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In vivo evaluation of occlusalcontact area and maximum bite force
in patients with various types of implant-supported prostheses
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Abstract
Objective. To determine the effects of various implant retained and/or supported prostheses on number of occlusal contacts
(NOC), occlusal contact area (OCA)and maximum bite force (BF). Patients and methods: In total, 56 patients were
included in the study; five test groups and two control groups. The patients in the treatment groups received implant-
supported/retained prosthesis; over-dentures retained with two individual attachments in occlusion with complete denture,
with four individual attachments in occlusion with complete denture, with four individual attachments in occlusion with fixed
partial dentures or natural dentition, 6-implant retained fixed bridges in occlusion with natural dentition and 8-implant
retained fixed bridges in occlusion with natural dentition. The patients in control group 1 were wearing conventional complete
maxillary and mandibular dentures, whereas in control group 2 they had fixed full-arch porcelain-fused to metal restorations
prostheses for both arches. Dental Pre-scale was used measure the NOC, BF and OCA. Results. There was no statistically
significant difference between the treatment and control groups, among the groups with regards to NOC. OCA demonstrated
different results among the removable and fixed reconstruction groups. With regards to BF, removable dentures supported
with four implants showed higher bite force values than controls and two implant over-dentures. Also, a fixed reconstruction
using eight implants showed higher BF values than a fixed reconstruction using six implants. Conclusion.Use of implants for
removable dentures and fixed reconstructions improve occlusal contact area and bite force.
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Introduction

The loss of natural teeth is related to diminished
nutritional intake, especially in older adults. A num-
ber of studies have shown that the masticatory per-
formance of edentulous patients wearing complete
dentures is ~ 10–20% as efficientas that of dentate
subjects [1]. The treatment of edentulous patients is
always a challenge for the prosthodontist. The restor-
ative procedures for edentulous patients consist of
various phases that aim to reconstruct and replace the
loss of the natural dentition and the associated struc-
tures of both the mandible and maxilla [2].
In the past, the treatment of choice for completely

edentulous patientswas a removable complete denture
prosthesis.Over thecourseof time,removabledentures
can promote or even contribute to bone resorption
ofboth jaws. The loss of osseous denture support can

render a patient unable to adequately wear a denture.
When total edentulism occurs and bone resorption
continues over time, a relative procumbance of the
mandible can occur. The loss of intra-oral muscle
attachments can interferewith the function of dentures
[3]. Implant prostheses offer the possibility of over-
coming some of the functional limitations of complete
dentures.Patientswhohadproblemswithdenturesand
received implantprostheses showed improvedchewing
ability and food selection after the provision of satis-
factory implant-stabilized and conventional complete
dentures [1].
The currently available evidence suggests that the

restoration of the edentulous mandible with a con-
ventional denture is no longer the most appropriate
first choice for prosthodontic treatment. There is
now overwhelming evidence that a two-implant over-
denture is a more favorable choice of treatment for the
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edentulous mandible [4]. In the treatment of eden-
tulous arches, various treatment concepts with dental
implants are being developed, including the treatment
of edentulous arches with two-to-nine implants and
with implant supported/retained removable or fixed
prosthesis [5,6].
The measurement of bite force is often necessary

toassessthe jaw-closing muscle function and also to
compare the muscle activity between subjects in a
wide variety of experimental situations [7]. Some inves-
tigators have suggested that the occlusal contact area,
occlusal pressure, bite force and masticatory efficiency
could be useful for the understanding of masticatory
function in patients with orofacial problems [8].There
are no longitudinal studies on the bite force with
implant-supported/retained over-dentures with follow-
upperiodsbeyond1year; furthermore,bite forcestudies
often do not allow for satisfactory comparisons between
implant-retained over-dentures and fixed-implant
bridges due to differences in methodology and patient
selection. Therefore, the influence of differences in
implant support for mandibular over-dentures on bite
force is still unknown [9].
The aim of this study was to determine the effects of

various implant-retained and/or -supported prosthe-
ses on the maximum bite force (BF),the number of
occlusal contacts (NOC)and the occlusal contact area
(OCA). The authors hypothesized that the denture
type has an effect on BF, NOC and OCA; the group
that received fixed implant-supported reconstruction
would demonstrate higher values than the groups
that received conventional and implant-supported
removable dentures.

