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Can bite-force measurement play a role in dental treatment 

planning, clinical trials, and survival outcomes? A literature 

review and clinical recommendations
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Bite force (occlusal force) may play a significant role in patient

treatment outcomes. However, as a diagnostic risk assessment

tool, it has been examined in the literature but is not commonly

utilized by practicing clinicians and in academic studies. This di-

agnostic evaluation may assist the dental clinician in planning

tooth- and implant-supported restorations, as damage to the

tooth, implant, or restoration may be dependent upon a resto-

ration’s resistance to loading conditions. The overall bite force

has been estimated to be up to 2,000 N, with a clear sexual di-

morphism and age dependence. The magnitude of these forces 

along the dental arch have been shown to be elevated in the

posterior compared to the anterior region. The bite force magni-

tude has been inversely related to the proprioception, as a signif-ff

icant increase in bite force is seen in patients with endodontically

treated teeth as compared to their vital teeth. Bite force has been

linked to chewing efficiency, quality of life, and implicated in the

life expectancy of the restorations. Restoration life expectancies

have been associated with the material selection and prepar-

ation design parameters, both of which may be affected by mas-

ticatory bite force. Treatment planning criteria for preparation

strategies affected by bite force include tooth location, material 

selection, occlusion pathways, and subsequent occlusal reduc-

tion amounts. When implants are used in patients with elevated

magnitude of bite force, an increase in the number and diameter

of the implants as well as occlusions with reduced occlusal tables 

buccolingually and lighter contacts may be recommended. An

understanding of the magnitude and load of a patient’s bite force

can assist the dental clinician in the design of dental treatments 

along with other standard risk assessment criteria.

(Quintessence Int 2022;53:2–12; doi: 10.3290/j.qi.b3044939)
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Occlusion, by definition, relates to the contacts between dental 

antagonists. Bite force (occlusal force), from the muscles through

the occlusal contact area, results in load that may produce dam-

age to the masticatory system depending on the magnitude,

frequency, direction of forces, and number of teeth present.1

Therefore, bite force may be considered a key indicator of a 

healthy masticatory system, in that a deficiency or surplus can be

implicated in multiple disorders and dental complication. 

Amongst others, these disorders include temporomandibular

disorders (TMD),2 bruxism,3 restoration failure,4 bone resorption,5

and neurologic diseases.6 Knowledge of bite force may be critical

in understanding the oral health of patients. An excessive bite

force may affect long-term survivability of a restoration as well 

the long-term health of the masticatory apparatus.7

This review aims to highlight the important, yet often over-

looked, aspect of the masticatory system – the bite force. When

combined with knowledge of the oral habits and conditions, 

this information can help dental professionals plan the appro-

priate restorations for their patients in the treatment of the

compromised dentition.

Method and materials

The following databases were extensively searched for litera-

ture on the relevant topics (accessed from January to Septem-

ber 2021): PubMed (US National Library of Medicine); Google

Scholar (Google); and the Cochrane Library. The search strategy 

consisted of focusing on the following terms in the search
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engines to identify relevant literature. More specifically, the fol-

lowing terms have been used in the aforementioned data-

bases: (bite force) AND (dent*); (bite force) AND (dentist *) AND 

(failure); (bite force) AND (dentist*) AND (dental restoration 

failure) AND (crown OR dental implant). 

Selection criteria included any article written in English and

discussing the topic of bite force in dentistry up to March 2022. 

This paper has been developed based on recent systematic

reviews, case studies, clinical studies, and retrospective studies,

as well as foundation studies that have established the science 

of bite force in dentistry. The authors meticulously assessed a

total of 543 articles that fulfilled the selection criteria, which

were further reviewed for their relevance on the use of bite

force in the study of restorative dentistry. More specifically, to 

critically review how bite force is measured, whether bite force 

influence dental restoration failure, the effect of bite force on

dental restorations, and the theoretical bite force limit that

common dental restorative materials can withstand.

