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has been paid to the problem of controlling

interferences with dentofacial growth caused
by abnormal lip and tongue function in the
mixed dentition period. Various appliances have
been presented for the treatment of this prob-
lem.’” The main purpose of these appliances,
called oral or vestibular screens, has been to
eliminate the oral dysfunction and to establish
muscular balance. Another purpose has been to
correct or diminish maxillary incisor protrusion.
Excessive dental protrusion is characteristic of
these cases, particularly in connection with
thumb- or lip-sucking and tongue-thrust.
Cheney*’ introduced a myofunctional appliance,
called an oral shield, that was designed to acti-
vate the lip and facial muscles to move the max-

I n the orthodontic literature, much attention

illary incisors into a more favorable position, and
to establish lip function that would counterbal-
ance the force of the tongue against the teeth.

The malrelationship of teeth is often the result
of variations in tissue growth and development
and the interplay of forces within the oral envi-
ronment. The goal of orthodontic treatment is to
produce a more ideal dental alignment and to
produce or maintain a stable balance of forces.
We have only a partial understanding of these
forces and how to modify them.

The activity of some circumoral and jaw-clos-
ing muscles in children with various types of
malocclusion and oral dysfunction has been
studied electromyographically by several au-
thors.1* Furthermore, in a study of oral screen
treatment in children with lip incompetence,’
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Abstract

The aim of the study was to examine the effect of an oral shield treatment on orofacial muscle activity and facial morphology
in children with lip and/or tongue dysfunction. The sample consisted of 7 girls and 2 boys, 7 to 12 years old. EMG recordings
with and without the shield in situ were obtained when the shield was placed, and 3, 6, and 12 months later. Lateral
cephalograms were obtained at the initial and 1-year stages. The lip muscles showed dominant activity when the subjects
were sucking on an empty straw and during swallowing; this was strongest during the first 3 months. The mentalis, buccinator,
and digastric muscles generally showed weaker activity. The anterior temporal muscie showed dominant activity during
maximal clench, but after the 3-month stage a significant decrease was noted. After 1 year of treatment, no significant changes
in overjet or overbite were observed. Most of the craniofacial growth changes were normal for the age group. The results
indicate that treatment with an oral shield caused a decrease in orofacial muscle activity during oral functions. Although there
was a slight average retraction of the maxillary incisors, the change in position was not statistically significant.
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Figure 1

Survey of the sample
and stages of elec-
tromyographic record-
ings.

Figure 2
Frontal view of the oral
shield in situ.
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Figure 1

Figure 2
the strength and EMG activity of the lips during
chewing and swallowing of test food was re-
corded.

The aim of the present 1-year longitudinal
study was to examine the effect of treatment with
a myofunctional appliance on orofacial muscle
activity and changes in craniofacial morphology
in a sample of children with oral dysfunction.

Materials and methods
Sample

The study sample consisted of 9 Caucasian chil-
dren (7 girls and 2 boys) with lip and/or tongue
dysfunction. These patients were to be treated
orthodontically with a myofunctional appliance.
The age range of the sample at the first stage of
observation was 7.5 to 12.3 years, with a mean
of 10.1 years (Figure 1).

The oral dysfunction was characterized by in-
creased lip activity in connection with maxillary
incisor protrusion and marked overjet. Increased
lip activity was seen also in patients with
openbite. Regarding the vertical relationship of
the incisors, four of the subjects had a negative
overlap, i.e., an openbite ranging from -2 mm to
-3.9 mm, and five subjects had a positive over-
bite ranging from 0.3 mm to 4.9 mm. Three of
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the subjects with openbite showed incompetent
lip seal. Increased tongue activity or tongue
thrust was seen in some of the 9 subjects.

The recording of lip and tongue dysfunction
was made clinically and by inspection of lateral
cephalograms taken in centric occlusion and in
postural position of the mandible. In selecting the
sample, no consideration was given to the type
of molar occlusion. All subjects were in the
mixed dentition stage of development. Four sub-
jects had Class I malocclusion and five had mild
(2 to 3 mm) Class II malocclusion. There were
no apparent signs or symptoms of temporoman-
dibular joint dysfunction in the study sample.
Stages of observation

Electromyographic (EMG) recordings were
made at four stages: at the initial stage of shield
placement, 3 months after placement, 6 months
after placement, and 1 year after placement.

At each session, two EMG recordings were
made, one without the shield in place and an-
other with the shield in situ. The electrodes were
not moved between recordings. A survey of the
sample and the stages of electromyographic re-
cordings without and with the shield in situ is
given in Figure 1. EMG recordings are missing
for one subject at stage 1 and for one subject at
stage 4 due to EMG technical problems and for
two subjects at stage 3 because of illness. This
explains the reduced data available for comput-
ing differences in muscle activity between stages
of observation.

