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ABSTRACT

Objective.The purpose of this study was to measure and comparison the maximum bite forces of acrylic and flexible
partial dentures in patient with free end edentulous area during different adaptation period. Subjects/ Methods. In this
intra-individual study twenty four free end extension patients (FEE) were be selected, twelve of them having Kennedy
Cl. I against natural dentition, while the remaining 12 patients having CI. I against Cl. I Kennedy classification. Three
testing sessions made for both types of partial denture that used in this study, by using a portable occlusal force gauge,
and each patient was instructed to bite as hard as possible on the gauge. Then, the measurements done at the first day
of insertion of the partial denture ,after 10 days, after the 30 days, and lastly after 90 days from insertion for the
flexible denture first then for acrylic denture or the opposite. Results. There is a significant differences were found in
the values of maximum bite force between the two types of partial dentures with mean of (39.9375+1.04949) for the
acrylic denture and (72.39+£3.07194) for the flexible denture in all adaptation periods in group one, and with mean of
(28.6250+0.69038) for the acrylic denture and (51.7292+1.37954) for the flexible denture in all adaptation periods in
group two. Conclusion.The flexible partial dentures give highest values of the maximum bite force in all adaptation
period than the acrylic partial dentures, the maximum bite force was increased with increased the adaptation period,
and the patients in group one have the highest maximum bite force than group two in both types of partial denture and
in all adaptation periods.

KEYWORDS: The maximum bite force, heat cureacrylic denture, flexible partial dentures,free end extension
partial denture.

INTRODUCTION:

Loss of teeth, which may be due to trauma, dental diseases,
pathology, or otherwise not only alters the psychological
thought of the patients but also disturbs the esthetics,
phonetics, and functional occlusion.”” Replacement of
missing teeth is highly essential in order to restore the
defect and regain function as best as possible.

Since ages, polymethyl methacrylate (PMMA) has been
used to fabricate the dentures. The acrylic denture base
prostheses have their own advantages and disadvantages.
Some problems with these prostheses are difficult to
address, such as insertion in undercut areas, brittleness of
methyl methacrylate which leads to fracture, and allergy to
methyl methacrylate monomer."”
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The innovation of the nylon-derived denture base material
in the 1950s paved the way for a new type of dentures.
Flexible dentures are an excellent alternative to
conventionally used methyl methacrylate dentures”, which
have several advantages over the traditional rigid denture
bases, aesthetics due to translucency of the material picks
up underlying tissue tones, making it almost impossible to
detect in the mouth. No clasping is visible on tooth
surfaces. Being flexible, the denture base adapts well in the
undercut areas. Complete biocompatibility is achieved
because the material is free of monomer and metal.”
Flexible denture material is so strong that it can be made
very thin which makes it comfortable to wear.As the
flexible dentures are fabricate during the injection molded
technique, they exhibit better accuracy compared to
conventional techniques. Flexible denture material has been
reported to have therapeutic advantage in overcoming
midline denture fractures.”’
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Bite force is one indicator of the functional state of the
masticatory system that results from the action of jaw
elevator muscles modified by the craniomandibular
biomechanics.” Determination of individual bite force level
has been widely used in dentistry, mainly to understand the
mechanics of mastication for evaluation of the therapeutic
effects of prosthetic devices and to provide reference values
for studies on the biomechanics of prosthetic devices.” In
addition, bite force has been considered important in the
diagnosis of the disturbances of the stomatognathic
system.®The bite force measurements can be made directly
by using a suitable transducer that has been placed between
a pair of teeth. This direct method of force assessment
appears to be a convenient way of assessing the
submaximal force. An alternative method is indirect
evaluation of the bite force by employing the other
physiologic variables known to be functionally related to
the force production.”’

