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Purpose: The plane 2D model and 3d finite element model of the headgear attached to two molars with different mesio-distal lo-
cation are studied to show the asymmetric mechanical effects produced by symmetrically loaded headgear. In daily dental practice
the asymmetrical location of molars is usually ignored. Methods: Six 3D finite element models of a symmetric cervical headgear
were designed in SolidWorks 2011. The models showed symmetric molar position (model 1), 0.5 to 2 mm of anterior-posterior molar
difference (models 2—-5) and a significant asymmetry with 10 mm of difference in the locations (model 6). The head gear was loaded
with 3N of force applied at the cervical headgear. The forces and moments produced on terminal molars are assessed. Results: It is
shown the difference between the forces acting at the longer and shorter outer arms of the headgear increases with increase in the
distance. The significant numeric difference in the forces has been found: from 0.0082 N (model 1) to 0.0324 N (model 5) and 0.146 N
(model 6). These small forces may produce unplanned distal tipping and rotation of the molars around their vertical axes. The most
important funding was found as a clockwise yaw moment in the system when is viewed superio-inferiorly. The yaw moment has been
computed between —0.646 N-mm (model 1) and —1.945 N mm (model 5). Conclusions: Therefore even small asymmetry in location
of molars loaded by a symmetric cervical headgear will produce undesirable movement and rotation of the teeth that must be taken

into account before applying the treatment.
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1. Introduction

Orthodontic headgear (HG) is an appliance at-
tached to dental braces or a palatal expander that
serves for correcting severe bite problems, to retract-
ing maxillary teeth or reinforcing tooth anchorage
during retraction. It consists of the inner bow fastened
to the molars and the outer bow to which the force is
applied (Fig. 1). Headgears are prescribed in daily
practice and the outer bows are routinely adjusted
according to the needs of the practitioner. The missing
link in this problem is to ascertain the length of the
inner bow ends at the end of the adjustment of the HG
adjustment visit. HG has had many ups and downs

since its introduction in orthodontics. The appliance
was first introduced by Norman William Kingsley but
virtually ignored by H. Angle, though it has been
shown to be very effective in treating orthodontic
patients. In 1944, Oppenheim described its mechani-
cal principles and revived its use in dental practice.
From Oppenheim to 1970 various approaches to the
use of HG have been described [10]-[13], [21]. In
a comprehensive paper [1], the importance of precise
control of magnitude, direction, and duration of extra-
oral force for increased HG efficiency and effective-
ness in treating malocclusions in the late mixed denti-
tion period was demonstrated. Biomechanics of the
HGs as force systems have been studied in a series of
papers [2]-[5], [9], [14]-[17], [20], [22], [23], [25] by
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applying classical mechanics balance equations of
force and moment of force.

Production of extra oral forces [16], [17], [20],
[23] by application of unilateral [15] bows has been
studied and classification of rotation and extra oral
force systems has been done [25]. Biomechanical
guidelines for the HG application have been formu-
lated [4] and the importance of individual biome-
chanics of growth has been shown [9]. A comparative
analysis of the extraoral and intraoral appliances has
been done [2], [14] and finite element method (FEM)
was shown a useful tool for practicing dentists [3],
[5]-18], [22]. In spite of the classical mechanics ap-
proach, the FEM allows determination of the tooth
displacement and rotation accounting for its geometri-
cal shape and location of the rigid (bone) and soft
(gum) tissues around the tooth, as well as structure of
periodontal ligaments (PDL) connecting the root of
the tooth and its bony socket.

external load

e outer bow

inner bow
/

Fig. 1. Mechanical construction of the HG

A wealth of research has been done on the analysis
of different lengths and positions of the outer bow.
Analyses of the symmetrically and asymmetrically
loaded outer bows revealed that with increasing
asymmetry of the external loading the distal load to
the power-arm side is accompanied by a shift of the
lateral force and couple to the opposite side [6][8],
[22]. In the cases when different molar distalization
forces are needed on the right and left sides of the jaw,
the unequal outer and inner bow configurations may
be useful [3], [7], [22]. When the difference between
the long and short outer bows is 40 mm, the forces
produced at the long-side and short-side molars are in
ratio 7:3 [3].

In some cases, the molars are not in the same me-
sio-distal position, regardless of how the symmetric
cervical HG is adjusted. When the individual medio-
lateral location of the molars is asymmetrical, signifi-
cant difference in the forces produced could produce
undesirable asymmetric displacement and rotation of

the molars [7]. Clinically, it is often difficult to ascer-
tain the mesio-distal and medio-lateral asymmetry of
the molars on the left and right sides.

