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Abstract

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 
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prevalence of SSDs, where the severity of malocclusion correlates with the degree of speech 

distortion. DFD patients often seek orthodontic and orthognathic surgical treatment, but there 

is limited familiarity among dental providers on the impacts of malocclusion and its correction 

on speech. We sought to review the interplay between craniofacial and speech development and 

the impacts of orthodontic and surgical treatment on speech. Shared knowledge can facilitate 

collaborations between dental specialists and speech pathologists for the proper diagnosis, referral, 

and treatment of DFD patients with speech pathologies.
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1. Introduction

1.1. Significance of Speech

Speech is the primary form of language communication among humans. It consists of 

discrete articulatory gestures that give rise to acoustic events perceived as meaningful 

sounds [1]. Speech is unique to hominids, with evolutionary significance in the advancement 

of tools [2]. The evolution of jaw relationships with positive dental overjet has also allowed 

the development of labiodental fricatives including [f] and [v] [3]. Perceptually normal 

speech impacts how humans perceive and interact with each other. Patients with abnormal 

speech, especially lisping, are perceived more negatively and as intellectually inferior by 

peers and teachers, influencing self-confidence [4–8]. Adolescents (10–13 years old) with 

speech abnormalities report decreased self-esteem compared with peers [5,9]. These biases 

can lead to negative academic, social, and economic sequelae that persist into adulthood 

[6]. A longitudinal, three-decades-long study found significant differences in educational 

and career performance for participants with language and/or speech impairment; their 

high school completion rate was only 76%, compared with 92% among children without 

language/speech disorders [6].

1.2. Speech-Sound Disorders and Malocclusions

The American Speech-Language-Hearing Association (ASHA) defines speech sound 

disorder (SSD) as an “impairment in articulation, fluency or voice” and may include 

distortions, repetitive sounds, and omissions in speech sounds [10]. SSD is an umbrella 

term that can be linked to a number of causes, including organic and learned. Proper 

articulation of speech relies on precise interactions among the tongue, lips, teeth, alveolus, 

and jaws, which interact for speech production. These articulators are abnormally positioned 

in patients with a “handicapping” malocclusion or dentofacial disharmony (DFD), who 

make up 2.5% of the population [11]. Patients with DFD have severely aberrant skeletal 

and dental relationships that can interfere with mastication, temporomandibular joint 

function, facial esthetics, and speech [12–14]. DFD patients are commonly afflicted with 

articulation disorders due to abnormalities in their organic, anatomical structures. DFD 

patients are grouped by malocclusion including Class II (excess “overbite”, a colloquial 

term for overjet), Class III (underbite), and anterior open bite (AOB), as shown in Figures 
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1 and 2, though some patients present with both vertical and anterior–posterior (AP) 

discrepancies (e.g., Class III open bites). The treatment for full correction of DFD includes 

orthodontics and orthognathic surgery, with dental decompensation and surgical movement 

of the maxilla, mandible, or both into an ideal relationship, often with enhancement of 

facial esthetics [11]. By altering the dental and skeletal relationships in DFD patients, jaw 

surgery can also improve masticatory function and reduce pain in the temporomandibular 

joint [15,16]. Another functional benefit is improvement in respiration, particularly for 

patients receiving maxillomandibular advancement for sleep apnea [17]. Many patients 

postoperatively report improvements in sleep and general quality of life [18]. Improved 

speech may also be a functional benefit of jaw surgery but is still an active area of research 

requiring further evaluation.

1.3. Relationship between Speech Sound Disorders and Malocclusion

Within the general population, 4.9% of adolescents and 3.5% of adults have speech-sound 

disorders (SSDs) [24,25]. However, among DFD patients, a noTable 90% of Class III 

patients, 83% of AOB patients, and 73–87% of Class II patients present with SSDs [4,26]. 

Patients with DFD present with a biological or organic impediment to proper speech, akin to 

a motor speech disorder. However, SSDs in DFD patients result not from a neurological or 

muscular pathology but from structural abnormalities in their vocal tract, particularly within 

the oral cavity. As a result, we describe patients with DFD as having structural SSDs, with 

obligate speech errors and distortions due to abnormal oral and vocal tract anatomy.

The large discrepancy in prevalence of articulation pathologies between DFD subjects and 

the general population suggests a direct relationship between speech distortion and severe 

malocclusion. The interaction between speech, malocclusion, and its correction is an area 

of active investigation, with implications for the clinical management of DFD patients 

with SSDs [26]. Understanding the principles of speech pathology and its presentation 

and management in DFD patients is relevant for speech-language pathologists (SLPs), 

orthodontists, and oral and maxillofacial surgeons (OMFSs). OMFS and orthodontic 

providers manage care for DFD patients over years and are uniquely positioned to evaluate 

malocclusion severity and detect speech issues for proper referral and interdisciplinary 

management with SLPs early in development.

We aimed to review the key stages of speech and craniofacial development as a foundation 

for understanding how DFD and its correction influence speech. Furthermore, we aimed to 

describe the differences in speech distortions among Class II, Class III, and anterior open 

bite DFD patients and review the current literature on postoperative speech in these patient 

groups.

2. Speech and Craniofacial Development

2.1. Development from Birth to Seven Months Old

Speech and the craniofacial complex simultaneously develop during childhood (Figure 3). 

