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ABSTRACT
Statement of problem. The loss of posterior teeth has a negative effect on the masticatory effi-
ciency and activity of mastication muscles. How these muscles are affected by partial removable
dental prostheses (PRDPs) with different cusp angles is unknown.

Purpose. The purpose of this clinical study was to evaluate the influence of different cusp angles,
with anatomic (33 degrees), semianatomic (20 degrees), and nonanatomic teeth (0 degree), on the
masticatory efficiency and muscular activity of participants receiving mandibular bilateral distal
PRDPs.

Material and methods. Fifteen participants consented to the evaluation of masticatory efficiency
and electromyographic (EMG) activity with a PRDP with a unified bilateral design. The cusp angles
of the artificial teeth were randomly changed from anatomic (33 degrees), semianatomic (20 de-
grees), and nonanatomic teeth (0 degree). Masticatory efficiency was evaluated by recording 5
parameters, including number of strokes, and time of mastication while the EMG activities of the
masseter and temporalis muscles, measured using surface electromyography. The data were
analyzed with 1-way ANOVA and the Tukey multiple post hoc test with statistical software (a=.05).

Results. With regard to masticatory efficiency, PRDPs with anatomic and semianatomic teeth
exhibited higher masticatory efficiency than those with nonanatomic teeth, whereas no significant
differences were found between PRDPs with anatomic and semianatomic teeth. With respect to
EMG activity, the least EMG activity was observed in PRDPs with anatomic teeth, whereas the
highest activity was observed with nonanatomic teeth. No significant differences were found be-
tween the effect of PRDPs with anatomic and semianatomic teeth on masseter activity.

Conclusions. Changing the cusp angle from 33 to 20 degrees in PRDPs did not influence the
masticatory efficiency or the EMG activity of the masseters. However, it did lead to increased EMG
activities of the temporalis muscle. PRDPs with nonanatomic teeth were associated with a
significant decrease in masticatory efficiency accompanied by a significant increase in EMG
activity. (J Prosthet Dent 2017;117:55-60)
A reduction in masticatory ef-
ficiency with an increase in
muscular activity has been
reported after the loss of one
or more teeth, and some
improvement may be needed.1

One of the major benefits of a
partial removable dental pros-
thesis (PRDPs) for patientswho
have lost posterior teeth is a
noninvasive and cost-effective
method of improving mastica-
tory performance.2 Anatomic
teeth can have cusp angles of
20, 30, 33, or 45 degrees,
whereas nonanatomic teeth are
flat with no cusp height to
intercuspate with opposing
teeth.3

Many different methods of
evaluating masticatory effi-
ciency have been reported,
including the sieve method,
which is used to measure the
degree of comminution of
different kinds of test foods

after a specified number of masticatory strokes.4-7 The
mixing ability index of 2-colored paraffin wax cubes has
also been used to evaluate masticatory efficiency.8 Color-
changeable chewing gum has been confirmed for validity
and reliability as a self-implementable method of
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evaluating masticatory efficiency.9 Despite the acceptance
of some of these methods, the search continues for a
simplified and effective way of obtaining an appropriate
index. Providing all the required data with a single method
may be impossible.
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Clinical Implications
The decrease in cusp angles in distal extension
PRDPs from anatomic (33 degrees) to semianatomic
(20 degrees) does not affect masticatory efficiency
and EMG activity differently, whereas the use of
nonanatomic teeth decreases masticatory efficiency
and increases EMG activity.
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Surface electromyography (EMG) provides informa-
tion about muscular activity through sensitive electrodes
located on the skin.10 The EMG activities of masticatory
muscles during function are affected by factors including
body position, physiologic function, emotional stress,
parafunctional activity, type of electrode used for
recording; type, size, and texture of food; state of denti-
tion; and presence of a dental prosthesis.10-17

Many studies have measured the masticatory effi-
ciency and muscular activity in participants using com-
plete removable dental prostheses with teeth with
different cusp angles.18-20 However, published studies of
the effect of different cusp angles on masticatory effi-
ciency and muscular activity in participants with bilateral
distal extension PRDPs are scarce. The purpose of this
study was to assess the masticatory efficiency and EMG
activities of participants fitted with mandibular bilateral
distal extension PRDPs with teeth with different cusp
angles.