The biomechanics of bite force

In order to understand bite force, it is important to examine

the biomechanics of the human jaw. The forces from mastica-

tory muscles transfer their load through the dentition during 

occlusion, and while some horizontal (or non-axial) load is

applied normal to the contact surfaces, the principal action of 

the force is vertical (or axial) to the long axis of the teeth.8,9

The load distribution of the bite force is predominantly on the 

posterior teeth, with up to three times greater forces than the 

anterior, due in part from the masticatory muscle function in

the different regions,10 and the morphology of the jaw being 

a complex lever system.9,11 Additionally, the morphology of 

the mandible is quite well adapted to the cyclical nature of 

these large clenching force distributions, with a stiffer mandi-

ble that includes a large mandibular corpus to withstand the

repeated stresses of chewing.12

Occlusal contact is a biomechanical factor that can signifi-

cantly vary a patient’s bite force. Studies have shown that there

is up to 20% decrease in bite force due to missing teeth or mal-

occlusion.11,13 Patients with malocclusions, as defined by dental 

and Angle classification, in particular Class III (both dental and

skeletal) patients with decreased vertical overlap, display

higher bite forces in posterior teeth compared to Class I and II

patients.14 Another study demonstrated that malocclusion has 

an unfavorable effect on bite force, where the authors found an

similar increase in forces with Class III patients as compared to

other patient groups.15

As proposed by Frost,16 there is a range of strain within the

bone tissue that is required to maintain homeostasis, as an el-

evated strain can cause fracture and decreased strain (or dis-

use) can cause tissue resorption.17 This microstrain can only be 

achieved from the transfer of forces to the bone itself.17,18

Though no clinically established thresholds exist, an associ-

ation between loading and bone response has been estab-

lished.19-21 In the stress-bearing region of nonmalocclusion

dentate patients, the force is transmitted through natural den-

tition via the cortical and trabecular bone.22 Edentulous or par-

tially edentulous patients are deficient in this transfer of forces

due to no direct occlusal contact, dissipation by the gingiva, or 

through sparsely placed implants.5 This is readily apparent in 

edentulous mandibular ridge resorption, where the unstimu-

lated mandible decreases significantly.23 Additionally, the

measured force and muscle thickness of edentulous patients 

has been shown to be significantly lower than those of den-

tate patients.24,25 It can be inferred that as a result of this de-

creased force, there would be a decrease in strain in the bone,

which may cause the significant bone loss seen in edentulous 

patients.5,23,26,27 Loss of bone, from little to no strain, can be as

much as 4 mm after the first year of tooth removal, and at a 

constant rate of resorption per year.27-29 The majority of this

loss is in the mandible’s anterior section, which is four times 

greater than that of the maxilla.27 Thus, some nominal level of 

bite force can be deemed necessary for maintaining healthy

bone tissue through imposed strain, but how does the force

vary in the population?

Multiple researchers have shown that bite force levels are 

correlated by age and sex.14,30-33 Tables 1 and 2 showcase the

measured bite forces and the conclusions, respectively, arrived 

upon by the studies’ authors as it pertains to bite force. Bite force

for all groups studied varied greatly between 50 to 2,000 N, and

while each study measured bite force in a different way, women

were consistently found to have half to two-thirds the levels 

found in men.10,30,31 The authors noted another important sex-

ual dimorphism, that men have sharper, shorter bites (high im-

pulse power) than the slow and reduced bite force in women 

(low impulse power), which is an important factor when con-

sidering the relatively low toughness (measure of energy ab-

sorption) of common dental materials.48 The age of dentate 

patients was also closely tied to the maximal bite force, with a 

lower force recorded in children, and a maximal force in early

adulthood trending slightly lower with increasing age.30,39,47,49

This marked difference has been proposed to be due to re-

duced musculature in women, decrease muscle density with

age, and sexual dimorphism in the occlusal contact area.13,50
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Despite variations with sex and age, it has been shown that

the molar regions exhibit the highest forces.31,33 These regions 

experience the highest force values, with as much as 80% of the

full arch bite force in the bilateral molar region of the oral cav-

ity,9,10,36,51 and up to 58% of the full arch bite force on the pre-

ferred chewing side.9,45 Even in the loss of dentition, the posterior 

region could exert higher forces upon permanent restoration

due to increased muscle function of these patients, approaching

the muscle function of dentate patients.25,52

Though there are varied levels of bite force in the general

population, a clear understanding of this important biomechan-

ical component of the oral cavity should be considered during

the placement of the dental restoration. This maximum bite force 

can dictate the strain to maintain supportive bone tissue and the 

stress capacity a dental restoration should be able to withstand 

during regular use, to ultimately reduce the risk of failures.53,54 In

order to understand how the bite force affects the stress and

strain within the oral cavity, it must be quantitatively measured.