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 
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throat, and the tongue takes up much of the oral cavity space [27,28]. The alveolar ridges 

develop along with the underlying tooth buds, and gum pads eventually begin to touch [28]. 

Anatomical changes in the jaws, tongue, alveolus, and vocal tract affect the types of sounds 

infants are able to produce.

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 [27]. 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 [29]. The expansion stage (four to seven months) is initiated when 

the mandible undergoes downward and forward growth, increasing oral space for vowel 

production [27].

2.2. 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 [26]. 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 [30].

2.3. 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 

[11]. 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] [31]. As this occurs, deciduous (i.e., primary) 
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canines and first molars begin to erupt into the oral cavity, while deciduous incisors have 

fully erupted [32].

2.4. 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 [33]. 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) [34]. 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 [32]. 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 [35]. 

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 [36]. 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 [28,37]. The pattern of downward and forward facial growth 

continues throughout craniofacial development [28]. 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) [28]. 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 [28,38]. 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 [28,39]. Oral cavity 

size increases, with increasing facial dimensions in the transverse, anterior–posterior, and 

vertical dimensions [40,41]. The vocal tract also lengthens, lowering its resonant frequencies 

[42].

2.5. 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 [32] (Figure 3). The interphase dental period then begins from 

ages eight to nine (i.e., the intermediate intertransitional phase), which is the one to two-year 
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span when the mixed dentition remains relatively stable, with permanent incisors and first 

molars [43]. 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 [31]. Generally, early speech deficits are referred to a 

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 [26]. 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” [10]. 

Articulation disorders are often seen in DFD patients with severe malocclusions and jaw 

disproportions [19,26,44]. Starting at age seven, the American Association of Orthodontics 

(AAO) recommends that children be referred to an orthodontist for an initial evaluation [45]. 

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.

2.6. 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 [46]. 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 

[2]. Speech sound acquisition is judged to be complete, with adult-like motor control, 

at about eleven or twelve years old [47]. 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.

3. Effects of Malocclusion on Speech

Severe ‘handicapping’ malocclusions are associated with a 16- to 25-fold increased 

prevalence of speech distortions compared with Class I controls [48–50]. DFD subtypes 

(e.g., Class II, Class III and AOB) demonstrate distinct features on acoustic and perceptual 

evaluations. This suggests that vertical and anterior–posterior disproportions have separate 

and potentially additive impacts on articulation [48–50]. Among DFD patients, 90% of Class 

III and 83% of open-bite patients suffer from SSDs compared with 4.9% of adolescents 

and 3.5% of adults in the general population, suggesting a link between jaw disproportion 

and articulation issues [24]. Similarly, Vallino et al. found 88% of patients with severe 

malocclusions exhibited articulation errors [48]. DFD patients often list articulation over 

other factors such as chewing as a motivation for seeking surgical orthodontics [51]. 

Severe malocclusion has been implicated as a cause of speech distortion, especially in the 

pronunciation of sibilants [s] and [z] [44–46]. Linear correlations have been found between 

the severity of malocclusion and the degree of distortion, suggesting causation between 

malocclusion and speech distortions [19,26,44].
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Each DFD group exhibits different oral anatomies and different speech presentations, as 

described below and in Table 1. Table 2 defines methods of how speech has been studied 

in DFD groups, and Table 3 provides a glossary of distortion types, with a focus on 

lisping, frequently seen in DFD patients. For these tables and this review, we conducted a 

literature search within the PubMed and Google Scholar databases in January 2023. The 

main keywords used during the search were “speech and malocclusions,” “orthognathic 

surgery,” “dentofacial disharmonies,” “dentofacial deformities,” “speech distortions and 

anterior open bite,” “speech distortions and Class III,” and “speech distortions and Class II.” 

We extended our search to the bibliographies of relevant, selected publications. Only English 

full-text manuscripts published in peer-reviewed journals were included in the search. We 

excluded studies primarily focusing on maxillomandibular advancement as well as cleft lip 

and palate procedures, and other nonorthognathic oral surgeries. Table 1 presents the major 

results of our literature search.

3.1. Vertical Discrepancies: Anterior Open Bite

An anterior open bite (AOB) exists when there is negative overbite, where maxillary teeth 

fail to overlap the mandibular teeth. DFD patients with AOB commonly have difficulty 

incising food, abnormal tongue posture, esthetic concerns, and aberrant speech. AOB is 

the most common malocclusion associated with SSDs, with 75–83% of AOB patients 

diagnosed with speech distortions [19]. Several studies noted that patients with AOB show 

increased rates of sound production errors, with interdental lisping as a common visual and 

auditory distortion [19–21]. Common SSDs in the AOB population also include sibilants 

such as [s] and [z] as well as postalveolar affricate [tʃ] (<ch>) and labiodental fricatives 

[f] and [v] [73,74]. Keyser et al. found a 10-fold increased prevalence of interdental and 

auditory distortions compared with controls for sequences including /ta/, /la/, /sa/, /si/, and /

sIsi/ [19,66]. Similarly, sibilants [s] and [z] were aberrant in several studies of AOB patients, 

with one study identifying articulation problems in 84.4% of children with AOB [61]. Linear 

correlations were also found between open-bite severity and degree of speech distortions 

[19].

