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ABSTRACT 

Introduction: With longer life expectancy, there is a need of maintaining 

essential basic functions of the human body such as mastication at an optimum 

quality, especially in the geriatric population. Generalised sarcopenia is a 

consequence of old age, and this phenome also impacts masticatory muscles.  

Objective: Performing a literature review, the aim of this study was to revise the 

anatomy and physiology of a healthy mastication but also understand the 

consequences of age-related factors concerning the mastication system. 

Material and methods:  Using various databases such as Pubmed, Mendeley, 

Research Gate, Google Scholar, using key words related to our subject with 

diverse inclusion and exclusion criteria for article selection. 

Results: A review of the different components of the mastication system and 

more specifically the muscles used while chewing yielded necessary 

information to understand the physiological effects of a healthy ageing 

masticatory system. It was important to differentiate between sub-types of the 

elderly population. A healthy old subject is defined as someone with no general 

pathologies and a good oral health. Healthy dentate patients of over 65 years of 

age present masticatory performances similar to that of younger patients. This 

differs widely from a patient presenting various systemic diseases, 

polymedicated, with a bad oral health usually missing large spans of teeth, 

suffering from dento-buccal pains. 

Conclusion: There is a significant decrease of masticatory muscle 

performance observed exclusively in the geriatric un-healthy population. This 

can be explained by age-related factors resulting in mastication impairment: 
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tooth-loss being the chief key factor, followed by xerotomia and generalised 

diseases often observed in the elderly population such as Alzheimer’s, 

Parkinson’s and strokes. Dentate old patients present little mastication 

dysfunction.  Anyhow, the mastication system is constantly finding adaptation 

methods to the consequences of its own ageing. 
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RESUMEN 

Introducción: Con la prolongación de la esperanza de vida, existe la 

necesidad de mantener las funciones básicas esenciales del cuerpo humano, 

como la masticación, en una calidad óptima, especialmente en la población 

geriátrica. La sarcopenia generalizada es una consecuencia de la vejez, y este 

fenómeno también afecta a los músculos de la masticación.  

Objetivo: Realizando una revisión bibliográfica, el objetivo de este estudio fue 

revisar la anatomía y fisiología de una masticación sana, pero también 

comprender las consecuencias de los factores relacionados con la edad en 

relación con el sistema de masticación. 

Material y métodos:  Utilizando diversas bases de datos como Pubmed, 

Mendeley, Research Gate, Google Scholar, utilizando palabras clave 

relacionadas con nuestro tema con diversos criterios de inclusión y exclusión 

para la selección de artículos. 

Resultados: La revisión de los diferentes componentes del sistema de 

masticación y más concretamente de los músculos utilizados durante la 

masticación, aportó la información necesaria para comprender los efectos 

fisiológicos de un sistema masticatorio sano y envejecido. Era importante 

diferenciar entre los subtipos de la población anciana. Un sujeto anciano sano 

se define como alguien sin patologías generales y con una buena salud oral. 

Los pacientes sanos de más de 65 años presentan un rendimiento masticatorio 

similar al de los pacientes más jóvenes. Esto difiere mucho de un paciente que 

presenta varias enfermedades sistémicas, polimedicados, con una mala salud 
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bucal a los que les suelen faltar grandes tramos de dientes, y que sufren 

dolores dento-bucales. 

Conclusiones: Existe una disminución significativa del rendimiento muscular 

masticatorio observada exclusivamente en la población geriátrica no sana. Esto 

puede explicarse por los factores relacionados con la edad que provocan un 

deterioro de la masticación: la pérdida de dientes es el principal factor clave, 

seguido de la xerostomía y de las enfermedades generalizadas que se 

observan con frecuencia en la población anciana, como el Alzheimer, el 

Parkinson y los accidentes cerebrovasculares. Los pacientes ancianos 

dentistas presentan pocas disfunciones de la masticación.  En cualquier caso, 

el sistema de masticación encuentra constantemente métodos de adaptación a 

las consecuencias de su propio envejecimiento. 
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Introduction 

As children, we learn to live by imitating other people’s movement. This notion 

includes various basic and functional movements such as eating, masticating 

and proper phonation. The process manifests itself first when the teeth erupt 

followed by the development of the masticatory system as a whole. It is 

composed of bones (mainly mandible and maxilla), muscles (mastication and 

auxiliary muscles) and the temporomandibular joint (TMJ). It is innervated and 

irrigated and operates under neural control (1). 

According to the Oxford Dictionary of Dentistry, the process of chewing food 

occurs in three phases: the first being incision of the food, the second 

corresponds to chewing of the bolus and final stage is swallowing (2). It involves 

several movements of the mandible controlled by the mastication muscles. It is 

a group of muscles which act together to produce coordinated movements of 

the mandible during function. They are innervated by the 3rd branch of the 

trigeminal nerve: the mandibular portion (1,2,3).  

It is therefore wise to ask ourselves the following question: To which extent 

does ageing affect the masticatory system?  

The elderly population is a very interesting epidemiological profile that is quickly 

increasing thanks to an increased life expectancy. For example, in Spain, the 

average life expectancy is valued at 83,0 years old being the best ranking in 

Europe (after Bulgary) (4).  As people live longer, the challenge for maintaining 

an optimum quality of life is ever present. WHO encourages the ‘process of 
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growing older without growing old through the maintenance of physical, social, 

and spiritual activities throughout a lifetime (5). However, there are many 

impediments to achieve that goal. For example, the inability to perform a vital 

function such as eating. The deterioration of the mastication system can 

produce a very big and negative impact on the quality of life of the patient (6,7). 

The consequences can be functional, nutritional and psychological. First, 

functional because we can observe a generalised decline in total body mass 

and more specifically in the cross-sectional areas of mastication muscles as 

well as bite force (6,8). In addition, deficient masticatory capacities result in 

nutritional consequences because patients usually suffer from malnutrition and 

involuntary weight loss due to inadequate food intake. (8,9)  And finally, it is 

important to mention the negative psychological impact on the patient. Many 

examples illustrate this notion: reduced appetite and/or pleasure when eating; 

aesthetic facial changes such as fall of tip of nose or double chin due to 

slackening of the muscles depressing the mandible. The confidence of the 

patient is compromised and so forth is the quality of life. The elderly population 

usually presents additional factors such as tooth loss, prothesis rehabilitation, 

hypotrophy of the mastication muscles which lead to a decline in the efficacy of 

chewing. Overmore, this population is also more likely to suffer from other 

concomitant degenerative diseases such as Parkinson’s and Alzheimer’s(10–

12). Neurodegenerative diseases cause motor alterations that affect the 

musculoskeletal system. On one hand, the former describes a dysfunction in 

the central nervous system affecting synaptic connections leading to sensori-

motor loss(13,14). On the other hand, the latter impedes cognitive functions of 
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the patient often resulting in reduced dysfunctional mastication. Such dementias 

counterfeit the autonomous life of patients (11). 

In addition, it is important to note that the geriatric population is the one most 

affected by cerebrovascular accidents. Indeed, the incidence of strokes 

increases with age in both sexes with approximately 50% of strokes occurring in 

people over the age of 75.This disease also takes its toll on the masticatory 

system by inducing trauma on the TMJ, the muscles and the teeth (15). 

In this study, we are trying to understand the mechanisms of physiological 

ageing of the mastication muscles, determine the risk factors that lead to a 

reduced mastication and finally elaborate the clinical handling of such situations 

in the dental office.  

1.	Mastication	muscles	anatomy	

The mastication muscles include the temporalis, the masseter, the medial 

pterygoid (elevating the mandible) and the lateral pterygoid (depressing the 

mandible). It is important to describe the shape, the origin and insertion of each 

of those muscles as it subsequently defines its function and role in the 

masticatory system (16). 

The temporalis muscle is wide, flat and fan shaped. Its superficial portion takes 

origin in the temporal fascia superior to the temporal line, while its deep portion 

originates in the temporal fossa inferior to the temporal line. The insertion of the 

temporalis muscle is found on the coronoid process of the mandible and 

anterior margin of the mandibular ramus. The movements allowed are mainly 

elevation of the mandible, followed by retraction and additionally unilateral 
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contraction lateral movement. It is innervated by the deep temporal nerves of 

the mandibular portion of the trigeminal nerve (16,17). (Figure 1). 

The masseter muscle is considered the most powerful for mastication. It 

presents a quadrangular shape and overlies the lateral surface of the ramus of 

the mandible and extends until the zygomatic arch. We can differentiate three 

portions: superficial, middle and deep layers all originating and inserting in 

different regions. It is innervated by the masseteric branch of the mandibular 

nerve (1,16). (Figure 2). 

 

Figure 1 and 2. Location and shape of the temporalis (figure 1) and masseter 
(figure 2) muscles. 
 
The lateral pterygoid muscle is located well into the infratemporal fossa. It is of 

quite small size. We can distinguish two heads. The superior head originates in 

the infratemporal surface and infratemporal crest of the greater wing of the 

sphenoid while the inferior head takes origin in the lateral surface of the lateral 

pterygoid plate. Both heads also have different insertions. The superior head 

inserts in the TMJ capsule while the inferior head inserts in the anterior surface 

of the neck of the mandibular condyle. The movements performed by these 
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muscles include protrusion, depression as well as protective prevention of 

excessive backward movement. It is innervated by the lateral pterygoid nerve of 

the mandibular portion of the trigeminal nerve (1,17). (Figure 3). 

The medial pterygoid is larger when compared to the lateral pterygoid muscle. 

The former has a quadrilateral shape and is isolated by a fibrous aponeurosis. 

Similar to the lateral pterygoid, the medial pterygoid muscle is also formed by 

two heads. The superficial small component origins in the maxillary tuberosity 

whiles the deep major component originates in the medial surface of the lateral 

pterygoid plate. Both heads of the medial pterygoid muscle insert in the angle 

and ramus of the mandible. For the most part, the action it is primarily 

responsible for performing is the elevation of the mandible. On the other hand, it 

also assists movements such as rotation forward and to the opposite side as 

well as side to side movements. It is innervated by the medial pterygoid nerve, a 

branch of the mandibular nerve (1,16) (Figure 3). 

Figure 3. Location of the lateral and the medial pterygoid muscles 
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2.	The	masticatory	reflex	

The masticatory reflex is the chief motor control of the mastication muscles. It 

works as a continuous cycle. Foremost, when food enters the oral cavity, its 

sensibility increases thanks to the trigeminal nerve triggering the inhibition 

reflex. This reflex allows for the elevating muscles of the mandible to relax 

meanwhile contracting the muscles responsible for depressing the lower 

mandible. Subsequently, the jaw drops activating the stretch reflex through 

trigeminal proprioceptors. This prompts the activation of the mastication 

muscles: elevation muscles contract while depressing muscles relax therefore 

closing the jaw. This cycle is repeated until bolus is of adequate consistency 

and afterwards swallowed thereby ending the cycle (1). (Figure 4).  

Figure 4. The masticatory reflex 
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Objectives of the study: 

Principal objective: To understand the physiological anatomy and physiology 

of mastication muscles and the impact of ageing on the masticatory system. 

Secondary objective: 

• To determine and understand the mechanisms of the risk factors and 

concomitant diseases such as neurodegenerative diseases that contribute to 

the increase of loss of function of the mastication muscles related to frailty. 

• To determine the clinical handling of such situations in the dental clinic.  

 

Materials and methods:   

Performing a literature review using international database websites such as 

PubMed, Research Gate, Mendeley and Google Scholar, I searched keywords 

related to mastication muscles and ageing. I also reviewed bibliography from 

subjects taught during previous years of the dentistry degree at the university 

such as ‘Anatomy of the Head and Neck’ and ‘Physiology of the Stomatognathic 

system. Key words included: masticatory muscles; masticatory system; bite 

force; masticatory performance; mastication impairment ageing; elderly; old 

patients; frailty; age related factors; tooth loss; xerostomia; saliva; degenerative 

diseases; Parkinson’s disease; Alzheimer’s disease. The research was 

conducted in English, French and Spanish. Once the selection of the 

documents in the databases had been carried out, the inclusion and exclusion 

criteria were used to select the articles. We excluded all articles dating prior to 

2001 limiting our bibliography to the last 20 years. Articles were excluded 

because sometimes they were in different languages, others presented 
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irrelevant text content and others simply because of the lack of free access to 

full text. The oldest article dates to 2001 describing the mandibular division of 

the trigeminal nerve. Only one article dating back to 1995 was included, it 

described the ageing of human muscle in structure, function and adaptability. 

This was relevant as it was supportive material to various notions of our subject.  

Articles about both human and animal subjects were included. 

 

Discussion:  

1.MASTICATORY SYSTEM COMPONENTS 

1.1	Muscles	

Healthy mastication functions as a whole system working effortlessly. It is 

composed of five groups of muscles according to their respective functions. 

Each group functions in pairs: one for the right side and one for the left side of 

the face:  

• Primary muscles of mastication: they are the muscles most responsible for 

movements of the lower jaw. They include the masseter and the temporal 

muscle responsible for closing of the mandible when chewing; in addition, 

the medial pterygoid is also responsible for closing the mandible but also for 

lateral movements; and finally, the lateral pterygoid whose main function is 

opening the mandible, lateral movements and anterior protrusion.  

• The accessory muscles of mastication directly associated with mandibular 

bone: the digastric, the geniohyoid, the mylohyoid, the omohyoid, the 

sternohyoid, the sternothyroid, the stylohyoid and the thyrohyoid muscles. 
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The muscles also work in pairs depending on the side of the body (left and 

right).  Their main function isthe full and effortless coordination of mandibular 

movements of closing and opening through their attachment to the lower jaw 

and other bones.  

• The accessory muscles of mastication that are indirectly associated with 

mandibular bone: mainly the sternocleidomastoid, the anterior, medius and 

posterior scalenus muscles. Their main location is the cervical area. Their 

attachments include the temporal bone, the sternum, the clavicle and some 

vertebrae. Their main function is movement coordination of the mandible in 

relation to the skull. 

• The extrinsic muscles of the tongue used to elevate, depress, protrude and 

withdraw the tongue in order to move the bolus around the oral cavity. 

• The intrinsic muscles of the tongue which permit the tongue to create 

shapes and move from one side of the jugal mucosa to the other. 

The mastication system moves regarding a tridimensional plane and all groups 

of muscles must work simultaneously with the movement of the mandibular 

bone and the TMJ for achieving healthy function (18). 

	

1.2	Temporomandibular	Joint	

According to Langlais Color Atlas (19), the temporomandibular joint (TMJ) is 

composed of the condylar head and neck, the disk and the joint capsule. The 

disc has an hourglass shape, is made of fibrous cartilage and is located above 

the condyle and below the glenoid fossa. The joint capsule holds in the articular 
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disc embedded in synovial fluid. It is attached posteriorly to the joint capsule, 

superiorly to the temporal bone, inferiorly to the posterior condyle, and anteriorly 

to the capsule and external pterygoid muscle. During opening, the condyle first 

“rotates” in the glenoid fossa then “translates” as the mouth opens wider. Upon 

normal maximum opening, the condylar head approximates the articular 

eminence of the base of the skull. 

1.3	Reminder	on	muscular	tissue		histology	

We will only talk about the striated muscle tissue which consists of 4 

components: muscular, conjunctive, vascular and nervous. We will recall only 

the muscular and the nervous components. 

Muscular component  

The body of the striated muscle is connected to the skeleton by tendons. It is 

made up of bundles of muscle fibers, one muscle fiber corresponding to a 

muscle cell called rhabdomyocite. The cytoplasm of these cells, called 

sarcoplasm, contains myofibrils. Each myofibril consists of an alignment of 

elementary contractile units called sarcomeres (figure 4) (1,17,20) 
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Figure 4.   Muscle components 
 
 

There are 2 types of fibres differentiated according to the richness in glycogen, 

mitochondria and myoglobin (myoglobin captures and fixes oxygen before 

transmitting it to the mitochondria). First, we will talk about the red fibres type I. 

They are rich in mitochondria and myoglobin but poor in glycogen. They have 

an aerobic function. Their fatiguability is low and their contraction is slow; they 

are found in the postural muscles found in the back, the abdomen and the 

pelvis. On the other hand, white fibres also known as type II, are rich in 

glycogen and poor in mitochondria and myoglobin. Their functioning is 

anaerobic, their fatiguability is high and their contraction is rapid. They are 

found in the phasic muscles (muscles that relax and contract during a certain 

time lapse generally for movement) (1,17,20) 

Nerve component: 

The motor innervation of each muscle cell is provided by a motor nerve fiber 

from an alpha motor neuron whose cell body is located in the anterior horn of 
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the spinal cord. The motor neuron sends out an axon whose endings each 

synapse at a neuromuscular junction or motor plate. A motor neuron can 

therefore control several muscle fibers via the terminal axonal arborization. A 

motor neuron for several muscle fibers constitutes a motor unit (1). (Figure 5). 

 

Figure 5. Histological modifications of the mastication muscles due to ageing. 

It has been proven by various studies (8,9,21) that a generalised reduction in 

skeletal muscle mass was observed in the geriatric population. Sarcopenia, 

which is by definition a geriatric problem, also affects the muscles of the 

orofacial sphere. Generally speaking, the studies show:  

• Atrophy of the masticatory muscles: with reduced muscle surface area, loss of 

muscle density with infiltration of adipose tissue and connective fibres, 

especially in the masseter and medial pterygoid (NEWTON et al). 

• A generalised muscular force decreases in the geriatric population observed 

via a study showed by Yamaguchi and Al (9). It proved that grip strength can 

be used as a direct indicator of skeletal muscle mass and masseter muscle 
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mass. The study included a sample of 489 elderly individuals aged over 85 

years old. They observed that grip strength and masticatory muscle strength 

decrease similarly with ageing, and more so in men than women. This could 

be explained by the effects of hormones such as growth factor and 

testosterone. Overmore, a study by Galhager (22) using total body potassium 

(TBK) as an indicator of skeletal muscle mass showed a significant decrease 

of TBK in the elderly population compared to the younger population. 

• An extension of the contraction time due to the decrease in type II fibres in 

favour of type I fibres (slow contraction). The hypothesis is that it is either a 

disappearance or atrophy of type II fibres or a transformation of these fibres 

into type I. 