The effects of shortening of one outer bow was
examined and evaluated by 3D FEM analysis [6]. It
was shown that different forces resulted on the left
and right molars, and a yaw moment in the system
was produced resulting in a rotation about vertical
axis. The FEM modeling of effects of unilateral ex-
pansion of the outer bow also revealed a yaw moment
rotating the system [8]. It means that there are some
structural limitations in the HG design that produced
significant asymmetries.

The primary goal of this study is to assess the ef-
fects of loading a symmetric cervical HG to two me-
sio-distally asymmetric molars.

2. Materials and methods

Six 3D finite element models (FE models) were
designed of a mesio-distal slice of maxillae (Fig. 2).
Each model consisted of cortical and spongy bone,
upper first molars (in models 1-5) and right upper
first and left upper second molar (in model 6), their
PDL, molar bands on teeth, a cervical HG with
symmetric outer bows (Fig. 2). The only differences
in the models were in the antero-posterior position
of the molars and the inner bow of the HG to adapt
their positions (Fig. 3). The molars were in symmet-
ric position in model 1. Models 2—4 showed various
amounts of right side molar mesial displacement
(0.5 mm, 1.0 mm, 1.5 mm, and 2 mm, respectively).
The sixth model showed a specific situation of ad-
justing the inner bow on the right side first molar
and the left side second molar, simulating a case
with pre-extraction of the left side first molar.

The models were designed in SolidWorks 2011
(300 Baker Ave. Concord, Masachusetts 01742 USA)
and then transferred to ANSYS Workbench Ver. 12.1
(Southpointe, 275 Technology Drive, Cononsburg PA
15317, USA) for the solving process. Meshing was
done by the powerful meshing program in the Work-
bench. Meshed models contained 65303 nodes and
37815 elements (Fig. 2).

The anterior and posterior surfaces of each model
were restrained. The end surfaces of outer bows were
loaded with a 3 N force. The mechanical properties of
the materials used (linear and homogenous) were con-
sidered as presented in Table 1. Forces and moments
produced in both side molars at different mesio-distal
locations were evaluated by FEM.
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Fig. 2. The 3D meshed model; a mesio-distal slice of the maxillae containing right upper first molar,
left upper second molar, their PDLs, cortical bone, spongy bone, a cervical HG, bands fitted on the molars crowns

Table 1. Mechanical properties
of the materials used in this study

Young’s modulus (MPa) | Poisson’s ratio
Tooth 20300 0.26
PDL 0.667 0.49
Spongy bone 13400 0.38
Cortical bone 34000 0.26
Stainless steel 200000 0.30

3. Analytical solution
for a mesio-distal asymmetric
molar position in the HG

Let us consider the general case of the circular rod
loaded by external distributed and pointed forces and
moments of forces (Fig. 3). Bend of a rod (or beam)
with a circular axis is considered using the following
assumptions [18]:

(1) one of the main axes of the cross-sectional inertia
is in the plane of the circular rod;

(2) the rod is inextensible (its length is constant);

(3) the hypothesis of a flat normal is applicable;

(4) cross-sections of the rod are not deformed by ap-
plied forces;

(5) deformations of the rod are small;

(6) the rod is thin, i.e., R/H > 5 where & and R are the
beam thickness and the radius of curvature of the

symmetry axis (Fig. 4).

The approach has been successfully used for biome-
chanical analysis of the symmetric HG [4], [15], [17],
the HG with asymmetric outer [3] and inner [22] bows.
Using assumptions (1)-6) the equations governing the
bend of the rod in the plane of its curvature are [18]

d—N+Q+pR=O, d—Q—N—qR=O,
do do

D oo, w49
do R do

1 (dw j dv
G=—| —+v| w=—-,

R\ do do
where ¢ is the angular coordinate of the cross-section;
M, N, Q are bending moment of force, normal and
cross forces; m, g, p are distributed bending moment
of force per unit length and normal and tangent com-
ponents of external distributed loads; 4, w, v are angle
of rotation and radial and tangent components of dis-
placements of the cross-section; E is Young’s
modulus; J is the moment of inertia.

