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INTRODUCTION 

Diverse views concerning the activity of the masticatory 
muscles in Class 11, div. 1 malocclusion have been reported in a 
number of electromyographic studies. It has been said that the 
activity recorded in cases of such malocclusions differs from that 
in ”normal cases” (Moyers, 1949; 1950; Perry, 1955). This 
suggests not only a morphologic difference between Angle class 
I1 and normal occlusion, but also a physiologic difference, reflect- 
ed in the distribution of the activity within the musculature. 
Other workers, however, have found no essential functional 
differences in the muscle activity when comparing this malocclu- 
sion to a series of ”normal cases”. (Carlsoo, 1952; Liebmann e t  al., 
1960; Grossmnn et al., 1961.) 

The activity in the masticatory muscles during and after treat- 
ment of Class I1 malocclusion has also been examined in a number 
of electromyographic studies. Almost all of them have been con- 
cerned with the temporal and masseter muscles, and only a few 
with the suprahyoid muscles (Movers, 1949; Ahlgren, 1960). 

As regards the muscle activity in activator therapy it has been 
stated that the activator ”in function” affects the teeth and alveo- 
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lar process through reflex contraction of the inasticatory inuscles 
(Andresen, Hiii ipld Petrik,  1957; Griide, 1951; Eschler, 1955). On 
the other hand it has been proposed that the activator "at rest" 
is active owing to the increased activity in the musles resulting 
from their stretching (Rallnrd, 1955; Herren, 1956; Ahlgren, 
1960). 

The different views on the effect of the activator on the treat- 
nient have been based inter cilia on the muscle activity during 
sleep, during which the activator is mostly used. Eschler (1955) 
recorded the activity during sleep in the teinporal and masseter 
iiiuscles. ISy nie:tns of ii sensitiye pressure gauge Schmufh (1960) 
recorded intermittent forces, which he found to be considerably 
greater in patients with good than with poor results of treatment. 
ilhlgren ( l960 , ,  on the other h:ind, found no increase in inuscle 
activity . 

The muscle activity accompanying intermaxillary traction 
therapy has keen examined by dm (1(360), but in only 3 cases, 
even these differing with respect to the nature of the malocclu- 
sion. The results suggest, however, that the muscular activity on 
the whole is the same for intermaxillary traction as for the acti- 
vator at rest. 

The purpose of the treatment of cases of class 11, div. 1 inal- 
occlusion, which is usually performed with an activator or inter- 
maxillary traction, is to recover the normal inaxilloniandibular 
jaw relation. The difference in the opinions as to the muscle 
activity may be due to some extent to the fact that the cases 
studied may have different causality. The object of the present 
study was therefore to compare the muscular response when 
using the two types of apparatus in a honiogeneous material of 
Class 11, div. 1 cases. Only the initial stage of the treatment was 
of interest. 

MATERI.IL AND AIETHODS 

The series for the study consisted of 14 boys aged 10 years with 
Angle class 11, div. 1 malocclusion. The postnormal relation be- 
tween the jaws was in all cases one cusp width bilaterally. The 
overjet was great (ranging from 9 to 14 nim). In addition there 
was deep overbite, that is, the lower incisors occluded against the 
gingival thirds of the upper incisors or on the oral aspect of the 
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gingiva. Cephalometric analysis showed that compared with a 
selected material with ideal occlusion (Werner, 1954) there were 
large deviations in the inclination of the upper incisors (proclina- 
tion) and in the angles SNB, SNP and ANB (notation see Bjork, 
1947), indicating a retruded mandible in relation to a normally 
positioned maxilla. 

Four of the boys were drawn at random for activator treatment 
and 4 for intermaxillary traction. So as to be able to study on the 
same person the muscle activity due to the activator and inter- 
maxillary traction the other 6 boys were supplied with both types 
of appliance. In all cases of activator treatment the mandible was 
displaced forwards by one cusp width. The vertical dimension 
was then raised so that no stretching of the orbicularis oris muscle 
was observed. This increase in vertical dimension ranged from 
4 to 7 mm. 

