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Background

The masticatory system is an integral part of
a healthy diet in humans, as a dysfunctional
masticatory system can limit the dietary choices
available to a person.” One crucial component of
this system is a person’s state of dentition, which is
directly related to the amount of force that can be
applied to ingested foods."? In order to properly
ingest food, the dentition must tear, shred, and
crush the food morsels, as well as help integrate
an adequate amount of saliva into the bolus.?
Pain and/or missing teeth can limit the number
of mastication cycles applied to the bolus and
ultimately increase the food particle size.® As the
food particle size has been shown to be inversely
proportional to the nutrition derived from the
food,*’ the state of dentition and thus bite force is
directly linked to nutrient availability.

¢6¢ In orderto
properly ingest
food, the dentition
must tear, shred,
and crush the food
morsels, as well as
help integrate an
adequate amount
of saliva into the
bolus 99

Clinicians currently rely on a qualitative evaluation
of a patient’s bite force in order to provide a
restoration treatment plan. However, this subjective
measure does not adequately characterize the
magnitude of force outputted by a patient, since
bite force can vary widely within a population?®

even in patients with complete dentition.®>'° A clear
objective understanding of this value will assist
the dental clinician in designing a personalized
solution that adequately considers the dietary
limitations of the patient’s occlusal loads.
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How Much Force is Needed?

The important question with regard to bite force
is: How much is enough? This question can be
linked to the person’s dietary choice; however,
a moderate amount is recommended for bone
homeostasis.

Within an individual's dietary choices, a clear
requirement for macro- and micro-nutrient rich
foods is needed to maintain a healthy diet.”
Although sustenance can be acquired by liquid
nutrition (requiring no bite force),'? a desire to
eat a slice of cake, a steak, or a carrot may give a
more subjectively pleasurable experience during
a meal and maintain the oral health.’® When diets
lack fresh fruits and vegetables, or similar foods
requiring significant force to fragment, there may
be a limited amount of nutrients available. This limit

of bioavailable nutrients could lead to an increase
in gastrointestinal problems.' Additionally, the loss
of dentition, significant oral disease, and pain can
further complicate the oral health of patients, which
can cause a cascade effect of restricted dietary
choices that ultimately leads to sarcopenia, and
frailty.”® This is seen in the elderly who experience
significant negative affect on their quality of life
due to limited bite force from a dysfunctional or
compromised masticatory system, xerostomia,
pain, and malnutrition (poor diet).'¢22

Although a healthy diet helps to maintain
nutrient homeostasis,”® a significant factor in
bone homeostasis is occlusal force. The stress
from the forces applied to each antagonist teeth
is transferred to the jaw bones by way of micro-

Table 1. Estimation of the maximum bite force required to break specific foods into smaller, more digestible components.

FOODS SINGLE TOOTH BITE FORCE (N)? FULL-ARCH BITE FORCE (N)®
SOFT BREAD 2+1 (Premolar), 5+1 (Molars) 25
CHEESE 17+4 (Molar) 90
COOKIES 9+2 (Incisor), 13x2 (Molar) 95
CRACKERS 206 (Molar) 100
CHEWING GUM(SOFT) 23x6 (Molar) 120
PEANUT 18+4 (Incisor) 180
WALNUT 36+6 (MTS-Molar) 190
IMITATION CRAB 17+12 (Incisor), 16+10 (Molars) 210
CHEWING GUM (HARD) 75+3 (Molar) 390
RAW CARROT 39+28 (Incisor), 50£26 (Molar) 450
BEEF JERKY 95+51 (Premolar) 715
COOKED STEAK 78%17 (MTS-Incisor) 780

a. Single tooth bite forces (Molar, Premolar, Incisor), or Universal Testing Machines forces (MTS-Molar, MTS-Incisor).
b. Total Force based from load partitioning discussed below: percentage of total force per anterior tooth and posterior tooth?33-%.
Values are estimates of whole arch bite force as measured by the Innobyte™.
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strain, the minute three-dimensional deformation
of the living material. This micro-strain from
masticatory forces acts on the alveolar processes
of the mandible and maxilla, where it promotes
and maintains healthy bone structure around
the dentition.’*?*% The partial or full loss of
dentition, where the masticatory forces are no
longer transferred, has been shown to contribute
to residual ridge resorption due to the lack of
any amount of micro-strain from the missing
teeth.?”-32 Thus, a moderate amount of bite force
is recommended to assure a healthy masticatory
system as well as a healthy diet.