Table 1 Average maximum bite force estimations based on region of natural adult full dentition (excluding third molar) in the literature

Study

Method 

(surface/

tool)

Sample 

size 

(male/

female)

Bite force (N)* 

Tooth

Full arch 

(n)

Second 

molar First molar

Second 

premolar

First  

premolar Canine

Lateral 

incisor

Central 

incisor

Hidaka et al34† FA / DPS 9 m / 3 f 325 167 50 29 17 5 10 1,181

Kumagai et al35 FA / DPS 13 m / 3 f 365/353 (R/L) 65/57 (R/L) 65 (Bi) 905

Shinogaya et al36 FA / DPS 22 m / 24 f NA NA NA NA NA NA NA 1,634 m / 
1,071 f

Hattori et al9 FA / DPS 22 m / 8 f NA NA NA NA NA NA NA 777

Braun et al32 Bi / PGT 86 m / 56 f NA 814 m / 615 f NA NA NA NA NA NA

Varga et al37 ST / OFM 14 m / 16 f NA 778 m / 482 f NA NA NA NA NA NA

Serra et al38 ST / OFM 14 m / 20 f NA 812 m / 618 f NA 615 m / 435 f NA 231 (Bi) NA

Bakke et al39 ST / SGT 10 m / 10 f NA 531 m / 433 f NA NA NA NA NA NA

Kleinfelder and
Ludwig40

ST / SGT 6 m / 4 f 534 378 NA NA NA NA

Ferrario et al41 ST / SGT 36 m / 16 f 294 m / 
222 f

306 m / 
234 f

291 m / 
206 f

254 m / 
179 f

190 m / 
120 f

139 m / 
96 f

146 m / 
94 f

NA

Van Der Bilt et al42 ST / SGT 13 m / 68 f NA 490/652 m
(ST/Bi); 418/553 f 

(ST/Bi)

NA NA NA NA NA NA

Lepley et al43 ST / SGT 15 m / 15 f NA 384 NA 374 NA NA NA NA

Amid et al44 ST / FfS 50 m / 50 f NA 571/555/560 
(Bi/L/R)

NA NA NA NA 269 (Bi) NA

Khan et al45† ST / FfS 52 m / 43 f NA 756 m/621 f (D); 
548 m / 458 f 

(Nd)

NA NA NA NA NA NA

Takaki et al46 ST / DDK 10 m / 10 f NA 284 m / 305 f NA NA NA NA NA NA

Poli et al47 ST / DDK 39 m / 40 f NA 618/598 m (R/L);
500/

491 f (R/L)

NA NA NA NA NA NA

*The bite force measurement methodology was performed bilaterally (Bi) on the left and right tooth antagonists, unilaterally on a single tooth (ST) on either the left (L) or right (R) side (if available), or 
along the full dental arch (FA). The technologies used were a custom strain gauge transducer (SGT), a custom pressure gauge transducer (PGT), the Dental Prescale System (DPS, Fuji Film), an Occlusal
Force Meter (OFM, Nagano Keiki), Digital Dynamometer (DDK, Kratos), or a Flexiforce Sensor (FfS, Tekscan). Any merged cells indicate bite force was pooled for those specific teeth.
†Hidaka et al34 and Khan et al45 performed their studies on the self-declared preferred/dominant and non-preferred/dominant sides.
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How is bite force assessed in the literature? 