The boundary conditions for (1) must be deter-
mined at the ends ¢ = 0 and ¢ = ¢ of the rod de-
pending on the fastening conditions (Fig. 4). If the
external radial P; and tangent T; point forces and the
point moment of force L; are applied in the cross sec-
tions with angular coordinates p= @, i =1, 2, ... (Fig. 3),
one must integrate (1) between the cross-sections with

point loads independently and then compute the gen-
eral solution using three continuity conditions for
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displacements and three more first-order discontinuity
conditions for the internal forces and moments of forces
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at o= ¢

URG or UR7

with different mesio-distal locations. The upper left first molar (UL6)

Fig. 3. A general view on the loading of two molars

is considered to have a normal location in the dental arch.
The displaced upper right first molar (UR6)
or the upper second molar (UR7)
are loaded with a symmetric cervical HG

Fig. 4. Circular rod coordinates and forces. A sketch

Using the method of initial parameters [18] for the
case of non-zero point forces and moments one can
write down the solution of problem (1) for the forces,

moment of force and displacements in the form

0=0"cosp+N"sinp+ Z P.cos(p—o,)

Lp2@;

+ D Tisin(p—9)+0Q,

Lp2g;

N=-0"cosp+N’cosg

- Y Bsin(p—p)+ Y Tcos(p-g)+N",

gz, g2

M =M"-Q°Rsing—N"Re,(9)+ D L,

Lp=2@;

- Y PRsin(p—¢) - Y TRe,(p-9)+M", (1)

Lp2@; Lp2¢;

R
9= 9"~ 1M p~0"Re,(p) - N'Re; (9)

+ ZL[(¢_¢[)_ ZPI‘RQ((D_@)

Lp2; Lp2;

— D TRe,(p-9)]- 9,

Lp2g;

v=1"cosp+w’sinp + 3" Re,(p)
Rz 0 0 0
- E[M & (@) — Q" Rey(9) — N Rey(9)

+ Y Ley(p-9)— Y PRey(9—-9))

ip2p; g2,

- > TRe,(p-9)]-v",

Lp2¢;

w=-"sinp+w’ cosp+ 3" Rsing

2
M (9) - 0Res(9)~ N'Rey(9)

+ > Le(p-9)— Y PRes(p-9)

g2, [H

— D TRe;(p—g)]+w'.

L2,
where

c(p)=1-cosp, c,(p)=@—sing,
1.
cg(¢)=1—008¢>—5¢sm¢,
3. 1
04(¢)=¢—Esm¢+5¢cow,

1. 1
cs(p)= smgo—agocosgo.

2

2

A3)

Here, the subscript 0 denotes the corresponding
values in the cross-section ¢ = 0, while * denotes
partial solutions of non-uniform equations (1) pro-

duced by the distributed loads only.

Then, six unknown values QO, N°, M°, 9° O w°
in (2)—(3) can be determined from six boundary con-

ditions at 9 =0, p= ¢.
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4. A case study where (9) is the system of linear equations whose
. coefficients are independent of both £ and J.
for asymmetric load The solution of (9) is

by a point force _ _
yap Qk =0°cos¢" + N sin @* + cos(p" —®p),
—k =0 . 4 =0 Kok
Based on the above general theory let us consider N =-0 sing" + N cos¢" —sin(¢" —¢p), (10)
the axisymmetric bend of the rod only produced by

a pointed force P applied in the vertical direction M =M’ —@0 sin " —Nocl((pk ) —sin(p" -Q),
(Fig. 5). Then the distributed forces in (1) and the cor-

responding internal forces and moments in (2) are where the following non-dimensional variables are
introduced
q=0, p=0, m=0,
—0 QO —0 N° —0 M°
.= . = .= , = = NZ—,MZ—, 11
=0, L;=0, E=P, ¢;=¢p. () Q== 7 R (1)

The rigid attachment conditions are applied to the i . i
ends of the rod 0 -2 N M

0 =%, N =—, : (12)
P P PR
w(0)=0, v(0)=0, $0)=0,
(6) Expression for the displacements w, v and angula-
w(@*)=0, v(@")=0, 9(p")=0. tion 4 of the rod can be easily obtained by substituting