Fabrication of the myofunctional appliance

The myofunctional appliance, here referred to
as the oral shield, was fabricated according to
Cheney.? The appliance was made of 1/8-inch
Plexiglas, cut and finished to fit the oral vesti-
bulum outside the dentition (Figure 2). Relief
was made for the muscle and frenulum attach-
ments. The anterior portion was adapted tightly
to the work model, but the posterior segments
were positioned 3 mm away from the gingival
mucosa. Maximal vertical height was used to
prevent vertical shifting of the appliance, but it
was trimmed so that it did not impinge upon the
alveolar mucosa or mucobuccal folds. The oral
shield was activated by having the patient close
his or her lips tightly over the appliance. The
patient was instructed to wear the appliance ev-
ery night during sleeping and was told that it
would take about 3 weeks to fully accommodate
to the oral shield.

Method of electromyographic (EMG)
recordings

The muscles studied electromyographically
were the right anterior temporal (RAT), right
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upper orbicularis oris (RUO), right lower orbicu-
laris oris (RLO), right buccinator (buccal wall,
RBu), right mentalis (RMe), and anterior digas-
tric (suprahyoid muscle group, DIG). Bipolar sil-
ver disk surface electrodes, 9 mm in diameter,
were taped in the main direction of the muscle
fibers as ascertained by palpation of the muscles.
The electrodes were placed on the right anterior
temporal, right buccinator, and anterior digas-
tric, as shown in Figure 3. The electrodes on the
buccinator muscle (buccal wall) were placed on
a line joining the tragus of the ear and the com-
missure of the lips, halfway between the ante-
rior border of the masseter muscle and the lip
commissure. Placement of the electrodes on the
right side upper and lower lips and on the right
m. mentalis is shown in Figure 4. The position
of the electrodes at the first session was marked
on each patient’s chart, and the chart was used
as a guide at each subsequent recording session.

The equipment used for the EMG recordings
was a Grass polygraph and amplifier (Models 78
and 7P511, respectively, Grass Inc, Quincy,
Mass). The amplified signals were recorded si-
multaneously on paper and analog FM magnetic
tape (Model 3955, Hewlett Packard, Palo Alto,
Calif). Each direct EMG trace was converted to
a mean voltage trace by an electronic averaging
circuit connected to the polygraph.

Electromyographic recordings were made of
maximal clench in centric occlusion (four
clenches), swallowing of saliva (two swallows),
and sucking on an empty straw (six suckings).
The swallowing recordings were made when the
patient indicated that a sufficient amount of sa-
liva had accumulated. To produce the sucking
recordings, the patient was instructed to suck on
a plastic straw, keeping it in front of the teeth
and shield with one finger closing the open end
of the straw. During the recording procedure, the
patient was seated in a dental chair in an upright,
relaxed position with the head unsupported and
in its natural balance. The speed used for the re-
cordings was 25 mm/sec. Calibration tests and
baseline recordings were performed at the begin-
ning and end of each recording.
Computer analyses of electromyograms

The quantitative assessments of the amplitudes
of muscle activity during different oral functions
and of the duration of swallowing were made
according to Mpller,"” as described by Tallgren
et al.’®’® The peak levels of the amplitudes in re-
lation to the baseline were marked directly on
the mean voltage traces. In the swallowing re-
cordings, the onset and cessation of the muscle
activity were determined from the direct elec-
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tromyograms and marked on the mean voltage
traces (Figure 5). The onset of activity in the right
anterior temporal muscle (RAT) was assessed as
time zero. The x- and y-coordinates of the refer-
ence points were recorded with a
Summagraphics Supergrid digitizer (Summa-
graphics Corp, Fairfield, Conn) and a check of
the recordings was performed by comparison of
the calculated values of the recorded points
against the measured values from the mean volt-
age traces.

The values of the EMG variables were calcu-
lated from the x- and y-coordinates of the refer-
ence points using the program EXTRACT
(Center for Human Growth and Development,
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Figure 3

Placement of bipolar
surface electrodes on
the anterior temporal,
buccinator, and ante-
rior digastric muscles.

Figure 4

Placement of bipolar
surface electrodes on
the right side upper
and lower lips and on
the right mentalis
muscle (modified from
Tallgren and Tryde*®).

Figure 5
Measurements of elec-
tromyographic record-
ings of swallowing
saliva. Onset and ces-
sation of the muscle
activity were deter-
mined from the direct
electromyographic
traces and marked on
the mean voltage
traces. The onset of
activity in RAT was
assessed as time zero.
Measurements of the
peak mean voltage am-
plitudes in relation to
the base line are indi-
cated (from Taligren
and Tryde'®).