3.2. Anterior-Posterior Discrepancies

Class III: Speech distortions are well-documented in the Class III population [44,50]. A 

study of 451 Finnish students found that those with Class III malocclusions were 4.5 times 

more likely to produce consonants more anteriorly [66]. In our study of 102 patients with 

Class III malocclusions, we observed perceptual distortions of /sa/, /si/, and /sIsi/ in 63.73%, 

61.11%, and 55.56% of Class III patients compared with 1.61%, 2.50%, and 2.50% of 

controls, respectively [26]. The severity of Class III malocclusion is also linearly correlated 

with the degree of speech distortion, specifically for sounds [t] and [k] [26]. Fricatives such 

as [f], [s], and [z] are frequently affected in Class III patients due to either a prognathic 

mandible, a retrognathic maxilla or a combination of both; SSDs are found 20 times more 

often in the Class III population than in the general population [49,75].

The Class III skeletal discrepancy may lead to speech distortions due to alterations in 

the structure of the anterior oral cavity, where many consonant sounds are articulated 

[3,4,20,26,76]. Class III underbites are characterized by mandibular incisors being 
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positioned anteriorly of their maxillary incisors, influencing the articulation of alveolar 

sibilant fricatives ([s] and [z]), where the tongue normally interacts with the maxillary 

alveolus, and labiodental fricatives ([f] and [v]), where the lower lip typically meets the 

maxillary incisors. To adjust for an underbite, Class III patients produce sounds with 

compensatory articulation gestures, such as the upper lip contacting the mandibular incisors 

to produce fricatives [f] and [v], and the tongue contacting the incisors instead of the 

alveolar ridge for sibilants [s] and [z] [75]. However, this compensation is often inadequate, 

leading to increased incidence of speech distortions [48,57].

Class II: Class II malocclusions have been linked to distorted speech, but Class II DFD 

patients have received less attention in the speech literature, despite Class II malocclusions 

constituting a majority of orthodontic patients [44,77]. This dearth of studies may be due to 

the smaller spectral shifts associated with fewer sounds among Class II patients compared 

with other DFD cohorts [44]. Class II patients can temporarily posture their lower jaw 

anteriorly into a normal Class I position (“Sunday bite”): a compensatory movement that 

is not possible with Class III and AOB DFD groups (as patients cannot voluntarily move 

their maxilla or retract their mandible without surgery) [78]. Compensation may help Class 

II patients approximate normal [s] and [z] articulation [48]. In some cases, attempting 

compensatory articulation contributes to distortions, with the protrusion of the tongue past 

the incisors (“interdental lisping”) during the production of /s/, leading to an audible lisp 

[48,50]. Perceptually, this imprecise articulation of sibilants [s] and [z] can be attributed 

to a reduced oral opening caused by the deep bite seen in many Class II patients [72,75]. 

Both our study at UNC and a Turkish study applied spectral moment analysis and found 

differences in [s] articulation in Class II patients compared with controls, indicating speech 

distortions are present at an increased prevalence among Class II patients, despite attempted 

compensation [44,50]. Though Class II DFD patients have documented articulation issues, 

their speech presentation may be milder than that in other DFD groups, with smaller 

shifts in consonant spectral moments (centroid frequency (M1) and spectral spread (M2)), 

compared to in AOB and Class III DFD cohorts [44]. Additionally, bilabials can sound 

distorted in Class II patients as the lower lip contacts the upper incisors rather than the 

upper lip due to excessive overjet [72,75]. One study found distortion of bilabial sounds 

was unique to patients with Class II malocclusions compared with those with Class III bites 

[72]. The characterization of speech distortions and severity requires greater investigation 

among Class II DFD patients to understand the spectrum of presentations and influence of 

compensation.

4. Effects of Orthognathic Surgery on Speech

For full correction, Class II, Class III and AOB DFD malocclusions are treated with 

a combination of orthodontics and orthognathic jaw surgery. Preoperative studies have 

demonstrated that speech distortions of DFD patients are related to their skeletal 

discrepancies and that malocclusion severity correlates with the degree of speech distortions 

(Table 1) [19,26,44]. However, the influence of surgical correction on speech is an area of 

active inquiry, with conflicting results and diverse sample sizes (Table 1). Comparing these 

studies is difficult due to the differences in the language evaluated, length of postoperative 

follow up (Table 1), methods used (Table 2), and use of a control population. Despite 
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these challenges, many postoperative studies have indicated promising improvements in 

speech, with either an elimination or reduction in articulation errors regardless of the type 

of preoperative malocclusion [62]. While some studies involved small samples, they suggest 

an important trend in surgery alleviating speech errors in some DFD cohorts. A synthesis 

of postoperative speech outcomes for each DFD group is discussed below, and current 

literature is summarized in Table 1.

4.1. Vertical Discrepancies: Anterior Open Bite

The articulation errors and postoperative changes observed in AOB DFD patients are highly 

variable across studies. According to Vallino et al. (N = 17 AOB), the reduction in errors 

produced by AOB patients is minimal at 3 months postoperation [69]. Similarly, Knez et al. 

found no significant differences in speech 6 months postoperation in patients with AOB (N 

= 15) [21]. In contrast, Turvey et al. found 88% of AOB subjects (N = 9) exhibited positive 

changes in speech at 12 months after surgery [62]. The few studies specific to AOB lacked 

sufficient sample sizes and control cohorts for comparison, preventing definitive conclusions 

on the impact of jaw surgery on speech of AOB patients.

