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Cuspal interference causing lateral
deviation of the mandible during its
movement from retruded contact posi-
tion to intercuspal position have been
reported to disturb muscle function
considerably in adults.*®*® Cuspal in-
terferences are sometimes seen in chil-
dren in so-called lateral forced bite,
which often manifests itself morpho-
logically as unilateral crossbite. Chil-
dren with cuspal interferences often
have an irregular pattern of movement
during mastication® or a “chopping
masticatory stroke.”

Troelstrup and Mgller** also found
that muscle activity in postural position
and during maximal bite in children
with unilateral crossbite differed from
what was seen in those with normal oc-
clusion. They interpreted the deviation
as an adaptation to the crossbite. Simi-
lar findings of the activity in postural
position and during maximal bite in
children with unilateral crossbite have
been reported by Haralabakis and
Loutfy.”

Quantitative electromyographic in-
vestigations of the muscle activity dur-
ing chewing and swallowing in children
with lateral forced bite have not been
reported. The purpose of the present
investigation was to find out whether
and, if so, to what extent the activity
of the temporal and masseter muscles
with the mandible in postural position
and during chewing, maximal bite, and
swallowing deviated from normal in
children with cuspal interference in the
retruded position (so-called lateral
forced bite).

MATERIAL
The material consisted of 19 chil-

dren, 8 boys and 11 girls, aged 8 years
1 month to 12 years 11 months. The
mean age was 9 years 7 months. The
number of erupted permanent teeth
was, on the average, 15.7 (range 8-27).
Clinical examination of the children
showed a lateral deviation on move-
ment of the mandible between the re-
truded contact position and the inter-
cuspal position (lateral forced bite). In
twelve cases the mandible was forced
to the right and in seven to the left. In
nine cases there was unilateral cross-
bite on the right side in the intercuspal
position and in seven on the left, while
three had no crossbite in spite of the
lateral deviations.

The lateral deviation on movement
of the mandible between the retruded
contact position and intercuspal posi-
tion was measured with a modified
gnathothesiometer. The apparatus and
the recording procedure have been de-
scribed previously.® The lateral devia-
tion ranged from 0.3 mm to 3.7 mm
(mean 1.3 mm). In ten of the cases
the deviation was 1.0 or more.

Despite the cuspal interference none
of the children had clinical or subjec-
tive symptoms of functional disorders
of the masticatory system.

METHODS

The electromyographic recording
was done with a three-channel DISA
electromyograph (No. 14 A 30). One
of the EMG-amplifiers was replaced by
a double mean voltage unit (14 G 20),
which permitted simultaneous record-
ing of the mean voltage amplitude in
the two remaining direct EMG-chan-
nels. The EMG-activity was recorded
on photographic paper fed at a rate of

249



250

Temporalis muscle

Masseter muscle

——— =distance in ¢m /

o o =electrodes 1 cm apart

Fig. 1 Diagram of standardized posi-
tions of electrodes.

5 cm/sec.

Two types of bipolar electrodes were
used, surface electrodes (tin-plates 10
X 3 X 1.5 mm)* for the masseter
muscle, and hook-electrodes for the
temporal muscle. The hook electrodes
consisted of a platinum wire.? The po-
sitions of the electrodes are given in
Figure 1. An earth electrode was fas-
tened to the tip of the ear.

The muscle activity was recorded bi-
laterally from the posterior and ante-
rior parts of the temporal muscle and
from the masseter muscle. The ante-
rior temporal muscle on the right side
was used as a reference muscle through-
out in one of the channels, and the
other muscles (test muscles) were con-
nected successively to the other chan-
nel. Thus, five acts of chewing and
swallowing were recorded for each sub-
ject. During the recording the subject
was sitting upright holding the head
in a natural position without a neck
support.

