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Abstract
The individual inclination to lead an autonomous life until death is associated with re-
quirements that may be of physiological, psychosocial and environmental nature. We 
aim to describe a conceptual oro-facial health model with an emphasis on oro-facial 
function, taking the domains of quality of life and patient-centred values into ac-
count. In the context of oro-facial function, the requirements of life are met when the 
oro-facial system is in a fit state. ‘Fitness of the oro-facial system, that is oro-facial 
health, is a state that is characterised by an absence of, or positive coping with physi-
cal disease, mental disease, pain and negative environmental and social factors. It will 
allow natural oro-facial functions such as sensing, tasting, touching, biting, chewing, 
swallowing, speaking, yawning, kissing and facial expression’. In the presented con-
ceptual model of oro-facial health, it is postulated that each individual has present 
and future potentials related to biological prerequisites and resources that are devel-
oped by an individual through the course of life. These potentials form the oro-facial 
functional capacity. When the individual potentials together do not meet the require-
ments of life anymore, dysfunction and disease result. The oro-facial system is sub-
ject to physiological ageing processes, which will inevitably lead to a decrease in the 
oro-facial functional capacity. Furthermore, comorbid medical conditions might ham-
per oro-facial function and, alongside with the ageing process, may lead to a state 
of oral hypofunction. Currently, there is a lack of widespread, validated, easy-to-use 
instruments that help to distinguish between states of oro-facial fitness as opposed 
to oral hypofunction. Clearly, research is needed to establish adequate, validated in-
struments alongside with functional rehabilitation procedures.
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1  | INTRODUC TION

Since the very onset of academic dentistry, the dental profession has 
focused on diagnosis and treatment of dental diseases. Furthermore, 
a significant part of dentistry comprised mechanistic aspects such 
as the fabrication of dentures, and lately, there is a strong focus 
in the dental profession on digital planning and computer-assisted 
manufacturing of endosseous oral implants and dental prostheses. 
For many decades, these trends have led to an artificial separation 
in dental education, research, patient care and public health policy 
from general medicine and its disciplines.8

However, with the general improvement in prevention, manage-
ment and prognosis our models for oral health may need to better 
reflect a more comprehensive view on oro-facial function as it be-
comes more and more conspicuous that the oro-facial system can 
only be regarded in a broader context of health and function.9 This 
position paper will critically discuss oral health models with new 
proposals for laying emphasis on oro-facial function and taking the 
domains of quality of life and patient-centred values into account.

2  | OR AL HE ALTH MODEL S

The oro-facial system is an integral part of the body and exhibits 
key functions related to the biological, social and psychosocial well-
being of any individual. Structural integrity and function of the oro-
facial system are closely interrelated. They must be considered in 
an oral health model that aims to integrate not only states of struc-
tural integrity and correct function, that is oro-facial fitness, but also 
states of disease and dysfunction. Today, there are at least 13 dif-
ferent oral health models with varying scopes and characteristics.10

The World Health Organisation's (WHO) definition of oral health 
acknowledges the wide implications of the integrity of the oro-facial 
system, and lays emphasis on disease and disorders: ‘Oral health 
means more than good teeth; it is integral to general health and es-
sential for well-being. It implies being free of chronic oro-facial pain, 
oral and pharyngeal (throat) cancer, oral tissue lesions, birth defects 
such as cleft lip and palate, and other diseases and disorders that 
affect the oral, dental and craniofacial tissues, collectively known as 
the craniofacial complex’.11 The Fédération Dentaire Internationale's 
(FDI) definition of oral health mentions selected functions: ‘Oral 
health is multi-faceted and includes the ability to speak, smile, smell, 
taste, touch, chew, swallow and convey a range of emotions through 
facial expressions with confidence and without pain, discomfort and 
disease of the craniofacial complex’.12

There is a recent shift in general health models towards a 
more integrated understanding of health, like the One Health ap-
proach of the WHO.13 Lately, the Meikirch Model for a definition 
of health was introduced, which recognises the broad interactions 
of the human existence (Figure 1). It states that: ‘Health is a state 
of wellbeing emergent from conducive interactions between indi-
viduals’ potentials, life's demands, and social and environmental 
determinants’.1,14

3  | OR AL HE ALTH C ARE

Oral health models reflect in part how health care is organised and 
how their services are being used by the general population.15 As a 
consequence, health care and medical and dental sciences often fail 
to deal with chronic conditions16,17 and focus on short- to mid-term 
outcomes of administered treatment approaches (eg root canal treat-
ments, placing dental implants, dental restorations). Pathological 
conditions of the oral cavity, such as caries, cancer or trauma, may be 
acute and need immediate attention. Further, tooth-related factors 
may be related to mineralisation disorders, such as amelogenesis 
imperfecta, dentinogenesis imperfecta or molar-incisor hypominer-
alisation. Some oro-facial conditions, however, may develop from an 
acute condition to a chronic state, such as oro-facial pain, or may 
not fall in one of these categories, such as bruxism or obstructive 
sleep apnoea syndrome. Additionally, most oro-facial conditions, 
such as periodontitis, tooth loss, impaired oral food processing or hy-
posalivation, are chronic and hence require attention for prolonged 
periods of time. Following rehabilitation, there are also long-term 
technical and biological risks related to dental devices and biomate-
rials that might be considered as chronic conditions. Individuals may 