• An extension and loss of motor units that reduce muscle activity: A study by 

MM Porter and Al proved that the motor units slow down the conduction of 

nerve impulses, particularly in the distal regions of the axon. The size of the 

motor units increases with age, so there are more muscle fibers in a motor 

unit (21) 

A study by Yamaguchi and Al also proved that tooth loss has a stronger link to 

masticatory system degeneration than ageing itself (9) 

The ageing of the masticatory muscles therefore seems to have an impact on 

the masticatory capacities of the elderly. 

A study by Cicek (23)investigated biochemical, physiological and histological 

masticatory muscle age-related changes. Their main focus concerned matrix 

metalloproteinase-2 (MMP-2) and type I collagen found in the masseter and 
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temporal muscles of elderly and young mice. MMPs are enzymes regulated by 

the presence of ionic calcium. They are responsible for various important 

functions such as the release of growth factors and growth factor receptors, cell 

proliferation regulation. Overmore, they actively break down extracellular matrix 

components rendering cellular regeneration easier. It was found that that 

calcium levels in masticatory muscles of young mice were significantly higher 

than old mice. It was also noted that MMP levels were higher in the masseter 

and temporal muscles of adult mice than those of young mice This can be 

interpreted in the following manner: in order to have proper regulation for growth 

and tissue proliferation, MMPs and extracellular matrix proteins (such as 

calcium) must work hand in hand to achieve balance. If harmony is not 

achieved, there is tissue pathology, and an intensive increase of MMP-2 levels 

is observed resulting in tissue destruction. MMPs play a pivot role in the 

development of fibrotic lesions. MMP-2 influences new muscle fibre formation 

by promoting and enhancing degradation of collagen (24). Indeed, when the 

rate of breaking down of collagen by MMPs is lower than the production of 

collagen, the latter accumulates in extracellular connective tissue (25) . MMP-2 

influences new muscle fibre formation by promoting and enhancing degradation 

of collagen. Collagen type I represents over 90% of all collagens found in the 

body, it is the most frequent type of collagen. The amount of collagen found in 

the extracellular matrix of masticatory muscles increases with age. Using 

Masson’s trichome staining, it was reported that the masseter muscle showed 

higher staining than the temporal muscle. The former being the most powerful 

muscle of mastication. In this study, it was found that old mice presented 

samples containing more fibrotic lesions which contain high amounts of 
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collagen. In other words, the total density of collagen in mastication muscles 

was reportedly higher in adult mice than young mice. This can be explained as 

a defence mechanism of the body in order to minimise functional muscle loss 

due to reduced levels of collagen type IV in the muscle mass due to ageing. 

Overmore, they observed a decrease in the level of muscle mass and increase 

of connective tissue surrounding the muscles rich in collagen type I and low in 

innervation and vascularisation due to high levels of MMP-2. Lastly, during 

histological findings on eosin and haemotoxylin staining, masticatory muscles of 

young mice proved large nuclei as well as small cytoplasm amount and sizeably 

larger cells. However, in comparison, in adult mice muscle fibers, the nuclei 

were smaller, the cytoplasm amount was bigger, and the cells were visibly 

smaller in size. Furthermore, an increase of necrotic muscle fibers was 

observed in adult mice. In addition, vascularisation of young muscle fibres is 

considerably higher whereas old muscle fibres of masticatory muscles showed 

shrinking of blood vessels due to ageing. Finally, we can safely state that aged 

muscle fibres of mastication are less healthy in appearance, less functional in 

regulatory processes, experience more degeneration thereby rendering them 

less effective concerning masticatory function (23). 

 

2. AGEING AND THE MASTICATORY SYSTEM 

In order to review age related changes to the masticatory system, it is important 

to differentiate between our subjects.  

A study by Peyron divided the geriatric population in 3 categories (8) 

•  the young old aged 60 to 65 years old. 
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• The middle old aged 70 to 75 years old. 

• The very old aged 80 to 85 years old. 

 

Some parameters of mastication ability are slightly influenced by age, however 

age-related factors such as tooth loss, hyposalivation, and systemic diseases 

play more key roles in mastication impairment. Therefore, we will differentiate 

between two groups of patients. The healthy ageing category including subjects 

in the young and middle aged old groups with most of their teeth and no 

systemic or chronic diseases impairing mastication; and the very aged 

population presenting critical dentition states and poor general health where 

mastication disorders are frequently observed. 

 

2.1	Healthy		Ageing	

A study by Peyron (6) and al examined the influence of ageing upon 

mastication. The population included subjects missing 1 or 2 teeth replaced by 

adequate fixed bridges and  therefor considered to have a complete dentition. A 

mean increase in the total number of cycles was observed.  Indeed this 

accounts for an increase of 3 cycles every 10 years of life or a 50% increase in 

the total number of cycles from 25 to 75 years old. However, the increase in the 

duration of cycles was only observed for early mastication phase and not middle 

or last phases. The mean EMG bursts of temporalis and masseter muscles 

remain constant with age. This could be explained by the fact that the 

proportion of motor units used compared with the total amount of  motor units 

available increases with age. Mandibular closing muscles of older people 

therefore seem to be working closer to their maximum capacity than that of 
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younger people. Although the total amount of EMG activity needed to prepare a 

bolus of food increases with age, it is independent of the hardness of food. The 

authors observed an approximately identical increase in amount of individual 

cycles with test foods increased in hardness in all subjects independently of 

their age. In sum, this portrays obviously the ability of adaptation in the healthy 

elderly. Only minor adaptations are needed to compensate for physiological 

changes such as increase in number of cycles needed to prepare a bolus of 

food ready for swallowing. It seems that the presence of a complete dentition 

conditions the preservation of a well functioning masticatory system, more so 

than ageing itself . 

However, it would be wrong to categorically dissociate ageing and masticatory 

disorders.  Ageing is frequently associated with local and/or general diseases, 

decrease in general state of health and decrease in oral health (tooth loss, 

hyposalivation, sensory-motor impairement). The consequences of old age are 

responsible for masticatory impairment. 

	

2.2	Age	related	risk	factors	of	masticatory	system	impairment	

2.2.1	Tooth	loss	

Masticatory ability and dento-buccal state are closely related. Indeed, a lack of 

oral hygiene associated with systematic diseases, drug intake, socio-economic 

factors and difficult access to dental care is an ongoing problem concerning the 

geriatric population.   Tooth loss and larger edentulous areas increase with age. 

Chewing and mastication difficulties manifests along with tooth loss. Indeed a 

study shows that when 20 teeth are present per arcade, the masticatory 



 25 

performance is satisfactory. Starting 7 missing teeth per arcade, difficulty in 

chewing and mastication arise. 

Dentition state and masticatory function are closely related. Indeed, Muller and 

al considered maximum bite force as a key factor in masticatory performance.  

A study Nozomi and Al examined the relation between tooth loss, low 

masticatory ability and nutritional indices in the elderly population. 3134 

subjects were chosen with a median age over 71. The maximum occlusal force 

was used as a measurement index of masticatory function. It was proved that in 

both males and females, the maximum occlusal force significantly decreased 

with the number of teeth (26) 

A study by Yamaguchi et Al investigated the relationship between ageing, 

skeletal muscle mass, masseter muscle thickness (MMT) and tooth loss in the 

elderly population. It was confirmed that tooth loss was greater indicator of MMT 

than skeletal muscle mass. In the elderly population, MMT in the edentulous 

patients was found to be smaller than dentate patients (9) 

A study conducted by Zang et Al analysed masticatory disability scores (MDS) 

in 2 groups of patients. The first category included subjects with 10 or more 

natural teeth in each jaw; the second category included subjects with less than 

10 natural teeth in each jaw taking. The authors took into account factors such 

as age and prosthesis use. They concluded that age itself did not contribute to 

chewing difficulties. Indeed, the main factors were age-related: maximum bite 

force and salivary flow, both decreasing with age. Results show that in the first 

category, patients reported minor chewing difficulties and that factors such as 

age and dentition state play little to no role in MDS. However, in the group with 
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less than 10 natural teeth in each jaw, age appeared to be a key factor. 

However, when they included the dentition status in the second category and 

more specifically took into account molar and premolar regions, they noticed 

that MDS scores increased significantly. It was concluded that a sufficient 

premolar region in subjects with critical dental status was closely associated 

with masticatory difficulties. Indeed, the presence of three to four premolar pairs 

appear to be crucial in chewing performance (27).  

Overmore, another study proved that masticatory performance values increase 

after dental treatment. Indeed, a study measuring MMT values in completely 

edentulous patients at the time of prosthetic dentures rehabilitation insertion 

and 3 months follow up showed significantly increased MMT values. However, 

MMT were still higher in dentate patients (28). In addition, a study by Goncalves 

and Al examined the subject of mastication improvement after partial implant-

supported prosthesis use. Similar to previous authors, they used maximum bite 

force (MBF) and MMT as an indicator for masticatory ability. They came to the 

conclusion that MBF significantly increased after prosthetic rehabilitation. MMT 

increase was also observed during contraction after implant insertion. They 

found higher values with implant fixed dental prosthesis and implant supported 

dental prosthesis than removable partial dentures in partially edentulous 

patients (29). Another study showed that teeth rehabilitated with dental 

prosthesis compensate for decreased masticatory ability for to  50%  compared 

to intact dentition (27) 
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2.2.3	Xerostomia	

The geriatric population is one that is most affected by xerostomia. This is 

defined as the subjective feeling of having dry mouth(30,31). Xerostomia is 

listed as a side effect in a wide range of medication used by the elderly 

population to treat chronic and systemic illnesses such as diuretics, beta 

blockers, antihistamines, anticonvulsants, etc.  (30,32)The healthy human body 

produces 1-1,5L of saliva each day. Saliva plays a crucial role in the mastication 

process and is responsible for various basic functions in: 

processing of food: such as lubrication of the bolus, chemical digestion and 

gustatory functions 

Protective functions: lubrication and protection of the mucousa, physical and 

mechanical cleaning, control of the microbiota in the oral cavity 

Regulatory functions: maintaining the pH, tooth integrity and homeostasis 

control (1). 

 
Since saliva has so many capital functions in the stomatognathic system, it is 

only logical that its disruption influences the masticatory process negatively. It 

has been proven that in a healthy masticatory system, chewing increases 

salivary output. A study by Bourdiol et Al (33)tested the effects of chewing 

during non-feeding conditions (at rest and on parafim) and feeding conditions 

(meat chewing) in two groups of young and old adults. Their findings suggest 

that age itself has little influence on salivary flow during non-feeding conditions. 

Results of parotid saliva flow and whole saliva flow of old adults are within the 

same range than that of young adults. Overmore they observed a more 
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important salivary flow during chewing in old adult. This could be explained by 

decreased bite force and longer chewing periods used as a form of adaptation. 

In addition, they observed higher salivary flow rates when chewing meat 

compared to parafilm in all ages. This is yet another adaptation method of the 

masticatory system facing different food textures (33). However, it is important 

to remind the readers that these results only apply to subjects still capable of 

healthy mastication. With less intact teeth present in the oral cavity, it becomes 

harder to stimulate the salivary glands and less saliva is present for producing 

an adequate food bolus ready to be swallowed (8). 

A study by Hyo-Jung Kim  et al (31) investigated the effects of a simple oral 

exercise (SOE) performed 2 minutes before meals in elderly patients of over 65 

years of age. The exercise included stretching of the tongue in upwards, 

downwards, right and left directions. Overmore, it included the stimulation of the 

oral vestibule and buccal mucosa. The SOE documented a decrease in 

performance time, improvements in mastication, salivation and swallowing 

functions and an increase in unstimulated flow rates. The improvements were 

observed immediately but also maintained after a 1 week follow up. It is 

recommended that elderly patients with masticatory disorders perform the SOE 

prior to each meal (31).  

 

2.2.4	Parkinson’s	disease	

It is a chronic neurodegenerative disorder, with a slow and progressive 

evolution, affecting the central nervous system, and which is responsible for 

essentially motor disorders (34). Parkinson’s Disease (PD) is the second most 
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common neurodegenerative disease after Alzheimer's disease (35). The 

disease is characterised by the loss of black matter neurones. These neurones 

have the function of making and releasing dopamine. This substance is a 

neurotransmitter that is essential for controlling the body's movements. Several 

biological processes are suspected to lead to neuronal loss such as 

mitochondrial dysfunction, apoptosis, accumulation of proteins toxic to neurons, 

oxidative stress, etc (36). 

The symptoms of Parkinson's disease are as follows (the triad): 

•  A slowness of movement 

•  Unilateral resting tremor, which affects the limbs more frequently. Usually, the 
head is spared, but the tongue, lips, jaw, and the upper jaw, with the chin may 
be affected. 

•  Muscle stiffness. 

The oral health of these patients may decline rapidly due to tremors, muscle 

rigidity and cognitive deficits. Parkinson's patients have an impassive facial 

appearance due to a reduction in the movement of the facial expression 

muscles. The triad of symptoms induces orofacial pain, temporomandibular joint 

discomfort, cracked teeth, attrition, and can lead to difficulties in controlling and 

retaining dentures (34). Parkinsonian patients, as the disease progresses, 

describe more and more difficulties in speaking, chewing and swallowing (37). A 

study by BAKKE (38) showed by comparing two groups of elderly people (one 

group with Parkinson's disease and a control group without) that orofacial 

dysfunction was more widespread in the group of Parkinson's patients, chewing 

and mouth opening were poorly performed. The study also showed that the 

impact of oral health was more negative in Parkinson's patients than in the free 
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patients. The progression of the disease aggravates facial and dental problems. 

BAKKE (38) asked the affected group to describe their masticatory capacity; 

these patients described it as poor and that it decreases with disease 

progression. Indeed, the time for eating meals is greatly prolonged due to: 

• Difficulty in getting food to the oral cavity 

• Slow chewing 

• With less tongue movement: the food bolus is very slow. 

• propelled backwards 

• Difficulty swallowing due to pharyngeal motor deficit. 

 

2.2.5	Alzheimer’s	disease	

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that 

affects many of the cognitive functions necessary for a person's independence 

and quality of life. Symptoms most often appear after age 65. The prevalence of 

the disease increases strongly with age. Alzheimer's disease is the most 

common form of dementia in the elderly (11). Symptoms worsen as the disease 

progresses and three stages are described (39): 

- Mild dementia stage: presence of frank amnestic syndrome affecting 

mainly short-term, episodic and semantic memory; loss of object 

awareness; recognition disorder. Procedural memory is preserved. 

 

- Moderate dementia stage: more significant memory problems; 

comprehension and language problems; agnosia; inability to perform 

certain daily activities such as dressing; loss of the ability to coordinate 
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movements; psychobehavioral problems (thinking, mood and 

perception). 

 

- Severe stage of dementia: all memories are affected, motor disorders 

that lead to a loss of walking, difficulty eating, sphincter disorders, spatio-

temporal disorientation (total loss of autonomy); 

The relation between dementia and masticatory function have been largely 

investigated in a range of epidemiological and neuroscientific studies. For 

example: a study by Onozuka et al (40) observed during mastication increased 

cerebral blood flow in various regions of the brain (motor and supplementary 

motor area, sensory area, insula, thalamus and cerebellum) during mastication 

(40).In addition, various studies proved that tooth loss is a risk factor for 

developing all cause dementia  and AD (41,42). It has also been proved that 

asymmetrical performance of mastication muscles (due to loss of masticatory 

reflex, loss of teeth) causes trigeminal nerve unbalance resulting in cognitive 

functions impaiment. In addition, restoring occlusal harmony and therefor 

restoring adequate trigeminal afferent activity leads to cognitive improvements 

(43). Overmore, the decrease in bite force and tooth loss have been related to 

the development of dementia in older people. Chewing activity and bite force 

are associated with cognitive function, as mastication is important for neural 

stimulation in the cerebral cortex (44). And finally, hardness of food curtails 

cognitive deterioration (45). 

Indeed, impaired mastication leads to cognitive deficit, malnutrition and disrupts 

the performance of activities of daily living.  Patients with cognitive deficit and/or 
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loss of physical abilities are more likely to have poor oral hygiene and impaired 

masticatory function. Other factors may influence both cognitive and 

masticatory functions such as age, socioeconomic status, wearing dentures or 

not, presence of orofacial pain... 

2.2.6	Stroke	

Stroke is a sudden neurological deficit of vascular origin caused by an infarction 

or haemorrhage in the brain, resulting in a lack of oxygen to the nervous 

system. Signs of a stroke include: 

- A deformity of the mouth on the affected side 

- Weakness on one side of the body (arm or leg) 

- Speech problems 

 

Ageing is regarded as the most important predictor of stroke incidence and 

mortality, and thus, their rates increase by age. 88% of global strokes occur 

above age 65 years, 72% of which is > 75 years (46). 

 

It is interesting for us to review the effects of a cerebrovascular stroke in relation 

to mastication muscles. A study by Schimmel et Al (47) demonstrated  that 

maximal bite force does not vary significantly between stoke and non-stroke 

patients.  Overmore, it was noted that the effects of a stroke on masticatory 

muscles is trivial compared to that of limb and facial dysfunction.  This could be 

explained by the bilaterality of the trigeminal nerve motor neurone control. 

However, the authors observed a significant decrease in maximum lip force and 
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chewing efficacy. Bite force is distinguished from these two factors as it is 

chewing uses only a fraction of the available maximum bite force (47). 