251



Tallgren; Christiansen; Ash; Miller

Figure 6

Figure 6

Skeletal reference
points and lines on the
profile cephalometric
films.

Figure 7

Soft tissue reference
points and skeletal ref-
erence lines on the pro-
file cephalometric
films.
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Figure 7

University of Michigan, Ann Arbor; Michigan
Terminal System). Clenching activity was as-
sessed as the average of three clenches, sucking
activity as the average of three suckings, and
swallowing activity as the average of two con-
secutive swallows.

Roentgencephalometric method

Standardized lateral cephalometric headfilms (8
x 10 inches) were obtained for each subject with
the teeth in centric occlusion and the lips relaxed.
A Wehmer cephalostat with an enlargement fac-
tor of 12.26% was used for the study. Two
headfilms were taken at the stage of shield place-
ment (stage 1) and two headfilms after 1 year of
treatment (stage 4). At both stages, one headfilm
was taken without the shield and one with the
shield in situ. In order to check the position of
the tongue and lips, lateral cephalograms were
also taken with the mandible in the postural po-
sition.

The reference points and lines for measure-
ments of the skeletal facial morphology and the
soft-tissue profile were according to Tallgren et
al.”? The reference points are illustrated in Fig-
ures 6 and 7. The measuring points were marked
on individual tracings of the craniofacial struc-
tures from each headfilm. The tracings were
made by one person and checked by superim-
position of basal skeletal structures. The x- and
y-coordinates of the reference points were re-
corded by a Summagraphics ID digitizer
(Summagraphics Corp, Fairfield, Conn), and a
check of the recorded points was performed us-
ing full-size plots of the points, produced by the
computer program ACQUIRE PLOT (Center for
Human Growth and Development, The Univer-
sity of Michigan, Ann Arbor, Mich; Michigan
Terminal System).
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The values of the variables were calculated
from the x- and y-coordinates of the reference
points using the program EXTRACT. No correc-
tions were made for the roentgenographic en-
largement.

The skeletal craniofacial variables are shown in
Table 1 and Figure 6. The soft tissue variables
(Figure 7), e.g., vertical position of the nose, up-
per and lower lips, and soft tissue chin, were ex-
pressed as the perpendicular distance from the
respective reference points to the palatal plane,
PP; the horizontal position was expressed as the
distance from the reference points to the palatal
plane perpendicular, PPP.

Statistical analysis of the electromyographic
and cephalometric data was performed using the
Michigan Interactive Data Analysis System
(MIDAS).® A paired t-test was used to test the
significance of the mean differences of the cepha-
lometric variables between the observation
stages. To test the mean differences of the elec-
tromyographic variables, a paired ¢-test and the
nonparametric Wilcoxon test were used.”!

Results
Facial morphology

The skeletal craniofacial morphology of the
sample at the initial stage of observation (stage
1) is described statistically in Table 1. The cran-
iofacial morphology and soft-tissue profile at
stage 1, before and after placement of the shield,
are illustrated by the mean facial diagram, Fig-
ure 8. Analysis of mean changes in the soft tis-
sue profile at stage 1 (Table 2) showed that the
upper and lower lips were situated significantly
more forward with the oral shield in place (mean
change about 4 mm). A slight forward placement
of the mandible with the shield in situ was also
noticed (Figure 8), but this change was not sig-
nificant.

The mean changes in skeletal facial morphol-
ogy between the pretreatment stage (stage 1) and
the 1-year stage without the oral shield (stage 4)
are given in Table 3 and illustrated in Figure 9.
Total anterior face height (N-Me) showed a mean
increase of 3.1 mm, with a somewhat greater in-
crease in upper facial height (N-Ans) than lower
(Ans-Me). Posterior facial height (S-Tgo) showed
a mean increase of about the same amount as an-
terior height. The length of the mandible (Gn-Co)
increased by a mean of about 4 mm, and the an-
terior cranial base (S5-N) lengthened by 1.2 mm.
The majority of these changes were significant
at the 1% level (Table 3). Palatal plane (Ans-Pns)
showed a nonsignificant increase of 0.7 mm.

The inclinations of the maxilla (SN/PP) and of



the mandible (SN/MP and PP/MP) showed no
significant changes, which apparently was re-
lated to the same amount of increase in anterior
and posterior face heights. Moreover, the sagit-
tal jaw relationships (A-N-B, S-N-Pg) showed no
significant changes.