The following recordings were
made: a) muscle activity in postural
position of mandible, calibration 50
pV/em; b) chewing and swallowing of
five peanuts, calibration 300 uV/cm;
c) maximal bite in intercuspal posi-
tion, calibration 500 uV/cm; d) new
recording of muscle activity in postural
position.
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The following measurements were
made of the EMG-recordings:

1) EMG-activity, as judged with a
five-grade scale (Fig. 2) with the man-
dible in postural position. Two estima-
tions were made of each of the record-
ings a and d.

2) EMG-activity during the act of
chewing a) maximal mean voltage
amplitude of the chewing cycle, every
third cycle was measured; b) duration
of EMGe-activity in the closing phase
of the chewing cycle, every third cycle
was measured; ¢) time of beginning of
activity in the test muscle relative to
that in the reference muscle (right an-
terior temporal muscle), every third
cycle was measured; d) duration of
chewing cycle, every third cycle was
measured; e) duration of the act of
chewing; and f) number of chewing
cycles per act of chewing.

3) The average mean voltage am-
plitude during maximal bite. Meas-
urement was made of the “typical” ac-
tivity during one second.

4) EMG-activity during swallow-
ing: a) maximal mean voltage ampli-
tude; b) duration of EMG-activity;
and c) time of beginning of activity in
the test muscle relative to that in the
reference muscle.

An act of chewing was defined as
trituration of five peanuts to swallow-
ing threshold. A chewing cycle was de-
fined as the opening and closing phase
of a masticatory movement of the man-
dible. Measurements of the electromyo-
grams were made to the nearest 0.5
mm.

In the analysis of the muscle activity
a comparison was made between the
activity on the side to which the man-
dible was guided by cuspal interference
(the side of forced bite, in most cases
there was crossbite on this side) and
the opposite side (nonforced bite side).
Comparisons were also made with the
muscle activity in 52 children (25 boys
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Grade O. EMG-activity smaller than 2.5 mm.
(peak-to-peak)

m Grade 1. Less than 25 action potentials

(per 30 mm) or profuse EMG-activity

between 2.5 - 5.0 mm (peak-to-peak)
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Fig. 2 Criteria for classification of the EMG activity in postural position.

and 27 girls) with normal occlusion.®
The age and sex distribution of the
children with normal occlusion corre-
sponded to that of the present mate-
rial. The children with normal occlu-
sion were examined in the same way
as those with forced bite.

Differences between distributions were
tested with Wilcoxon’s matched-pairs
signed-ranks test and those between
means with the t-test. Differences be-

Grade 2. Twenty-five to fifty action~
potentitals or profuse EMG-activity
between 5.5 = 7.0 mm (peak-to-peak)

Grade 3. EMG-activity between 7.5 - 12,0 mm
(peak~to-peak)

Grade 4. EMG-activity 12.5 mm or greater
{peak~to-peak)

tween variances were tested with the
F-test.

ResuLts

Muscle activity in postural position

The muscle activity in postural posi-
tion was assessed from the mean of the
activity found in recordings ¢ and d
and is given in Table I. No significant
difference of the postural activity was
found between the side of forced bite
and the nonforced bite side in the en-
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TABLE I
f EMG-activity in postural position as judged

according to a five-grade scale (0 = no activity, , = strong activity)

Mean and standard deviation o

10)

Non-forced

Large lateral deviation (n

Lateral forced bite (n= 19)

Normal occlusion
(n = 52)

bite side

Side of
forced bite

Non-forced
bite side

Side of
forced bite

SD

0.36
0.78
0.48

SD

SD
0.45
0.91
0.31

SD
0.58
0.82
0.40

SD

0.56

Muscle

0.21
1.38
0.34

0.22

0.40
1.35
0.17

0.41
1.09
0.42

5 compared with side of forced bite )
.05 compared with children with normal occlusion

0.511
1.38
0.44

Anterior temporal

0.61
0.33

0.801.1
0.37

0.92
0.58

Posterior temporal

Masseter
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tire group of children with forced bite.
In children with a large lateral devia-
tion (1 mm), however, the activity in
the posterior temporal muscle on the
nonforced bite side was significantly
lower than that on the side of forced
bite (0.01 <P < 0.05).

