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The present experiment was designed to test whether specific recordable changes in the neuromuscular system 
could be associated with specific alterations in soft- and hard-tissue morphology in the craniofacial region. The 
effect of experimentally induced neuromuscular changes on the craniofacial skeleton and dentitfon of eight rhesus 
monkeys was studied. The neuromuscular changes were triggered by complete nasal airway obstruction and the 
need for an oral airway. Alterations were also triggered 2 years later by removal of the obstruction and the return 
to nasal breathing. Changes in neuromuscular recruitment patterns resulted in changed function and posture of 
the mandible, tongue, and upper lip. There was considerable variation among the animals. Statistically significant 
morphologic effects of the induced changes were documented in several of the measured variables after the 
Byear experimental period. The anterior face height increased more in the experimental animals than in the 
control animals; the occlusal and mandibular plane angles measured to the sella-nasion line increased; and 
anterior crossbites and malposition of teeth occurred. During the postexperimental period some of these changes 
were reversed. Alterations in soft-tissue morphology were also observed during both experimental periods. There 
was considerable variation in morphologic response among the animals. It was concluded that the marked 
individual variations in skeletal morphology and dentition resulting from the procedures were due to the variation 
in nature and degree of neuromuscular and soft-tissue adaptations in response to the altered function. The 
recorded neuromuscular recruitment patterns could not be directly related to specific changes in morphology. 
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T he effects of mouth breathing on craniofa- 
cial morphology and development of dental malocclu- 
sions have come into focus in the orthodontic literature 
during the last few years. Although this is an old issue, 
a cause-and-effect relationship has been difficult to es- 
tablish. It has been demonstrated by many inves- 
tigators, however, that altered function can affect the 
development of form. l-l’ In most of these studies the 
alterations in function have been produced by deletion 
of parts of the neuromuscular system rather than by 
alterations of normal functions within intact systems. 

In our laboratory several experimental studies on 
the development of dental malocclusions and on the 
characteristics of neuromuscular activity which affects 
the skeletal and dentoalveolar morphology have been 
conducted. 18-Z* In these in vivo studies, changes in 
orofacial functions have been induced while the neu- 
romuscular and skeletal systems were left intact. The 
neuromuscular changes have been triggered by differ- 
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ent methods: (1) placing a bone in a new position rela- 
tive to the musculature by (a) medial displacement of 
one side of the maxilla in experimentally produced 
clefts ,‘l, 22 (b) placement of a palatal wedge to displace 
the tongue and the mandible,‘8-20 (c) use of a func- 
tional appliance to hold the mandible down and forward 
in children with Class II dental malocclusions2s-31; (2) 
changing muscle activity by muscle detachment32; and 
(3) changing muscle activity by inducement of oral 
respiration.20, 23-28 

It has been established that changing position of a 
bone relative to its attached and surrounding muscula- 
ture results in remodeling of surface areas as well as of 
the internal architecture of the bone. It has also been 
shown that experimentally induced changes in neu- 
romuscular activity can result in altered skeletal mor- 
phology . 

In previous experiments it was shown that induced 
dependency on oral respiration in rhesus monkeys re- 
sulted in different types of skeletal, dental, and soft- 
tissue morphology.20, 23--26 The malocclusions that de- 
veloped included anterior crossbite, increased overjet, 
canine crossbite, and dual bite. The soft-tissue changes 
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Fig. 1. Cephalometric points, landmarks, lines, and planes used 
in this study. Skeletal: Sella-nasion (S-N), sella-prosthion (S- 
Pr), maxillary unit (TM-Pr), mandibular unit (TM-Sy), upper face 
height = perpendicular from nasion to palatal plane (N-PP), 
lower face height = perpendicular from Sy to palatal plane 
(PP-Sy), total anterior face height (N-Sy), palatal plane angle 
(SN-PP), occlusal plane angle (SN-OP), mandibular plane 
angle (SN-MP), ramus angle (SN-RM), gonial angle (MP-RM). 
Dental: Distance between the maxillary incisal edge and a tan- 
gent to the mesial surface of the maxillary first molar (ui-urn), 
corresponding measurement in the mandible (Ii-lm), and the 
distance between the maxillary and mandibular incisor edges 
measured along the occlusal plane (ui-Ii). 

included notching of the upper lip and various types of 
grooves and shape changes of the tongue. It is postu- 
lated that the variations in morphologic response are 
due to differences in muscle recruitment associated 
with the change in mode of respiration. 

