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Introduction

Equine dentistry has traditionally centered on occlusal correction, mastication, and the 
prevention of pathology. However, recent research in both veterinary and human fields has 
highlighted a broader sensory and neurological role for the teeth, mandible, and temporo-
mandibular joint (TMJ). The stomatognathic system is now recognized as an integral 
component of postural and neuromuscular control (Dyson, 2021; Clayton & Hobbs, 2019).

In horses, the integration of dental, masticatory, and vestibular function occurs through a 
network known as the cranio-vestibular system—a sensory-motor control axis linking the 
teeth, mandible, hyoid, and cervical spine with the inner ear and cerebellum. This system is 
mediated primarily through the trigeminal (CN V), facial (CN VII), vestibulocochlear (CN 
VIII), and accessory (CN XI) cranial nerves (Dyce et al., 2018; May-Davis, 2020).

The purpose of this paper is to explore the evidence linking incisor alignment and occlusal 
balance with cranio-vestibular function, explaining how proprioceptive feedback from the 
oral and masticatory systems contributes to the horse’s dynamic equilibrium. Recognition 
of this link elevates equine dentistry from a mechanical discipline to a neurofunctional one, 
with direct implications for posture, movement, and welfare.

The Cranio-Vestibular System: Anatomical and Neurological Context

The vestibular apparatus—housed within the petrous portion of the temporal bone—forms 
the core of the balance system. It comprises three semicircular canals that detect angular 
acceleration and two otolithic organs (utricle and saccule) that sense gravity and linear 
motion (Dyce et al., 2018; Kawcak & McIlwraith, 2020). Sensory information from these 
structures is relayed via the vestibulocochlear nerve (CN VIII) to the vestibular nuclei and 
cerebellum, where it integrates with proprioceptive input from the jaw, cervical spine, and 
limbs (Clayton & Hobbs, 2019).

Surrounding and supporting this system is the stomatognathic complex, which includes the 
TMJ, masticatory muscles, hyoid, and dental arcades. Together, these form a highly 
innervated proprioceptive network dominated by afferent input from the mandibular 
branch of the trigeminal nerve (CN V3) (Türker, 2002; Iinuma et al., 2015). The trigeminal 
nerve provides sensory feedback from the teeth, periodontal ligament (PDL), and TMJ, and 



motor control to the muscles of mastication acting as the key link between dental mechanics 
and postural neurology.

Proprioception and Mechanoreception within the Dentition

Proprioception refers to the internal sense of body and joint position, enabling postural 
control without visual input (Hyytiäinen et al., 2014). Within the oral system, this is 
mediated by mechanoreceptors—specialized sensory nerve endings that detect stretch, 
pressure, and vibration.

The periodontal ligament (PDL) is densely populated with Ruffini-type mechanoreceptors 
that detect the direction, magnitude, and timing of occlusal forces (Iinuma et al., 2015). 
These receptors generate continuous afferent feedback to the trigeminal sensory nucleus in 
the brainstem, where the information is processed alongside input from the TMJ capsule 
and masticatory muscles.

This multi-source feedback allows the horse to finely control mandibular movement during 
chewing and to maintain symmetrical jaw position during dynamic motion. When the 
incisor occlusal plane is balanced, these signals are evenly distributed, supporting 
symmetrical TMJ movement and stable head posture. Conversely, asymmetry in incisor 
contact or wear can cause imbalanced neural firing, leading to compensatory adjustments in 
masticatory muscle tone and cervical posture (Dyson, 2021; May-Davis, 2020).

Functional Integration with the Vestibular System

The vestibular system continuously monitors head motion and gravitational forces, 
comparing them with proprioceptive information from the jaw, neck, and limbs. The 
cerebellum integrates these inputs to refine movement and maintain equilibrium (Clayton 
& Hobbs, 2019).

