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ABSTRACT 

Objective: To critically review early oral sensory–motor development during infancy and analyze its 

biomechanical and neurophysiologic implications for craniofacial growth, with emphasis on orthodontic 

relevance. 

Methods: A narrative synthesis of developmental neuroscience, craniofacial biology, and orthodontic 

literature was conducted focusing on oral sensory maturation, neuromuscular coordination, exploratory 

mouthing behaviors, non-nutritive sucking, and early functional loading patterns. 

Results: Oral sensory systems mature rapidly within the first 6 months of life, preceding refined motor 

coordination. Exploratory mouthing provides intermittent, variable mechanical stimuli that support 

neuromuscular integration and craniofacial modeling. In contrast, prolonged non-nutritive sucking 

generates sustained anteriorly directed forces that may influence maxillary growth patterns, dental arch 

morphology, and occlusal development. Functional loading during infancy interacts with genetic growth 

determinants through mechanotransductive pathways, contributing to alveolar and sutural adaptation. 

Conclusions: Infant oral behaviors represent biologically meaningful functional stimuli with potential 

orthodontic implications. Understanding early neuromuscular and sensory development enhances clinical 

counseling regarding pacifier use, feeding patterns, and early preventive orthodontic strategies. 

 

INTRODUCTION 

Craniofacial development is shaped by a dynamic interaction between genetic programming and 

environmental functional stimuli.¹⁻³ Among the earliest functional influences are oral behaviors emerging 

in infancy, including sucking, swallowing, and exploratory mouthing. These behaviors occur during a 

period of rapid neural maturation and skeletal growth, suggesting that early oral function may have 

downstream implications for occlusal and maxillofacial development. 

The functional matrix hypothesis proposes that skeletal growth adapts to functional demands.⁴ Although 

originally conceptualized to explain postnatal craniofacial development broadly, the principle is 

particularly relevant to infancy, when neuromuscular circuits are rapidly organizing and craniofacial 

structures are highly responsive to mechanical input.⁵ 

This review synthesizes evidence from developmental neuroscience, oral physiology, and orthodontics to 

examine: 

1. The timeline of oral sensory maturation 

2. Neuromuscular coordination during early oral behaviors 
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3. Biomechanical characteristics of mouthing versus non-nutritive sucking 

4. Potential orthodontic implications of early functional loading 

 

ORAL SENSORY DEVELOPMENT IN INFANCY 

At birth, the oral cavity is among the most densely innervated sensory regions of the body. The trigeminal 

system provides mechanoreceptive, nociceptive, and proprioceptive input critical for feeding and 

protective reflexes.⁶ 

During the first 6 months of life, rapid maturation occurs within trigeminal pathways and cortical sensory 

representation areas.⁷ Functional imaging studies demonstrate progressive refinement of somatosensory 

cortical mapping during infancy, paralleling behavioral increases in oral exploration.⁸ 

Oral sensory development precedes fine motor precision.⁹ Infants use the mouth as a primary exploratory 

organ before achieving coordinated manual grasping. This sensory dominance likely reflects both 

neurodevelopmental sequencing and evolutionary adaptation.¹⁰ 

Importantly, sensory input drives motor calibration. Repetitive tactile feedback from the lips, tongue, and 

palate facilitates synaptic refinement in brainstem central pattern generators responsible for rhythmic oral 

activity.¹¹ 

 

Figure 1 illustrates the relative maturation trajectories of oral sensory input, fine motor control, 

and visual–oral integration during the first year of life. 

 
NEUROMUSCULAR COORDINATION AND CENTRAL PATTERN GENERATORS 

Rhythmic oral behaviors such as sucking and chewing are regulated by brainstem central pattern 

generators (CPGs).¹² These neural circuits produce coordinated muscle activation independent of cortical 

initiation once triggered. 

Electromyographic studies in infants demonstrate organized activation of masseter, temporalis, and 

perioral musculature during feeding and exploratory chewing.¹³ As sensory feedback increases, motor 

output becomes more refined and adaptive.¹⁴ 

The trigeminal nerve plays a dual sensory-motor role. Sensory afferents relay tactile information from oral 

structures to the brainstem, while efferent fibers coordinate masticatory muscle contraction.¹⁵ This closed-

loop feedback system allows modulation of force magnitude and jaw movement patterns. 

During exploratory mouthing, jaw excursions are variable in amplitude and direction. Such variability 

may serve a developmental purpose by exposing craniofacial tissues to intermittent multidirectional 

forces, potentially stimulating adaptive remodeling.¹⁶ 
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Figure 2 depicts trigeminal sensory input, brainstem integration, and coordinated masticatory 

muscle activation during exploratory chewing. 

 
 

EXPLORATORY MOUTHING: FUNCTIONAL SIGNIFICANCE 

Between 4 and 8 months of age, infants frequently bring objects to the mouth.¹⁷ This behavior is not purely 

nutritive; rather, it represents a sensorimotor learning mechanism. 