In intermaxillary traction the rubber ligatures exerted a for- 
ward traction on the mandible of about one cusp width. The 
force in each ligature was 130---150 g. in the postnormal relation. 

The distance the mandible was moved iorwards with the two 
types of appliance is seen in Fig. 1, in which tracings of the profile 
radiographs from the same person show the maxillo-mandibular 
relation (A) in centric occlusion, (B) with the activator and (C) 
with intermaxillary ligatures applied. 

Fig. 1. Tracings from profile radiographs relating to the same subject. 
( A )  Centric occlusion 
(B)  Activator applied 
(C) Intermaxillary ligatures applied 

The dotted lines in B and C denote the extent of the displacement of the 
mandible at the first permanent molars and the temporomandibular joint. 
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Electroniyo~rapliic registrations were performed in all cases 
before and after application of  the respective appliances. These 
registrations were performed with an electroniyograph ( D i s a )  
with a n  integrator. The action potentials in the first 8 cases were 
picked up with concentric needle electrodes and in the remaining 
6 eases with surface electrodes, two electrodes being placed one 
ceiitimetre apart over the respective muscle. This close placing of 
the electrodes reduces to a niininiuni the EEG-activity that would 
otherwise inevitably be obtained from the temporal muscle. 

The muscle activity was picked up from the right side from the 
temporal muscle (posterior portion) and the masseter and the 
suprahyoid muscles. The needle electrodes were placed in the 
anterior belly o f  the digastric muscle, and the surface electrodes 
were applied in the anterior part of the submental region. The 
action potentials were recorded on continuous film. 

In the 6 cases in which both types of apparatus were tested this 
was done at the same session, and the surface electrodes affixed 
with rollodium were left undisturbed through thc two series of 
tests. The subjects were i ~ n a ~ v a r e  of when the photographic 
record i n g s we re in ade . 

The patients were placed in a dental chair with the head resting 
on the neck support, and the Frankfort plane approximately 
horizontal. After practice and \vithout the appliance, the patient 
was required to perform the movements of the mandible, under 
supervision, according to the followin# pattcrn : physiologic rest 
position -- forward iiiovenient without cuspal guidance into nor- 
inal occlusion and into the edge-to-edge relation - physiologic 
rest position. Electroiiiyographic recordinss were made through- 
out this p;iltern of iiiovements. The respective appliances were 
then inserted and the innndible was thereby forced forw, 'ir d s as 
far as the :ictivator or the interniaxillary ligatures permitted, that 
is one cusp width (Fig. 1). In this protruded position the appli- 
ances were considered to be "at rest", since no closing or other 
inovements viere performed. The electromyographic registrations 
were repeated 5 tiriles in the order specified. 

The activator or the intermaxillary ligatures applied were "at 
rest" in the protruded position only for a while. When the acti- 
vator was used swallowing movements and during intermaxillary 



Fig. 2. Forward displacement of the mandible without appliance. 

( A )  From the physiologic rest position (Fv) to normal occlusion (No) and 
edge-to-edge relation (KiIi). 

A s  above. The broken line refers to biting. (B) 
In  this and the following figures the followiiig abbreviations are used : 

in. s. suprahyoid muscles 
m. t. temporal muscle (posterior portion) 
m. m. masseter muscle 

In this and the following figures the activity was integrated from the base 
line. The heavier line corresponds to the upper and the thinner line to  the 

lower registration. 
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Fig. 3 (a-b). The acivator "at rest". The mandible forccd foiward as far  
as the activator permitted. No closing or other movements mere performed. 

traction niovements of the mandible, chiefly forwards-and-back- 
wards, were observed. Because of these the muscle activity for 
the respective appliances "in function" was therefore recorded 
over a period of about half an hour. 

