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Speech is a communication method found only in humans that relies on precisely articulated sounds to encode and

express thoughts. Anatomical differences in the maxilla, mandible, tooth position, and vocal tract affect tongue placement

and broadly influence the patterns of airflow and resonance during speech production. Alterations in these structures can

create perceptual distortions in speech known as speech sound disorders (SSDs). As craniofacial development occurs,

the vocal tract, jaws, and teeth change in parallel with stages of speech development, from babbling to adult phonation.

Alterations from a normal Class 1 dental and skeletal relationship can impact speech. Dentofacial disharmony (DFD)

patients have jaw disproportions, with a high prevalence of SSDs, where the severity of malocclusion correlates with the

degree of speech distortion.
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1. Development from Birth to Seven Months Old

Speech and the craniofacial complex simultaneously develop during childhood (Figure 1). Immediately after birth, vocal

development begins as a baby takes its first cry. At birth, the mandible is underdeveloped with a short ramus (Class II

profile), the larynx is high in the throat, and the tongue takes up much of the oral cavity space . The alveolar ridges

develop along with the underlying tooth buds, and gum pads eventually begin to touch . Anatomical changes in the jaws,

tongue, alveolus, and vocal tract affect the types of sounds infants are able to produce.

Figure 1. Timeline of speech, craniofacial, and dental development. (A) Speech development from birth to maturity. 1.

Airway structures in a child at birth. 2. At 8 to 12 months, the child produces primarily bilabial sounds with the absence of

teeth. 3. Labiodental sounds start to be produced at 3 to 4 years old with the eruption of teeth, similar to the adult stage. 4.

Maturity of the airway at 6 years old. Structures are consistent through adulthood. (B) Craniofacial and dental

development from infancy to adulthood. 1. Infant skull at birth. 2. First transition stage of dental development with eruption
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of first permanent molars, and central and lateral incisors at 6 to 7 years old, establishing the mixed dentition. The first

transition stage is followed by the interphase dental period from 8 to 9 years old, when the mixed dentition remains stable.

3. The second dental transition stage from 10 to 12 years old includes exfoliation of all remaining primary teeth, with

replacement of deciduous canines and premolars with permanent successors. 4. Complete permanent dentition at 12 to

13 years old. 5. Skeletal maturity of the maxilla and mandible at 17 to 19 years old. SP: soft palate; EG: epiglottis; LA:

larynx; TO: tongue; HB: hyoid bone; VC: vocal cords.

The stages of infant sound development include phonation (i.e., crying), the goo/coo stage, expansion, reduplicated and

no-reduplicated babbling, and the one-word and then the two-word stages . From birth to one month of age, an infant

communicates through crying, which consists of vowel sounds such as “oohs” and “aahs” during the phonation stage. At

two months, the infant enters the cooing period and begins to develop front and central vowels along with back

consonants such as [k], hence the name of the stage. At around four months of age, the larynx, hyoid, and tongue

descend, and the laryngopharynx lengthens, allowing for a wider range of sound production including isolated vowels and

the beginning of other consonants . The expansion stage (four to seven months) is initiated when the mandible

undergoes downward and forward growth, increasing oral space for vowel production .

2. Development from Seven to Twelve Months Old

The babbling period occurs from seven to twelve months and begins with infants imitating speech and understanding

word meaning. Often, their first word stems from babbling and imitation (such as ma-ma-ma), which is then reinforced by

those around them repeating the word mama. From eight to twelve months, oral stops [b, p] and nasals ([m] mama and [n]

no) are the most frequently produced consonants. Sounds produced in babbling are typically acquired in order of ease of

production. Bilabials (e.g., [b] baba) tend to be amongst the first sounds produced due to their strong visual cues. Stops

(e.g., [p] pea), nasals, and glides (e.g., [j] yes and [w] why) also dominate speech in the early periods, while fricatives

(e.g., [s] see), affricates (e.g., [tʃ] cheer), and liquids (e.g., [l] led, [ɹ] red) appear later, suggesting greater motor control is

required for these sounds. At the end of the babbling period, children use approximately two times as many vowels as

consonants and begin to develop stops and fricatives . Stops, such as the /p/ sound, are made when complete closure

of the vocal tract prevents air from escaping, while fricatives such as [f] involve air escaping through a small constriction

producing turbulent airflow .

