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simple lip exercise on incompetent
lips. Upper and lower lip length were
increased, and the interlabial gap re-
duced.

Incompetent lips may be defined as
the inability to close the lips without
strain. There is no normal lip seal.
Incompetent lips may lead to protru-
sion of the teeth by reducing the re-
straining pressure acting on the teeth
from the outside. Posen (1972, 1976)
found lower than normal lip strength
in individuals with bimaxillary pro-
trusion.

Although some researchers have
questioned the importance of muscle
forces due to functions such as swal-
lowing and speech, the potential im-
portance of forces from the resting
lips and cheeks and from the tongue
cannot be denied (Proffit 1978).

Quite apart from the possible influ-
ence of lip incompetence on the den-
tition, a short upper lip may also be
disfiguring. It would therefore be de-
sirable to increase the strength and
size of incompetent lips. To achieve
these goals various lip training exer-
cises have been proposed in the past
(Rogers 1918, 1936) and more recently
(Cooke 1977 and Frinkel 1980).

Controlled studies of the effect of
lip training are still sparse. One has
been presented by Barber and Bonus
(1975), who found that it was possible
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to increase the strength of the lips of
children with primarily incompetent
lips and tongue thrust by exercise.
They found no change in dental rela-
tionships in spite of the increased lip
strength, but it must be noted that the
tongue thrust was still present. To
judge the value of lip training exer-
cises, several questions must be con-
sidered. These include the effect of lip
training on the position of the teeth,
the morphology of the lips, and the
natural function of the lips.

This study was undertaken to elu-
cidate these questions. The possible
influence of lip training on the mor-
phology of the dentition and the lips
was evaluated with direct and ceph-
alometric measurements. The effect
on function was studied by electro-
myography of the lips in resting pos-
ture and during chewing and swal-
lowing.

SUBJECTS AND METHODS

Twenty-five children were included
in the study, 15 in the lip training
group and 10 in a control group. The
age distribution in the two groups is
shown in Table 1.

Most of the children were in dental
stage DS2 according to the classifica-
tion proposed by Bjork, Krebs and
Solow (1964), with permanent incisors
fully erupted. The criteria for selec-
tion of the children were: 1) the clini-
cal impression of incompetent lips
due to a short upper lip, and 2) den-
tal stage DS1, 2 or 3.

TABLE 1

Age and dental stage of the children in the
lip training and control groups.

Number in

Age (months) Dental stage

Group Median Range 1 2 3 Total
Lip training 113 92-134 5 7 38 15
Control ... 116 99-124 271 10
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Bite and facial morphology

Overjet, overbite, and length and
width of the dental arches were mea-
sured on casts occluded in the inter-
cuspal position (Lundstrom, 1948).
The median value for overjet in the
lip training group was 5 mm (range 3-
6mm) and in the control group 4.5mm
(range 3-7mm). The corresponding
values for overbite were 2.5 mm
(range —0.5-4mm) and 2.5 mm (range
0.5-4.5mm). The width was measured
between the first permanent molars
and the length from the line connect-
ing the molars to the central incisor
(Ingervall 1970) (Fig. 1).

Cephalometric evaluation of skele-
tal and soft tissue facial morphology
was done on profile radiographs taken
with the mandible in the intercuspal
position with lips relaxed. Soft tissue
profile was also evaluated on radio-
graphs taken with the mandible in
the postural position with lips re-
laxed. The reference points and lines
used are shown in Figs. 2 and 3, and
the variables in Table 2. A more de-
tailed description of the soft tissue
cephalometric variables will be found
in Ingervall and Janson (1981).

Electromyographic recording of
lip muscle activity

Electromyographic recordings were
made as described earlier by Ingervall
(1978), with direct and mean voltage
channels connected to an ink jet-
writer, The activity in the anterior
portion of the right temporal muscle
was led off with bipolar hook elec-
trodes. Bipolar surface electrodes were
used on the upper and lower lips.

