

Boys 9 years old 

Normal Occlusion; -0.32 

Class I; -0.81 

Class II/1; -2.29 

Class II/2; -1.64 

Girls 9 years old 

Normal Occlusion; -0.41 

Class I; -0.56 

Class II/1; -1.50 

Class II/2; -1.48 

 

 

Carter and McNamara 1998 

(measurements on 

posteroanterior 

cephalograms, buccal 

surface) 

 

 

 

Boys and girls 10 years old 

Class III; -1.2 

 

Takada et al. 1980 

(measurements on mesial 

buccal cusps) 

 

Mixed group age 15.4+/-2.2 

Normal Occlusion; 5 

Class III; 1.9  

(3.1 smaller than Normal Occlusion) 

 

 

In summary, the present study confirms  an association between 

transverse arch dimensions and severity of ankyloglossia.  
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4.3 Conclusions   

 

1. The study confirms an association between transverse arch 

dimensions and severity of ankyloglossia, which reflects relationship 

between molar difference and free tongue length by Kotlow. 

2. Molar difference in group A (complete and severe ankyloglossia 

cases) has high negative values (average -4.38) which was much 

smaller than the data from the literature concerning many different 

types of occlusion. 

3. The exact relation between transverse arch dimension and 

severity of ankyloglossia needs further research.  
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5 Summary 

 

The aim of the study was to analyze the transverse morphology of 

the dental arches in untreated patients with ankyloglossia. The null 

hypothesis to be tested states that there is no statistically significant 

correlation between intermolar difference and ankyloglossia severity.  

The number of 50 sets of pretreatment orthodontic records of 

patients in at least early mixed dentition or later dentition 

development phase were selected from orthodontic patient’s record 

files of  Private Orthodontic Practice in Toruń. The subjects were 

referred to orthodontist, none of the children had undergone 

orthodontic treatment prior the study or had medical problems. All the 

patients were examined.  

Group A consisted of cases with ankyloglossia classified by means of 

the Kotlow scale as severe or complete (free tongue length; severe 3 

to 7mm, complete less than 3mm). Group B consisted of  cases with 

normal length of lingual frenum (free tongue length; greater than 16 

mm).  

 The length of free tongue by Kotlow, measured clinically during 

intraoral examination was written in orthodontic records. Cases of 

dental agenesis, premature tooth loss or ectopic eruption which could 

influence the first molar position were excluded from the sample (6 

cases all together), so the quantity of groups was 34 patients in 

group A and 10 patients in group B respectively. The age of patients 

in months was recorded. The cases were divided into three groups 

according to Angle classification. 

Dental study models in both groups were analyzed in order to asses 

transverse upper and lower dental arch dimensions. Measurement 

points on first permanent molars were recorded in each dental arch. 
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Maxillary and mandibular intermolar width were measured, and molar 

difference (maxillary intermolar width minus mandibular intermolar 

width) was determined. The measurements were performed on 

dental casts using orthodontic caliper accurate to 0.01mm.  

The mean values of maxillary intermolar width were quite similar in 

both groups and accounted for 45.16mm and 45.94mm in group A 

and B respectively. The mean values of mandibular intermolar width 

were more different than for maxillary intermolar width. In group A the 

average was 49.59mm, and in group B 46.37mm. These reflects 

increased transverse lower dental arch dimensions in cases of 

ankyloglossia. This relationship was not discussed in previous 

studies. The mean molar difference values in both groups differed 

diametrically. In group A the mean value was -4.38mm and in group 

B 0.43mm. These results suggest that there exists a tendency to 

discrepancy between maxillary intermolar width and mandibular 

intermolar in cases of ankyloglossia. Comparing the results of 

present study with the data from other publications,  it can be stated 

that the mean molar difference value is highly decreased in cases of 

ankyloglossia. The correlation of these two features was stronger in 

group A than in group B, and accounted for 0.614, and 0.413 in 

group A and B respectively. 

Conclusions  

1. The study confirms an association between transverse arch 

dimensions and severity of ankyloglossia, which reflects relationship 

between molar difference and free tongue. 

2. Molar difference in group A (complete and severe ankyloglossia 

cases) has high negative values (average -4.38) which was much 

smaller than the data from the literature concerning many different 

types of occlusion. 
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3. The exact relation between transverse arch dimension and 

severity of ankyloglossia needs further research.  
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