(10) in three last expressions (7).
Substituting (4) and (5) in (2) gives the following

form of solution

P
Q=Q°cos¢)+N°sin(p+Pcos((o—¢P), ________ 5 S
N=-0"sinp+N"cosp— Psin(p—¢,), /_/'/ \"\
’./', R -\‘\,
M =M’ - Q"Rsinp— N"Re,(p) - PRsin(¢ - ¢p), N/ o N\
M°% ¢,=37h \
a0 R NOA— N &
19 = 19 —E ! Q \\\
k_ o i
[M 9= Q°Re,(9)~ N'Rey(p) ~ PRey(p—,)]. (7) i R |
0 \ i
. R* & i
v=1"cosp+w’sinp+ 9’ Re,(9) ——[Mc,(p) /
EJ / 0
~0"Re;(9) = NRe,y(9) — PRes (9= 9p)], A
. . R? Fig. 5. The circular rod
_ .0 0 0 _ R a0 ig. 5. The circular ro
w=-vsing+w cosg+J Rsing EJ [Me, (@) loaded by the point force applied at the top of the rod
- QORCS () - NORC3 ()= PRes(p—@p)].
Substituting (7) in (6) the following result can be S. Results
obtained
9 =0 V=0 w'=0 (8) Numerical computations on (10) of the normal and
tangential components of reaction forces and bending
MO (/)k B QO Re ( (pk) _NRe ( ¢k) = PRe ( (pk —0,) moments have been carried out for the non-dimensional
1 2 - 1 P/

values at different angles #, =3, ..., 12 (Fig. 5). The

results are presented in Figs. 6-8. Since the non-

o .k 0 . 0 . . dimensional reaction forces and moments are inde-

M ci(¢7) = QO Res(97) =~ N Re; (¢7) = PRes (9" — @), pendent of both E, J, the applied force P is the only
(9) important parameter for numerical computations.

MPc,(¢") - 0"Rey (")~ N°Re,(¢") = PRey (0" — @),
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The non-dimensional transverse forces computed
in the cross-section @ =0 and ¢ = ¢ (Fig. 5) are pre-
sented in Figs. 7a and 7b accordingly. The curves 1-5
correspond to different values of y: 1 = 0 (curve 1),
71 = 3° (curve 2), n = 6° (curve 3), 1 = 9° (curve 4),
71 = 12° (curve 5). The normal components of the
forces and the bending moments are presented in Fig.
8a, b and Fig. 9a, b correspondingly. Numeration of
the curves in Figs. 8, 9 is the same as in Fig. 7a, b.

The general mechanical theory allows estimation
of the main regularities and tendencies in the depend-
encies of the forces and moments of forces produced
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Fig. 10. Dependence of the difference in the normal forces dN (a)
and net moment of force M (b) on the displacement d (mm) of the right molar
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Fig. 11. Total deformation field in the HG and molars from the top (a) and front (b) views

at the asymmetric inner bow upon symmetric loading
of the outer bow at different asymmetric locations of
the molars. The more detailed information taking into
account 3D geometry of the molars, complex structure
of the surrounding tissues and their elastic properties
can be obtained by FEM analysis for a case study. The
results of 3D FEM computations of the difference in
the normal forces dF acting at the shorter and longer
inner bows and the net moment of force dM are pre-
sented in Fig. 10a and Fig. 10b accordingly. The results
computed on the six models described in Section 2
have been approximated by smooth curves. The noti-
fications for the force and moment differ from the
notifications in the 2D model, because in the 3D model
the net forces and bending moments have been com-
puted over the entire molars. The computations have
been carried out with material parameters presented in
Table 1 and, therefore the results are obtained in the
dimension form, in N for the forces and in N-mm for
the bending moments. In this way, the maximal force in
Fig. 10a corresponds to the weight of 15 g. For the
more detailed illustration of the FEM computations,
the displacement fields produced in the HG and on the
two molars in model 6 are presented in Fig. 11a, b.
The top view on the HG and molars (Fig. 11a) and the

enlarged front view of the HG (Fig. 11b) demonstrate
all the details of the displacements produced by the
force applied to the HG.

6. Discussions

In the case of a symmetric rod (Fig. 6) the ob-
tained numerical results correspond to the well-known
analytical solution [18] (see Table 2). The asymmetry
in the location of two molars increases with increasing
both g1 and g2 values. The transversal force produced

Table 2. Correspondence of numerical computations
to known results [25]

Reaction Computations | Own Relative
forces from [25] results | errror %
0 k
9 2 04551 | 04591 | 0.8
P P
0 k
N — N 0.5 0.5 0
P P
M Mt
—_—— 0.1065 0.1106 3.85
PP PR
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by unit load increases with gl and g2 almost linearly
(Fig. 7a) and increases in 17% when g2 goes from 0°
to 12°. Similar behavior has been found for the trans-
versal force acting on the long-side molar (Fig. 7b).
The force is aimed towards the mid-sagittal line and
produce displacement of the molar in the palatal di-
rection. The dependencies of Q" on gl and g2 are non-
linear and the force difference between the symmetric
and maximal asymmetric geometries is 15%.