This integration forms a cranio-vestibular feedback loop, comprising five essential stages:
1. Occlusal contact stimulates mechanoreceptors in the PDL and TMJ.
2. Trigeminal afferents relay sensory data to the brainstem.
3. Vestibular and cervical feedback merge in the vestibular nuclei.
4. Cerebellar processing coordinates these inputs to stabilize posture.
5. Motor output adjusts ocular, jaw, and neck muscles to maintain balance.

This loop operates continuously during chewing, grazing, and locomotion. Any alteration in 
incisor alignment or mandibular symmetry disrupts this circuit, potentially modifying how 
the horse perceives and corrects its spatial orientation.

Incisor Malocclusion and Postural Adaptation

Equine incisor malocclusions including overjet, underbite, ventral/dorsal curvature, shear, 
and slant bites are common findings in clinical practice (Staszyk et al., 2015). Beyond their 



direct effect on mastication, these conditions introduce asymmetrical loading patterns 
across the dental arcades and the PDL. As a result, proprioceptive input from each side of 
the mandible becomes uneven, producing asymmetry in muscle activity, TMJ movement, 
and head carriage (Carmalt & Townsend, 2020).

The horse’s neuromuscular system may compensate for this imbalance through postural 
adaptation, often seen as subtle changes in poll position, ear carriage, or cervical rotation. In 
performance horses, these imbalances may manifest as resistance to contact, inconsistent 
bend, or difficulty maintaining straightness (Dyson, 2021).

Comparative studies in humans and other mammals reveal similar links: malocclusion in 
people has been correlated with postural sway, dizziness, and cervical tension (Michelotti et 
al., 2011), while rabbits with overgrown incisors demonstrate compensatory head tilts and 
altered chewing motion (Harcourt-Brown, 2020). The consistency of these findings across 
species supports the hypothesis that the stomatognathic system contributes to balance 
regulation throughout mammalian evolution.

Clinical and Educational Implications for Equine Dental Technicians

For equine dental technicians, understanding the neurofunctional role of incisor alignment 
changes how oral balance is evaluated and corrected. Occlusal equilibration should not be 
viewed purely as mechanical leveling but as sensory recalibration, a process that restores 
symmetrical proprioceptive feedback.

Assessment protocols should include:
• Observation of head and neck posture before treatment.
• Palpation of the masseter, temporalis, and cervical muscles for tone or asymmetry.
• Evaluation of incisor planes, occlusal contact, and mandibular mobility.
• Re-evaluation post-treatment to assess improvement in movement or comfort.

Interdisciplinary collaboration between dental technicians, veterinarians, farriers, and 
bodyworkers is essential to identify multi-system influences on balance and performance. 
By integrating anatomical knowledge with functional assessment, practitioners can achieve 
more accurate diagnoses and improved welfare outcomes.

Conclusion

The equine dentition is a sensory gateway to the nervous system. Balanced incisors 
contribute to symmetrical TMJ movement, stable trigeminal feedback, and coordinated 
cranio-vestibular function. Disruption within this system—through malocclusion, dental 
restriction, or mandibular imbalance—can influence postural control, muscular tone, and 
athletic performance.

As understanding of equine neurofunctional anatomy advances, dental technicians play a 
pivotal role in maintaining both oral and sensory equilibrium. Continued research 



examining the quantifiable impact of dental balance on vestibular and postural metrics will 
be crucial in further validating this emerging field.