MATERIAL AND METHODS

This cross-over study was approved by the Research
Committee for Human Studies at Aljouf University, Saudi
Arabia, where the study was conducted. The sample size
was selected from previous studies that stated at least 9
participants were needed to detect the differences
depending on calculation with 5% alpha errors and 80%
power of test.21-25 Because of the restricted inclusion
criteria, the withdrawal rate was up to 25%, and the final
sample size was 15, all men. All the participants with a
mandibular Kennedy class I classification of removable
partial dentures with bilateral edentulous areas located
posterior to the remaining natural teeth were selected from
the 112 assessed patients attending the prosthodontic
clinics. All participants were mean ±SD 48 ±10 years old,
except for 1 participant who was 23 years old. They
received a full explanation of the study, and each partici-
pant provided written informed consent. All participants
were in good health with good mental status, had an
angle class I occlusal relationship, displayed similar pos-
terior tooth loss in the mandible, and retained second
premolars bilaterally as the main abutments and first
premolars bilaterally as auxiliary abutments. The exclusion
criteria were previous PRDPs,26 parafunctional habits,13
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temporomandibular joint dysfunction,14 class II or III
malocclusion,27 severe over-eruption of opposing teeth or
at least 50% bone loss or periodontal disease,28 and sys-
temic disease affecting bone quality.29 After rehabilitation
of the remaining natural teeth, PRDPs with a cobalt-
chromium (Wironium; Bego) base were fabricated to
restore the missing mandibular molar teeth with mesial
occlusal rests on both of the second premolars, auxiliary
mesial occlusal rests on both of the first premolars, an I-bar
clasp, and a lingual bar major connector. Standard-sized
prostheses (selected according to the size and extension
of the maxillary molars) with acrylic resin teeth with
different cusp angles of 33 degrees (SR Phonares II Type;
Ivoclar Vivadent AG), 20 degrees (COSMOX, HXL;
Dentsply Intl), and 0 degrees (SR Phonares II Type; Ivoclar
Vivadent AG) were assigned to the participants randomly
by drawing lots after adjusting for any over-extension of
the border (Interacrylic hot set; Interdent). The presence of
occlusal interference was determined with articulating
paper and corrected in centric and eccentric positionswhile
maintaining the tooth anatomy as much as possible. Post-
insertion instructions were given, and the participants
were scheduled for review appointments to reassess the
prostheses with regard to occlusion or extension.

Masticatory efficiency and muscular activity were
evaluated 3 months after the final adjustment of the
delivered prosthesis.30,31 The prosthetic teeth were
removed and replaced on the same denture base after an
impression was made with alginate (Cavex; CA37) while
the prostheses was in the participant’s mouth. The
impression with the prostheses was poured and mounted
on a hinged articulator (High arch denture; Dental NY).
The denture teethwere ground out, and thenew teethwith
different cusp angles were set, processed, and inserted in
the participant’s mouth after the necessary adjustments
were made. Three months later, masticatory efficiency and
muscular activity tests were performed in the samemanner
as described above. Three months after that, the same
procedure was repeated after the final assignment of the
last experimental teeth, using the same methodology.

Masticatory efficiency was evaluated by recording 5
parameters while participants were masticating stan-
dardized pieces (1 cm3) of carrot, apple, and 1 pea-
nut.15,32,33 The test was done in the morning for all
participants.13 The participants were seated in an upright
position without head support and instructed to masti-
cate and swallow the test food in their usual way. Also,
they were cautioned against swallowing the particles of
test food without pulverization. To increase the reliability
of the analysis, 5 pieces of each test food were masticated
by each participant, and the means of the 5 recordings
were used to determine the masticatory efficiency pa-
rameters for that participant. The different test foods
were provided to participants randomly by drawing lots
to avoid patient recognition. Five measurements were
Mousa et al



Table 1.Mean ±SD parameters of masticatory efficiency with different
test foods using 1-way ANOVA