Regarding occlusal changes (Table 3), the up-
per and lower incisal points showed significant
vertical increases of about 1 mm from the jaw
bases (Is to PP and li to MP), and the upper mo-
lar point (Dms) a significant increase of 1.6 mm
from PP. The upper incisor point showed a mean
retrusion of -0.76 mm (Is to PPP), but the differ-
ence was not statistically significant (range -2.12
mm to 0.92 mm). Overjet (Is-Io} showed a non-
significant change of 0.07 mm (range -3.5 mm to
2.7 mm). Overbite (li-Io) showed a nonsignificant
increase of 0.6 mm.

The soft tissue changes in facial profile closely
followed the skeletal changes (Figure 9).
Electromyographic findings
Maximal clench

The mean values and standard errors of the
means (SEM) for the peak mean voltages of the
muscles during maximal clench without and
with the shield in situ are given in Figure 10.

The anterior temporal muscle showed domi-
nant clenching activity. At the initial and the 3-
month stages, the mean voltages of the temporal
activity without and with the shield in situ were
around 140 pV. Thereafter, a mean decrease in
temporal activity was observed at the 6-month
stage, the total decrease from stage 1 in clench-
ing with the shield (-44.7 uV) being significant
at the 5% level. After 1 year of treatment, tem-
poral clench activity without the shield showed
a total mean decrease of 47 uV, but the differ-
ence was not significant. The differences in tem-
poral clenching activity without and with the
shield in situ, which were very small up to the
6-month stage, showed a mean increase at the 1-
year stage (Figure 10). However, this difference
was not statistically significant. Furthermore, a
comparison of the differences in temporal activ-
ity without and with the shield in situ between
stages 1 and 4 did not prove to be significant ei-
ther.

The facial muscles and m. digastricus generally
showed low clenching activity both without and
with the shield in situ and generally did not dis-
play any significant changes during the obser-
vation period. However, lower lip activity (RLO)
without the shield in situ showed a tendency to
decrease during the observation period, the
mean difference between stages 1 and 2 (x =-27.8
LV) being significant at the 5% level.

Myofunctional appliance and orofacial muscle activity

Table 1
Statistical description of craniofacial morphology in the sample at
Stage 1, before treatment with an oral shield. Values are given in
degrees and mm. N=9.
Mean SD Min Max
Angular variables
N-S-Ba 134.23 4.78 127.02 141.04
SN/PP 8.25 2.92 4.08 12.76
SN/MP 35.09 4.87 29.48 44.77
PP/MP 26.85 3.49 24.81 35.08
S-N-Pg 76.28 3.1 71.78 81.27
A-N-B 4.71 2.94 -0.04 8.22
RP/MP 130.83 4.80 123.17 139.69
OPs/PP 10.71 2.59 7.37 14.78
Linear variables

N-Ans 52.45 3.67 47.53 58.01
N-Me 114.04 5.82 105.03 121.25
Ans-Me 64.33 3.16 59.92 69.32
S-N 72.90 4.46 61.90 76.38
Ans-Pns 53.60 3.43 47.22 58.18
S-Tgo 70.50 5.90 59.06 80.37
Gn-Co 108.61 7.14 93.64 118.87
Overijet (Is-lo) 5.43 212 3.32 10.54
Overbite (li-lo) -0.12 2.96 -3.87 4.94

Sucking on a straw

The peak mean voltages of the facial and digas-
tric muscles during sucking are shown in Figure
11. The upper and lower lips displayed domi-
nant activity, and no significant differences in
mean voltages were noted between sucking
without the shield and with it. At the initial and
3-month stages, the mean voltages of the upper
lip ranged from 95 to 129 WV, and the values for
the lower lip ranged from 136 to 151 pV. At the
6-month and 1-year stages, sucking activity of
the lip muscles showed significant mean de-
creases both without and with the shield in situ
(Table 4).

The other muscles showed markedly less suck-
ing activity than the lip muscles, with the bucci-
nator muscle being, for the most part, the least
active (Figure 11). No significant changes in
mean voltages of these muscles were observed
during the observation period, and there were
no significant differences in sucking activity,
without and with the shield in situ. The anterior
temporal muscle showed minimal activity dur-
ing sucking.

Swallowing saliva

The peak mean voltages of the muscles inves-

tigated during swallowing of saliva are shown
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Mean changes in soft-tissue profile (mm) at the initial stage (1) after
placement of the oral shield (Figures 7 and 8). N=9.

