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ABSTRACT

A change in the pattern of condylar loading
might lead to an increase in the amount of
condylar/mandibular growth. In this study, the
effect of activator treatment of skeletal Class 2
malocclusions on the magnitude and direction
of the temporomandibular joint reaction force
has been investigated. The treatment group
for this study consisted of 12 patients, 8 girls
and 4 boys, with an average age of 11.42 +
0.29 years and skeletal age of 11.02 + 0.29
years. An Andresen type activator was used
for a mean period of 11 months.
Electromyographic (EMG) activity of the
masseter and anterior temporal muscles were
measured and  lateral cephalometric
radiographs were taken at the beginning and
at the end of the study. A two-dimensional
model is described on the lateral
cephalometric radiographs which uses the
intregated EMG (IEMG) activity of the muscles
and bite force as the input data and a
computer program has been developed to
calculate the magnitude and direction of the
temporomandibular joint reaction force using
this model. The differences of the magnitude
and direction of the temporomandibular joint
reaction force obtained at the beginning and at
the end of activator treatment were compared
with paired t-test but not found to be
statistically significant.

Key words: Activator, TMJ Reaction force,
Electromyographic activity, Masticatory
muscles.

OZET: SINIF 2 MALOKLUZYONLU
BIREYLERDE AKTIVATOR TEDAVISININ
TEMPOROMANDIBULAR EKLEM
REAKSIYON KUVVETI| UZERINE ETKISI

Kondilin yiklienme modelinde bir degisiklik
kondiler buyime miktarinda bir artisa neden
olabilmektedir. Bu calismanin amact sinif Il
malokluzyona  sahip  bireylerin  aktivator
tedavisi ile  temporomandibular  eklemin
reaksiyon kuvvetinin dedisimini incelemektir.
Calismamizda ortalama kronolojik  yaslari
11.42 + 0.29 yil ve ortalama iskelet yaslari
11.02 + 0.29 yil olan 8 kiz 4 erkek toplam 12
birey tedavi kapsamina alindi. Bireyler
ortalama 11 ay sdre ile Andresen tipi aktivator
kullanmiglardir.  Tedavi  basi ve tedavi
sonunda bireylerden lateral sefolometrik
filmler elde edilmis ve masseter ve anterior
temporal  kasin  elektromyografik  (EMG)
kayitlari alinmistir. Lateral sefolometrik filmler
tzerinde iki boyutlu bir model tanimlanmis ve
bu  model  kullanilarak  ¢igneme  kas
aktivitelerinin integre edilmis degerleri ve
isirma  kuvvetinin veri olarak qirildigi  bir
bilgisayar programi gelistirilmis ve
temporomandibular eklem reaksiyon
kuvvetinin biydkligd ve yéni hesaplanmistir.
Eklem  reaksiyon  kuvvetinin  yénd  ve
bliyakliganian aktivatér ile tedavisi basi ve
tedavi sonrasi degerler arasi farki istatiksel
olarak dnemli bulunmamigtir.

Anahtar  Kelimeler:  Aktivator, TME,
Elektromyografik aktivite, Cigneme kaslari



INTRODUCTION

Functional appliance treatment stimulates
the mandibular growth and moves the
mandible from centric relation to an eccentric
position.  Animal studies have shown
stimulation of mandibular growth and altered
condylar growth after forward repositioning of
the condyles (1-4). However, differences exist
regarding stimulation of mandibular growth
using functional appliances in humans. Some
studies support this opinion (5-7), whereas
Bjork (8), Harvold and Vargervik (9) and
Wieslander and Largestrom (10) report no
effect on mandibular growth with functional
appliance therapy. Harvold and Vargervik (9)
indicated that the changes of treatment were
due to maxillary growth inhibition rather than
mandibular growth stimulation.

Mechanical  loading  influences  the
remodelling of skeletal tissues. In the
mandibular condyle, occlusal alterations and
consequent mechanical stimulus induce
changes in chondrocytes and cartilage
mineralization (11). Accordingly, the direction
and amount of loading affects both growth and
adaptive response of the condyle (12,13).
Considering the nature of the condyle
developing from “secondary cartilage”, it
seems likely that the condyle is responding to
the magnitude and direction of force. This
corresponds to the orientation of cartilaginous
growth plates toward compressive axial
loading. The nonlinear arrangement of
developing chondroblasts in the growing
condyle may allow alignment in different
directions with respect to the forces in the
brachiofacial model and dolichofacial models.
Cartilaginous growth enhances the occlusion
and responds to condylar forces during
growth. This might explain the unusual growth
responses of condyles and in part describe
the magnitude and direction of force on the
temporomandibular joint. Haskell et al.(13)
have shown how flexural stress in dysplastic
types may influence the ultimate
morphogenesis of the mandible as a result of
the differential pattern in the direction and
amount of loading forces on the body, ramus
and temporomandibular joint, and found that
the direction of condylar reaction force varied
from a vertical orientation in  the
hyperdivergent model to obliqgue in the
hypodivergent model. Birkebaek et al.(14)
have shown that the growth direction of
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condyle in the centric position was different in
a control group and in an activator group.

