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Abstract

Purpose: The purpose of this study was to assess, through electromyographic activity
(EMG), the silent period (SP) of masseter and anterior temporal muscles in dentate
subjects (DS) and complete denture wearers (CDW).
Materials and Methods: The evaluations were performed at the initial and final
period of the mastication for the DS group. For the CDW group, the evaluations were
performed at the initial period of mastication, with old complete dentures worn for
more than 10 years (OCDW) and at the final period of the mastication with new
complete dentures (NCDW), 5 months after rehabilitation. Twenty-four asymptomatic
subjects (12 DS, 12 CDW) answered a questionnaire based on the Research Diagnostic
Criteria for temporomandibular disorders. The CDW group answered the questionnaire
before and after new denture insertion and after 5 months of rehabilitation. The SP of
the muscles was recorded through EMG at the initial and final periods of mastication
using artificial food (Optocal). The operator monitored 35 chewing cycles performed
to grind the artificial food and selected eight open-close-clench-chewing cycles for the
record.
Results: The SP of the muscles analyzed with new complete dentures showed no
statistical difference in comparison to the old dentures. There was a statistically sig-
nificant difference in the SP between the CDW and DS groups for initial and final
chewing.
Conclusion: Lowered muscular capacity and ability reduced the SP of muscles after
rehabilitation with NCDWs.

The silent period (SP), or an inhibitory reflex, is a pause or
complete inhibition of motoneuron activity following a stimulus
in a contracting muscle.1-3 In masticatory elevator muscles, the
SP starts after functional contacts between opposing teeth or
after some other stimulus applied to the oral and perioral region
during muscle contraction.2-7 The SP is a reflex motor pause
of muscles and may be assessed by electromyographic (EMG)
records.8

Authors have reported SPs in complete denture wearers
(CDW) during voluntary tapping9-11 and chewing.11,12 The re-
duction in electrical activity of masseter muscles upon new
denture insertion may be related to muscular capacity and
ability.13-15

Tissue-supported prostheses generate longitudinal progres-
sive alterations as well as misfit and deficient functional ca-
pacity. The masticatory system corresponds to a biomechani-
cal interaction among three components: function/dysfunction,
adaptive response, and temporomandibular disorders (TMD).16

The reason for differences in some reflex mechanisms and pa-
rameters between dentate subjects (DS) and CDWs still remains
unclear.9,17

EMG studies on the SP of mandibles during chewing cycles
comparing edentulous subjects wearing old and new dentures
and DSs are still scarce. Therefore, this study aimed to report
and verify the SP of masticatory muscles on a longitudinal
study in dentate and edentulous subjects wearing old and new
dentures during chewing of artificial food.

Materials and methods

Twenty-four subjects, including 12 CDW and 12 dentate sub-
jects were selected for the study. According to inclusion cri-
teria, 12 edentulous subjects wearing maxillary and mandibu-
lar complete dentures for more than 10 years were selected
after anamnesis and clinical exams. All subjects presented re-
duced occlusal vertical dimension (OVD) with deficient dental
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occlusion. Eight women and four men aged between 64 and 84
years were selected for the study. All subjects presented severe
bone resorption, mainly in the mandibular arch.

Twelve DSs with full compliments of natural teeth, normal
occlusal relationship, skeletal Class I, and no occlusal interfer-
ences were included in the control group. Eight women and
four men aged between 22 and 35 years were selected for the
study.

All subjects were asymptomatic and presented no signs
and symptoms of TMD as confirmed by the Dworkin and
Leresche Research Diagnostic Criteria (RDC) questionnaire.18

This questionnaire was applied for DS and for denture wearers
before new denture insertion and also 5 and 12 months af-
ter new denture insertion, sufficient time for adaptation.13 The
questionnaires were administered by two examiners. Two cal-
ibrated examiners performed the clinical evaluations in accor-
dance with RDC/TMD standards. The selected subjects were
informed about the treatment and signed an informed consent
form in accordance with the recommendations of the Human
Research Ethics Committee (Proc. 116/05-FOA-UNESP).