References

Carmalt, J.L. & Townsend, N.B. (2020). Equine Dentistry and Oral Surgery. CRC Press.
Clayton, H.M. & Hobbs, S.J. (2019). The role of biomechanical analysis in equine locomotion 
research. Equine Veterinary Journal, 51(5), 557–566.
Dyce, K.M., Sack, W.O. & Wensing, C.J.G. (2018). Textbook of Veterinary Anatomy, 5th ed. 
Elsevier.
Dyson, S. (2021). Proprioceptive deficits and performance in the horse. Equine Veterinary 
Education, 33(4), 197–207.
Harcourt-Brown, F. (2020). Textbook of Rabbit Medicine, 2nd ed. Elsevier.
Hyytiäinen, H.K. et al. (2014). Sensory feedback in equine locomotion and balance control. 
Journal of Equine Veterinary Science, 34(10), 1203–1212.
Iinuma, M., Kondo, T. & Yoshida, K. (2015). Periodontal mechanoreception and its role in 
jaw motor control: implications across species. Frontiers in Physiology, 6, 247.
Kawcak, C.E. & McIlwraith, C.W. (2020). Functional anatomy and biomechanics of the 
musculoskeletal system. In Adams & Stashak’s Lameness in Horses, 7th ed. Wiley-Blackwell.
May-Davis, S. (2020). Functional asymmetry in the equine cranio-cervical junction. Journal 
of Equine Veterinary Science, 88, 102971.
Michelotti, A. et al. (2011). Dental occlusion and posture: an overview. Progress in 
Orthodontics, 12(1), 53–58.
Staszyk, C. et al. (2015). Dental anatomy and pathology of the horse. Equine Veterinary 
Education, 27(12), 643–654.
Türker, K.S. (2002). Reflex control of human jaw muscles. Physiological Reviews, 82(2), 
569–615.

“Equine dentistry is not simply the restoration of occlusion, but the calibration of a sensory 
system fundamental to postural harmony and performance.” Lucinda Stockley (2025)
www.equus360.co.uk

Incisor Insights into Cranio-Vestibular Function in the Equine Athlete
Exploring how incisor alignment, TMJ dynamics, and sensory feedback influence balance and performance.

Lucinda Stockley BSc (Hons) Equine Dental Science, MRes Equine Performance, Adv Cert EDT (AED)

http://www.equus360.co.uk/


Why Mechanorectors 
Matter in Equine 

Dentistry & 
Biomechanics

Mechanoreceptors in the PDL detect tiny occlusal 
changes (as small as 20 μm!) and regulate bite force 
(Takei et al., 2017).

TMJ and hyoid mechanoreceptors continuously inform 
the brain about jaw position, helping to coordinate 
chewing, swallowing, and head balance.

If mechanoreceptive input is distorted — for example, 
by over-floating, malocclusion, or bit pressure — the 
brain receives inaccurate proprioceptive data.

This leads to altered muscle tone (Archer’s Law) and 
compensatory postural asymmetry (Clayton & Hobbs, 
2019).

Learning 
Objectives

• Define the cranio-vestibular system (May et al. 2021).

• Explain how incisors and TMJ contribute to vestibular 
calibration (Carmalt et al. 2017).

• Recognise the mechanoreceptive and PDL roles in 
proprioception (Takeda et al. 2019).

• Identify clinical indicators of imbalance relevant to 
dental exams (Townsend & Carmalt 2020).

• Apply this understanding to occlusal assessment and 
equilibration.

The Cranio-Vestibular System: 
Why It Matters to EDTs

• The cranio-vestibular system links the jaw, 
teeth, inner ear, TMJ, hyoid, and neck through 
shared neural pathways (Dyce et al., 2018; May-
Davis, 2020).

• It integrates sensory input from cranial nerves V 
(trigeminal), VII (facial), VIII 
(vestibulocochlear), and XI (accessory).

• This system controls balance, chewing 
coordination, and head posture (Clayton & 
Hobbs, 2019).

• When incisor alignment is uneven, the brain 
receives asymmetrical input, altering postural 
tone and movement patterns (Dyson, 2021).



Mechanoreceptors 
& Vestibular 

Integration

Located in PDL, TMJ capsule, 
tongue, muscles of mastication.

Interface with vestibular nuclei via 
the trigeminal system.

Enable fine calibration of jaw-head-
neck movement.

Dysfunction = impaired 
proprioceptive accuracy.

(Cody et al., 2020; Liu et al., 2022)