Compared with children with nor-
mal occlusion the entire group of chil-
dren with forced bite (19) showed a
significantly greater activity of the an-
terior temporal muscle on the side of
forced bite, while that in the posterior
temporal muscle on the nonforced bite
side in children with large lateral de-
viation was lower.

Muscle activity during chewing

The duration of the act of chewing
in children with a forced bite was, on
the average, 15.3 seconds (SD 6.0)
and the average number of chewing
cycles 21.1 (SD 6.6). Both the dura-
tion and the number of cycles agreed
well with the corresponding means in
the children with normal occlusion
(13.5 seconds and 21.7 cycles, n = 52).
No significant difference was found in
the average duration of the chewing
cycle between the two groups (M =
745 ms, SD 100 ms, respectively, M =
701 ms, SD 186 ms). Neither did chil-
dren with a large lateral deviation dif-
fer from the other children regarding
the duration and number of cycles.

The maximal mean voltage ampli-
tude of the chewing cycle is given in
Table II. In the entire group with a
forced bite the amplitude in the ante-
rior temporal muscle was smaller on
the nonforced bite side than on the
side of forced bite (0.01 < P < 0.05).
This applies also to the posterior tem-
poral muscle (0.001 < P < 0.01). In
children with a large lateral deviation
the difference in amplitude between
the side of forced bite and the non-
forced bite side was significant only
for the posterior temporal muscle
(0.001 <P <0.01).
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TABLE II
Mean end standard deviation (in ,V) of the mamimal mean voltage amplitude during chewing

Large lateral deviation (n = 10)

Lateral forced bite (n = 19)

(n = 52)

Normal occlusion

Non-forced
bite side

Side of
forced bite

Non-forced
bite side

Side of
forced bite

SD
7.9

SD

53.6

SD

51.9

SD
54.3
5

SD
61.7

Muscle

208.7
134.2

172.8

183.2
148.7

160.0L.t

184.4
136.4

Anterior temporal

42.3

51.6

99.811,1
66.2

57.6

5.1

98.11L,2
66.3

2
38.6

58
1 0.01 < P < 0.05 compared with side of forced bite

Posterior temporal

44.6

87.7

27.6

46.7

65.6

44.7

67.5

Masseter

11 0.001 < P < 0.01 compared with side of forced bite

1 0.01 < P < 0.05 compared with children with normal occlusion
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2 0,001 < P < 0.01 compared with children with normal occlusion

Compared with children with nor-
mal occlusion, the children with a
forced bite had a lower amplitude in
the anterior and posterior parts of the
temporal muscle on the nonforced bite
side, while no statistical difference was
found for the masseter muscle.

To find out whether the variation in
the maximal mean voltage amplitude
differed between the forced bite and
the nonforced bite sides, the standard
deviation was calculated for the am-
plitude of the chewing cycle in the in-
dividual children on either side. No
difference in standard deviation was
found in the anterior temporal muscle
and the masseter muscle. The ampli-
tude in the posterior temporal muscle,
however, varied less on the nonforced
side than on the side of forced bite
(0.001 < P < 0.01). On comparison
with the variation in children with nor-
mal occlusion a difference was found
only for the posterior temporal muscle.
The variation on the nonforced bite
side was smaller than in children with
normal occlusion (0.01 < P < 0.05).
During chewing, children with forced
bite were thus characterized by only
slight variation in the amplitude of the
posterior temporal muscle on the non-
forced side, probably because of the
low average activity level.