Table 1 illustrates the estimated bite force required
to break sections from a selection of 12 foods, as
determined by empirical single tooth bite forces
or Universal Testing machines simulating human
teeth.”***” The force required to break off sections
ofeachfooditemrangefrom2Nto95Nanddepend
on which tooth antagonist is doing the sectioning,
and the cross-sectional area of the morsel 3334384
The reason for variability between the required
force is dominated by the complex fracture mode
implemented by each set of antagonist teeth; the
Incisors and Canines impart a scissor-like fracture
mode in food, while the Molars and Premolars
impart a wedge-like fracture mode.*Also,
within the fracture mode of each food there is a
complex interplay of cohesive forces, toughness,
fiber direction and length, and hardness, which
further varies required fractioning forces.33:3%40
Despite the complex material science of food, one
certainty is that some measure of force is required
to disrupt the integrity of each food morsel for
subsequent consumption. Although each food
morsel requires successive chewing cycles prior to
ingesting, the peak bite forces listed in the Table 1
are the forces that were found to break apart the
largest sections of these particles. Other structures
of the masticatory system can be used to apply
force to a morsel of food, but solely the dentition
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can apply the sharp crushing or severing forces
needed to break apart most food.*

To estimate the whole arch bite force necessary to
achieve these individual tooth antagonist forces
seen in Table 1, a repartition of the forces must
be understood. Researchers have found that each
antagonist tooth accounts for a portion of the whole
arch bite force.”*-3 The distribution of forces along
the full arch has been shown to be between 67-80%
for posterior teeth, with the remainder being at
the anterior teeth.”* Specifically, the approximate
average portion of force per anterior tooth
antagonist would be 10% and 18% per posterior
antagonist teeth. As such, the total arch bite force
can be estimated by this repartition of force. The
third column of Table 1 shows the mean full arch
bite force required to break apart each food item
using this estimated repartition of force.

The table can be used as a reference for the
approximate range of bite forces required to break
a particular food item into smaller, more digestible
fragments. Falling within these bite force ranges
indicates that a person can most likely masticate
the specific foods to fragments necessary for
ingestion and subsequent digestion, in order to
obtain significant nutrition.® Failing to be within
these bite force ranges means that a person may
not be masticating the specific foods to a size that
allows for proper digestion,*¢# or alternatively
avoids difficult to break down foods altogether.'
This data is corroborated by previous studies on
chewing efficiency in patients with a range of
bite forces and states of dentition.**%? As the bite
force increases through improvements to state of
dentition and toning of the masticatory muscles,
the patient is better able to fractionate a larger
range of foods into digestible particles, leading
to potentially more bioavailable nutrients and a
positive affect on their quality of life." 15165255
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What Does My Bite Force

Say About Me?

BITE FORCE REFERENCE VALUES

Newton
1000 + Excessive
650-1000 Normal
400-650 Light deficit
200-400 Significant deficit
100-200 - Serious deficit
0-100 - Critical deficit