F I G U R E  1   Graphic representation of the Meikirch model of 
health with its five components: (1) the demands of life such as 
adequate mastication; (2) the biologically given potential such as 
normal intra-uterine development of the craniofacial complex; 
(3) the personally acquired potential such as training of complex 
motor skills with new dentures; (4) The social determinants such 
as aesthetics or speech; and 5. the environmental determinants 
of health such as the socio-economic background as an important 
determinant of oro-facial health. The double arrows express ten 
complex interactions between these components. Figure redrawn 
from Ref. 7 under Creative Commons Licence (CC BY 4.0)
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or may not adapt to or cope to various degrees with these chronic 
conditions of the oro-facial system.

Furthermore, there is an increasing body of evidence that oro-
facial health and general health are interrelated. Conditions of the 
oro-facial system might be the origin or modify general diseases 
such as aspiration pneumonia, or general conditions such as cancer 
or treatment thereof might manifest themselves in the oral cavity 
and hamper oro-facial function.18,19

The medical and dental literature only recently started including 
patients’ wishes, views and perspectives on a disease, on its treat-
ment or, more generally, on the provision of health care itself.20,21 
Health care is often viewed upon nowadays that it should provide 
cure, whereas providing long-term care and maintaining quality of life 
(QoL) to an, from a person's point of view, acceptable standard have 
gained little attention so far.

Quality of life, or more specifically in the current context, oral 
health-related quality of life, is a multidimensional construct that 
encompasses biological, social and psychological aspects. It was 
proposed that oral health–related quality of life may be assessed in 
four domains: oral function, oro-facial pain, oro-facial appearance 
and psychosocial impact. Any outcome of a disease, intervention or 
long-term effects of a health-related issues should be evaluated to 
this regard, as it is directly related to perceived patient-related ben-
efits.22 Pain-related problems and prevention needs are the most 
common patient's health concern. Specifically, in orthodontics, oro-
facial appearance, that is aesthetics, is the most common reason to 
visit a dentist.9

In the context of the overall burden of oral disease, only few 
conditions in oral health care and dentistry involve multidisciplinary 

approaches. Oro-facial diagnosis and treatment often seems to be 
driven more by technical progress and less by patient demand and 
views.8 In this context, patient adherence to long-term management 
for chronic conditions is often poor, as patient´s views, habits, and 
psychological and social context are often neglected.

4  | AIM

We aim to describe a conceptual oro-facial health model with em-
phasis on oro-facial function, taking the domains of quality of life 
and patient-centred values into account. We thereby put emphasis 
on:

1.	 Description of a conceptual model of Orofacial Health based 
on the Meikirch model of health. The new model focuses on 
oro-facial fitness and also serves to conceptualise oro-facial 
hypofunction.

2.	 In the context of ageing, applying the conceptual model to states 
of oro-facial fitness and oro-facial hypofunction.

3.	 In the context of comorbid medical conditions, applying the con-
ceptual model to expand the view beyond the dental context.

4.	 Description of current assessment and management strate-
gies of oro-facial function with proposals for their further 
development.

These points will be discussed in the following four sections. In 
order to facilitate the reading, a glossary of relevant terms has also 
been included.

GLOSSARY

Biologically given potential Present and future resources as defined by the biological basis of life of an individual. It results 
directly from genetics and intra-uterine development and diminishes during the course of life. 
Modifying factors might be disease, trauma or physiological ageing processes.1

Complex adaptive system A human being may be described as a complex adaptive system that comprises a multitude of 
cooperative parts that interact not only with each other but also with the environment.2,3

First, second, third and fourth age According to Laslett's theory of the third age,4 one's life consists of four ages: first age—an era 
for dependence, socialisation, immaturity and learning; second age—an era for independence, 
maturity, responsibility and working; third age—an era for personal achievement and fulfilment 
after retirement; and fourth age—an era for the final dependence, decrepitude and death.

Meikirch model of health The Meikirch model is the definition of health that describes health on a meta-level by its structure 
and functions. The model uses a framework of health, consisting of five components that are 
related to each other by 10 complex interactions.1

Non-communicable diseases Diseases that are not transmitted by one living being to another (eg cardiovascular disease) and 
might include oro-facial conditions such as caries, cancer, chronic pain, obstructive sleep apnoea 
syndrome.

Oral frailty, oral hypofunction, oral 
dysfunction

A set of terms coined by the Japanese Society of Gerodontology to describe the hypothesis that 
reversible states of oral frailty and oral hypofunction develop during the process of functional 
pathophysiological changes towards irreversible oral dysfunction. It was proposed that 
decreased articulation, slight choking or spillage while eating, and an increase in the number of 
non-chewable foods in older people might serve for diagnosis.5
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Oro-facial fitness A state of the oro-facial system that is characterised by an absence of, or positive coping with, 
physical disease, mental disease, pain, and negative environmental and social factors. It will 
allow natural oro-facial functions such as sensing, tasting, touching, biting, chewing, swallowing, 
speaking, yawning, kissing and facial expression and meets the demands of life. The term ‘oro-
facial’ reflects the fact that function and dysfunction of the discussed structures have strong 
interactions with biological, psychological and social components beyond the oral cavity.