 

A study by Umay (12) investigated the consequent dysphagia that occurs in stroke 

patients compared to healthy patients. They found a significant decrease in motor 

action potential (MAP) of perioral and swallowing muscles including the orbicularis oris, 

the masseter and the intrinsic tongue muscles. Muscles involved in the oral phase of 

swallowing are in coordination with one another meaning that the impairment of one of 

them can have consequences on the whole swallowing system. Masseter muscle 

weakness can result in masticatory impairment, mandibular instability and even 

increase risk of aspiration. Minor structural changes only start occurring 4 hours 

after the stroke incident has happened. After 1 week, it is common to notice 

consequential muscle atrophy in big muscles (even in non-affected extremities) 

but also in small swallowing muscles up to 30 days after the stroke. In addition, 

it is possible to observe at least 16% muscle strength loss after 10 days of 

immobility. Overmore, previous studies state that long term irreversible changes 

occur in affected muscles such as atrophy, reduction of cross-sectional fibre 

areas and finally an increase in intramuscular fat deposition (12) 

 

3. CLINICAL HANDLING 

Geriatric patients require more complex measures of prevention, 

intervention and oral health rehabilitation. In order to maintain a well-

functioning masticatory system in the elderly population, it is important to 

keep a good oral health. The oral cavity of patients must be evaluated 

using the WHO oral assessment objective and standardised dental tests 
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and indices (4th and 5th edition)(26,48,49). Teeth affected by carries 

must be adequately restored as to have proper occlusion with the rest of 

teeth.  Teeth and gums diseases lead to permanent tooth loss, which as 

aforementioned, plays a crucial in fighting against masticatory 

impairment. According to a report of Andrade et al. (2012) 97,7% of the 

elderly need oral prosthesis. It was proved by various studies that teeth 

rehabilitated with dental prosthesis compensate for decreased 

masticatory ability for to 50%compared to intact dentition (27). We must 

differentiate between different prosthetic options to compensate for the 

teeth that have been lost. The use of removable dentures for prosthetic 

rehabilitation is very common in the geriatric population. In patients with 

masticatory dysfunction, they have been proved to improve performance 

however remaining lower than natural dentition and other prosthetic 

options (28,50,51). Oral rehabilitation with dental implants have shown 

distinct better results in improving masticatory function in edentulous 

patients (50–52). This could be explained by an increase in stability and 

retention provided by the implant fixation in the bone and an increase in 

the patient adaptation and psychological acceptability.   

Hygiene instructions must be repeated to the ageing patient. Generally 

because this type of patients has difficulty assimilating and remembering 

large quantities of information. The information given must be explained 

simply and spread through different appointments. 
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Conclusion 

The mastication system appears to age slowly and progressively in the absence 

of general pathologies and the functional consequences only appear very late. 

In a healthy aged mastication, masticatory muscles undergo histological, 

physiological and biochemical changes displaying the consequences of muscle 

atrophy. Sarcopenia is not exclusive to the masticatory muscles and are 

generalised in the whole body (grip strength, appendicular force). However, the 

results of chewing performances of health old adults and healthy young adults 

are similar. Therefore we can safely then state that ageing itself has little 

influence of masticatory impairment. 

The risk factors related to growing old include bad oral health, tooth loss and 

xerotomia. The most influential being tooth loss. Neurodegenerative diseases 

such as Alzheimer’s, Parkinson’s and strokes are also considered age-related 

risk factors for masticatory impairment. Overmore, cognitive functions and 

mastication appear to be associated.  

Good oral and general health is essential to help the ageing masticatory system 

function properly. It is then obvious to ensure an adapted management and a 

regular follow-up of the oral health of the elderly, not only at the time of the 

appearance of general pathologies but also in the patient until then autonomous 

which show the first signs of frailty.  
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RESPONSIBILITIES 

The geriatric population is increasing in the world, and so are the dental 

conditions related to ageing such as tooth loss, caries incidence, gingival 

recession, loss of structure of the periodontium, etc. There is need to maintain 

the health and wellbeing of the elderly patient in order to keep adequate oral 

functions such as nutrition and phonation. The review of articles provided by 

this study allows the reader to gather knowledge regarding the consequences of 

ageing on the masticatory system. Regarding social sustainability, this paper 

helps clinicians have an overview of the situations regarding masticatory 

impairment. This allows the dentist to perform an easier and faster diagnosis, 

be more prepared to face such disorders in the dental clinic and to ultimately be 

able to improve the quality of life of the patient.  

Since tooth loss is the principal risk factor regarding masticatory dysfunction, it 

is important to keep the teeth stable on the dental arches. Regarding economic 

sustainability, this will allow the patient to avoid the costly price of dental 

prosthetics. 
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Peyron, Marie-Agnès, Olivier Blanc, James P. Lund, and Alain
Woda. Influence of age on adaptability of human mastication. J
Neurophysiol 92: 773–779, 2004; 10.1152/jn.01122.2003. The objec-
tive of this work was to study the influence of age on the ability of
subjects to adapt mastication to changes in the hardness of foods. The
study was carried out on 67 volunteers aged from 25 to 75 yr (29
males, 38 females) who had complete healthy dentitions. Surface
electromyograms of the left and right masseter and temporalis mus-
cles were recorded simultaneously with jaw movements using an
electromagnetic transducer. Each volunteer was asked to chew and
swallow four visco-elastic model foods of different hardness, each
presented three times in random order. The number of masticatory
cycles, their frequency, and the sum of all electromyographic (EMG)
activity in all four muscles were calculated for each masticatory
sequence. Multiple linear regression analyses were used to assess the
effects of hardness, age, and gender. Hardness was associated to an
increase in the mean number of cycles and mean summed EMG
activity per sequence. It also increased mean vertical amplitude. Mean
vertical amplitude and mean summed EMG activity per sequence
were higher in males. These adaptations were present at all ages. Age
was associated with an increase of 0.3 cycles per sequence per year of
life and with a progressive increase in mean summed EMG activity
per sequence. Cycle and opening duration early in the sequence also
fell with age. We concluded that although the number of cycles
needed to chew a standard piece of food increases progressively with
age, the capacity to adapt to changes in the hardness of food is
maintained.

I N T R O D U C T I O N

The rhythm of mastication is generated by a brain stem
central pattern generator (Dellow and Lund 1971), but its
output is modulated by other parts of the brain and by the
properties of food being processed, including the size, hard-
ness, and texture of the pieces (Lund 1991; Peyron et al. 1997,
2002; Schindler et al. 1998; Thexton et al. 1980). Adaptation of
the motor program to the physical characteristics of the food
leads to changes in the amplitude and duration of electromyo-
graphic (EMG) activity, which in turn alter the duration and
form of specific phases of the cycle (Schwartz et al. 1989;
Thexton and Hiiemae 1997).
Little is known on the effect of aging on masticatory func-

tion. If confounding factors such as missing teeth are taken into
account, aging alone has little impact on the ability of subjects
to reduce food into small particles (Feldman et al. 1980;
Fontijn-Tekamp et al. 2000; Hatch et al. 2001; Wayler and
Chauncey 1983). In addition, the sizes of particles in a bolus
judged to be ready to swallow by the subjects does not vary
with age (Feldman et al. 1980). These findings are surprising

because of the general progressive decline in total body muscle
mass (Gallagher et al. 1997; Porter et al. 1995) and in muscle
mechanical performance (Davies et al. 1986; Harridge et al.
1995) with aging. Furthermore, the cross-sectional areas of the
masseters and medial pterygoids diminish in the elderly (New-
ton et al. 1987), and bite force also falls (Bakke et al. 1990;
Hatch et al. 2001). These changes are accompanied by a
reduction in salivation (Navazesh et al. 1992) and perhaps in
reflex responsiveness (Kossioni and Karkazis 1998; Smith et
al. 1991). Therefore we hypothesized that some age-related
adaptation of masticatory function must occur to maintain
masticatory performance.
Because physiological aging is frequently accompanied by

the loss of teeth and by the development of local and systemic
conditions that also reduce the ability to masticate (Hatch et al.
2001; Helkimo et al. 1977), we chose to evaluate the effects of
physiological aging on mastication in relative isolation. A
sample population of subjects aged 25–76 yr who had almost
all their teeth and who had no evidence of systemic or oral
disease was selected. Masticatory function was evaluated from
the electromyographic (EMG) records of the masseter and
temporalis muscles and from jaw movements recorded during
the mastication of four elastic model foods of standard dimen-
sions that differed in hardness.

M E T H O D S

Subjects

Two advertisements were published in a local newspaper asking
people with complete dentitions to volunteer for the study. The sample
was made of 29 male (mean: 41.8 yr, from 25 to 73 yr) and 38 female
(mean: 42.0 yr, from 28 to 71 yr) French-speaking Caucasians. Seven
males and six females were!50 yr. To recruit an adequate number of
subjects !50, we included those who had one or two missing teeth
replaced by fixed bridges (2 males, 58 and 64 yr old; 3 females 54, 56,
and 70 yr old). The quality of each prosthesis was evaluated, and the
subject was accepted if the replaced tooth or teeth were in proper
contact with those in the other dental arch. All our subjects were
therefore considered to have a complete dentition. The relationship
between upper and lower teeth was normal as assessed by standard
dental criteria (Angle’s class I). None of the subjects had received
orthodontic treatment. They were free of dental pathology such as
caries or periodontal disease. They did not have orofacial pain, and no
evidence of tenderness or joint pathology was detected during the
physical examination. The subjects were not aware of tooth grinding
or excessive tooth clenching. General health was good. None of the
subjects were taking medications that affect muscle function, and
were not regular users of psychotropic drugs. This study was approved
by the Ethics Committee of the Université d’Auvergne.
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Electromyographic activity of masticatory muscles 
in elderly women – a pilot study
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Objectives: To evaluate the effect of age and chosen factors related to aging such as dentition, 
muscle strength, and nutrition on masticatory muscles electromyographic activity during chew-
ing in healthy elderly women.
Background: With longer lifespan there is a need for maintaining optimal quality of life and 
health in older age. Skeletal muscle strength deteriorates in older age. This deterioration is also 
observed within masticatory muscles.
Methods: A total of 30 women, aged 68–92 years, were included in the study: 10 indivi-
duals had natural functional dentition, 10 were missing posterior teeth in the upper and lower 
jaw reconstructed with removable partial dentures, and 10 were edontoulous, using complete 
removable dentures. Surface electromyography was performed to evaluate masticatory muscles 
activity. Afterwards, measurement of masseter thickness with ultrasound imaging was per-
formed, body mass index and body cell mass index were calculated, and isometric handgrip 
strength was measured.
Results: Isometric maximal voluntary contraction decreased in active masseters with increas-
ing age and in active and passive temporalis muscles with increasing age and increasing body 
mass index. In active masseter, mean electromyographic activity during the sequence (time 
from the start of chewing till the end when the test food became ready to swallow) decreased 
with increasing age and during the cycle (single bite time) decreased with increasing age and 
increasing body mass index. In active and passive temporalis muscles, mean electromyographic 
activity during the sequence and the cycle decreased with increasing age, increasing body mass 
index, and loss of natural dentition. Individuals with natural dentition had significantly higher 
mean muscle activity during sequence and cycle in active temporalis muscles than those wearing 
full dentures and higher maximal activity during cycle in individuals with active and passive 
temporalis muscles than in complete denture wearers.
Conclusion: Decrease in electromyographic activity of masticatory muscles in elderly women 
is related to age, deterioration of dental status, and body mass index.
Keywords: electromyographic activity, masseters, temporalis muscles, masticatory muscles, 
mastication, elderly women

Background
Age-related loss of muscle strength and function may lead to decline in physical 
performance. It results from the loss of muscle mass and the qualitative impairment 
of the muscle tissue with increasing age.1 Similar changes are observed in mastica-
tory muscles. Palinkas et al recorded a gradual decrease in thickness of masseters at 
rest and maximal voluntary contraction (MVC) in a study group consisting of people 
aged �60 years.2 Cecilio et al stated that electromyographic activity of masticatory 
muscles decreases in adulthood with advancing age.3
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Relationship of aging, skeletal muscle mass,
and tooth loss with masseter muscle
thickness
Kohei Yamaguchi, Haruka Tohara* , Koji Hara, Ayako Nakane, Eriko Kajisa, Kanako Yoshimi and Shunsuke Minakuchi

Abstract

Background: Previous studies have reported a relationship between masseter muscle thickness and tooth loss or limb
muscle thickness. However, it is not yet known whether masseter muscle thickness is related to appendicular skeletal
muscle mass, and grip strength. The purpose of this study was to determine which of the two variables—tooth loss or
appendicular skeletal muscle mass index—is more strongly related to masseter muscle thickness, and to identify
a suitable indicator of decreasing masseter muscle thickness in healthy elderly individuals.

Methods: Grip strength, walking speed, body weight, skeletal muscle mass index, tooth loss, and masseter muscle
thickness at rest and during contraction were determined in 97 community-dwelling elderly individuals aged ≥65 years
(men: 44, women: 53). Masseter muscle thickness was chosen as the dependent variable, while age, skeletal muscle mass
index, body weight, grip strength, and tooth loss were chosen as the independent variables. Multiple regression analysis
was conducted using the stepwise regression method.

Results: In men, grip strength was the only independent predictor of masseter muscle thickness at rest. Tooth loss and
grip strength were independent predictor of masseter muscle thickness during contraction. In women, tooth loss was the
independent predictor of masseter muscle thickness both at rest and during contraction, while grip strength and body
weight were the independent predictor of masseter muscle thickness at rest only.

Conclusions: We confirmed that in healthy elderly individuals, tooth loss has a stronger relationship with masseter muscle
thickness than aging and skeletal muscle mass index do. Masseter muscle thickness in both elderly men and women is
also associated with grip strength, suggesting that grip strength can be used as an indicator of masseter muscle thickness
in this population.

Keywords: Aging, Elderly, Masseter muscle, Tooth loss, Skeletal muscle

Background
A generalized reduction in skeletal muscle mass and muscle
strength occurs with aging. However, in elderly individuals,
the influence of tooth loss on weakening of the masseter
muscle—one of the masticatory muscles—must also be
considered. A previous study showed that the masseter
muscle is significantly thinner in an edentulous population
than in a dentulous population [1]. Furthermore, the loss of
masseter muscle mass due to tooth loss is well known [2].
Recent studies have reported a reduction in the

strength of the perioral muscles due to sarcopenia [3].

Sarcopenia, due to aging and other reasons, results in a
reduction in skeletal muscle mass, muscle strength, and
physical function [4]. With regard to reduction in
perioral muscle mass due to sarcopenia and malnutrition,
a 2-year longitudinal study in elderly trauma patients
showed the cross-sectional area of the masseter muscle to
be a better predictor of 2-year mortality than the cross-
sectional area of the psoas muscle. The psoas cross-
sectional area is known as one of the objective indicators
of sarcopenia, but cross-sectional area of the masseter
muscle was shown to be a better predictive marker of
sarcopenia in this study [5]. In addition, a cross-sectional
study in 104 elderly individuals showed that tongue thick-
ness decreases due to undernutrition in this population [6].
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AbVWUacW

BacNJURXQd

ThiV VWXd\ eYaOXaWed Whe efficieQc\ Rf PaVWicaWRU\ c\cOeV b\ PeaQV Rf Whe OiQeaU eQYeORSe Rf Whe
eOecWURP\RgUaShic VigQaO Rf Whe PaVVeWeU aQd WePSRUaOiV PXVcOeV iQ iQdiYidXaOV ZiWh PaUkiQVRQ¶V
diVeaVe.

MaWeULaO aQd MeWKRdV

TZeQW\-fRXU iQdiYidXaOV ZeUe aVVigQed iQWR WZR gURXSV: ZiWh PaUkiQVRQ¶V diVeaVe, aYeUage � SD 66.1 �
3.3 \eaUV (Q = 12) aQd ZiWhRXW Whe diVeaVe, aYeUage � SD: 65.8 � 3.0 \eaUV (Q = 12). The M\RS\VWeP-I
P84 eOecWURP\RgUaSh ZaV XVed WR aQaO\]e Whe acWiYiW\ Rf PaVWicaWRU\ c\cOeV WhURXgh Whe OiQeaU eQYeORSe
iQWegUaO iQ habiWXaO PaVWicaWiRQ Rf SeaQXWV aQd UaiViQV aQd QRQ-habiWXaO PaVWicaWiRQ Rf PaUafiOP M�.
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ementia can be defined as a clinical syndrome
characterized by a cluster of symptoms and signs mani-
fested by difficulties in memory, disturbances in language
and other cognitive functions, changes in behaviors, and
impairments in activities of daily living. Alzheimer’s dis-
ease (AD), which is named after the German psychiatrist
Alois Alzheimer, who first described this disorder more
than one century ago, is the most common cause of
dementia, accounting for up to 75% of all dementia cases.
Alzheimer’s disease is a progressive neurodegenerative
disorder. During the last a few decades, research in epi-
demiology of dementia and AD has made tremendous
progress. In this review, we briefly summarize the major
findings from the recent epidemiologic studies of AD
concerning occurrence (global prevalence, incidence, and
impact), determinants (risk and protective factors), and
possible strategies toward intervention.