Previous observations indicated that the charac- 
teristic morphologic changes of the lip and tongue dis- 
appeared within a short period of time when nasal 
breathing was restored. 26 It could therefore be expected 
that the neuromuscular patterns that were induced by 
oral respiration and that presumably caused the altera- 
tion in soft-tissue morphology and adaptive motor be- 
havior would change after removal of the stimulus. 
Consequently, it was also expected that the skeletal 
morphology that resulted from the adaptation to oral 
respiration would again be affected by the new 
postexperimental neuromuscular recruitment patterns. 
If these patterns returned to pre-experimental levels, 
the skeletal and dental changes might be reversed. 

The present experiment was designed to determine 
whether these distinctions could be made during 
adaptation to oral respiration and during adaptation to 
restored nasal breathing. The data from the first year of 
adaptation to mouth breathing in these animals were 
included in a previous publication.26 

METHOD 

In ten rhesus monkeys the nasal airway was 
obstructed by placement of hollow, cone-shaped, soft 
silicone plugs attached with a ligature to the nasal sep- 
tum as described in previous publications.20, 26 The 
nose plugs prevented inspiration of air but did allow 
small amounts of expiratory air to pass when the nares 
were dilated. Two of the animals were subsequently 
taken out of the study because of difficulties in keeping 
the nose plugs in place throughout the 2 years of the 
experiment. Ten animals (later reduced to eight) of 
comparable ages were designated as controls and were 
paired with the experimental animals according to sex 
and age (+5 months). There were one pair of females 
and seven pairs of male animals. Three pairs were 
older, ranging in age from 2 years 6 months to 3 years 7 
months. The younger four pairs ranged from 1 year 3 
months to 1 year 11 months. The control animals were 
followed by the same protocol of procedures and rec- 
ords as the experimental animals with the exception of 
the nose blockage. The experimental period varied 
from 18 to 3 1 months, and the postexperimental period 
from 20 to 29 months (Table III). 

The procedure for obtaining electromyographic re- 
cordings (EMG) has been described in detail previ- 
0us1y.~~’ 25* 27 The recording technique was designed to 
distinguish between changes in continuous discharge 
(tonic) and rhythmic discharge (phasic), synchronous 
with a primary respiratory muscle. Recordings with in- 
tramuscular electrodes were obtained from two supra- 
hyoid muscles (digastric and geniohyoid); two tongue 
muscle areas (genioglossus and dorsal tongue fibers); 
five areas around the lips and nares (floor of the nose, 
horizontal fibers of the superior and inferior orbicularis 
oris, lateral lip area, an area between the upper lip and 
nose, that is, lip-elevator region); four other facial mus- 
cles (buccinator, zygomaticus, mentalis, platysma); 
three jaw elevator muscles (medial pterygoid, masse- 
ter, temporalis); and the lateral pterygoid muscles. 

Rhythmicity in the recorded muscles was correlated 
with the EMG activity from an intercostal muscle (sec- 
ond interspace) or the diaphragm. The onset and dura- 
tion of rhythmic pattern of each muscle were compared 
by rectifying and integrating each EMG signal through 
a parallel resistor-capacitor circuit to obtain an en- 
velope of EMG activity. Each integration was averaged 
for forty trials for each muscle. Continuous discharge 
(tonicity) was assessed by rectifying and integrating the 
EMG signal through a circuit that would reset at a 
predetermined voltage and by analyzing the number of 
resets. 