Maximum voluntary bite force has been established in the lit-

erature as a method for evaluation of occlusion and mastica-

tory function.36,51,55 Several factors that influence bite force in-

clude the condition of the dentition, the length and strength of 

the jaw-closing muscles, jaw separation, presence of nonvital

teeth, and the pain threshold of the subject.2,56,57 The total axial 

bite force varies within the regions of the oral cavity and is

greatest in the molar region, as seen in Table 1. Lepley et al43

demonstrated that maximum premolar and molar tooth con-

tact area and bite forces contributed to significant correlations

with total chewing cycle duration and masticatory perfor-

mance. The literature demonstrates many methods for evaluat-

ing bite forces during chewing and clenching. These methods

involve measuring vertical force using devices that are me-

chanical, electrical, or a combination of both. The first bite force 

device, called a gnathodynamometer, was built by Borelli in

1681.2,58,59 Bite force devices use load cell technology to convert 

force to electrical signal that may be based on strain-gauge,

pressure, or piezoelectric transducers.58 Currently there exists a

limited number of marketable bite force measurement devices 

(Figs 1 and 2). The T-Scan system (Tekscan) is a device used to 

measure occlusal contact strength. The sensor is embedded 

with pressure-sensing resistive ink, in order to measure occlu-

sal contact area and strength proportion.60 It is considered a 

complement to articulating paper to detect the number and 

location of occlusal contacts as well as to compare proportional

forces made at specific time points.61 However, the ability of the 

T-Scan to quantify overall bite force has not been demonstrated

in the current models.62 Complementary to the T-Scan, a full 

arch bite force measurement device, the Innobyte (Kube Inno-

vation), which functions by converting the pressure of a com-

pressed volume during voluntary biting events to Newtons, is

capable of quantifying total vertical bite force.63

Table 1 shows the bite force along the dental arch from the

reviewed studies and how they were measured. While certain

studies examined the mean bite force along the full dental

arch, the majority were performed on single tooth antagonists, 

and most on the mandibular first molar using prototype sen-

sors. The studies that were performed on single teeth antago-

nists exhibited higher mean bite forces than their full-arch indi-

vidual counterparts. This variation can be due to intermolar 

separation,64 muscle recruitment,56,65 biting surface of sensor,38

or dominant chewing side,45 amongst other causes. Regardless 

of the published mean bite force, each study demonstrated a

high variability between study participants. This variability

underscores the need to assess the bite force in patients to 

understand how these range of forces influences the surviv-

ability of restorative treatments in the general population.

In Table 2 the studies showcased in Table 1 had their con-

clusions summarized, as they pertain to bite force in the sample

population, and the study limitations were analyzed. The

majority (89%) of the focused studies had a limited sample 

population, which could introduce biases that affect the bite

force variability. Sample size to obtain representative results of 

a population is a complex task; however, the majority of these 

studies had fewer than 30 participants in each analyzed group,

which is too few to represent certain populations with suffi-

cient confidence level (outside of a pilot study).66 Also, the

majority (69%) of the studies did not analyze the measurement 

device for accuracy and/or repeatability, or the device had a 

measurement error of greater than 10%, which could arbitrarily

increase or decrease the published bite force values and its 

variability. A select few studies pooled their bite force data from

females and males, as well as left and right, when performing 

statistical analysis. The consistently lower bite in females and 

nonpreferred biting side can introduce biases to a study’s para-

metric analyses, which can lead to statistical errors. Overall, the 

studies can be considered pilot studies into bite force measure-

ment; however, studies with larger cohorts using measurement

devices with proven precision and accuracy are required to

examine the conclusions of these authors.

Bite force effects on implant fixtures and 

implant restorations

A systematic review on improving masticatory performance, bite 

force, nutritional state, and patient’s satisfaction with mandibular 

implant overdentures concluded that treating complete denture 

wearers with implants to support their denture improves their 

chewing efficiency, increases maximum bite force, and improves 

satisfaction.67,68 Two recent comparative studies by Possebon et

al69 and Vo et al70 came to the same conclusions. Functional stress 

on dental implants may cause positive or negative consequences 

for bone tissue. A certain level of occlusal load is required for

normal bone homeostasis, but when bite forces exceed the bio-

logic load-bearing capacity of the supporting bone, it may result

in loss of implant osseointegration or create implant mechanical 

complications.19,70,71 A literature review of the etiology of dental 

implant fracture concluded that the use of a greater number of 

implants with wider diameters, mainly in the posterior regions, 

as well as optimized use and distributed occlusions should be 

considered to prevent implant loss from overloading.20,72
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Esquivel-Upshaw et al73 concluded in their study analyzing

fractures of randomized implant-supported fixed dental pros-

theses, that due to absence of a periodontal ligament, implant-

supported prostheses should have minimal occlusion and 

lighter contacts than those supported by natural dentition. 

Prosthetic and implant fixture complications to excessive load-

Table 2 Assessment of the conclusions of the authors and the limitations of the referenced clinical studies on bite force

Study Study conclusion Study limitations*

Hidaka et al34† Submaximal clenching is on preferred side. No preferential side
at maximal clenching. Highest bite force in posterior, at mesial
third of M1 and distal third of M2.

Limited sample size in comparison analysis. High reported error 
of measurement device.

Kumagai et al35 Number and area of tooth contacts increase as clenching
increases. Molar bite force increases while other teeth decrease 
with an increase in clenching.

