
 agmr.hapres.com 

Adv Geriatr Med Res. 2021;3(2):e210011. https://doi.org/10.20900/agmr20210011 

Viewpoint 

The Association between Age-Related Changes in 
Oral Neuromechanics and Alzheimer’s Disease 
Fritzie I. Arce-McShane 

Department of Organismal Biology and Anatomy, University of Chicago, 1027 East 

57th Street (Anatomy Suite 303),Chicago, IL 60637, USA;  

Email: fritziea@uchicago.edu; Tel: +1-773-834-6683 

ABSTRACT 

The global population of 80 years and older is predicted to reach 437 
million by 2050. As overall brain structure and function progressively 
degrades, older and younger adults show differences in sensorimotor 
performance and brain activity in the sensorimotor regions. Oral 
sensorimotor functions are an important area of focus in natural aging 
and Alzheimer’s Disease (AD) because oral health issues are commonly 
found in both elderly and AD populations. While human behavioral 
studies on changes in oral sensorimotor functions abound, very little is 
known about their neuronal correlates in normal and pathological aging. 
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INTRODUCTION 

Sensorimotor control of oral behaviors is complex and involves the 
integration of afferent information from and efferent commands to the 
tongue and jaw to effect functionally critical and highly coordinated 
movements of breathing, feeding and speech. Many age-related oral 
health problems, such as masticatory dysfunction, dysphagia, and tooth 
loss have been associated with Alzheimer’s Disease (AD) [1–12]. 
Diminished sensation, weakness of orofacial muscles, and impaired 
coordination, which accompany healthy aging, can cause difficulties in 
mastication and swallowing. With diminished sensation, the brain cannot 
sense the shape and position of the tongue relative to the teeth, 
information vital for detecting food properties when chewing and 
knowing when to swallow safely. How cortical and biomechanical 
(“neuromechanical”) changes in oromotor behavior contribute to the onset 
and progression of AD and age-related dementias (ARD) are widely 
unknown. This is largely because of a fundamental gap in understanding 
the neuromechanical processes at the level of large-scale activity of single 
neurons and neuronal networks that underlie healthy aging. This 
represents an important problem because until they are understood the 
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cortical mechanisms underlying pathological aging in AD will remain 
largely incomprehensible. 