Oral health-related quality of life 
(OHRQoL)

Concept that intends to capture how oral conditions impact patients’ everyday life. It is 
multidimensional and comprises the domains oral function, oro-facial pain, oro-facial 
appearance and psychosocial impact.6

Oro-facial function Oro-facial function is the dental discipline that deals with the normal and disordered functioning 
of the oro-facial system, that is the teeth, periodontium, bone, intra- and perioral soft tissues, 
masticatory muscles and temporomandibular joints, and the peripheral and central nervous 
system that integrates, coordinates and controls associated movements.

Oro-facial functional capacity Current and future functional capacity of the oro-facial system.

Oro-facial system A complex adaptive system that comprises teeth, periodontium, bone, intra- and perioral soft 
tissues, masticatory and accessory muscles, temporomandibular joints and the peripheral 
and central nervous system that integrates, coordinates and controls associated oro-facial 
movements.

Personally acquired potential Present and future resources as developed by an individual through the course of life. It comprises 
factors, such as maturation of the immune system, functional training or individual coping 
strategies related to functional deficiencies and impairment.1

Requirements of life Physiological, psychosocial and environmental demand of an individual to lead an independent life.7

4.1 | Oral health and disease, oro-facial 
function and dysfunction in the context of the 
Meikirch model

According to the Meikirch model of health,7 it is stated that every 
biological system needs to satisfy the demands of life. If these de-
mands are not met, it may be defined as the absence of health, that 
is dysfunction or disease. The demands may be of physiological, psy-
chosocial and environmental nature. The requirements for a healthy 
life may comprise the following: (1) for the body, they may be nutri-
tion, water intake, hygiene, housing, medical care, etc.; (2) for social 
and psychological aspects, these may entail successful integration 
and participation in society; and (3) for the environment, factors 
comprise availability of food, access to clean water, absence of pol-
lution, control of microbiological threats, etc.

According to the Meikirch model, ‘Health is a dynamic state of 
well-being emergent from conducive interactions between individ-
uals’ potentials, life's demands, and social and environmental deter-
minants. Health results throughout the life course when individuals’ 
potentials – and social and environmental determinants – suffice to 
respond satisfactorily to the demands of life. Life's demands can be 
physiological, psychosocial, or environmental, and vary across indi-
vidual and context, but in every case unsatisfactory responses lead 
to disease’.7

To fulfil the requirement of life in a time of steadily growing life 
expectancy with still very high prevalence of dental diseases and the 
desire of most individuals to lead a self-determined life until death, 
resources are needed. In order to meet the demands of life, any per-
son is given a ‘biologically given potential’ and ‘personally acquired 
potential’. The term ‘potential’ refers to present and future resources 
of each individual.7 In the scope of the current position paper, we 

suggest to define the oro-facial functional capacity as the current 
and future functional capacity of the oro-facial system. The term 
oro-facial reflects the fact that function and dysfunction of the dis-
cussed structures have strong interactions with biological, psycho-
logical, and social components beyond the oral cavity.

The biologically given potential is mostly determined by genet-
ics or, in an early stage of life, by the intra-uterine development. 
With increasing age, the biologically given potential decreases be-
cause of the inherent ageing process of the human body, disease or 
trauma.23,24 With respect to the oro-facial system, the biologically 
given potential may comprise the development of the craniofacial 
complex, which may lead to normal growth or, in case of genetic 
syndromes, may be reduced, such as in persons with cheilognatho-
palatoschisis. The personally acquired potential may be developed 
unconsciously, such as the maturation of the immune system, or 
consciously, such as muscle mass through training, acquiring skills, 
attitude to life, acquired deficiencies such as trauma, and quite 
importantly the coping with pain and reduced function, as often 
experienced after tooth loss (Figure 2). With increasing age, the per-
sonally acquired potential or individual coping strategies are key to 
overcome age-related functional deficiencies and impairment, such 
as training of new motor skills with dentures.25

A human being may be described as a complex adaptive sys-
tem that comprises a multitude of cooperative parts that interact 
not only with each other, but also with the environment.2,3 For each 
life phase, viz. first, second, third and fourth age, there are specific 
requirements of life that may be of physiological, psychosocial and 
environmental nature.4,26,27 If these requirements are not met by 
the individual person anymore due to evolving demands, adaptive 
changes on the structural and functional level will occur. These may 
be successful and then constitute a new equilibrium in the complex 
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adaptive system that would then still constitute a state of health, or 
the changes may occur too slowly, inappropriately or not at all, which 
would constitute a state of disease.2

4.1.1 | A definition of Oro-facial Health based 
on oro-facial fitness

The definition of fitness according to Oxford dictionary is ‘the condi-
tion of being physically fit and healthy, the quality of being suitable 
to fulfil a particular role or task’. The concept of ‘oro-facial fitness’ 
is not yet widely introduced in the scientific literature, but is fre-
quently encountered in the more laymen description of oral health, 
and in particular related to oral care, viz. the prevention of caries 
and periodontal diseases. It is proposed that efforts will be directed 
to expand the scientific and public awareness of oro-facial fitness 
and to relate this construct not only to oral care but especially to 
oro-facial function. Oro-facial fitness in this manner may be concep-
tualised as ‘the individual and sufficient amount of activity that will 
maintain and/or restore oro-facial health’, or increase in the person-
ally acquired potential.