Global population aging, occurrence, and
impact of Alzheimer’s disease

Worldwide population aging 

Population aging has become a worldwide universal phe-
nomenon. The reports from the UN Aging Program and
the US Centers for Disease Control and Prevention have
projected that the number of older people (65+ years) in
the world is expected to increase from 420 million in 2000
to nearly 1 billion by 2030, with the proportion of older
people being increased from 7% to 12%.1,2 Developing
countries will see the largest increase in absolute num-
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More than 25 million people in the world today are
affected by dementia, most suffering from Alzheimer’s
disease. In both developed and developing nations,
Alzheimer’s disease has had tremendous impact on the
affected individuals, caregivers, and society. The etiolog-
ical factors, other than older age and genetic suscepti-
bility, remain to be determined. Nevertheless, increasing
evidence strongly points to the potential risk roles of vas-
cular risk factors and disorders (eg, cigarette smoking,
midlife high blood pressure and obesity, diabetes, and
cerebrovascular lesions) and the possible beneficial roles
of psychosocial factors (eg, high education, active social
engagement, physical exercise, and mentally stimulating
activity) in the pathogenetic process and clinical mani-
festation of the dementing disorders. The long-term
multidomain interventions toward the optimal control
of multiple vascular risk factors and the maintenance of
socially integrated lifestyles and mentally stimulating
activities are expected to reduce the risk or postpone the
clinical onset of dementia, including Alzheimer’s disease.  
© 2009, LLS SAS Dialogues Clin Neurosci. 2009;11:111-128.
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Abstract

BacNgURXQd: SWURNH LV WKH PRVW IUHTXHQW UHDVRQ RI QHXURORJLFDO G\VSKDJLD EOHFWURSK\VLRORJLFDO VWXGLHV FDQ EH
XVHG WR HYDOXDWH RUDO, SKDU\QJHDO DQG LQLWLDO SKDVH RI HVRSKDJHDO SKDVH. AiPV: TKLV VWXG\ DLPV WR QRQLQYDVLYHO\
HYDOXDWH PDVWLFDWLRQ, PLPLF, DQG WRQJXH PXVFOHV RI VWURNH SDWLHQWV, ZKLFK SOD\ DQ LPSRUWDQW UROH LQ WKH RUDO
SKDVH RI VZDOORZLQJ SURFHVV DQG FRPSDUH WKHP ZLWK KHDOWK\ LQGLYLGXDOV. SeWWiQg aQd DeVigQ: TKLV VWXG\ ZDV
FRQGXFWHG DW WKH PK\VLFDO MHGLFLQH DQG RHKDELOLWDWLRQ COLQLF RI RXU KRVSLWDO EHWZHHQ JDQXDU\ 2014 DQG DHFHPEHU
2016. MaWeUiaOV aQd MeWhRdV: FLIW\-RQH SDWLHQWV ZKR ZHUH DGPLWWHG WR RXU FOLQLF ZLWK VWURNH DQG 51 KHDOWK\
LQGLYLGXDOV ZHUH HYDOXDWHG IRU WKH VWXG\. DHPRJUDSKLF IHDWXUHV RI LQGLYLGXDOV ZHUH UHFRUGHG. TKH VZDOORZLQJ
LQWHUYDOV DQG PRWRU DFWLRQ SRWHQWLDOV (MAPV) RI WULJHPLQDO, IDFLDO DQG K\SRJORVVDO QHUYHV ZHUH PHDVXUHG. AIWHU
IRXU ZHHNV RI WUHDWPHQW VFKHGXOH, SDWLHQWV ZHUH UH-HYDOXDWHG. SWaWiVWicaO AQaO\ViV: TKH WLOFR[RQ SLJQHG RDQN
WHVW, WKH MDQQ±WKLWQH\ U WHVW DQG FLVKHU H[DFW WHVW ZHUH XVHG LQ WKLV VWXG\. ReVXOWV: TKH DOO VZDOORZLQJ LQWHUYDOV
ZHUH IRXQG SURORQJHG FRPSDUHG WR WKH KHDOWK\ FRQWUROV (P < 0.05). TKH MAPV RI WKH PDVVHWHU, RUELFXODULV RFXOL,
DQG LQWULQVLF WRQJXH PXVFOHV ZHUH VLJQLILFDQWO\ ORZHU LQ SDWLHQW JURXS (P < 0.05). AIWHU WUHDWPHQW, ZH IRXQG
VLJQLILFDQW LPSURYHPHQW IRU DOO SDUDPHWHUV LQ SDWLHQW JURXS, EXW WKH VZDOORZLQJ LQWHUYDOV ZHUH VWLOO VLJQLILFDQWO\
SURORQJHG, DQG MAPV RI WKHVH PXVFOHV ZHUH VWLOO ORZHU (P < 0.05). CRQcOXViRQ: AOWKRXJK VZDOORZLQJ LV H[DPLQHG
DV GLIIHUHQW SKDVHV, WKH SURFHVV LV FRPSOLFDWHG DQG VKRXOG EH HYDOXDWHG WRWDOO\. IQ SRVW-VWURNH G\VSKDJLD, RUDO
SKDVH RI VZDOORZLQJ SURFHVV LV DV LPSRUWDQW DV SKD\QJHDO SKDVH DQG SHULRUDO, PDVWLFDWLRQ, DQG WRQJXH PXVFOHV
DUH LQIOXHQFHG HYHQ LQ DQ HDUO\ SHULRG DV D PRQWK. 
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NHXURORJLFDO G\VSKDJLD LV FRPPRQ DIWHU VWURNH DQG FDQ EH VHHQ ZLWK 65±81% IUHTXHQF\ LQ DFXWH SKDVH. AOWKRXJK
90% RI WKH SDWLHQWV KDYH VSRQWDQHRXV UHFRYHU\ LQ 2 RU 3 ZHHNV, SHUVLVWHQW FDVHV (11±50%) XS WR VL[ PRQWKV DUH
UHSRUWHG.>1@,>2@ RHFHQWO\, VWXGLHV VKRZ WKDW HYHU\ VWURNH FDVH LV D ULVN IDFWRU IRU VZDOORZLQJ GLVRUGHUV.>1@
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Revisiting the link between cognitive
decline and masticatory dysfunction
Chia-shu Lin

Abstract

Age-related decline in cognitive functions and dementia are major challenges in geriatric healthcare. Accumulating
evidence from clinical, epidemiological and animal research suggests that tooth loss may be a risk factor for the
decline of cognitive functions. This issue highlights the role of the brain-stomatognathic axis in geriatric medicine.
Whether input from the stomatognathic apparatus can affect the brain remains an open debate. By revisiting the
evidence published in the past five years, we argue that the hypothesis regarding the association between
cognitive decline and masticatory dysfunction should be carefully interpreted. Most of the available clinical and
epidemiological studies present only cross-sectional data. With respect to the prospective studies, important
confounding factors, such as nutritional and physical conditions, were not fully controlled for. Animal research has
revealed that hippocampal deficits may play key roles in the observed cognitive decline. However, experimental
intervention and outcome assessments may not capture the condition of human subjects. Brain neuroimaging
research may be suitable for bridging the gap between clinical and animal research, potentially contributing to (a)
the clarification of the brain network associated with mastication, (b) the identification of brain imaging markers for
exploring the mechanisms underlying long-term changes in masticatory functions, and (c) the elucidation of
interactions between mastication and other cognitive-affective processing systems. Three potential models of the
brain-stomatognathic axis and relevant hypotheses are summarized, focusing on the sensory feedback mechanisms,
the compensation of motor control, and cerebellar deficits. Finally, we highlight four critical aspects of study and
experimental design that should be considered in future research: (a) the refinement of the considered behavioral
assessments, (b) the inclusion of baseline changes in mental and physical conditions, (c) a prospective experimental
design with longitudinal observations, and (d) a precise determination of the effect size of the association between
cognitive decline and masticatory dysfunction.

Background
Does tooth loss increase the risk of dementia? Can
improvements in chewing ability prevent cognitive im-
pairment or ameliorate cognitive decline? The associ-
ation between the brain and the stomatognathic system,
which plays a key role in chewing and swallowing [1],
has recently been hotly debated in the media [2–5].
Behind these arguments is the emerging concept of the
‘brain-stomatognathic axis’, generally defined as a
complex communication network between the brain, in-
cluding both cortical and subcortical structures, and the
stomatognathic system. The top-down control from the
brain to the stomatognathic system, such as the

coordination between jaw motion and tongue move-
ment, has been established [1, 6]. However, what has
remained unclear is whether input from peripheral
structures, such as the sensory signals from the jaw and
teeth, can likewise affect the brain. Aging is associated
with a decline in both stomatognathic (e.g., tooth loss)
[7] and brain functions (e.g., cognitive impairment or
dementia) [8]. Therefore, the mechanisms underlying
the brain-stomatognathic axis have emerged as critical
issues in neuroscience as well as in orofacial and
geriatric medicine.
Accumulating evidence suggests that cognitive decline

may be associated with masticatory dysfunction [9–15].
The term ‘cognitive decline’ generally refers to the de-
creased cognitive abilities, including short-term and
long-term memory, reasoning, and language abilities,
which can be associated with normal aging or dementia
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Abstract

Mastication is a sensory-motor activity aimed at the preparation of food for swallowing. It is a complex process involving activities of the
facial, the elevator and suprahyoidal muscles, and the tongue. These activities result in patterns of rhythmic mandibular movements, food
manipulation and the crushing of food between the teeth. Saliva facilitates mastication, moistens the food particles, makes a bolus, and assists
swallowing. The movement of the jaw, and thus the neuromuscular control of chewing, plays an important role in the comminution of the food.
Characteristics of the food, e.g. water and fat percentage and hardness, are known to influence the masticatory process. Food hardness is sensed
during mastication and affects masticatory force, jaw muscle activity, and mandibular jaw movements. When we chew for instance a crispy food,
the jaw decelerates and accelerates as a result of resistance and breakage of food particles. The characteristic breakage behaviour of food is
essential for the sensory sensation. This study presents a short review of the influence of oral physiology characteristics and food characteristics on
the masticatory process.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Mastication; Swallow; Saliva; Food; Perception

1. Introduction

Chewing is the first step in the process of digestion and is
meant to prepare the food for swallowing and further processing
in the digestive system. During chewing, the food bolus or food
particles are reduced in size, saliva is produced to moisten the
food and flavors are released. Taste and texture of the food are
perceived and have their influence on the chewing process. The
water in the saliva moistens the food particles, whereas the
salivary mucins bind masticated food into a coherent and slip-
pery bolus that can be easily swallowed [1]. The initiation of
swallowing, which is voluntary, has been thought to depend on
separate thresholds for food particle size and for particle
lubrication [2]. However, instead of this duality, it has also been
suggested that swallowing is initiated when it is sensed that a

batch of food particles is bound together under viscous forces so
as to form a bolus [3]. There are several factors determining the
chewing result. The teeth are important in the masticatory
system. They form the occlusal area where the food particles are
fragmented. This fragmentation depends on the total occlusal
area and thus on the number of teeth. Another important factor
in mastication is the bite force. The bite force depends on
muscle volume, jaw muscle activity, and the coordination
between the various chewing muscles. Also the movement of
the jaw, and thus the neuromuscular control of chewing, plays
an important role in the fragmentation of the food. Another
aspect of chewing is how well the tongue and cheeks
manipulate the food particles between the teeth. Finally, the
production of sufficient saliva is indispensable for good
chewing. While saliva and food have been shown to influence
the chewing process, the relationship between amount of saliva
and mastication has not been extensively studied [4]. Taste and
texture of the food are perceived and have their influence on the
chewing process. The time until swallowing was shorter and
fewer chews were observed as palatability of the food increased
[5]. The effects of sensory factors were most evident at the
beginning of meals and decreased until the end of meals [6].
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%ere have been many advances in management of cerebrovascular diseases. However, stroke is still one of the leading causes
of disabilities and mortality worldwide with signi&cant socioeconomic burden. %is review summarizes the consequences of
stroke in the elderly, predictors of stroke rehabilitation outcomes, role of rehabilitation in neuronal recovery, importance of stroke
rehabilitation units, and types of rehabilitation resources and services available in Singapore. We also present the challenges faced
by the elderly stroke survivors in the local setting and propose strategies to overcome the barriers to rehabilitation in this aging
population.

1. Background

Despite advances in modern medicine, medications, and
medical technology, stroke diseases impose a substantial
mortality and morbidity risk to the individual with increased
economic burden to the society. Globally, stroke is the
second leading cause of death a'er ischemic heart disease,
with approximately 6.7 million stroke deaths in 2015 [1]. In
Singapore, despite decreasing trend, cerebrovascular diseases
are still the fourth leading cause of death, with a prevalence of
6.6% in 2016 [2]. As the population rapidly ages, the burden of
stroke is expected to increase signi&cantly, posing challenges
to limited healthcare resources.

As such, there is an urgent need to develop an optimal
stroke disease management plan, incorporating a compre-
hensive stroke rehabilitation program.

2. Consequences of Stroke in
Elderly Stroke Survivors

%e incidence of stroke disease increases with age, in both
men and women with approximately 50% of all strokes

occurring in people over age 75 and 30% over age 85 [1, 3, 4].
Stroke is among the top leading causes of disability and
reduced quality of life [5]. Elderly patients are at higher risk
of mortality, poorer functional outcomes, prolonged length
of hospital stay, and institutionalization [6].

Motor impairment is the most common de&cit a'er
stroke, which either happens as a direct consequence of
the lack of signal transmission from cerebral cortex or
as a slowly accumulating process of the cerebral injuries
or muscle atrophy due to learned disuse [7, 8]. Divani
et al. reported the risk of falling and fall-related injuries
were higher in stroke elders [9]. Risk factors associated
with increased fall risks in stroke survivors include poor
general health, time from &rst stroke, psychiatric problems,
urinary incontinence, pain, motor impairment, and a history
of recurrent falls [9]. Risk factors associated with fall-
related injuries are female gender, poor general health, past
injury from fall, psychiatric problems, urinary incontinence,
impaired hearing, pain, motor impairment, and presence
of multiple strokes [9]. Motor function de&cits, increased
fall risks, and fall-related injuries can signi&cantly a.ect the
patients’ mobility, and their daily living activities which limit
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I) PaWhologieV NeXUonaleV eW V\napWiqXeV :
1) SaWhRORgieV QeXURdpgpQpUaWiYeV : il s¶agit d¶un
ensemble de pathologies qui se caractprise par une
dpgpQpUeVceQce QeXURQaOe chURQiTXe eW SURgUeVViYe
TXi cRQceUQe SOXV RX PRiQV VSpcifiTXePeQW XQe RX
SOXVieXUV VRXV-SRSXOaWiRQV QeXURQaOeV. Le meilleur
exemple est donnp par la plus frpquente des maladies
neurodpgpnpratives : Oa PaOadie d¶AO]heiPeU. Au cours de
cette pathologie, on observe une perte diffuse des neurones
de l¶encpphale. Cette dpgpnprescence bien que diffuse touche
prpfprentiellement 2 zones : le cortex cprpbral et
l¶hippocampe. En particulier, on observe une atteinte prpcoce
des QeXURQeV chROiQeUgiTXeV de l¶hippocampe qui est
responsable des troubles de la mpmoire constituant l¶essentiel
des signes cliniques aux stades initiaux de la maladie. La
correction du dpficit cholinergique par un iQhibiWeXU de Oa
chROiQeVWpUaVe permet de retarder transitoirement la
progression des troubles de mpmoire mais pas la
dpgpnprescence diffuse. Cette perte neuronale est
responsable d¶une aWURShie cpUpbUaOe c¶est-j-dire une
diminution du volume de tissu cprpbral.

Organes et Systèmes Tissus
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gender, and ethnicity
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Gallagher, Dympna, Marjolein Visser, Ronald E. De
Meersman, Dennis Sepúlveda, Richard N. Baumgart-
ner, Richard N. Pierson, Tamara Harris, and Steven B.
Heymsfield. Appendicular skeletal muscle mass: effects of
age, gender, and ethnicity. J. Appl. Physiol. 83(1): 229–239,
1997.—This study tested the hypothesis that skeletal muscle
mass is reduced in elderly women and men after adjustment
first for stature and body weight. The hypothesis was evalu-
ated by estimating appendicular skeletal muscle mass with
dual-energyX-ray absorptiometry in a healthy adult cohort.A
second purpose was to test the hypothesis that whole body 40K
counting-derived total body potassium (TBK) is a reliable
indirect measure of skeletal muscle mass. The independent
effects on both appendicular skeletal muscle and TBK of
gender (n 5 148 women and 136 men) and ethnicity (n 5 152
African-Americans and 132 Caucasians) were also explored.
Main findings were 1) for both appendicular skeletal muscle
mass (total, leg, and arm) and TBK, age was an independent
determinant after adjustment first by stepwise multiple
regression for stature and weight (multiple regression model
r2 5 ,0.60); absolute decrease with greater age in men was
almost double that in women; significantly larger absolute
amounts were observed in men and African-Americans after
adjustment first for stature, weight, and age; and .80% of
within-gender or -ethnic group between-individual compo-
nent variation was explained by stature, weight, age, gender,
and ethnicity differences; and 2) most of between-individual
TBK variation could be explained by total appendicular
skeletal muscle (r2 5 0.865), whereas age, gender, and
ethnicity were small but significant additional covariates
(total r2 5 0.903). Our study supports the hypotheses that
skeletal muscle is reduced in the elderly and that TBK
provides a reasonable indirect assessment of skeletal muscle
mass. These findings provide a foundation for investigating
skeletal muscle mass in a wide range of health-related
conditions.

body composition; total body potassium; aging

AGING IN BOTH ANIMALS AND HUMANS is associated with a
loss of skeletal muscle mass and a decline in muscle
function (3, 32). Skeletal muscle atrophy and functional
impairment with senescence in humans may be associ-
ated with osteoporotic fractures (28), the prolonged
disability that accompanies hospitalizations for acute
illness, falls with subsequent injury, and the frailty
with inactivity often observed in geriatric populations
(13).

Although skeletal muscle loss with aging in humans
is well documented, several unresolved questions re-

main that relate to the magnitude of loss and whether
gender and ethnic differences exist in the age-associ-
ated muscle decline. The first concern is that earlier
investigations of skeletal muscle in humans were based
largely on methods of questionable validity (14, 33).
Two such methods, urinary creatinine excretion and
total body potassium (TBK), assume that muscle is the
sole or main source of intracellular creatine (30) and
potassium (31), respectively. Recent studies challenge
these assumptions (14, 33) and raise concerns related
to the use of these methods in estimating age-related
muscle loss.

An attempt was made to improve the use of TBK as a
marker of skeletal muscle by devising a two-compart-
ment method based on TBK and total body nitrogen
(TBN) (5). This method assumes that the TBK-to-TBN
ratios in skeletal muscle and nonskeletal muscle lean
tissues are known and constant (6). A recent study
suggests, however, that skeletal muscle mass estimates
derived from the TBK-TBN method are substantially
lower than that observed by using whole body mul-
tislice computerized tomography (33).

Much of the present understanding of skeletal muscle
mass and aging is based on studies of urinary creati-
nine (33) and TBK (10, 22, 23) in adult populations.
Questions surrounding the validity of these methods in
accurately quantifying skeletal muscle mass raise con-
cerns about the interpretation of earlier studies of
skeletal muscle in relation to aging, gender, and ethnic-
ity.