Parameter

Type of Cusps

f PA33 S.A20 N.A0

Strokes until first swallowing, n

Carrots

Mean 27.69 21.87 20. 8 33.2 <.001

SD 4.44 6.05 4.62

Peanuts

Mean 21.55 17.59 16.96 27.82 <.001

SD 4.26 5.21 2.73

Apples

Mean 14.11 13.4 14.55 3.11 .062

SD 2.55 2.65 3.56

Strokes until mouth is empty, n

Carrots

Mean 31.69 31.5 36.32 20.69 <.001

SD 5.04 4.82 5.51

Peanuts

Mean 23.15 23.8 28.24 17.1 <.001

SD 5.30 7.09 5.49

Apples

Mean 14.88 14.77 15.77 2.05 .086

SD 2.65 2.79 3.36

Swallows, n

Carrots

Mean 1.44 1.85 2.41 55.9 <.001

SD 0.551 0.512 0.572

Peanuts

Mean 1.28 1.57 2.2 50.6 <.001
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recorded while the food specimens were being masti-
cated: the number of masticatory strokes until the first
swallow, the number of masticatory strokes before the
mouth was cleared of food, the number of swallows
before the mouth was free of food, the time (in seconds)
elapsed until the first swallow, and the time (in seconds)
elapsed until the mouth was cleared of food. To avoid
muscle fatigue, an interval time of 4 to 5 minutes was left
between each recording, during which time the partici-
pants were allowed to drink and rinse their mouth.34

EMG recordings for each right and left masseter
muscle and the anterior fibers of the temporalis muscle
were obtained using bipolar surface EMG (Nicolet Com-
pass Meridian 1.2.1; Natus Medical Inc) while the partic-
ipant was masticating 5 pieces of the same kind of
predetermined test foods used in the masticatory effi-
ciency tests (carrots, apples, and peanuts). After the
location of the electrodes had been identified and stan-
dardized and before electrode placement, the skin was
cleaned to reduce electrode impedance, and the recording
was performed 5 to 6 minutes later.34-38 The same pre-
cautions as during the masticatory efficiency recording
were followed. The procedure was repeated 5 times for
each muscle of both the right and left sides during the
mastication of the test foods and the highest reading each
time was used for analysis. The data were analyzed using
1-way ANOVA and the Tukey multiple post hoc test with
statistical software (SPSS v20.0; IBM Corp) (a=.05).
SD 0.45 0.59 0.615

Apples

Mean 1.12 1.24 1.24 2.01 .131

SD 0.33 0.43 0.43

Time until first swallow

Carrots

Mean 23.5 19.04 18.61 25.8 <.001

SD 3.97 5.68 3.77

Peanuts

Mean 16.75 13.27 12.29 21.6 .001

SD 4.56 4.71 2.78

Apples

Mean 11.56 11.45 12.03 1.221 .32

SD 1.82 2.22 3.16

Time until mouth is empty

Carrots

Mean 28.13 27.9 36.15 34 <.001

SD 5.64 7.38 7.34

Peanuts

Mean 18.62 20.19 26 21.62 <.001

SD 6.22 7.74 7.19

Apples

Mean 12.29 12.56 13.35 1.69 .197

SD 2.28 2.43 3.46

A33, anatomic; N.A0, nonanatomic; S.A20, semianatomic. Significantly different at
P<.05.
RESULTS

With carrots and peanuts, the results (Tables 1, 2)
showed a significant difference between anatomic/semi-
anatomic teeth and nonanatomic teeth in the mean
number of masticatory strokes and mean time till the first
swallow (P<.05); there were no significant differences
between semianatomic and nonanatomic teeth (P>.05).
A significantly higher mean number of masticatory
strokes and mean time until first swallow were seen with
anatomic followed by semianatomic and nonanatomic
teeth. With apples, no significant differences were found
among different types of teeth (P>.05). A significantly
higher mean number of strokes and mean time until the
mouth was cleared of test food was observed with
nonanatomic teeth followed by semianatomic and
anatomic teeth with carrots and peanuts (P<.05). How-
ever, no significant differences were observed among all
types with apples (P>.05). A significantly higher mean
number of swallows was observed with nonanatomic
teeth followed by semianatomic, whereas anatomic were
associated with the least number of swallows (P<.05).
However, with apples, no significant differences were
found among all types of teeth (P>.05).