Specifying the core elements of the Meikirch model of health in 
regard to oro-facial function, the authors of this position paper have 
defined oro-facial health as follows: ‘Fitness of the orofacial system, 
i.e. orofacial health, is a state that is characterized by an absence 
of, or positive coping with, physical disease, mental disease, pain, 
and negative environmental- and social factors. It will allow natural 
orofacial functions such as sensing, tasting, touching, biting, chew-
ing, swallowing, speaking, yawning, kissing, and facial expression’. 
In this state, the oro-facial functional capacity suffices to meet the 
requirements of life. Table 1 gives a further overview on important 
functions of the oro-facial system. This definition comprises the four 
domains of oral health–related quality of life and may serve for the 
development of validated, easy-to-use instruments to assess oro-
facial fitness.

In their position paper of the Japanese Society of Gerodontology, 
Minakuchi et al.5 use the term ‘oral frailty’ to describe an unfavour-
able oral condition in older people that is characterised by decreased 
articulation, slight choking or spillage while eating, and an increase 
in the number of non-chewable foods. These characteristics are 
derived from numerous epidemiological studies, mainly from Japan 
(for an overview, see, eg, Ref. 28). Oral frailty may be the first step 
towards manifest painful and functional problems, which can be 
qualified as oral hypofunction, or even as oral dysfunction.5 From 
other studies, it is well known that pain is a significant risk factor for 
frailty among older adults (eg Ref. 29). Hypofunction is a less fit state 
and may be followed by dysfunction, leading to signs and symptoms 
in the oro-facial system. Training may increase the personally ac-
quired potential and is one option to stay fit or to regain fitness. 
Furthermore, the rehabilitation of lost oral hard and soft tissues 
plays an important role in regaining fitness. The frail patient may be 
susceptible or vulnerable to change in function, as his or her biolog-
ical resources decline, that is decline in biologically given potential.5

In the context of oro-facial function, the oro-facial functional ca-
pacity is reduced in many individuals. The most important modifier 
on an epidemiological level is caries as it is the most common non-
communicable disease worldwide. It leads to destruction of tooth 
substance, alterations of tooth morphology, pain, infections and ab-
scesses, and, ultimately, tooth loss.15 Caries has important cofactors 
that modify the disease, such as hyposalivation30 and alterations of the 
oral microbiome due to high sugar intake.31 On a functional level, the 
progress of the disease significantly alters oro-facial functions such as 
biting, chewing and swallowing and subsequently induces changes in 
the somatosensory and motor cortex.24,32–35 The disease-induced de-
crease in oro-facial functions negatively affects the physiological and 
psychosocial demands of life with severe impact on nutritional state 
and oral health–related quality of life, and is a burden for the health-
care systems.36–38 However, caries and the related decrease in oro-
facial fitness is a very good example that the decline in the oro-facial 
functional capacity in this context can largely be prevented.39 If teeth 
and related alveolar bone are lost as the final outcome of the caries 
process, the oro-facial functional capacity may even be increased with 
the placement of dental prostheses, additional training of oro-facial 
function (eg mastication, biting) and nutritional counselling.40

F I G U R E  2   Graphic representation of the personally acquired 
potential and the biologically given potential during the course of 
life. These potentials represent the present and future resources 
of the individual. The personally acquired potential is developed 
by an individual through the course of life. It comprises factors 
such as maturation of the immune system, functional training, 
or individual coping strategies related to functional deficiencies 
and impairment, such as tooth loss or chronic pain. The red line 
depicts the trend in this function; however, at certain points in 
life the personally acquired potential might be reduced and might 
also be regained (black line), for example if lost teeth are replaced 
with dental prostheses. The biologically given potential is defined 
by the biological basis of life of an individual. It results directly 
from genetics and intra-uterine development such as normal 
development of the craniofacial complex and diminishes during the 
course of life (blue line). Modifying factors might be disease such as 
eating disorders (bulimia) or caries, facial trauma, or physiological 
ageing processes such as sarcopenia of the masticatory muscles. 
Figure redrawn from Ref. 1 under Creative Commons Licence (CC 
BY 3.0)
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In the overall context of oral health–related quality of life, oro-
facial frailty or oro-facial hypofunction should also take into account 
factors that relate to the domains oral function, oro-facial pain, 
oro-facial appearance and psychosocial impact, as they relate to 
the reasons as to why patients seek help from dental and medical 
professionals.41,42

4.2 | Oro-facial function in the context of ageing

The world's population continues to grow and to live longer. Ageing 
is, indeed, another important example of an inevitable decrease in 
the oro-facial functional capacity. It is a physiological phenomenon 
that is, however, often accompanied by multimorbidity, polyphar-
macy, and decline in cognitive and oro-facial function.

