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ABSTRACT

Background: Fixed implant-supported prostheses according to All-on-Four® (Nobel Biocare, Goteborg, Sweden) principles
have become an accepted treatment modality in totally edentulous patients, whereas the functional effect of this therapy is
limited.

Purpose: The purpose of this study was to evaluate the muscular function of patients totally rehabilitated with All-on-Four.

Materials and Methods: This study evaluated 63 patients. Twenty-one patients were successfully rehabilitated with maxillary
and mandibular All-on-Four (no dropout implants, satisfactory aesthetic and function demands prosthesis), 21 patients
were dentate, and 21 were rehabilitated with double complete dentures. Electromyography was carried out during clench-
ing, nonhabitual and habitual chewing, and rest. All values were standardized as percentage of a maximum voluntary
contraction. Data were analyzed by ANOVA to compare groups and paired t-test was used for comparison between sides
within each group.

Results: All groups presented symmetric muscular activity. The All-on-Four and dentate groups had a similar muscles surface
electromyography (sEMG) contraction pattern, that is, a higher sEMG activity of masseter than temporalis muscles, differing
(p 2 .05) from those of denture group. Not one statistical difference was found between All-on-Four and dentate groups.

Conclusion: The muscular function similarity of All-on-Four and dentate patients shows that this treatment concept may
be considered as a good option for oral rehabilitation in edentulous patients.
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INTRODUCTION

The success rate of oral rehabilitations fixed by osseoin-

tegrated implants1,2 has been an option to minimize the

mechanical instability of conventional complete den-

tures and its negative psychological social impacts.

However, the loss of alveolar bone remained as a great

challenge to the treatment of edentulous patients.

Driven by the need of placing osseointegrated implants

on resorbed bone areas, especially in posterior regions,

studies were encouraged to create alternatives to use the

existing bone to fix implants.

The All-on-Four® (Nobel Biocare, Goteborg,

Sweden) concept was developed to overcome anatomical

limitations in the mandible and maxilla that make it

challenging to treat without the use of complex tech-

nique.3,4 The protocol includes the placement of four

anterior implants for supporting a full-arch prosthesis in

an edentulous jaw. The tilting of the two distal implants,

between 35° and 45°, allows the use of longer implants

favoring a good primary stability without interference

in mental foramen or inferior alveolar nerve, in the

case of the mandible, and without the need of maxillary

sinus graft, in the case of the maxilla.5,6 An immediate

prosthesis can be made after surgery and the final pros-

theses are made 4 to 6 months after. The reduced number
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of implants promotes a cantilever that may result in a

higher mechanical stress on prosthesis and implants.

These turn necessary a shortened arch rehabilitation.5

The literature regarding All-on-Four technique

relates a survival rate between 92.2% and 100%;

however, the scientific dates are still restrict. The All-on-

Four treatment has been evaluated based on bone or

implant loss and a few considerations are made about

patients’ satisfaction, cosmetic results, and health of soft

tissues.3,4,7–12 The functional effects and the possible

interferences of this type of rehabilitation in the

stomatognatic system have not been established.

Recognizing the muscles’ importance in the main-

tenance and integrity of stomatognatic system, the

modern dentistry valorizes the use of different method-

ologies in the study of function to help diagnosis, estab-

lish prognosis, and evaluate the effects of different types

of treatments. Among these, the surface electromyogra-

phy (sEMG) stands out by its clinical convenience, no

deleterious effects, and wide acceptance by patients.

Taking into account special methodological recommen-

dations,13 sEMG procedures have been widely used to

measure the muscular performance of the stomatog-

natic system in both static and dynamic.14,15

The purpose of this clinical study was to evaluate the

muscular function, by masticatory muscles’ sEMG, of

patients that received upper and lower All-on-Four reha-

bilitations and compare them with those of complete

dentures rehabilitated and natural dentition patients.