Figure 1. Bite force reference chart. The ranges of forces

and what that means for oral health.
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Figure 1 shows the ranges of bite forces in the
general public as previously presented,??'%* and
as determined with the Innobyte™. The normal
or average range of bite force in adults with their
full dentition is between 650 and 1000N. Patients
presenting with forces in the range of Normal to
Excessive (1000N+), are not expected to have
dietary restrictions related to their bite force.
Patients presenting with a Light Deficit (400 —
650N), begin to experience a difficulty or inability
to chew certain foods, but can maintain a healthy
and balanced diet through conscious dietary
choices.? When patients present with a Significant
Deficit (200 — 400N), there is a noted inability to
chew several types of foods that are needed to
maintain a healthy diet (fruits and vegetables,
meats, nuts, etc.),* and health problems may arise
that are related to diet. Patients presenting with a
Serious Deficit (100 — 200N) or Critical Deficit (O —
100N) have limited chewing ability and can only
chew foods with low strength.*® Frequent health
problems arise that are related to diets deficient
or limited in macro- and micro-nutrients, leading
to negative effect on their quality of life. These
deficiencies in bite forces may be due to missing
teeth, decreased musculature, mobile teeth, and/
or pain. A restorative treatment for these issues
may allow the patient to increase their bite force,
thus allowing them to maintain a healthy diet and
positively affect their quality of life.
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Personalized Bite Force Assessment

The Innobyte™ is the first quantitative total
bite force measurement device on the market
measuring the magnitude in Newtons.© With the
Innobyte's patented technology, the clinician is
able to measure the full-arch loading using an
easy-to-read, easy-to-interpret, digital read-out
of the calibrated force in Newtons (1 Newton is
equal to 0.225-pound force) with a range from O to
3,000 Newtons. The system is calibrated with high
precision standards that results in less than 5%
variation from industry calibrated measurement of
force. This translates to a maximum variation of 20
Newtons or 5-pound force, or less than the force
required to tap a key on a keyboard, which is quite
impressive when the average human bite is well
over 650 Newtons of force.” Due to the soft nature
of the medical-grade silicone of the bite surface,
patients do not risk pain or damage to teeth or

gingiva, allowing them to apply their maximal
load.*” The intermolar separation of the Innobyte’s
Mouthpiece is specially designed to minimize
elevator muscle bias, where fewer muscle fibers
are recruited during large jaw separations,**® as
well as simulating the clinically relevant average
food morsel size. The Innobyte’s Mouthpiece is a
one-size-fits-most flexible unit. Additionally, the
Mouthpiece has four carefully designed guides for
precise placement that allows the clinician to obtain
reproducible results every time.< Differences in the
measured bite force can be confidently associated
with a successful treatment plan. The Innobyte
is streamlined in design and operation, with an
intuitive user interface and no complex accessories
or components. It has never been so easy to
quantitatively assess the maximum voluntary bite
force of a patient.

c. Health Canada Medical Device License 10155. United States FDA listing number D447457.

d. 1000 bite force measurements per Mouthpiece (>60 N per cycle)
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Conclusions

Bite force is an important part of a
healthy digestive system, where a defi-
ciency can be implicated in limited bio-
availability of nutrients, amongst other
complications, which can negatively
affect a patient’s quality of life. In or-
der to properly masticate foods during
normal digestion, one must apply an
adequate force to break the item into
easily digestible particles. The force re-
quired varies depending on the antag-
onist teeth performing the breaking,
however the tougher the food item,
the higher the force required to break.
Foods such as tough meats and raw
vegetables require an elevated value
of force to break them into easily di-
gestible particle sizes allowing the gut
to extract their nutritional content, thus
maintaining a nutritional homeostasis.
In addition, the micro-strain provid-
ed by mastication of foods maintains
healthy supporting bone of the denti-
tion through bone homeostasis. There-
fore, to maintain optimum nutrition
and healthy dentition, an adequate lev-
el of bite force is essential, and under-
standing this force allows clinicians to
provide a treatment plan that can im-
prove the overall quality of life of their
patients. The Innobyte™ can quickly
and accurately show the patient how
their bite force may be limiting their
dietary choices and how providing the
adequate treatment plan may positive-
ly affect their quality of life.
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Innobyte™

66 To maintain optimum
nutrition and healthy
dentition, an adequate level
of bite force is essential 99

5524 rue St-Patrick, suite 540
Montréal, QC
HA4E 14B, Canada

_I 1-800-511-8792

info@kubeinnovation.com K U B E | N N OV/\Tl O N www.kubeinnovation.com



Bite Force and Diet: How Bite Force Impacts Quality of Life

References

1. Van Der Bilt A. Assessment of mastication with implications
for oral rehabilitation: A review. J Oral Rehabil 2011; 38:
754-780.