3. Development from One to Three Years Old

Speech development, during and after the babbling period, is influenced by the eruption of primary teeth and the

development of the supporting bony alveolus. At around six months of age, the primary central and lateral incisors begin

to erupt, when infants are ready to be weaned, and by twenty-three to thirty-three months of age, babies have a full

complement of primary dentition (twenty primary teeth in total). A concomitant increase in vertical facial height yields

space between the gum pads to accommodate the erupting primary teeth . The alveolus and dentition significantly

develop and can assume their roles as passive articulators for the tongue and lips to act against as active articulators. At

one to two years of age, children acquire nearly as many consonants as vowels and begin to learn both dental and

postdental sounds such as [f] and [d] . As this occurs, deciduous (i.e., primary) canines and first molars begin to erupt

into the oral cavity, while deciduous incisors have fully erupted .

4. Development from Three to Five Years Old

Two to four months after children’s first word, they begin their two-word stage, forming short telegraphic sentences (such

as mama go). Typically, the two-word stage begins following the acquisition of roughly forty words . Entering the third

year, children can recursively combine phrases, allowing multiword phrases, and children learn to produce all vowels and

around two-thirds of consonants and liquids (liquids are vowel-like consonants such as the [l] in led and the [ɹ] in red) .

Children learn they can communicate through speech: crying when sad or complaining when angry motivates actions from

those around them. Dentally, second primary molars erupt to complete the primary dentition between twenty-three and

thirty-three months . During early years, non-nutritive sucking habits are common (i.e., thumb sucking) and are seen in

73% of children at ages two to five . Sucking habits are associated with anterior open bites and posterior crossbites,

impacting speech, and need to resolve by four to six years old for self-correction to occur without orthodontic intervention.

As children continue to develop, their oral functions become refined, including breathing, sucking, swallowing, and

chewing . By the age of four, children typically know 77% of sounds; knowledge of sounds continues expanding until

the age of seven or eight. By four, the mandible will have increased in length and ramus height, leading to a decreased

gonial angle; by seven, the cranial base will have lengthened, moving the maxilla and mandible downward and forward 
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. The pattern of downward and forward facial growth continues throughout craniofacial development . The maxilla and

mandible develop as modeled by Scammon’s growth curves, with the maxilla developing earlier (similar to the neural

curve) and the mandible growing longer and later (similar to the somatic general body curve) . The maxilla undergoes

anterior surface remodeling (i.e., resorption) and growth via bone apposition (i.e., deposition) at its superior and posterior

sutures, displacing the maxilla downward and forward and increasing the oral cavity size; bony deposition at the posterior

aspect of the alveolar processes creates more space for distal molar tooth eruption . Mandibular growth occurs later

than maxillary development, up through 18–20 years of age, and includes downward and forward displacement, with the

condyle growing upward and backward; the posterior ramus undergoes appositional growth, and the anterior ramus

resorbs, increasing space for distal molar tooth eruption . Oral cavity size increases, with increasing facial dimensions

in the transverse, anterior–posterior, and vertical dimensions . The vocal tract also lengthens, lowering its resonant

frequencies .