4.2. Anterior–Posterior Discrepancies

Class III: Studies have indicated Class III patients have variable speech outcomes following 

orthognathic surgery, with most studies using perceptual evaluations of recordings (Table 

2). Goodstein et al. (N = 10) found no significant changes in speech patterns at 2 months 

postoperation, when patients are still quite swollen; others noted that some patients had 

reduced frequencies of speech errors postoperatively at 2-, 3-, and 6-month time points 

[52–55,68]. One study of Class III patients (N = 20) that underwent two-jaw surgery 

found a decrease in speech errors of consonants [s], [ʃ], [z], and [ɹ] with complete 

elimination of errors by 6 months postsurgery in all subjects [54]. Similarly, Ruscello et 

al. (N = 20) found 41.7% of Class III subjects experienced correction of speech errors at 

6-months postoperation [68]. A small, underpowered study (N = 4), by Bruce and Hanson, 

showed improved articulation in two of their participants [53]. Most studies have indicated 

qualitative improvement in speech in 41–100% of Class III patients. Similar to AOB studies, 

manuscripts on Class III DFD subjects have small sample sizes and lack comparison with 

Class I control groups, preventing definitive conclusions.

Class II: In a study by Niemi et al., Class II DFD patients (N = 5) with no significant speech 

distortions were evaluated up to 30 weeks postoperatively [60]. Postoperative changes were 

highly variable across individuals. For example, one patient demonstrated a decrease in F1 

values for vowels /æ, a/, and another patient exhibited decreases in F1 for all vowels, except 

mid front vowels /e, ø/. Vowel sounds can be produced without articulation with skeletal 

structures (such as the tongue with the palate), making interpretation challenging; vowel 

sound production in Class II patients can be varied due to compensations in tongue or jaw 

positions and possible differences in vocal tract anatomy [60].

Literature focused on Class II DFD patients’ postoperative outcomes is quite sparse. Instead, 

most studies evaluating speech outcomes have utilized an unstratified mix of DFD patients 

with markedly different occlusions: this is a methodological issue in need of careful 
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consideration. In a study of 12 DFD patients who produced preoperative articulation errors, 

5 subjects (n = 2 Class II, 3 Class III) exhibited complete correction of their speech errors 

after surgery and another 5 had a decrease in the number of errors (n = 1 Class II; 3 Class 

III; 1 facial asymmetry) [68]. Ward et al. noted modest changes in some DFD patients’ 

speech after surgery (n = 5, one Class III, three Class II and one Class III/AOB); these 

slight changes in a small, heterogeneous sample are encouraging but make it difficult to 

draw definitive conclusions [71]. Another study of 41 patients with varying preoperative 

malocclusions (n = 29 Class II, 11 Class III, and 25 AOB) found a significant improvement 

in speech on 70 test sounds, 6 months after surgery. While some DFD groups improved less 

than others, all experienced a reduction in speech errors [57]. The variability in results likely 

stems from small sample sizes, heterogenous DFD cohorts (Classes II, Class III and AOB), 

and use of qualitative methods (i.e., perceptual visual and auditory analysis), exemplifying 

the need for additional research, with data stratified by DFD group and sufficient power.

5. Final Considerations

The functional benefits of orthognathic surgery may include improvements in mastication, 

respiration, sleep, temporomandibular joint dysfunction, quality of life, and self-esteem. 

The extent of these benefits may vary by malocclusion and by patient. It is well-supported 

in the literature that patients with DFD present with a significantly higher incidence of 

speech distortions than patients with Class I occlusion. However, speech, as a functional 

benefit of orthognathic surgery, is an area of active investigation and much is still unknown. 

Postoperative speech outcomes are ambiguous following DFD correction, with significant 

variability across studies, particularly for Class II and AOB DFD cohorts. Most Class III 

postoperative studies show some degree of improvement, suggesting that surgical correction 

influences speech. While most studies suggest positive change in speech, the extent and 

duration of improvement are unknown. Well-controlled, longitudinal studies with adequate 

sample sizes, quantitative measures, and data stratification by malocclusion group are 

needed to determine if speech improves postoperatively in DFD subjects and to provide 

evidence-based recommendations for the clinical management of DFD patients with speech 

concerns.

Speech and occlusion develop in parallel throughout childhood, with each process likely 

influencing the other. In growing children, where Phase I interceptive orthodontics may 

correct discrepancies, a combination of orthodontics and speech therapy may simultaneously 

resolve both the malocclusion and speech issues. In nongrowing young adults, orthognathic 

surgery with orthodontics and postoperative speech therapy may be required to correct 

obligate distortions and the malocclusion. Interdisciplinary management of nongrowing 

DFD patients by orthodontists, SLPs, and oral surgeons may be necessary for speech 

improvement following malocclusion correction. Having a working knowledge of speech 

pathology associated with DFDs will allow providers to screen for articulation errors, 

answer questions, and guide appropriate interdisciplinary referral and care at all ages. This 

may represent an opportunity for dental providers to expand our impact in overall health, 

quality of life, development, and function.
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Figure 1. 
Tongue posture in DFD patients pre and postoperatively. (A) In DFD patients with AOB, 

the tongue tip is positioned more anteriorly, commonly resulting in a lisp [19–21]. (B) 