The cephalometric landmarks, angles, and dimen- 
sions used are similar to those described previously ,19 
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Table 1. Electromyographic records obtained before placement of nose plugs (before), at the end of the experimental 
period (during), and 1 year after the nose plugs were removed (after) 

Geniohyoid Digastric Lip elevator Genioglossus Dorsal tongue 

Before During Ajkr Before During After Before During After Before During Ajier Before During After 

3 0 R 0 0 R 0 0 R T 0 RT T 0 R 0 
8,108 T 0 T 0 0 0 0 R T T RT T 0 RT 0 1 

16,328 0 RT 0 0 0 0 R R 0 RT R 0 0 R 0 
16,495 0 RT T - R 0 - R T - R T - R T 

I T T T 0 T T R RT 0 T T T 0 0 0 
7,926 - T T - 0 T - R RT - T T - - 0 2 

16,440 0 T T 0 0 0 0 T T 0 T 0 0 0 0 
16,504 - T T - 0 T - 0 T - T T - 0 0 

0 = No recorded activity; T = tonic discharge; R = rhythmic discharge; - = no recording. 

Table II. Observed behavior of the upper lip, tongue, and mandible in each of the experimental animals during 
recording sessions before (I), during (2), and after (3) nasal airway obstruction 

Upper lip Tongue Mandible 

Apart Raised Protruded Flattened Low Lowered 
consis- rhyth- rhyth- Midline andlor consis- rhyth- 
tent/y mically Triangular mically groove pointed tently mically 

123123123123123123123123 

3 _ + _ - + - - - - - - - - + - - + - - + + - - _ 

8,108 + + + - + - - - - - - - - - - + + + + + + - - - 
16,328 + + + + + - - - - - + - - - - - + - + + + - - - 
16,495 0 + + 0 + - 0 + + 0 - - - - - - + - 0 + + 0 - - 

,-++----+ ---- -+-----++--- 

7,926 0 + + 0 - - 0 - - 0 - - - + - - - - 0 + + 0 - - 
~fj,4,,3 ~ + - - - - - - - - - - - + - - - - - + - - - _ 
16,504 0 + + 0 - - - - - 0 - - - + - - - - 0 + + 0 - - 

+ = Positive finding; - = negative finding, 0 = no record. 

but with some additions (Fig. 1). During the periods of 
the recording sessions at which the EMG data were 
taped for analysis, records were made of certain behav- 
ioral characteristics of the upper lip, tongue, and lower 
jaw. Photographs were used to assess the morphologic 
changes in the tongue and lips. 

DATA ANALYSlS 

The experimental and control animals were initially 
paired, but during the postexperimental period the pro- 
cedures were not carried out on the animals as pairs 
(that is, EMG recordings or radiographs on the same 
day for both animals in a pair). It was therefore decided 
to perform group rather than pair comparisons in the 
analysis of the data. 

Student’s t test was used to compare the control and 
experimental groups at three stages: (1) start of the 
experiment, (2) end of the experimental period, and (3) 
end of the postexperimental period. There was no sig- 
nificant intergroup age difference at the start of the 

experiment or at the end of the postexperimental pe- 
riod. However, there was an intergroup difference in 
the duration of the experimental period (T = - 1.8, 
prob. > /T/0.09), and of the postexperimental period 
(T = 5.2, prob. > /T/0.001) (Table III). In order to 
reduce the effect that the differences in observation 
intervals could be expected to have on growth changes, 
the rate of change was calculated for each day of 
the two periods and multiplied by 365 to approximate 
the changes occurring in one year. The data from this 
averaging method reflect the overall changes during 
the experimental periods but obscure time-related 
variations. 

Four of the experimental animals demonstrated 
rhythmic activity in the suprahyoid, perinasal, and 
tongue muscles during the period of mouth breathing. 
These animals were examined separately with regard to 
soft-tissue changes as well as skeletal response (Sub- 
group 1). The animals that did not demonstrate consis- 
tent rhythmicity in these muscles are presented in Sub- 
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Table III. Group comparison of age and of cephalometric linear and angular measurements obtained from 
radiographs at the start of the experiment (l), at the end of the experimental period (2), and at the end of 
the postexperimental period (3) 

2 

Control Experimental Control Experimental 

Variables X SD X SD T X SD X SD T 

As 
Skeletal 
S-N (mm) 
S-Pr (mm) 
TM-Pr (mm) 
TM-Sy (mm) 
N-PP (mm) 
PP-Sy (mm) 
N-Sy (mm) 
SN-PP (degrees) 
SN-OP (degrees) 
SN-MP (degrees) 
SN-RM (degrees) 
Genial angle 