The normal component of the forces acting on
the short-side and long-side molars also demonstrate
monotonous growth with gl and g2 (Fig. 8a, b), though
at the long-side molar the force depends on the position
of the molar that increases the arm of force transducing
the unit force applied along the mid-sagittal line, and
only slightly depends on location of the short-side
molar. The maximal force differences at the short-side
and the long-side molars are 21% and 18% corre-
spondingly.

The two components of forces will produce complex
asymmetric displacement of the molars into the palatal-
distal direction. Both transversal and normal components
generated by unit force are of the same value varying
between 0.34 and 0.55 (Figs. 7, 8). When typical load
P =3-10 N is applied to the HG, the generated forces
will exceed the minimal critical values sufficient to pro-
duce displacements of the molars [24].

The bending moments acting at the short-side and
long-side molars also monotonously increase with
increasing asymmetry in the location of both molars
(Fig. 9 a,b), though the moment in the long-side part of
the HG mostly depends on variation of g2 that in-
creases the torque transferred by the longer arm. Varia-
tions in the moment of force at the short-side and long-
side molars are 23-95% and 27-36% correspondingly.
The computed moments will produce symmetric relat-
ing to the mid-lateral line outerwards (negative N° and
N values) rotation of the molars.

The results of 3D FEM computations on the six
models described in Sections 2 revealed regularities
similar to the foregoing results of 2D analysis. With
an increase of the location of the right molar the dif-
ferences in the forces acting on the long-side and
short-side molars increase noticeably (Fig. 10), espe-
cially for the high asymmetry (model 6). The distal
component of force was the same in model 1 (2.9384
N). The force difference between the intact and dis-
placed molar started with 0.0082 N in 0.5-mm mesio-
distal difference and increases gradually to 0.0324 N
in a 2-mm mesio-distal difference model. The dF
reaches its highest value 0.146 N in the 10-mm differ-
ence case (adjusting the HG at UL6 and UR7) and
reached 0.146 N. The force difference increases al-

most linearly with d when d € [0; 0.5], while the net
moment of force exhibits more non-linear behavior.

The net moments were the same in both side mo-
lars in the symmetric model, thus producing no net
difference moment. A difference was shown to exist
between the right and left side molar moments and the
important difference of yaw moments was detected
(Fig. 10b). This net moment was —0.646 N-mm in
a 0.5-mm difference HG design. The negative sign
shows a clockwise moment that tends to rotate the
system when viewed supero-inferiorly. The net mo-
ment increases in accordance with the increased mesio-
distal difference of the molar positions and reached
—1.945 N-mm in a 2-mm difference. The highest one
was —11.32 N'-mm in model 6 (Fig. 10b). The 3D
computational results are in agreement with more
general 2D numerical results, though in the 2D model
the bending moment appeared, while in the 3D model
three components resulting in a complex rotation were
estimated as value of vector of the moment of force.

The total deformations of the HG and molars pro-
duced by the net forces and moments are presented in
Fig.11a. The outer bow is loaded symmetrically while
the inner bow is overloaded at its long-side and sig-
nificant axisymmetric rotation of the molars in the
outer direction is present, as it was noticed on the
2D model. At the applied force of 3N the rotation is
relatively small and its appearance will be more im-
portant at higher loads of 10 N.

The most important finding of the FEM analysis is
a clock-wise yaw moment appearing at symmetric
outer load of the asymmetric inner bow (UL6 and UR7
molars). The yaw moment is shown in Fig. 11b by red
arrows. The values estimated for the most asymmetrical
case showing a 3D rotation out of the plane of the den-
tal arch can destroy the planned orthodontic movement
procedure.

In daily dental practice, molars with small amounts
of anterior-posterior difference are usually ignored; at
least, up to the point with different amounts of molar
distalization which is not part of the treatment plan.
Generally, when asymmetric HGs are not considered
for the treatment, the exact molar relations to the ante-
rior reference plane, which can be considered to pass
through the anterior point of the dental arch are not
assessed. The decision of usage an asymmetric HG is
based on the molar relationship and the individual
probable to be improved during the treatment. When
dealing with an acceptable molar relationship, a sym-
metric HG may be used; needless to say that the
mesio-distal position of molars relatively to each other
is not usually examined. In this way, the asymmetry in
the molars locations may mislead the practitioner.
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Dealing with class I, molar relation in both sides does
not necessarily mean the same mesio-distal position of
the molars, which is a precondition for the symmetry
of the system. It may have been produced by a simul-
taneous mesial shift of the upper and lower molars in
one side of the arch or different mesio-distal widths of
the left and right side teeth. In some situations, the
molar relation is not a perfect class I, but is accepted
as a suitable one to avoid the side effects of prescrib-
ing an asymmetric HG.