The muscle activity was recorded in
the following sequence:

I) in the postural position of the
mandible; calibration 50 pV/div, pa-
per speed 5 cm/sec.
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Fig. 1

TABLE 2

Dentoalveolar and skeletal
variables included in the
cephalometric analysis,

Linear Angles
n-s §-n-s$
n-ar s-n-sm
n-ba $s-n-pg
s-ba s-ar-tgo
s-ar NSL/NL
sp-pm NSL/ML
pm-NSL NL/ML
pm-NSP IL,/NL
ar-ss IL,/IL,;
n-gn IL; /ML
n-sp’ ML/CL
sp’-gn ML/RI
ar-pgn beta

is-io

ii-io

is-NL

2) during swallowing of a) water
and b) saliva; calibration 200 wV/div,
paper speed 10 cm/sec.

3) during chewing and swallowing
of a) apple and b) peanuts; calibra-
tion 200 p.V/div, paper speed 10 cm/
sec.

4) new recording of postural activ-
ity.

In the first test the subject was
asked to relax the masticatory muscles
and lips. In the second test a 5ml
spoonful of water was placed in the

Ingervall and Eliasson

ArL

Method of measuring arch lengths and widths,

mouth with instruction to swallow it.
For the recordings during swallowing
of saliva, the subject was instructed to
collect saliva in the mouth and then
swallow it on command. In the third
test the subject was given a standard
piece of fresh apple or 5 peanuts and
requested to chew and swallow with-
out waiting for further instructions.

Analysis of the electromyograms in-
cluded determination of the follow-
ing indices of activity of the upper
and lower lips: 1) the characteristic
mean voltage amplitude in the pos-
tural position, 2) the maximum mean
voltage amplitude during swallowing,
and 3) the maximum mean voltage
amplitude during the opening and
closing phases of the chewing cycle
(mean of six cycles). The phase of the
chewing cycle was judged from the
recording of the activity in the tempo-
ral muscle (Fig. 4).

Lip training exercises

After the electromyographic and
morphological recordings had been
done, a program for training of the
lips was instituted for the children in
the lip training group. Each child was
instructed to stretch the upper lip
downward and press it against the
upper incisors. The lower lip was
stretched upward and folded over the
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Fig. 2 Dental and skeletal reference
points and lines. See Table 2.
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Fig. 3 Soft tissue measurements.

upper lip height (UL h)

lower lip height (LL h)

thickness of upper red lip (Ul th)
thickness of lower red lip (LL th)
depth of lower lip curvature (LL c)

upper lip from the outside (Fig. 5).
The exercises were to be performed
at least three times a day (morning,
midday and evening) for a total time
of at least 10 minutes each day.

The children were given regular
appointments at the clinic for remoti-
vation and follow-up. The number of
visits to the clinic varied from 7 to 17,
with estimated total times between 80
and 135 minutes.

After an interval of 11-14 months
(median time in both groups 12
months), the recordings of lip activity
and morphology were repeated. Sub-
jects in the lip training group were
instructed to continue their lip train-
ing exercises during the entire period
between the “before” and “after” re-
cordings.

Statistical methods

Differences between paired vari-
ables were tested with the Wilcoxon
matched-pairs signed ranks test and

relative protrusion of the lips (RLP)
interlabial gap (ILG)

lip separation (LS)

lower lip-upper incisor (LL-is)

between distributions with Mann-

Whitney’s U-test.

REsuLTS
Electromyographic activity of the lips

The eiectromyographically recorded
activity of the lips in the postural po-
sition is shown in Table 3. There was
no significant difference between the
groups in the postural activity of the
lips, either before (recording 1) or
after the period of lip training (re-
cording 2). Nor was there any signifi-
cant difference between recordings 1
and 2 within the groups.