Fontijn-Tekamp proved that a significant correlation was
found between maximum bite force and chewing efficiency
and nearly half of the variation in chewing efficiency was
explained by bite force alone."” Several factors influence
the direct measurements of the bite force. The great
variation in bite force values depends on many factors
related to the anatomical and physiologic characteristics of
the subjects. Apart from these factors, accuracy and
precision of the bite force levels are affected by the
mechanical characteristics of the bite force recording
system."" The normal aging process may cause the loss of
muscle force."” Indeed, the jaw closing force increases
with age and growth, stays fairly constant from about 20
years to 40 or 50 years of age, and then declines.®” In
children with permanent dentition between the ages of 6
and 18, bite force has been significantly correlated with
age."In relation to the gender, maximum bite force is
higher in males than females. The greater muscular
potential of the males may be attributed to the anatomic
differences. '">'*'” The masseter muscles of males have
type 2 fibers with larger diameter and greater sectional area
than those of the females.”'”The authors have suggested
that hormonal differences in males and females might
contribute to the composition of the muscle fibers."” In
addition, the correlation of maximum bite force and gender
is not evident up to age 18. It is apparent that maximum bite
force increases throughout growth and development without
gender specificity.“g)

Dental status formed with dental fillings, dentures, position
and the number of teeth is an important factor in the value
of the bite force."” There is a positive correlation between
the position and the number of the teeth at both maximal
and submaximal bite force.”” The number of teeth and
contact appears to be an important parameter affecting the
maximum bite force. The greater bite force in the posterior
dental arch may also be dependent on the increased occlusal
contact number of posterior teeth loaded during the biting
action. For example, when maximum bite force level
increased from 30% to 100%, occlusal contact areas
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double.?” Bakke et al®” have suggested that the number of
occlusal contacts is a stronger determinant of muscle action
and bite force than the number of teeth. Lasilla et al*” have
compared bite force in complete denture, partial denture
and natural dentition. Their results are consistent with those
of Miyaura et al®” who have found the greatest bite force in
the natural dentition group.

The recording devices vary from simple springs to complex
electronic devices. The first experimental study defining the
intra-oral forces was performed by Borelli in 1681 who
designed a gnatodynamometer.(w He attached different
weights to a cord, which passed over the molar teeth of the
open mandible, and with closing of the jaw, up to 200 kg
were raised.”” Black made the first scientific examination
of forces in 1893. Subsequently, several researchers
continued to investigate this subject and designed the lever-
spring, manometer-spring and lever, and micrometered
devices.®** Today, sensitive electronic devices are used.
Such instruments are both accurate and precise enough for
common load measuring purposes. Gnatodynamometers
have been used to measure bite force for a long time and
some investigators use strain-gages mounted dynamometer
for recordings.(zs‘m A digital dynamometer has been
developed. This appliance uses electronic technology and
consists of the bite fork and digital body. 04 The most
widely accepted recording device is the strain-gage bite
force transducer.”®”?" The strain-gage bite force
transducer is available in different heights and widths.
Ferrario et al” and Kogawa et al®” have measured bite
force with 4 mm height and 5x7 mm wide strain-gaged
transducer.

Bite force varies in different regions of the oral cavity.”
The more posteriorly the transducer is placed in the dental
arch, the greater the bite force.®” It has been explained by
the mechanical lever system of the jaw.“&‘m In addition,
greater bite force can be tolerated better in posterior teeth,
because of the larger area and periodontal ligament around
posterior teeth roots.*"

The purpose of this study was to measure and comparism
the maximum bite forces of acrylic and flexible partial
dentures in patient with free end edentulous area during
different adaptation period.

MATERIALS AND METHODS:

Sample selection

Twenty fourfree end extension patients (FEE) were be
selected( 12 male and 12 female) attending the removable
prosthodontics clinic ,at Babylon dental university ,the
voluntary patients participated after receiving thorough
information about the aim and design of the study and
fulfilling the following criteria: a Class I skeletal pattern,
(35-45) years and means 40 years of age, an adequate inter
arch space, and educated patient with good physical
capability to carry out the instructions.

94



Asian J. Pharm. Tech. 2013; Vol. 3: Issue 3, Pg 93-97

[AJPTech.]

rm
mal

o

Twelve of these patients were selected having a maxillary
or mandibular Kennedy class I with no modification(first,
second and third molars missing teeth against natural
dentition) with no complaint of pain or discomfort at the
time of study ,while the remaining 12 patients having CLI
against C1.I Kennedy classification.