Limited sample size in comparison analysis. Pooled bite force
data of each sex in overall analysis. No data on all masticatory
muscles’ contribution

Shinogaya et al36 Center of bite force at 75% anteroposterior and 50% left-right.
Center of bite force not sex-, age-, ethnicity-dependent. Larger
contact area and bite force in males vs females.

Limited sample in age/sex/ethnicity comparison analysis.

Hattori et al9 Large variability of number of contacts and maximal bite forces.
Bite force slanted antero-posteriorly, cannot be explained by
Class III lever system.

Limited sample in sex comparison analysis. Pooled bite force 
data of each sex in overall analysis. Repeatability of instrument
not examined. 

Braun et al32 Bite force correlated well with sex. Bite force not correlated with 
age, height, weight, orthodontic treatment, TMD symptoms, or 
missing teeth.

Limited sample in age comparison analysis. Pooled bite force 
data of each sex for each additional metric. Repeatability of 
instrument not examined.

Varga et al37 Bite force increases in 15- to 18-year-old male subjects, not in 
females. 18-year-old males had higher bite force in than all
tested groups. BMI, morphology, and jaw function cannot be
used to predict bite force.

Limited sample in age comparison analysis. Repeatability of 
instrument not examined.

Serra et al38 Bite force significantly higher on soft vs hard bite surfaces. Bite 
force was greatest in the molar region for both sexes.

Limited sample in age comparison analysis.

Bakke et al39 Bite force increased significantly up to 25 years old. Occlusal 
stability and number of teeth correlated significantly with bite
force.

Limited sample in age comparison analysis. Fits were not 
significant for apparent bite force trends.

Kleinfelder and Ludwig40 Bite force not limited by decrease in periodontal ligament
support. Posterior splinting of teeth increased bite force over
molar teeth.

Limited sample in test and control for comparison analysis. 
Pooled bite force data of each sex in overall analysis.

Ferrario et al41 Lowest bite force on the incisors, largest force on the first molar.
Larger bite force in males vs females.

Limited sample in sex comparison analysis. High reported error
of measurement device.

Van Der Bilt et al42 Unilateral bite forces up to 30% lower than bilateral. Muscle 
activities lower in unilateral with bilateral clenching. Ipsilateral
anterior temporal muscle higher activity than contralateral.

Limited sample in sex comparison analysis. Repeatability and 
accuracy of instrument not examined.

Lepley et al43 Larger contact areas had better masticatory performance.
Masticatory performance is related tooth alignment, bite forces,
and contact area.

Limited sample size in comparison analysis. Repeatability and 
accuracy of instrument not examined.

Amid et al44 Bilateral posterior bite forces were higher than posterior
unilateral and anterior. Males had higher bite force than 
females.

Limited sample size in craniofacial comparison analysis. High 
reported error of measurement device.

Khan et al45† Preferred side bite force higher than nonpreferred in males and
females. Males higher bite force than females in preferred and
nonpreferred side.

Repeatability and accuracy of instrument not examined.

Takaki et al46 Females bite force increase until adulthood then decreases in
adulthood. Male bite force greater than in women independent
of age groups.

Limited sample size in comparison analysis. Repeatability and 
accuracy of instrument not examined.

Poli et al47 Maximum bite force decreases with age. Males higher bite force
than females, and no difference in right vs left sides.

Repeatability and accuracy of instrument not examined. Pooled
bite force data of each sex in BMI analysis.

*Studies that based their bite force analysis on a population of less than 30 participants in each group were considered to have limited sample size. Studies that did not examine the measurement device 
for accuracy and/or repeatability, or had demonstrated a larger than high (>10%) measurement error were noted as such. Studies that performed their analysis of parameters on pooled data from
females and males were noted as such.
†Hidaka et al34 and Khan et al45 performed their studies on the self-declared preferred/dominant and non-preferred/dominant sides.
BMI, body mass index.
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ing may be avoided by increasing the number of implants sup-

porting a prosthesis and using implants with diameters greater 

than 3.3 mm. McDermott et al74 commented, in their retrospec-

tive cohort study on dental implant complications, that an oral 

habit history including bruxism would have been beneficial to 

determine the effect on the outcomes. Kumararama and Chow-

dhary,75 and previously Demenko et al,76 concluded that the 

amount of stress in the bone around an implant, based on a

numerical analysis of different masticatory loads through the

various implant dimension, can be reduced by increasing the

dimensions of the implant. Therefore, based on the masticatory

bite force by a patient, a specific implant length and width can

be correlated and recommended by the clinician. 