Neither in the entire group of chil-
dren with forced bite nor in children
with a large lateral deviation was any
difference found between the side of
forced bite and the nonforced side in
the average duration of the EMG-ac-
tivity during the closing phase of the
chewing cycle (Table IT11). The dura-
tion was largely the same in children
with a large lateral deviation as in the
entire group with a forced bite. The
variation of the duration of the EMG-
activity of the posterior temporal mus-
cle was larger on the nonforced side
than on the side of forced bite (0.01 <
P < 0.05) and also larger than in chil-
dren with normal occlusion (0.001 <
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TABLE III

Mean and standard deviation (in ms) of duration of EMG-activity during
the closing phase of the chewing cycle

Lateral forced bite (n = 19) Large lateral deviation (n = 10)
Side of Non-forced Side of Non-forced Normal occlusion
forced bite bite side forced bite bite side (n = 52)
Muscle M SD M SD M SD M SD M SD
Anterior temporal 409.81 99.4 422.03 78.4 435.8t1  119.6 430.62 72.8 354.4 73.2
Posterior temporal 427.42 88.0 446.21  126.6 434.41 80.8 487.01  147.6 371.7 71.4
Masseter 356.4 74.4 358.6 76.2 356.8 86.6 365.8 81.0 319.6 81.3

1 0.01 < P < 0.05 compared with children with normal occlusion
2 0.001 < P < 0.01 compared with children with normal occlusion
3 P < 0.001 compared with children with normal occlusion

TABLE IV
Mean and standard deviation (in V) of the mean voltage amplitude during maximal bite
Lateral forced bite (n = 19) Large lateral deviation (n = 10)
Side of Non-forced Side of Non-forced Normal occlusion
forced bite bite side forced bite bite side (n = 52)
Muscle M SD M SD M SD M SD M SD
Anterior temporal 213.02 1718 198.53 70.0 216.3 73.3  250.0 74.3 289.6 130.3
Posterior temporal 147.5 73.5 111.813 48,5 171.3 87.3 116.3L1  57.3 177.1 82.3
Masseter 88.82 54.6 68.83 43.3 78.81  6b.5 70.08 42.0 135.1 82.6

1 0.001 < P < 0.01 compared with side of forced bite

1 0.01 < P < 0.05 compared with children with normal occlusion
2 0.001 < P < 0.01 compared with children with normal occlusion
3 P < 0.001 compared with children with normal occlusion

TABLE V
Mean and standard deviation (in V) of the maximal mean voltage amplitude during swallowing
Lateral forced bite (n = 19) Large lateral deviation (n = 10)
Side of Non-forced Side of Non-foreced Normal occlusion

forced bite bite side forced bite bite side (n = 52)
Muscle M SD M SD M SD M SD M SD
Anterior temporal 85.4 67.8 65.41 57.2 69.0 65.6 51.01 46.4 108.6 114.7
Posterior temporal " 64.8 63.9 59.9 46.5 45.8 65.3 78.0 7.0 60.1
Masseter 24.01 228 31.5 29.6 16.52 17.6 28.5 35.4 42.4 51.6

1 0.01 < P < 0.05 compared with children with normal oceclusion
2 0.001 < P < 0.01 compared with children with normal occlusion
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P < 0.01). The EMG-activity in the
anterior and posterior temporal muscle
was of significantly longer duration in
children with a forced bite than in
children with normal occlusion.

In none of the muscles did the aver-
age time of the beginning of activity
in the closing phase of the chewing
cycle relative to that in the reference
muscle differ between the sides. Nor
was any significant difference found in
this respect between children with a
forced bite and with normal occlusion.
The variation in the time of the begin-
ning of activity in the anterior tem-
poral muscle was greater on the side of
the forced bite than on the nonforced
bite side (0.01 < P < 0.05) and also
greater than in children with normal
occlusion (0.001 <P < 0.03).

Muscle activity during maximal bite
In the forced bite group and the
children with a large lateral deviation
the amplitude in the posterior temporal
muscle during maximal bite was sig-
nificantly lower on the nonforced bite
side than on the side of forced bite
(0.001 < P < 0.01), while no differ-
ence with sides could be found in any
of the other muscles. In all the mus-
cles the amplitude during maximal
bite was lower in children with a forced
bite than in those with normal occlu-

sion (Table IV).