RESL'LTS 

Muscle activity without appliance 

In all cases the niixscle coordination before the application of 
each appliance was in  full agreeiiient with Cnrlsiiii's findings for 
"normal" subjects. Thus, activity was recorded in the niasseter 
muscle and the suprahyoid muscles in n forward displacement of 
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Fig. 3 (c-d). Intermaxillary traction "at rest". The mandible forced for- 
ward as far as the intermaxillary ligatures permitted. No closing or other 

movements were performed. 

the mandible and this was more marked with greater forward 
displacement. Biting in edge-to-edge position further increased 
the activity in the masseter muscle, whereas in the suprahyoid 
muscles it diminished. No activity was noted in the temporal 
muscle (posterior portion) in forward movement (Fig. 2) .  

Muscle activity with the appliances "at rest" 

When the activator or intermaxillary ligatures were applied a 
forward displacement was in all cases accompanied by slight 
activity in the suprahyoid muscles but not in the posterior portion 



Fig. 4 :I. Activator ”in function”. S\vnl lowing ~novemcnts wcrc performed 
\I””lt:lllcou\ly. 

of the temporal muscle. I n  the inasseter the activity was negli- 
gible. Since sniall differences in the position of the electrodes can 
result in large differences in the amplitude of the potentials, a 
coinparison o f  the muscle activity for the two types of appliance 
was performed only in the 6 cases in which the electrodes remain- 
ed in the snnie position throughout the recording period for the 
two appliances. 

It is clear from tlic electronipgranis so obtained that the 
activity in the suprahyoid iiiuscles was of the same magnitude 
for the activator as for the intermaxillary traction, and this is 
consistent with the increase in activity that can be recorded in 
the saiiie subject during voluntary protrusion of the iiiandible to  



Fig. 4 b. See text Fig. 4 a. 

the same extent. (Fig. 3.) This activity is small, since the dis- 
placement amounts to only one cusp-width. 

In spite of the fact that the forward movement of the mandible 
in each individual was approximately the same for the activator 
and intermaxillary traction, the activity recorded from the 
masseter muscle, was not of the same magnitude for the two types 
of appliance; it being less with the activator "at rest" than with 
intermaxillary traction, which itself was of the same magnitude 
as for an equal, volontary displacement of the mandible. These 
differences are in all probability due to the fact that the activator 
at  the same time forces an opening movement. As Carlsiio (1956) 
has shown, the activity in the masseter muscle is reduced gradu- 
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ally to the opening movement performed ventrally of the habitual 
path of opening. 

Muscle activity with the two appliances "functioning" 

On observing the patient over fairly long periods with the 
respective apparatus applied it was found that with the activator 
in place swallowing movements were performed periodically, 
presumably owing to the increase in salivary secretion through 
the presence of the appliance ; with interniaxillary traction 
applied, defini te periodic movements of the mandible were per- 
formed, chiefly forwards and backwards, so that the force exerted 
by the ligatures varied from maximum in postnornial occlusion 
(130-1.50 g.) to zero in soine protruded position. 

These observations were made in the same experiment series, 
and thus with the surface electrodes still in place, and the action 
potentials were recorded photographically with the respective 
appliances "at rest" and "in function". 

It is wen from the electromyogranis that with the activator 
"in function" there was a marked increase in activity in the 
suprahyoidal muscles at fairly regular intervals (though varying 
from one subject to another) which corresponded to the fre- 
quency of the swallowing movements. A relatively intense activity 
was recorded in the posterior portion of the temporal muscle, and 
only for short irregular periods does this portion seem to have 
becn at rest. The activity was least for the niasseter muscle, and 
only occasionally was there any tendency for it to increase, and 
then only for short periods (Fig. 4 ) .  

U'ith the interniaxillary traction in function a marked increase 
in activity was recorded in the suprahyoid muscles over varying 
periods, corresponding to the forward movement of the mandible. 
Activity was also recorded in the posterior portion of the temporal 
xnnscle. This, however, was not as continuous as that due to the 
activator, the periods of activity alternating with periods of rest, 
corresponding to the backward and forward inoveriient of the 
mandible. In the case of the interniaxillary traction, as for the 
activator, the niinimum activity was recorded for the niasseter 
muscle. Ocrasionally, however, there was a pronounced increase 
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in activity in connection x i th  a marked protrusion of the man- 
dihle (Fig. 5 ) .  

