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1. INTRODUCTION
In 2018, Taiwan was officially recognized as an aged soci-
ety, with more than 14% of the population being older than 
65 years. According to the National Development Council of 
Taiwan, the nation may be identified as a super-aged society by 
2026 because of the continual increase in the elderly popula-
tion.1 This transition has resulted in dental care for elderly peo-
ple becoming highly important. To provide better quality of life 
for elderly individuals, treatment should be aimed at functional 
retention of the dentition to the greatest possible extent.

The most important functions of dentition are phonation, 
chewing, and esthetics, and most dental reconstruction treat-
ments aim to fulfill these functions. Because of the high adapt-
ability of the tongue and lips, phonation is usually not a major 
concern. Advancements in dental material and digital dentistry 
have enabled the precise design of prostheses. Moreover, pro-
thesis with the right choice of shade that blends with the natu-
ral tooth color is esthetically favorable. However, during dental 
reconstruction, emphasis is placed on retaining chewing abil-
ity. Although dental functions are thought to be regained after 
structural reconstruction, this is not always true, and most clini-
cians often overlook the nuances of masticatory control.

Once the food is ingested into the oral cavity, the tongue 
conveys the food to the occlusal tables of the premolars and 
molars, initiating chewing. Assisted by the tongue, the food is 
broken into small pieces during mastication and combined with 

salivary mucin to form a slippery food bolus. The slippery bolus 
is formed as a part of the swallow phase, wherein the food par-
ticles are passed through the esophagus.2 Thus, chewing helps 
reduce the size of food particles and softens them for an easier 
swallow and increases the surface area of the food to facilitate 
digestion.

Multiple factors, such as missing posterior teeth, decreased 
occlusal contact area, tooth malalignment, bite force, salivary 
flow, age, sex, sensory feedback, and oral motor function, seem 
to affect chewing efficiency.3,4 Among these factors, pairs of 
functional tooth units and bite force are important determinants 
of chewing function.3,4 Käyser considered a pair of occluding 
premolars as one “occlusal unit” and a pair of occluding molars 
as two occlusal units. According to his “shortened dental arches” 
theory,5 chewing function is adequate when at there are at least 
four occlusal units, preferably in a symmetrical pattern. This 
concept, which has been supported by several studies,6–9 pro-
vides us with the insight into the lower limit of functional tooth 
units for adequate chewing function when a full mouth recon-
struction is performed. In this study, we will review the factors 
affecting bite force regulation and changes in the masticatory 
system during the aging process. We will also provide sugges-
tions regarding prosthetic treatment for elderly individuals.

2. THE ROLE OF PERIODONTAL 
MECHANORECEPTORS IN REGULATING  
CHEWING FUNCTION
The jaw closing movement during chewing can be categorized 
into two phases: fast close and slow close.2 The fast close phase 
begins when the mouth closes after food intake and ends when 
teeth bite the food, whereas the slow close phase begins when 
teeth bite the food and ends when the jaw closes against the 
resistance of the food to crush it. Control of fast close phase 
depends on proprioception of masticatory muscles; the veloc-
ity and path of the jaw may be influenced by chewing speed 
and expectation of food texture. The faster an individual 
chews or the harder the food is, the more vertical is the jaw 
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trajectory.10–12 Fine chewing regulation occurs in the slow close 
phase. The sensory feedback of food texture during chewing 
assists in adjusting the bite force and direction to chew safely 
and efficiently.12

In a study to evaluate the regulation of slow close phase, 
Svensson and Trulsson13 instructed the participants to hold the 
food between the pair of opposing central incisors for 3 s and 
then split them. The test food included a soft food item (biscuit) 
and a hard food item (peanut). To clarify the role of periodontal 
mechanoreceptors (PMRs), local anesthesia was applied on the 
incisors of the participants to block the innervation. The force 
during the whole course was recorded. They concluded that 
holding helps sense and manipulate the food to facilitate split-
ting, which reduces the size of the food particle. Because there 
are multiple holding and splitting movements during chewing, 
any change in the regulation of these movements will affect 
chewing function.

In the aforementioned study, the authors also found that the 
holding force was the same for different foods, but the force 
increased after application of local anesthesia. The split force 
was considerably higher in the peanut group, but no significant 
difference was found on the split force for each food between 
before and after application of local anesthesia. The split force 
rate under anesthesia is lower than normal, thus it took more 
time to split the food under anesthesia. The findings revealed 
that PMRs play an important role in food perception and adap-
tation of the bite force rate to the hardness of the food.