UNDERSTANDING THE BIOMECHANICS AND CORTICAL CONTROL OF 
OROFACIAL FUNCTIONS 

Neurons in the primary motor (MIo) and somatosensory (SIo) areas of 
the orofacial cortex (a) modulate their activity during performance of 
orofacial tasks such as generating tongue protrusive force and bite force, 
(b) encode the direction and magnitude of tongue protrusive force, and (c) 
form coherent networks within and across these areas in a reciprocal 
manner, and (d) undergo learning-induced plasticity [13–16]. Currently, 
we are investigating the neural bases of oral somatosensation in the 
orofacial sensorimotor cortex in young non-human primates (NHPs) to 
dissociate the cortical representations of touch and proprioception during 
natural feeding behavior by using an innovative sequence of nerve blocks 
to the sensory branches of the trigeminal nerve, together with multi-
electrode array recordings and 3D tracking of tongue and jaw movements. 
During feeding, a rich array of oral sensations is used to monitor bite 
forces, teeth contact, and the tongue moving and touching other oral 
structures (e.g., palate, teeth, gingiva). Because the location of the tongue 
inside the oral cavity makes it difficult to measure tongue movements, so 
are the sensations naturally occurring with these movements. 
Consequently, very little is known about cortical representations of these 
stimuli in the context of natural oromotor behavior. Tactile and 
proprioceptive signals to the tongue provide information about food 
properties, such as texture (soft, sticky, hard or grainy) or bolus size to 
regulate bite force, to predict when to swallow safely, and to perceive 
where the tongue is relative to other oral structures. Unlike the rest of the 
body, proprioceptive and tactile inputs to the tongue are anatomically 
distinct, with the former served by the hypoglossal nerve and the latter by 
the lingual nerve. I leveraged this unique anatomy to cleanly dissociate 
their cortical representations; by using an innovative sequence of local 
anesthetic blocks of trigeminal nerve sensory branches, tactile inputs are 
silenced while preserving proprioceptive inputs during feeding behavior. 
Moreover, there is a big challenge of high-resolution tracking of a wide 
array of tongue movements inside the oral cavity simultaneously with 
probing dynamic processes involving large populations of neurons across 
connected regions in behaving NHPs. Our laboratory has overcome these 
difficulties by using high resolution (>200 Hz) biplanar videoradiography 
and the X-ray Reconstruction of Moving Morphology (XROMM) 
(https://www.xromm.org) for precise tracking of tongue and jaw 
kinematics in 3D [17,18] while recording from large populations of 
neurons from multiple cortical regions (areas 3a, 3b, 1, 2, rostral and 
caudal MIo) [19,20]. These newly developed methods will help us 
understand the effects of aging on the critical functions served by the 
orofacial system that are vulnerable to sensorimotor decline.  
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The sensorimotor changes found in healthy elderly population include 
difficulties in mastication and swallowing, diminished sensation, 
weakness of orofacial muscles, slowness of movement, and impaired 
coordination [21–28]. Neuroimaging studies found effects of aging on 
brain activation and functional connectivity in sensorimotor regions at 
resting state [29] and related to chewing and swallowing [30–33]. With 
diminished sensation, the brain cannot sense the position of the tongue 
relative to the jaw or teeth nor the force applied to the teeth when chewing. 
Similarly, the encoding of the amount and direction of bite force is 
impaired following tooth loss owing to the removal of mechanoreceptors 
in the periodontal ligament [34,35]. Indeed, edentulous older patients with 
dentures show limited activation of brain regions typically associated with 
teeth clenching [28]. Preliminary findings from our laboratory are 
consistent with dysfunctions in mastication and swallowing found in the 
elderly (Figure 1); we found marked differences in tongue and jaw 
kinematics around chews and swallows in young vs. old NHPs during 
feeding [36]. The complex control of chewing and swallowing involves 
multiple cortical and subcortical regions, including limbic and prefrontal 
regions of the cortex [30–33]. Cortical regions that may exert cognitive-
affective influences on oral sensorimotor functions may underlie the 
potential association with oral dysfunctions found in AD/ARD.  

 

Figure 1. Age-related changes in tongue kinematics during swallows. (A) Anterior tongue trajectories ±0.5 s 
around swallows were stereotypical and cyclic in the young NHP (left) but not in the old NHP (right). 
Swallows occurring around minimum gape (red circles) were more tightly clustered in the young NHP. Blue 
and cyan circles denote start and end of tongue trajectories. Blue and cyan dots denote tongue trajectories 
0.5 s before and after swallows, respectively. (B) As in (A), shown for trajectories of the posterior region of 
the tongue in the young vs old NHP.  
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How do these neuromechanical changes found in healthy aging differ 
from those found in pathological aging such as in AD? A better 
understanding of cortical processes underlying sensorimotor decline in 
healthy and pathological aging will require investigating the dynamic 
processes involving large populations of neurons across connected regions 
(e.g., prefrontal, parietal, and sensorimotor) in behaving animal models. 
Specifically, by contrasting neuromechanical changes related to healthy-
aging with those found in individuals with AD, we may be able to identify 
individuals at risk for developing AD or those who may be in the 
prodromal stage of the disease. Understanding how these biomarkers may 
serve as early signatures of AD could be helpful in providing early 
diagnosis and intervention, thus delaying AD progression and reducing 
the severity of debilitating oromotor dysfunctions prevalent in AD/ARDs. 
Indeed, the early intervention MEND™ protocol demonstrated reversal of 
memory loss in prodromal AD patients by avoiding risk factors [37]. In 
addition, a diagnostic tool similar to the one used for motoric cognitive risk 
syndrome [38] could include oromotor deficits to identify individuals at 
higher risk of dementia.  