Clinical evaluations revealed the following conditions for
the CDW group: severe decrease in lower face height yielding
deficient facial esthetics, inadequate fit of complete dentures,
worn denture teeth, clinically perceptible deficiency in OVD,
acquired protrusive maxillomandibular relationships secondary
to resorption, or angular cheilitis.19 The evaluation of the SP
of the masseter and temporal muscles included a comparison
between a control group represented by the DS group and the
CDW group before (OCDW group) and after rehabilitation
(NCDW group).

After the evaluation of the SP with the OCDW group, the
deficiencies in OVD were corrected by adding increments of
acrylic resin to the occlusal surfaces of the teeth in the old
mandibular dentures. This procedure is used to adapt and facil-
itate the adaptation of the patient’s maxillomandibular relation
accurately.20 The new complete dentures were made according
to the procedure recommended by Zarb et al.16

The technique for denture fabrication consisted of prelimi-
nary impressions using stock trays and condensation silicone
impression material (Zetaplus, Zhermack, Rovigo, Italy). The
preliminary casts were fabricated to make custom trays for
definitive impressions. Border molding was performed with
heavy body condensation silicone (Zetaplus), and the definitive
impressions were made with a paste impression material (Zinc
Oxide-Eugenol Impression Paste, Lysanda, Sao Paulo, Brazil)
spread over the entire fitting surface of the tray, including the
molded borders of the trays. The definitive impressions were
poured with type IV dental stone (Durone, Dentsply, Petropolis,
Brazil) to obtain the master casts.

The maxillary cast of each subject was mounted on a semi-
adjustable articulator (Whip Mix Corporation, Louisville, KY)
using a facebow transfer register. OVD was established using
the physiological rest positions associated with phonetic and
esthetic techniques.31

Centric relation was established according to dynamic
records based on physiological jaw movements, including
opening, closing, and lateral movements performed by the sub-
ject.16 These records were used to position the mandibular casts
on the articulators in the required relations. Artificial teeth were

selected, and bilateral balanced occlusion was obtained. The
dentures were waxed, processed, finished, and polished for in-
sertion and follow-up.16 The dentures were made with artificial
teeth (Trilux, Vipi Manufacturer, Sao Paulo, Brazil) with a cusp
inclination of 20◦.13 The CDW group was rehabilitated by the
same professional, and the same technique was applied for fab-
rication of the new dentures for all subjects.13,16

The bipolar surface electrodes (Bio Research, Redmond,
WA) were disposable duotrodes, 10 mm in diameter. A 21-
mm interelectrode distance was determined, and the electrodes
were connected to an amplifier by cables, which were in turn
connected to a computer with Bio Research “Bio EMG” soft-
ware to capture the electrical signal and analyze the electrical
activity of muscles. The following parameters were used: sam-
pling rate 1000 Hz, sample length 15 seconds, amplification
1X.13

The electrodes were positioned using palpation of the mus-
cles. Each electrode was placed in the center of the masseter
muscle at a point equidistant from the upper and lower inser-
tions of the muscle with teeth in occlusal contact. The ante-
rior border of the anterior temporal muscle was located dur-
ing mandibular movement to place the electrode perpendicular
to the sagittal plane. The localization was determined 1.5 to
2.0 cm superior to the zygomatic arch, immediately behind
the frontal process of the zygomatic bone. During the EMG
records, the subjects were kept in a comfortable sitting posi-
tion with no headrest and with Frankfort plane parallel to the
floor.21

Artificial food composed of Optocal (Piracicaba, São Paulo,
Brazil)22 was fragmented in a 10-mm3 cube shape as suggested
by Slagter et al23 and applied for the EMG recordings. Each
subject received 3 g of the artificial food, which was chewed
for 35 cycles,24 monitored by the operator. This number of
cycles is very close to the moment of deglutition,24 and each
cycle corresponded to the maximum bite chewing performed
for each subject to grind the food.25,26