A second limitation associated with earlier investiga-
tions of changes in skeletal muscle mass with aging is
the inadequate control of factors known to influence
muscle, such as body weight and stature. Older sub-
jects in some studies were shorter and weighed more or
less than their younger counterparts (7, 22, 23). The
independent influence of these important factors on
skeletal muscle mass is usually not considered, and the
prevailing hypothesis is that skeletal muscle mass is
relatively reduced in the elderly. A related concern is
that little is known about how women and men com-
pare across the age span with regard to loss in muscle
mass. Women on average weigh less and are shorter
than men (19), and, in most previous studies, between-
gender comparisons of skeletal muscle did not ad-
equately control for body weight, stature, and age
differences (7).
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Matrix metalloproteases (MMPs) are key regulatory molecules 
in the formation, remodeling and degradation of extracellular 
matrix (ECM) components in both physiological and patho-
logical processes in many tissues. In skeletal muscle, MMPs 
play an important role in the homeostasis and maintenance 
of myofiber functional integrity by breaking down ECM and 
regulating skeletal muscle cell migration, differentiation and 
regeneration. Skeletal muscle satellite cells, a group of quiescent 
stem cells located between the basement membrane and the plas-
malemma of myofibers, are responsible for lifelong maintenance 
and repairing, which can be activated and as a result migrate 
underneath the basement membrane to promote regeneration at 
the injured site. MMPs are able to degrade ECM components, 
thereby facilitating satellite cell migration and differentiation. 
This current review will focus on the critical roles of MMPs in 
skeletal muscle injury and repair, which include satellite cell acti-
vation with migration and differentiation. The effect of MMPs 
on muscle regeneration and fibrous scar tissue formation, as well 
as therapeutic insights for the future will be explored.

Introduction

Matrix metalloproteinases (MMPs) are a family of enzymes that 
can selectively digest individual components of the extracellular 
matrix (ECM)1,2 in the processes of both normal physiological 
and pathological states.3-6 Twenty-five members of the MMP 
family have been identified, of which six are membrane-type 
(MT) MMPs. Each MMP interacts in specific ways with certain 
elements of the ECM. MMP collagenases (MMP-1, -8, -13 and 
-18) have the ability to cleave interstitial collagen types I, II and 
III, and MMP gelatinases (MMP-2 and -9) degrade  denatured 

collagen types IV, VII and X in many tissues.1-3 MMPs are 
generally secreted as zymogens and are able to extracellularly 
activate by several proteinases. In vitro studies have indicated that 
plasmin could directly activate a group of pro-domains of MMPs, 
such as proMMP-1, proMMP-3, proMMP-9, proMMP-10 and 
proMMP-13.4 However, the activation of proMMP-2 involves 
hydrolysis by MT1-MMP during plasmin stimulation. Several 
other active MMPs also can further activate the proMMPs to 
constitute the positive feedback mechanisms in many tissues.4,6 
On the other hand, MMPs are also adjusted by specific tissue 
inhibitors of metalloproteinases (TIMPs). Four members of the 
TIMP family have been identified including TIMP-1, which is 
synthesized by most types of connective tissue cells as well as by 
macrophages. TIMP-1 is also able to act against all types of collage-
nase, stromelysin and gelatinase.2 MMPs, alone or in conjunction 
with the plasminogen/plasmin system, have the ability to degrade 
extracellular matrix components. This ability is a requirement for 
cell migration and tissue remodeling, both of which play essential 
roles in many physiological and pathological processes.2-6

Skeletal muscle healing after injury and the formation of 
skeletal muscle during development are similar processes because 
they both involve progressive specifications, such as proliferation, 
migration and differentiation of muscle precursors. The fusion 
of skeletal muscle satellite cells to form terminally differentiated, 
contractile, highly patterned myofibers is a key step of the process 
that relates metalloproteases.7,8 A role for MMPs in myogenesis 
has long been proposed, and some of the responsible proteases 
have been identified.3-6,9 Recent studies have demonstrated the 
important roles of MMP-1,3 MMP-2,6,10,11 MT1-MMP10,12 
and MMP-9,5,6,13 in skeletal muscle satellite cell migration and 
differentiation both in vitro cultured muscle cells and in vivo 
animal models including mdx mice, a X-link dystrophic skeletal 
muscle mouse model. The interaction of MMPs and TIMPs in 
the skeletal muscle system with various conditions has also been 
well studied.9,14

Muscle Cell Migration and Differentiation In Vitro

It has been reported that MMPs and TIMPs play important roles 
in skeletal muscle-derived myoblast migration and  differentiation 
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Introduction
Mammalian skeletal musculature is essential for body
movement, breathing and postural behavior. Although the
tissue is stable under normal conditions, skeletal muscle can
regenerate when a loss of muscle mass occurs after injury.
Muscle satellite cells that reside in the skeletal musculature act
as myoblast precursors and regenerate myofibers through a
process similar to embryonic myogenesis (Schultz et al., 1985).
Although muscle regeneration requires multiple aspects of
tissue organization, only the genetic program that governs
myoblast differentiation has been studied extensively. Muscle
injury generates signals that activate quiescent satellite cells,
leading them to proliferating myoblasts that are characterized
by an up-regulation of MyoD, a basic helix-loop-helix
transcription factor (Bischoff, 1986; Cooper et al., 1999). Upon
differentiation, the myoblasts withdraw from the cell cycle and
enter terminal differentiation, during which additional
transcription factors, such as myogenin and myogenic
regulatory factor 4 (MRF4), that regulate late phase
myogenesis, are up-regulated (Nabeshima et al., 1993; Zhu and
Miller, 1997). These MRFs also direct the expression of
muscle-specific genes, such as myosin heavy chain (MHC) and
muscle creatine kinase (MCK) by binding to their promoter
sequences directly (Chakraborty et al., 1991; Wheeler et al.,
1999).

Concomitant with the cellular genetic program are dramatic
changes in cell morphology. Under in vitro culture conditions,
the proliferating myoblast morphology resembles that of
fibroblasts. Once shifted to a differentiation condition, the
myoblasts cease proliferating and begin elongating and
becoming spindle shaped with bipolar edges. Finally, the
elongated myoblasts fuse to form large multinucleated
myotubes that correspond to the myofibers found in situ in
skeletal muscle tissues. The differentiation proceeds in the
tissue environment surrounded by extracellular matrix (ECM)
and the differentiated myofibers must be integrated into the
skeletal muscle framework to form a functional contractile
unit. Thus, it is not surprising that the ECM molecules also
influence the differentiation process. For example, excess
exogenous fibronectin, a glycoprotein that binds to ECM
components including collagen, fibrin and heparin, inhibits
myotube formation (Podleski et al., 1979). By contrast,
myotube formation is enhanced by laminin, a component of the
basement membrane (Foster et al., 1987). Thus, it appears that
some ECM components play different roles during myocyte
differentiation, and thus must be substituted with appropriate
molecules, depending on the differentiation stages. Indeed, the
fibronectin concentration detected on myoblast surfaces is
reported to decrease during myoblast differentiation (Chen,
1977).

Sequential activation of muscle-specific transcription
factors is the critical basis for myogenic differentiation.
However, the complexity of this process does not exclude
the possibility that other molecules and systems are
regulatory as well. We observed that myogenic
differentiation proceeded through three distinct stages of
proliferation, elongation and fusion, which are
distinguishable by their cellular morphologies and gene
expression patterns of proliferation- and differentiation-
specific markers. Treatment of the differentiating
myoblasts with inhibitors of matrix metalloproteinases
(MMPs) revealed that MMP activity at the elongation stage
is a critical prerequisite to complete the successive myoblast
cell fusion. The MMP regulated the myogenic
differentiation independently from the genetic program
that governs expression of the myogenic genes. Membrane-

type 1 matrix metalloproteinase (MT1-MMP) was
identified as a major contributor to this checkpoint for
morphological differentiation and degraded fibronectin, a
possible inhibitory factor for myogenic cell fusion. A MT1-
MMP deficiency caused similar myogenic impediments
forming smaller myofibers in situ. Additionally, the mutant
mice demonstrated some central nucleation of the
myofibers typically found in muscular dystrophy and MT1-
MMP was found to cleave laminin-2/4 in the basement
membrane. Thus, MT1-MMP is a new multilateral
regulator for muscle differentiation and maintenance
through processing of stage-specific distinct ECM
substrates.

Key words: MT1-MMP, ECM remodeling, Myogenesis, Myopathy

Summary
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Relationship between tooth loss, low
masticatory ability, and nutritional indices
in the elderly: a cross-sectional study
Nozomi Okamoto1*, Nobuko Amano2,3, Tomiyo Nakamura4 and Motokazu Yanagi5

Abstract

Background: Low masticatory ability and the resulting decrease in intake of masticable foods can result in
undernutrition. The present study investigated the relationship between tooth loss, low masticatory ability, and
nutritional indices in the elderly.

Methods: The data analyzed in this study were retrieved from the baseline data of the 2007 Fujiwara-kyo study, a
prospective cohort study of community-dwelling elderly individuals. Subjects included 1591 men and 1543 women,
both with a median age of 71 years. The maximum occlusal force was measured as an objective index of
masticatory ability. Foods were divided into five groups based on hardness: Group 1 (bananas, etc.), 0.53 kg; Group
2 (boiled rice, etc.), 1.22 kg; Group 3 (raisins, etc.), 2.93 kg; Group 4 (raw carrots, etc.), 4.38 kg; and Group 5 (beef
jerky), 6.56 kg. To obtain a subjective index of masticatory ability, a questionnaire-based survey was conducted to
determine whether subjects could masticate foods within each group. As nutritional indices, serum albumin levels
and body mass index (BMI) data were used.

Results: The median number of teeth was 21. The proportion of subjects for whom all five food groups were
masticable showed a significant decrease in the number of teeth in both males and females. Logistic regression
analysis showed that, after adjustment for confounders, no significant relationships were observed between the
number of teeth and the masticatory ability with nutritional indices in males. In females, a maximum occlusal force
of 100 to 300 N (OR = 1.65; 95% CI = 1.06–2.55) or less than 100 N (OR = 1.95; 95% CI = 1.15–3.31) showed a significant
correlation with serum albumin levels below 4.4 g/dL (reference: 500 N or more). In addition, the masticability of all five
food groups showed a significant correlation with BMI < 21.0 kg/m2 (OR = 0.62; 95% CI = 0.46–0.85) in females.

Conclusions: A low number of teeth was associated with low masticatory ability in both males and females. Low
masticatory ability was associated with low plasma albumin levels and low BMI in females. Not smoking, maintaining
grip strength, preventing cancer, and masticatory ability are important for preventing undernutrition.

Keywords: Tooth loss, Masticatory ability, Serum albumin, BMI

Background
In elderly people, tooth loss is associated with an impair-
ment of daily activities and an increased incidence of se-
vere diseases. Among people older than 65 years, the
incidence of functional disability [1, 2] and mortality rate
[3] are higher in those with fewer than 20 teeth. In a
10-year, prospective, cohort study of community-

dwelling people older than 60 years, those who were
entirely edentulous were more likely to demonstrate re-
duced walking speeds and cognitive function [4]. The
all-cause mortality rate [5, 6], cardiovascular disease-related
mortality rate [5, 6], stroke-related mortality rate [6], and
stroke incidence [5] were greater in edentulous subjects.
One hypothesis for the connection between the num-

ber of teeth and serious disease points to inflammation
caused by periodontal disease. Multiple tooth loss is
often due to periodontal disease, and the causative
bacteria of periodontal disease and inflammatory

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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The relationship between masticatory ability, age, and dental
and prosthodontic status in an institutionalized elderly dentate
population in Qingdao, China

Qian Zhang1 & Dick J. Witter1 & Ewald M. Bronkhorst2 & Nico H. J. Creugers1

Received: 15 January 2018 /Accepted: 25 April 2018 /Published online: 7 May 2018
#

Abstract
Objectives To identify relationships between masticatory ability and age, and dental and prosthodontic status amongst an
institutionalized elderly dentate population in China.
Materials and methods A sample of 512 elders living in eight nursing homes in Qingdao was categorized based on a hierarchical
dental functional classification systemwith and without tooth replacements. Masticatory disability scores (MDSs) were analyzed
using multiple regression models with only age, and age and dentition variables for participants having ≥ 10 natural and those
having < 10 natural teeth in each jaw.
Results Overall, associations between MDS and age, number of teeth, and number of teeth replaced by dental prostheses were
identified. For participants having ≥ 10 natural teeth in each jaw, no significant associations betweenMDS and age and dental and
prosthodontic status were found. Participants having < 10 natural teeth in each jaw had higher MDS (increasing chewing
difficulties) at higher ages. However, when Bpremolar region sufficient^ and Bmolar region sufficient^ were included, MDS
was not associated with age, but with these dentition variables. For participants having ≥ 10 teeth including prosthodontically
replaced teeth in each jaw, age was the only variable associated with MDS. For participants having < 10 teeth including teeth
replaced in each jaw, the significant factor was Bpremolar region sufficient.^ Overall, lower MDS was associated with increasing
number of teeth, as well as with increasing number of teeth replaced by dental prostheses.
Conclusions In this population of institutionalized dentate elderly, masticatory ability was significantly associated with dental and
prosthodontic status.
Clinical relevance For institutionalized elderly, having less than ten natural teeth in each jaw is associatedwith chewing problems.
Most important dentition factor is the presence of three to four premolar pairs. Teeth added by partial removable dental prostheses
compensate impaired masticatory ability due to tooth loss for 50% compared to natural teeth.

Keywords Masticatory ability . Institutionalized elderly .

Dental status . Prosthodontic status

Introduction

Masticatory ability is an important determinant of oral
wellbeing, particularly for elderly individuals [1, 2]. Chinese
studies report a high risk of eating difficulties for older people
with fewer than 20 teeth [3, 4]. A study amongst older
Americans found that people with severe tooth loss (≤ 10 re-
maining teeth) were less likely to meet the dietary recommen-
dations of the Healthy Eating Index 2005 than those with light
to moderate tooth loss (≥ 11 remaining teeth) [5, 6]. The rela-
tionship between dental status and dietary intake was also
confirmed in a longitudinal study amongst older Japanese
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AbVWracW

7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR GHWHUPLQH WKH FKDQJHV LQ PDVVHWHU PXVFOH WKLFNQHVV GXH WR WKH VWDWH
RI FRPSOHWH HGHQWXOLVP DQG WKH HȂHFW RI FRPSOHWH GHQWXUH UHKDELOLWDWLRQ RQ WKH PDVVHWHU PXVFOH. RHDO-
WLPH XOWUDVRQRJUDSK\ RI WKH PDVVHWHU PXVFOH DW UHOD[HG DQG FRQWUDFWHG VWDWHV ZDV FDUULHG RXW IRU WZHOYH
SDWLHQWV (VL[ GHQWXORXV DQG VL[ FRPSOHWHO\ HGHQWXORXV). EGHQWXORXV SDWLHQWV ZHUH VFDQQHG DW WKH WLPH RI
GHQWXUH LQVHUWLRQ DQG DW WKH HQG RI 3 PRQWKV' IROORZ XS. 7KH PHDQ PDVVHWHU PXVFOH WKLFNQHVV RI WKH
HGHQWXORXV SDWLHQWV ZDV VLJQLȃFDQWO\ LQFUHDVHG DIWHU WKH 3-PRQWK IROORZ-XS WKDQ WKH WKLFNQHVV DW WKH
WLPH RI GHQWXUH LQVHUWLRQ, EXW ZDV VLJQLȃFDQWO\ ORZHU WKDQ WKDW RI WKH GHQWXORXV SDWLHQWV RI WKH VDPH DJH
JURXS. :LWKLQ WKH OLPLWDWLRQV RI WKLV VWXG\, LW FDQ EH FRQFOXGHG WKDW FKDQJH RFFXUV LQ WKH PDVVHWHU
PXVFOH WKLFNQHVV DIWHU UHKDELOLWDWLRQ ZLWK FRPSOHWH GHQWXUHV LQ WKH IRUP RI LQFUHDVHG PXVFOH WKLFNQHVV.
HRZHYHU, WKH WKLFNQHVV RI WKH PXVFOH UHPDLQV VPDOOHU WKDQ WKDW RI GHQWDWH LQGLYLGXDOV. k 2011 BODFNZHOO
PXEOLVKLQJ AVLD PW\ LWG.
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Mastication Improvement After  
Partial Implant-supported  
Prosthesis Use

CLINICAL INVESTIGATIONS

Abstract: Partially edentulous patients 
may be rehabilitated by the place-
ment of removable dental prosthe-
ses, implant-supported removable 
dental prostheses, or partial implant 
fixed dental prostheses. However, it is 
unclear the impact of each prosthe-
sis type over the masticatory aspects, 
which represents the objective of this 
paired clinical trial. Twelve patients 
sequentially received and used each of 
these 3 prosthesis types for 2 months, 
after which maximum bite force was 
assessed by a strain sensor and food 
comminution index was determined 
with the sieving method. Masseter and 
temporal muscle thicknesses during rest 
and maximal clenching were also eval-
uated by ultrasonography. Each max-
illary arch received a new complete 
denture that was used throughout the 
study. Data were analyzed by analysis  
of variance for repeated measures, 
followed by the Tukey test (p < .05). 
Maximum bite force and food commi-
nution index increased (p < .0001) 
after implant-supported dental prosthe-
sis and implant fixed dental prosthe-
sis use, with the higher improvement 
found after the latter’s use. Regardless 
of implant-retained prosthesis type, 
masseter muscle thickness during max-
imal clenching also increased (p < 

.05) after implant insertion. Partial 
implant-supported prostheses signifi-
cantly improved masseter muscle thick-
ness and mastication, and the mag-
nitude of this effect was related to 
prosthesis type (International Clinical 
Trial Registration RBR-9J26XD).

Key Words: clinical trials, mastication, 
removable prosthodontics, fixed prosth-
odontics, oral rehabilitation, ultrasound.

Introduction

Posterior teeth play important roles in 
comminuting food, and postcanine teeth 
loss significantly reduces masticatory 
performance (van der Bilt et al., 2006). 
Moreover, loss of a first-molar occlusal 
pair is a key factor in prosthetic 
restoration (Fueki et al., 2011).

Several prosthetic options are available 
to restore chewing function in patients 
with missing teeth (Abt et al., 2012; de 
Freitas et al., 2012). However, few studies 
(Kapur, 1991; Liedberg et al., 2004) have 
determined the effects of prosthetic treat-
ment on mastication in partially edentu-
lous patients, and their findings are con-
troversial. Kapur (1991) reported that 
removable dental prostheses (RDPs)  
and partial implant fixed dental  

prostheses (IFDPs) achieved similar 
chewing efficiency. In contrast, Liedberg 
et al. (2004) showed higher food commi-
nution in patients with fixed dental pros-
theses than in RDP wearers. Because 
masticatory impairment can adversely 
affect quality of life (Lepley et al., 2010), 
the effects of different prostheses on 
mastication are important to determine.