Experimental procedure design for testing:

Three testing sessions made for both types of partial denture
that used in this study, each session was done in the
morning after breakfast, the experimental schedule included
measurements of maximum bite force in the first molar
region using a portable occlusal force gauge (GMIO,
Nagano Keiki, Tokyo, Japan; Figure 1), that consisted of a
hydraulic pressure gauge and a biting element made of a
vinyl material encased in a polyethylene tube. Bite force
was displayed digitally in Newton. The accuracy of this
occlusal force gauge has previously been confirmed e9),

This device has several advantages: it is easy to use, does
not need any special mounting, has a small thickness of
about 5.4 mm, does not interfere with the tongue, and can
be easily disinfected by changing the disposable plastic
coverings.(39) Before the recording, the patient was seated in
upright position with the Frankfort plane nearly parallel to
the floor. Each patient was instructed to bite as hard as
possible on the gauge. Bite force was measured three times
with a 30 second resting time between each bite. From these
three readings, one value was obtain from the mean of these
readings; the maximum bite force (MBF), which is the
maximum measurement achieved in each patient.

The device was placed between the first artificial molar and
the opposite natural teeth (in the first group) and opposite
artificial teeth (in second group). First, the finish dentures
are inserted in patient mouth , check it if there is any
nodule, spicule, or any sharp projection , because it will
affect our measurement.

Then, the measurements done at the first day of insertion of
the partial denture ,after 10 days, after the 30 days, and
lastly after 90 daysfrom insertion for the flexible denture
first then for acrylic denture or the opposite.

Figure (1) Occlusal force gauge

Statistical analysis

Data analysis was carried out using the Statistical Package
for Social Science version 20 (SPSS Inc.®, Chicago,
Mlinois, USA). Descriptive data were tabulated. T-test was
used to find the variance and to determine whether
significant differences existed between the groups, the
criterion level for statistical significance was set at
(p0.05) (two-tailed). All data are expressed as mean *
standard deviation (SD).

RESULTS:

Table (1) showed the data of the study groups, the range of
age, the Kennedy classification and the gender distribution.
Table (2)showed that the largest mean value of the
maximum bite force was registered in group one after 90
days from wearing the flexible partial denture (105.5833
N). And in general, it is obvious that the flexible partial
dentures give the highest bite force in the two groups and in
all patients than the acrylic partial dentures figure(2 )and
the differences between the two denture base types in the
maximum bite force was significant at (plJ0.05) in both
study groups.The probable explanation for this result is
because the flexible denture base has the flexibility to
disengage forces on individual teeth and prevent transfer of
forces to remaining natural teeth and the other side of the
arch because it acts as stress-breaker to disengage forces on
individual saddles. We shiftthe burden of force control from
the design features of the appliance to the material
properties of the base material. A lever is more efficient if
itis made from rigid materials. One way to control leverage
effects is to make the lever out of inefficient materials. A
flexible lever does not work well as a lever. So let’s make
the partial flexible to reduce the leverage effects of its
extensions."”
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DISCUSSION:

Table (2) show that among the first group patients (having a
maxillary or mandibular Kennedy class I with no
modification against natural dentition ) the flexible partial
dentures give highest bite force in different adaptation
period (at day of insertion, after 10 days, after 30 days, and
after 90 days) than the acrylic partial dentures, and also the
maximum bite force was increased with increased the
adaptation period, that the lowest bite force at the first days
and the highest after 90 days in both groups. The results of
this study was that the maximum bite force increased
significantly with the increasing in the adaptation periods.
Bite force measurement was found to bepositively related to
masticatory efficiency.(43'45)Fontijn-Tekamp“O)proved that a
significant correlation was found between maximum bite
force and chewing efficiency and nearly half of the
variation in chewing efficiency was explained by bite force
alone. Therefore, the results of this study agreed with the
Miyaura(23),Murata “ and Hayakawa @45 And also agree
with the study of Aung et al “which showed that the new
dentures providedhigher biting forces after adaptation.
Tables(4 and 5) show that the differences between the two
groups in maximum bite force values was significant at
(pJ0.05), the largest maximum bite force values in group
one in all adaptation periods and with both partial denture,
the probable explanation is that in group one we have single
denture (cl.I Kennedy classification against natural teeth),
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so that the occlusal force gauge placing between the
artificial and natural teeth, in the presence of physiological
human factors influence such as the bite force and the oral
sensorimotor of the natural teeth®” , the bite force was
greater in natural teeth than artificial teeth that will facilitate
better food breakage and so better masticatory
performance."”