SPs were assessed in open-close-clench-chewing (OCCCh)
cycles. The OCCCh cycle is defined as a cycle when a subject
firmly closes the mouth from the open mouth position, with
the teeth in the habitual occlusal position during the chewing
cycles. Eight subsequent OCCCh cycles13 were recorded for
each subject among 35 cycles. The SP duration measurement
was done at the double-zoom option. The measurement error
was 1.2 ms for the duration.27 All measurements were made
offline by a trained and experienced examiner. The duration
of the SP was measured from the peak of the last significant
spike preceding the inhibition to the peak of the first significant
spike being a part of the ongoing muscle activity. If there was
an SP with two or three inhibitory pauses (double or triple SP)
or one appearing with a depressed muscle activity (DA) after
complete inhibition of motoneurons, then the complete duration
of all inhibitory pauses (CDIP) was measured or added to the
duration of a DA after the last inhibitory pause.28

The SPs were recorded during food grinding in the first and
last eight cycles according to the number required for the soft-
ware records visualized on the computer screen. Each EMG
record was made in each subject three times for each chewing
cycle period (initial and final) for DSs, OCDWs, and NCDWs.
Statistical analysis of the SP recordings was performed by
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Table 1 Silent period and respective mean values (ms) in the anterior temporal muscles of 24 subjects recorded during initial and final chewing

Right anterior temporal Left anterior temporal

Chewing OCDW NCDW DS OCDW NCDW DS

Initial 19.865 (9.008) Aa 17.490 (5.785) Aa 6.433 (0.752) Ab 20.004 (9.089) Aa 17.490 (5.785) Aa 6.216 (0.72) Ab
Final 18.632 (7.530) Aa 14.473 (5.264) Aa 6.250 (0.703) Ab 18.362 (7.53) Aa 14.973 (5.266) Aa 6.200 (0.638) Ab

Different uppercase letters indicate statistically significant difference at 5% level in columns.

Different lowercase letters indicate statistically significant difference at 5% level in rows.

DS = dentate subjects; OCDW = old complete denture wearers; NCDW = new complete denture wearers.

applying ANOVA, the normal data distribution test, and Tukey’s
student range (HSD) for p = 0.05.

Results

The test for the comparison of variation demonstrated no dif-
ference between the SP of the muscles, with the resulting ho-
moscedasticity. After this test, the null hypothesis was accepted.
The mean values and the statistical data of the SP recordings
are shown in Tables 1 and 2. No statistically significant reduc-
tion occurred in the mean SP (ms) in the anterior temporal and
masseter muscles when the beginning and end of mastication
was compared.

Considering the muscles, a reduction in the SP was demon-
strated at the end of chewing for all groups. The SP was higher
in the OCDW group (Tables 1 and 2). Statistically significant
differences were observed, with the lowest average values of
SP (ms) in the DS group for all muscles (Tables 1 and 2).

Discussion

The contraction of skeletal muscles results in chemical, thermal,
and/or electrical changes. It is, however, the electrical changes
that allow evaluation of muscle characteristics. According to
Sowman et al, there is low and high activity during opening
and closing of the mouth, respectively, with minimal and stable
activity at the rest position.8

According to a previous study related to intra and interindi-
vidual variability and intra and interobserver reliability, eight
consecutive OCCCh cycles were considered sufficient for ob-
taining representative values of the SP parameters.27 The val-
ues for SP in the DS group, in comparison to the OCDW and

NCDW groups were lower, and the variations observed were
statistically significant (Tables 1 and 2).

Considering that CDWs present no periodontal receptors due
to loss of natural teeth, their neuromuscular feedback mecha-
nisms may be impaired. They would thus be unable to pro-
vide enough sensory information to restore all natural feedback
mechanisms for proper motor function or to compensate for
normal tooth loading and force transfer.6

Different mechanisms, such as mechanical pressure of the
oral mucosa receptors underneath the denture, may be respon-
sible for SPs in CDWs; however, vibration of the contacts be-
tween opposing artificial teeth could also stimulate other recep-
tors. Significantly longer latencies in the CDW group than in
the DS group (Tables 1 and 2) could be attributed to the trigger-
ing of different receptors (mucosal vs. periodontal), possible
slower conduction of the mucosal receptors, or more synapses
involved in the reflex arch. The additional period after occlusal
contact necessary for a denture to shift to the underlying mucosa
and stimulate the receptors is also responsible for this result.28

Some studies29-31 suggest the assessment of SP duration as
a diagnosis, since normal occlusion may be associated with a
reduction in SP. So, the EMG evaluation of SP duration is a
method to verify the reestablishment of the neurophysiological
equilibrium of masticatory muscles.