The oro-facial system is subject to physiological ageing processes 
such as any biological system. The process of ageing is irreversible; 
it progresses and affects every aspect of the oro-facial complex. 
Hence, ageing inevitably leads to changes of structure, function and 
psychological aspects that occur in the course of life.43 Cell damage 
and tissue damage accumulate. In other words, the biologically given 
potential decreases. If the spare capacity of the oro-facial system 
is exceeded and thus the personally acquired potential cannot fully 
compensate the changes, the system is then more susceptible to de-
velop a disease.

This physiological process of ageing does not imply that the 
individual may experience a loss of oro-facial functional capacity 
that would not meet the requirements of life or compromise oral 

health–related quality of life, or nutritional state. There is a large 
physiological spare capacity to compensate these changes. For ex-
ample, the oro-facial system usually finds a new equilibrium after the 
loss of molar teeth. If there is sufficient occlusal contact, typically 
10 occluding pairs of teeth, associated with otherwise intact oro-
facial functions (eg salivary gland function, sufficient muscle force), 
oral health–related quality of life and nutritional state, may be main-
tained.44 An example in which an additional pathological cofactor 
would lead to insufficient function would be the additional loss of 
masticatory force due to age-related atrophy of the involved mus-
cles in very old individuals.24

Factors for successful ageing of the mouth may be genetic, but 
are mainly related to lifestyle choices and hence often depend on 
socio-economic status.15 The consumption of a high sugary diet, 
smoking or inadequate oral hygiene is observed more frequently 
in persons from low socio-economic background, and very often 
in old individuals.45,46 As a consequence, the number of remaining 
teeth is higher in persons of high socio-economic status compared 
with poorer social classes. Consequently, in the Western world, 
edentulism decreases since many decades and now has its high-
est prevalence in very old persons with multiple diseases and low 
socio-economic status.47 In turn, this often leads to severely re-
duced oro-facial functional capacity and low oral health–related 
quality of life.

Neurocognitive and neurodegenerative disorders are predomi-
nantly observed in elderly individuals and may imply an impairment 
of muscle coordination, so in the initial stages of the disease, addi-
tional retention from dental implants may be welcomed to replace 
impaired muscle skills for denture retention. In Parkinson's patients, 
both the stabilisation of removable dentures and the insertion of 
fixed restorations may be indicated, because jaw motor control is 
severely impaired in this condition. People rehabilitated with dental 
implants may start improving biting or chewing immediately after 
the insertion of the implant-based crowns or dentures, but several 
studies have clearly identified impairment in masticatory parame-
ters, suggesting that implant-rehabilitated patients may need to be 
trained to relearn optimal function.33,48–50 Learning and training of 
new functions is also an age-dependent process that may take a lon-
ger time for the elderly to master. Furthermore, pain, bruxism, moti-
vation and other sensory inputs may significantly interfere with the 
ability to learn new motor tasks.51–56 The key point is that rehabili-
tation of oro-facial function as defined above is not only related to 
the anatomical restoration of teeth or the dental arches or to pres-
ervation of the dentition, but it also deals with regaining oro-facial 
fitness. This may require specific training or re-learning of lost or 
compromised parts of oro-facial function.57

4.3 | Oro-facial function in the context of 
comorbid diseases

As part of the global ageing process, it is also clear that individuals 
may not only have a single health issue, but most likely more and 

TA B L E  1   Physiological requirements in relation to oro-facial 
function

Physical/body requirements

Sensing

Tasting

Touching

Breathing and yawning

Biting

Chewing

Salivation

Forming a bolus that is safe to swallow

Swallowing

Psychosocial aspects

Facial expression

Oro-facial appearance

Kissing

Speaking

Enjoying meals in the company of others

Environment

Adequate food, adapted to the oro-facial functional capacity

Diet low in sugar

Adequate hydration



     |  1289SCHIMMEL et al.

complex disorders at the same time. Besides ageing, there are nu-
merous comorbid conditions that may have negative effects on the 
oro-facial fitness. While many medical conditions occur in the ab-
sence of disorders of the oro-facial system, some can be considered 
as comorbid medical conditions, that is if they co-occur with a pri-
mary condition in the oro-facial system.

Examples of comorbid medical conditions in which a dental 
practitioner could play a role in the early diagnosis and possibly 
in their prevention and management include, but are not limited 
to: systemic disorders such as rheumatoid arthritis, Sjögren´s syn-
drome, diabetes and gastroesophageal reflux; movement disorders 
such as dyskinesia, dystonia and Parkinson's disease; and sleep 
disorders such as snoring and obstructive sleep apnoea. Most of 
these comorbid medical conditions are associated with oro-facial 
conditions that may also affect oro-facial function in either one of 
the following categories:

4.3.1 | Category 1

The medical condition manifests itself in the oral cavity. For exam-
ple, the damage caused to dental hard tissues, such as in the case 
of reflux of stomach content causing chemical tooth wear, can lead 
to pain, loss of aesthetics and—in extreme cases—loss of mastica-
tory function (for a review, see Ref. 58). Sleep bruxism is an ex-
ample of a condition that can manifest itself in the oral cavity (eg 
mechanical tooth wear). There are psychiatric diseases with possible 
deleterious effects, such as eating disorders.59 Also, a potentially 
life-threatening condition such as cancer will go with several and 
diverse oral manifestations, for example pain and soft and hard tis-
sue lesions that may hamper normal function. Other examples of a 
medical conditions with oral manifestations are Sjögren´s syndrome, 
which leads to severe hyposalivation or congenital oro-facial anoma-
lies such as progenia, micrognathia and cheilognathopalatoschisis. 
Symptoms of genetic syndromes such as Down syndrome, or hae-
matological and autoimmune diseases are often evident in the oro-
facial system as well. Further, a direct effect on the oral cavity was 
demonstrated for stroke and amyotrophic lateral sclerosis patients 
who lose much of their sensory and motor abilities and hence show 
impaired bolus control and swallowing disorders, leading to frequent 
feeding problems, low oral health–related quality of life and aspira-
tion pneumonia.60,61

4.3.2 | Category 2

The medical condition is caused or influenced by an oro-facial condi-
tion. For example, mouth breathing may be associated with obstruc-
tive sleep apnoea and complaints of a dry mouth/xerostomia (for a 
review, see Ref. 62). Further examples are under- and malnutrition 
in the elderly, as well as aspiration pneumonia related to poor oral 
health.18,36,63,64

4.3.3 | Category 3

The medical condition is prevented, managed, or treated via the 
oro-facial system. For example, the insertion of a mandibular ad-
vancement appliance in the case of obstructive sleep apnoea with 
the purpose to increase the oro-pharyngeal space during breath-
ing might, in turn, lead to orthodontic changes and thus to loss of 
aesthetics and a deterioration of masticatory function, as well as 
to (transient) complaints of hypersalivation and pain in the masti-
catory muscles and/or the temporomandibular joints (for a review, 
see Ref. 65).

4.3.4 | Category 4

The treatment of the medical condition affects the oral cavity. For 
example, pharmacological treatment may yield a hyposalivation and 
thus a dry mouth/xerostomia, especially in cases of polypharmacy 
(for a review, see Ref. 66). In turn, this impairs food processing and 
makes the oral cavity vulnerable for all kinds of dental conditions 
such as caries, periodontitis and tooth wear—the latter again pos-
sibly leading to pain, loss of aesthetics and—in extreme cases—loss 
of masticatory function. In addition, hyposalivation may lead to taste 
disturbances, that is hypogeusia (impaired taste sensitivity) or dys-
geusia (distorted taste), which in turn may lead to decreased food 
intake and changes in food choices, with possible under- and/or 
malnutrition as a consequence. Another important example in this 
category is the treatment of cancer, especially in the oro-facial re-
gion. Radio- and/or chemotherapy leads to severe damage of tissues 
with a high cell turnover, such as in the salivary glands and the oral 
mucosa. In the acute phase of the treatment, normal oro-facial func-
tion is almost impossible to execute, and the treatment frequently 
leads to scarring of the oro-facial mucosa and irreversible damage of 
salivary glands.67 Furthermore, if tumour mass in the head and neck 
area is removed or reduced surgically, severe impairment of oral and 
facial functions results, with extensive consequences on most bio-
logical, psychological and social functions.

4.4 | Assessment and rehabilitation strategies 
for oro-facial function

A central point in the discussion of oro-facial health in this position 
paper is related to a better understanding of oro-facial function and 
its assessment and strategies for management.

Although from a global perspective inequalities exist in the ac-
cessibility of oral health care68, socially advantaged members of 
society usually visit their dentist on a regular basis for a periodical 
check-up, as opposed to their general medical practitioner, whom 
they often consult only in case of a possible medical condition. Thus, 
dental professionals are in a unique position for the early screen-
ing or diagnosis of comorbid medical conditions. Recently, there has 
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been a shift in the profession towards the development of novel 
strategies to assess comorbid diseases and maintain or rehabilitate 
‘oro-facial fitness’. This will be discussed in the following.

Exemplarily, the Japanese Society for Gerodontology has pro-
posed a set of quantitative instruments for the diagnosis of oral hy-
pofunction. It comprises a standardised assessment of oral hygiene, 
oral dryness, maximum voluntary bite force, tongue-lip and motor 
functions through the assessment of oral diadochokinesis, maximum 
voluntary tongue pressure, masticatory performance and the EAT-
10 questionnaire for swallowing function. Based on reference values 
and cut-off values, a diagnosis of oral hypofunction was proposed.5 
However, no further patient-reported outcomes such as chewing 
ability or oral health-related quality of life were included.