The most important factor which initiates
the adaptive response in the
temporomandibular region may be the change
in the biomechanical and biophysical
environment of the joint produced by either
muscular or nonmuscular forces (15). Navarro
et al.(16) and Pirttiniemi and Kantomaa (17)
have evaluated the effect of muscles and
Gazit et al.(18) quantified the effect of occlusal
stimulus on the adaptive response of condyle.
The continuity and duration of the applied
pressure on the temporomandibular joint are
also critical. Functional loading might
modulate the rate of condyiar growth and
hence the overall length of the mandible (12).
It is stated that a decrease in the functional
loading on the condyle related to normal joint
functions results in adaptive growth as
protrusive mandibular motions (15,19,20).

Functional appliance therapy increases
condylar growth by affecting the masticatory
muscles, unloading of the temporomandibular
joints and/or protrusion the condyles (15,21-
23). Whilst lateral pterygoid traction is one
means by which the pattern of loading could
be changed (24) other muscles such as parts
of masseter, medial pterygoid and temporal
muscle might be able to produce the same
degree of loading (15,25). Thus, condylar
growth would be a function of the pattern of
condylar loading. The obijectives of the study
are (1) to determine the change in the
temporomandibular  joint  reaction  force
created by masseter and anterior temporal
muscles before and after the activator
treatment, and (2) to develop a two-
dimensional mathematical mode! based on
vector algebra for easy and accurate data
input from lateral cephalograms, since in vivo
measurement of temporomandibular joint
forces is not possible in human subjects.

MATERIALS AND METHODS

The treatment group used for this study
consisted of 12 patients, 8 girls and 4 boys,
with an average age of 11.42 £ 0.29 years and
skeletal age of 11.02 £ 0.29 years. The lateral
cephalometric and hand-wrist radiographs
were taken before and after treatment. The
hand-wrist ~ radiographs were assessed
according to the method of Greulich and Pyle
(26). Subjects having mandibular retrusion
according to the results of the Sassouni
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analysis were selected. The patients were
treated with the activator for 11 months and
they used functional appliance 16 hours per
day. The skeletal values of treatment group
were showed Table 1. Electromyographic
(EMG) activity of the masseter and anterior
temporal muscles was recorded at the
beginning and end of treatment.

A two-dimensional mathematical model
based on vector algebra was developed to
calculate the magnitude of the
temporomandibular joint reaction force, F,,

and its direction by defining an angle 6 with
the x-axis (Fig. 1). The center of the
coordinate system was selected as the center
of the joint reaction and x-axis was drawn
parallel to the occlusal plane. The lateral
cepholograms taken at the beginning and end
of treatment were used to determine the lines
“of action and direction of the masseter and
anterior temporal muscle forces and bite
force, K,,, F, and K, respectively. The line
of action of the anterior temporal force was
assumed to extend from the deepest point of
the concave of the anterior border of ramus to
the tip of the coronoid process, and the line of
action of the masseter muscle force was
assumed to extend from gonion to the junction
of the frontal and temporal processes along
the posterior border of the zygomatic bone.
The bite force was taken along a line
perpendicular to occlusal plane and through
the tip of the midpoint of molar. Coordinates of

the arbitrarily selected points (me yMl) and
(X}\/Q’}/MZ) on the line of action of the

masseter muscle force, (X"ﬂay’]‘l) and

‘ (XTZ’ Y'rz) on the line of action of the anterior

temporal muscle force, and (XBI,}’BI) and

(XBZ, sz) on the line of action of molar bite

force were measured on the lateral
cephalograms to determine the unit vectors in
the directions of the corresponding muscle
forces and their moment arms (Fig. 1).

The forces applied by the masseter and
anterior temporal muscles and the bite force
can be written in terms of their magnitudes,

F, . I, andE,, respectively, as follows

F, =F,u,, (1)
F, =Fu, (2
F; =Fu,, ()

where u,,, u;, u, are the unit vectors,

which are in the direction of masseter and
anterior temporal muscle forces and bite
force, respectively. Bold letters indicate
vectors whereas others show the scalars in
the equations.