2. Bakke M. Bite Force and Occlusion. Semin Orthod 2006;
12:120-126.

3. Bornhorst GM, Singh RP. Bolus Formation and Disintegra-
tion during Digestion of Food Carbohydrates. Compr Rev Food
Sci Food Saf 2012; 11: 101-118.

4. Grundy MML, Grassby T, Mandalari G, et al. Effect of
mastication on lipid bioaccessibility of almonds in a random-
ized human study and its implications for digestion kinetics ,
metabolizable energy , and postprandial lipemia. Am J Clin
Nutr 2015; 101: 25-33.

5. Salvia-Trujillo L, Qian C, Martin-Belloso O, et al. Influence
of particle size on lipid digestion and B-carotene bioaccessi-
bility in emulsions and nanoemulsions. Food Chem 2013; 141:
1472-1480.

6. Grundy MML, Edwards CH, Mackie AR, et al. Re-evalu-
ation of the mechanisms of dietary fibre and implications for
macronutrient bioaccessibility, digestion and postprandial
metabolism. BrJ Nutr 2016; 116: 816-833.

7. Ranawana V, Monro JA, Mishra S, et al. Degree of particle
size breakdown during mastication may be a possible cause of
interindividual glycemic variability. Nutr Res 2010; 30: 246-254.

8. Réhrle O, Saini H, Ackland DC. Occlusal loading during
biting from an experimental and simulation point of view. Dent
Mater 2017; 34: 58-68.

9. Hattori Y, Satoh C, Kunieda T, et al. Bite forces and their
resultants during forceful intercuspal clenching in humans. J
Biomech 2009; 42: 1533-1538.

10. Jansen van Vuuren L, Broadbent JM, Duncan WJ, et

al. Maximum voluntary bite force, occlusal contact points and
associated stresses on posterior teeth. J R Soc New Zeal 2020;
50: 132-143.

11. World Health Organization. Healthy diet. Regional Office
for the Eastern Mediterranean, https://apps.who.int/iris/
bitstream/handle/10665/325828/EMROPUB_2019_en_23536.
pdf (2019).

12. Range TL, Samra NS. Full Liquid Diet. StatPearls 2020; 1.

13. Takahashi S, Nezu A, Tanimura A, et al. Responses of
salivary glands to intake of soft diet. J Oral Biosci. Epub ahead
of print 2022. DOI: 10.1016/j.job.2022.03.006.

14. Misch CE. Age-Related Tooth Loss. In: Text Book on Dental
Implant Prosthetics. Amsterdam, The Netherlands: Elsevier,
2014, pp. 1-17.

15. Azzolino D, Passarelli PC, De Angelis P, et al. Poor
oral health as a determinant of malnutrition and sarcopenia.
Nutrients 2019; 11: 1-17.

16. Kim BI, Jeong SH, Chung KH, et al. Subjective food
intake ability in relation to maximal bite force among Korean
adults. J Oral Rehabil 2009; 36: 168-175.

17. Akifusa S, Soh |, Ansai T, et al. Relationship of number of
remaining teeth to health-related quality of life in communi-
ty-dwelling elderly. Gerodontology 2005; 22: 91-97.

18. Geckili O, Bilhan H, Mumcu E, et al. Comparison of pa-
tient satisfaction, quality of life, and bite force between elderly
edentulous patients wearing mandibular two implant-support-
ed overdentures and conventional complete dentures after 4
years. Spec Care Dent 2012; 32: 136-141.

19. do Amaral C, Pinheiro M, Camara-Souza M, et al. Bite
Force, Masseter Thickness, and Oral Health-Related Quality
of Life of Elderly People with a Single-Implant Mandibular
Overdenture. Int J Prosthodont 2019; 32: 503-508.