With respect to the EMG activity of the masseter
muscles (Tables 3, 4) and with all types of test foods, a
Mousa et al THE JOURNAL OF PROSTHETIC DENTISTRY



Table 3. Comparison of different teeth using masseter muscle electro-
myographic activity associated with different foods by 1-way ANOVA

Food

Tooth Type

F PA33 S.A20 N.A0

Carrots

Mean 1032.30 1118.50 1657.88 62.5 <.001

SD 310.94 511.10 642.29

Peanuts

Mean 907.10 981.50 1302.20 27.31 <.001

SD 306.83 576.08 499.34

Apples

Mean 401.37 437.65 559.63 30.11 <.001

SD 169.37 159.39 189.94

A33, anatomic; N.A0, nonanatomic; S.A20, semianatomic. SD, standard deviation.
Significantly different at P<.05.

Table 4. Comparison of different teeth using masseter muscle electro-
myographic activity associated with different foods by Tukey multiple
post hoc test

Food

P

A33 versus S.A20 A33 versus N.A0 S.A20 versus N.A0

Carrots .67 <.001 <.001

Peanuts .31 <.001 <.001

Apples .061 <.001 <.001

A33, anatomic; N.A0, nonanatomic; S.A20, semianatomic. Significantly different at
P<.05.

Table 5.Mean ±SD parameters of temporalis muscle activity using
different test foods by 1-way ANOVA

Food

Cusp Type

F PA33 S.A20 N.A0

Carrots

Mean 1018.88 1190.26 1623.91 67.8 <.001

SD 291.41 469.5 432.35

Peanuts

Mean 973.13 1099.29 1423.82 52.61 <.001

SD 182.99 350.39 467.82

Apples

Mean 545.87 580.94 658.59 14.85 <.001

SD 181.577 184.88 168.04

Table 2. Pairwise comparison of different types of teeth masticatory
efficiency with different test foods using Tukey multiple post hoc test

Variable

P Value

A33 versus
S.A20

A33 versus
N.A00

S.A20 versus
N.A0

Strokes until first swallow, n

Carrots <.001 <.001 .36

Peanuts <.001 <.001 .52

Apples .062 .11 .13

Strokes until mouth is
empty, n

Carrots .88 <.001 <.001

Peanuts .67 <.001 <.001

Apples .29 .80 .799

Swallows, n

Carrots <.001 <.001 <.001

Peanuts .004 <.001 <.001

Apples .39 .22 .19

Time until first swallow

Carrots <.001 <.001 .83

Peanuts <.001 <.001 .32

Apples .18 .22 .17

Time until mouth is empty

Carrots .71 <.001 <.001

Peanuts .22 <.001 <.001

Apples .48 .106 .17

A33, anatomic; N.A0, nonanatomic; S.A20, semianatomic. Significantly different at
P<.05.
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higher mean EMG activity was observed with nonana-
tomic teeth followed by semianatomic and anatomic
teeth (P<.05). No significant differences were found be-
tween anatomic and semianatomic teeth (P>.05).

As related to the temporalis muscle, the nonanatomic
teeth were also associated with higher EMG activities
when masticating all kinds of test foods, followed by
semianatomic teeth; the use of anatomic teeth was
associated with the least EMG activity (P<.05). No sig-
nificant differences were found between anatomic and
semianatomic teeth during the mastication of apples
(P>.05) (Tables 5, 6).
A33, anatomic; N.A0, non-anatomic; S.A20, semianatomic; SD, standard deviation.
Significantly different at P<.05.
DISCUSSION

The purpose of this study was to clarify the influence of
varying cusp angles on masticatory function and EMG
activity in participants with bilateral distal extension
PRDPs with an opposing natural dentition. In this study,
an experimental dental prosthesis with a uniform design
was used to prevent changes in prosthesis stability, which
could greatly affect masticatory efficiency and activity.