Bite force and fatigue in restorative  

materials: in vitro and in silico

Amongst the etiologic causes of restoration failures, the highest

remains mechanical fracture,4,72,77-80 which has been shown to be

region-specific and material-specific.81 Under static loading con-

ditions, a standard crown restoration has a fracture load of 900 

to 4,000 N,82,83 and implants fracture at a load of well over 1,000 

N.84 Bite force values of this magnitude are uncommon on a sin-

gle tooth; however, under cyclical chewing forces the fatigue

corrected loading conditions to failure of these materials could

be as low as 400 N,75,85 which is within the range of certain pop-

ulations of patients.7 This may be caused by the environment of 

the oral cavity, which is both moist and cyclically affected by 

temperature;86-92 two parameters that have been shown to de-

crease the fatigue strength of dental materials by as much as 

tenfold.86,88,89 When factoring in bacterial demineralization and 

surface wear, crack depth can be extended to critical levels, thus

decreasing loads to fracture.93 The presence of environmental 

stressors, crack depths, and cyclical forces increase the stress in 

these materials to critical levels that may exceed the material’s

modified fatigue strength. Despite the in vitro nature of these

studies, the modified fatigue strength could highlight the po-

tential limitation of certain dental materials in an environment 

that undergoes excessive cyclical thermomechanical stresses.

Due to clinical and ethical limitations, occlusal loads and 

dental restoration failures have not been correlated in any

meaningful capacity.4,71 However, current modeling algorithms 

have allowed researchers to predict loading conditions from a

single tooth to the whole dental arch.7,94-98 These in silico tech-

niques predict, with clinically relevant loading conditions,

stresses that range from 50 to 700 MPa, which can exceed fa-

tigue strengths of commonly used dental materials.99-102 In vivo

validation of these predictive bite force models are actively be-

ing researched.103 Although limited in their scope, these studies

point towards a common theme: the presence of elevated con-

tact stresses in the dental arch from clinically relevant bite 

forces. Clinicians can use these predictive models to help deter-

mine potential risks of restoration failure due, in part, from oc-

clusal loads.

The failure mechanics of dental restorations can also be 

modeled based on crack propagation (continuum damage

approach).104,105 As fatigue failure has long been shown to be

the result of subcritical crack growth,48,88 current predictive

models allow researchers not only to demonstrate what can

fail, but also to estimate the time to failure based on crack 

dimensions and material properties. The models use relevant 

dimensioning of cracks from defects caused by manufacturing

or regular teeth wear, and are able to determine lifetime of said

teeth. Recently, research groups have validated the crack prop-

agation model by fractographic analysis of recovered failed 

dental restorations,95,106-108 and found fractures initiated, as pre-

dicted, from occlusal wear surfaces or other stress concentra-

tors (threads, fossa, thin sections, etc).

When combining the in vitro experimental fatigue strength

and stress modeling of restorative materials, a clear trend

emerges: dental restorations can fail earlier than their prescribed

service lifetime depending on applied stresses especially in the 

presence of crack-propagating defects. These stresses are be 

related to the occlusal loading from a measured bite force at the

occlusal table. Thus, assessing a patient’s bite force can help the

clinician to understand the limitations of certain materials in

relation to stresses and restorative preparations.

Bite force and the effect on the natural 

dentition and its restorative treatments

It has been well documented that endodontically treated teeth 

suffer greater amounts of fracture than their vital counter-

parts.109,110 It has been theorized that some proprioception or

mechanical sensation is lost after endodontic treatment.111,112

This suggests that the pulp participates in controlling the load 

that is exerted on teeth during mastication, protecting the 

tooth from potentially harmful bite forces. A comparative 

cross-sectional study examined bite force in endodontically 

treated teeth to determine the importance of the dental pulp in 

controlling occlusal loads.57 The maximum bite force was signifi-

cantly higher in endodontically treated teeth compared with 

vital contralateral teeth. The authors concluded that human 

teeth possess intradental receptors that have non–pain-related 
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functions such as detecting harmful pressure and protecting

the teeth during mastication. Due to the natural asymmetry,

contralateral forces may vary slightly, which may have increased

the assessed bite force in these studies, as previously shown.45

Several studies have demonstrated that individuals with

loss of attachment, in the absence of inflammation, may have 

reduced proprioception of biting force due to the fact that

loading forces during mastication are controlled by the pro-

prioceptors of the periodontal ligament.10,111,113-116 These pro-

prioceptors have been shown, in some studies, to be in a neg-

ative feedback mechanism with the jaw elevator muscles, in

that the absence of the receptors there may be an increase of 

the maximum voluntary bite force.13,111,115 Other studies did 

not show any significant difference in the bite force,40,117 and

the discrepancy between these studies could be attributed to

the differences of recording devices and measurement areas. 