The swallowing activity of the lips
is shown in Table 4. In the lip train-
ing group there were no significant
differences in swallowing activity be-
tween recordings 1 and 2 (before and
after the lip training). In the control
group, on the other hand, the activity
of the upper lip increased significantly
(-01 < p < .05) from recording 1 to re-
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Fig. 4 Measurement of the maximum mean voltage amplitude of the lips during chewing.
Distance between 1 and 2 = opening phase and between 2 and 3 = closing phase of chewing
cycle. 4 = baseline of mean voltage (MV) amplitude. 5 and 8 = maximum mean voltage
amplitude of upper lip (UL). 6 and 7 = maximum mean voltage amplitude of lower lip (LL).
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Fig, 5 The lip exercise.

cording 2 for swallowing of saliva and
apple. At recording 1 there was no
significant difference in lip activity
between the two groups, while at re-
cording 2 the activity of both lips dur-
ing swallowing of saliva was greater
in the control than in the lip training
group (.01, p < .05).

No significant difference in chewing
activity was found between recordings
1 and 2 in the lip training group
(Table 5). In the control group, how-
ever, the activity of the upper lip dur-
ing apple chewing increased signifi-
cantly both during the closing phase
and during the opening phase (.001 <

p < .01y of the chewing cycle. There
was also a significant increase of up-
per lip activity in the control group
in the opening phase during chewing
of peanuts (.001 < p < .01).

Bite and facial morphology

The morphological variables differ-
ing significantly between the lip train-
ing and the control groups at record-
ing 1 (before lip training) are shown
in Table 6. Facial height, lip separa-
tion and the thickness of the upper
lip were greater in the lip training

group.

TABLE 3

Median and range (in V) of the characteristic mean voltage amplitude
of the lips in the postural position.

Lip training group

Control group

Recording 1 Recording 2 Recording 1 Recording 2
Median Range Median Range Median Range Median Range

Upper lip ... L7 0045 1.7 0.0-65 06 00-36 1.2 0081
Lower lip ... 34  0.0-6.8 34 0063 46 12-153 25 0.0-18.1
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TABLE 4

Median and range (in xV) of the maximum mean voltage amplitude
of the lips during swallowing.

Lip training group Control group
Recording 1 Recording 2 Recording 1 Recording 2

Median Range Median Range Median Range Median Range
Water
Upper lip ... 65 28-147 57 6-142 43 15-143 60 18-156
Lower lip ... 100 21-253 109 9-212 90 38-247 94 59-295
Saliva
Upper lip ... 38 0-110 34 0-168 25 0-92 64 0-195
Lower lip ... 84 6-236 48 1-159 79 9-186 114 0-222
Apple
Upper lip ... 118 45-206 129 59-236 83 26-172 123 25-210
Lower lip ... 226 32-336 175 82-369 212 102-361 215 31-290
Peanuts
Upper lip ... 109 29-197 100 16-214 90 23-217 96 57-267
Lower lip ... 215 26-350 175 11-395 205 109-325 179 140-390

TABLE 5
Median and range (in 4V) of the maximum mean voltage amplitude
of the lips during chewing.
Lip training group Control group
Recording 1 Recording 2 Recording 1 Recording 2

Median Range Median Range Median Range Median Range
Apple
Closing phase
Upper lip ... 105 46-184 106 68-170 79 11-139 135 39-236
Lower lip ... 154 77-242 151 90-221 171 46-257 150 80-310
Opening phase
Upper lip ... 104 52-216 132 93-203 110 15-155 160 72-244
Lower lip ... 186  112-279 206  119-273 208 79-331 223 148-311
Peanuts
Closing phase
Upper lip ... 78 32-150 65 11-163 56 8-136 85 15-179
Lower lip ... 104 78-181 100 48-244 118 50-190 106 37-265
Opening phase
Upper lip ... 100 22-160 99 7-173 80 8-189 109 31-231
Lower lip ... 171  118-244 168 65-267 170 86-266 157 65-301
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TABLE 6

Morphological variables differing significantly
between the groups at recording 1.