Materials and methods

Patient selection

Between January 2007 and January 2009, 60 patients
(32 men, 28 women, age range of 49–64 years) were
included in the study. The patients were consecutively
selected among the patients that reported to the
Department of Prosthodontics in the Faculty of
Dentistry, Istanbul University, for prosthodontic treat-
ment. They all requested implant-supported and/or
implant-retained restorations. The inclusion criteria
were(1) complete edentulismat least in one arch; (2)
between 45–65 years of age; (3) hadundergone tooth
extraction at least 3 months prior to implant place-
ment; (4) a proper maxillary–mandibular relationship;
(5) absence of periodontal problems; (6) absence of
alcohol and drug abuse; (7) no clinical and radio-
graphic evidence of pathology; and (8) no history of
radiation or ablative surgery related to orofacial
tumors. Exclusion criteria were(1) any systemic dis-
orders that can complicate the hard and soft tissue
healing of osseointegrated implants (cardiovascular
disorders, uncontrolled diabetes, rheumatoid diseases,

psychiatric disorders, radiotherapy and bruxism); (2)
history of musculoskeletal problems that could possibly
affect masticatory muscles; (3) requirement of a hard
or soft tissue graft before or in conjunction with
implant placement; or (4) alcohol or drug abuse.
The Ethics Committee of the Istanbul University,

Istanbul Faculty of Medicine, approved the protocol
(2009/930). Written informed consent was obtained
from each subject after a full explanation of the study.
Of the 60 patients, all signed the consent form,but

four were excluded from the study because they did
not regularlyattend the appointments.Forty subjects
were chosen for treatment groups and 16 subjects for
control groups. The patients were divided into treat-
ment and control groups according to the number of
implants used, withfive test groups and two control
groups. Each group consisted of eight patients.

. Treatment Group 1 (TG1): The patients were eden-
tulous in both arches. In this group, patients
received implant-retained and tissue-supported
prostheses. Two implants were placed in the intra-
foraminal region in the mandible and the prostheses
were restored with singular attachements (Locater
abutments (Zest Anchors, Inc., CA Escondido,
Distributor; InstitutStraumann AG Basel, Switzer-
land)). The opposing arch was restored with a
complete denture. Bilaterally balanced occlusion
was employed.

. Treatment Group 2 (TG2): The patients were eden-
tulous in both arches. In this group, patients also
received implant-retained and tissue-supported
prostheses. Four implants were placed in the
intraforaminal region in the mandible and the
pre-maxillary region in the maxilla. The prostheses
were also restored with singular attachments
(Locater abutments (Zest Anchors, Inc., Distri-
butor; InstitutStraumann AG Basel)). The oppo-
sing arch was restored with a complete denture.
Bilaterally balanced occlusion was employed.

. Treatment Group 3 (TG3): The patients were eden-
tulous in one arch and the opposite arch had
complete dentition or was restored with fixed
full-arch porcelainfused to metal restorations. In
this group, patients also received implant-retained
and tissue-supported prostheses. Four implants
were placed in the intraforaminal region in the
mandible and pre-maxillary region in the maxilla.
The prostheses were restored with singular atta-
chements (Locater abutments (Zest Anchors, Inc.,
Distributor; InstitutStraumann AG Basel)), too.
Bilaterally balanced occlusion was employed.

. Treatment Group 4 (TG4): The patients in this
group were restored with cemented implant-
retained fixed prostheses. In total, six implants
were inserted in the regions of thecanine, the first
or second premolars and the first molar. The
opposing arch was restored with fixed full-arch
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porcelainfused to metal restorations. Based on the
patient, canine guidance or group function was
established in this group.

. Treatment Group 5 (TG5): The patients in this
group received cemented implant-retained fixed
prosthesis. In total, eight implants were inserted
in canine, first premolar, second premolar and
second molar regions. The opposing arch was
restored with fixed full-arch porcelainfused to
metal restorations. Based on the patient, canine
guidance or group function was instituted.

. Control Group 1 (CG1): All patients wore conven-
tional complete maxillary and mandibular den-
tures for at least 1 year. Bilaterally balanced
occlusion was applied.

. Control Group 2 (CG2): All patients had fixed full-
arch porcelainfused to metal restorations prosthe-
ses in both arches. Based on the patient, canine
guidance or group function was created.

Measurement of OCA, OP and BF

In the first month after the prosthetic treatment and
routine controls, the number of occlusal contacts
(NOC), occlusal contact area (OCA) and bite force
(BF) were measured by a type 50 H Dental Pre-
scale (Fuji Photo Film Corporation, Tokyo, Japan).
The Dental Pre-scale (Figure 1) consists of two paper
sheets and numerous microcapsules,which contain a
red dye. When the patients are asked to occlude
(Figure 2), these microcapsules rupture and discharge
the dye, staining one of the papers red. The density
of the color is proportional to the degree of pressure

applied. All measurements were made with the sub-
ject seated with the head upright, looking forward and
in an unsupported natural head position. The patient
was instructed to bite as forcefully as possible. The
tooth contact area and the density of the color for-
occlusal pressure, as recorded on the Dental Pre-
scale, were measured by an Occluzer FPD703 (Fuji
Photo Film Corporation). The bite force was also
calculated using this apparatus (Figure 3).