There are currently limited possibilities for the instrumental 
assessment of oro-facial function, in particular when measures of 
‘learning’ or ‘training’ are being considered. Generally speaking, there 
can be subject-based assessment, using standardised questions and 
questionnaires, for example related to the perceived effort or diffi-
culty to perform a given oral task.54 Also, assessment of motivation 
to engage in a rehabilitation programme may be useful to monitor by 
self-reports.69 The next level will be assessment of the physical task, 
for example the accuracy and precision by which the individual can 
repeat the given task.70–72 Other measures could be ‘throughput’, 
which is the number of successful trials or performances within a 
defined period of time. This means one may be able to learn to per-
form a particular task, but it may take a very long time in order to 
do so. Preliminary results from implant-rehabilitated patients have 
indeed indicated that they can learn to perform a sunflower-seed 
splitting task with the front teeth to the same level as individuals 
with natural dentition, but the implant-rehabilitated patients take a 
longer period of time.

Neurophysiological measures of training and learning can be ob-
tained using transcranial magnetic stimulation (TMS) of the motor 
cortex in humans and recordings of the associated motor-evoked 
potentials (MEPs) from the trained muscles. This provides a direct 
insight into the corticobulbar tract function, that is how efficiently 
the brain controls the voluntary muscles. Several recent studies have 
used the TMS-MEP technique to test the effects of specific tongue-
training paradigms,56,73–75 biting tasks76–78 and manipulation of food 
items (oro-facial dexterity).78 Also, more elaborate techniques, such 
as brain imaging using fMRI or PET scans, can be used for a fur-
ther research-centred insight into the importance of the brain for 
learning.79

The current understanding of training and re-learning of oro-
facial function is that the brain needs to be actively involved and 
capable of storing the neuronal signatures in order to restore or 
improve compromised function, that is hypofunction. This process 
is termed ‘cortical plasticity’ and will be the neurophysiological un-
derpinning of maintenance and rehabilitation of oro-facial fitness.57

There are complex biological, psychological and social inter-
actions related to oro-facial function. Exemplary, masticatory ef-
ficiency is defined as ‘the effort required to achieve a standard 
degree of comminution of food’,80 but this definition falls short of 

the implications a deficient mastication has on biological, social and 
psychological requirements of a human being. From a physiological 
point of view, mastication aims to increase the surface of the nutri-
ent, to form a bolus that is safe to swallow, and is coupled with the 
swallowing reflex.81 Psychosocial components of mastication are 
related to self-confidence while chewing, eating-related quality of 
life and social interaction (Figure 3). Hence, the evaluation of mas-
tication should be multidimensional since it depends on a multitude 
of factors and has complex implications if impaired due to reduced 
oro-facial functional capacity.

Prevention and rehabilitation of decreased masticatory function 
through tooth loss, sarcopenia (ie, the degenerative loss of skeletal 
muscle mass, quality, and strength) of the masticatory muscles, hy-
posalivation or deficient dental prostheses may maintain or increase 
the personally acquired potential as a dimension of the oro-facial 
functional capacity.

Currently, there are few specific clinical management strategies 
for maintenance or rehabilitation of oro-facial function, such as for 
jaw exercises (for, eg, reduced jaw opening capacity or temporoman-
dibular disorders, lip training (for, eg, improving swallowing function 
in stroke patients).82–84 However, there is no holistic management 
strategy to improve overall oro-facial fitness as conceptualised 
in the current model for oro-facial health. There is a need for the 
dental profession to catch up with empirically based rehabilita-
tion strategies for, eg, swallowing disorders, and for rehabilitation 
of lost function following traumatic brain injuries, stroke or other 
neurodegenerative diseases. Rehabilitation of dysphagia is often 
based on therapeutic tongue exercises, which, however, lack scien-
tific evidence and sufficient understanding of the neurobiological 
mechanisms.69 Currently, there is a lack of distinction between re-
habilitation of acquired, learned functions, such as mastication, and 
inherent functions, such as swallowing.

5  | DISCUSSION

The requirements of life, such as biting, chewing, smiling and breath-
ing, can be assured if an individual maintains an oro-facial functional 
capacity by using its individual potentials.

In the presented model of oro-facial health that puts emphasis 
on oro-facial function, it is postulated that during the course of life, 
the biologically given potential decreases as a result of the general, 
irreversible process of ageing. Parallel to this decline, and compen-
sating the possible negative implications on the oro-facial functional 
capacity, the personally acquired potential increases, insuring the 
state of health. When the individual potentials together do not meet 
the requirements of life anymore, dysfunction and disease result. 
Selected components of the oro-facial functional capacity may be 
already quantifiable with the current available evidence, but cut-off 
values are often only available for selected geographical regions, 
cultural and linguistic backgrounds. Currently, epidemiological stud-
ies are being conducted to meet this current lack of knowledge (eg 
Study of Health in Pomerania). However, in line with the authors of 
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the Meikirch model, the individual potentials might be difficult to 
quantify.85

As the decrease in the biologically given potential is inevitable 
due to the ageing process, oro-facial fitness may be maintained by 
prevention of oro-facial disease or adequate treatment and train-
ing. Hereby, the replacement of lost oro-facial tissues such as teeth, 
alveolar bone, soft tissues, mechanoreceptors or even entire oro-
facial components through trauma or cancer may partly be compen-
sated with surgical and dental interventions, but may often require 
additional functional training. Decrease in the oro-facial functional 
capacity due to reduced neuro-plastic capacity may partly be com-
pensated with training of oro-facial structures, such as tongue 
movement.