THE LINK BETWEEN AGE-RELATED OROMOTOR DYSFUNCTION AND 
AD 

While the pathophysiological link between oromotor dysfunction and 
AD is still unknown, there are strong indications from the literature that 
the two may be related, but do not suggest a causal relationship: (1) Oral 
health and memory may influence each other (see reviews by [6,9,39,40]). 
Decrease in masticatory activity, due to a soft diet or loss of teeth, causes 
memory loss and neuronal degeneration in mice [41,42]. Mastication 
improves cerebral blood flow, which in turn improves memory functions 
in humans [30,43]. In elderly people with full dentures, but not in those 
with full natural teeth, 22% of executive functions were predicted by 
complaints of the masticatory system and 19% of episodic memory was 
predicted by masticatory performance [44]. It has been suggested that the 
relationship between mastication and memory becomes more prominent 
when mastication is reduced due to tooth loss or oral pain. On the other 
hand, one should also consider the person’s ability to adapt mastication to 
changes in dental status [45] and whether this is impaired in AD/ARD. 
Currently, evidence supporting the association between tooth loss, 
masticatory performance, and dementia is still lacking [46,47]. (2) AD and 
oromotor dysfunctions share common risk factors: aging, diet/nutrition, 
and socio-economic status [7]. Several longitudinal studies showed the 
prevalence of oromotor dysfunction, especially dysphagia, in patients with 
AD/ARD [4,9,11,40]. Early-stage AD patients without overt signs of 
dysphagia already showed lower BOLD response in the swallowing 
cortical network [48]. More importantly, participants with the fewest teeth 
had the highest risk of prevalence and incidence of dementia [10]. (3) 
Porphyromonas gingivalis and gingipains in chronic periodontitis (gum 
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disease) were identified in the brain of AD patients, and levels of 
gingipains were correlated with tau and ubiquitin pathology [2]. In severe 
periodontal disease, periodontal tissues, including alveolar bone and 
periodontal ligament, are destroyed and lead to the loosening and loss of 
teeth, which in turn may cause masticatory dysfunctions. Periodontal 
disease has been found to be associated with poor cognitive performance 
[49–51].  

CONCLUSIONS 

In the advanced stage, AD’s devastating effects on the quality of 
patient’s life and the burden on the caregiver are further heightened. It is 
therefore expedient to identify potential contributing factors to the onset 
and progression of AD/ARD. Determining whether oromotor dysfunction 
could be identified as a risk factor to the development of the sporadic form 
of AD and/or serve as an early diagnostic tool. Thus, the early identification 
of individuals with chronic oral health issues at risk for developing AD and 
the development of effective interventions to enhance oral health 
outcomes in this group may aid in preventing the onset or allay the 
progression of AD/ARD in these populations. 

CONFLICTS OF INTEREST 

The author declares that she has no conflicts of interest. 

ACKNOWLEDGMENTS 

This work was supported by NIH R01AG069227 and NIH R01DE027236. 

REFERENCES 

1. Watanabe Y, Hirano H, Matsushita K. How masticatory function and periodontal 

disease relate to senile dementia. Jpn Dent Sci Rev. 2015;51(1):34-40. 

2. Dominy SS, Lynch C, Ermini F, Benedyk M, Marczyk A, et al. Porphyromonas 

gingivalis in Alzheimer’s disease brains: Evidence for disease causation and 

treatment with small-molecule inhibitors. Sci Adv. 2019;5:eaau3333. 

3. Rogus-Pulia N, Malandraki GA, Johnson S, Robbins J. Understanding dysphagia 

in dementia: The present and the future. Curr Phys Med Rehabil Rep. 

2015;3:86-97. 

4. Campos CH, Ribeiro GR, Stella F, Rodrigues Garcia, RCM. Mandibular 

movements and bite force in Alzheimer’s disease before and after new denture 

insertion. J Oral Rehabil. 2017;44:178-86. 

5. Tonsekar PP, Jiang SS, Yue G. Periodontal disease, tooth loss and dementia: Is 

there a link? A systematic review. Gerodontology. 2017;34:151-63. 