Statistical analysis

The statistical analyses were performed with the SPSS
Statistical Program Package for Windows (SPSS,
Chicago, IL). Differences in the OCA, NOC, BF
and gender between patients and the control groups
were evaluated. Descriptive statistical methods (mean,
SD, IQR (interquartile range)) were used for the
evaluations. The Kruskal-Wallis test was used for
comparison between the groupsand Dunn’s post-hoc
test was used for the comparison of sub-groups. The
significance level was set at p = 0.05.

Results

There were no statistically significant differences in
age and gender between the treatment and control
groups (Table I).

Number of occlusal contacts

The number of occlusal contacts did not differ
between the groups (Table II). In sub-group com-
parisons, no difference was observed among the
removable (Table III) and fixed reconstruction
groups (Table IV).

Occlusal contact area

OCA demonstrated statistically significant differences
betweenthe groups (p = 0.0001) (Table V). The

Figure 1. Dental pre-scale.

Figure 2. In-vivo measurement.
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Dunn’s multiple comparison test values for OCA
showed that CG1 had lower scores than TG2,
TG2, TG3, TG5 and CG2 (Table VI). The other
groups demonstrated no statistically significant dif-
ference between them (p > 0.05).

Maximum bite force

BF values showed significantly different results
between the groups (Table VII). According to sub-
group comparisons of the removable reconstruction
groups, CG1 demonstrated significantly lower
values than TG2 and TG3 (p = 0.021 and
p = 0.022, respectively) (Table VIII). When the fixed
reconstruction groups were compared with each

other, TG4 had lower scores than TG5 (p = 0.02)
(Tables IX and X). The other groups exhibited no
significant differences(p > 0.05).

Discussion

Simple, reliable methods for the quantification of
masticatory function would be useful in evaluating
the success of dental restorative procedures [10].
Assessment of the efficiency of masticatory function
requires knowledge of the condition of all the parts of
the stomatognathic system, as well as the magnitudes
of bite force that represent the condition, expression
and measure of the same function [11]. In this study,
the measurement of bite force was used to determine
the effects of various implant-retained and/or -sup-
ported prostheses on maximum bite force (BF),the
number of occlusal contacts (NOC) and the occlusal
contact area (OCA),which are determinants of
masticatory function.
The measurement of bite force has been performed

since the 1950s using bite forks, strain gauge
transducers, electronic gnathodynamometers, digital
dynamometers, pressure-sensitive sheets and occlusal
analysis systems [12–15]. The reliability of intra-
oral bite force measurements remains questionable
because these findings are difficult to compare [16].
Ithas been suggested that the highest bite force is
achievedwhen the interocclusal space in the canine-
molar regionis 9–20 mm [7,17]. Brunski [18]

Figure 3. In-vivo measurement results.

Table I. Distribution of gender and age of the groups.

Age (Mean) Men (%) Women (%)

TG1 55.75 ± 3.96 4 (50) 4 (50)

TG2 56.29 ± 5.09 4 (50) 4 (50)

TG3 56.75 ± 4.03 4 (50) 4 (50)

TG4 56.38 ± 4.44 4 (50) 4 (50)

TG5 56.25 ± 4.71 5 (62.5) 3 (37.5)

CG1 55.13 ± 4.97 4 (50) 4 (50)

CG2 55.13 ± 3.6 5 (62.5) 3 (37.5)

KW 0.88 0.982

p 0.990 0.986

Table II. Mean values of NOC were not statistically different
among the groups (p > 0.05, 95% confidence intervals).

Mean ± SD Median (IQR)

TG1 21.62 ± 8.45 19.5 (15–26.75)

TG2 26.63 ± 7.04 24.5 (22.2–30.75)

TG3 25.62 ± 12.5 22.5 (16–38.75)

TG4 20.38 ± 6.41 19.5 (17–22.5)

TG5 19.13 ± 3.09 20 (15.5–21.75)

CG1 30.75 ± 22.08 17 (14.25–57.25)

CG2 27.38 ± 12.31 21.5 (17.5–41.5)

KW 4.97

p 0.547

Table III. Comparison of NOC in removable reconstruction
groups.

