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Masticatory movements are mainly affected by
food characteristics1–5 and occlusion. The oc-

clusal factors include Angle class,6 inclination of the

occlusal plane and steepness of occlusal guidance,7

occlusal facets of the posterior teeth,8 and distance be-
tween the maxillary and mandibular posterior teeth in
the lateral mandibular position.9 The duration of dif-
ferent phases of the chewing cycle can be affected by
wear, in the case of complete dentures,10 gender,11

age,12,13 bolus size,2,5 and the introduction of changes
in occlusal guidance.14

Dental guidance during lateral movement may be
provided by anterior teeth, canines alone, or 1 or more
of the posterior working- or nonworking-side teeth.
Dental guidance is an occlusal factor that can be
changed by oral rehabilitation. Several studies have in-
vestigated the role of the type of lateral dental guidance
in masticatory muscle activity15,16 and temporo-
mandibular joint disorders.17,18 However, only a few
studies have focused on the relationship between 
lateral guidance and chewing pattern, for instance, in
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patients rehabilitated with fixed complete implant den-
tures in the maxilla.19 Alteration of occlusal guidance
can influence masticatory closing and occlusal times,14

but little information is available concerning the rela-
tionship between the type of dental guidance during
lateral movement and mandibular movements while
chewing.20 This study aimed to assess the duration of
the different phases of the chewing cycle and the
height of the mastication cycle in relation to the type
of lateral guidance (anterior protected articulation, ca-
nine protection, and group function). 

Materials and Methods 

Subjects 

A total of 53 dentate subjects, 29 men and 24 women
(age between 19 and 38 years, with a mean age of 26.6
years), were recruited from students and staff in the
Faculty of Dentistry of the University of Barcelona.
There was no history of orthodontic therapy and no
symptoms indicative of temporomandibular disorders.
All subjects had complete dentitions with no full-cov-
erage restorations or tooth replacements, and the same
type of lateral guidance on both sides. Informed con-
sent was obtained from each subject. Subjects were
categorized into three groups according to lateral guid-
ance, as defined in the Glossary of Prosthodontic
Terms21: anterior protected articulation (n = 16; 7
women and 9 men; mean age 26.7 years); canine pro-
tection (n = 20; 12 women and 8 men; mean age 27.2
years); and group function (n = 17; 5 women and 12
men; mean age 25.8 years). 

Recording of Intraoral Guidance and Overbite 

Recordings of the intraoral lateral tooth contacts
were performed with occlusal registration strips
(Bausch Articulating Paper BK09 40 �m, Dr Jean
Bausch KG) with the subjects seated in an upright po-
sition and Frankfort horizontal plane kept as close to
horizontal as possible. Two lines were marked on the
labial surface of each subject’s maxillary central in-
cisors, separated by 3 mm, to control the lateral posi-
tion. The examiner asked the subjects to close into in-
tercuspal position with the occlusal registration strip
placed on the occlusal surface. Afterward, the exam-
iner asked the subjects to perform right lateral move-
ment of the mandible for 3 mm while they maintained
constant contact between the maxillary and mandibu-
lar teeth. The teeth holding the articulating paper were
considered to have occlusal contact. This procedure
was repeated on the left side of the mandible. One ex-
aminer performed all recordings to avoid interexaminer
variation, and each recording was performed twice

within an interval of a few minutes. When a difference
in the record was present, a third examination was per-
formed. 

Recordings were classified as anterior protected ar-
ticulation, canine protection, or group function. Anterior
protected articulation was defined as the contact of 1
or more incisors without posterior contact. Canine pro-
tection was defined as the contact of only working-side
maxillary and mandibular canines. Group function was
defined as the contact of 1 or more posterior working-
side teeth. Overbite was measured as the vertical dis-
tance between the incisal border of the mandibular
right central incisor and that of the mandibular right
central incisor when the teeth were in maximum in-
tercuspation. 