Mouthing behaviors involve light, intermittent forces applied to alveolar ridges and developing palatal 

structures.¹⁸ The duration of each force episode is brief, and force magnitude varies depending on object 

characteristics. 

Such intermittent loading resembles physiologic functional stimuli observed in mastication rather than 

sustained orthodontic force application. From a mechanobiologic standpoint, short-duration loading may 

promote adaptive bone modeling without inducing pathological displacement.¹⁹ 

Furthermore, exploratory mouthing coincides with the eruption of primary incisors, suggesting potential 

interplay between neuromuscular stimulation and eruptive guidance.²⁰ 

 

NON-NUTRITIVE SUCKING AND FORCE CHARACTERISTICS 

Non-nutritive sucking (NNS), including pacifier use and digit sucking, differs biomechanically from 

exploratory mouthing.²¹ 

NNS is characterized by rhythmic negative pressure generation and sustained anterior positioning of the 

tongue and lips.²² When prolonged beyond infancy, this pattern may apply continuous forces to the anterior 

maxilla and developing dentition. 

Clinical studies associate prolonged pacifier use with increased prevalence of anterior open bite and 

posterior crossbite.²³,²⁴ The mechanism likely involves altered equilibrium between perioral musculature 

and intraoral pressures. 

Unlike the variable forces of mouthing, NNS may deliver consistent anteriorly directed pressure of longer 

duration. Sustained force application is a known driver of dentoalveolar movement in orthodontics, even 

at low magnitudes.²⁵ 
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Figure 3 compares intermittent exploratory mouthing forces with prolonged pacifier-induced 

forces. 

 
 

MECHANOTRANSDUCTION AND CRANIOFACIAL GROWTH 

Bone responds to mechanical stimuli through mechanotransduction pathways involving osteocytes and 

periodontal ligament fibroblasts.²⁶ Functional loading influences cellular signaling cascades regulating 

bone deposition and resorption. 

In the craniofacial complex, sutural growth sites are particularly sensitive to tensile and compressive 

forces.²⁷ Experimental models demonstrate that altered muscle function modifies sutural growth patterns 

and maxillary width.²⁸ 

Therefore, sustained aberrant oral forces during critical growth windows could theoretically influence arch 

morphology. However, genetic determinants and growth timing significantly moderate these effects.²⁹ 

Importantly, most pacifier-related malocclusions self-correct when the habit ceases before eruption of 

permanent incisors.³⁰ This suggests that early functional influences may be reversible if discontinued 

during periods of active growth adaptation. 

 

DEVELOPMENTAL TIMELINE AND ORTHODONTIC RELEVANCE 

Oral behaviors evolve rapidly during the first year: 

• 0–4 months: Reflexive sucking predominates 

• 4–8 months: Exploratory mouthing increases 

• 6–10 months: Primary incisor eruption 

• 9–12 months: Early speech motor refinement 

 

Figure 4 presents a developmental timeline of oral behaviors from mouthing to early speech. 
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Understanding this sequence assists orthodontists in parental counseling. Pacifier use limited to early 

infancy appears less likely to produce lasting occlusal effects than prolonged habits extending beyond 2–

3 years.³¹ 

 

CLINICAL IMPLICATIONS FOR ORTHODONTISTS 

Orthodontic professionals increasingly encounter parents seeking early preventive guidance. Evidence 

suggests: 

1. Limited pacifier use during the first year is unlikely to cause permanent malocclusion.²³ 

2. Habits persisting beyond age 3 increase risk of anterior open bite and posterior crossbite.²⁴ 

3. Early cessation often permits spontaneous correction.³⁰ 

Breastfeeding has been associated with lower prevalence of posterior crossbite, potentially due to 

favorable muscle activity patterns.³² However, socioeconomic and genetic confounders must be 

considered. 

Orthodontists should emphasize habit duration over mere presence. Counseling strategies should focus on 

gradual cessation before eruption of permanent incisors. 

 

LIMITATIONS OF CURRENT EVIDENCE 

Most available data are observational. Randomized controlled trials examining long-term craniofacial 

outcomes of infant oral behaviors are limited for ethical and practical reasons. 

Additionally, individual variability in growth patterns complicates causal inference. Future research 

integrating longitudinal imaging and biomechanical modeling may clarify dose–response relationships 

between force duration and skeletal adaptation. 

 

CONCLUSIONS 

Infant oral sensory–motor development represents a biologically significant phase of craniofacial 

functional loading. Exploratory mouthing delivers intermittent, developmentally adaptive stimuli that 

likely support neuromuscular integration. In contrast, prolonged non-nutritive sucking introduces 

sustained forces capable of altering dentoalveolar equilibrium. 

Orthodontists should incorporate knowledge of early oral neurophysiology into anticipatory guidance and 

preventive strategies. Most habit-related malocclusions are reversible if addressed during active growth 

phases, underscoring the importance of timely intervention. 
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