Chewing regulation is highly important, and any factor that 
impairs the periodontal tissue may also impair chewing func-
tion. A periodontally compromised individual cannot regulate 
masticatory force remarkably well. The holding force is elevated 
and the bite strategy is also changed to a more defensive food-
splitting behavior.14 A long-span bridge splint, along with the 
abutment, may compromise the sensitivity of the PMRs of the 
abutments, leading to regulation dysfunction.15,16 Although 
chewing ability is less efficient when PMRs are impaired, the 
function can be improved through practice. A hold-and-splint 
experiment in participants administered under local anesthesia 
revealed that both the accuracy and precision improved after 
repeated practice, although not as precise as natural dentition.17

In patients with implant-supported prosthesis, periodontal 
tissues are completely missing. In such patients, the total chew-
ing cycle and chewing time are the same as those in individuals 
with normal dentition, but the electromyography showed that 
the power of masticatory muscles are not able to adjust to differ-
ent hardness of food and different particle size. This condition 
leads to a less efficient chewing function, resulting heavier load-
ing of the gastrointestinal tract.15

3. MAXIMAL BITE FORCE
Chewing regulation mainly relies on the sensory feedback of 
periodontal tissues and muscles, but whether or not the food 
can be crushed depends on the magnitude of the maximal bite 
force. This parameter is highly important to evaluate the chew-
ing ability in individuals with dentures. The value of the maxi-
mal bite force varies from 234 to 1110 N, possibly because of 
the different measuring methods used in the studies.18 Typically, 
the following factors appear to significantly influence the maxi-
mal bite force.

3.1. Craniofacial morphology
Compared with individuals with a low mandibular plane angle, 
those with a high mandibular plane angle exhibit lower muscle 
volume of the masseter and pterygoid muscles.19 Moreover, a 
negative correlation was reported between the mandibular plane 
angle and bite force.20

3.2. Age
The maximal bite force increases up to 25 years of age, and then 
decreases slightly with increasing age, with a correlation coef-
ficient between −0.22 and −0.31.18,21,22 The maximal bite force 
may be affected by the effect of aging on muscle strength or by 
change in food type because of worsening dental condition.4

3.3. Gender
Although there is no difference in the maximal bite force 
between the sexes in adolescents,22 a significant difference has 
been noted between the sexes in adults.23 The bite force increases 
up to 25 years of age in both women and men but decreases 
gradually thereafter in women but remains constant in men up 
to 45 years of age.21

3.4. Periodontal support
The bite force decreases as more of the periodontal tissue attach-
ment is lost, with a correlation coefficient of −0.42.24 However, 
some studies reported no difference between patients with peri-
odontal destruction and healthy individuals.25

3.5. Habitual biting side
No difference exists in bite force between both sides in most of 
the population; however, if preferred biting side exists, the maxi-
mal bite force is greater than the contralateral side. Importantly, 
better intercuspation was found in the preferred biting side.26

3.6. Temporomandibular disorder
The maximal bite force is reduced in individuals with temporo-
mandibular disorders, irrespective of whether it is of muscular, 
articular, or mixed type.19,27

4. INFLUENCE OF AGING IN MASTICATION
Aging is always associated with natural tooth loss. The presence 
of at least four occlusal units is a basic requirement to achieve 
sufficient chewing function,5–9 which means that a minimum 
of 20 teeth are necessary for normal functioning. A 2016 sur-
vey conducted in Taiwan revealed that only 60.3% individuals 
older than 65 years had more than 20 teeth, only 40.2% indi-
viduals older than 80 years had more than 20 teeth, and 12.7% 
of the study population had no teeth.28 Essentially, the survey 
only focused on the number of all the remaining teeth, includ-
ing residual roots, periodontally compromised teeth, and teeth 
without antagonists, but not on the remaining functional teeth. 
Chewing function degraded with age is more severe than this 
survey can revealed.

Although the ability to crush food is not affected by saliva, 
food cannot be swallowed without adequate moistening. The 
salivary flow rate and composition are affected by aging and 
disease.29,30 Xerostomia can be caused by either systemic or local 
factors. Systemic factors include endocrinologic, autoimmune, 
infectious, granulomatous, and other factors, such as chronic 
graft-versus-host disease and amyloidosis. Local factors include 
medication use, head and neck radiation, and lifestyle factors, 
such as smoking, dehydration, and alcohol use.31–33 The most 
common categories of medications that may cause xerostomia 
include antihistamines, decongestants, antidepressants, antipsy-
chotics, antihypertensives, and anticholinergics.31,34 Xerostomia 
is common in the elderly population and is mostly caused by loss 
of approximately 30% of the acinar salivary gland cells due to 
aging and higher prevalence of the aforementioned comorbidi-
ties.35 Thus, food choices in elderly individuals tend to be soft 
and easy to chew due to reduced secretion of saliva and presence 
of only few functional teeth,32,36 which may result in vitamin, 
iron, and fiber deficiencies.37,38
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The chewing efficiency is additionally affected in denture 
wearers and is often associated with the severity of ridge resorp-
tion.39–41 Although ridge resorption is not an age-related prob-
lem,42 factors such as history of denture use, menopause-related 
hormonal change, cumulative effects of steroid intake, alveolar 
bone destruction due to periodontitis, and extraction procedure 
are all related to aging process.42,43 In elderly individuals, it is not 
uncommon to find a patient with severely resorbed edentulous 
ridge.