Recording of Jaw Movements 

Border jaw movements were recorded using a
Sirognathograph (Siemens). The Sirognathograph con-
sists of a computing unit and a headset. After a mag-
net is attached to the mandibular incisors, 8 magne-
tometer sensors located in the headset detect
mandibular movement, and the signals are then
tracked in the sagittal, frontal, or horizontal planes on
a plotter (Esterline). The Sirognathograph was recali-
brated before each set of movements by its internal re-
zeroing mechanism. The position of the magnet in
three-dimensional space was recorded to the nearest
0.1 mm along 3 orthogonal axes in real time. All record-
ings were made according to the method described by
Lewin.22

Subjects were asked to sit upright in a wooden chair
with no ferromagnetic material to prevent interference
with the magnetic field. To achieve cranial stability, a
padded headband connected to the chair was used. The
magnet was attached to the labial surface of the
mandibular central incisors with cyanoacrylate adhesive,
offering no interference with occlusion or function. The
headset of the Sirognathograph was then aligned with
Frankfort horizontal plane in such a way that the mag-
net remained equidistant from both sensors. Subjects
were asked to perform right- and left-sided lateral guid-
ance movements, starting and ending in maximum in-
tercuspation, and the jaw border movements were
recorded in the frontal plane before chewing. 

Jaw movements while chewing were recorded in the
frontal plane using the Sirognathograph connected to
an electrocardiograph used for transcription23

(Cardiostat 31, Siemens). The electrocardiograph con-
verted the closed chewing cycles into open chewing
cycles recorded on a chart recorder at constant ve-
locity (25 mm/s). Each participant was asked to chew
1 g of peanut on the right side of the dentition for 20
seconds; once the material was swallowed, the
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process was repeated on the left side. During chew-
ing, compliance with use of the correct side was mon-
itored by 1 of the investigators. 

Data Analysis 

For both left and right laterotrusive border movements,
the lateral guidance angle in the frontal plane was
measured as the angle between the horizontal plane
and the line that connected intercuspal position, and
a point located 2 mm from intercuspal position on the
record. The lateral guidance angle in the frontal plane
reflected the amount of descent of the mandible dur-
ing lateral excursion. 

For the masticatory parameters, the first cycle was
disregarded, because it is usually an atypical cycle; the
subsequent 10 cycles were then analyzed. The height
of mastication was measured in each cycle stroke,
from intercuspal position to maximum opening. Traces
projected by the electrocardiograph were used to cal-
culate the duration of each phase of the chewing cy-
cles. For the analysis, a single masticatory cycle was di-
vided into three separate phases: mandibular opening,
mandibular closing, and occlusal-level phase. The oc-
clusal-level phase corresponded to the horizontal part
of the electrocardiographic record to a level 0.5 mm
below this position. The opening and closing phase cor-
responded to the descending and ascending parts of
the electrocardiographic record, respectively (Figs 1a
and 1b). Since the constant velocity of the chart
recorder was 25 mm/sec, 5 mm of the horizontal line
was equivalent to 0.2 seconds. 

Statistical Analysis 

For each subject, the averaged data from 10 mastica-
tory cycles was used for statistical analysis. A paired
Student t test was calculated to determine differences
between the two sides of mastication. Correlations be-
tween data from the left and right sides of mastication
were analyzed. Correlations between different phases
of mastication were also analyzed. In the correlation
analyses, Pearson correlation coefficients were
adopted. 

Masticatory parameters were analyzed by one-way
analysis of variance. Differences between groups were
evaluated using the Duncan post hoc test. P <  .05 was
considered significant. 

Five multiple linear regression models were studied
using a stepwise variable selection method to deter-
mine the interaction of gender (female coded as 0, male
as 1), age (in years), side of mastication (right coded
as 0, left as 1), anterior protected articulation (no coded
as 0, yes as 1), group function (no coded as 0, yes as
1), lateral guidace angle (in degrees), and overbite (in
millimeters) with 5 different dependent variables. In the
first, the dependent variable was total cycle duration;
in the second, third, and fourth models, the dependent
variables were opening, closing, and occlusal-level
phase duration, respectively; and in the fifth model, the
dependent variable was the height of the masticatory
cycle. The assumption of normality of the dependent
variables was tested by the Kolmogorov-Smirnov test.
The statistical analyses were performed using SPSS
version 11.0.1 (SPSS).
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Figs 1a and 1b Different phases of the masticatory cycle and the height of mastication in the electrocardiographic record. O = Opening
phase; C = closing phase; OL = occlusal-level phase. 
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Results 