CONCLUSION:

The maximum bite force in patient with flexible partial
denture is higher than with acrylic partial denture, the bite
force become higher with the increase in the adaptation
periods, and also in patient with single denture (cl.I
Kennedy classification against natural teeth), the maximum
bite force was higher than patient with paired denture (cl.I
Kennedy classification against cl.I Kennedy classification) .

Table(1): Study groups data

No. of Gender Age Kennedy

patients range classification

1 Male Female  35-44 Kennedy CI. I against

2 6 6 natural dentition
(Group 1).

1 Male Female 36-45 Kennedy CI. I against

2 6 6 CLI (Group 2).

Table (2): Comparison of the mean and standard deviation of the maximum bite force (in Newton) between the two types of the denture base in

different adaptation periods in group (1):

Adaptation period (days) Type of denture Mean SD. Deviation Mean Differences
1 Acrylic 32.1667 N 2.32900 -20.2500
Flexible 52.4167 N 3.62963
10 Acrylic 36.2500 N 3.84057 -21.7500
Flexible 58.0000 N 5.04525
30 Acrylic 413333 N 2.74138 -32.2500
Flexible 73.5833 N 3.87201
90 Acrylic 50.0000 N 221565 -55.5833
Flexible 105.5833 N 4.14418

Table (3): Comparison of the mean and standard deviation of the maximum bite force (in Newton) between the two types of the denture base in

different adaptation periods in group (2):

Adaptation period(days) Type of denture Mean SD. Deviation Mean Differences
1 Acrylic 22.5833 N 1.92865 -18.6667
Flexible 41.2500 N 2.56285
10 Acrylic 26.7500 N 1.81534 -19.5000
Flexible 46.2500 N 3.27872
30 Acrylic 30.0833 N 1.31137 -24.4167
Flexible 54.5000 N 3.87298
90 Acrylic 34.6667 N 1.61433 -30.2500
Flexible 64.9167 N 2.71221

Table (4): Comparison of the mean and standard deviationof the maximum bite force(in Newton) between the two groups in different adaptation

periods with acrylic partial denture:

Adaptation period(days) Group Mean SD. Deviation Mean Differences
1 Group 1 32.1667 N 2.32900 9.58333
Group 2 22.5833 N 1.92865
10 Group 1 36.2500 N 3.84057 9.50000
Group 2 26.7500 N 1.81534
30 Group 1 41.3333N 2.74138 11.25000
Group 2 30.0833 N 1.31137
90 Group 1 50.0000 N 221565 15.33333
Group 2 34.6667 N 1.61433
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Table (5): Comparison of the mean and standard deviation of the maximum bite force(in Newton) between the two groups in different adaptation
periods with flexible partial denture:

Adaptation period(days) Group Mean SD. Deviation Mean Differences
1 Group 1 52.4167N 3.62963 11.16667
Group 2 41.2500 N 2.56285
10 Group 1 58.0000 N 5.04525 11.75000
Group 2 46.2500 N 3.27872
30 Group 1 73.5833 N 3.87201 19.08333
Group 2 54.5000 N 3.87298
90 Group 1 105.5833N 4.14418 40.66667
Group 2 64.9167 N 2.71221
B flexible
B acrylic

Group Group

Figure (2) Bar chart of the mean (with its 95% confidence interval) maximum bite force of the two types partial dentures of the two groups after
three months adaptation periods

REFERENCES:

1.

10.

Zarb GA, Bolender CL, Carlsson GE. 11th ed. St Louis: Mosby.
Boucher's Prosthodontic Treatment for Edentulous Patients.1997;
pp. 337-42.

Anusavice KJ. 10th ed. Philadelphia: WB Saunders. Phillips’
Science Of Dental Materials.1996;p. 238.

J. P. Singh, R. K. Dhiman, R. P. S. Bedi, and S. H. Girish
.Department of Prosthodontcs, Command Military Dental Centre
(Southern command) , Pune, Maharashtra, India. 2011; Oct-Dec;
2(4): 313-317.