In static equilibrium, laws of the mechanics
require that sum of the all moments about a
point is zero and sum of the all forces is zero.
Therefore, sum of the moments of the muscle
forces about the center of joint reaction is

XM =0(4)
and from Fig. 1
d, xFy, +d; xF, +d; x F, =0(5)

where d,, d; and d, are the moment arms

of the masseter and anterior temporal muscle
forces, and bite force from the origin of the
coordinate system, respectively (Fig. 1). The
sum of the forces acting on the mandible is

YXEF=0¢()
which gives
F,+F +F, +F =0 (7)

In  the above equation, F, is the

temporomandibular joint reaction force vector,
which can be written as

Fy =F i+ F,j (8)
where 1 and j are the unit base vectors and

Fy and E, are the components of the force

along x and y axes, respectively.

The above equations have five unknowns
that are the magnitudes of the masseter and
anterior temporal muscle forces, bite force,
and the two components of the
temporomandibular joint reaction force. The
magnitude of the bite force is a known input.
On the other hand, although the magnitudes
of the muscle forces are not directly
measurable, the magnitude of one of the
muscle force can be expressed in terms of the
other if the relative magnitudes of the muscle
forces are estimated (27).

Lo
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Fig. 1: Two-dimensional model used to calculate magnitude and direction of temporomandibular joint
reaction force
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E,
— =K (@9
p =Ko

where K is a constant.

By using Equations (5), (7) and (9), the
components of temporomandibular joint
reaction force vector can be determined in
terms of the magnitude of the bite force and
the constant K. Then the magnitude and
direction of the temporomandibular joint
reaction force can be calculated as follows

F.l = ijz + FJY2 (10)

(F,,
0= tan‘]L—F'—L (11)

1X )

The calculations were undertaken using a
computer program based on the mathematical
model described.

The relationship between the integrated EMG
(IEMG) activity and isometric muscle force
has been discussed by many authors and
existence of a linear relationship between
IEMG activity and isometric muscle force was
postulated, when the contractions are at
submaximum level (28). In this study, it is
assumed that the magnitudes of the muscle
forces are proportional to IEMG activity such
that ,

Fy o A,IEMG,, (12)
F, o A, IEMG, (13)

where A, and A. are the physiological
cross sectional areas and IEMG,, and

[EMG., are the IEMG activity of the
masseter and temporal muscles, respectively.

Then, the ratio of the magnitude of
masseter muscle force to the magnitude of
anterior temporal muscle force, K, is
estimated from the following equation.

A, IEM
K :_&—__GM (14)
A, IEMG,
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The physiological cross sectional areas of
masseter and anterior temporal muscles are
taken as 340 mm? and 240 mm? in the study
(29). To measure EMG activity surface
electrodes with silver discs were used. The
records of the subjects were taken using the
unipolar method. Recordings from the left and
right sides of the anterior temporal and
masseter muscle were taken 3 times and the
mean value of the all measurements was
used. Differences between the recordings
taken at the beginning and end of the
treatment were tested by the statistical
method of paired comparisons. IEMG activity
values of masseter and anterior temporal
muscles that were recorded before and after
treatment for a bite force magnitude of 200 N
are used in Equation (14) and calculated K
values are given in Table 2. Finally Equations
(10) and (11) are used to obtain the
magnitude and direction of the
temporomandibular joint reaction force.

Table 2. K values determined before and after
treatment.

Subject  Before treatment After treatment

1 1.01 1.23
2 0.98 1.18
3 0.86 0.81
4 1.08 0.88
5 0.87 0.60
6 0.60 1.55
7 0.62 0.81
8 1.1 1.12
9 0.76 0.97
10 0.75 0.67
11 1.49 1.53
12 0.73 0.80




ACTIVATOR TREATMENT ON TMJ REACTION FORCE

RESULTS

The skeletal parameters of values of the
treatment group are given in Table 1. The
descriptive values are showed in Table 3. The
skeletal parameters SNA, SNB, ANB,
GoGn/SN and Gonial angles, and Co-Pg
length recorded at the beginning and end of
treatment were compared to verify the

treatment results. Comparison of the mean
changes of the skeletal parameters is given in
Table 4. The variation of the SNA, Gonial,
GoGn/SN angles and Co-Pg length were
found to be statistically insignificant. However
the increase in the SNB angle and decrease
in the ANB angle were found to be statistically
significant (Table 4).

Table 3. The descriptive values of skeletal parameters before and after treatment with an

activator group.