No significant differences were found in age or gen-
der distribution between the 3 different study groups.
The data on different parameters relating to gender
and side of chewing when all the study groups were
analyzed together are shown in Table 1. No gender dif-
ferences were observed for either overbite or frontal
angle. Women showed a significantly longer total cycle
duration than men on both chewing sides, mainly be-
cause of a longer closing phase, and a smaller height
of mastication only during left-side chewing. The mean
values for lateral guidance angle and the height of the
masticatory cycle were similar for each side. The total
duration of the masticatory cycle was slightly shorter

when subjects chewed on their left side. This difference
was due to a significant reduction in the duration of the
closing phase in men, whereas the opening and oc-
clusal-level phases were similar for men and women.
The strongest correlation between sides was found in
the duration of the occlusal-level phase (r = 0.85). 

Subjects with group function had the smallest over-
bite compared with anterior protected articulation and
canine protection (Table 2), whereas individuals with
canine protection showed the largest lateral guidance
angle in the frontal plane. Those with anterior pro-
tected articulation showed the lowest height of the
masticatory cycle. When the entire chewing cycle du-
ration was considered, canine protection subjects
showed the highest value compared to subjects with
anterior protected articulation or group function.
Subjects with anterior protected articulation exhib-
ited shorter opening and closing phases than subjects
with canine protection. However, subjects with ante-
rior protected articulation had a longer occlusal-level
phase than those with canine protection or group
function, and this phase was longer in individuals with
canine protection than those with group function. A
significant positive correlation (r = 0. 66) was ob-
served between opening phase duration and closing
phase duration. However, occlusal phase duration was
not correlated with either opening or closing phase du-
ration. A weak (r = –0.38) but significant negative cor-
relation was observed between the height of the mas-
ticatory cycle and duration of the occlusal-level phase
of the chewing cycle (Fig 2). 
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Table 1 Means (Standard Deviations) of Different Parameters, by Gender and by Side,
Regardless of the Type of Lateral Guidance

Total Women P Men
Parameter sample (n = 53) (n = 24) (t test) (n = 29)   

Age (y) 26.6 (3.7) 25.8 (4.5) NS  27.3 (2.6)   
Overbite (mm) 3.13 (2.4) 3.29 (2.5) NS 3.00 (2.3)   
Right frontal angle (deg) 27.7 (13.0) 24.5 (13.3) NS 30.4 (12.2)   
Left frontal angle (deg) 29.4 (15.5) 28.7 (16.5) NS 30.0 (14.9)   
P (paired t test) NS NS                                            NS

Right total duration (ms) 576.9 (79.7) 601.3 (78.7) .04 556.8 (76.1)   
Left total duration (ms)  560.4 (86.7)  594.1 (93.1)  .01  532.5 (71.1)   
P (paired t test) .017 NS                     .005  

Right opening duration (ms)  180.9 (34.7)  185.1 (38.7)  NS  177.3 (31.2)   
Left opening duration (ms)  176.1 (35.7)  183.1 (42.2)  NS  170.4 (28.7)   
P (paired t test) NS NS                                             NS  

Right closing duration (ms)  209.7 (43.4)  217.1 (51.5)  NS  203.5 (35.1)   
Left closing duration (ms)  194.2 (40.7)  208.5 (50.3)  .02  182.5 (26.2)   
P (paired t test) .001 NS                     NS .001   

Right occlusal duration (ms)  186.4 (45.0)  199.0 (45.1) NS  175.9 (42.9)   
Left occlusal duration (ms)  190.0 (48.5)  202.6 (50.7)  NS  179.1 (44.8)   
P (paired t test) NS NS                                             NS  

Right mastication height (mm)  11.5 (3.1)  10.92 (3.3)  NS  12.00 (3.0)   
Left mastication height (mm)  12.2 (3.9)  10.79 (3.3)  .01  13.38 (4.0)   
P (paired t test) NS NS  .03  

NS = Not significant. 