Orofacial alterations such as tooth extraction, implant place-
ment, and occlusal adjustment cause adaptational changes in the 
occlusal system.44 This adaptation, or compensation, modifies 
the coupling of brain and behavior through neuroplasticity.45 
Maybe caused by a decreased automaticity in older people, it 
takes more time to complete the neuroplasticity process.46 The 
clinical manifestation is that the elderly individual adapts to 
changes in the mouth much slower and that a fine force control 
of the tongue and lips is more difficult.45,47 In healthy elderly 
individuals, this deficit may be compensated by the increased 
involvement of the brain. However, in patients with stroke, 
dementia, or other neurological disorders, the ability to compen-
sate may be compromised.45,47 Such individuals may find it dif-
ficult and take more time to adapt to the changes in the mouth, 
whether it is a new set of dentures or a fixed prosthesis.

5. CONSIDERATION FOR DENTAL TREATMENT
Considering the importance of PMR in mastication, a dental 
treatment plan should be carefully designed with the primary 
goal to preserve the remaining healthy periodontal tissue. This is 
because adequate numbers of PMRs are required to chew food 
precisely. Treatment should be designed depending on the condi-
tions of remaining dentition, maximal bite force, condition of 
remaining ridge, and especially the adaptation ability of elderly 
patients.

Because periodontal destruction is cumulative over years, an 
oral hygiene program should be started as early as possible.48 
Oral hygiene instructions must include toothbrush type, inter-
dental brushing method, and use of dental floss to stop pro-
gression of periodontitis.49–51 Regular professional periodontal 
cleaning is suggested. These practices may not reconstruct the 
lost tissue but will possibly help increase chewing function in 
patients with periodontal destruction.52

When treating a tooth with extensive structural loss, root canal 
treatment followed by crown protection is a better option than 
extraction and replacement with a dental implant. The remain-
ing periodontal tissue will enable the patient to chew precisely.13 
Implant-supported prosthesis reduces not only the perception of 
the periodontal tissue but also the maximal bite force.53

In patients without PMRs, although masticatory function 
improves with practice,17 teeth splinting must be performed 
only when absolutely necessary, especially in elderly individuals. 
Because the splinting procedure may desensitize the PMRs of 
abutments, elderly individuals need more time to adapt to their 
new dentition.45,47 Single implants with a set of short-span fixed 
partial denture instead of a long-span bridge may be a better 
choice to preserve the sensation of PMRs. Preserving a relatively 
healthy tooth adjacent to the implant helps the patient distin-
guish different food textures.

It is necessary to evaluate the maximal bite force before plan-
ning reconstruction. An underestimated bite force may cause 
prothesis-related biological and mechanical complications. 
Higher maximal bite force is expected among the groups like 
male, age under 45 years old, with low mandibular plane angle, 
and the people without periodontal destruction.18–24 The recon-
struction plan should be more conservative in these patients. 
Adequate posterior support is crucial and less durable materials 

such as resin should be used carefully. Even if PMRs are com-
promised, splinting is a safer method to prevent fracture or 
trauma from occlusion of the compromised abutment tooth.54

For a patient with a complete denture, the placement of two 
or more implants is highly recommended to improve stability 
and retention of the denture.55–57 Moreover, the sensor inputs for 
a denture is inadequate, and the bite force of a complete denture 
wearer is 5–6 times lesser than that of an individual with nor-
mal dentition.58 This reduced bite force is not even adequate to 
penetrate some food such as raw carrot and boiled meat.59 Most 
complete denture wearers perceive that their chewing ability is 
good enough, but the reduced bite force leads to longer chewing 
time and swallowing coarser food.60 This concern can be over-
come by placing an implant-retained overdenture, which despite 
still missing the sensory input, improves the bite force and mas-
ticatory performance, leading to better patient satisfaction.55–57

For patients with a declined neurological condition, the treat-
ment strategy is to reduce the aspects they need to adapt. When 
setting the vertical dimension and centric relation of the new 
prosthesis, it is better to refer to the old position. The guidance 
in eccentric movement should also follow the original condi-
tion, or the interim prosthesis. Compared with reconstructing 
to full 28 teeth, the concept of shortened dental arches can 
be introduced to simplify both the treatment and adaptation 
processes.

Because the retention and stability of denture are improved 
with the assisted of dental implants, implant-retained overden-
ture has a lower learning threshold than conventional denture. 
Patients with declined neurological condition also have more 
opportunities to restore chewing function.45,47

In conclusion, with Taiwan being recognized as an aging soci-
ety in 2018, dental treatment needs to be more attentive to the 
special needs of the elderly population. Reconstruction plans 
must be designed with an aim to reduce large-scale changes in 
the mouth and the aspects to which the patients need to adapt. 
Preserving periodontal tissue helps maintain fine regulation 
during chewing, which is important in elderly individuals with 
reduced adaptability. Better retention and resistance of implant-
retained overdentures make them more elderly friendly.

Future studies must further explore the relationship between 
aging and changes in masticatory function. Differences in race, 
diet, and culture between Taiwan and the Western countries may 
influence the study results. Therefore, further studies focusing 
on the Taiwan’s elderly population are required to appropriately 
manage chewing problems faced by these individuals.
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