Table 2

"p<0.05
" p=0.01

Mean diff. SD
Nose and upper lip
Horizontal changes in relation to PPP
Subnasale (Sn) 2.46" 1.54
Soft-tissue A-point (AS) 3.89" 2.70
Superior point on upper lip (Sls) 3.92" 2.54
Labrale superius (Ls) 3.24" 2,90
Stomion (Sto) 3.47" 3.29
Lower lip and chin
Horizontal changes in relation to PPP
Labrale inferius (Li) 4.30° 4.47
Inferior point on lower lip (11i) 3.92" 2.74
Sofi-tissue B-point (BS) 0.88 2.61
Soft-tissue pogonion (Pg®) -0.17 2.54
Distances from lips to incisors
parallel to PP (Is) and to MP (li)
Labrale superius (Ls) to Is 2.96" 3.03
Labrale inferius (Li) to li 3.53" 2.76

Figure 8

Mean facial diagrams
(N=9)illustrating differ-
ences in soft tissue
profile and mandibular
position at stage 1,
without and with the
oral shield in situ.
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in Figure 12. At the initial and the 3-month
stages, lip activity in swallowing without the
shield in situ was, on average, stronger than with
the shield, with the mean difference of 36.5 uv
for the upper lip (RUO) at stage 1, significant at
the 5% level. The mean voltages at stages 1 and
2 for swallowing without the shield were around
50 uV for RUO and 59 to 74 pnV for RLO. There-
after, lip activity in swallowing without the
shield showed noticeable mean decreases, but
the differences did not reach the level of signifi-
cance. At stages 3 and 4, no significant differ-
ences in lip activity without and with the shield
in situ were noted.

The mean durations of lip muscle activity in
swallowing at the initial stage before shield
placement were 2991 msec for RUO and 3078
msec for RLO. The mean durations of the swal-
lows with the shield in situ were somewhat
longer, although no significant differences in du-
ration were noted. Moreover, no significant
changes in duration of the swallowing activity
of the lips were observed during the year of treat-
ment.

Of the other muscles investigated, the menta-
lis and digastric muscles showed fairly marked
swallowing activity by amplitude, while the buc-
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STAGE 1
without shield —
with shield

Figure 8

cinator muscle was less active (Figure 12). The
anterior temporal muscle showed very low swal-
lowing activity. The mean voltages of these
muscles in swallowing without and with the
shield in situ showed no significant differences,
and no significant changes in mean voltages
were noted during the observation period. The
mean durations of activity for these muscles in
swallowing without and with the shield in situ
were close to those noted for the lip muscles, and
generally no significant changes were observed
during the year of treatment.

Discussion

The present longitudinal study of a sample of
nine children with oral dysfunction was de-
signed to gain some information on the effect of
treatment with a myofunctional appliance on
orofacial muscle activity and the possible effect
of the treatment on facial morphology. The size
of the sample may seem small. However, a lon-
gitudinal analysis is statistically much more sen-
sitive than an analysis of changes based on a
cross-sectional sample.

The reliability of the skeletal craniofacial mea-
surements from lateral cephalometric films has
been evaluated in previous studies,”* and the
reliability of various soft-tissue points has also
been described.** The method errors for linear
and angular skeletal and soft-tissue facial vari-
ables have been found to be small in relationship
to the intersubject variation.

A comparison of the pretreatment craniofacial
morphology in the present subjects with Ameri-
can cephalometric standards of Caucasian girls
and boys in the same age range®? showed that
the angular and linear morphologic variables
were within the normal range of variation.

Analysis of growth changes in the facial skel-
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Stage 1 without shield ——
Stage 4 without shield -+«

Figure 9

eton after 1 year of treatment showed that for
most of the craniofacial variables, the changes
were within the normal range of variation.®?
Only the increases in upper, lower, and total an-
terior face heights and in the length of the man-
dibular base showed some larger values.
Whether these departures from normal growth
variations had any relationship to the oral shield
treatment can not be determined by the present
study.

As might be expected, the soft tissue facial con-
tours upon placement of the oral shield in the
mouth showed a marked forward placement of
the upper and lower lips, the mean changes in
both lip contours being close to 4 mm.

The effect of the shield treatment on orofacial
muscle activity was studied from electromyo-
graphic recordings of three different oral func-
tions: maximal clench, sucking on an empty
straw, and swallowing saliva. The reliability of
the electromyographic measurements of eleva-
tor and facial muscle activity during oral func-
tions have been evaluated in previous studies.”
The error variances for the EMG variables gen-
erally constituted only a small part of the total
biologic variances.

The recordings of maximal clench in the present
sample showed dominant activity by amplitude
of the anterior temporal muscle both without and
with the shield in situ. The facial muscles
showed only low activity. This is in accordance
with observations in other studies of children
with various oral dysfunctions'®®® and indicates
that the lip and facial muscles generally are not
much activated during maximal clench.