(degrees) 
Dental 
UI-UM (mm) 
LI-LM (mm) 
UI-LI (mm) 

80.5 325 822 296 -0.11 1370 383 1491 321 -0.68 

44.9 3.2 44.0 1.5 0.70 47.7 2.2 46.5 1.5 1.29 
58.1 6.6 57.1 2.8 0.40 66.5 6.5 66.5 4.8 0.00 
64.9 8.8 62.8 4.6 0.60 75.1 8.3 74.3 7.1 0.23 
62.0 8.6 57.8 5.6 1.17 71.1 8.2 71.3 6.2 -0.05 
33.0 2.5 33.6 2.7 -0.43 35.5 2.9 38.3 2.7 -1.94 
29.9 3.6 27.8 1.8 1.38 34.6 3.9 33.8 1.9 0.57 
63.3 6.2 62.0 4.3 0.46 70.3 6.9 73.3 4.7 - 1.00 
26.6 2.2 30.8 3.7 -2.75* 25.7 3.3 31.3 3.4 -3.34* 
23.6 3.6 25.6 1.9 -1.29 21.7 2.9 27.5 3.4 -3.71* 
23.6 3.9 25.9 3.8 -1.16 23.0 2.1 27.0 3.4 -2.86* 

104.5 2.5 107.2 2.4 -2.17* 104.8 4.7 106.7 3.0 -0.95 
97.8 4.6 98.5 4.5 -0.30 97.8 3.8 100.5 3.5 -1.46 

30.2 2.8 29.7 2.3 0.39 31.9 3.0 30.6 3.0 0.89 
27.3 2.9 26.9 2.7 0.27 28.8 2.7 28.6 2.4 0.19 

1.1 0.8 1.6 0.5 -1.33 1.31 0.8 -0.1 1.3 2.70* 

*Significant at the 0.05 level. 

group 2. In view of the fact that group comparisons 
may obscure pertinent information, the various data are 
presented for each individual animal. 

RESULTS 

After placement of the nose plugs, rhytbmicity in 
EMG discharge was demonstrated in four of the ani- 
mals in the following muscles: geniohyoid, digastric, 
genioglossus, dorsal tongue fibers, and lip elevator re- 
gion (Table I, Subgroup 1). After nasal respiration was 
restored, the rhythmic&y disappeared except in the 
lip-elevator region of one animal. Tonic EMG dis- 
charge was found consistently in the geniohyoid and 
genioglossus muscles of the nonrhythmic animals 
(Table I, Subgroup 2). 

During the experimental period all of the experi- 
mental animals kept their lips separated constantly. 
Half of the group (Subgroup 1) demonstrated rhythmic 
raising of the upper lip and in two animals, one in 
each subgroup, the upper lip developed a triangular 
shape (Table II). All rhythmic movements disappeared 
shortly after the nasal respiration had been restored. 
Five of the eight animals continued to keep the lips 
separated, and seven of them maintained the low man- 
dibular posture while they were in the EMG recording 
chair. 

The results of the analysis of the actual linear and 

angular cephalometric measurements at the three ex- 
perimental stages are shown in Table III. For most of 
the variables there was no significant difference be- 
tween the two groups at the start. The exceptions were 
a steeper palatal plane measured to SN in the experi- 
mental group and a larger angle between the posterior 
border of the mandibular ramus measured to SN. 

The data obtained at the time of removal of the nose 
plugs show significant anterior downward tipping of the 
palatal , occlusal , and mandibular planes as measured to 
the sella-nasion line. At the end of the 2-year 
postexperimental period the two groups were not sig- 
nificantly different with regard to the measured vari- 
ables, with the exception of the distance from sella to 
nasion, a dimension that is not expected to be 
influenced by the experimental procedures. The inter- 
group difference in the duration of the two experimen- 
tal periods (shorter for the controls during the first 
interval and longer during the second) was expected to 
affect the linear measurements of size during these pe- 
riods. The method of analyzing adjusted rates of 
change was therefore used (Tables IV and V). The 
data on the rate of change during the experimental pe- 
riod of nasal airway obstruction demonstrated a signifi- 
cant increase in anterior downward tipping of the 
occlusal plane relative to SN in the experimental 
animals (SN-OP). The distance from nasion to the 
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3 