In Class II DFD patients, the back of the tongue is positioned more posteriorly in the 

oral cavity [22]. (C) In DFD patients with Class III malocclusion, the tongue appears 

to have a flatter surface because these patients present with a larger mandible [23]. (D) 

After orthognathic surgery, the maxilla and mandible are in a Class I skeletal relationship 

and anterior tooth relationships show a proper 2 mm overbite and 2 mm overjet. Tongue 

positioning changes postoperatively, relative to the preoperative position seen in the DFD 

groups. In the AOB group, the tongue placement becomes more posterior due to the positive 

overbite. In the Class II population, the tongue moves more anteriorly due to the mandible 

being advanced during surgery [22]. Postoperative DFD patients with Class III correction 

demonstrate increased tongue height, with a resting position against the palate and the tip of 

the tongue touching the lingual surface of the anterior upper incisors and the anterior palate 

[23]. Muscle origin and insertion points are shown by hash marks on the hyoid bone and 

mandible in (D). The genioglossus (GG), hyoglossus (HG), and styloglossus (SG) represent 

the lingual musculature and are indicated by lines with dots at the tip. The floor of the mouth 

muscles includes the mylohyoid (MH) and geniohyoid (GH), both indicated by arrows. 

Insertion and origin points are consistent before and after orthognathic surgery.
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Figure 2. 
Clinical presentations of Class I AOB, II and III malocclusions in DFD patients. (A) 

Lateral cephalogram (ceph.) radiograph showing a DFD patient with a skeletal and dental 

AOB, with a posteriorly tipped maxillary palatal plane, a high mandibular plane angle, 

increased lower facial height, and two planes of occlusion in the maxillary dentition. (B) 

Ceph. tracing of a DFD patient with AOB showing references lines as well as linear 

(mm) and angular measurements (°), including Sella-Nasion-Gonion-Gnathion (SN-GoGn 

(°)), Upper 1-Sella-Nasion (U1-SN (°)), Sella-Nasion-A point (SNA (°)), Sella-Nasion-B 

point (SNB(°)), A point-Nasion-B point (ANB(°)), Upper 1-Nasion-A point (U1-NA (mm)), 

Lower 1-Nasion-B point (L1-NB (mm)), Pogonion-Nasion-B point (Pog-NB (mm)), Wits 

appraisal (mm), Incisor-Mandibular Plane Angle (IMPA (°)), Mandibular (Mand) Unit 

Length (mm), Maxillary (Mx) unit length (mm), Mx/Mand difference (mm), Frankfort 

Mandibular Plane Angle (FMA (°)), and Upper 1-Frankfort Horizontal (U1-FH(°)). (C) 

Frontal intraoral photo. (D) Right intraoral photo. (E) Left intraoral photo. (F) Lateral ceph. 

of a Class II, Division 1 DFD patient with excess overjet, proclined maxillary incisors, 

deep bite, low mandibular plane angle, and short lower face height. (G) Ceph. tracing of a 

Class II DFD patient with reference lines and measurements. (H) Frontal intraoral photo. 

(I) Right intraoral photo. (J) Left intraoral photo. (K) Lateral ceph. of a Class III DFD 
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patient with mandibular prognathism, negative overjet, and proclined maxillary incisors. (L) 

Ceph. tracing of a Class III DFD patient with reference lines and measurements. (M) Frontal 

intraoral photo. (N) Right intraoral photo. (O) Left intraoral photo.
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Figure 3. 
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 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.
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Table 1.

Speech evaluations and results by malocclusion type.

Author, Year, 
and Language

Sample Size, DFD 
Groups and Ages Methods Used Preoperative Findings Timepoints 

Evaluated
Postoperative 

Findings

DFD Group: Class III

Ahn et al., 2015 
[52]
Language: 
Korean

N = 16
Class III n = 8

Controls* n = 8
Ages 18–26

Formant analysis of 
vowels

Class III DFD patients 
used an area of the 
formant graph 133.44% 
larger than the controls.

Presurgery, 6 
weeks, 3 and 6 
months 
postsurgery

F1 and F2 formants 
of Class III patients 
reduced in vowels [a], 
[i], [e], and [æ] by 
6 months postsurgery; 
articulating positions 
shifted.

Bruce and 
Hanson, 1987 
[53]
Language: 
English

N = 4
Class III n = 3
Asymmetry n = 1
No controls
Ages 16–43

Perceptual evaluation 
of recordings; tongue 
thrust evaluation

100% of DFD patients 
presented with a lisp 
and tongue thrust. 
Distortions were seen in 
[s] and [z] sounds.

Presurgery, 9 
weeks 
postsurgery

Correction of speech 
in 50% of patients, 
25% of those 
with tongue thrust 
improved.

Ghaemi et al., 
2021 [54]
Language: 
Persian

N = 20
Class III n = 20
No controls
Ages 18–40

Perceptual evaluation 
of recordings; formant 
analysis of vowels

95% of Class III 
DFD patients produced 
distortions in consonant 
sounds [ʃ] and [s]. 
Distortions were also 
present in [ɹ] and [z] 
sounds in the majority 
of participants.