The marked anterior temporal activity during
maximal clench, which averaged 140 uV during
the initial and 3-month stages, showed a signifi-

Table 3
Mean changes in craniofacial morphology between the pretreat-
ment situation (Stage 1) and after 1 year of treatment (Stage 4).
Values are given in degrees and mm. N=9.
Mean diff. SD Min Max
Angular variables
SN/PP 0.42 1.34 -1.07 2.65
SN/MP -0.93 1.33 -2.63 0.93
PP/MP -1.35 1.89 -4.60 1.52
S-N-Pg 0.43 0.79 -0.58 1.78
A-N-B 0.06 0.54 -0.50 1.12
OLS/PP -0.68 2.27 -5.18 1.95
Linear variables
N-Ans 1.67" 1.27 -0.24 3.79
N-Me 3.09" 1.85 0.05 5.66
Ans-Me 1.41" 1.57 -0.32 3.57
S-N 1177 0.75 0.29 2.79
Ans-Pns 0.68 1.27 -0.51 3.76
S-Tgo 3.44" 1.24 1.59 6.09
Gn-Co 3.94™ 2.03 0.92 6.58
Is to PP 1.13° 1.27 -1.08 2.94
li to MP 0.90™ 0.60 0.1 1.65
Dms to PP 1.617 0.94 -0.59 2.96
Is to PPP -0.76 1.10 -2.12 0.92
Is-lo (overjet) 0.07 1.90 -3.54 2.71
li-lo (overbite) 0.62 1.11 -1.05 1.94
"p<0.05
" p>0.01
cant decrease after 6 months use of the shield. Figure9

Whether the decrease in temporal activity was
influenced by the shield treatment or possibly
associated with occlusal changes in the mixed
dentition cannot be determined by the present
data.

In sucking on an empty straw, the upper and
lower lip muscles showed dominant activity,
particularly marked at the initial and 3-month
stages. No significant differences in sucking ac-
tivity without and with the shield in situ were
noted. During the continued treatment, signifi-
cant decreases in sucking activity of the lips were
observed at the 6-month and 1-year stages. This
finding indicated a decrease of the marked ini-
tial lip activity and may suggest a favorable ef-
fect of the shield treatment.

The mentalis muscle showed markedly less
sucking activity than the lip muscles both with-
out and with the shield in situ, and the activity
of the buccinator muscle was surprisingly low.
A relatively low buccinator activity has been ob-
served also in studies of thumb- and finger-suck-
ing children.'®*

In the recordings of swallowing saliva, the fa-
cial muscles, particularly the lip muscles,
showed marked activity by amplitude, while the
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Mean facial diagrams
(N=9) showing changes
in skeletal and soft tis-
sue profiles without
shield between the ini-
tial observation (stage
1) and after 1 year of
treatment (stage 4). Fig-
ures 8 and 9 superim-
posed on nasion-sella
planes with sella points
coinciding.
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Figure 10

Maximal clench with-
out and with the shield
in situ. Mean values
and SEM for peak mean
voltages (uV) of the
right anterior temporal
(RAT), right upper lip
(RUO), right buccina-
tor (RBu), right menta-
lis (RMe) and anterior
digastric (DIG) at the
different observation
stages.

Figure 11

Sucking on a straw
without and with the
shield in situ. Mean
values and SEM for
peak mean voltages
(uV) of the right upper
lip (RUO), right lower
lip (RLO), right bucci-
nator (RBu), right men-
talis (RMe) and ante-
rior digastric muscles
(DIG) at the different
observation stages.
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Figure 11

anterior temporal muscle displayed only weak
activity. This may imply that the visceral or
tooth-apart type of swallowing was dominant in
the sample studied. However, since masseter
muscle activity was not recorded, this suggestion
cannot be substantiated.

An interesting observation was that during the
first 3 months of treatment, lip activity in swal-
lowing without the shield was significantly
stronger than with the shield. The average peak
mean voltages in swallowing without shield
were around 50 pV for the upper lip (RUO) and
59-74 uV for the lower lip (RLO). A comparison
with studies of children® and young adults"
with normal occlusion indicates that in the
present subjects with oral dysfunction, swallow-
ing activity of the upper lip was, on average,
stronger than in the above-mentioned normal
samples, while the lower lip activity was of the
same order of magnitude. The strong activity of
the upper lip in the present subjects was most
likely related to increased overjet and
proclination of the upper incisors due to the oral
dysfunction.

At the 6-month and 1-year stages, swallowing
activity of the upper and lower lips without the
shield in situ displayed noticeable decreases in
mean voltages but, due to great individual varia-
tions, the differences were not statistically sig-
nificant. A decrease in lip activity after 6 months
of treatment, which was found significant for the
sucking activity, suggests that treatment with the
oral shield had reduced the marked initial activ-
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ity of the lip muscles, at least to some degree.