Control Experimental 

X SD X SD T 

2314 367 2282 336 .I8 
52.4 1.8 50.2 2.1 2.33* 
17.6 5.8 17.6 6.1 0.02 
88.8 5.5 88.4 8.6 0.10 
85.1 5.0 84.7 7.9 0.13 
39.9 2.5 40.5 2.6 -0.49 
40.8 3.7 38.9 1.8 1.32 
81.8 5.2 80.4 4.6 0.56 
24.9 3.1 28.1 4.0 -1.81 
22.1 2.4 24.0 5.1 -0.98 
24.6 3.1 25.8 5.0 -0.60 

102.6 10.0 106.0 4.3 -0.88 
99.1 4.3 99.6 4.5 -0.25 

35.1 3.3 34.6 4.9 0.27 
31.1 3.1 30.6 3.2 0.28 

1.9 1.4 1.8 2.3 0.13 

palatal plane (N-PP), as well as the distance from na- 
sion to the mandibular symphysis (N-Sy), representing 
anterior face height, increased significantly more in 
the experimental animals than in the control ani- 
mals. The horizontal distance between the incisal 
edges of the upper and lower incisors decreased sig- 
nificantly in the experimental animals, indicating a ten- 
dency to reduction of overjet or development of an- 
terior crossbite (Table VI). The adjusted rates of 
increase were also calculated with SN as a covariate 
to reduce the effect of size differences among the 
animals. The changes that were significantly differ- 
ent when this analysis was used are shown in Ta- 
ble V. 

During the postexperimental follow-up period, the 
angular changes that had taken place during the ex- 
perimental period were reversed. The angle between 
the palatal plane and SN (SN-PP), between the occlusal 
plane and SN (SN-OP), and between the mandibular 
plane and SN (SN-NP) decreased significantly in the 
experimental animals (Tables IV and V). The rate of 
face height increase was not statistically different be- 
tween the two groups during the postexperimental 
follow-up period (Tables IV and V). 

The adjusted rates of change in the skeletal and 
dental measurements, which were significantly affected 
by the experimental procedure, are presented for each 
experimental animal together with the mean values and 

Fig. 2. Adjusted rate of increase in the upper face height (na- 
sion to palatal plane) during the experimental and postexperi- 
mental periods for each of the experimental animals. For the 
control group, the mean rate of increase f one standard devia- 
tion is indicated. 

standard deviations for the control group (Figs. 2 to 7). 
The four experimental animals listed first (Subgroup 1) 
demonstrated EMG rhythmicity in the suprahyoid, 
tongue, and lip-elevator muscles during the experimen- 
tal period. 

All animals had normal dental occlusions at the 
start of the experiment, with the exception of one that 
demonstrated considerable wear of the upper and lower 
incisors with a resultant anterior open bite. At the time 
the nose plugs were removed, seven of the animals had 
a reduction of the maxillary incisor overjet and five of 
them developed an anterior crossbite. During the 
postexperimental period there was a trend toward im- 
provement of the incisor relationships. In three animals 
some degree of anterior crossbite persisted, and in two 
animals excessive overjet developed (Table VI). 

DISCUSSION 

The data demonstrate that the experimentally pro- 
duced mouth breathing caused changes in EMG dis- 
charge patterns and in certain skeletal and dental dimen- 
sions and relationships. The return to nasal breathing 
resulted in changes in the same parameters. The docu- 



120 Vargervik et al. Am. J. Orthod. 
February 1984 

Table IV. Adjusted rates of change for the linear and angular measurements obtained on lateral head films of 
eight control and eight experimental animals during the experimental period of nasal airway obstruction and 
during the postexperimental observation period (mean values + one standard deviation and T values are shown) 

