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ABSTRACT

The aim of this study was to investigate
the biomechanical relationship between the
condylar and anterior guidances of patients
with symptomatic temporomandibular
disorders before and after orthodontic
treatment. For this purpose, a four-bar link
system was described for use on lateral
cephalometric radiographs taken before and
after treatment. A computer program was
developed utilizing the lengths of the bar links
of this four-bar link system on the
cephalometric films. The link measurements
were entered into the computer program
which subsequently calculated the rotations of
the mandible and the condyle during the
mandibular movement. Three subjects with
class 1l malocclusion and deep bite were
selected from patients with
temporomandibular pain dysfunction for this
investigation. All subjects were treated by
- intrusion and protrusion of incisors. The
rotations of mandible and condyle of these
three subjects decreased and
temporomandibular joint pains of the subjects
were greatly diminished by treatment. In this
study, it is observed that anterior guidance
and condylar path are dependent on each
other.

Key words: Anterior Guidance, Condylar
Guidance, Mandibular Protrusive Movement.

OZET: Bu calismada temporomandibular
eklem rahatsizigi ve semptomatik agn
sikayeti bulunan 3 bireyin ortodontik tedavi
oncesi ve sonrast anterior ve kondiler
rehberlik arasindaki biyomekanik iligkileri
gosterilmistir.  Ortodontik tedavi 6ncesi ve

sonrasi alinan sefolometrik filmler Gzerinde
four-bar  link  sistemi  olusturulmustur.
Sefolometrik film Gzerinde olusturulan bu four-
bar link sistemi vyardimiyla elde edilen
Slgumler icin  bir  bilgisayar  programi
yaziimistir. Bu vaka raporunda TME agn
sikayeti bulunan deep bite ve Class |l
malokluzyoniu 3  bireyinde  kesicilerde
intruzyon ve protruzyon ile tedavi edimistir.
Tedavi sonunda bu G¢ bireyinde mandibular
ve kondiler hareket agilari azalmis ve TME
agri sikayetleri dnemli duzeyde azalmistir. Bu
vaka raporunda, anterior rehberlik ile kondilin
Gizdigi yol birbiri ile iligkili oldugu tespit
edilmistir.

Anahtar kelimeler : Anferior Rehberlik,
Kondiler Rehberlik, Mandibular protruziv
hareket.

INTRODUCTION

The etiology, diagnosis and treatment
of temporomandibular joint (TMJ) pain and
dysfunction are controversial  subjects.
Multifactorial etiology has been suggested.
Clinical examination often reveals a dental
feature such as deep bite, skeletal
abnormalities, dental occlusal observations,
which is thought to be the “cause” of the
patient’s pain’.

One of the goals of orthodontic
treatment is the establishment of harmony
between occlusal function and the TMJ. Many
investigators think occlusion plays a primary
role®****’  However other findings indicate
that occlusion® or orthodontic treatment”'® has
no correlation with the incidence of

temporomandibular disorders.

There are varying opinions regarding
the contribution of occlusion (malocclusion) to
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the development of mandibular dysfunction
and ‘further the contribution of occlusal
alterations (orthodontic and restorative) to the
development of pain and dysfunctiorﬂ.
Presently there are no studies, which suggest
that, orthodontic or restorative treatment either
prevents or promotes the development of
symptoms1. It has been suggested that
excessive horizontal and vertical overlap of
the anterior dentition “predisposes” an
individual to the development of mandibular
dysfunction'. Some authors'"'? demonstrated
no relationship between deep bites and
condyle position but other authors® suggested
that a steep incisal guidance can lead to
abnormal movements and that the deep bite
can cause posterior condylar displacement,
disk laxity, TMJ clicking and pain.

Temporomandibular joint and anterior
teeth determine the movement patterns of
mandible. To ensure the health of dynamic
and static occlusions, temporomandibular joint
and anterior teeth, which are called posterior
and anterior guidance, must be in harmony’.

In early years anterior guidance was
discussed independently or dependently of the
condylar path. Many authors'> "% found
that anterior guidance was correlated with the
condylar path. Kubein-[\/leesenburg18 showed
a biomechanical correlation between anterior

and posterior guidance in Class |
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malocclusion. They found that patients with
TMJ disorders have an increase in the angle
of condylar movements compared to normal
occlusions without subjective symptom of pain
and objective symptom of clicking.

This case report shows the
biomechanical relationship between condylar
and anterior guidances in the treatment of
subjects with deep bite malocclusions.

