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Background

The cause-and-effect relationship between function and mor-
phology has been reported in many previous studies, which in-
dicates the paramount role of function over shape [1–3]. The 
treatment of malocclusions during the growth period through 
the use of functional orthodontic appliances is therefore justi-
fied, and thus achieves equilibrium in the masticatory muscles 
and consequent further harmonious development of the jaws.

There are many types of functional removable appliances that 
produce changes through various mechanisms, but in essence 
they all create a pattern of functions that encourages a new 
morphological pattern in dental and skeletal facial structures 
[4]. The main reason for using functional removable applianc-
es is to establish muscular balance, eliminate oral dysfunc-
tion, and allow for proper grown of both the maxilla and the 
mandible. Another purpose has been to correct or diminish 
maxillary incisor protrusion [5]. Monitoring muscular activi-
ty during the course of functional treatment can be helpful in 
guiding the therapy [6].

Changes in muscle activity has been analysed through many 
supplementary studies [7–10]. EMG is an element in the quan-
titative assessment of patients in dentistry [11], and the most 
objective and reliable diagnostic tool for assessing changes in 
the electrical activity of the masticatory muscles, thus deter-
mining the effectiveness of the orthodontic procedures ap-
plied. In children, surface electromyography (sEMG) is com-
monly performed because it is a non-invasive and easy way 
to monitor muscle activity through the use of surface elec-
trodes instead of a needle or fine wires used in the intramus-
cular type of electromyography.

The purpose of this study was to evaluate the tone of the 
masseter and anterior temporalis muscles in growing chil-
dren before and after 6 months of treatment with functional 
removable orthodontic appliances. Additionally, muscle sym-
metry, Activity Index, and Torque coefficient before and after 
6 months of therapy were also analysed.

Material and Methods

Sample

We selected 51 patients with a mean age 10.73 (31 girls – 
mean age 10.78; and 20 boys – mean age 10.65) with Class 
II malocclusion from the patients referred to the Pomeranian 
University in Szczecin.

All the patients and their parents gave informed consent to 
all clinical and electromyographic procedures.

After a conventional clinical assessment, impressions of the 
jaws were taken and the overbite and overjet were measured 
on the diagnostic casts. The mean overbite and overjet before 
treatment were 3.20 mm and 5.52 mm, respectively.

The patients were treated with the following functional ap-
pliances: a doppelplatte appliance (32 subjects), an activator 
(14 subjects), and a Lehmann appliance (5 subjects). The con-
struction bite for the doppelplatte was taken, showing an aver-
age protrusion for the mandible of 4.26 mm and 3.46 mm be-
tween the first permanent molars. The activator and Lehmann 
appliances had construction bites with an average of 3.57 
mm and 3.60 mm, respectively, in the forward displacement 
of the mandible, and vertical distances of 3.57 mm and 3.60 
mm, respectively, between the first permanent molars. The pa-
tients were instructed to wear the appliances for at least 14–
16 hours during the day.

A quantitative EMG assessment before and after 6 months of 
functional therapy was performed as follows.

Instrumentation

EMG recordings were performed using a DAB-Bluetooth in-
strument (Zebris Medical GmbH, Germany) at the start of the 
investigation and after 6 months of treatment with the func-
tional appliances. During the EMG examination, each patient 
was sitting on a comfortable chair without head support. The 
patients were instructed to assume a natural head position.

Surface EMG signals were detected by 4 silver/silver chlo-
ride (Ag/AgCl), disposable, self-adhesive, bipolar electrodes 
(Naroxon Dual Electrode, Naroxon, USA) with a fixed inter-
electrode distance of 20 mm. The electrodes were placed on 
the superficial masseter and the anterior temporalis muscles 
on both the left and the right sides parallel to the muscular 
fibers. The positions of the electrodes were exactly the same 
as previously described by Ferrario and Sforza [11]. Temporalis 
anterior muscle: vertically along the anterior margin of the 
muscle; masseter muscle: parallel to the muscular fibres with 
the upper pole of the electrode at the intersection between 
the tragus-labial commissura and exocanthion-gonion lines. 
The reference electrode was situated inferior and posterior to 
the right ear [11].