Table 2 Means ± Standard Deviations of Overbite,
Frontal Angle, Time Measurements, and Height of
Mastication by Type of Lateral Guidance

Anterior
protected Canine Group 

articulation protection function   

Overbite (mm) 3.4 ± 2.7b 4.2 ± 1.8b 1.6 ± 1.7   
Frontal angle (deg) 23.6 ± 12a 35.6 ± 14b 25.9 ± 14   
Total duration (ms) 563 ± 71a 605 ± 88b 531 ± 72  
Opening duration (ms)  166 ± 35a 190 ± 34  177 ± 33   
Closing duration (ms)  167 ± 31a,b 226 ± 39b 206 ± 35   
Occlusal-level duration (ms)  230 ± 38a,b 189 ± 33b 148 ± 30   
Height mastication (mm)  10.5 ± 3.4a,b 12.3 ± 2.8  12.6 ± 4.1
aSignificant difference with respect to canine protection 
bSignificant difference with respect to group function.   
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The results of the multiple linear regression analy-
ses are presented in Table 3. Stepwise multiple linear
regression showed gender, anterior protected articu-
lation, group function, and lateral guidance angle to be
independent predictors of total cycle duration. Age,
side of mastication, and overbite were not found to be
predictors of total cycle duration (R2 for the overall
model 0.28, P < .0005). Although the presence of an-
terior protected articulation instead of canine protec-
tion was a predictor of increased occlusal-level phase
duration (32 ms; 95% confidence interval [CI], 16 to 48
ms), it was also a predictor of decreased total cycle du-
ration (60 ms; 95% CI, 22 to 97 ms). This was a result
of the fact that the presence of anterior protected ar-
ticulation was a predictor of both decreased opening
(29 ms; 95% CI, 12 to 46 ms) and closing (63 ms; 95%
CI, 45 to 80 ms) phases. Whereas only the presence of
anterior protected articulation or group function were

predictors of a shorter opening phase (R2 = 0.14, P =
.04), male gender, left-side function, and presence of
anterior protected articulation or group function were
predictors of a shorter closing phase (R2 = 0.43, P <
.0005). The fourth regression model showed that 59%
of the variation in duration of the occlusal-level phase
could be explained by the type of lateral dental guid-
ance, gender, and the lateral guidance angle. An in-
crease of 10 degrees in the lateral guidance angle im-
plies a 10-ms reduction in the duration of the
occlusal-level phase. Only overbite was a predictor of
the height of the masticatory cycle. 

Discussion 

The present study examined whether the type of lateral
guidance affects the duration of the different phases
of the masticatory cycle and the height of mastication
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Fig 2 Correlation between height of masticatory cycles and
duration of occlusal level phase for each group. 350
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Table 3 Multiple Linear Regression Models

Total Opening Closing Occlusal Height of
Model duration (ms) phase (ms) phase (ms) phase (ms) mastication (mm)  

Constant 681 (563 to 800)***  232 (177 to 286)***  264 (210 to 318)***  186 (136 to 236)***  8.5 (3.2 to 13.8)**   
Age  0.7 (–3.4 to +4.9)  –0.7 (–2.6 to +1.2)  –0.04 (–1.9 to +1.8)  1.5 (–0.3 to +3.2)  0.1 (–0.1 to +0.3)   
Gender  –35 (–66 to –3)*  –4.0 (–19 to +11)  –15 (–29 to –0.4)*  –16 (–29 to –2)*  1.2 (–0.3 to +2.6)   
Side  –14 (–42 to +14)  –4.4 (–17 to +9)  –15 ( –28 to –2)*  5.2 (–6.7 to +17)  0.6 (–0.7 to +1.9)   
APA  –60 (–97 to –22)**  –29 (–46 to –2)***  –63 (–80 to –45)***  32 (16 to 48)***  –1.6 (–3.3 to +0.1)  
GF  –91 (–133 to –48)***  –22 (–41 to –2)*  –27 (–46 to –7)**  –43 (–61 to –25)***  –0.3 (–2.2 to +1.6)   
Angle  –1.4 (–2.5 to –0.3)**  –0.2 (–0.7 to +0.3)  –0.3 (–0.8 to +0.2)  –1.0 (–1.4 to  –0.5)***  0.05 (–0.00 to +0.10)   
Overbite  –9.6 (–19 to +0.2)  –2.6 (–5.8 to +0.5)  –3.0 (–6.1 to +0.1)  0.3 (–2.6 to +3.2)  –0.3 (–0.6 to  –0.01)*   
R2 0.28 0.14 0.43 0.59 0.19  
P .000 .041 .000 .000 .003 