METHOD

In three subjects, upper incisors were
intruded with approach of Burstone segmental
arch technique. The patients were treated for
six months. The lateral cephalometric
radiographs were taken before and after
treatment.

In this study dental parameters were
measured according to a coordinate system.
In the coordinate system which is related to
the cranial base, CT, is a horizontal reference
line through point C (the most anterior point of
the cribriform plate at the junction with the
nasal bone) and point T (the most superior
point of the anterior wall of the sella turcica at
the junction with the tuberculum sella). CT, is
a line perpendicular to the CT plane at the
point T and used as the vertical reference line
(Figure 1).

Angular and linear measurements used in the present study.
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In this article, the motion of the
mandible is modeled following the approach
used in Kubein’'s study18. Referring to Figure
2, point D represents the guiding point on the
mandibular incisors which glides along the
palatal concavity of the maxillary incisors..
This concavity can be mathematically
described'® by a catenary, which can be
closely approxima’ted18 by a circle with radius
R;. The hinge axis C, on the other hand,
moves on an approximate circle (with radius
R.) during the protrusive movement. Under
these conditions, the described motion of the
lower jaw may be modeled by the, so-called,
four bar mechanism shown in Figure 3. In this
figure, A represents the fixed point on the
lower jaw, which corresponds to the center of
the curvature of the palatal concavity of
maxillary incisisors. B is also a fixed point on
the upper jaw that corresponds to the center
of curvature of the hinge axis, C. Therefore,
AB represents the fixed link of the four bar
which corresponds to the upper jaw. The
coupler link DC, on the other hand, represents
the motion of the lower jaw. In Figure 3, the
angles 6,, 63 and 9, represent the positions of
lower incisal edge, mandible and condyle,
respectively. Initial values of these angles,
(82)ini, (B3)im and (84)i show the positions at

the centric relation and, final values, (82)in,
(03)fin and (04)sn, give the positions after the
protrusive movement. A8,, AB, and A,

angles represent the differences between
initial and final values and give the rotation of
lower incisal edge, mandible and condyle,

respectively. In this study, AO,, which also

represent the protrusive motion, is taken at
452,

AD = R1, BC = RQ, CD = LMD and AB =
Lux will clearly be different for each patient. In
this article, these dimensions are determined
by taking measurements from  the
cephalometric radiographs of the patients.
The initial inclination of the posterior
guidancem, o (see Figure 3) is also an angular
measurement from the lateral cephalograms
of the patients. Once the dimensions of the
four bar and o is known, one can determine
the initial value of the angle 6, (0.) , (that
corresponds to the position of the four bar
described by the angle o) by using the
following procedure. Referring to Figure 3,
cosine theorem for triangle DCB yields

Figure 2.Four bar modeling of the motion of the mandible.
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Figure 3. The notation used in the four bar model.

DB’ =L},, +R; —2L,,,R,cos(m/2 —a) (1)
Cosine theorem for triangle ADB, on the other hand, will yield
DB’ = LzMX + R]z —2L xR c0s(0,),, @)

Eliminating DB from equations (1) and (2) and solving (6,), from the resulting equation, one
obtains

R} +13, —L}p — R +2L,,,R,cos(1/2 — )
2RILMX

0,) = Cos™'[ ] (3)

For the four bar mechanism shown in Figure 3, when the dimensions and the value of 6, are
given, the values of the angles 85 and 6, can be determined via the so-called position analysis of the
mechanism. The first step of the position analysis is to write down the loop closure equations. For the
four bar shown in Figure 3, these equations are given by

Lmp €0S035 = Lux +R2 c0sO, - Ry cos6, (4)

LMD SmGS: Rz Sin64 - H1 Sin62 (5)
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Equations (4) and (5) represent two nonlinear equations involving the unknowns 65 and 6.
Subsequent to the squaring, then adding of these equations and adding them up, one may eliminate

the unknown 63, yielding

(-2R1R28i|’162)8in94+ (2LMXR2 - 2R1R2COSGQ)COSG4

+( Ly — Liyp + R + RS -2LuxRicos8, ) = 0 (6)

Now, by using the half tangent identities

‘ 2X,
Sing, = = (7)
+ X}
[-X;
€0s0, = — (8)
+ X5

equation (6) may be transformed into a
quadratic equation in x4, where x4 = tan(64/2).
In general, the quadratic formula will yield two
distinct solutions for x4, corresponding to two
8, values. Corresponding to each 84 value, a
unique 63 value may then be obtained via
equations (4) and (5). The two solutions thus
obtained for the 6,, 65 pair are said to signify
the two different closures, or assembly
configurations, of the four bar. Clearly, the
correct solution is the one that corresponds to
the assembly configuration shown in Figure 3.