Shamnur SN, Jagadeesh KN, Kalavathi SD, KashinathKR. J Dent
Sciences Research .2007;1 (1):74-79.

Dhiman RK, Chowdhury SKR. Midline fractures in
singlemaxillary complete acrylic vs flexible dentures. Med
JArmed Forces India 2009;65(2):141-45.

Bakke M. Bite force and occlusion. SeminOrthod. 2006;12:120—
126.

Fernandes CP, Glantz PJ, Svensson SA, Bergmark A. A novel
sensor for bite force determinations. Dent Mater. 2003;19:118—
126.

Calderon Pdos S, Kogawa EM, Lauris JR, Conti PC. The
influence of gender and bruxism on the human maximum bite
force. J Appl Oral Sci. 2006;14:448-453.

Ferrario VF, Sforza C, Zanotti G, Tartagilia GM. Maximal bite
force in healthy young adults as predicted by surface
electromyography. J Dent. 2004;32:451-457.

Fontijn-Tekamp, F.A., Slagter, A.P., Van Der Bilt, A.. Biting and
chewingin overdentures, full dentures, and natural dentitions.
Journal of Dental Research, 2000;p79(7),pp. 1519-1524.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

97

Van Der Bilt A, Tekamp FA, Van Der Glas HW, Abbink JH. Bite
force and electromyograpy during maximum unilateral and
bilateral clenching. Eur J Oral Sci. 2008;116:217-222.

Shinogaya T, Bakke M, Thomsen CE, Vilmann A, Sodeyama A,
Matsumoto M. Effects of ethnicity, gender and age on clenching
force and load distribution. Clin Oral Invest. 2001;5:63-68.
Pereira-Cenci T, Pereira LJ, Cenci MS, Bonachela WC, Del
BelCury AA. Maximal bite force and its association with
temporomandibular disorders. Braz Dent J. 2007;18:65-68.
Waltimo A, Kononen M. A novel bite force recorder and
maximal isometric bite force values for healthy young adults.
Scand J Dent Res. 1993;101:171-175.

Bonakdarchian M, Askari N, Askari M. Effect of face form on
maximal molar bite force with natural dentition. Arch Oral Biol.
2009;54:201-204.

Olthoff LW, Van Der Glas W, Van Der Blit A. Influence of
occlusal vertical dimension on the masticatory performance
during chewing with maxillary splints. J Oral Rehabil.
2007;34:560-565.

Pizolato RA, Gavido MBD, Berretin-Felix G, Sampaio ACM,
Junior AST. Maximal bite force in young adults
temporomandibular disorders and bruxism. Braz Oral Res.
2007;21:278-283.

Braun S, Freudenthaler JW, Honigle K. A study of maximum bite
force during growth and development. Angle Orthod.
1996;66:261-264.

Lasilla V, Holmlund I, Koivumaa KK. Bite force and its
correlations in different denture types. ActaOdontol Scand.
1985;43:127-132.



Asian J. Pharm. Tech. 2013; Vol. 3: Issue 3, Pg 93-97

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hidaka O, Iwasaki M, Saito M, Morimoto T. Influence of
clenching intensity on bite force balance, occlusal contact area,
and average bite pressure. J Dent Res. 1999;78:1336—1344.
Bakke M, Holm B, Jensen BL, Michler L, Moller E. Unilateral,
isometric bite force in 8-68 year old women and men related to
occlusal factors. Scand J Dent Res. 1990;98:149-158.

Miyaura K, Morita M, Matsuka Y, Yamashita A, Watanabe T.
Rehabilitation of biting abilities in patients with different types of
dental prostheses. J Oral Rehabil. 2000;27:1073-1076.

Ortu G. A new device for measuring mastication force. Ann
Anat. 2002;184:393-396.

Gibbs CH, Mahan PE, Mauderli A, Lundeen HC, Walsh EK.
Limits of human bite strength. J Prosthet Dent. 1986;56:226-229.
Takeuchi H, Ikeda T, Clark GT. A piezoelectric film-based
intrasplint detection method for bruxism. J Prosthet Dent.
2001;86:195-202.