The research hypothesis was that subjects using All-

on-Four rehabilitation would present muscular function

similar to dentate subjects and better than patients with

complete dentures prostheses. The detection of a pos-

sible harmonic function may support the functional

success of this therapy and provide scientific support to

this clinical procedure.

MATERIALS AND METHODS

Ethical Aspects

The present research was approved by the Ethics Com-

mittee of the School of Dentistry of Ribeirão Preto, Uni-

versity of São Paulo, Ribeirão Preto, São Paulo, Brazil,

number 2010.1.1352.58.1, and all the volunteers signed

an informed consent form to participate in this study.

Selection of Volunteers

For the present study, 63 patients (30 women and 33

men; mean age 57.8; range: 32.8–75.8) were selected

from private and public dental offices of Ribeirão Preto

and Campinas, SP, Brazil, during their follow-up visits.

The patients were consecutively included from January

2010 to July 2012, provided that they met the inclusion

criteria and gave their written consent to participate in

the study.

The patients were divided into three groups:

I = wearers of upper and lower All-on-Four prosthesis

installed immediately after implant surgery (n = 21);

II = dentates (n = 21); III = wearers of upper and lower

complete dentures (n = 21).

Inclusion and Exclusion Criteria

The inclusion criteria were presence of lower and

upper definitive prosthesis (All-on-Four or complete

denture) for at least 6 months (Figures 1–3) or presence

Figure 1 Intraoral photograph of the four implants installed
and its abutments used to screw the immediate loading
All-on-Four provisory prosthesis, 1 week after the surgery.
The photograph was taken 7 days after the surgery.

Figure 2 Panoramic RX of an illustrative patient treated by
All-on-Four in upper and lower jaw. The central implants were
uprighted and the tilting of the two distal implants was between
35° and 45°. The screwed definitive prostheses were placed
6 months after the surgery.
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of permanent dentition; satisfactory rehabilitations

according to the methods of evaluation proposed by

Misch16 and reported satisfactory aesthetic and function

demands (including no problems with mastication and

no muscular or temporomandibular join pain).

As exclusion criteria, the patients with dental

pathologies, buccofacial pain or muscular dysfunctions,

as well as evidence of other neurological and articular

pathologies were excluded from the study, as these data

are based on medical history and clinical exam. The

dentate patients with three or more dental loss, exclud-

ing third molars, were excluded. Teeth absence must

have been rehabilitated by fixed prosthesis or corrected

by closing the space by means of orthodontic treatment.

Electromyography

The electromyographic exams were carried out during

the patient’s follow-up visits at the private and/or

public dental offices with the aid of the Myosystem-Br1

portable electromyograph (DataHominis Tecnologia

Ltda, Uberlândia, MG, Brazil) connected to a notebook.

For the electromyographic register, five channels of

the Myosystem-Br1 apparatus were used, with simulta-

neous acquisition, common grounding to all channels,

low-pass filters of 10 Hz to 5 KHz, channel input

impedance of 10 GW in differential mode, 12 bites

of dynamic resolution range, amplitude band of -10V

to +10V, and channel sampling frequency of 2 KHz.

For signal visualization and processing, the software

Myosystem I version 3.5 (DataHominis Tecnologia

Ltda) was used, also allowing after digitalization that

the signals were analogically amplified with a 1000x¥
gain, filtered by a 0.01–1.5 kHz bandpass filter and

sampled by a 12-b A/D converter with an acquisition

frequency of 2 kHz.

Surface differential active electrodes (two 10 mm-

long and 2 mm-wide silver-chloride bars, separated

by a distance of 10 mm, with input impedance of

10 GW and common-mode rejection ratio of 130 dB at

60 Hz) were used. The skin region where electrodes

were placed was cleaned with alcohol and shaved when

necessary. The differential active electrodes were posi-

tioned on the skin in the region of the ventral portion

of right and left masseter muscles and on the skin in

the region of the anterior portion of right and left tem-

poral muscles. The position of electrodes was deter-

mined according to the recommendations of Cram17

who preconize the test of muscular function. Electrodes

were fixed with adhesive bandage tape, with the longest

extension of the bars perpendicular to the direction

of the muscle fibers. A stainless steel circular electrode

(3 cm in diameter) was used as reference electrode

(ground electrode), fixed to the skin in the frontal bone

region.