Experimental period Postexperimental period 

Control Experimental Control Experimental 

X SD X SD T X SD X SD T 

Skeletal 

S-N (mm) 1.9 1.1 1.3 0.5 1.34 1.8 0.8 1 .I 0.8 0.23 
S-Pr (mm) 5.4 1.9 5.1 1.3 0.40 4.3 2.2 5.2 2.3 -m0.79 
TM-Pr (mm) 6.1 1.7 6.3 1.7 0.45 5.3 3.0 6.6 2.8 -0.94 
TM-Sy (mm) 5.9 2.1 1.4 1.3 - 1.75 5.4 2.9 6.2 2.4 -0.61 
N-PP (mm) 1.6 0.9 2.4 0.6 ~2.33* 1.7 I .o 1 .o 0.8 1.44 
PP-Sy (mm) 3.2 1.9 3.2 0.6 -0.10 2.4 1.4 2.4 0.8 0.04 
N-Sy (mm) 4.6 1.5 6.1 0.8 -2.48* 4.4 2.5 3.3 1.3 1.14 
SN-PP degrees -0.5 1.6 0.2 1.9 -0.81 -0.3 0.6 -1.5 1.3 2.48* 
SN-OP (degrees) - 1.2 1.9 I .o 1.4 -2.57* 0.1 0.5 - 1.7 1.7 2.98* 
SN-MP (degrees) -0.3 2.2 0.6 I.1 -0.99 0.6 0.7 -0.6 1.1 2.64* 
SN-RM (degrees) 0.3 2.5 -0.2 1.3 0.52 -0.8 3.0 -0.4 1.3 -0.42 
Gonial angle 0.04 1.3 1.1 1.8 -1.33 0.5 1.2 -0.4 0.7 1.74 

(degrees) 
Dental 

UI-UM (mm) 1.1 0.4 0.5 1.1 1.44 1.2 1 .o 1.9 1.6 -0.95 
LI-LM (mm) 1.0 0.8 0.9 0.8 0.27 0.9 0.9 1 .o 1 .o -0.24 
UI-LI (mm) 0.1 0.2 -0.9 0.8 3.41* 0.2 0.3 0.9 0.7 - 2.65* 

*Statistically significant at the 0.05 level 

Table V. Measurements significantly different in the 
two groups when S-N was used as co-variate 

Variables 

Experimental Postexperimental 
period period 

F Prob. > F F Prob. > F 

Skeletal 
TM-Pr (mm) 
TM-Sy (mm) 
N-PP (mm) 
N-Sy (mm) 
SN-PP degrees 
SN-OP (degrees) 
SN-MP (degrees) 
Dental 
IJI-LI (mm) 

4.17 0.048+ 
12.33 0.004+ 
13.90 0.002+ 
12.48 0.003+ 

6.42 0.025- 
8.06 0.014+ 10.82 0.006- 
4.69 0.049+ 7.09 0.020- 

10.68 0.006- 9.21 0.010+ 

+ = Significantly more increase in the experimental group; - = 
significantly less. 

mented changes were presumably caused by the chain 
of events resulting from the need for an oral airway and 
from the return to nasal breathing. 

In order to establish an oral airway, the animals had 
to separate the lips, lower the jaw, and get the tongue 
away from the palate by a lowered position and/or 
protrusion. These required positional changes could 
presumably be maintained consistently or rhythmically 

in synchrony with respiration. It could also be assumed 
that the required changes in the positions of the lower 
jaw and tongue would be achieved by increased and/or 
decreased contractions of the muscles that control the 
position of these structures. The mandibular and tongue 
muscles that are accessible for electromyography were 
therefore tested by periodic EMG recordings, along 
with certain facial muscles. 

The question to be answered was: Can certain neu- 
romuscular recruitment patterns as recorded by EMG 
be related to (1) specific changes in soft-tissue mor- 
phology, (2) movements and positional characteristics 
of the upper lip, tongue, and mandible, and (3) the 
documented skeletal and dental changes? 

EMG data and changes in shape of tongue and 
upper lip 

Rhythmicity was recorded in the lip-elevator region 
of six animals while the nasal airway was blocked. 
Tonic discharge was recorded in two of them (Table I). 
Two of the animals developed a notch in the upper lip; 
in one of these the lip-elevator muscle demonstrated 
rhythmic discharge, and in the other both rhythmic and 
tonic discharge was demonstrated. Rhythmicity in the 
dorsal fibers of the tongue was recorded in four ani- 
mals, and tonicity in only one, which was also 
rhythmic. Only one of the animals with recorded 
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N -Sy 

Costroi Or. 