Linderholm H, Wennstrom A. Isometric bite force and its relation
to general muscle forge and body build. ActaOdontol Scand.
1970;28:679-689.

Baba K, Clark GT, Watanabe T, Ohyama T. Bruxism force
detection by a piezoelectric film based recording device in
sleeping humans. J Orofac Pain. 2003;17:58-64.

Paphangkorakit J, Osborn JW. Effect of jaw opening on the
direction and magnitude of human incisal bite forces. J Dent Res.
1997;76:561-567.

Schindler HJ, Tiirp JC, Blaser R, Lenz J. Differential activity
patterns in the masseter muscle under simulated clenching and
grinding forces. J Oral Rehabil. 2005;32:552-563.

Tortopidis D, Lyons MF, Baxendale RH. Bite force, endurance
and masseter muscle fatigue in healthy edentulous subjects and
those with TMD. J Oral Rehabil. 1999;26:321-328.

Kikuchi M, Korioth TW, Hannam AG. The association among
occlusal contacts, clenching effort, and bite force distribution in
man. J Dent Res. 1997;76:1316-1325.

Burnett CA, Fartash L, Murray B, Lamey PJ. Masseter and
temporalis muscle EMG levels and bite force in migraineurs.
Headache. 2000;40:813-817.

Fogle LL, Glaros AG. Contributions of facial morphology, age,
and gender to EMG activity under biting and resting conditions:
A canonical correlation analysis. J Dent Res. 1995;74:1496—
1500.

Kogawa EM, Calderon PS, Laurus JRP, Araujo CRP, Conti PCR.
Evaluation of maximal bite force in temporomandibular disorders
patients. J Oral Rehabil. 2006;33:559-565.

Tortopidis D, Lyons MF, Baxendle RH, Gilmour WH. The
variability of bite force measurements between sessions, in
different positions within the dental arch. J Oral Rehabil.
1998;25:681-686.

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

Sakaguchi M, Ono N, Turuta H, Yoshiike J, Ohhashi T.
Development of new handy type occlusal force gauge. Japanese
Journal of Medical Electronics and Biological Engineering
1996;34:53-55.

Elham S. J. Abu Alhaija. Maximum occlusal bite forces in
Jordanian individuals with different dentofacial vertical skeletal
patterns. Department of Preventive Dentistry, School of
Dentistry, Jordan University of Science and Technology, Irbid,
Jordan. August 14, 2009 .

Heath MR. The effect of maximum biting force and bone loss
upon masticatory function and dietary selection of the elderly .Int
Dent J.1982;32:345-356.

Helkimo E, Carlsson GE, Helkimo M. Bite force and state of
dentition. ActaOdontolScand1977;35:297-303.

Lindquist, L.W. and Carlsson, G.E., Hedegar, B., (1986).
Changes in bite force and chewing efficiency after denture
treatment in

Murata, H., Taguchi, N., Hamada, T., Kawamura, M., McCabe,
J.F. Dynamic viscoelastic of soft liners and masticatory function.
Journal of DentalResearch,2002. 81(2), pp. 123-128.

44.

45.

46.

47.

98

[AJPTech.]

Hayakawa, I, En-Sheng Keh, Morizawa, M., Muraoka, G.,
Harano, S.A new polyisoprene-based light-curing denture
softlining material. Journal of Dentistry,2003; 31(4),pp. 269-274.
Hayakawa, 1., Hirano, S., Takahashi, Y., Keh, E.S. Changes in
the masticatory function of complete denture wearers after
relining the mandibular denture with asoft denture liner.
International Journal ofProsthodontics,2000; 13, pp. 227-237.
Aung Thu Heinl, Shwe Hlaing2, Ko Ko2, Than Swel, Thein
Kyu2. A study on maximal biting forces of old and new complete
dentures. Department of Prosthodontics, University of Dental
Medicine, Yangon, Department of Prosthodontics, University of
Dental Medicine, Mandalay. Myanmar Dental Journal, Vol 20,
No. 1, January 2013, (25).

Hirano K, Hirano S and Hayakawa 1. The role of oral
sensorimotor function in masticatory ability. J Oral Rehabil 2004;
31:199-205.


https://www.researchgate.net/publication/315497750