Another study measuring the bite force with cross-arch bilat-

eral end abutment fixed dental prostheses found that the 

magnitude of the chewing force decreased with decreasing

periodontal ligament area.118 Understanding bite force meas-

urements prior to and during different evaluative phases over

the lifespan of the patient treatment could offer the clinician 

additional valuable data to diagnose adverse periodontal con-

ditions occurring around a prosthesis.

Regardless, the absence of these proprioceptors may con-

tribute to the greater probability of tooth fracture after end-

odontic treatment. There have been a plethora of studies eval-

uating fracture loads of different materials utilized to restore 

vital and nonvital teeth.78,82,83,85,119,120 Most recently, an in vitro

study121 investigated the influence of material properties and 

design parameters on the fracture behavior of five different

monolithic dental crowns. The authors concluded that critical 

loads or bite forces propagating cracks in the crowns were 

associated with the material properties and preparation design 

parameters. This study used the worst-case scenario evaluating 

the maximum bite force under extreme conditions such as

parafunctional or heavy contacts. It was concluded that the 

critical loads for crack propagation in monolithic crowns can be

associated with preparation design parameters such as the 

thickness, cusp angle, and occlusal notch design. Accordingly,

a design with a rounded notch, 70-degree cusp angle, and 

medium thickness (1.5 mm occlusal) appears to be an optimum 

combination of design parameters in terms of tooth conserva-

tion and failure resistance for most types of monolithic mater-

1 2

Fig 1 T-Scan occlusal analysis system (Tekscan). Fig 2 Innobyte bite force measurement device (Kube Innovation).
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ials. Zirconia possesses enough strength for a lower thickness

(0.7 mm marginal and 1.05 mm occlusal) as well as a lower cusp 

angle (60 degrees). However, it is important to point out that 

any deviation to these preparation parameters could result in 

expedited crack propagation. CAD/CAM ceramic restorations 

require precision preparation to insure proper marginal fit and

adaptation.122 The in vitro studies do not carry the weight of the

clinical situation where improper preparation, impression, and

cementation would possibly accelerate the fracture rate.

Ultimately, an understanding and measurement of bite

force, proper tooth preparation, occlusal schemes, and restora-

tive options should be considered when treatment planning 

and restoring a compromised dentition because of increased

risk of fracture, especially in endodontically treated and nonvi-

tal restored teeth due to diminished proprioceptor protection.

Conclusion

A standardized method to measure maximum bite force pre- 

and posttreatment as well as an analysis of oral habits and con-

ditions would offer clinicians and researchers a definitive risk 

assessment tool to verify the contribution of variable bite

forces to failures with implant- and tooth-supported prosthe-

ses. Understanding a patient’s bite force would help the clin-

ician to obtain a more complete assessment of their oral health.

Along with occlusal schemes, parafunctional habits, and other

patient-specific characteristics, the clinician can plan the restor-

ation using material selection and the necessary tooth prepar-

ation parameters for direct and indirect restorations. The clinician 

can also guide the patient to understanding the importance of 

compliance with dietary restrictions and appliances for con-

trolling parafunctional habits. 

Future work

It is the authors’ opinion that more information should be

obtained by investigators about study subjects’ oral habits and

conditions prior to clinical trial commencement, including, but 

not limited to:
 ■ occlusal loading analysis – frequency, localization, and/or 

magnitude of bite force
 ■ parafunctional analysis – clinical assessment, question-

naire, and/or EMG for habits such as sleep bruxism
 ■ occlusal classification analysis – Angle classification from 

ANB angle or “Wits” appraisal
 ■ the role of medications, Botox, as well as dietary and behav-

ioral changes in modifying extreme bite forces and its effect

on tooth, implant, and restoration longevity in compro-

mised clinical situations.

The findings from these additional data sets could yield insights 

into ways to limit dental complications or elaborate on the

mechanical etiology of restoration failures.
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