Our knowledge about using a symmetric cervical
HG was limited to having a distal driving and extrusive
force when viewed occlusally [18], [19]. It is limited by
a force system where the symmetric plane of the HG
and the terminal molar plane are perpendicular to each
other. The force vector when analyzed in combination
with the moment difference (Fig. 10b) present in the
system can produce different molar distal move-
ments in both sides of the arch. A residual moment was
shown rotating the dental arch clockwise when viewed
superior-inferiorly. The clockwise/counterclockwise
manner of rotation is decided by the position of the
molars involved. If the mesial molar is in the right
side, the rotation will be clockwise and vice versa.
(Figs. 11a, b). Combining the effects of right and left
force systems variance and the residual moment,
a prediction of the final position of the molars may be
elusive.

The inner bow wire between the inner/outer bow
connection and the terminal molars on both sides are
normally not the same. The difference in the wire
lengths provides different bending in both sides of the
inner bow [7]. This starts from few tenths of millime-
ters to few millimeters when considering a case with
unilateral extracted first molar.

Without perfect symmetry the traction force is not
divided equally between the terminal molars. This can
cause different amounts of distal tipping and rotation
around vertical axes. Thus, considering the net mo-
ment described, a tendency for mesio-buccal move-
ment of the distally positioned molar and a tendency
for mesio-palatal movement of the mesially positioned
molar due to the system rotation can be expected. In
this way, the efficiency of the cervical HG in distal-
izing molars is reduced.

FEM was shown an acceptable method of detailed
computations of the forces, moments and deforma-
tions on the individual geometry and biomechanical
substantiation of necessity of symmetric or asymmet-
ric HG in each case. The medio-lateral discrepancy of
the left vs. the right molars, in conjunction with the
mesio-distal discrepancy, can make the resulting tooth
movement more complex.

A discrepancy in molar position is often ignored in
a medio-lateral direction and may also be ignored
in an antero-posterior direction. Mesial movement of
the molar can occur with or without displacement
towards mid-palatal area. If both displacements occur,
the force received by the medial one will be larger
than the farther one [5]. This medial movement is due
to the arch form and the dominant pattern of the molar
movement in the upper jaw which occurs by a rotation
around the palatal root. In this study, the probable
medial displacement of the molar combined with its
anterior movement is ignored to make the analysis
simple.

A symmetroscope can be employed to evaluate the
molars’ position. Based on the present study, to re-
duce the side effects of HGs it is strongly recom-
mended to correct the position of molars before start-
ing HG therapy (e.g., palatal bars and their
modifications). Unilateral extended palatal bars can
help in treating malposition of the molars. The sym-
metroscope is also suggested to be used in assessing
the inner bow form at the end of adjustment. Some of
the asymmetries made in the process of adjustment
can be easily corrected.

In this way, two different distal forces were pro-
duced without any lateral driving component. It is the
difference between the force system of an asymmetric
HG produced by different outer bow lengths and the
one produced by the mesio-distal different positions
of the molars when loaded by a symmetric HG.
Again, analyses elucidated that processes may be
more complex than it was expected.

The findings of this study involve light forces
which are often ignored. Since light forces efficiently
moving a tooth with as little as two grams weight are
well known [24], how can we ignore it in molars
loaded by a cervical HG? In this way, preliminary
biomechanical analysis based either on the 2D model
allowing fast preliminary estimations or on more de-
tailed 3D geometry dependent model which needs
more time for the model preparation and FEM com-
putations, is shown to be an important component of
the daily dental practice.

7. Conclusions

1. The process of clinical application and adjustment
of HGs is complex and should be looked at thor-
oughly in detail.

2. Different components of distal force were shown
to exist when molars are located in different an-
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tero-posterior positions. The mesial side molar re-
ceives more distalizing force than the distal one.

3. A residual yaw moment was shown to exist tend-
ing to rotate the whole system clockwise/counter
clockwise when viewed superior-inferiorly.
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