Presurgery, 1 and 
6 months 
postsurgery

All articulation 
errors eliminated 
by 6 months 
postoperatively; 
speech intelligibility 
increased to 100% at 
6 months postsurgery.

Glass et al., 
1977 [55]
Language: 
English

N = 5
Class III n = 5
No controls
Ages 18–54

Perceptual evaluation of 
recordings

All Class III DFD 
patients had speech 
articulation distortions.

Presurgery, 2 
months 
postsurgery

Decrease in sibilant 
distortions in 100% of 
patients.

Goodstein et 
al., 1974 [56]
Language: 
English

N = 10
Class III n = 5
Controls n = 5
Ages: N/A

Perceptual evaluation of 
recordings

100% of Class III 
DFD patients had 
preoperative speech 
errors.

Presurgery, 
splint removal, 2 
months 
postsurgery

More fluent speech 
postoperatively, but 
no significant changes 
in speech pattern in 
100% of Class III 
patients.

Guay et al., 
1978 [57]
Language: 
English

N = 12
Class III n = 12
No controls
Mean age: 13

Live perceptual 
evaluation; 
cephalometric analysis

92% of Class III 
patients had some 
degree of distortion of 
[s]. Tongue posture at 
rest was lower than 
normal.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Lathrop-
Marshall et al., 
2022 [26]
Language: 
English

N = 164
Class III n = 102
Controls n = 62
Ages 14–40

Perceptual evaluation 
of recordings; 
cephalometric analysis; 
spectral moment 
analysis

Severity of 
malocclusion correlated 
with distortion of [t] and 
[tʃ] in Class III patients.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Weimer and 
Astrand, 1977 
[58]
Language: 
Swedish

N = 30
Class III n = 30
No controls
Ages 18–45

Perceptual evaluation of 
recordings

Mild speech defects 
were seen in 17% 
of Class III DFD 
patients preoperatively; 
83% of the patients 
were considered to have 
normal speech.

Presurgery, 6 
months 
postsurgery

60% of patients 
with preoperative 
speech defects had 
correction in speech, 
40% of those 
patients experienced 
slight improvement in 
speech.

DFD Group: Class II

Garber et al., 
1981 [59]
Language: 
English

N = 6
Class II n = 6
No controls
Ages 14–24

Perceptual evaluation 
of recordings; 
cephalometric analysis

Average of 35 errors 
in speech were noted 
during the presurgical 
recordings among Class 
II DFD patients.

Presurgery, 5 
days; 1, 3, 6, and 
12 months 
postsurgery

Speech deterioration 
was noted 
immediately 
after surgery, 
predominantly in 
phoneme [s]; 
there was overall 
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Author, Year, 
and Language

Sample Size, DFD 
Groups and Ages Methods Used Preoperative Findings Timepoints 

Evaluated
Postoperative 

Findings

improvement long-
term after surgery.

Niemi et al., 
2006 [60]
Language: 
Finnish

N = 5
Class II n = 5
No controls
Ages 31–42

Formant analysis of 
vowels; cephalometric 
analysis

None of the subjects 
had speech disorders 
or difficulties despite 
having DFD.

Presurgery, 6 and 
30 weeks 
postsurgery

No significant long-
lasting changes were 
found postoperatively.

DFD Group: Anterior Open Bite (AOB)

Keyser et al., 
2022 [19]
Language: 
English

N = 101
AOB n = 39
Controls n = 62
Ages 14–40

Perceptual evaluation 
of recordings; spectral 
moment analysis; 
cephalometric analysis

Higher prevalence of 
distorted [s] found in 
AOB patients.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Knez Amrožič 
et al., 2015 [21]
Language: 
Slovenian

N = 15
AOB n = 15
No controls
Ages 18–32

Formant analysis of 
vowels; cephalometric 
analysis

60% of AOB DFD 
patients had articulation 
disorders.

Presurgery, 6 
months 
postsurgery

No significant 
changes were found 
postoperatively.

Kravanja et al., 
2018 [61]
Language: 
Slovenian

N = 75
AOB n = 32
Controls n = 43
Ages 3–7

Live perceptual 
evaluation; ultrasound 
imaging of tongue

84% of AOB 
patients had articulation 
disorders and 81% 
of AOB patients 
had abnormal tongue 
posture.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Turvey et al., 
1976 [62]
Language: 
English

N = 9
Class III/AOB n = 2
Class II/AOB n = 4
Class I/AOB n = 3
No controls
Ages 14–27

Live perceptual 
evaluation; 
cephalometric analysis; 
tongue thrust evaluation

89% of DFD 
patients presented with 
perceptible lisping 
preoperatively.

Presurgery, 3-, 6- 
and 12-months 
postsurgery

78% had 
improvement in 
lisping; all patients 
improved in tongue 
function.

DFD Group: Multiple Malocclusions

Bowers et al., 
1985 [63]
Language: 
English

N = 5
Class III n = 2
Class II n = 3
No controls
Ages 17–22

Perceptual evaluation 
of recordings; formant 
analysis of vowels

All patients had 
perceptually normal 
speech preoperatively.

Preorthodontic 
treatment, 
presurgery, 
postsurgery, 
postdebonding

Significant frequency 
shift for [e]; 
speech was 
perceptually normal 
postoperatively.