In swallowing with the shield in situ, activity
of the upper and lower lips showed mean de-
creases and increases, respectively, between ob-
servation stages, but the changes were not
statistically significant. This may explain the
finding that the upper incisors did not display
any significant change in lingual direction after
the year of shield treatment and overjet did not
decrease. Six subjects showed slight retraction of
the upper incisors, whereas two subjects showed
further protrusion, and one subject had no
change. A study of oral screen treatment in chil-
dren with incompetent lips™® likewise did not
show any significant changes in EMG activity of
the lips in recordings of chewing and swallow-
ing of test food. On the other hand, a significant
retroclination of the proclined maxillary incisors
and a decrease in overjet was observed. Perhaps
this finding was associated with an increase in
measurements of lip strength. The increase in lip
strength probably was the result of special lip
training exercises with the oral screen.

Except for the lip muscles, the mentalis muscle
was found to be more active than the other fa-
cial muscles. This observation was most likely
related to a synergistic activity with the lower
lip in sealing the swallow.”® Very high activity
of the mentalis muscle during swallowing has
been observed in a study of children with incom-
petent lip seal.!

In the present sample, the buccinator muscle
displayed low activity during swallowing, which
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Table 4
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Figure 12
was observed also in the sucking recordings. This Author Address Figure 12

would indicate that the buccinator muscle did
not have any marked effect in treatment of oral
dysfunction with an oral shield. Similar findings
of relatively low buccinator activity in swallow-
ing and sucking have been reported in various
studies of children with malocclusion and oral
dysfunction.'®*® On the other hand, studies of
adult subjects with normal occlusion®* have re-
ported marked buccinator activity during vari-
ous functions, such as mastication, swallowing,
smiling, blowing, and sucking on a straw.

Conclusions

The findings from the present electromyo-
graphic and cephalometric follow-up study of a
sample of children with lip and tongue dysfunc-
tion, such as increased lip activity and tongue-
thrust, indicated that treatment with an oral
shield caused a decrease of orofacial muscle ac-
tivity during oral functions. Although there was
a slight average retraction of the maxillary inci-
sors, the difference in position was not statisti-
cally significant.

Acknowledgments

Special recognition is given to Edward A.
Cheney, DDS, MS, professor emeritus, for his
early work in the initiation of this study. Dr.
Cheney developed the oral shield and he is
widely identified for his many years of orthodon-
tic education at the University of Michigan.

Dr. Richard L. Christiansen

Department of Orthodontics and Pediatric Den-
tistry

School of Dentistry

University of Michigan

Ann Arbor, Michigan 48109-1078

Phone: 313 936-3621

A. Tallgren, visiting scholar, Department of Pros-
thodontics and Department of Orthodontics and Pe-
diatric Dentistry, The University of Michigan, School
of Dentistry, Ann Arbor, Michigan.

R.L. Christiansen, professor, Department of Orth-
odontics and Pediatric Dentistry, The University of
Michigan, School of Dentistry, Ann Arbor, Michi-
gan.

M.M. Ash Jr, Marcus L. Ward Professor and re-
search scientist emeritus, The University of Michi-
gan, School of Dentistry, Ann Arbor, Michigan.

R.L. Miller, senior program analyst (retired), De-
partment of Orthodontics and Pediatric Dentistry,
School of Dentistry, and Center for Human Growth
and Development, The University of Michigan, Ann
Arbor, Michigan.

The Angle Orthodontist

Vol. 68 No. 3 1998

Swallowing saliva
without and with the
shield in situ. Mean
values and SEM for
peak mean voltages
(1V) of the right ante-
rior temporal (RAT),
right upper lip (RUO),
right lower lip (RLO),
right buccinator (RBu),
right mentalis (RMe)
and anterior digastric
muscles (DIG) at the
different observation
stages.

257



Tallgren; Christiansen; Ash; Miller

258

10.

11.

12

13.

14.

15.

16.

17.

The Angle Orthodontist

References

Walpole Day A], Trotter PA, Norris N. A modi-
fied oral screen made of latex. Brit Dent J 1949; 87:
143-147.

Kurer J. Improved oral screen. Int Dent J 1952; 3:
225-226.

Taylor AT. The use of oral screens with fixed ap-
pliances. Int Dent ] 1952; 3: 232-234.

Massler M. The oral screen. ] Dent Child 1952: 19:
100-106.

Kraus F. Vestibular and oral screens. Trans Eur
Orthod Soc 1956; 32: 217-224.