The electromyographic signals were acquired

during rest and in the clinical conditions of maximum

voluntary contraction (MVC), cotton roller contraction,

parafilm chewing, and peanut chewing. This exam was

performed with the volunteer comfortably seated in an

office-type chair, with arms next to body and hands

resting on the thighs.

Initially, rest was registered for 10 s, with the indi-

vidual very relaxed. Then the volunteer was asked to

clench the teeth with maximum strength for 4 seconds

to allow the registration of MVC. Then they were asked

to clench a peace of paraffin (Parafilm M® – Pechiney

Plastic Packaging, Chicago, IL, USA) positioned between

the first molar teeth.

Tests of mastication were performed during 10

seconds, with two products that presented different

types of mastication and offer different viscoelastic

properties. A Parafilm was used to offer a nonhabitual

mastication and five units of japanese peanut (Mendo-

rato®, Santa Helena, Ribeirão Preto, SP, Brazil) to offer

a habitual mastication. Food was obtained from the

manufacturers, having the same batch number and

presenting no variation in consistency.

To reduce fatigue, the individuals could talk, drink

or rest in the interval between each analysis, and were

informed when they were ready for the next evaluation,

with a minimum interval of 2 minutes between data

collection. All the volunteers received previous training

before performing the clinical conditions.

Figure 3 Extraoral photograph of a patient using the definitive
All-on Four prosthesis.
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Data Analysis

For each muscle, the MVC electromyography (EMG)

potential was set at 100%, and all further EMG potentials

were expressed as a percentage of this value (mV/mV ¥
100). The root mean square of the amplitude (mV) was

used to analyze static conditions (rest and clenching). The

integrated area of EMG potential was used to analyze

dynamic conditions (habitual and nonhabitual chewing).

Descriptive statistics (mean and standard error)

of right masseter, left masseter, and temporalis were

calculated for each electromyographic variable in static

conditions and during both chewing tasks. Statistical

analyses were set by the SPSS software version 17.0

(Chicago, IL, USA). Intergroup comparison was made

by one-way ANOVA, followed by Duncan post hoc tests.

Intragroup comparison was made using paired t-test.

Significance level was set at p 2 .05.

RESULTS

Table 1 reports the mean sEMG outcomes of analyzed

groups and the statistical results of between-side com-

parisons. All groups presented symmetric muscular

activity during clenching, nonhabitual and habitual

chewing, and rest.

Figure 4 reports the mean sEMG outcomes of the

three analyzed groups and the intergroup statistically

analyzed results. During clenching, the All-on-Four and

dentate groups had a similar muscles sEMG contraction

pattern, that is, a higher sEMG activity of masseter than

temporalis muscles. The denture group presented a

hyperactivity of couple temporalis muscles in compari-

son with those of masseters. Intergroup comparison

showed that the right masseter of denture group was

significantly (p 2 .05) less active than the other two

groups. Not one significant difference was found

between All-on-Four and dentate groups.

During nonhabitual chewing, the All-on-Four and

dentate groups again presented a higher sEMG activity

of masseter than temporalis muscles. The denture group

had a higher temporalis activity when compared with

masseters. The left temporalis sEMG activity of All-on-

Four and dentate groups was significantly (p 2 .01)

higher than the denture group.

During habitual chewing, the three groups had a

similar muscles sEMG contraction pattern with a higher

sEMG activity of a couple of masseter than temporalis.

Not one intergroup statistical difference was found.