Buyuknacar et 
al., 1993 [50]
Language: 
Turkish

N = 60
Class III n = 20
Class II n = 20
Controls n = 20
Mean age: 14

Spectral moment 
analysis; cephalometric 
analysis

Center of gravity for 
[s] was lower in Class 
II patients compared 
with others. No 
evidence for correlation 
between malocclusion 
and speech disorder.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Dalston and 
Vig, 1984 [64]
Language: 
English

N = 40
Class III n = 25
Class II n = 15
No controls
Ages N/A (adults)

Perceptual evaluation 
of recordings; 
velopharyngeal 
evaluation; 
cephalometric analysis

More than half of the 
errors were made by 
20% of all patients. 
Most of the errors were 
distortions of [s] and [z].

Presurgery, 6 and 
12 months 
postsurgery

Nasal–oral coupling 
and nasal resistance 
significantly 
improved; no 
significant perceptual 
changes in speech 
postoperatively.

Geffen, 1978 
[65]
Languages: 
English and 
Afrikaans

N = 9
Class III n = 6
Class II n = 2
Asymmetry n = 1
No controls
Ages N/A (adults)

Perceptual evaluation 
of recordings; 
cephalometric analysis

67% of Class III DFD 
patients had distortions 
of [s]. All Class II and 
asymmetric patients had 
distortions of the [s] 
sound.

Presurgery, 3–11 
months 
postsurgery

22% had 
improvement in 
articulation of [s] 
phoneme; 55% had 
improvement in 
general quality of 
speech; articulating 
positions shifted.

Laine, 1992 
[66]
Language: 
Finnish

N = 451**
Class III n = 25
Class II n = 70
AOB n = 40
Controls n = 90
Other n = 226
Mean age: 23

Perceptual evaluation of 
recordings

53% of Class III, Class 
II and AOB patients had 
speech disorders; most 
common disorders being 
those produced anterior 
to the correct location of 
articulation.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Appl Sci (Basel). Author manuscript; available in PMC 2023 June 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bode et al. Page 21

Author, Year, 
and Language

Sample Size, DFD 
Groups and Ages Methods Used Preoperative Findings Timepoints 

Evaluated
Postoperative 

Findings

Leavy et al., 
2016 [20]
Language: 
English

N = 115
Class III n = 8
Class II n = 47
AOB n = 31
Controls n = 60
Ages 8–36

Perceptual evaluation of 
recordings

62% of all subjects 
(with or without 
malocclusions) had 
articulatory distortions, 
mainly of [s] and [t] 
sounds; more severe 
malocclusion, more 
likely to have a speech 
distortion.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Lichnowska et 
al., 2021 [67]
Language: 
Polish

N = 37
Class III n = 28
Class II n = 9
No controls
Ages 18–50

Perceptual evaluation 
of recordings; tongue 
thrust evaluation

100% of patients 
presented with 
articulation concerns 
(by inclusions criteria); 
distortions in Class III 
patients were worse than 
in Class II.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Oliver et al., 
2022 [44]
Language: 
English

N = 227
Class III n = 102
Class II n = 53
Controls n = 72
Ages 12–37

Perceptual evaluation 
of recordings; spectral 
moment analysis

Greater occurrence 
of distortions among 
Class II DFD patients 
compared with controls; 
lower consonant spectral 
moments for Class II 
compared with Class III 
and AOB DFD patients.

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Ruscello, 1986 
[68]
Language: 
English

N = 20
Class III n = 11
Class II n = 3
Asymmetry n = 2
Maxillary Excess n = 
4
No controls
Ages 17–53

Perceptual evaluation of 
recordings

About 60% of all 
DFD patients exhibited 
preoperative articulation 
errors.

Presurgery, 
splint removal, 3 
and 6 months 
postsurgery

42% (of those 
with errors prior 
to surgery) showed 
reduction in errors 
postoperatively; 17% 
remained unchanged.

Vallino, 1990 
[69]
Language: 
English

N = 34
Class III n = 11
Class III/AOB n = 5
Class II n = 23
Class II/AOB n = 12
No controls
Ages 14–48

Live perceptual 
evaluation; 
velopharyngeal 
evaluation

88% of all DFD patients 
showed articulation 
errors with distortions 
of sibilants [s] and 
[z] being the most 
commonly observed.

Presurgery, 3, 6, 
9, and 12 months 
postsurgery

57% (of those 
with errors prior to 
surgery) experienced 
correction of speech; 
43% improved; 
surgery did not impact 
velopharyngeal area.

Vallino et al., 
1993 [48]
Language: 
English

N = 33
Class III n = 6
Class III/AOB n = 4
Class II n = 12
Class II/AOB n = 11
No controls
Ages 14–39

Live perceptual 
evaluation; 
cephalometric analysis

88% of all patients had 
articulatory distortions; 
most of them associated 
with sibilant sounds [s] 
and [z].

Presurgery
NA: Postoperative 
outcomes were not 
studied.

Wakumoto et 
al., 1996 [70]
Language: 
Japanese

N = 5
Class III n = 3
Class II n = 2
No controls
Ages 17–31

Electropalatography; 
spectral peak analysis

None of the patients 
had preoperative speech 
disorders when judged 
by an SLP.