20. Ikebe K, Nokubi T, Morii K, et al. Association of bite force
with ageing and occlusal support in older adults. J Dent 2005;
33:131-137.

5524 rue St-Patrick, suite 540
Montréal, QC

H4E 14B, Canada
info@kubeinnovation.com

21. Manzon L, Vozza |, Poli O. Bite force in elderly with full
natural dentition and different rehabilitation prosthesis. Int J
Environ Res Public Health 2021; 18: 1-12.

22. Poli O, Manzon L, Niglio T, et al. Masticatory Force in
Relation with Age in Subjects with Full Permanent Dentition: A
Cross-Sectional Study. Healthcare 2021; 9: 700.

23. Stephen C. Woods and Douglas S. Ramsay. Food
Intake, Metabolism and Homeostasis. Physiol Behav 2015; 40:
1291-1296.

24. Frost HM. From Wolff's law to the Utah paradigm: Insights
about bone physiology and its clinical applications. Anat Rec
2001; 262: 398-419.

25. Delgado-Ruiz RA, Calvo-Guirado JL, Romanos GE.
Effects of occlusal forces on the peri-implant-bone interface
stability. Periodontol 2000 2019; 81: 179-193.

26. Sadowsky SJ. Occlusal overload with dental implants: a
review. Int J Implant Dent 2019; 5: 1-5.

27. Dittmer KE, Firth EC. Mechanisms of bone response to
injury. J Vet Diagnostic Investig 2017; 29: 385-395.

28. Thongud n U, Ch g V, Geater AF.
The effect of maximum bite force on alveolar bone morpholo-
gy. Orthod Craniofacial Res 2009; 12: 1-8.

29. Tallgren A. The reduction in face height of edentulous and
partially edentulous subjects during long-term denture wear

a longitudinal roentgenographic cephalometric STUDY. Acta
Odontol Scand 1966; 24: 195-239.

30. Tallgren A. The continuing reduction of the residual alve-
olar ridges in complete denture wearers: A mixed-longitudinal
study covering 25 years. J Prosthet Dent 1972; 27: 120-132.

31. Ozturk CN, Ozturk C, Bozkurt M, et al. Dentition, bone
loss, and the aging of the mandible. Aesthetic Surg J 2013;
33: 967-974.

32. Canger EM, Celenk P. Radiographic evaluation of alveolar
ridge heights of dentate and edentulous patients. Gerodontol-
ogy 2012; 29: 17-23.

33. Ferrario VF, Sforza C, Serrao G, et al. Single tooth bite
forces in healthy young adults. J Oral Rehabil 2004; 31: 18-22.

34. Kumagai H, Suzuki T, Hamada T, et al. Occlusal force dis-
tribution on the dental arch during various levels of clenching. J
Oral Rehabil 1999; 26: 932-935.

35. Hidaka O, Iwasaki M, Saito M, et al. Influence of clench-
ing intensity on bite force balance, occlusal contact area, and
average bite pressure. J Dent Res 1999; 78: 1336-1344.

36. Fernandes CP, Glantz POJ, Svensson SA, et al. A novel
sensor for bite force determinations. Dent Mater 2003; 19:
118-126.

37. Shinogaya T, Bakke M, Thomsen CE, et al. Effects of eth-
nicity, gender and age on clenching force and load distribution.
Clin Oral Investig 2001; 5: 63-68.

38. Yven C, Culioli J, Mioche L. Meat bolus properties in
relation with meat texture and chewing context. Meat Sci 2005;
70: 365-371.

39. Kohyama K, Sakai T, Azuma T. Patterns Observed in the
First Chew of Foods with Various Textures. Food Sci Technol
Res 2001; 7: 290-296.

40. Shimada A, Yamabe Y, Torisu T, et al. Measurement of
dynamic bite force during mastication. J Oral Rehabil 2012;
39: 349-356.