0 2 4 6 8 IO 12 mm 

Exp.period Post exp. period 

Fig. 3. Adjusted rate of increase in total anterior face height 
(nasion to symphysis) for each of the experimental animals and 
for the control group. 

rhythmicity in dorsal tongue fibers developed a midline 
groove in the tongue, while all four without rhythmicity 
developed longitudinal tongue grooves. It was con- 
cluded that there was no direct relationship between the 
EMG recorded at the end of the experimental period 
and the morphologic soft-tissue changes that had taken 
place. Data obtained earlier in the experimental period 
and previously reported*’ indicated, however, that lo- 
calized consistent tonic discharges occurred with the 
morphologic changes in the tongue and the lip and that 
when the soft tissue responded with form changes (that 
is, shortening of muscle fibers in certain areas), the 
EMG discharge was diminished. A certain stimulus 
must be necessary to maintain the soft-tissue mor- 
phologies, however, for they gradually disappeared 
when the mouth breathing ceased. 

EMG data and the movement and postural changes 
of the upper lip, tongue, and mandible 

Upper lip. Four of the six animals with persistent 
EMG rhythmicity in the lip-elevator region also dem- 
onstrated rhythmic raising of the upper lip. This shows 
a direct relationship between the recorded rhythmicity 
and the observed movement, but it also shows that 
rhythmic discharge can be recorded without an observ- 
able movement of the lip. 

Tongue. The genioglossus and dorsal tongue fibers 
showed rhythmic discharge in four animals at the end 
of the experimental period, but none of the animals 
protruded their tongues rhythmically at that time. It was 
concluded that there was no direct relationship between 
the recorded rhythmicity in the tongue muscles and the 

SN-UP 

3 

1 
MO8 

16328 

Control Gr. 

-2O ck 2* 4* 

Exp.period 

Fig. 4. Adjusted rate of change in the mandibular plane angle 
(SN-MP) for each of the experimental animals and for the con- 
trol group. Decreases in the angle are shown to the left and 
increases to the right of the vertical zero line. 

SN-OF 

3 

8108 
1 

16328 

18495 

1 

7926 
2 

16440 

16504 

Control Gr. 

-20 0 20 

Exp. period Post exp. psriod 

Fig. 5. Adjusted rate of change in the occlusal plane angle 
(SN-OP) during the experimental and postexperimental 
periods. 
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Table VI. Description of the dental occlusion before (l), at the end of (2), and 2 years following the 
experimental period (3) 

I 2 3 

3 Normal occlusion 
8,108 Anterior open bite 

16,328 Slight overjet 
16,495 Slight overjet 

1 Normal occlusion 

7,926 Normal occlusion 

16,440 Normal occlusion 

16,504 Normal occlusion 

Anterior crossbite 
Open bite extending to the last 

molar 
End-to-end incisor relationship 
Anterior crossbite 
End-to-end incisor relationship, 

midline shift 
Buccal crossbite, midline shift 

Anterior open bite, left side 

Slight reduction of overjet 

Reduction to partial crossbite 
No change 

Slight overjet and overbite 
No change 
Normal overjet, persistence 

of midline shift 
Correction of crossbite, per- 

sistence of midline shift 
Overjet, anterior open bite, 

right side, upper arch 
asymmetry 

Slight increase of overjet 

observed movements of the tongue. A longitudinal 
midline groove developed in the four animals without 
rhythmic discharge. This may indicate that the soft- 
tissue changes in these animals were adequate for oral 
respiration and that the deviant morphology was main- 
tained by low levels of tonic activity in certain fibers of 
the tongue not distinguished by our technique. A tonic 
discharge of the genioglossus was recorded in six of the 
animals. This discharge was consistent with the ob- 
served lowered position of the mandible and tongue. 