In order to reduce impedance, the skin was carefully cleaned 
with 70% ethyl alcohol and dried prior to the placement of 
the electrode. The recordings were performed 5 minutes later.

The DAB-Bluetooth instrument was interfaced with a comput-
er which presented the data graphically and recorded it for 
further analysis. The EMG signals were amplified, digitized, 
and digitally filtered.
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Measurement protocol and EMG data analysis

The first recording for the standardization of EMG potentials 
was made as described by Ferrario et al. [12]. Two 10-mm thick 
cotton rolls were positioned on the mandibular second pre-
molars and molars, or on the mandibular second milk molars 
and the first permanent molars of each patient, and a 3-sec-
ond maximum voluntary clench (MVC) was recorded. For each 
muscle, the maximum EMG potentials were expressed as a per-
centage of this value (unit µV/µV%). This kind of standardiza-
tion eliminates any variability in results due to skin and elec-
trode impedance, electrode positioning, and relative muscular 
hypo- or hypertrophy [12–14].

EMG activity was then recorded during 3 different tests:
1.	�Rest activity of the masticatory muscles was performed in 

the clinical rest position.
2.	�Maximum voluntary clench (MVC) – static isometric test – 

was performed in the intercuspal position and the subject 
was invited to clench as hard as possible and to maintain 
the same level of contraction for 5 seconds.

3.	�Maximum effort test was performed during a 10-second 
maximum isometric contraction (MVC) of the jaws.

To avoid any effects of fatigue, a rest period of at least 5 min-
utes was allowed between each of the recordings.

To assess muscular activity as well as the coordination and 
symmetry of the homologous, synergistic, and antagonistic 
muscles, electromyographic indices were calculated.

To individualize the most prevalent pair of the masticatory 
muscles, the Activity Index (Ac) was assessed. It ranges from 
0 (no activity of the masseter) to ∞ (no activity of the tempo-
ralis muscles) [14].
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 5
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The asymmetry between the activity of the left and right jaw 
muscles was quantified by the Asymmetry Index (As). It rang-
es from 0% (total symmetry) to 100% (total asymmetry) [15].
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To evaluate a possible laterodeviating effect on the mandi-
ble caused by unbalanced right and left masseter and tem-
poralis muscles, a Torque Coefficient (Tc, unit%) was calcu-
lated as follows: 

Tc =

 5
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Tc ranges between 0% (no torque during the test) and 100% 
(a significant laterodeviating effect on the mandible) [16].

Statistical analysis

The Kruskal-Wallis test and the Mann-Whitney U test were 
used to statistically analyze the results. In addition, ANOVA/
ANCOVA (Analysis of Variance/Analysis of Covariance) tests 
were also performed. The level of significance was set at 5% 
for all statistical analyses.

Results

Rest activity

The results of the EMG recordings in the clinical rest position 
before and after 6 months of functional orthodontic therapy 
are presented in Tables 1 and 2.

The rest activity for both the masseter and temporalis mus-
cles was the same in the groups of girls (4.47 μV/μV%) and 
boys (3.59 μV/μV%). The factor which determined this activi-
ty was the type of muscle (P<0.0005). The rest activity of the 
temporalis muscles was higher (4.64 μV/μV%) than the mas-
seter muscles (3.42 μV/μV%).

The 6-month period of treatment did not affect the rest activity 
of both the muscles. The mean total activity of the muscles be-
fore treatment was 4.10 μV/μV%; and after 6 months of therapy 
it was 3.96 μV/μV% (P<0.7881). The process of treatment also did 
not influence rest activity with regard to the groups of boys and 
girls (P<0.6452), or with regard to particular muscles (P<0.6881).

The assessment of masseter activity in relation to the tempora-
lis muscles (Ac) at rest showed higher activity in girls (1.03) than 
in boys (0.74), P<0.0929. The activity index was not influenced 
by the 6-month functional orthodontic treatment (P<0.3853).

The analysis of variance in the asymmetry index (As) did not 
show any significant difference in either girls (23.19%) or boys 
(22.63%) (P<0.8279).

This index was not affected by the type of muscles (P<0.2987) 
or the treatment procedures (P<0.4672).