5. Development from Six to Nine Years Old

From age six to seven, the permanent first molars erupt distal to the primary second molars, lengthening the dental arch;

additionally, deciduous central incisors and then lateral incisors are exfoliated with the eruption of their permanent

successors as part of the first transition stage of dental development  (Figure 1). The interphase dental period then

begins from ages eight to nine (i.e., the intermediate intertransitional phase), which is the one to two-year span when the

mixed dentition remains relatively stable, with permanent incisors and first molars . If articulation errors exist at age

eight to nine, self-correction is unlikely, and intervention may be needed. By eight years old, children typically have

mastered the sounds of their primary language . Generally, early speech deficits are referred to a Speech-Language

Pathologist (SLP); however, due to the mild nature of most deficits, most children are not referred until school age, at

which time they may be diagnosed with an SSD . An articulation disorder is a type of SSD characterized by “atypical

production of speech sounds characterized by substitutions, omissions, additions or distortions that may interfere with

intelligibility” . Articulation disorders are often seen in DFD patients with severe malocclusions and jaw disproportions 

. Starting at age seven, the American Association of Orthodontists (AAO) recommends that children be referred to

an orthodontist for an initial evaluation . As a result, orthodontists can play an important role in diagnosing significant

malocclusions and speech abnormalities, and appropriately referring to SLPs for treatment in conjunction with Phase I

and II orthodontic care.

6. Development from Ten to Twelve Years Old

The second dental transition stage occurs from ages ten to twelve years old and includes the replacement of deciduous

canines and molars with permanent canines and premolars and a slight reduction in dental arch length . By puberty,

when most patients are undergoing comprehensive Phase II orthodontic treatment and vocal tracts are lengthening,

speech development has concluded, with few corrections, if any, occurring without intervention . Speech sound

acquisition is judged to be complete, with adult-like motor control, at about eleven or twelve years old . It is interesting

to note that speech errors are engrained by the interphase period of dental development (ages eight to nine) and that

speech development fully plateaus when the permanent dentition is in place at puberty. Speech, craniofacial, and dental

development occur in parallel with one another, with each developmental process influencing the other.

References

1. Yeni-Komshian, G.H.; Kavanagh, J.F.; Ferguson, C.A. Speech Development in the First Year in Child Phonology; Acad
emic Press: New York, NY, USA, 1980.

2. Proffit, W.; Fields, H.; Larson, B.; Sarver, D. Contemporary Orthodontics, 6th ed.; Mosby: St Louis, MO, USA, 2018.

3. Laitman, J.T.; Reidenberg, J.S. Specializations of the Human Upper Respiratory and Upper Digestive Systems as Seen
through Comparative and Developmental Anatomy. Dysphagia 1993, 8, 318–325.

4. Lathrop-Marshall, H.; Keyser, M.M.B.; Jhingree, S.; Giduz, N.; Bocklage, C.; Couldwell, S.; Edwards, H.; Glesener, T.;
Moss, K.; Frazier-Bowers, S.; et al. Orthognathic Speech Pathology: Impacts of Class III Malocclusion on Speech. Eur.
J. Orthod. 2022, 44, 340–351.

5. Cypreansen, L. Speech Development, Improvement, and Correction: Methods and Materials for the Classroom Teache
r and the Speech Therapist; Ronald Press Co.: New York, NU, USA, 1959.

6. Proffit, W.; White, R.; Sarver, D. Contemporary Treatment of Dentofacial Deformity, 1st ed.; Mosby: St. Louis, MO, US
A, 2003.

[13] [2]

[2]

[2][14]

[2][15]

[16][17]

[18]

[8]

[19]

[7]

[4]

[20] [4]

[21][22]

[23]

[24]

[25]

[26]



7. Sander, K. When Are Speech Sounds Learned? J. Speech Hear. Disord. 1972, 37, 55–63.

8. Rogers, H. The Sounds of Language; Routledge: Abingdon, UK, 2014; ISBN 9781315838731.

9. Rescorla, L.; Mirak, J. Normal Language Acquisition. Semin. Pediatr. Neurol. 1997, 4, 70–76.

10. Cobourne, M. Orthodontic Management of the Developing Dentition; Cobourne, M.T., Ed.; Springer International Publis
hing: Cham, Switzerland, 2017; ISBN 978-3-319-54635-3.