Masticatory efficiency was evaluated by recording 5
parameters, including the number of masticatory strokes
and time taken for complete masticating and swallowing of
test foods.39 With this method, it was not necessary to
masticate for a specific number of strokes or to spit out the
masticated test foods or materials as in the sieve and
THE JOURNAL OF PROSTHETIC DENTISTRY
chewing gummethods. Instead, themasticatory timeswere
recorded while participants masticated and swallowed the
test foods as they normally would during eating.40

This study demonstrated that, with hard foods, the
semianatomic and nonanatomic teeth were associated
with the least number of strokes until the first swallow
and the least amount of time until the first swallow. The
anatomic and semianatomic teeth were associated with
fewest strokes until the mouth was cleared of food, the
fewest swallows, and the least amount of time until the
mouth was cleared of food. With soft foods, no signifi-
cant differences were found among all types of teeth.
Based on these data, the anatomic and semianatomic
Mousa et al



Table 6. Comparison of different teeth using temporalis muscle elec-
tromyographic activity associated with different foods by Tukey multiple
post hoc test

Food

P

A 33 versus
S.A20

A33 versus
N.A0

S.A 20 versus
N.A0

Carrots <.001 <.001 <.001

Peanuts <.001 <.001 <.001

Apples .110 <.001 <.001

A33, anatomic; N.A0, non-anatomic; S.A20, semianatomic. Significantly different at
P<.05.
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teeth provided higher masticatory efficiency than
nonanatomic teeth; no changes in masticatory efficiency
were noted between anatomic and semianatomic teeth.
This finding supports the finding of Sueda et al,41 who
studied the effects of decreasing cusp angles by 10 and 20
degrees in unilateral PRDPs on masticatory performance.
They found that decreasing cusp angles by 10 and 20
degrees did not affect masticatory performance, but that
study assessed a unilateral PRDP and also did not study
the effect of nonanatomic teeth on masticatory
performance.

Regarding the EMG activity recording, a survey of
PubMed, Scopus, Cochrane, and the Saudi Digital Library
(SDL) was conducted, and no published studies were
found that measured the muscular activity in participants
with bilateral or even unilateral distal extension PRDPs
with different cusp angles. The participants were asked to
start mastication of test food with the side to be recorded.
The procedure was repeated 5 times for each muscle on
the right and left sides while the participants were eating
the test food in a random way for each side. As the muscle
activity was highest at the start of mastication of the test
food and then started to decrease as the test food began to
soften, the highest recording at each time of mastication
was chosen, and the mean of 5 records for both the right
and the leftmuscleswas considered the reading parameter
for masticating that kind of test food.

Regarding the masseter muscles, the highest muscular
activity was recorded with nonanatomic teeth followed by
those with semianatomic and anatomic teeth; no signifi-
cant differences were found between semianatomic and
anatomic teeth. For the temporalis muscles, the highest
muscular activity was recorded with nonanatomic teeth
followed by semianatomic and anatomic teeth, which
recorded the least amount of activity.

Based on these results, PRDPs with nonanatomic teeth
led to higher muscular activity than with semianatomic,
whereas anatomic teeth were associated with the least
activity. Hickey et al18 found the same when they were
studying the effect of different occlusal schemes on
masticatory activity. However, the authors studied the
effect of these occlusal schemes in participants fitted with
complete removable dental prostheses with anatomic and
nonanatomic teeth and not with PRDPs.
Mousa et al
This study has limitations, one of which is related to
the low sample size as a result of the restricted inclusion
criteria and area population. Another factor is sex dis-
tribution due to custom and length of time of the study.
However, the study design was conducted using the
same participants who received 3 sets of prostheses,
making it easier to compare the results.

CONCLUSIONS

Within the limitations of this clinical study, the following
conclusions were drawn.

1. The assignment of cusp angles in distal extension
PRDPs from anatomic to semianatomic teeth did
not affect the masticatory efficiency and EMG ac-
tivity of the masseter muscles.

2. However, the use of semianatomic teeth led to an
increase in the EMG activity of the temporalis
muscles.

3. The use of distal extension PRDPs with nonana-
tomic teeth led to a significant decrease in masti-
catory efficiency accompanied by an increase in the
EMG activity of the muscles of mastication.
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