Median Median
in lip in
training control
group  group

Variable (mm) (mm)  Significance
n-gn ....... 109.5 105 001<p<0.05
sp’-gn ...... 64 60 001<p<003
is-NL ...... 28 26 001<p<0.05
In intercuspal

position:
thickness of

upper

red lip ... 13 12 001 p<005
interlabial

gap ...... 6 1 001<p<0.05
lip separation 4.5 1 001<p<005
In postural

position:
relative

protrusion

of the lips 0 1.5 0.01<<p<0.05

Ingervall and Eliasson

The morphological analyses are
shown in Table 7. In the period be-
tween recordings 1 and 2 the eruption
of the upper incisors led to a signifi-
cant increase in the distance between
the edge of the upper incisor and the
nasal line. In the lip training group
there was also a significant increase in
overbite and lower dental arch length.
In the lip training group the height
of both lips increased significantly
and the interlabial gap decreased.
The thickness of the upper lip de-
creased, and in most cases the lower
lip covered the incisal edge of the up-
per incisor. In the control group, on
the other hand, no increase in lip
height was found. Instead, the inter-
labial gap and the thickness of the
upper lip increased significantly.

At recording 2 the upper and lower
lip heights were significantly greater
in the lip training group than in the
control group (Table 8). In contrast
to recording 1, there was no longer

TABLE 7
Morphological variables differing significantly between recordings 1 and 2,
Median Median
Lip training difference  Significance Control group difference  Significance
group (mm) (mm)

Overbite .......... —05 0.01<p<0.05
Lower arch length . 02 001<p<0.05
ii-io ...l —05 p < 0.001
issNL ............. —1.0 p<000l is-NL ............. —1.0 0.001<p<0.01
In intercuspal In intercuspal position:

position: thickness of upper
upper lip height .. —15 p < 0.001 red lip ......... —~05 001<p<0.05
lower lip height .. —15 0.01 <p<0.05 interlabial gap —1.0 0.01<p<0.05
lip separation ..... 20 0.0l<p<0.05 lip separation ..... —1.0 001<p<0.05
In postural position:
upper lip height .. —1.0 p < 0.001
lower lip height .. —1.5 0.001 < p < 0.01
thicknes of upper

red lip ......... 05  001<p<0.05
interlabial gap .... 15 0.01<p<0.05
lip separation ..... 15 0.01<p<0.05
lower lip-upper

incisor .......... —10 001<p<0.05
Vol. 52 No. 3 July, 1982
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TABLE 8

Morphological variables differing significantly
between training and control groups at re-
cording 2.

Median Median

in lip in
training control
group group
Variable (mm) (mm)  Significance
issNL ....... 29 265 001<p<0.05
In intercuspal
Position:
upper lip
height ..... 245 21 0.001<p<0.01
In postural
position:
upper lip
height ..... 24 21 0.001 < p<0.01
lower lip
height ..... 45 42 0.01 << p<0.05
relative protru-
sion of the
lips ....... 1 2 0.01 < p <0.05

any difference in lip thickness or in
lip separation.

DiscussioN

Gustafsson and Ahlgren (1975)
found that children with incompetent
lips swallowed and chewed with sig-
nificantly more activity of the upper
lip than children with competent lips.
In this investigation there was no dif-
ference in muscle activity at the start
of the observation period between the
lip training and the control groups.

During the observation period,
however, the two groups developed
differently. Lip activity did not change
significantly in the lip training group,
but in the control group the activity
of the upper lip during swallowing of
saliva and apple increased. An in-
crease was also seen in the activity of
the upper lip during chewing. At the
end of the observation period the ac-
tivity of the lips during swallowing of

Vol. 52 No. 3 July, 1982
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saliva was significantly greater in the
control group than in the lip training
group.