41. Wen H, Cong M, Zhang Z, et al. A Redundantly Actuated
Chewing Robot Based on Human Musculoskeletal Biomechan-
ics : Differential Kinematics , Stiffness Analysis Driving Force
Optimization and Experiment. Machines 2021; 9: 1-22.

42. Kim J-H, Lee J-B. A comparative study on the correlation
between Korean foods and the fractures of PFG and all ceramic
crowns for posterior applications. J Korean Acad Prosthodont

KUBEz INNOVATION

2009; 47: 156.

43. Cho Y, Park MSE, Koak J. Strain Gauge Analysis of Occlu-
sal Forces on Implant Prostheses at Various Occlusal Heights.
Int J Oral Maxillofac Implants 2014; 29: 1034-1041.

44. Paphangkorakit J, Chaichit R, Kh | K, et al. Effect
of biting speed and jaw separation on force used to incise
food. J Oral Rehabil 2020; 47: 731-735.

45. Kohyama K, Hatakeyama E, Dan H, et al. EFFECTS OF
SAMPLE THICKNESS ON BITE FORCE FOR RAW CARROTS
AND FISH GELS KAORU. J Texture Stud 2005; 36: 157-173.

46. Kohyama K, Sasaki T, Hayakawa F, et al. Effects of
cross-sectional area on human bite studied with raw carrot and
Surimi gel. Biosci Biotechnol Biochem 2004; 68: 2104-2110.

47. Berthaume MA. Food mechanical properties and dietary
ecology. Am J Phys Anthropol 2016; 159: S79-S104.

48. Skjerve KL. Microscopic examination of banana, potato,
wheat and oat: influence of pre-digestive processing on
cellularity and structure Food Science, Food production and
Product development. Norwegian University of Life Sciences,
As, 2020.

49. Rosa LB, Bataglion C, Siéssere S, et al. Bite force and
masticatory efficiency in individuals with different oral rehabili-
tations. Open J Stomatol 2012; 02: 21-26.

50. Possebon AP da R, Schuster AJ, Bielemann AM, et al.
Evaluation of Bite Force and Masticatory Performance : Com-
plete Denture vs Mandibular Overdenture Users. Braz Dent J
2020; 31: 399-403.

51. Woda A, Mishellany A, Peyron MA. The regulation of
masticatory function and food bolus formation. J Oral Rehabil
2006; 33: 840-849.

52. Rissin L, House JE, Manly RS, et al. Clinical comparison
of masticatory performance and electromyographic activity of
patients with complete dentures, overdentures, and natural
teeth. J Prosthet Dent 1978; 39: 508-511.

53. Schmalz G, Denkler CR, Kottmann T, et al. Oral
Health-Related Quality of Life, Oral Conditions, and Risk of
Malnutrition in Older German People in Need of Care—A
Cross-Sectional Study. J Clin Med 2021; 10: 426.

54. de Medeiros MMD, Pinheiro MA, de Figueredo OMC, et
al. Masticatory function in nursing home residents: Correlation
with the nutritional status and oral health-related quality of life.
J Oral Rehabil 2020; 47: 1511-1520.

55. De Andrade FB, De Franca Caldas A, Kitoko PM. Rela-
tionship between oral health, nutrient intake and nutritional
status in a sample of Brazilian elderly people. Gerodontology
2009; 26: 40-45.

56. Komiyama T, Ohi T, Miyoshi Y, et al. Verification of the
criteria for reduced occlusal force to diagnose oral hypofunc-
tion in older Japanese people: A prospective cohort study on
incident functional disability. J Oral Rehabil 2020; 47: 989-997.

57. Serra CM, Manns AE. Bite force measurements with hard
and soft bite surfaces. J Oral Rehabil 2013; 40: 563-568.

58. Koc D, Dogan A, Bek B, et al. Effects of increasing the
jaw opening on the maximum bite force and electromyograph-
ic activities of jaw muscles. J Dent Sci 2012; 7: 14-19.

1-800-511-879

www.kubeinnovation.com