Several methods have been used to eval-
uate mastication, including occlusal force 
measurements (Goshima et al., 2010; 
Muller et al., 2012; Ohara et al., 2013), siev-
ing test (Gotfredsen and Walls, 2007; van 
der Bilt, 2011), color-changeable gum test 
(Goshima et al., 2010; Muller et al., 2012), 
and muscle thickness evaluation (Bhoyar 
et al., 2012; Muller et al., 2012; Ohara et al., 
2013). In addition, correlations among bite 
force, chewing performance, and masti-
catory muscle thickness (Raadsheer et al., 
1999; Muller et al., 2012) have been estab-
lished, and it is known that masticatory 
muscle action is influenced by occlusal fac-
tors, such as partial edentulism (Bhoyar  
et al., 2012). Thus, masticatory muscle 
function can be reduced by severe tooth 
loss or a soft diet consumption, as typically 
selected by edentulous patients, leading to 
muscle atrophy (Tsai et al., 2012).

Dental implants are increasingly used 
to replace missing teeth (Abt et al., 2012; 
de Freitas et al., 2012), and studies have 
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Abstract

7KH HȂHFWV RI UHGXFHG VDOLYDU\ RXWSXW LQ SDWLHQWV VXȂHULQJ IURP [HURVWRPLD RQ PDVWLFDWRU\ IXQFWLRQ KDV
QRW EHHQ SUHYLRXVO\ VWXGLHG. 7KLV VWXG\ FRPSDUHV PDVWLFDWRU\ SHUIRUPDQFH DQG NLQHPDWLF DFWLYLW\ RI
SDWLHQWV VXȂHULQJ IURP [HURVWRPLD ZLWK DJH-, VH[-, DQG QXPEHU RI RFFOXGLQJ SDLUV-PDWFKHG KHDOWK\
FRQWUROV. MDVWLFDWRU\ IXQFWLRQ ZDV HYDOXDWHG E\ DVVHVVPHQW RI FKHZLQJ PRWLRQ DQG PXVFOH DFWLYLW\
GXULQJ FKHZLQJ DQ DUWLȃFLDO IRRG (CXWWHUSLO), FKHZLQJ JXP DQG VZDOORZLQJ D EROXV RI DOPRQG. CKHZLQJ
PRWLRQ ZDV UHFRUGHG ZLWK WKH OSWRWUDN FRPSXWHU V\VWHP. BLODWHUDO PXVFOH DFWLYLW\ RI ERWK PDVVHWHU DQG
DQWHULRU WHPSRUDOLV ZDV UHFRUGHG XVLQJ VXUIDFH HOHFWURGHV. RHVXOWV RI WKLV VWXG\ UHYHDOHG VLJQLȃFDQW
GLȂHUHQFHV EHWZHHQ SDWLHQWV DQG FRQWUROV LQ WKHLU DELOLW\ WR SURFHVV IRRG DQG PDVWLFDWRU\ PXVFOH DFWLYLW\.
7KH PDMRULW\ RI SDWLHQWV FRXOG QRW EUHDN GRZQ WKH DUWLȃFLDO IRRG, RWKHUV KDG D ODUJHU PHGLDQ SDUWLFOH VL]H
WKDQ WKH FRQWUROV. A VLJQLȃFDQW GLȂHUHQFH ZDV DOVR REVHUYHG LQ WKH QXPEHU RI FKHZLQJ F\FOHV UHTXLUHG WR
VZDOORZ DOPRQGV, WKH SDWLHQWV UHTXLUHG PRUH WKDQ WZLFH DV PDQ\ FKHZV DV WKH FRQWUROV, P < 0.001. 7KH
ULJKW PDVVHWHU PXVFOH GLVSOD\HG VLJQLȃFDQWO\ OHVV DFWLYLW\ IRU WKH SDWLHQW WKDQ WKH FRQWUROV. 7KHVH ȃQGLQJV
VXJJHVW WKDW SDWLHQWV ZLWK [HURVWRPLD H[KLELW UHGXFHG DELOLW\ WR SURFHVV IRRG. 7KH REVHUYHG GHFOLQH LQ
PDVWLFDWRU\ SHUIRUPDQFH LV SUREDEO\ GXH WR UHGXFHG DFWLYLW\ RI WKH PXVFOHV RI PDVWLFDWLRQ.
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ABSTRACT

Saliva, which is necessary for oral homeostasis, oral function and maintenance of oral health,
is very important for the quality of life. There are various oral complications related to xeros-

tomia. Secretion of saliva and its composition are largely age independent in healthy people. Dry
mouth complaint is common in elderly people as a result of a Sjogren’s syndrome, radiotherapy,
medication use and systemic disorders. Diagnosis of hyposalivation is based on the patient’s his-
tory and clinical examination. Salivary flow rates can be measured with sialometry. It is very im-
portant to elicit an accurate drug and family history. Current treatment ap¬proaches for mana-
gement of xerostomia are directed toward providing relief of symptoms and resulting complica-
tions. In order to decide on the most effective way for the treatment of xerostomia in geriatric
patients, well organized clinical studies are needed.

Key Words: Xerostomia; Saliva; Etiology; Treatment.

ÖZ

Oral hemostaz, fonksiyon ve sa¤l›¤›n korunmas› aç›s›ndan gerekli olan tükürük yaflam kalitesi
aç›s›ndan çok önemlidir. A¤›z kurulu¤u birçok komplikasyona yol açabilir. Sa¤l›kl› bireylerde

tükürü¤ün salg›s› ve birleflimi yafla ba¤›ml› de¤ildir. Yafll› bireylerde, Sjögren’s Sendrom’u, radyas-
yon tedavisi, kullan›lan ilaçlar ve sistemik rahats›zl›klara ba¤l› olarak, a¤›z kurulu¤u s›kt›r. Tükürük
bezi salg›s›ndaki azalman›n teflhisi hasta anamnezini ve klinik muayeneyi temel al›r. Tükürük ak›-
fl› sialometre ile ölçülebilir. Hastan›n ailesel hikayesinin ve ilaç kullan›m›n›n tam olarak belirlenme-
si önemlidir. Çeflitli nedenler sonucu oluflan a¤›z kurulu¤unun bilinen tedavisi, var olan semptom-
lar›n ve ortaya ç›kan komplikasyonlar›n hafifletilmesini içerir. Günümüzde yafll› bireylerdeki a¤›z
kurulu¤unun daha etkin tedavisine karar verilebilmesi için iyi organize edilmifl klinik çal›flmalara ih-
tiyaç vard›r.

Anahtar Sözcükler: A¤›z kurulu¤u; Tükürük; Etyoloji; Tedavi.

Alper AKTAfi1

Murat ÖZBEK2

Celal TÜMER1

Ferda TAfiAR1

DERLEME

REVIEW ARTICLE



03/05/2021 EffecW Rf age RQ ValiYaU\ ÁRZ Rb... SUeYieZ & UelaWed iQfR _ MeQdele\

hWWSV://ZZZ.meQdele\.cRm/caWalRgXe/c54fab9e-544e-3383-98d0-c1038fc6e42f/?XWm_VRXUce=deVkWRS&XWm_mediXm=1.19.4&XWm_camSaigQ=RSeQ_caWalRg&XV« 1/4

JOURNAL ARTICLE

EȂect of age on salivar\ ȄoZ obtained under
feeding and non-feeding conditions
BRXUGLRO P, MLRFKH L, MRQLHU 6

JRXUQDO RI OUDO RHKDELOLWDWLRQ (2004) 31(5) 445-452
DOI: 10.1111/M.1365-2842.2004.01253.[

AGG WR OLEUDU\

Abstract

AJH, KHDOWK VWDWXV DQG GLVHDVH WUHDWPHQWV DUH WKRXJKW WR LQȄXHQFH VDOLYDU\ ȄRZ. IQ WKLV VWXG\, DJH HȂHFW
RQ VDOLYDWLRQ ZDV FRPSDUHG LQ QRQ-IHHGLQJ (DW UHVW DQG GXULQJ SDUDȃOP FKHZLQJ) DQG IHHGLQJ (GXULQJ
PHDW FKHZLQJ) FRQGLWLRQV IRU WZR JURXSV RI KHDOWK\ VXEMHFWV, 25 \RXQJ VXEMHFWV (PHDQ DJH 27-4 \HDUV)
DQG 20 ROG VXEMHFWV (PHDQ DJH 71-2 \HDUV). IQ QRQ-IHHGLQJ FRQGLWLRQV, SDURWLG ȄRZ ZDV DVVHVVHG DW UHVW (3
PLQ) DQG GXULQJ SDUDȃOP FKHZLQJ (1 PLQ) IURP WKH DEVRUSWLYH FDSDFLW\ RI D FRWWRQ UROO SODFHG LQ IURQW RI
WKH XSSHU GXFW DSHUWXUHV. RHPDLQLQJ VDOLYD HPDQDWLQJ PDLQO\ IURP WKH VXEPDQGLEXODU/VXEOLQJXDO JODQGV
ZDV GHWHUPLQHG DW UHVW E\ D VXEOLQJXDO FRWWRQ UROO. IQ RUGHU QRW WR LPSHGH LQ WKH FKHZLQJ SURFHVV GXULQJ
SDUDȃOP FKHZLQJ, QR FRWWRQ UROO ZDV SODFHG LQ WKH ORZHU SDUW RI WKH PRXWK DQG WKH UHPDLQLQJ VDOLYD ZDV
VLPSO\ VSLW RXW IRU HYDOXDWLRQ. AVVHVVPHQWV ZHUH PDGH XQGHU IHHGLQJ FRQGLWLRQV GXULQJ WKH PDVWLFDWLRQ
RI PHDW RI GLȂHUHQW WH[WXUHV. 7KH VDOLYD FRQWHQW RI WKH EROXV ZDV HYDOXDWHG DW GLȂHUHQW VWDJHV RI WKH
FKHZLQJ SURFHVV E\ ZHLJKLQJ WKH PRXWK FRQWHQWV DIWHU VSLWWLQJ. NR GLUHFW DJH HȂHFW ZDV IRXQG RQ WKH
GLȂHUHQW VDOLYDU\ ȄRZ UDWHV PHDVXUHG GXULQJ GLȂHUHQW FRQGLWLRQV RI VWLPXODWLRQ. HRZHYHU, D VLJQLȃFDQW
FRUUHODWLRQ ZDV IRXQG EHWZHHQ WKH VDOLYDU\ ȄRZ UDWHV DW UHVW DQG WKRVH REWDLQHG GXULQJ PHDW FKHZLQJ LQ
WKH HOGHUO\ JURXS EXW QRW LQ WKH \RXQJ JURXS. IQ HOGHUO\ DGXOWV, UHVW VDOLYDU\ ȄRZ UDWH DSSHDUV DV D JRRG
SUHGLFWRU RI VDOLYDU\ ȄRZ GXULQJ WKH FRQVXPSWLRQ RI IRRG. :LWKLQ HDFK JURXS, VLJQLȃFDQW FRUUHODWLRQV
ZHUH IRXQG EHWZHHQ VDOLYDWLRQ HOLFLWHG E\ PHDW DQG E\ SDUDȃOP FKHZLQJ. 7KHVH UHVXOWV FRQȃUP WKH ODFN RI
GLUHFW JOREDO DJH HȂHFW RQ VDOLYDU\ ȄRZ UDWH E\ FKHZLQJ LQ WKH 3 PLQ DIWHU WKH VWLPXODWLRQ, DOWKRXJK
DGDSWDWLRQV WR WKH PHDVXUHPHQW FRQGLWLRQV DUH GLȂHUHQW EHWZHHQ ERWK JURXSV RI VXEMHFWV.
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Parkinson disease: Parkinson disease
systemic and orofacial manifestations,
medical and dental management
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Abstract

Background. More than 1.5 million Americans have Parkinson disease (PD), and this ȃgure is expected to
rise as the population ages. However, the dental literature oȂers little information about the illness. Types
oȂ Studies Reviewed. The authors conducted a MEDLINE search using the key terms "Parkinson's
disease", "medical management" and "dentistry." They selected contemporaneous articles published in
peer-reviewed journals and gave preference to articles reporting randomi]ed controlled trials. Results. PD
is a progressive neurodegenerative disorder caused by loss of dopaminergic and nondopaminergic
neurons in the brain. These deȃcits result in tremor, slowness of movement, rigidity, postural instability
and autonomic and behavioral dysfunction. Treatment consists of administering medications that replace
dopamine, stimulate dopamine receptors and modulate other neurotransmitter systems. Clinical
Implications. Oral health may decline because of tremors, muscle rigidity and cognitive deȃcits. The
dentist should consult with the patient's physician to establish the patient's competence to provide
informed consent and to determine the presence of comorbid illnesses. Scheduling short morning
appointments that begin 90 minutes after administration of PD medication enhances the patient's ability
to cooperate with care. Inclination of the dental chair at 45r, placement of a bite prop, use of a rubber
dam and high-volume oral evacuation enhance airway protection. To avoid adverse drug interactions with
levodopa and entacapone, the dentist should limit administration of local anesthetic agents to three
cartridges of 2 percent lidocaine with 1:100,000 epinephrine per half hour, and patients receiving
selegiline should not be given agents containing epinephrine or levonordefrin. The dentist should
instruct the patient and the caregiver in good oral hygiene techniques.
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ADUVTCEV

1

PCTMKPUQPÆU FKUGCUG KU VJG UGEQPF OQUV EQOOQP PGWTQFGIGPGTCVKXG FKUGCUG CHVGT
AN\JGKOGTÆU FKUGCUG. ØV JCU DGGP ENCUUKECNN[ EQPUKFGTGF VJCV VJG RCVJQNQIKECN JCNNOCTMU QH
PCTMKPUQPÆU FKUGCUG, PCOGN[ LGY[ DQFKGU CPF LGY[ PGWTKVGU, C×GEV RTKOCTKN[ VJG
UWDUVCPVKC PKITC. NGXGTVJGNGUU, KV JCU DGEQOG KPETGCUKPIN[ GXKFGPV KP TGEGPV [GCTU VJCV
PCTMKPUQPÆU FKUGCUG KU C OWNVKEGPVTKE PGWTQFGIGPGTCVKXG RTQEGUU VJCV C×GEVU UGXGTCN
PGWTQPCN UVTWEVWTGU QWVUKFG VJG UWDUVCPVKC PKITC, COQPI YJKEJ KU VJG GPVGTKE PGTXQWU
U[UVGO. RGOCTMCDN[, TGEGPV TGRQTVU JCXG UJQYP VJCV VJG NGUKQPU KP VJG GPVGTKE PGTXQWU
U[UVGO QEEWTTGF CV C XGT[ GCTN[ UVCIG QH VJG FKUGCUG, GXGP DGHQTG VJG KPXQNXGOGPV QH VJG
EGPVTCN PGTXQWU U[UVGO. TJKU NGF VQ VJG RQUVWNCVG VJCV VJG GPVGTKE PGTXQWU U[UVGO EQWNF
DG ETKVKECN KP VJG RCVJQRJ[UKQNQI[ QH PCTMKPUQPÆU FKUGCUG, CU KV EQWNF TGRTGUGPV C TQWVG QH
GPVT[ HQT C RWVCVKXG GPXKTQPOGPVCN HCEVQT VQ KPKVKCVG VJG RCVJQNQIKECN RTQEGUU (BTCCMÆU
J[RQVJGUKU). BGUKFGU VJGKT RWVCVKXG TQNG KP VJG URTGCFKPI QH VJG RCVJQNQIKECN RTQEGUU, KV
JCU CNUQ DGGP UWIIGUVGF VJCV VJG RCVJQNQIKECN CNVGTCVKQPU YKVJKP VJG GPVGTKE PGTXQWU
U[UVGO EQWNF DG KPXQNXGF KP VJG ICUVTQKPVGUVKPCN F[UHWPEVKQP HTGSWGPVN[ GPEQWPVGTGF D[
RCTMKPUQPKCP RCVKGPVU. TJG UEQRG QH VJG RTGUGPV CTVKENG KU VQ TGXKGY VJG CXCKNCDNG UVWFKGU
QP VJG GPVGTKE PGTXQWU U[UVGO KP PCTMKPUQPÆU FKUGCUG RCVKGPVU CPF KP CPKOCN OQFGNU QH
VJG FKUGCUG. 9G HWTVJGT FKUEWUU VJG UVTCVGIKGU VJCV YKNN JGNR KP QWT WPFGTUVCPFKPI QH VJG
TQNGU QH VJG GPVGTKE PGTXQWU U[UVGO, DQVJ KP VJG RCVJQRJ[UKQNQI[ QH VJG FKUGCUG CPF KP
VJG RCVJQRJ[UKQNQI[ QH VJG ICUVTQKPVGUVKPCN U[ORVQOU.



The Role of Oxidative Stress in Parkinson’s Disease

Vera Dias, Eunsung Junn, and M. Maral Mouradian*

Center for Neurodegenerative and Neuroimmunologic Diseases, Department of Neurology,
Rutgers - Robert Wood Johnson Medical School, Piscataway, NJ, USA

Abstract
Oxidative stress plays an important role in the degeneration of dopaminergic neurons in
Parkinson’s disease (PD). Disruptions in the physiologic maintenance of the redox potential in
neurons interfere with several biological processes, ultimately leading to cell death. Evidence has
been developed for oxidative and nitrative damage to key cellular components in the PD
substantia nigra. A number of sources and mechanisms for the generation of reactive oxygen
species (ROS) are recognized including the metabolism of dopamine itself, mitochondrial
dysfunction, iron, neuroinflammatory cells, calcium, and aging. PD causing gene products
including DJ-1, PINK1, parkin, alpha-synuclein and LRRK2 also impact in complex ways
mitochondrial function leading to exacerbation of ROS generation and susceptibility to oxidative
stress. Additionally, cellular homeostatic processes including the ubiquitin-proteasome system and
mitophagy are impacted by oxidative stress. It is apparent that the interplay between these various
mechanisms contributes to neurodegeneration in PD as a feed forward scenario where primary
insults lead to oxidative stress, which damages key cellular pathogenetic proteins that in turn cause
more ROS production. Animal models of PD have yielded some insights into the molecular
pathways of neuronal degeneration and highlighted previously unknown mechanisms by which
oxidative stress contributes to PD. However, therapeutic attempts to target the general state of
oxidative stress in clinical trials have failed to demonstrate an impact on disease progression.
Recent knowledge gained about the specific mechanisms related to PD gene products that
modulate ROS production and the response of neurons to stress may provide targeted new
approaches towards neuroprotection.