B, regression coefficients (95% CI of B). *P < .05; **P < .01; ***P < .001.
APA = Anterior protected articulation; GF = group function. 
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during unilateral chewing of peanuts. The results
showed that whereas subjects with canine protection
had longer opening and closing phases as well as
longer total cycle length, group function exhibited the
shortest occlusal-level phase. Subjects with anterior
protected articulation spent the least time in the open-
ing and closing phases, but they spent the most time
in the occlusal-level phase. These results were ob-
served after adjustment for age, gender, side of mas-
tication, lateral guidance angle, and overbite. 

Subjects with group function showed a shorter total
cycle duration than those with canine protection.
Because these two types of occlusal guidance showed
similar masticatory cycle heights, this suggests that the
velocity was greater in individuals with group function.
In a previous report, no cycle duration differences were
apparent between individuals rehabilitated with group
function or with canine protection, but mandibular ve-
locity was significantly greater when the subjects were
rehabilitated with group function.19 In the present study,
subjects with anterior protected articulation spent more
time in the occlusal-level phase, probably as a result
of the necessity of applying a sustained biting force to
compensate for the absence of posterior contacts dur-
ing laterotrusion. Moreover, it was reported previously
that subjects displaying a chopping chewing pattern
had posterior teeth that were more tightly intercuspated
in centric occlusion, and exhibited greater separation
between the maxillary and mandibular posterior teeth
on the working side than those displaying a grinding
chewing pattern.9

In the present study, the type of lateral guidance was
examined in edge-to-edge position (3 mm lateral to in-
tercuspal position at the incisors). It is known that
tooth contact in lateral movement is a dynamic process.
Therefore, examining tooth contact in a single position
may not adequately reflect the pattern of lateral glide
movement, and a canine-protected pattern of occlusion
increases as teeth approach the edge-to-edge posi-
tion.24 Average occlusal glide lengths in a sample of
women with natural dentition were 1.29 mm and 1.55
mm on the closing and opening pathways, respec-
tively, while chewing gum.25 However, the chewing
cycle appears to increase the lateral component of its
movement when increased chewing efficiency is 
required, eg, with increased hardness of the bolus.26

The length of the occlusal glide during mastication
has been reported to be between 1 and 4 mm at the
incisors.27 Ogawa et al28 recommended examination of
the pattern of occlusal contact in the 3-mm position as
an edge-to-edge position in the parafunctional range,
and in the 0.5-mm position as a position close to max-
imum intercuspation in the functional range.28 In the
present study, the type of lateral guidance was exam-
ined in the edge-to-edge position, because chewing

hard food and parafunctional activity are the main
concerns when oral rehabilitation is required. 

One of the limitations of this study was that only one
test food was used. Therefore, the results cannot be ex-
trapolated to other food because masticatory patterns
depend on the food fragmentation index,1 bolus hard-
ness,3 food consistency,4 and food size.2 Peanuts were
chosen because they are nonsynthetic, relatively hard,
popular, swallowable, and represent a test food used in
previous studies of mastication. 