The different development of the
level of activity in the two groups may
be interpreted as a beneficial effect of
the lip training. In the control group
the lips, with time, increased their ac-
tivity in order to compensate for their
morphological inadequacy. The effect
of the lip training was to increase the
lip height and possibly also the func-
tional capacity of the lips, therefore
requiring no increase in activity. The
relationship between capacity and ac-
tivity is an inverse one.

Errors in measurement of soft tissue
are greater than for hard tissue. A spe-
cial source of error is variation in fa-
cial expression (Hillesund, Fjeld and
Zachrisson 1978). To minimize this
error, all radiographs were taken by
one of the authors, closely observing
the child’s facial expression during
the exposure.

Children with incompetent lips
were found by Gustafsson and Ahl-
gren (1975) to have a greater anterior
facial height, especially in the lower
face, than children with competent
lips. In this study there was greater
facial height in the lip training group
than in the control group, and at the
start of the observation period there
was a greater interlabial gap in the
lip training group. No initial differ-
ence in lip height was discerned. Lip
incompetence was actually worse in
the lip training group than in the con-
trol group at the start of the experi-
ment.

It is clearly possible to influence the
morphology of the lips by training. In
the lip training group the height of
both lips increased and the lip separa-
tion decreased. No such favorable de-
velopment was seen in the control
group; instead, the lip incompetence
became more severe. Improvement of
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lip competence is accompanied by a
reduction in the thickness of the up-
per lip, as evidenced by the different
development in the two groups.

The improvement in lip height in
the lip training group resulted in a
significant difference between the two
groups at the end of the observation
period. Growth in lip height was re-
ported by Vig and Cohen (1979). The
large increase in lip height in the lip
training group, however, must be at-
tributed to the training, as changes
due solely to normal growth should
have been the same in both groups.

The improved function and mor-
phology of the lips following lip train-
ing did not affect tooth position to
any measurable extent. Overjet and
incisor inclination were unchanged.
There was a small increase in overbite
in the lip training group, but this
could have been a result of normal
tooth eruptiomn.

Barber and Bonus (1975) also failed
to find any influence of lip training
on the teeth, although lip strength in-
creased considerably. They implied,
without offering any evidence, that
there had bheen changes in lip mor-
phology.

This study did find evidence of
changes in lip morphology, substanti-
ating the clinical impression of Har-
rington and Breinholt (1963) that lip
training can positively affect lip mor-
phology.

The lip changes that were found
were small and not obvious without
measurement. These changes required
a considerable amount of motivation
and effort on the part of the dentist as
well as the children and their parents.

It is possible that other types of lip
training exercises could have been
more effective. This is one aspect of
an ongoing investigation in which lip
training with the aid of oral shields
is being studied.

Ingervall and Eliasson

The fact that no appliance or arti-
ficial aid is necessary for the lip train-
ing method used in this study may
actually be an advantage. It can be
difficult to motivate children to per-
form a complicated training program
for a long period of time. An impor-
tant advantage of the lip training
method used is that the exercises can
be done at all times of the day, in-
cluding the time spent in school and
outdoors. Our experience in the pres-
ent study indicates that once the ex-
ercises had become routine, the chil-
dren did them during brief periods
distributed over the entire day.

It is a very important finding of
this study that even simple types of
training exercises can have a positive
effect on lip morphology and lip func-
tion.

SUMMARY

The effect of lip training was
studied in 15 children with incompe-
tent lips, who were compared with a
control group of 10 children who also
had incompetent lips. Lip function
was evaluated by electromyography of
the activity of the lips in resting pos-
ture and during swallowing and chew-
ing. The morphology of the denti-
tion, facial skeleton and lips were
studied on dental casts and profile
radiographs.

Lip training was performed for one
year and was found to maintain lip
function in the test group, in contrast
to impairment of lip function in the
control group. Lip training favorably
influenced lip morphology, increasing
the height of both lips and decreasing
the interlabial gap.

In the control group, the inter-
Iabial gap increased.

The beneficial effect of the training
on the function and morphology of
the lips could not be shown to affect
tooth position during the one-year
study period.
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