6. Weijenberg RAF, Delwel S, Ho BV, van der Maarel-Wierink CD, Lobbezoo F. 

Mind your teeth—The relationship between mastication and cognition. 

Gerodontology. 2019 Mar;36(1):2-7. doi: 10.1111/ger.12380 

Adv Geriatr Med Res. 2021;3(2):e210011. https://doi.org/10.20900/agmr20210011 

https://doi.org/10.20900/agmr20210011


 
Advances in Geriatric Medicine and Research 6 of 8 

7. Harding A, Gonder U, Robinson SJ, Crean S, Singhrao SK. Exploring the 

association between Alzheimer’s disease, oral health, microbial endocrinology 

and nutrition. Front Aging Neurosci. 2017;9:398. 

8. Singhrao SK, Olsen I. Assessing the role of Porphyromonas gingivalis in 

periodontitis to determine a causative relationship with Alzheimer’s disease. J 

Oral Microbiol. 2019;11:1563405. 

9. Tada A, Miura H. Association between mastication and cognitive status: A 

systematic review. Arch Gerontol Geriatr. 2017;70:44-53. 

10. Stein PS, Desrosiers M, Donegan SJ, Yepes JF, Kryscio RJ. Tooth loss, dementia 

and neuropathology in the Nun Study. J Am Dent Assoc. 2007;138:1314-22. 

11. Paganini-Hill A, White SC, Atchison, KA. Dentition, dental health habits, and 

dementia: The Leisure World cohort study. J Am Geriatr Soc. 2012;60:1556-63. 

12. Seçil Y, Arıcı S, İncesu TK, Gürgör N, Beckmann Y, Ertekin C, et al. Dysphagia 

in Alzheimer’s disease. Neurophysiol Clin. 2016 Jun;46(3):171-8. 

13. Arce-McShane FI, Hatsopoulos NG, Lee J-C, Ross CF, Sessle, BJ. Modulation 

dynamics in the orofacial sensorimotor cortex during motor skill acquisition. 

J Neurosci. 2014;34:5985-97. 

14. Arce FI, Lee J-C, Ross CF, Sessle BJ, Hatsopoulos NG. Directional information 

from neuronal ensembles in the primate orofacial sensorimotor cortex. J 

Neurophysiol. 2013;110:1357-69. 

15. Arce-McShane, F, Ross CCF, Takahashi K, Sessle BJ, Hatsopoulos NG. Primary 

motor and sensory cortical areas communicate via spatiotemporally 

coordinated networks at multiple frequencies. Proc Natl Acad Sci U S A. 

2016;113:5083-8. 

16. Arce-McShane F, Sessle BJ, Hatsopoulos NG, Ross CF. Cortical representation of 

bite force and gape in macaques. In proceedings of 2019 Neuroscience Meeting; 

2019 Oct 19-23; Chicago, USA. Program No. 404.19. 

17. Brainerd EL, Baier DB, Gatesy SM, Hedrick TL, Metzger KA, Gilbert SL, et al. X-

ray reconstruction of moving morphology (XROMM): precision, accuracy and 

applications in comparative biomechanics research. J Exp Zool A. 2010 Jun 

1;313(5):262-79. 

18. Laurence-Chasen JD, Manafzadeh AR, Hatsopoulos NG, Ross CF, Arce-McShane, 

FI. Integrating XMALab and DeepLabCut for high-throughput XROMM. J Exp 

Biol. 2020;223:jeb226720. 

19. Laurence-Chasen JD, Balasubramanian K, Junod R, Ross CF, Hatsopoulos NG, 

Arce-McShane FI. Decoding 3D tongue kinematics from population responses 

in sensorimotor cortex. In proceedings of 2019 Neuroscience Meeting; 2019 Oct 

19-23; Chicago, USA. Program No. 722.05. 

20. Balasubramanian K, Laurence-Chasen JD, Junod R, Ross CF, Hatsopoulos NG, 

Arce-McShane FI. Mixed encoding of sensorimotor information in orofacial 

cortical neurons. In proceedings of 2019 Neuroscience Meeting; 2019 Oct 19-

23; Chicago, USA. Program No. 722.06. 