Keywords
Neurodegeneration; neuroprotection; neuroinflammation; reactive oxygen species; dopamine;
mitochondria
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Abstract

Bakke M, LaTUeP SL, LaWVTWR C, KaTlUbQTg M. OTQfacial fWPcViQP aPd QTal healVh iP RaViePVU
YiVh PaTkiPUQPÆU diUeaUe. EWT J OTal Sci 2011; 119: 27Ã32. j 2011 EWT J OTal Sci

No comprehensive stud[ has previousl[ been published on orofacial function in patients
with well‐deÒned ParkinsonÆs disease (PD). Therefore, the aim of this stud[ was to
perform an overall assessment of orofacial function and oral health in patients, and to
compare the Òndings with matched control subjects. Fifteen outpatients (nine women
and six men, 61Ã82 [r of age; Hoehn & Yahr Stages 2Ã4; and with motor impairment
ranging from 17 to 61 according to the UniÒed ParkinsonÆs Disease Rating Scale,
Objective Motor Part ØØØ) were examined in their ÅonÆ state together with 15 age‐ and
gender‐matched controls. Orofacial function and oral health were assessed using the
Nordic Orofacial Test, masticator[ abilit[, performance and eÕcienc[, oral stereognosis,
jaw opening, jaw muscle tenderness, the Oral Health Ømpact ProÒle‐49, number of
natural teeth, and oral h[giene. Orofacial d[sfunction was more prevalent, mastication
and jaw opening poorer, and impact of oral health on dail[ life more negative, in patients
with PD than in controls. The results indicate that mastication and orofacial function are
impaired in moderate to advanced PD, and with progression of the disease both orofacial
and dental problems become more marked. Øt is suggested that greater awareness of the
special needs in PD patients and frequent dental visits are desirable to prevent dental
diseases and deca[ and to support masticator[ function.
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Abstract: Dementia is one of the main causes of disability among elderly people. It is a progressive
neurodegenerative disease that a↵ects elderly people’s ability to perform daily living activities.
Alzheimer’s disease is the main subtype of dementia and causes declining memory, reasoning,
and communication skills. They also have behavioural and psychological symptoms, such as
depression and aggression. It is essential for them to maintain good oral health, as oral health is an
important and integral part of their general health. Neglecting oral health allows dental diseases to
develop, and these diseases are di�cult and costly to treat. However, dental diseases can be treated
with ambulatory care rather than hospitalisation and emergency care. Elderly people should establish
daily oral hygiene care routines during the early stages of Alzheimer’s disease. They should have
regular dental examinations and early minimal interventions to prevent the need for extensive and
complicated procedures. Maintaining oral health becomes challenging, however, when Alzheimer’s
disease progresses to the middle and late stages. Because elderly people might forget or lose interest
in keeping their teeth healthy, caretakers and community health workers may need to take over this
task. Dentists should provide guidance on the maintenance of oral health, as the techniques used to
provide this support vary depending on the elderly people concerned. The purpose of this paper
is to provide an overview of oral health and the importance of oral care for elderly people with
Alzheimer’s disease. The paper also discusses appropriate dental interventions and techniques for
maintaining good oral health and helping people with Alzheimer’s to enjoy a satisfactory quality
of life.

Keywords: oral health; oral hygiene; Alzheimer’s disease; dementia

1. Introduction

Improvements in standards of living and people’s quality of life have contributed to an
increase in life expectancy and thus an ageing population [1]. Increasing age is an important
risk factor for Alzheimer’s disease. The World Health Organization defined Alzheimer’s disease as a
neurodegenerative disease of unknown aetiology, characterised by progressive memory and cognitive
impairment [2]. It is the most common form of dementia, accounting for around 50–80% of dementia
cases worldwide [3]. In fact, the prevalence of Alzheimer’s disease worldwide has doubled during the
past couple of decades [4].

Alzheimer’s disease is costly not only as a terminal disease but also financially and socially. On the
financial side, as elderly people lose their ability to engage in work, they become financially dependent
on their family members. In the latter stages, employing caregivers or being institutionalised may
be necessary. On a larger scale, a number of government subsidies are spent on providing services and
facilities for such elderly people. In 2015, the annual socioeconomic cost of Alzheimer’s disease in
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03/05/2021 MDSSLQJ BUDLQ RHJLRQ AFWLYLW\ GXULQJ CKHZLQJ: A FXQFWLRQDO MDJQHWLF RHVRQDQFH IPDJLQJ SWXG\ - M. OQR]XND, M. FXMLWD, K. WDWDQDEH, Y. HL«

KWWSV://MRXUQDOV.VDJHSXE.FRP/GRL/10.1177/0810743?XUOBYHU=Z39.88-2003&UIUBLG=RUL:ULG:FURVVUHI.RUJ&UIUBGDW=FUBSXE 0SXEPHG 1/5

IQWeQded fRU heaOWhcaUe SURfeVVLRQaOV

Journal of Dental Research

 

, , , , , , 

FLUVW PXbOLVhed NRYePbeU 1, 2002 OWheU FLQd LQ PXbMed
hWWSV://dRL.RUg/10.1177/0810743

AbVWUacW
MaVWicaWiRQ haV beeQ VXggeVWed WR iQcUeaVe QeXURQal acWiYiWieV iQ YaUiRXV UegiRQV Rf Whe
hXPaQ bUaiQ. HRZeYeU, becaXVe Rf WechQical difficXlWieV, Whe fiQe aQaWRPical aQd
Sh\ViRlRgical UegiRQV liQked WR PaVWicaWiRQ haYe QRW beeQ fXll\ elXcidaWed. UViQg
fXQcWiRQal PagQeWic UeVRQaQce iPagiQg dXUiQg c\cleV Rf Uh\WhPic gXP-cheZiQg aQd QR
cheZiQg, Ze WheUefRUe e[aPiQed Whe iQWeUacWiRQ beWZeeQ cheZiQg aQd bUaiQ UegiRQal
acWiYiW\ iQ 17 VXbjecWV (aged 20-31 \eaUV). IQ all VXbjecWV, cheZiQg UeVXlWed iQ a bilaWeUal
iQcUeaVe iQ blRRd R[\geQaWiRQ leYel-deSeQdeQW (BOLD) VigQalV iQ Whe VeQVRUiPRWRU
cRUWe[, VXSSlePeQWaU\ PRWRU aUea, iQVXla, WhalaPXV, aQd ceUebellXP. IQ addiWiRQ, iQ Whe
fiUVW WhUee UegiRQV, cheZiQg Rf PRdeUaWel\ haUd gXP SURdXced VWURQgeU BOLD VigQalV
WhaQ Whe cheZiQg Rf haUd gXP. HRZeYeU, Whe VigQal ZaV higheU iQ Whe ceUebellXP aQd
QRW VigQificaQW iQ Whe WhalaPXV, UeVSecWiYel\. TheVe UeVXlWV VXggeVW WhaW cheZiQg caXVeV
UegiRQal iQcUeaVeV iQ bUaiQ QeXURQal acWiYiWieV Zhich aUe UelaWed WR biWiQg fRUce.
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CLINICAL INVESTIGATION

T337- L366 a2) R.6/ 3+ D*1*27.a .2 7-* C31182.7;: 7-*
H.6a;a1a S78);

Kenji Takeuchi, DDS, PhD,* Tomoyuki Ohara, MD, PhD,†‡ Michiko Furuta, DDS, PhD,*
Toru Takeshita, DDS, PhD,* Yukie Shibata, DDS, PhD,* Jun Hata, MD, PhD,‡§¶

Daigo Yoshida, PhD,‡§ Yoshihisa Yamashita, DDS, PhD,* and Toshiharu Ninomiya, MD, PhD

OBJECTIVES: To clarify the effect of tooth loss on devel-
opment of all-cause dementia and its subtypes in an elderly
Japanese population.

DESIGN: Prospective cohort study.

SETTING: The Hisayama Study, Japan.

PARTICIPANTS: Community-dwelling Japanese adults
without dementia aged 60 and older (N 1,566) were fol-=

lowed for 5 years (2007 2012).–

MEASUREMENTS: Participants were classiSed into four
categories according to baseline number of remaining teeth
( 20, 10 19, 1 9, 0). The risk estimates of the effect of≥ – –

tooth loss on the development of all-cause dementia,
AlOheimerRs disease (AD), and vascular dementia (VaD)
were computed using a Cox proportional haOards model.

RESULTS: During follow-up, 180 (11.5%) subjects devel-
oped all-cause dementia; 127 (8.1%) had AD, and 42
(2.7%) had VaD. After adjusting for potential con-
founders, there was a tendency for the multivariable-
adjusted haOard ratio of all-cause dementia to increase
with decrease in number of remaining teeth ( forP
trend .04). The risk of all-cause dementia was 1.62 times=

as great in subjects with 10 to 19 teeth, 1.81 times as great
in those with one to nine teeth, and 1.63 times as great in
those with no teeth as in those with 20 teeth or more. An
inverse association was observed between number of
remaining teeth and risk of AD ( for trend .08), but noP =

such association was observed with risk of VaD ( forP
trend .20).=

CONCLUSION: Tooth loss is associated with an in
risk of all-cause dementia and AD in the Japanese
tion. J A1 G*5.a75 S3( 65:*95=*100, 2017.

K*; :35)6: A0<-*.1*5>6 ).6*a6*; *4.)*1.303,;
-*a07-; 45364*(7.9* (3-357 678);; 9a6(80a5 )*1*27

The increase in the incidence of dementia is a sub
public health concern in aging societies. Approx

46.8 million people worldwide have dementia, and t
dence is 9.9 million per year.1 The number of peop
with dementia will nearly double every 20 years,
causes of dementia, especially AlOheimerRs disease (A
unclear, and there is a lack of treatments and health
settings for this disorder.2,3 Therefore, intensiSed r
studies are needed to identify factors that have the p
to decrease the risk of dementia and thereby decre
burden of this disease on health systems.

A growing number of research studies have
on the link between oral health and cognitive sta
particular, many research studies have assessed the
tion between number of teeth and cognitive funct
but the results of observational longitudinal studies
effect of tooth loss on cognitive function are incon
A recent systematic review of the literature suggest
tooth loss was associated with greater risk of co
impairment and dementia,16 whereas another report
tooth loss was not consistently associated with
outcomes.17 The inconsistency might be due to m
ological deSciencies in this Seld, such as the
representativeness of the population, deSnitive ass
of cognitive function, and professional clinical oral
nation. Thus, the existing evidence of a causal r
ship between tooth loss and development of dem
insufScient.

The purpose of the current study was to elucid
effect of tooth loss on the development of dementia
subtypes by targeting a general population of elderly
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CorrelaWion of cogniWiYe and
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AbVWUacW
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ThLV VWXd\ LQYeVWLgaWed cheZLQg fXQcWLRQ LQ eOdeUO\

LQdLYLdXaOV ZLWh AO]heLPeU¶V dLVeaVe (AD) aQd

cRUUeOaWed cheZLQg fXQcWLRQ ZLWh cRgQLWLYe VWaWXV.

MaWerialV and meWhodV
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SURVWheVeV: 11 ZeUe WRWaOO\ edeQWXORXV aQd fLYe ZeUe

SaUWLaOO\ edeQWXORXV LQ each gURXS. CheZLQg

fXQcWLRQ ZaV eYaOXaWed YLa PaVWLcaWRU\ SeUfRUPaQce

(MP) XVLQg OSWRcaO cheZabOe WeVW PaWeULaO aQd a

VLeYe fUacWLRQaWLRQ PeWhRd. CRgQLWLYe fXQcWLRQLQg
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Oral Implant-Prostheses: New Teeth for a
Brighter Brain
Vincenzo De Cicco1, Massimo Barresi2*, Maria Paola Tramonti Fantozzi1, Enrico Cataldo3,
Vincenzo Parisi4, Diego Manzoni1

1 Department of Translational Research, University of Pisa, Pisa, Italy, 2 Department of Drug Sciences,
University of Catania, Catania, Italy, 3 Department of Physics, University of Pisa, Pisa, Italy, 4 GB Bietti
Foundation, IRCCS, Roma, Italy

*mbarresi@unict.it

Abstract
Several studies have demonstrated that chewing can be regarded as a preventive measure
for cognitive impairment, whereas masticatory deficiency, associated with soft-diet feeding,
is a risk factor for the development of dementia. At present the link between orofacial senso-
rimotor activity and cognitive functions is unknown. In subjects with unilateral molar loss we
have shown asymmetries in both pupil size and masticatory muscles electromyographic
(EMG) activity during clenching: the molar less side was characterized by a lower EMG
activity and a smaller pupil. Since implant-prostheses, greatly reduced both the asymmetry
in EMG activity and in pupil’s size, trigeminal unbalance, leading to unbalance in the activity
of the Locus Coeruleus (LC), may be responsible for the pupil’s asymmetry. According to
the findings obtained in animal models, we propose that the different activity of the right and
left LC may induce an asymmetry in brain activity, thus leading to cognitive impairment.
According to this hypothesis, prostheses improved the performance in a complex sensori-
motor task and increased the mydriasis associated with haptic tasks. In conclusion, the
present study indicates that the implant-prosthesis therapy, which reduces the unbalance of
trigeminal proprioceptive afferents and the asymmetry in pupil’s size, may improve arousal,
boosting performance in a complex sensorimotor task.

Introduction
Previous studies reported that mastication improves cognitive processing speed [1], alertness
[2], attention [3], intelligence [4], as well as reaction time [5,6], event-related potentials laten-
cies [7] and cerebral blood oxygen-dependent (Bold) signal [6]. It has been proposed that
chewing may enhances arousal and modulate cognitive functions [7] by enhancing the activity
of Ascending Reticular Activating System [8]. In additions to these short-term effects on per-
formance, it has been suggested that the cerebral cortex activity elicited by mastication may
lead to long term effects on the cerebral nervous system and be helpful in preventing degrada-
tion of brain functions [9,10,11]. Indeed, epidemiological studies have reported that tooth loss
before 35 years of age was a significant risk factor for dementia or Alzheimer Disease [12,13].
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GHW ULJKWV aQG FRQWHQW

PreYioXs Ne[t 

NHXURELRORJ\ RI AJLQJ
VROXPH 67, JXO\ 2018, PaJHV 23-30

RHJXOaU aUWLFOH

TRRWK ORVV LV aVVRFLaWHG ZLWK aFFHOHUaWHG FRJQLWLYH GHFOLQH aQG
YROXPHWULF EUaLQ GLȂHUHQFHV: a SRSXOaWLRQ-EaVHG VWXG\
CKULVWLQa S. DLQWLFa , DHERUa RL]]XWR , AQQa MaUVHJOLa , GU«JRULa KaOSRX]RV , AQQa-KaULQ WHOPHU , IQJHU
W§UGK , LaUV B¦FNPaQ , WHLOL XX 

ShoZ more

OXWOLQH

KWWSV://GRL.RUJ/10.1016/M.QHXURELROaJLQJ.2018.03.003

AEVWUaFW
TRRWK ORVV KaV EHHQ UHOaWHG WR FRJQLWLYH LPSaLUPHQW; KRZHYHU, LWV UHOaWLRQ WR VWUXFWXUaO EUaLQ
GLȂHUHQFHV LQ KXPaQV LV XQNQRZQ. DHPHQWLa-IUHH SaUWLFLSaQWV (nb= 2715) RI aJH ǜ60b\HaUV ZHUH
IROORZHG XS IRU XS WR 9b\HaUV. A VXEVaPSOH (nb= 394) XQGHUZHQW PaJQHWLF UHVRQaQFH LPaJLQJ aW
EaVHOLQH. IQIRUPaWLRQ RQ WRRWK ORVV ZaV FROOHFWHG aW EaVHOLQH, aQG FRJQLWLYH IXQFWLRQ ZaV
aVVHVVHG XVLQJ WKH MLQLƊMHQWaO SWaWH E[aPLQaWLRQ aW EaVHOLQH aQG aW IROORZ-XSV. DaWa ZHUH
aQaO\]HG XVLQJ OLQHaU PL[HG HȂHFWV PRGHOV aQG OLQHaU UHJUHVVLRQ PRGHOV. AW EaVHOLQH, 404
(14.9%) SaUWLFLSaQWV KaG SaUWLaO WRRWK ORVV, aQG 206 (7.6%) KaG FRPSOHWH WRRWK ORVV. TRRWK ORVV
ZaV VLJQLȃFaQWO\ aVVRFLaWHG ZLWK a VWHHSHU FRJQLWLYH GHFOLQH (β:bǔ0.18, 95% FRQȃGHQFH LQWHUYaO
[CI]:bǔ0.24 WRbǔ0.11) aQG UHPaLQHG VLJQLȃFaQW aIWHU aGMXVWLQJ IRU RU VWUaWLI\LQJ E\ SRWHQWLaO
FRQIRXQGHUV. IQ FURVV-VHFWLRQaO aQaO\VHV, SHUVRQV ZLWK FRPSOHWH RU SaUWLaO WRRWK ORVV KaG
VLJQLȃFaQWO\ ORZHU WRWaO EUaLQ YROXPH (β:bǔ28.89, 95% CI:bǔ49.33 WRbǔ8.45) aQG JUa\ PaWWHU
YROXPH (β:bǔ22.60, 95% CI:bǔ38.26 WRbǔ6.94). TKXV, WRRWK ORVV Pa\ EH a ULVN IaFWRU IRU aFFHOHUaWHG
FRJQLWLYH aJLQJ.
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Summary  This  study  reviews  the  research  of  dementia,  a  pathology  for  which  numerous  stud-
ies  have  found  associations  with  masticatory  function  in  the  elderly.  These  issues  are  presently
major  problems  in  geriatric  medical  and  welfare  settings,  and  we  discuss  the  prospects  for
future  research  into  mastication.  Dementia  and  masticatory  function  have  been  examined  in  a
range  of  epidemiological  and  neuroscientific  studies,  and  associations  between  the  two  have
been  reported.  However,  a  causal  relationship  has  not  been  satisfactorily  established.  Biochem-
ical  studies  have  also  clarified  the  basis  of  the  association  between  dementia  and  periodontal
disease, but  have  not  yet  yielded  sufficient  evidence.  Studies  offering  a  high  level  of  evidence,
such  as  intervention  studies  and  meta-analyses,  are  expected  to  be  undertaken  in  this  area
in  the  future.  Maintenance  and  recovery  of  masticatory  function  is  of  great  importance  with
respect  to  achieving  healthy  longevity.  Dental  science  will  have  considerable  obligations  and
will  have  to  take  on  an  important  role  in  this  regard.  For  dental  treatment  to  take  on  such
important roles  in  the  fields  of  health,  medicine  and  welfare,  it  is  necessary  to  provide  infor-
mation  that  will  be  understood  not  just  by  other  medical  and  healthcare  professionals,  but  also
by  the  general  public.
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Socioeconomic status and stroke incidence,
prevalence, mortality, and worldwide
burden: an ecological analysis from the
Global Burden of Disease Study 2017
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Amin Amiri1, Reza Tabrizi8,9, Naghmeh Mokhber10,11, J. David Spence12,13,14 and
Mahmoud Reza Azarpazhooh1,4,12,13*

Abstract

Background: Socioeconomic status (SES) is associated with stroke incidence and mortality. Distribution of stroke
risk factors is changing worldwide; evidence on these trends is crucial to the allocation of resources for prevention
strategies to tackle major modifiable risk factors with the highest impact on stroke burden.