Muscle activity during swallowing

The maximal mean voltage ampli-
tude during swallowing is given in
Table V. No significant difference in
amplitude during swallowing was
found between the muscles on the side
of forced bite and the nonforced bite
side. In children with a forced bite the
amplitude during swallowing was, for
all muscles, lower than in children with
normal occlusion. But the difference
was significant only for the anterior
temporal muscle on the nonforced bite
side and for the masseter muscle on the
side of forced bite.

Forced Bite
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Both in the children with a forced
bite and in those with a normal occlu-
ston the amplitude was greatest during
maximal bite, somewhat lower during
chewing, and lowest during swallowing.

The duration of muscle activity dur-
ing swallowing is given in Table VI
Only for the anterior temporal muscle
in the entire group with a forced bite
was a significant difference found in
the duration of the activity during
swallowing between the forced bite and
the nonforced bite sides (0.01 < P <
0.05).

The duration in children with a
forced bite did not differ significantly
from that in children with normal oc-
clusion.

As during chewing, the time of the
beginning of activity during swallow-
ing was measured relative to that in
the reference muscle. In none of the
muscles was any difference in the time
of beginning of activity found between
the side of forced bite and the non-
forced bite side. Neither was any sig-
nificant difference found between chil-
dren with a forced bite and those with
normal occlusion.

Discussion

In all the functions examined the
muscle activity in the group with a
forced bite differed from that in chil-
dren with normal occlusion.

The functions studied (postural po-
sition, natural chewing, maximal bite,
and swallowing) have been previously
examined in children'® and in adults,*°
and have been found to be character-
ized by symmetric muscle activity.
Children with a forced bite often had
asymmetric muscle activity; the activ-
ity deviated also in degree and dura-
tion from that in children with normal
occlusion.

The lower activity in the posterior
temporal muscle on the nonforced bite
side compared with the side of forced
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TABLE VI
Mean and standard deviation (in ms) of duration of EMG-activity during swallowing

Large lateral deviation (n = 10)

Lateral forced bite (n = 19)

(n = 52)

Normal occlusion

Non-forced
bite side

Side of
forced bite

Non-forced
bite side

Side of
forced bite

SD

336.5

SD
218.4
310.2
525.8

SD
452.8
407.6

SD
334.4

SD
438.2
361.4

Muscle

394.1

238.0

507.0

383.0

578.21
522.0
360.0

Anterior temporal
Posterior temporal

Masseter

303.7

511.5
340.2

451.0

481.0

390.6
507.8

558.4
470.0

293.7

387.0 407.0

334.0

378.2

1 0.01 < P < 0.05 compared with non-forced bite side
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bite and the high activity in the ante-
rior temporal muscle on the side of
the forced bite (compared with that in
normal occlusion) can be explained by
the significance of the temporal muscle
as a postural muscle.”® The asymmetric
postural activity in the temporal mus-
cle is compatible with a postural posi-
tion in which the mandible is displaced
toward the side of forced bite. This is
probably to avoid cuspal interferences
during closure. The asymmetric pos-
tural activity in the posterior temporal
muscle was seen also in Troelstrup and
Mgiler’s** investigation of children with
unilateral crossbite.

During chewing, the muscle activity
was asymmetric both in the anterior
and posterior portions of the temporal
muscle. The maximal mean voltage
amplitude was greater on the side of
forced than on the nonforced bite side.
Since no difference was found in the
amplitude of the activity of the mas-
seter muscle, the asymmetric temporal
activity can hardly be interpreted as
evidence of unilateral chewing. Uni-
lateral chewing is characterized by a
substantial difference in masseter activ-
ity between the chewing and the non-
chewing sides. Natural chewing is bi-
lateral; the subject either shifts the
bolus from one side to the other'® or
chews simultaneously on both sides.
Children with a forced bite probably
chew bilaterally, for which reason the
greater activity of the temporal muscle
on the side of forced bite than on the
nonforced side may be regarded as an
adaptation to avoid cuspal interfer-
ences in the same way as the asymmet-
ric activity in the postural position.