During rest, the All-on-Four and dentate groups

again presented a higher sEMG activity of masseter than

TABLE 1 sEMG Variables Mean, Standard Error (1), and Paired t-Test Results during Clenching, Nonhabitual and
Habitual Chewing, and Rest

RM LM RT LT Significance

Clenching

All on Four 188.2 1 18.6 167.9 1 22.5 133.8 1 8.9 149.6 1 16.2 n/s

Dentate 215.8 1 40.4 166.4 1 16.7 125.9 1 7.0 130.8 1 12.5 n/s

Denture 110.1 1 9.5 110.6 1 15.8 121.8 1 9.7 131.5 1 15.6 n/s

Nonhabitual chewing

All on Four 245.0 1 27.5 233.2 1 32.8 171.9 1 15.4 87.6 1 9.3 n/s

Dentate 213.0 1 44.2 180.2 1 31.5 160.3 1 16.4 165.1 1 18.4 n/s

Denture 184.1 1 23.6 157.0 1 15.7 214.4 1 25.0 242.8 1 42.7 n/s

Habitual chewing

All on Four® 322.0 1 46.9 308.1 1 51.6 199.8 1 34.4 210.4 1 37.4 n/s

Dentate 236.6 1 59.5 209.4 1 39.6 159.3 1 20.9 200.1 1 61.8 n/s

Denture 231.8 1 37.3 202.1 1 25.6 196.1 1 18.6 185.7 1 32.3 n/s

Rest

All on Four 25.4 1 8.3 21.9 1 3.7 21.5 1 3.5 20.4 1 3.9 n/s

Dentate 14.4 1 3.7 13.2 1 2.4 13.5 1 2.2 13.0 1 2.5 n/s

Denture 15.6 1 2.6 17.2 1 2.0 37.3 1 5.4 30.5 1 5.0 n/s

Right and left masseter (RM and LM) and right and left temporalis (RT and LT) of All-on-Four (n = 21), dentate (n = 21), and denture groups (n = 21).
All sEMG values are standardized as % of an MVC.
MVC = maximum voluntary contraction; n/s, no statistical significance; sEMG = surface electromyography.
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temporalis muscles, and the denture group had a higher

temporalis than masseter muscles activity. Intergroup

comparison showed that the All-on-Four and dentate

groups had similar sEMG activity of couples of masseter

and temporalis muscles. The left and right temporalis

sEMG activity of All-on-Four and dentate groups was

significantly (p 2 .01) more relaxed than the denture

group.

DISCUSSION

The edentulism is a clinical condition that, in addition

to the loss of structural components like alveolar bone,

results in serious functional damages, such as poor mas-

ticatory function and deficient nutrition.18 Thus, besides

filling the loose structural components, the treatment of

these patients may include functional rehabilitation also.

The use of sEMG to evaluate the masticatory muscles of

All-on-Four rehabilitated patients, like the one in this

study, was essential to provide an integral evaluation and

a complete diagnosis of the individuals.

Taking into account special methodological recom-

mendations,13 the sEMG is a method of detecting and

registering electrical activity of muscle fibers that appear

to be able to deliver additional information for diagnosis

and therapy,19 as performed in the present study. The

sEMG assessments involve several variability sources,

both technical and biological. In the present study, the

technical variability were reduced by using all special

methodology recommended by the European Recom-

mendations for Surface Electromyography.13 Biological

variability was reduced by assessing values relative to

maximum voluntary contraction.13,14,19 The evaluated

patients of the present study were using definitive

prosthesis for at least 6 months because at this stage the

patients had adapted well to chewing with the denture.20

When the muscular masticatory function is ana-

lyzed, it is expected that both sides work similarly. The

bilateral mastication is important to the good stimulus

of the support structures.21,22 The present study verified

that All-on-Four, dentate, and denture groups had a

symmetric function of masticatory muscles. The inclu-

sion criteria of satisfactorily rehabilitated patients pro-

posed by Misch,16 and used in the present study, may

explain these results. These findings show the clinical

importance of well rehabilitation establishment, using

occlusal and functional criteria. A different sample

composed of patients using prosthesis with inadequate

rehabilitation criteria may result in different a finding.