Preorthodontic 
treatment, 
presurgery, 3 and 
6 months 
postsurgery

Articulating positions 
shifted for 100% of 
patients; significant 
acoustic changes in 
40% of patients.

Ward et al., 
2002 [71]
Language: 
English

N = 13
Class III n = 1
Class III/AOB n = 1
Class II n = 3
Controls n = 8
Ages 15–21

Perceptual evaluation 
of recordings; 
velopharyngeal 
evaluation

80% of Class III, 
Class III/AOB and Class 
II DFD patients had 
articulatory distortions 
of lingual alveolar and 
palatal sibilants.

Presurgery, 6 
months 
postsurgery

25% (of those 
with errors prior to 
surgery) improved in 
articulation; 60% had 
improved interlabial 
pressures.

Witzel et al., 
1980 [72]
Language: 
English

N = 41
Class III n = 4
Class III/AOB n = 7
Class II n = 12
Class II/AOB n = 17
AOB n = 1
No controls
Ages 9–26

Live perceptual 
evaluation

54% of DFD patients 
showed articulation 
errors. All groups had 
distortions of sibilants 
(except the patient 
with apertognathia). 
Labiodental distortions 
were noted in Class III 
patients. Bilabial sound 

Presurgery, 6 
months 
postsurgery

64% (of those 
with errors prior 
to surgery) saw 
correction of speech; 
36% of those 
saw improvement in 
speech.
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Author, Year, 
and Language

Sample Size, DFD 
Groups and Ages Methods Used Preoperative Findings Timepoints 

Evaluated
Postoperative 

Findings

distortions were noted in 
Class II patients.

*
Control = Class I, no AOB.

**
Occlusal classifications reported.
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Table 2.

Speech analyses used in DFD studies*.

Analysis Type Analysis Description

Perceptual Live perceptual evaluation Real time visual/perceptual evaluation by a speech pathologist at scheduled time intervals.

Perceptual Perceptual evaluation of 
recordings

Visual/perceptual evaluation from a video/audio recording by a speech pathologist at 
scheduled time intervals.

Acoustic Cephalometric analysis Utilizing lateral cephalometric radiographs to analyze bony and soft tissue landmarks to 
relate the cranial base, maxilla, and mandible to the teeth.

Acoustic Electropalatography Utilization of a palatal stent with electrodes to record tongue and palate contacts during 
speech.

Acoustic Formant analysis of vowels
A method used to analyze vowel pronunciation. The first formant (F1) and the second 
formant (F2) are typically extracted from a speech recording. An F1xF2 vowel plot is then 
used to display vowel sound distribution.

Acoustic Spectral moment analysis A type of spectral analysis typically used to describe consonants. The power spectrum is 
treated as if it is a probability distribution.

Acoustic Spectral peak analysis A type of spectral analysis typically used to describe consonants. Spectral peaks are 
measured.

Acoustic Tongue thrust evaluation Visual analysis of tongue position during different actions. Tongue position is ranked on a 
subjective, predetermined scale.

Acoustic Velopharyngeal evaluation Estimation of the size of velopharyngeal port area using pressure–flow measurements 
while participants are asked to repeat pressure sounds, such as [p].

*
Includes speech analysis methods used in DFD studies. This is not an exhaustive list of all available speech analyses.
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Table 3.

Glossary of terms describing articulation errors associated with DFD.

Distortion Description

Auditory distortion Sound produced is perceived as aberrant but may look acceptable to the listener.

Visual distortion Sound is perceived as correct but looks abnormal to the listener. Example: Speaker who produces a bilabial sound /
p,b,m/ by placing the lower lip against the upper incisors. Consonant sounds normal but looks incorrect.

Lisp

A type of functional speech disorder: usually a phonetic disorder, meaning the affected person struggles to correctly 
position the tongue, lips, teeth, and jaw to achieve the attempted sound. Lisps are the most commonly identified and 
widely recognized speech problem. A “lisp” is an articulation problem that results in the ability to pronounce one 
or more consonants. There are 4 main types of lisps (inderdental, dentalized, lateral, and palatal). Some lisps are 
common and normal at various stages in development but should fade as children age. Lisps can be treated by an 
SLP with speech therapy.

Interdental lisp
Most common and well-known type of lisp, which is due to incorrect placement of the tongue within the mouth, 
with the tongue pushing forward between the front teeth. Most common is the inability to pronounce the sibilants /s/ 
or /z/, with production sounding like “th”. Called frontal distortion type I by Vallino and Tompson (1993) [48].

Dentalized lisp or 
dentalized production

The tongue tip pushes against the upper or lower anterior teeth (incisors), resulting in a muffled /s/ or /z/ sound. 
The tongue body is flattened, causing scattering of the air stream. Called frontal distortion type II by Vallino and 
Tompson (1993) [48].

Lateralized lisp
The air stream is diverted to one or both sides of the tongue, with air exiting the mouth out of the sides. This results 
in slushy or wet sounding speech, as speech is mixed with the sound of air mixing with saliva. Examples: Daffy 
Duck or Sylvester the Cat.

Palatal lisp Least common type of lisp. Occurs when the center of tongue is in contact with the hard or soft palate, when 
attempting to produce the /s/ sound.

Whistling High-frequency sound created by air passing between the tongue and alveolar ridge

Labiodentalization Lower lip contacts the maxillary incisors
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