There was no statistically significant reduction of SP be-
tween the NCDW group and the OCDW group. The reduced
OVD with old dentures allows reduced masseter muscle activ-
ity, with an alteration on physiological length, reducing muscu-
lar activity, and increasing SP duration.32 The reestablishment
of OVD results in slight muscular stretching while motor re-
sponse causes shortening that makes the muscle more hyperac-
tive.32 In addition, occlusal harmony with correctly positioned
cusps improves intercuspation and chewing.13,15,33-35

Table 2 Silent period and respective mean values (ms) in the masseter muscles of 24 subjects recorded during initial and final chewing

Right masseter Left masseter

Chewing OCDW NCDW DS OCDW NCDW DS

Initial 20.835 (10.068) Aa 17.490 (5.785) Aa 6.433 (0.752) Ab 20.835 (10.068) Aa 17.490 (5.785) Aa 6.216 (0.720) Ab
Final 19.382 (7.475) Aa 14.973 (5.266) Aa 6.250 (0.703) Ab 19.382 (7.475) Aa 14.973 (5.266) Aa 6.200 (0.638) Ab

Different uppercase letters indicate statistically significant difference at 5% level in columns.

Different lowercase letters indicate statistically significant difference at 5% level in rows.

DS = dentate subjects; OCDW = old complete denture wearers; NCDW = new complete denture wearers.
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SP duration can range from 7 to 12 ms in DSs during chew-
ing9 and from 14 to 25 ms9,36 in CDWs according to the stim-
ulus (higher values than those exhibited for DSs without TMD
symptoms), agreeing with our results (Tables 1 and 2). The
mean values of the SP are lower for chewing with the DS group
than for the OCDW and NCDW groups (Tables 1 and 2). At the
end of chewing, the means of the SP in the muscles indicated
little reduction of activity for all groups (Tables 1 and 2).

In the present study, a major reduction of the SP between
initial and final chewing was observed in the NCDW group.
According to the literature, this may be because of the slight
alteration of the electrical activity of the muscles 5 months
after new denture insertion.13 This result may be attributed
to the lack of muscular capacity and ability to adapt to the
new complete dentures.13,14,16,20,34,37-40 This may occur since
muscles are more active in raising the mandible, especially
during masticatory function.13,41,42 In addition, according to
Lippold,43 the mean of the electrical activities recorded at the
surface of the muscles increases with the force of muscular
contraction.

Ahlgren44 and Ottenhoff et al34 pointed out that after food
grinding, the central nervous system recognizes the need for
less muscular force and, therefore, muscle activity tends to
diminish. This indicates a certain difficulty with food grinding
at the end of chewing as explained by Kawazoe et al,45 who
affirmed that after a certain time of continuous chewing, the
speed of contraction decreases while the electrical activity of
the muscles increases. So, food becomes smaller and softer,
associated with a reduction of the peaks of SP as observed in
all groups.46

Conclusions

The DS exhibited reduced duration of SP in comparison to
the old and new complete denture wearers. There was no sta-
tistically significant reduction of SP of muscles noted at the
beginning and at the end of chewing in all groups.