The teeth are important in the masticatory system,18

and occlusal factors, like change in occlusal contacting

pattern, can generate the asymmetry of masticatory

muscles.23,24

The present study showed that All-on-Four group

presented masticatory muscles contraction pattern

similar to dentate. Both groups revealed a great sEMG

activation of the masseter in comparison with tempora-

lis muscle. This is an expected condition in individuals

that present an adequate activity of the stomatognatic

system. Masseter is a muscle of power, actively acting in

the masticatory process. The temporalis muscle is faster,

being the first to contract in mandible elevation, coor-

dinating the movement as a mandibular positioner, and

acting less intensely during mastication.25 The muscular

activation of All-on-Four group was similar to dentate

during clenching, nonhabitual chewing, habitual

chewing, and rest. This similarity of function can be

RM
-

350

300

250

200

150

100

50

LM
Clenching Non Habitual Chewing Habitual Chewing Rest

All on
Four
Dentate
Denture

RT LT RM LM RT LT RM LM RT LT RM LM RT LT

Figure 4 sEMG variables mean and one-way ANOVA/Duncan post hoc test results during clenching, nonhabitual and habitual
chewing, and rest. Right and left masseter (RM and LM) and right and left temporalis (RT and LT) of All-on-Four (n = 21), dentate
(n = 21), and denture groups (n = 21). All sEMG values are standardized as % of an MVC. Different asterisk (*) colors represent
statistical differences. MVC, maximum voluntary contraction; sEMG = surface electromyography.
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explained by the presence of osseoperception in patients

with implant-supported denture, despite the absence of

periodontal afferent input.

The periodontal receptors play a significant role

in the masticatory system because of it somatosensory

cortex stimulation.26 The sensory and motor feedback of

the central nervous system in patients with implant-

supported full dentures is closer to that of the natural

dentition.27 The bone in the peri-implant regions

contain nerve fibers which may serve as a source of

sensory feedback instead of the periodontal ligament.28

Activation of oral facial representative areas in sensorial

and motor cortex may explain the improved tactile,

stereognosticability, and mastication function, which

might be the underlying physiologic mechanism of

osseoperception.27

The functional effect of All-on-Four was not previ-

ously considered, thus limiting direct comparison of our

results. Some function-positive results regarding the use

of oral implant were made in overdenture studies. The

sEMG patterns of muscle activation in implant-retained

overdentures showed that this treatment can be consid-

ered as a good option for oral rehabilitation.15 Implant

treatment was shown to have a significant positive

effect on both bite force and masticatory performance.18

Also, patient satisfaction with an implant-retained pros-

thesis was high in comparison with the situation before

implant treatment.18

In contrast to All-on-Four® group, the complete

denture group presented a higher temporalis activity in

comparison with masseter, showing that this type of

complete rehabilitation does not promote a correct

functional reestablishment in edentulous patients.29,30

The reduced functional performance may be related

to retention and stability problems,18 discomfort, and

patient’s adaptive nonability characteristics inherent

to this kind of rehabilitation. Previous studies showed

that the majority of individual wearers of complete

denture reported painful symptomatology, less regular

and uniform chewing cycles; and a minority of indi-

vidual prosthesis on implant wearers reported this

symptomatology.31–33

Any alteration in the equilibrium of stomatognatic

system could cause changes in the muscular tension

that are more clearly observed in the temporalis

muscles,29,30 a fact verified in the results of the present

research, in which the wearers of complete dentures

presented a higher electromyographic activity of

temporalis muscles than the dentate and All-on-Four

individuals. The electromyographic activity of mastica-

tory muscles in rest is higher in individuals with dys-

functions in the stomatognatic system, in comparison

with healthy individuals, indicating an increase in the

basal tonus.29,34

The similarity between All-on-Four and dentate as

well the significant difference of those with the complete

denture rehabilitation may show that the All-on-Four

rehabilitation is a good option to reestablish a mus-

cular function of edentulous patients, being better than

removable rehabilitation like complete denture.
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