Regardless of the type of lateral guidance, the total
cycle duration and the relative length of its phases ob-
served in the present study agree with the results of pre-
vious reports that used peanuts or almonds as test
foods.12,13,29 However, slower cycles and/or less relative
time spent in the occlusal-level phase were observed
in studies that used chewing gum or gummy jel-
lies.2,3,11,14 These differences may be explained by the
faster rate of chewing cycles and the greater amount
of time spent in the occlusal phase, resulting in more
efficient chewing.30 Moreover, people usually chew
gum for entertainment, whereas the aim of chewing
peanuts or almonds is to break down the food, which
probably requires greater velocity to be efficient. The
Sirognathograph is a device that has been found to be
reliable for the evaluation of the movement of an incisor
point on the mandible during chewing.31 The connec-
tion between the Sirognatograph and an electrocar-
diograph has been described previously.23 The electro-
cardiograph converts the closed chewing cycles into
open chewing cycles using a chart recorder set at a con-
stant velocity, allowing us to measure the timing of
each cycle and the height of mastication. 

Although men spent less time both in the closing
phase and in the total chewing cycle and had a greater
height of masticatory cycle during left-side chewing,
multiple regression showed that chewing side only af-
fects the closing phase after adjustment by other vari-
ables. The side difference may be attributable to the
hemispheric laterality that determines laterality in the
function of peripheral organs—thus, most patients pre-
fer chewing on the right side.32 Unfortunately, chew-
ing side preference was not recorded in the present
study. Women showed a significantly longer total cycle
duration than men because of the length of the clos-
ing and occlusal-level phases. However, women ex-
hibited a lower height of mastication on the left side.
This suggests that chewing velocity is higher in men
than in women. These results are very similar to those
of other studies.11,12,33,34 The fact that women remain
longer in the occlusal-level phase may be related to
lower muscular force, dentoskeletal morphology, ge-
netics, and sociocultural pressures.30,35

The height of the masticatory cycle observed in this
study was very similar to that found in other stud-
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ies,12,13,29,34 most of which used peanuts as a test food.
In the present study, no difference in the height of the
masticatory cycle was found between canine protection
and group function in the natural dentition. However,
total opening and maximal lateral movement have been
shown to be greater when rehabilitation is performed
with group function than with canine guidance.19 This
discrepancy could be explained by differences in sub-
jects’ ages, as well as the difference between mastica-
tion with natural and prosthetic teeth. Although the
height of the masticatory cycle was significantly lower
in subjects with anterior protected articulation, regres-
sion analysis did not show this relationship as signifi-
cant (P = .06), after adjustment for overbite and other
variables. Since only 19% of the variation in the height
of mastication can be explained by age, gender, side of
mastication, type of lateral guidance, lateral guidance
angle , and overbite, other inter and intra individual fac-
tors must be involved. A significant negative correlation
has been found between the duration of the occlusal-
level phase and the height of mastication in each type
of lateral guidance. It is possible that subjects who
spend more time in the occlusal-level phase do not
need to open their jaws as wide to break down hard
food. 

Subjects with canine protection spent longer in the
opening and closing phases as well as in the total
cycle, whereas group function subjects showed the
shortest occlusal-level phase. Subjects with anterior
protected articulation spent the least time in the open-
ing and closing phases, but they exhibited the longest
occlusal level-phase. The variation in the duration of the
occlusal-level phase can be explained by the type of
lateral dental guidance, gender, and lateral guidance
angle. Only overbite was a predictor of the height of the
masticatory cycle. 

Masticatory movements are governed mainly by the
central nervous system and are influenced by periph-
eral receptors.36 In spite of the limitations of this study,
the results suggest that the different types of lateral
dental guidance are well defined structurally and func-
tionally. Therefore, when certain prosthodontic treat-
ments are performed to introduce changes in dental
guidance—eg, changes in anterior guidance, restora-
tions supported by implants, splinting of teeth—the
chewing pattern is likely to change, which could hin-
der adaptation. It is possible that the more closely the
new occlusion resembles the occlusion before oral re-
habilitation, the easier it will be for the patient to ac-
commodate theses changes.37 Further studies are
needed to clarify the influence of changes in occlusion
on the chewing pattern. 
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