Before After
S X S
SNA (°) 80.33 0.81 80.41 0.94
SNB (°) 73.04 0.80 74.70 0.82
ANB (%) 7.29 0.50 5.45 0.45
GoGn/SN (%) 33.61 0.97 33.00 1.12
Gonial Angle (°)  125.00 1.54 126.83 1.57
Co-Pg (mm) 105.79 1.89 108.25 1.38

Table 4. The differences in the skeletal parameters before and after treatment with an activator

group.
D S5 o
SNA (%) -0.08 0.39 0.84
SNB (%) -1.66 0.35 0.0006***
ANB (%) 1.83 0.29 0.0001***
GoGn/SN (%) 0.91 0.60 0.016
Gonial Angle (°) -1.83 1.65 0.29
Co-Pg (mm) -2.45 1.13 0.053
w55 p < 0,001
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The values of the magnitude and direction of
temporomandibular joint reaction force are
summarized for molar bite before and after
treatment for all subjects in Table 5. The
mean values, standard error of means of the
magnitudes and directions of  the
temporomandibular  joint reaction forces

OKTAY UNER

before and after activator treatment are
presented in Table 6. The differences in the
mean values calculated for magnitude and
direction of the temporomandibular joint
reaction forces were not found to be
statistically significant (Table 6).

Table 5. Variation in the magnitude and direction of temporomandibular joint reaction force before

and after the activator treatment.

Direction (°)

Subject Before After Before After
1 104.93 107.05 -139.30 -139.72
2 141.93 131.74 -110.57 -143.65
3 125.89 144.50 -124.45 -107.32
4 186.13 160.90 -102.69 -125.99
5 104.74 119.04 -144.34 -128.29
6 150.61 187.65 -124.53 -125.26
7 115.46 157.14 -111.27 -93.83
8 334.96 326.87 -126.30 -115.71
9 123.73 149.67 -105.59 -115.89

10 104.62 123.01 -116.92 -104.59

11 128.06 131.04 -131.09 -121.87

12 120.74 136.87 -121.98 -121.21

Table 6. The values in temporomandibular joint reaction force before and after activator treatment in

molar bite force.

Before After
X S X S p
Magnitude (N) 128.60 6.74 140.27 6.22 0.059
Direction (°) -115.02 10.30 -98.19 21.95 0.519
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DISCUSSION

The total change observed clinically in the
activator treatment can be attributed to a
number of different components including
intra-maxiller tooth movement, changes in the
inclination of the maxilla and the mandible,
and forward displacement of the mandible
originating  from condylar growth and
remodeling of the articular fossa (2-4, 30).

Functional appliance may unload the
temporomandibular  joint that increases
condylar growth. Direct measurement of
forces within the temporomandibular joint is
difficult and involves invasive techniques that
are not applicable to human subjects. On the
other hand Brehnan et al. (31) and Boyd et al.
(32) directly measured forces at the
temporomandibular joint in the monkeys. In
human subjects, mathematical methods
applied to determine the temporomandibular
joint forces are preferable (27-29, 33-36).

In this study the magnitude and direction of
the temporomandibular reaction force have
been determined by a mathematical method
based on vector algebra. The method uses
the activities of the masseter and temporal
muscles, which were recorded before and
after treatment. It was found that the change
in the magnitude and direction of the force
was not statistically significant. Hence it can
be said that the loading pattern is not changed
by the treatment. Although there is no study in
this subject in the literature, Haskell (13) found
that the direction of condylar reaction force
varied from a vertical orientation in the
hyperdivergent model to obligue in the
hypodivergent model. This result supports the
conclusion that the loading pattern is not
changed by the treatment in the present study
since the change in the direction of the
temporomandibular reaction force was not
found to be statistically significant.

A change in condylar loading after the
treatment may result in the condylar growth.
An increase in the TMJ reaction force may
retart the condylar growth and if TMJ reaction
force decreases condylar growth may
increase. However in this study TMJ reaction
force significantly after the treatment and as a

result condylar growth pattern remained
unchanged.

CONCLUSION

A mathematical model based on vector
algebra is developed which uses two arbitrary
points on each line of action of muscle and
bite forces, the relative magnitudes of the
muscle forces and bite force as input data.
The magnitude and direction of
temporomandibular joint reaction force, which
are determined by using the developed
method before and after functional appliance
treatment are compared. The change in the
magnitude and direction of the
temporomandibular joint reaction force was
not found statistically significant. Hence it can
be concluded that the temporomandibular joint
loading is not affected by functional treatment.
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