The analysis of the Torque coefficient (To) also did not indi-
cate any significant influence of the treatment in this respect 
(P<0.03055). Different patterns of changes with regard to this 
index were observed in the groups of girls and boys (P<0.0845).

Maximum voluntary contraction (MVC)

The results of EMG recordings in maximum voluntary contrac-
tion before and after 6 months of treatment with functional 
appliances are presented in Tables 3 and 4.
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The total activity of the evaluated muscles in intercuspal po-
sition was slightly lower in girls (98.35 μV/μV%) than in boys 
(101.38 μV/μV% P<0.5935). The factor which determined this 
activity was the type of muscle fibers (P<0.0002). The temporalis 

muscles had a higher activity (106.19 μV/μV%) than the mas-
seter muscles (93.54 μV/μV%). The sex of the patients did not 
affect the MVC activity (P<0.0911).

Side Gender N Mean –95% CI +95% CI Median Min. Max. SD SEM

Before therapy

Right side

Girls 31 4.04 2.72 5.37 3.15 0.50 15.4 3.62 0.65

Boys 20 2.65 1.68 3.63 2.26 0.46 7.5 2.08 0.46

Total 51 3.50 2.61 4.39 2.40 0.46 15.4 3.16 0.44

Left side

Girls 31 4.83 3.36 6.30 2.93 0.55 13.8 4.01 0.72

Boys 20 2.69 1.86 3.51 2.44 0.48 6.9 1.76 0.39

Total 51 3.99 3.02 4.96 2.86 0.48 13.8 3.45 0.48

After six months of therapy

Right side

Girls 31 3.33 1.96 4.69 2.05 0.25 19.0 3.73 0.67

Boys 20 2.35 1.75 2.95 1.91 0.63 4.8 1.29 0.29

Total 51 2.94 2.09 3.80 2.05 0.25 19.0 3.03 0.42

Left side

Girls 31 4.26 2.68 5.84 2.63 0.37 20.5 4.31 0.77

Boys 20 3.28 2.30 4.26 2.69 1.41 10.8 2.09 0.47

Total 51 3.88 2.86 4.89 2.67 0.37 20.5 3.61 0.51

Table 2. �Rest activity of the masseter muscles on both the right and left sides before and after six months of treatment with functional 
appliances.

Side Gender N Mean –95% CI +95% CI Median Min. Max. SD SEM

Before therapy

Right side

Girls 31 4.70 3.38 6.02 3.67 1.25 14.2 3.60 0.65

Boys 20 4.03 2.81 5.26 2.86 1.50 10.0 2.62 0.58

Total 51 4.44 3.53 5.35 3.22 1.25 14.2 3.24 0.45

Left side

Girls 31 5.05 3.74 6.35 4.23 1.09 16.6 3.56 0.64

Boys 20 4.81 2.84 6.78 3.37 0.88 17.2 4.21 0.94

Total 51 4.95 3.89 6.02 3.75 0.88 17.2 3.79 0.53

After six months of therapy

Right side

Girls 31 5.40 3.54 7.25 3.59 1.12 21.1 5.06 0.91

Boys 20 4.73 2.59 6.87 3.54 1.01 20.7 4.58 1.02

Total 51 5.13 3.77 6.49 3.59 1.01 21.1 4.84 0.68

Left side

Girls 31 4.20 2.95 5.44 3.42 0.94 17.5 3.39 0.61

Boys 20 4.21 3.10 5.32 3.98 1.18 9.3 2.37 0.53

Total 51 4.20 3.36 5.05 3.57 0.94 17.5 3.01 0.42

Table 1. �Rest activity of the temporalis muscles on both the right and left sides before and after six months of treatment with 
functional appliances.
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The impact of the 6-month orthodontic therapy for MVC ac-
tivity of the muscles was on the borderline of statistical sig-
nificance; this value was higher before (104.57 μV/μV%) than 
after treatment (95.16 μV/ μV%, P<0.0598). This effect was 

the same in each of the groups of girls and boys (P<0.6648). 
A significant decrease in MVC activity was observed in rela-
tion to the temporalis muscles (112.85 μV/μV% before, and 
99.53 μV/μV% after therapy; P<0.0006).