21. Easterling CS, Robbins E. Dementia and dysphagia. Geriatr Nurs. 2008;29:275-85. 

22. Robbins J, Bridges AD, Taylor A. Oral, pharyngeal and esophageal motor 

function in aging. GI Motil Online. 2006. doi: 10.1038/gimo39 

Adv Geriatr Med Res. 2021;3(2):e210011. https://doi.org/10.20900/agmr20210011 

https://doi.org/10.20900/agmr20210011


 
Advances in Geriatric Medicine and Research 7 of 8 

23. Ney DM, Weiss JM, Kind AJH, Robbins J. Senescent swallowing: Impact, 

strategies, and interventions. Nutr Clin Pract. 2009;24:395-413. 

24. Peyron MA, Woda A, Bourdiol P, Hennequin M. Age-related changes in 

mastication. J Oral Rehabil. 2017;44:299-312. 

25. Smith CH, Logemann JA, Burghardt WR, Zecker SG, Rademaker AW. Oral and 

oropharyngeal perceptions offluid viscosity across the age span. Dysphagia. 

2006;21:209-17. 

26. Tamine K, Ono T, Hori K, Kondoh J, Hamanaka S, Maeda Y, et al. Age-related 

changes in tongue pressure during swallowing. J Dent Res. 2010 

Oct;89(10):1097-101. 

27. Palinkas M, Nassar MSP, Cecílio EA, Siéssere S, Semprini M, Machado-de-Sousa 

JP, et al. Age and gender influence on maximal bite force and masticatory 

muscles thickness. Arch Oral Biol. 2010;55:797-802. 

28. Avivi-Arber L, Sessle BJ. Jaw sensorimotor control in healthy adults and effects 

of ageing. J Oral Rehabil. 2018;45:50-80. 

29. He H, Luo C, Chang X, Shan Y, Cao W, Gong J, et al. The functional integration 

in the sensory-motor system predicts aging in healthy older adults. Front Aging 

Neurosci. 2017 Jan 5;8:306. 

30. Onozuka M, Fujita M, Watanabe K, Hirano Y, Niwa M, Nishiyama K, et al. Age-

related changes in brain regional activity during chewing: A functional 

magnetic resonance imaging study. J Dent Res. 2003 Aug;82(8):657-60. 

31. Lin C, Wu C-Y, Wu S-Y, Lin H-H, Cheng D-H, Lo W-L. Age-related difference in 

functional brain connectivity of mastication. Front Aging Neurosci. 2017;9:82. 

32. Windel AS, Mihai PG, Lotze, M. Neural representation of swallowing is 

retained with age. A functional neuroimaging study validated by classical and 

Bayesian inference. Behav Brain Res. 2015;286:308-17. 

33. Lin C-S, Wu S-Y, Wu C-Y, Ko H-W. Gray matter volume and resting-state 

functional connectivity of the motor cortex-cerebellum network reflect the 

individual variation in masticatory performance in healthy elderly people. 

Front Aging Neurosci. 2016;7:247. 

34. Trulsson M. Sensory-motor function of human periodontal mechanoreceptors. 

J Oral Rehabil. 2006;33(4):262-73. doi: 10.1111/j.1365-2842.2006.01629.x 

35. Trulsson M. Force encoding by human periodontal mechanoreceptors during 

mastication. Arch Oral Biol. 2007;52:357-60. 

36. Luckas J, Lawrence-Chasen J, Fereira H III, Arce-McShane FI. Novel 

biomarkers in healthy aging: tongue and jaw kinematics as a potential way to 

further explore Alzheimer’s-induced biological changes. Will be presented at 

Alzheimer’s Association International Conference; 2021 Jul 26-30; Amsterdam, 

The Netherlands. 

37. Bredesen DE, Amos EC, Canick J, Ackerley M, Raji C, Fiala M, et al. Reversal of 

cognitive decline in Alzheimer’s disease. Aging. 2016;8:1250-8. 