References

1. Alghren J: The silent period of the EMG of the jaw muscles
during mastication and its relationship to tooth contact. Acta
Odont Scand 1969;27:219-227

2. van Steenberghe D: The structure and function of periodontal
innervation – a review of literature. J Periodont Res
1979;14:185-203

3. Türker KS: A method for standardization of silent period
measurements in human masseter muscle. J Oral Rehabil
1988;15:91-101

4. Graven-Nielsen T, Svensson P, McMillan AS, et al: Quantitative
analysis of reflex inhibition in single motor units in human
masseter muscle: effects of stimulus intensity. Muscle Nerve
2000;23:259-66

5. Hellsing G, Klineberg I: The silent period and its clinical
implications. J Prosthet Dent 1983;49:106-112

6. Jacobs R, van Steenberghe D: Qualitative evaluation of the
masseteric poststimulus EMG complex following mechanical or
acoustic stimulation of osseointegrated implants. Int J Oral
Maxillofac Implant 1995;10:175-182

7. Sharav Y, McGrath PA, Dubner R: Masseter inhibitory periods
and sensations by electrical tooth pulp stimulation in patients
with orofacial pain and mandibular dysfunction. Arch Oral Biol
1982;27:305-310

8. Sowman PF, Flavel SC, McShane CL, et al: Transcranial
magnetic stimulation reduces masseter motoneuron pool
excitability throughout the cortical silent period. Clin
Neurophysiol 2008;119:1119-1129

9. Matthews B, Yemm R: A silent period in the masseter
electromyogram following tooth contact in subjects wearing full
dentures Arch Oral Biol 1970;115:531-535

10. Nagasawa T, Sasaki H, Tsuru H: Masseteric silent period after
tooth contact in full denture wearers. J Dent Res 1976;55:314

11. Owall B, Elmqvist D: Motor pauses in EMG activity during
chewing and biting. Odontol Revy 1975;26:17-38

12. Owall B: Masseter motor pause frequency in full denture wearers
as related to different food textures. Swed Dent J 1977;1:15-18

13. Goiato MC, Garcia AR, dos Santos DM: Electromyographic
activity of the mandible muscles at the beginning and end of
masticatory cycles in patients with complete dentures.
Gerontology 2008;54:138-143

14. Goiato MC, Garcia AR, dos Santos DM: Electromyographic
evaluation of masseter and anterior temporalis muscles in resting
position and during maximum tooth clenching of edentulous
patients before and after new complete dentures. Acta Odontol
Latinoam 2007;20:67-72

15. Goiato MC, Ribeiro PP, Garcia AR, et al: Complete denture
masticatory efficiency: a literature review. J Calif Dent Assoc
2008;36:683-686

16. Zarb G, Bolender C, Eckert S, et al: Prosthodontic Treatment for
Edentulous Patients (ed 12). St. Louis, Mosby, 2004

17. Kossioni AE, Karkazis HC: Jaw reflexes in healthy old people.
Age Ageing 1998;27:689-695

18. Dworkin SF, LeResche L: Research diagnostic criteria for
temporomandibular disorders: review, criteria, examinations and
specifications, critique. J Craniomandib Disord 1992;6:301-355

19. Wagner AG: Complete dentures with an acquired protrusive
occlusion. Gen Dent 1989;37:56-57

20. Mays KA: Reestablishing occlusal vertical dimension using a
diagnostic treatment prosthesis in the edentulous patient: a
clinical report. J Prosthodont 2003;12:30-36

21. Landulpho AB, Silva WA, Silva FA, et al: Eletromyographic
evaluation of masseter and anterior temporalis muscles in
patients with temporomandibular disorders following interoclusal
appliance treatment. J Oral Rehabil 2004;31:95-98

22. Olthoff LW, Van Der Bilt A, de Boer A, et al: Comparison of
force deformation characteristics of artificial and several natural
foods for chewing experiments. J Texture Stud 1986;17:275-289

23. Slagter AP, Van Der Glas HW, Bosman F, et al:
Force-deformation properties of artificial and natural foods for
testing chewing efficiency. J Prosthet Dent 1992;68:790-798

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

25. Ohyama K, Mioche L, Martin JF: Chewing patterns of various
texture foods studied by electromyography in young and elderly
populations. J Texture Studies 2002;33:269-283

26. Van Den Braber W, Van Der Glas H, Van Der Bilt A, et al:
Masticatory function in retrognathic patients, before and after
mandibular advancement surgery. J Oral Maxillofac Surg
2002;62:549-554