Side Gender N Mean –95% CI +95% CI Median Min. Max. SD SEM

Before therapy

Right side

Girls 31 92.37 83.07 101.67 92.44 32.93 137.48 25.35 4.55

Boys 20 92.14 76.39 107.88 91.92 32.00 155.43 33.64 7.52

Total 51 92.28 84.25 100.31 92.44 32.00 155.43 28.56 4.00

Left side

Girls 31 107.58 98.31 116.86 102.80 60.96 172.23 25.28 4.54

Boys 20 93.03 75.33 110.72 90.55 24.25 170.05 37.81 8.45

Total 51 101.87 93.08 110.67 97.87 24.25 172.23 31.28 4.38

After six months of therapy

Right side

Girls 31 86.98 75.87 98.10 83.66 33.48 144.47 30.30 5.44

Boys 20 92.58 77.18 107.98 87.41 33.11 159.25 32.90 7.36

Total 51 89.18 80.42 97.94 85.62 33.11 159.25 31.15 4.36

Left side

Girls 31 96.29 84.54 108.04 91.64 39.45 172.04 32.03 5.75

Boys 20 87.33 71.39 103.27 86.06 23.74 165.42 34.06 7.62

Total 51 92.78 83.55 102.00 87.14 23.74 172.04 32.80 4.59

Table 4. �The activity of masseter muscles of both the right and left sides during maximum voluntary contraction (MVC) in the 
intercuspal position before and after functional orthodontic therapy.

Side Gender N Mean –95% CI +95% CI Median Min. Max. SD SEM

Before therapy

Right side

Girls 31 102.71 93.08 112.34 100.86 59.95 173.88 26.24 4.71

Boys 20 106.35 92.69 120.02 103.70 64.30 180.82 29.19 6.53

Total 51 104.14 96.49 111.79 102.10 59.95 180.82 27.21 3.81

Left side

Girls 31 113.79 102.08 125.49 103.38 71.16 195.45 31.91 5.73

Boys 20 128.56 108.52 148.59 120.74 51.12 200.31 42.81 9.57

Total 51 119.58 109.21 129.95 108.67 51.12 200.31 36.88 5.16

After six months of therapy

Right side

Girls 31 92.46 79.82 105.10 86.05 34.03 168.82 34.46 6.19

Boys 20 102.42 87.76 117.07 102.96 21.66 150.85 31.31 7.00

Total 51 96.36 87.00 105.73 96.37 21.66 168.82 33.30 4.66

Left side

Girls 31 94.58 84.60 104.57 97.41 34.85 149.13 27.22 4.89

Boys 20 108.65 90.61 126.69 112.37 30.33 175.99 38.55 8.62

Total 51 100.10 90.95 109.24 102.98 30.33 175.99 32.52 4.55

Table 3. �The activity of the temporalis muscles of both the right and left sides during maximum voluntary contraction (MVC) in the 
intercuspal position before and after functional orthodontic therapy.
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The assessment of the activity index (Ac) for the masseter 
muscles in relation to the temporalis muscles in MVC indicat-
ed higher activity of the masseter in girls (1.01) than in boys 
(0.86; P<0.0904). The influence of 6 months therapy for those 
activity proportions of both muscles was at the limit of statis-
tical significance (P<0.0724). The relative increase of the mas-
seter activity after functional orthodontic treatment was no-
ticeable (Ac=0.86 before therapy, and Ac=0.99 after therapy) 
in both groups – girls and boys (P<0.9751).

Multivariate analysis of variance in the asymmetry index (As) 
did not show any significant differences in girls (9.44%) and 
boys (9.89%, P<0.7902). Neither the type of muscles (P<0.3902) 
nor the functional therapy (P<0.2962) determined the aver-
ages for this index.

The torque coefficient index (To) was significantly higher in 
boys (7.56) than in girls (5.02; P<0.0269) and it was not influ-
enced by orthodontic therapy (P<0.7751).

Maximum effort

Changes in the mean power frequency (MPF%) of muscles dur-
ing a 10-second maximum voluntary contraction in the inter-
cuspal position before and after 6 months of functional treat-
ment are presented in Table 5.