The oro-facial system is an integral part of the body, and hence, 
its functions are key to maintaining general health, quality of life and 
vice versa. Hence, novel strategies to assess, maintain and rehabili-
tate oro-facial fitness should be developed and tested in the view of 
the general ageing of the world population.

Apart from the resulting necessary medical training of dentists, 
it is important to provide dentists with reliable, valid, easy-to-use 
and cost-effective tools that they can use for the chair-side assess-
ment of not only oro-facial pain and dysfunction but also possible 
comorbid medical conditions. For some of these medical conditions, 
the dentist could even play a role in the prevention and/or man-
agement and thus be a partner for medical doctors as an ‘oro-facial 
physician’. Importantly, it could be expected that by improving co-
morbid medical conditions, oro-facial function will also improve, and 

vice versa, since in some cases both aspects are mutually linked to 
each other. Thus, the dentist should be part of an integrated care 
team. Diagnosis and treatment of these comorbid medical condi-
tions would help to bring dentistry and the medical specialties closer 
together and foster the mutual understanding of comorbid medical 
and dental conditions.86

In regard to assessment and rehabilitation strategies for oro-
facial fitness, there are numerous approaches to assess single func-
tional components of the oro-facial function. They find widespread 
use in the assessment of conditions such as obstructive sleep ap-
noea, oral food processing and swallowing, oro-facial pain or brux-
ism. A first proposal to integrate several oro-facial functional aspects 
into the joint diagnosis of oral hypofunction was provided by the 
Japanese Society of Gerodontology.5 However, this diagnosis em-
phasises dysfunction and the reference studies that provide cut-off 
values included exclusively Japanese cohorts.28 The diagnostic tools 
are also mostly available only in Japan. There is a justified need to 
develop objective tests in regard to a broader understanding of oro-
facial fitness as opposed to oro-facial dysfunction, to make these 
tests available for all researchers and medical/ dental professionals, 
and to define population-based reference values for individuals with 
various geographical, cultural and environmental backgrounds.

There are a several limitations of the proposed conceptual model 
for oro-facial health, which adapts several lines of thought of the 
Meikirch model for health. Firstly, the proposed definitions, the 
model and its possible implications need to stand the proof of sci-
entific verification. Although the proposed definitions are based on 
extensive research and clinical practice, it remains to be proven that 
the potentials can be assessed in qualitative and quantitative ways.14 
The complex adaptive system of the human body, its environment 
and social interaction might be too complex to be fully understood 
or quantified.

One of the major challenges in the future will be to develop easy-
to-use tests to assess oro-facial fitness and to validate those in larger 
cohorts of healthy and sick populations. We need to find quantifi-
able measures and thresholds to better understand the oro-facial 
functional capacity based on individual parameters in the sense of 
personalised (dental) medicine. As in general medicine, we need to 
find predictive values if patients may benefit from dental/ oro-facial 
interventions, in regard to all domains of oral health–related quality 
of life. This will also help to estimate the biologically given poten-
tial, that is physiological spare capacity, in the elderly, who often un-
dergo extensive dental interventions, such as serial extractions and 
the provision of removable dentures, to whom they often cannot 
adapt—functionally, socially and psychologically.

6  | CONCLUSIONS

•	 Most definitions of oral health and their respective conceptual 
models fall short in distinguishing between the inherent biologi-
cally given potential and the acquired personally acquired poten-
tial of the oro-facial system. We propose that oro-facial fitness is a 

F I G U R E  3   There are multidimensional interactions of oro-facial 
function, for example for the masticatory function. Mastication 
and the involved structures are an obvious example for a complex 
adaptive system. Rheological characteristics of food and the 
oro-facial functional capacity to comminute it are most often the 
main aspect of assessment.87 However, mastication also largely 
depends on physiological properties such as appetite, taste, vision 
and/or smell; on psychological aspects such as conditioning, 
expectations and/or preferences; and on environmental constraints 
such as availability of food, inadequate cooking facilities and/or an 
absence of an incentive to cook.88–90 There are broad implications 
for general health (nutrition) and psychosocial well-being of an 
individual
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state in which the physiological, psychosocial and environmental 
requirements of life of an individual are met.

•	 We propose, in line with the Meikirch model for health, that there 
is an age-related decline of the biologically given potential of the 
oro-facial system during the course of life.

•	 Comorbid medical diseases may negatively affect the oro-facial 
functional capacity, and may result in dysfunction and disease. 
The loss of oro-facial function may or may not be restored through 
dental intervention, or training.

•	 There are well-known prosthetic strategies to improve the 
oro-facial functional capacity for food processing; however, 
their effect on oro-facial fitness is often poorly understood. 
Reduced neuro-plastic capacity in old individuals might pre-
clude a positive outcome of these strategies that might need 
to be accompanied by functional training and nutritional 
counselling.

•	 There is a lack of widespread, validated, easy-to-use instruments 
that help to distinguish between states of oro-facial fitness as op-
posed to oro-facial hypofunction.
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