11. Gutierrez, D.S.; Carugno, P. Thumb Sucking; StatPearls Publishing: Tampa, FL, USA, 2022.

12. Arai, T. Physical Models of the Vocal Tract with a Flapping Tongue for Flap and Liquid Sounds. In Proceedings of the In
terspeech 2013, ISCA, Lyon, France, 25–29 August 2013; pp. 2019–2023.

13. Liu, Y.-P.; Behrents, R.G.; Buschang, P.H. Mandibular Growth, Remodeling, and Maturation During Infancy and Early C
hildhood. Angle Orthod. 2010, 80, 97–105.

14. Currie, K.; Sawchuk, D.; Saltaji, H.; Oh, H.; Flores-Mir, C.; Lagravere, M. Posterior Cranial Base Natural Growth and De
velopment: A Systematic Review. Angle Orthod. 2017, 87, 897–910.

15. Björk, A.; Skieller, V. Facial Development and Tooth Eruption. Mondo Ortod. 1977, 19, 29–63.

16. Jonasson, G.; Skoglund, I.; Rythén, M. The Rise and Fall of the Alveolar Process: Dependency of Teeth and Metabolic
Aspects. Arch. Oral Biol. 2018, 96, 195–200.

17. Buschang, P.H.; Roldan, S.I.; Tadlock, L.P. Guidelines for Assessing the Growth and Development of Orthodontic Patie
nts. Semin. Orthod. 2017, 23, 321–335.

18. Lammert, A.C.; Narayanan, S.S. On Short-Time Estimation of Vocal Tract Length from Formant Frequencies. PLoS ON
E 2015, 10, e0132193.

19. Bennett, B.L. Mosby’s Review Questions for the National Board Dental Hygiene Examination, 1st ed.; Mosby: St. Louis,
MO, USA, 2014.

20. American Speech-Language-Hearing Association. Definitions of Communication Disorders and Variations; American S
peech-Language-Hearing Association: Rockville, MD, USA, 1993.

21. Keyser, M.M.B.; Lathrop, H.; Jhingree, S.; Giduz, N.; Bocklage, C.; Couldwell, S.; Oliver, S.; Moss, K.; Frazier-Bowers,
S.; Phillips, C.; et al. Impacts of Skeletal Anterior Open Bite Malocclusion on Speech. FACE 2022, 3, 339–349.

22. Oliver, S.; Keyser, M.M.B.; Jhingree, S.; Bocklage, C.; Lathrop, H.; Giduz, N.; Moss, K.; Blakey, G.; White, R.; Turvey,
T.; et al. Impacts of Anterior-Posterior Jaw Disproportions on Speech of Dentofacial Disharmony Patients. Eur. J. Ortho
d. 2023, 45, 1–10.

23. American Association of Orthodontists Why Orthodontics? Available online: https://www3.aaoinfo.org/blog/parent-s-gui
de-post/first-visit/ (accessed on 18 March 2023).

24. MacLean, J.E.; Fitzgerald, D.A.; Waters, K.A. Developmental Changes in Sleep and Breathing across Infancy and Chil
dhood. Paediatr. Respir. Rev. 2015, 16, 276–284.

25. Morgan, T.J.H.; Uomini, N.T.; Rendell, L.E.; Chouinard-Thuly, L.; Street, S.E.; Lewis, H.M.; Cross, C.P.; Evans, C.; Kear
ney, R.; de la Torre, I.; et al. Experimental Evidence for the Co-Evolution of Hominin Tool-Making Teaching and Langua
ge. Nat. Commun. 2015, 6, 6029.

26. Kent, R.D. Anatomical and Neuromuscular Maturation of the Speech Mechanism: Evidence from Acoustic Studies. J. S
peech Hear. Res. 1976, 19, 421–447.

Retrieved from https://encyclopedia.pub/entry/history/show/99173