Changes in the MPF were determined by the type of muscles 
both before and after therapy. A greater decrease in MPF was 
observed with regard to the masseter (before and after therapy: 
–11.79%, P<0.0021; and –10.13%, P<0.0009, respectively) than 
to the temporalis muscles (before and after therapy: –7.34% and 
–5.31%, respectively). These changes were the same for both 
girls and boys (P>0.05). Six months of therapy did not influ-
ence the MPF shift either with regard to the temporalis muscles 
(P<0.2451) or to the masseter muscles (P<0.6292) in girls or boys.

Discussion

The noticeable rise in interest of electromyography in ortho-
dontics is connected with the need for a reliable and effec-
tive treatment for malocclusions. Awareness of the causes 
of malocclusions confirms the influence of function on mor-
phology and justifies the objectives of functional orthodon-
tic therapy, which aim to improve the balance of the masti-
catory muscles and promote the further correct development 
of the facial skeleton.

Surface EMG permits an objective and non-invasive evalua-
tion of the masticatory muscles. The masseter and the ante-
rior temporalis muscles are the most frequently studied mus-
cles because they are easily accessible for surface electrode 
recordings. The parameters which are the most frequently 
assessed by means of EMG are rest position and maximum 

Side Gender N Mean –95% CI +95% CI Median Min. Max. SD SEM

Before therapy

Right side

Girls 31 –6.37 –10.15 –2.59 –5.850 –35.65 12.20 10.31 1.85

Boys 20 –8.85 –13.52 –4.18 –10.85 –28.30 19.95 9.97 2.23

Total 51 –7.34 –10.20 –4.49 –6.95 –35.65 19.95 10.15 1.42

Left side

Girls 31 –10.40 –14.58 –6.22 –9.650 –33.20 11.15 11.40 2.05

Boys 20 –13.95 –20.29 –7.61 –13.95 –37.85 8.55 13.55 3.03

Total 51 –11.79 –15.25 –8.34 –11.20 –37.85 11.15 12.28 1.72

After six months of therapy

Right side

Girls 31 –2.79 –7.56 1.98 –3.950 –32.35 25.65 13.00 2.34

Boys 20 –9.21 –15.47 –2.95 –12.10 –37.15 23.25 13.38 2.99

Total 51 –5.31 –9.08 –1.54 –4.00 –37.15 25.65 13.40 1.88

Left side

Girls 31 –10.22 –14.92 –5.51 –7.750 –42.00 9,10 12.83 2.30

Boys 20 –9.98 –17.30 –2.66 –13.45 –39.30 24.65 15.64 3.50

Total 51 –10.13 –14.02 –6.23 –8.65 –42.00 24.65 13.85 1.94

Table 5. �Changes in the mean power frequency (MPF%) of muscles during maximum voluntary contraction before and after 6 months 
of functional orthodontic therapy.

251
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Woźniak K. et al.: 
The impact of functional appliances on muscle activity
© Med Sci Monit, 2015; 21: 246-253

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



voluntary clenching (MVC). Additionally, in our research, max-
imum effort was also evaluated.

Rest activity is one of the most important static activities an-
alysed. From the biomechanical point of view, the absence of 
electrical activity of the muscles at rest is the optimal condi-
tion. However, more recent research has shown that the clin-
ical rest position is an active muscle position because of the 
tone of the muscles involved [17]. Thus, in proper occlusion 
this activity should be as low as possible.

The results of our study revealed no sex differences in the rest 
activity of both the masseter and temporalis muscles. This is in 
accordance with Ferrario et al. [13], who also did not observe 
any differences in the rest position of the masseter and tem-
poralis muscles between females and males on the basis of the 
recordings performed in 92 healthy subjects. The same results 
relating to rest activity were described by Cha et al. [18]. The 
sample which they investigated included 105 patients with an 
average age of 22 years. Conversely, Pinho et al. [19] indicat-
ed a higher activity of the masseter and temporalis muscles 
in women (2.64 μV) than in men (1.37 μV).

The factor which determined the rest activity in our study was 
the type of muscle fibers. The temporalis anterior bellies had 
higher rest activities than the masseter muscles. These find-
ings were in accordance with the fact that the temporalis mus-
cles are the most involved at rest. The analysis of the chang-
es in the rest electrical activity before and after 6 months of 
treatment did not show any differences.