Mean ± SD Median (IQR)

TG1 21.62 ± 8.45 19.5 (15–26.75)

TG2 26.63 ± 7.04 24.5 (22.2–30.75)

TG3 25.62 ± 12.5 22.5 (16–38.75)

CG1 20.38 ± 6.41 19.5 (17–22.5)

KW 3.52

p 0.318
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emphasized the importance of measuringloads on
individual implants under non-axial closure and
chewing forces with specially designeddevices. As
these chewing forces can vary in dimension and shape,
they may influence the accuracyof the bite force
recordings. Only afew studies have reported the influ-
ence of the method (unilateral vs bilateral clenching)
on the resulting bite force [19,20]. One study showed
that, in healthy subjects, bite force increased ~ 100%
and masseteractivity increased ~ 50% during bilateral
clenching compared with unilateral clenching.As a
consequence, a bilateral measuring system was
employed to determine bite forces in this study.
A biteforce measuring system such as the Dental

Pre-scale System, which uses a thin (~ 0.1 mm) pres-
sure-sensitive film, is superior to ordinary measur-
ingsystems that use strain-gauge transducers or other
devices, for many reasons [10]. First, the biteforce can
be measured close to the intercuspal position,which
provides a better opportunity to estimate the biteforce
under ‘natural’ conditions. Also in this position, most
tooth contact occurs during mastication and the jaw-
closing muscles are capable of exerting the maximum
masticatory force [21].Secondly, the load distribution
over the dentition can also be studied multiple times.
Matsuda et al. [22] used bilateral occlusal sheets
because unilateral bite elements placed in the first
molar region frequently dislodge removable dentures
before a maximal occlusal force can be reached. There
are several reasons why occlusal contacts in the inter-
cuspal position are most likely involved in some
critical stages of food breakdown. In this position,

most tooth contact occurs during mastication and the
jawclosing muscles are capable of exerting the maxi-
mum masticatory force [21]. Furthermore,the dental
pre-scale system is able to measure occlusal forces
with high accuracy within the range of 20–80 N,
exclusive of 100 N [23]. In this study, we used Dental
Pre-scale films to measure the bite force to utilize all of
thesenoted advantages.
Matsuda et al. [22] performed bite force measure-

ments 25 and 75 days after the replacement of
new complete dentures andthey found statistically
significant differences after the 25th day. Müller
et al. [24] performed measurements in complete

Table VI. Dunn’s post-test values for OCA between sub-groups.
Statistically significant lower scores were determined for CG1 than
for TG2, TG3, TG5 and CG2. The other groups demonstrated no
statistical difference between them (p > 0.05).

Dunn’s post-test OCA (mm2)

TG1/ TG2 0.659

TG1/ TG3 0.655

TG1/ CG1 0.931

TG1/ TG4 0.874

TG1/ TG5 0.311

TG1/ CG2 0.568

TG2/ TG3 0.998

TG2/CG1 0.045

TG2/ TG4 0.999

TG2/ TG5 0.999

TG2/CG2 0.998

TG3/ CG1 0.024

TG3/ TG4 0.998

TG3/ TG52 0.998

TG3/CG2C 0.998

CG1/ TG1 0.255

CG1/TG2 0.002

CG1/ CG2 0.01

The italic scores shows the statistically different scores.

Table IV. Comparison of NOC in fixed reconstruction groups.

Mean ± SD Median (IQR)

TG5 19.13 ± 3.09 20 (15.5–21.75)

TG6 30.75 ± 22.08 17 (14.25–57.25)

CG2 27.38 ± 12.31 21.5 (17.5–41.5)

KW 0.74

p 0.691

Table V. Mean values of occlusal contact area (in mm) for all
groups.

Mean ± SD Median (IQR)

TG1 10.59 ± 3,61 11.73 (6.56–12.41)

TG2 18.12 ± 9,68 16.26 (7.6–27.52)

TG3 18.34 ± 11,61 13.085 (9.02–26.21)

TG4 5.5 ± 2,13 4.99 (3.96–6.88)

TG5 16.44 ± 13,78 11.805 (9.52–15.47)

CG6 20.99 ± 10,93 16.41 (13.5–27.63)

CG7 18.97 ± 7.41 17.355 (14.17–25.97)

KW 24.91

p 0.0001

Table VII. BF scores for all groups (in N).