DISCCSSION 

In the present investigation as in the earlier ones on the same 
problem, only some of the inuscles were studied, that might be 
expected to exhibit an increase in activity when a n  activator or 
intermaxillary traction is applied. I t  would have been desirable 
to examine the lateral pterygoid muscle, which is of course, also 
involved in forwird inoveinents of the niandible (Cnrlsiiii, 1952), 
but this presents seine difficulty in children, for this muscle can 
be reached only with needle electrodes. It is unlikely, however, 
that this muscle behaves differently from the other muscles with 
the apparatus applied. 

In the present study it was found that miiscle activity was 
recorded for both activator and interiiiasillary traction. When the 
aypkince x a s  ”:it rest” this activity w a s  insignificant, that is, 
when no closing or other rnoveiiient mere performed, biit large 
when the appliance was  ”in function”, that is when such niove- 
ments were performed. 

It \vould seem that both activator and intermaxillary traction 
provoke spontaneous movements of the mandible, which give rise 
to this increase in the muscle activity and hence to muscular 
forces of a constantly varying magnitude; which are transmitted 
via the respective appliances, to the teeth and alveolar process. 
It is generally considcred that the force exerted by the inter- 
maxillary ligatures is continuous and results in normal occlusion 
chiefly through movement of the teeth in the alveolar processes. 
However, because of the spontaneous iiio\’enients of the niandible 
variations in the stress in the ligatures were recorded, so that this 
force is not constant in the true sense of the term but rather of 
an intermittent nature. Thus similarities would seem to apply to 
the activator for which the displacing force is intermittent and 
generated by activation chiefly by the masticatory niuscles. 

The muscle activity is, in theory, of the same type for the two 
kinds of appliance and of such a magnitude that it can exert a 
therapeutic action only when the appliance is in function. As  a 
result of the increase in activity in the retractors the direction of 
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the force, especially in the upper anterior segment, would be such 
as to promote remodelling processes in the alveolar process in a 
favourable direction. 

The spontaneous pattern of movement contributes to a forward 
traction of the mandible, and this might elicite a condylar re- 
sponse, with remodelling processes and possibly stimulation of 
growth. That such a condylar response can be obtained in ortho- 
dontic treatment has been shown in animal experiments (Breit- 
ner, 1940; Haupl et al., 1939, 1954; Baume et al., 1961). Histologic 
findings on man (Baume et al., 1959) and cephaloinetric studies 
(Gresham, 1952; Ricketts, 1952, 1955) would seem to support this 
supposition. 

That this condylar response and the remodelling processes in 
the alveolar process are due to the muscular activity is the basis 
for the concepts of Andresen and Huupl on functional jaw 
orthopaedics. Insofar as this intermittent interaction of forces is 
of significance for these remodelling processes it is of principally 
the same type for the two types of appliance. The small differ- 
ences in the pattern of movement that were observed in this study 
are probably of no significance. The muscle activity is, however, 
of broadly the same type for the two appliances "in function". 

The activator effect has been analysed in the waken state, and 
this is not necessarily the same as during sleep. Some reservation 
as to the general validity must therefore be made with respect to 
the time in the day the appliance is used. It is often recommended 
to use the activator as much as possible during the day to improve 
its effect; this provides further support for the view that the 
activator, in common with intermaxillary traction, exerts its 
greatest effect "in function". 

The muscle activity was studied only in the initial stage of the 
treatment. The possibility of adaptation effects later on is of 
course an important factor. The muscle response to the two 
appliances was examined on the same subject to  eliminate such 
sources of error as the positioning of the electrodes and individual 
variations. It is obviously impossible to study the adaptation 
effects under the same conditions since comparison between the 
two appliances cannot be made on the same person after treat- 
ment with only one of them. 