27. Celebic A, Valentic-Peruzovic M: Silent period of mandibular
elevator muscles in individuals with normal occlusion regulated
by periodontal receptors. Period Biol 1996;98:55-60

Journal of Prosthodontics 20 (2011) 130–134 c© 2011 by The American College of Prosthodontists 133



Silent Period of Masticatory Cycles Goiato et al

28. Celebic A, Valentic-Peruzovic M, Alajbeg IZ, et al: Jaw elevator
silent periods in complete denture wearers and dentate
individuals. Electromyogr Kinesiol 2008;18:947-954

29. Bessette RW, Bishop B, Mohl ND: Duration of masseteric silent
period in patients with TMJ syndrome. J Appl Physiol
1971;30:864-869

30. Widmalm SE: The silent period in the masseter and temporal
muscles following electrical stimulation of oral mucous
membrane in man. Arch Oral Biol 1976;17:43-52

31. Bailey Junior JO, Mccall Junior WD, Ash Junior MM: The
influence of mechanical input parameters on the duration of the
mandibular joint electromyographic silent period in man. Arch
Oral Biol 1977;22:619-623

32. Veyrune IL, Mioche L: Complete denture wearers:
electromyogragraphy of mastication and texture perception
whilst eating meat. Eur J Oral Sci 2000;108:83-92

33. Mohl ND, Lund JP, Widmer CG, et al: Devices for the diagnosis
and treatment of temporomandibular disorders. Part II.
Electromyography and sonography. J Prosthet Dent 1990;
63:332-336

34. Ottenhoff FA, Van Der Bilt A, Van Der Glas HW, et al:
Peripherally induced and anticipating elevator muscle activity
during simulated chewing in humans. J Neurophysiol
1992;67:75-83

35. Slagter AP, Bosman F, Van Der Glas HW, et al: Human
jaw-elevator muscle activity and food comminution in the dentate
and edentulous state. Arch Oral Biol 1993;38:195-205

36. Gillings BR: Inhibition of masticatory muscle activity after
stimulation. J Dent Res 1974;53:141

37. Ingervall B, Hedgard B: An eletromyographic study of

masticatory and lip muscle function in patients with complete
dentures. J Prosthet Dent 1980;43:266-271

38. Piancino MG, Farina D, Talpone F, et al: Surface EMG of
jaw-elevator muscles and chewing pattern in complete denture
wearers. J Oral Rehabil 2005;32:863-870

39. Gunne HS, Bergman B, Enbom L, et al: Masticatory efficiency of
complete denture patients. Acta Odontol Scand 1982;40:289-297

40. Brills N: Reflexes, registrations and prosthetic therapy. J Prosthet
Dent 1957;7:341-360

41. Hagberg C: The amplitude distribution of electromyographic
activity of masticatory muscles during unilateral chewing. J Oral
Rehabil 1986;13:567-574

42. Umezawa F: An electromyographic study on the muscles
associated with mastication. J Nihon Univ Sch Dent
1978;18:72-81

43. Lippold OCJ: The relation between integrated action potentials in
a human muscle and its isometric tension. J Physiol
1952;117:492-499

44. Ahlgren J: Mechanism of mastication. A quantitative
cinematographic and electromyographic study of masticatory
movements in children, with special reference to the occlusion of
teeth. Acta Odontol Scand 1996;24:105-109

45. Kawazoe Y, Kotani H, Maetani T, et al: Integrated
eletromyographic activity and biting force during rapid isometric
contraction of fatigued masseter muscle in man. Arch Oral Biol
1981;26:795-801

46. Watt DM, Turnbull JR, Saberi M, et al: The influence of
percussion, occlusion and mastication on the occurrence of silent
periods in masseter muscle activity. J Oral Rehabil
1976;3:371-385

134 Journal of Prosthodontics 20 (2011) 130–134 c© 2011 by The American College of Prosthodontists



Copyright of Journal of Prosthodontics is the property of Wiley-Blackwell and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