Mandible. All animals were observed to keep the 
mouth open and the mandible lowered. A tonic dis- 
charge in the geniohyoid muscle was recorded in four 
animals and in the digastric muscle in one of the ani- 
mals. Three of the animals demonstrated rhythmic 
EMG discharge in either the geniohyoid or the digastric 
muscles, or both, but without observed rhythmic lower- 
ing of the mandible. The EMG rhythmicity disappeared 
when nose breathing was restored. These findings indi- 
cated that the respiratory requirements still recruited 
these muscles, but without involving enough fibers to 
cause a visible change in tongue or jaw position. 

EMG data and skeletal and dental responses 

No significant change was recorded electromyo- 
graphically in any of the jaw-closing muscles or in the 
lateral pterygoid muscle. The lowered posture of the 
mandible would therefore appear to be the result of 
the recorded increased activity in the suprahyoid and 
tongue muscles and/or an unmeasurable decrease in 
postural tonic activity of the supramandibular muscles. 
Induced change in head posture was not assessed but 
cannot be excluded as a contributing factor.“” The ex- 
perimentally induced increases in upper and total face 
height and the tipping of the palatal, occlusal, and 

mandibular planes would appear to be the result of the 
constant lowered mandibular posture, which would 
change the force systems and strain distribution in the 
maxilla. The increase in face height was fairly uniform 
among the animals (Figs. 2 and 3), but the angular 
changes demonstrated a wide range in response to in- 
duced oral respiration (Figs. 4, 5, and 6). The indi- 
vidual differences in shape, posture, and movement 
patterns of the tongue may be the most important fac- 
tors causing the variations in skeletal response. The 
dental changes in the four animals with EMG rhyth- 
micity in the suprahyoid and tongue muscles were 
more marked than in tbe other animals, which had 
more adjustments in the shape of the tongue (Fig. 7, 
Table VI). 

Changes occurring after return to nasal breathing 

Following removal of the nasal airway obstruction, 
the rhythmic discharges in the suprahyoid and tongue 
muscles disappeared. In most of the animals, tonic dis- 
charges did not disappear and were recorded in the 
geniohyoid, genioglossus, and lip-elevator muscles as 
long as 1 year after restoration of nasal breathing 
(Table I). 

The experimentally induced increases in the palatal, 
occlusal, and mandibular plane angles measured to SN 
were reversed during the postexperimental period. The 
anterior face height continued to increase, but in this 
period the rate of increase was not significantly differ- 
ent from that of the control group. 

During the postexperimental period the anterior 
crossbites that had developed during the experimental 
period were reduced but not fully corrected. The an- 
terior open bite that developed in two of the animals 
persisted throughout the postexperimental period. The 
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Fig. 6. Adjusted rate of change in the gonial angle during the 
experimental and postexperimental periods. 

midline shifts and malpositions of individual teeth were 
not self-corrected. 

CONCLUSION 

The changes in neuromuscular recruitment patterns, 
which were necessary to establish and maintain an oral 
airway, resulted in altered soft-tissue and skeletal mor- 
phology. The extent of the skeletal changes appeared to 
depend on the degree of soft-tissue alterations. In the 
animals with the most marked morphologic tongue 
changes, the skeletal and dental changes tended to be 
less than in the other animals. Specific neuromuscular 
changes as recorded by our EMG technique could not 
be directly related to specific changes in morphology. 

All of the animals had similar degrees of nasal 
obstruction, but they demonstrated a wide range in 
morphologic adaptation. The degree of morphologic 
change, therefore, does not depend on the amount of air 
that flows through the mouth or nose, as has been sug- 
gested by some authors. 34, 35 Rather, it depends on the 
nature of the neuromuscular and soft-tissue adapta- 
tions.‘“, 23, X* 36 The same is true in human beings, 
where a great variation in soft-tissue and skeletal mor- 
phology can be observed in response to complete nasal 
airway obstruction (Crouzon’s syndrome, Apert’s 
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Fig. 7. Adjusted rate of change in the distance between the 
incisal edges of the maxillary and mandibular incisors mea- 
sured along the occlusal plane. 

syndrome, choanal atresia) as well as in response to 
partial nasal airway obstruction. 

The data demonstrate a wide individual variation in 
response to an identical stimulus. In assessing the con- 
tribution of oral respiration to the development of cer- 
tain dental malocclusions and facial morphologies, the 
clinician should be aware of the great variation in indi- 
vidual response to similar stimuli. 
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