Toepfer AK, Massler M, Brown WAB. Effective-
ness of the oral screen in the treatment of upper
incisor protrusions. Am J Orthod 1959; 45: 759-767.
Townend BR. The mouth screen. Brit Dent J 1960;
108: 20-22.

Cheney EA. Factors in the early treatment and in-
terception of malocclusion. Am J Orthod 1958; 44:
807-826.

Cheney EA. Treatment planning and therapy in
the mixed dentition. Am J Orthod 1963; 49: 568-
580.

Baril C, Moyers RE. An electromyographic analy-
sis of the temporalis muscles and certain facial
muscles in thumb- and fingersucking patients. J
Dent Res 1960; 39: 536-553.

Gustafsson M, Ahlgren J. Mentalis and orbicularis
oris activity in children with incompetent lips.
Acta Odont Scand 1975; 33: 355-363.

Simpson MMF. An electromyographic investiga-
tion of the perioral musculature in Class II, Divi-
sion 1 malocclusion. Brit ] Orthod 1977; 4: 7-22.
Tallgren A, Melsen B, Hansen MA. An electromyo-
graphic and roentgen cephalometric study of oc-
clusal morphofunctional disharmony in children.
Am ] Orthod 1979; 76: 394-409.

Stavridi R, Ahlgren J. Muscle response to the oral-
screen activator. An EMG study of the masseter,
buccinator, and mentalis muscles. Eur ] Orthod
1992; 14: 339-349.

Owman-Moll P, Ingervall B. Effect of oral screen
treatment on dentition, lip morphology, and func-
tion in children with incompetent lips. Am ]
Orthod 1984; 85: 37-46.

Tallgren A, Tryde G. Swallowing activity of lip
muscles in patients with a complete upper and a
partial lower denture. ] Oral Rehabil 1992; 19: 329-
341.

Magller E. The chewing apparatus. An electromyo-
graphic study of the action of the muscles of mas-

Vol. 68 No.3 1998

18.

19.

20.

21.

22.

23

24

25.

26.

27.

28.

29.

30.

31.

tication and its correlation to facial morphology
(academic dissertation). Acta Phys Scand 1966; 69:
Suppl. 280; 1-229.

Tallgren A, Lang BR, Holden S, Miller RL. Longi-
tudinal electromyographic study of swallowing
patterns in complete denture wearers. Int |
Prosthodont 1995; 8: 467-478.

Tallgren A, Lang BR, Miller RL. Longitudinal
study of soft-tissue profile changes in patients re-
ceiving immediate complete dentures. Int J
Prosthodont 1991; 4: 9-16.

Fox DJ, Guire KE. Documentation for MIDAS. 3rd
ed. Ann Arbor: Statistical Research Laboratory,
University of Michigan, 1976.

Siegel S. Nonparametric statistics for the behav-
ioral sciences. Tokyo: McGraw-Hill, 1956: 75.
Tallgren A. The effect of denture wearing on fa-
cial morphology. Acta Odont Scand 1967; 25: 563~
592.

Solow B, Tallgren A. Head posture and craniofa-
cial morphology. Am J Phys Anthrop 1976; 44: 417-
435,

Sarnis K-V, Solow B. Early adult changes in the
skeletal and soft-tissue profile. Eur ] Orthod 1980;
2:1-12.

Riolo ML, Moyers RE, McNamara JA Jr, Hunter
WS. An atlas of craniofacial growth. Monograph
2, Craniofacial Growth Series. Ann Arbor: Center
for Human Growth and Development, University
of Michigan, 1974.

Broadbent BH Sr, Broadbent BH Jr, Golden WH.
Bolton standards of dentofacial developmental
growth. St Louis: Mosby, 1975.

Tallgren A, Tryde G. Chewing and swallowing
activity of masticatory muscles in patients with a
complete upper and a partial lower denture. ] Oral
Rehabil 1991; 18: 285-299.

Ahlgren J. EMG studies of lip and cheek activity
in sucking habits. Swed Dent ] 1995; 19: 95-101.
Ingervall B. Activity of temporal and lip muscles
during swallowing and chewing. J Oral Rehabil
1978; 5: 329-337.

Perkins RE, Blanton PL, Biggs NL. Electromyo-
graphic analysis of the “Buccinator mechanism”
in human beings. ] Dent Res 1977; 56: 783-794.
Ahlgren J, Henrikson T, Sonesson B. EMG studies
of the buccinator mechanism. Carlson DS, Ed.
Craniofacial Growth Series. Ann Arbor: Center for
Human Growth & Development, University of
Michigan, 1990; 171-185.

$S800R 98l] BIA $1-G0-GZ0Z 18 /w0 Aiojoeignd-poid-swid-yiewssiem-jpd-swiid,/:sdiy wouy pepeojumoq