In all the muscles examined, the am-
plitude during maximal bite was lower
in the children with a forced bite than
in those with normal occlusion. No ex-
planation can be offered for the bilat-
erally low amplitude in the muscles in
the group with a forced bite. The
lower amplitude in the posterior tem-
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poral muscle on the nonforced bite
side than on the forced bite side during
maximal bite is, however, compatible
with what was to be expected on biting
in a lateral position of the mandible.®*
Also Troelstrup and Mgller found that,
during biting, children with unilateral
crosshite had a smaller amplitude in
the posterior temporal muscle on the
normal side than on the crossbite side
and also lower amplitude than in in-
dividuals with normal occlusion.

The muscle activity during swallow-
ing appeared to be less affected by a
forced bite than the activity in the
other functions. A possible explanation
is that the occurrence of cuspal inter-
ference caused a higher frequency of
swallowing without tooth contact than
in persons with normal occlusion. The
lower amplitude of muscle activity
during swallowing in children with a
forced bite than in children with a
normal occlusion suggests that this is
the casec. Mgller'? found that swallow-
ing without tooth contact occurred
with a lower amplitude of activity in
the anterior temporal muscle and in
the masseter muscle than swallowing
with tooth contact.

The larger deviation from normal
muscle activity during chewing than
during swallowing in children with a
forced bite agreed with Ahlgren and
Posselt’s* finding while Ramfjord***?
found the swallowing pattern to be af-
fected more than the chewing pattern.
The difference may be due to the dif-
ferences in the ages of the individuals
examined because Ramfjord used
adults while Ahlgren and Posselt, like
us, studied children.

The degree of lateral deviation be-
tween retruded contact position and
intercuspal position does not seem to be
of essential significance for the effect
on the muscle function pattern because
the children with a large lateral devia-
tion did not differ substantially from
the entire group with a forced bite.

Forced Bite
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This is in agreement with what was
seen in adults.?

The asymmetries recorded in the
muscle activity can, like the difference
from children with normal occlusion,
be regarded as an adaptation to the
morphology of the bite. None of the
children examined had symptoms from
the temporomandibular joints or mus-
cles. Further investigations are neces-
sary to decide whether the asymmetries
in muscle functions observed can cause
symptoms with time. It would also be
of interest to find out whether treat-
ment of the malocclusion can normal-
ize muscle function.

SUMMARY

The activity of the temporal and
masseter muscles with the mandible in
postural position and during chewing,
maximal bite in the intercuspal posi-
tion, and swallowing were recorded
electromyographically in nineteen chil-
dren with laterally forced bite. Of the
children, aged 8-12 years, sixteen had
unilateral crossbite. In all of the indi-
viduals there was lateral deviation be-
tween the retruded contact position
and the intercuspal position. The mag-
nitude of the lateral deviation was
measured with a modified gnatho-
thesiometer. The muscle activity was
recorded bilaterally from the anterior
and posterior parts of the temporal
muscle and from the masseter muscle.

In the postural position asymmetric
activity was found in the temporal
muscle suggesting that the mandible in
postural position was still displaced to
the side of forced bite.

During chewing the activity was
asymmetric both in the anterior and
the posterior temporal portions. This
asymmetric muscle activity was inter-
preted as an adaptation to avoid cuspal
interferences.

Also in maximal bite the muscle ac-
tivity was asymmetric, while the activ-
ity during swallowing was affected less
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than in the other functions. The swal-
lowing activity was, however, less in
children with a forced bite than in
children with normal occlusion.

Department of Orthodontics
Faculty of Odontology
University of Gothenburg
$§-400 33 Gothenburg, Sweden
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