Methods: We extracted data from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017. We
analysed trends in global and SES-specific age-standardised stroke incidence, prevalence, mortality, and disability-
adjusted life years (DALYs) lost from 1990 to 2017. We also estimated the age-standardised attributable risk of
stroke mortality associated with common risk factors in low-, low-middle-, upper-middle-, and high-income
countries. Further, we explored the effect of age and sex on associations of risk factors with stroke mortality from
1990 to 2017.

Results: Despite a growth in crude number of stroke events from 1990 to 2017, there has been an 11.3% decrease
in age-standardised stroke incidence rate worldwide (150.5, 95% uncertainty interval [UI] 140.3–161.8 per 100,000 in
2017). This has been accompanied by an overall 3.1% increase in age-standardised stroke prevalence rate (1300.6, UI
1229.0–1374.7 per 100,000 in 2017) and a 33.4% decrease in age-standardised stroke mortality rate (80.5, UI 78.9–
82.6 per 100,000 in 2017) over the same time period. The rising trends in age-standardised stroke prevalence have
been observed only in middle-income countries, despite declining trends in age-standardised stroke incidence and
mortality in all income categories since 2005. Further, there has been almost a 34% reduction in stroke death rate
(67.8, UI 64.1–71.1 per 100,000 in 2017) attributable to modifiable risk factors, more prominently in wealthier
countries.

(Continued on next page)
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Figure above: Elderly Patient with a combination of root 
caries and periodontal problems

KEYWORDS
Nutrition, quality of life, oro-facial function, 
 dental state, dental prosthesis

SUMMARY

Nowadays, many people retain their natural teeth 

until late in life as a result of the large success of 

preventive strategies. However, there is still a 

very high prevalence of edentulism especially in 

elderly patients and many of these patients are 

provided with inadequate dental prostheses. In 

addition, many elderly citizens suffer from sys-

temic diseases leading to increased drug pre-

scription with age. "is may have direct or indi-

rect negative effects on the health and integrity 

of oral tissues like teeth, mucosa or muscles. 

"ere is growing evidence that a close interaction 

between the general medical condition and oral 

health exists. From a dental point of view, the 

chewing ability and capacity and its interaction 

with the nutritional status seem to be especially 

important. For example, complete denture wear-

ers present a significant oral disability, which 

 often leads to a gradual deterioration of their 

 individual dietary habits. "e improvement of 

maximum bite force and chewing efficiency may 

be an important prerequisite for an adequate 

 nutrition. "ose functional parameters can often 

be improved by providing functional dental pros-

theses or by stabilizing complete dentures with 

endosseous implants. Nevertheless, an improve-

ment of the nutritional status can only be 

achieved through a close collaboration with 

 dieticians or clinical nutritionists.

Masticatory function  
and nutrition in old age 
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World Health Organization  
Oral Health Assessment Form for Adults, 2013 

 
                                        Annex 1    

        Leave blank                           Year          Month          Day                          Identification No.            Orig/Dupl               Examiner 

(1)  (4)     (5)  (10)     (11)  (14)       (15)      (16)   (17) 
 
General information:                                                              Sex  1=M, 2=F                           Date of birth                                Age in years 

_________________________________________________  (18)    (19)  (24)    (25)   (26) 
(Name) 
 

Ethnic group (27)  (28)      Other group(29)  (30)      Years in school  (31)  (32)          Occupation  (33) 

 

Community (geographical location)  (34)  (35)        Location    Urban (1)    Periurban (2)    Rural (3)  (36) 

Other data _____________________ (37)  (38)    Other data ____________________ (39)  (40) 
 

Other data _____________________ (41)  (42)     Extra-oral examination __________ (43)  (44) 
 
 
Dentition status 
 

                                           
       18        17       16       15        14        13       12       11        21        22        23        24       25       26       27        28 

Crown (45)  60) 

Root (61)  (76)  
 

Crown (77)  (92)  

Root (93)  (108) 
                                          
       48        47       46       45        44        43       42       41        31        32        33        34       35       36       37        38 
 

 
 Permanent teeth 
 
  Status 
 
  0 = Sound 
  1 = Caries 
  2 = Filled w/caries 
  3 = Filled, no caries 
  4 = Missing due to  
   caries 
  5 = Missing for any 
         another reason 
  6 = Fissure sealant 
  7 = Fixed dental   
        prosthesis/crown  
               abutment, veneer, 
        implant 
  8 = Unerupted 
  9 = Not recorded 

 
Periodontal status (CPI Modified) 
 
                                             
           18        17       16     15        14        13       12       11        21        22        23        24       25       26       27        28 

Bleeding  (109)  (124) 

Pocket  (125)  (140) 
 

Bleeding  (141)  (156) 

Pocket  (157)  (172) 
             48        47       46     45        44        43       42       41        31        32        33        34       35       36       37        38 
 
 

 
Gingival bleeding 
 
     Score 
0 = Absence of  condition  
1 = Presence of condition 
9 = Tooth excluded  
X = Tooth not present 
 
Pocket 
 
     Score 
0 = Absence of condition 
1 = Pocket 4–5 mm 
2 = Pocket 6 mm or more 
9 = Tooth excluded  
X = Tooth not present 
 

 



World Health Organization  
Oral Health Assessment Form for Adults, 2013 

 
 
Loss of attachment 
 
Severity 
0 = 0–3 mm 
1 = 4–5 mm Cemento-enamel  junction (CEJ) within black band 
2 = 6–8 mm CEJ between upper limit of black band and 8.5 mm ring 
3 = 9–11 mm CEJ between 8.5 mm and 11.5 mm ring 
4 = 12 mm or more  CEJ beyond 11.5 mm ring 
X = Excluded sextant 
9 = Not recorded 
 
* Not recorded under 15 years of age 

 
            Index teeth 
 
      17/16      11     26/27 

(173)  (175) 

(176)  (178) 
       47/46     31     36/37 

 

Enamel fluorosis   (179) 

Severity 
0 = Normal 
1 = Questionable 
2 = Very mild 
3 = Mild 
4 = Moderate 
5 = Severe 
8 = Excluded (crown, restoration, 
 “bracket”) 
9 = Not recorded (unerupted tooth) 
 

 
Dental erosion 
 

Severity  (180) 

 
0 = No sign of erosion 
1 = Enamel lesion  
2 = Dentinal lesion 
3 = Pulp involvement 
 
Number of teeth affected 
 

(181)  (182) 
 

 
 Dental trauma 
 

       Status   (183)              Number of teeth affected 

               (184)  (185) 

 0 =  No sign of injury 
 1 =  Treated injury 
 2 =  Enamel fracture only 
 3 =  Enamel and dentine fracture 
 4 =  Pulp involvement 
 5 =  Missing tooth due to trauma 
 6 =  Other damage 
 9 =  Excluded tooth  
 

 
Oral mucosal lesions 
 

 (186)              (189)  

 (187)              (190)  

 (188)              (191)  
 
 
Condition             Location 
 
0 = No abnormal condition               0 = Vermillion border 
1 = Malignant tumour (oral cancer)      1 = Commissures 
2 = Leukoplakia           2 = Lips 
3 = Lichen planus           3 = Sulci 
4 = Ulceration (aphthous, herpetic, traumatic)    4 = Buccal mucosa 
5 = Acute necrotizing ulcerative gingivitis (ANUG)         5 = Floor of the mouth 
6 = Candidiasis            6 = Tongue 
7 = Abscess            7 = Hard and/or soft palate 
8 = Other condition (specify if possible)                                  8 = Alveolar ridges/gingiva 
9 = Not recorded                                                                          9 = Not recorded 
 
 

 
Denture(s) 
 
 
         Upper       Lower 

      (192)   (193) 

 
 
 
               Status 
 
        0 =  No denture 
        1 = Partial denture 
        2 = Complete denture 
        9 = Not recorded 
 

 

Intervention urgency                                                  (194) 

0 = No treatment needed 
1 = Preventive or routine treatment needed 
2 = Prompt treatment (including scaling) needed 
3 = Immediate (urgent) treatment  needed due to pain or infection of dental and/or oral origin 
4 = Referred for comprehensive evaluation or medical/dental treatment (systemic condition) 
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Is the goal of mastication reached in young dentates, aged dentates and aged
denture wearers?

Anne Mishellany-Dutour1, Johanne Renaud1,2, Marie-Agnès Peyron3, Frank Rimek1,4 and Alain Woda1,2*
1Univ Clermont 1, UFR Odontologie EA3847, Clermont-Ferrand F-63000, France
2CHU Clermont-Ferrand, Service d’Odontologie, Hôtel Dieu, Clermont-Ferrand F-63001, France
3Institut National de la Recherche Agronomique, Unité de Nutrition Humaine, Saint-Genès-Champanelle F-63122, France
4Rstat, Romans F-79260, France

(Received 6 March 2006 – Revised 25 May 2007 – Accepted 31 May 2007)

The objective of the present study was to assess the impact of age and dentition status on masticatory function. A three-arm case–control study
was performed. Group 1 (n 14) was composed of young fully dentate subjects (age 35·6 ^ 10·6 years), group 2 (n 14) of aged fully dentate subjects
(age 68·8 ^ 7·0 years) and group 3 (n 14) of aged full denture wearers (age 68·1 ^ 7·2 years). Mastication adaptation was assessed in the course of
chewing groundnuts and carrots to swallowing threshold. Particle size distribution of the chewed food, electromyographic (EMG) activity of the
masseter and temporalis muscles during chewing, and resting and stimulated whole saliva rates were measured. Aged dentate subjects used sig-
nificantly more chewing strokes to reach swallowing threshold than younger dentate subjects (P,0·05), with increased particle size reduction,
longer chewing sequence duration (P,0·05) and greater total EMG activity (P,0·05) for both groundnuts and carrots. In addition, aged denture
wearers made significantly more chewing strokes than aged dentate subjects (P,0·001) to reach swallowing threshold for groundnuts. Particle size
reduction at time of swallowing was significantly poorer for denture wearers than for their aged dentate counterparts, despite an increase in chew-
ing strokes, sequence duration and EMG activity per sequence. Masticatory function was thus adapted to ageing, but was impaired in denture
wearers, who failed to adapt fully to their deficient masticatory apparatus.

Mastication: Full dental prostheses: Food bolus: Elderly

Mastication is the first major phase in a series of mechanical
and chemical transformations of food, ending in the release
of nutrients in blood. The role of mastication in the overall
process is now better understood. For example, impaired mas-
tication is known to affect food choice adversely, favouring
the selection of an unbalanced diet1,2. In turn, reduced variety
in selected foods may decrease blood levels of certain nutri-
ents3 (see references in Hutton et al.4). Some less well-docu-
mented findings suggest a direct impact of poor mastication on
the digestive process (see references in N’Gom & Woda5).

An immediate role of mastication concerns deglutition.
Mastication breaks down the food and mixes the resulting par-
ticles with saliva to prepare a food bolus that is safe to swal-
low. To be safe, the food bolus must be smooth, plastic and
cohesive6. Smoothness and plasticity are needed to facilitate
harmless transit past the aero-digestive crossing and then
through the oesophagus. Cohesiveness is particularly necess-
ary because otherwise bolus scattering would favour particle
aspiration into the airways6,7. To obtain such a food bolus,
the initial mouthful must be transformed into many small-
sized food particles bound together by a mixture of saliva
and liquids derived from the food itself6. Recent studies
have shown that in young healthy subjects the particle size

distribution of ready-to-swallow food boluses displays
narrow inter-individual variability8. This shows that during a
usual swallow, the food bolus meets precise particle size con-
ditions, among others, before deglutition is triggered. Fulfill-
ing these conditions is a vital requirement since it helps to
prevent dysfunctional deglutition, which is known to be
linked to high morbidity9,10. An acceptable particle size distri-
bution of the food bolus before swallowing can therefore be
considered as a crucial criterion in the assessment of normality
of the masticatory function.

A complex motor function such as mastication must adapt
to changes that occur in every individual. There are two comp-
lementary ways to assess the adaptation of mastication. The
first is monitoring the physiological processes involved by
simple means such as electromyography or mandibular move-
ment recordings11. This approach is known to reflect normal
adaptation to food properties, in young12 and ageing13,14 sub-
jects. Adaptation may, however, become less efficient with
larger anatomical changes such as those found, for example,
in full denture wearers15,16. Full assessment of adaptation
thus also requires measuring how well the function performs
with respect to the food bolus after mastication, just before
swallowing.

*Corresponding author: Professor A. Woda, fax þ33 4 73 17 73 09, email alain.woda@u-clermont1.fr

Abbreviation: EMG, electromyographic.

British Journal of Nutrition (2008), 99, 121–128 doi: 10.1017/S0007114507795284
q The Authors 2008
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Short-term follow-up of masticatory
adaptation after rehabilitation with an
immediately loaded implant-supported
prosthesis: a pilot assessment
Mihoko Tanaka1,2*, Collaert Bruno2, Reinhilde Jacobs3,4, Tetsurou Torisu1 and Hiroshi Murata1

Abstract

Background: When teeth are extracted, sensory function is decreased by a loss of periodontal ligament receptions.
When replacing teeth by oral implants, one hopes to restore the sensory feedback pathway as such to allow for
physiological implant integration and optimized oral function with implant-supported prostheses. What remains to
be investigated is how to adapt to different oral rehabilitations.
The purpose of this pilot study was to assess four aspects of masticatory adaptation after rehabilitation with an
immediately loaded implant-supported prosthesis and to observe how each aspect will recover respectively.

Methods: Eight participants with complete dentures were enrolled. They received an implant-supported acrylic resin
provisional bridge, 1 day after implant surgery. Masticatory adaptation was examined by assessing occlusal contact,
approximate maximum bite force, masticatory efficiency of gum-like specimens, and food hardness perception.

Results: Occlusal contact and approximate maximum bite force were significantly increased 3 months after implant
rehabilitation, with the bite force gradually building up to a 72% increase compared to baseline. Masticatory efficiency
increased by 46% immediately after surgery, stabilizing at around 40% 3 months after implant rehabilitation. Hardness
perception also improved, with a reduction of the error rate by 16% over time.

Conclusions: This assessment demonstrated masticatory adaptation immediately after implant rehabilitation with
improvements noted up to 3 months after surgery and rehabilitation. It was also observed that, despite gradually improved
bite force in all patients, masticatory efficiency and food hardness perception did not necessarily follow this tendency. The
findings in this pilot may also be used to assess adaptation of oral function after implant rehabilitation by studying the
combined outcome of four tests (occlusal contact, maximum bite force, masticatory efficiency, and food hardness
perception).

Keywords: Physiologic adaptation, Masticatory function, Immediate loading, Dental implants

Background
Tooth loss represents a major oral disability comparable
to an amputation, with severe impairment of oral func-
tions [1]. While denture wearers can rely on mucosal
sensors, anchoring prosthetic teeth to the bone via
osseointegrated implants has been assumed to create a

(partial) sensory substitution for missing periodontal
ligament receptors from stimuli transmitted via the bone
[2]. The restoration of the sensory feedback pathway is
necessary for the physiological integration of implant-
supported prostheses in the human body. It helps to
optimize essential oral functions, such as chewing and
biting. Studies on such functions usually report an im-
provement of oral functions with implant-supported
prostheses as opposed to conventional dentures [3–9].
Improved oral function also impacts on quality of life
[10], often scored with ratings for function, pain,
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Abstract

The relationship between masticator[ performance and chewing experience has not [et
been explored for patients with implant‐retained overdentures. Although man[
relationships have been found between parameters of objective and subjective oral
function, the structure of these relationships remain unclear. Therefore, we studied in a
randomi\ed clinical trial the relationship between the comminution of an artiÒcial test
food, i.e. masticator[ performance, and the subjective chewing experience. The trial
involved a comparison between two groups receiving implant treatment and one group
receiving conventional complete dentures (CD). The implant treatment involved either a
mainl[ implant‐supported mandibular overdenture on a transmandibular implant (TMØ)
or an implant‐tissue‐supported mandibular overdenture on two ØMZ implants (ØMZ).
Masticator[ performance as well as chewing experience were substantiall[ better for the
implant‐retained overdentures compared with the complete denture group. No
signiÒcant di×erences emerged between the TMØ and the ØMZ group. A multiple
regression anal[sis did not provide an[ comprehensibilit[ in the relationship between
masticator[ performance and the variables of chewing experience. Øn the linear
structural relation anal[sis (LØSREL) no direct relationship was found between masticator[
performance and functional complaints mandibular denture. The results show that an
improvement in masticator[ performance does not impl[ the same improvement in
chewing experience and vice versa.
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