38. Verghese J, Annweiler C, Ayers E, Barzilai N, Beauchet O, Bennett DA, et al. 

Motoric cognitive risk syndrome Multicountry prevalence and dementia risk. 

Neurology. 2014;83:718-26. 

39. Lobbezoo F, Delwel S, Weijenberg RAF, Scherder EJA. Orofacial pain and 

mastication in dementia. Curr Alzheimer Res. 2017;14(5):506-11. 

Adv Geriatr Med Res. 2021;3(2):e210011. https://doi.org/10.20900/agmr20210011 

https://doi.org/10.20900/agmr20210011


 
Advances in Geriatric Medicine and Research 8 of 8 

40. Delwel S, et al. Oral health and orofacial pain in older people with dementia: a 

systematic review with focus on dental hard tissues. Clin Oral Investig. 

2017;21:17–32. 

41. de Siqueira FCC, de Almeida MNF, Felício APG, Fadel AC, de Jesus Silva D, 

Borralho TG, et al. Enriched environment and masticatory activity 

rehabilitation recover spatial memory decline in aged mice. BMC Neurosci. 

2013 Jun 28;14:63. 

42. Kondo H, Kurahashi M, Mori D, Iinuma M, Tamura Y, Mizutani K, et al. 

Hippocampus-dependent spatial memory impairment due to molar tooth loss 

is ameliorated by an enriched environment. Arch Oral Biol. 2016;61:1-7. 

43. Hirano Y, Obata T, Kashikura K, Nonaka H, Tachibana A, Ikehira H, et al. 

Effects of chewing in working memory processing. Neurosci. Lett. 

2008;436,189-92. 

44. Scherder E, Posthuma W, Bakker T, Vuijk PJ, Lobbezoo F. Functional status of 

masticatory system, executive function and episodic memory in older persons. 

J Oral Rehabil. 2008;35:324-36. 

45. Bourdiol P, Hennequin M, Peyron M-A, Woda A. Masticatory Adaptation to 

Occlusal Changes. Front. Physiol. 2020;11:263. 

46. Thomson WM, Y. Barak Y. Tooth Loss and Dementia: A Critical Examination. J 

Dent Res. 2021;100:226-31. 

47. Lin CS, Lin HH, Wang SJ, Fuh JL. Association between regional brain volume 

and masticatory performance differed in cognitively impaired and non-

impaired older people. Exp Gerontol. 2020;137:110942. 

48. Humbert IA, McLaren DG, Kosmatka K, Fitzgerald M, Johnson S, Porcaro E, et 

al. Early deficits in cortical control of swallowing in Alzheimer’s disease. J. 

Alzheimer’s Dis. 2010;19:1185-97. 

49. Kaye EK, Valencia A, Baba N, Avron Spiro A III, Dietrich T, Garcia RI. Tooth loss 

and periodontal disease predict poor cognitive function in older men. J Am 

Geriatr Soc. 2010;58:713-8. 

50. Noble JM, Borrell LN, Papapanou PN, Elkind MSV, Scarmeas N, Wright CB. 

Periodontitis is associated with cognitive impairment among older adults: 

Analysis of NHANES-III. J Neurol Neurosurg Psychiatry. 2009;80:1206-11. 

51. Stewart R, Sabbah W, Tsakos G, D’Aiuto F, Watt RG. Oral health and cognitive 

function in the third national health and nutrition examination survey 

(NHANES III). Psychosom Med. 2008;70:936-41. 

 

 

 

How to cite this article: 

Arce-McShane FI. The Association between Age-Related Changes in Oral Neuromechanics and Alzheimer’s Disease. 

Adv Geriatr Med Res. 2021;3(2):e210011. https://doi.org/10.20900/agmr20210011 

Adv Geriatr Med Res. 2021;3(2):e210011. https://doi.org/10.20900/agmr20210011 

https://doi.org/10.20900/agmr20210011
https://doi.org/10.20900/agmr20210011

	CONFLICTS OF INTEREST