35.1 

A n  electroiiiyo~ral,Iiic study of the activity in the iiiasseter, 
posterior portion of the temporal and supahyoid muscles has 
been performed on 11 boys ( 1 0  years of age), with Angle Class 11, 
div. 1 malocclusions with retruded mandible. This activity was 
studied on appIying activator or intermaxillary traction, and was 
recorded with the appliance ”at rest” and ”in function”, that is, 
without and with spontaneous nioveiiients of the mandible. 

The muscle activity was fairly low with the respective ap- 
pliances ”:it rest”, hut  ”in function” it was intense with both 
appliances. 

\\’it11 small differences in the ~iioveiiieiit pattern it \voiild seem 
that the muscular activity and hence the stimulus to remodelling 
are in principle the same for the two types of appliance. 

lH?sral8 

ACTIVITE MUSCULAIKE DUE il L’EMPLOI IYUN ACTIVATEUR ou DE LA 
TRACTION INTERMAXILLAIKE DANS LE MALOCCLUSION CLASSE 11, 

DIVISION 1 D’ANGLE. 

E’H’DE I::I ,~:CTIIO~IY~II.~PHIQI-E DES MUSCLES lE;2IPORAI,, 

31 A SSBT ER fi.r sr S-HY o 11) I 1:s s 

I‘ne dtiidc Plectromyographicfiie de I’activitb du massiiter, cle la  
partie postPrieure du muscle temporal et des muscles SIIS- 

hyoidiens a etd faite siir 14 jeuiies garpiis  (5gi.s de 10 ans),  
prdsentant cles malocclusions classe 11, division 1 d’Angle, aver 
rbtrognathie niandibnlaire. Cctte activitd a ktC Ctudike en plaTant 
tin activateur 011 line traction intermaxillaire, et a 6t6 enregistrPe 
avec l’appnreil ”en action” 011 ”ail repos”, c’est-h-dire avec ou sans 
iiiouveiiienfs spontanks de la iiiandibule. 

L’activitt; iiiusculaire dtait assez basse avec les deus types 
d’appareils ”aii repos”, niais, ”en action” elle etait intense avec 
ies deux appareils. 

Avec quelques petites diffdrences dans le niouvement dkcrit, il 
semblerait qiie l’activitt; niiisciilaire, et, par conskqnent, le stim- 
ulus provoqiiant le remodelage, sont en principe les mkmes pour 
les deux types d’appareils. 
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ZUSAhfMENFASSUNG 

DIE MUSKELAKTIVITAT BE1 BEHANDLUNG MIT AKTZVATOR UND INTER- 
MAXlLLAREN ZUGEN BE1 FALLEN VON ANGLE-KLASSE 1I:I. 

EINE ELEKTROMYOGHAFISCHE UNTERSCCHUNG DES M. TBMPOIIALIS, 
hl. MASSETER UND DER SUPR~4HYOIDALEN MUSKULATUR 

Eine elektromyografische Untersuchung der Aktivitat im dor- 
salen Anteil des M. temporalis, des M. masseter sowie der supra- 
hyoidalen Muskulatur wurde bei 14 Jungen im Alter von 10 
Jahren mit der Diagnose Angle-Klasse 11: 1 bei Riicklage des 
Unterltiefers durchgefuhrt. Diese Aktivitat wurde bei BehandIung 
mit sowohl Aktivator wie intermaxillaren Zugen untersucht und 
rnit entsprechendem Gerat ”in Funktion” und ”in Ruhe” regi- 
striert, d.h. niit und ohne Bewegungen des Unterkiefers. 

Die Ergebnisse zeigen, dass die Muskelaktivitat bei beiden 
Geraten ”in Ruhelage” relativ unbedeutend ist. ”In Funktion” 
dagegen wird bei beiden Geraten eine kraftige Muskelaktivitat 
registriert. 

Aufgrund der Ergebnisse wird schliesslich der Effekt mit bei- 
den Apparaturen diskutiert, wobei angenommen wird, dass beide 
das gleiche Endergebnis zeigen, d.h. Zahnstellungsveranderungen 
in den Alveolarfortsitzen sowie ev. Umbauvorgange im Bereich 
des Kiefergelenks. 
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