Another important static condition which has been previous-
ly analyzed is maximum voluntary contraction (MVC). The re-
sults of our study showed no differences between the groups 
of girls and boys in this activity. These findings correspond to 
the results described by Ferrario et al. [16], who also did not 
notice any differences in the MVC activity of the masticatory 
muscles between males and females.

Moreno et al. [20] found higher MVC activity in males with re-
gard to the masseter. This value was estimated at 193.21 μV 
on the right side and 195.09 μV on the left side, whereas in 
females it was 131.43 μV and 138.28 μV on the right and left 
sides, respectively,. The activity of the temporalis muscles was 
the same in both groups. Various studies described by Ferrario 
et al. [13] found that males had higher MVC activity (tempora-
lis activity 181.9 μV; masseter activity 216.2 μV) than females 
(temporalis activity 161.7 μV; masseter activity 156.8 μV).

In our study of MVC, we observed higher activity in the tem-
poralis muscles than in the masseter muscles. The maximum 
effort test indicated greater fatigue in the masseter than in 
the temporalis muscles.

Pancherz and Anehus-Pancherz [21] also observed lower MVC 
activity of the masseter muscles in comparison to the tempo-
ralis muscles. Their sample, similarly to our sample, included 
only patients with Class II malocclusions.

These studies are in accordance with a study described by Moss 
[22], who also confirmed higher MVC activity of the temporalis 
muscles than of the masseter muscles in patients with Class 
II malocclusions. In the control group with correct occlusions, 
the MVC activity of the masseter and temporalis muscles was 
almost at the same level.

Similar findings in this respect to our own studies seem to 
confirm the variability of decreased masseter activity regard-
ing MVC in patients with Class II malocclusions.

An analysis of the record of changes in the electrical activity of 
muscles after 6 months of treatment through the use of func-
tional appliances indicated its selective influence on muscle 
activity. The influence of functional therapy manifested itself 
mainly in the decrease of electrical activity in the evaluated 
muscles during maximum isometric contraction in the inter-
cuspal position. This effect was predominant in the case of 
the temporalis muscles, whose activity significantly decreased 
in this situation after 6 months of treatment.

Ingervall and Thuer [23] also described a decrease in the MVC 
activity of the temporalis anterior muscles during functional 
orthodontic therapy. The mean values describing the activity 
of the anterior temporalis bellies before, after 4 months, and 
after 12 months of treatment were 279.6 μV, 257.4 μV, and 
236.1 μV, respectively. Moreover, the authors also observed a 
decrease in the MVC activity of the temporalis posterior fibers.

An interesting study relating to the influence of functional orth-
odontic therapy was described by Erdem et al. [24]. The sam-
ple consisted of 25 children with Class II malocclusions with-
out temporomandibular dysfunctions. Fifteen patients were 
treated by the use of an activator, and the remaining ones 
were in the control group. The activity of the temporalis and 
masseter muscles during clenching, chewing, and swallowing 
increased after 12 months in both groups, but the increase 
was greater in the treatment group.

Different results were presented by Uner et al. [25], who did 
not observe any significant changes with respect to the rest-
ing and MVC activity of the masseter and temporalis muscles 
after functional treatment.

Tartaglia et al. [26] verified the efficiency of the Pre-Orthodontic 
Trainer T4K functional positioner. The treatment was performed 
in a group of 10 boys aged 8–13 years. After 6 months of 
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therapy, overbite and overjet decreased. The therapy did not 
influence the activity of the masticatory muscles.

The overview of research presented above points to the diff﻿i-
culty in providing clear answers relating to the impact of func-
tional therapy on the activity of the masticatory muscles. This 
difficulty stems from differences in research methodology, in-
cluding the methods of selecting study groups, the period over 
which the treatment results were evaluated, and the methods 
for measuring or estimating the electrical activity of the mus-
cles. Undeniably, however, the inclusion of electromyography 
in the repertoire of diagnostic methods allows objective as-
sessment of the impact of therapy on function.

Conclusions

1.	�The activity of the muscles was determined by the kind of 
activity performed.

2.	�Sex did not influence the activity of the masticatory mus-
cles in any of the activities performed.

3.	�A 6-month period of functional therapy resulted in chang-
es in the activity of the masticatory muscles.
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