Mean ± SD Median (IQR)

TG1 416.29 ± 137.17 428.6 (294.4–532.1)

TG2 640.3 ± 249.06 746.8(335.5–860.5)

TG3 626.41 ± 367.89 478.05 (382.53–960.05)

TG4 254.85 ± 116.39 211.5 (179.23–336.43)

TG5 516.58 ± 85,58 506.95 (443.38–605.28)

CG1 841.24 ± 332,71 711.65 (638.6–1041.15)

GC2 685.24 ± 167.26 640.35 (557.88–865.05)

KW 27.85

p 0.0001
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dentures after assessing the old dentures and found
that the greatest increase was observed within thefirst
week after insertion.This clearly contradicts the results
of Wöstmann et al. [25], who reported a preliminar-
ydecrease in occlusal force in the first few days after-
fitting. In the current study, bite force measurements
were performed at the first month after the implant-
supported prosthesis was inserted.
Helkimoet al. [12] compared the means of the bite

force between genders and showed that these values
were consistently higher for males. Ikebeet al. [26]
also suggested that males exhibited significantly stron-
ger bite force (511 N) than females (442 N). In this
study, bite force was recorded as 563 N for males and
400 N for females with removable prostheses and
755 N for males and 576 N for females with fixed
prostheses. These results positively correlate with
those of past studies.
In the literature, several studies compare the mas-

ticatory performance of implant-supported removable
prostheses by measuring the bite force [13,27].
Fontjin-Tekampet al. [27] determined that bite force
is 139 N for a removable complete denture pros-
thesis and 235 N for a 2-implant-supported remov-
able prosthesis. Rismanchian et al. [28] recorded a
bite force of 5.6 kgf for a removable complete denture
prosthesis and 12.2 kgffor a 2-implant-supported
removable prosthesis. The results showed that
implant-supported prostheses exhibited a bite force
that was 2-times higher than that ofremovable com-
plete dentures. In this study, the bite force recorded in
removable complete dentures was 254 N and that

recorded in 2-implant-supported removable prosthe-
ses was 416 N. The results of this investigationposi-
tively correlate with those of past studies.
Few studies have comparedthe bite forces in

implant-supported fixed and removable prostheses.
Lindquist and Carlsson. [29] studied the chewing
effects of implant-supported fixed prostheses. After
denture treatment, there was a significant increase in
bite force. At the 3-year follow-up study, the mean
value was almost 3-times greater than the first recorded
value. That study also showed that the bite force was
254N in complete removable prostheses, 516N in
6-implant-supported fixed prostheses and 841N in
8-implant-supported fixed prostheses. The results of
this study agree with those of Lindquist and Carlsson
[29] study.
Tortopidiset al. [7] suggested that it is likely that

the maximum force achieved was highly dependent
on the number of posterior teeth that were loaded
during the biting action. A studybyMotegiet al. [30]
demonstrated that the patient’s age is more important
than the number of teeth when fewer teeth are
present. According to this study, 6-implant-supported
fixed prostheses had a lower bite force than 4-implant-
supported removable prostheses. All of the 6-implant-
supported fixed prostheses did not include the second
molar teeth.
Within the limitations of this randomized-

controlled clinical study, the following conclusions
can be drawn:

. Regarding the occlusal contact area,

(1) The use of four implants for removable denture
support, with or without an opposing fixed den-
tition, was superior to complete dentures with-
out implants.

(2) The use of eight implants for fixed implant
reconstruction or a complete dentition was
superior to complete dentures without implants.

. Regarding the bite force,

(1) A fixed reconstruction using eight implants was
superior to a removable prosthesis using two
implants.

(2) A fixed natural dentition was superior to a
removable prosthesis supported by four implants
that opposed a natural dentition.

Table VIII. BF score comparisons for removable prosthesis.

BF (N)

TG1/ TG2 0.292

TG1/ TG3 0.316

TG1/ CG1 0.541

TG2/ TG3 0.999

TG2/ CG1 0.021

TG3/CG1 0.022

The italic scores shows the statistically different scores.

Table IX. BF scores for fixed prosthesis groups.

Bite force (N)

Mean ± SD Median (IQR)

TG4 516.58 ± 85.58 506.95 (443.38–605.28)

TG5 841.24 ± 332.71 711.65 (638.6–1041.15)

CG2 685.24 ± 167.26 640.35 (557.88–865.05)

KW 9.92

p 0.007

Table X. Comparisons of BF in fixed prosthesis groups.

BF(N)

TG4/ TG5 0.02

TG4/CG2 0.298

TG5/ CG2 0.352

The italic scores shows the statistically different scores.
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(3) Fixed reconstructions using six or eight implants
are both superior to complete dentures without
implants.

(4) A fixed natural dentition is superior to complete
dentures.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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