Using the procedure described above,
the position analysis of the four bar depicted
in Figure 3 has been performed for (82)i,i < 0, <
(82)in + /4 for each of the patients. Note that
the selected motion range for 6, [i.e., (62)im <
0, < (02)in + T4 ] is assumed to represent the
part of the motion where there exists contact
between the mandibular incisors and the
palatal concavity of maxillary incisors.

CASE REPORTS
Case 1

A 26-year-old female patient reported
that she had been feeling severe pain in the
temporomandibular joint and experienced
limited of mandibular movement. This patient

presented with a Class Il division 2 dental
malocclusion. The patient used a stabilization
appliance before her orthodontic treatment.
After 3 months of this therapy, the symptoms
had lessened. The upper incisors were
protruded during the orthodontic treatment
using the Burstone segmental arch treatment
technique. Lateral cephalometric radiographs
were taken before and after treatment period
of six months (Table 1).

The angles, which show the initial and
final positions of the rotations of the mandible
and condyle before treatment, are shown in
Table Il. The angle of condyle position,

(64)im, decreased from -71.162 to -79.802

after treatment. On the other hand, the
condyle rotation (magnitude of the angle

AB,), ]AGJ, decreased from 11.852 to
11.162 at the end of treatment.

The changes of the condylar angles
and mandible positions in  protrusive
movement are given as a function of lower
incisal edge position in Figures 4 and 5 before
treatment and in Figures 6 and 7 after
treatment.
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Figure 4. The relation between condyle and lower incisal edge positions in protrusive
movement before treatment for Case 1.
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Figure 5. The relation between

condyle and lower incisal edge positions in protrusive
movement after treatment for Case 1.
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/

/
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Figure 6. The relation between mandible and lower incisal edge positions

in protrusive
movement before treatment for Case 1.
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Figure 7. The relation between mandible and lower incisal edge positions in protrusive

movement after treatment for Case 1.
Case 2

A 25-years-old female subject with
deep bite malocclusion and anterior disk
displacement complained of severely aching
on temporomandibular joint region. This
patient also had Class Il division 2
malocclusion. The patient had used a
stabilization appliance before orthodontic

treatment for 3 months. At the end of this
therapy, the symptoms had lessened. During
the active orthodontic treatment, which took
six months to complete, the upper incisors
were protruded and intruded with Burstone’s
lateral

segmental arch technique. The

cephalometric radiographs were taken before
and after treatment (Table III).

The angles, which show the initial and
final positions as well as rotations of mandible
and condyle before treatment, are shown

Table IV. The condylar rotation, |AO,].

decreased from 13.39° to 12.192 at the end of
treatment.

The changes of the condylar and
mandibular positions in protrusive movement
are given as a function of lower incisal edge
position in Figures 8 and 9 before treatment
and in Figures 10 and 11 after treatment.

0, (deq)

92 (rad)

Figure 8. The relation between condyle and lower incisal edge positions in protrusive

movement before treatment for Case 2.
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Figure 9.The relation between
movement after treatment for Case 2.

condyle and lower incisal edge positions in protrusive
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Figure 10. The relation between mandible and lower incisal edge positions in protrusive

movement before treatment for Case 2.
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Figure 11. The relation between mandible
movement after treatment for Case 2.
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Case 3

A 23-years-old male subject with a
Class Il division 2 deep bite malocclusion and
anterior disk displacement, complained of
severe aches and sounds in the
temporomandibular joint region. After 3
months of a stabilization appliance therapy
prior to orthodontic treatment, the symptoms
had lessened. The upper incisors were
protruded and intruded with the Burstone
segmental arch technique. The treatment
lasted for six months. The lateral
cephalometric radiographs were taken before
and after treatment (Table V).

0, (ceg)

0, (rad)

Figure 12. The relation between condyle and
lower incisal edge positions in protrusive
movement before treatment for Case 3.

The angles, which show initial and final
positions and rotations of the mandible and
condyle before treatment, are shown Table VI.

The angle of condylar position, (&h)im,

decreased from -69.25° to -81.84° after
treatment. On the other hand, condyle

rotation, ‘ABJ, decreased from 12.419 to
10.88%2 at the end of treatment.

The changes of the angles of condylar
and mandibular positions in protrusive
movement are given as a function of lower
incisal edge position in Figures 12 and 13
before treatment and in Figures 14 and 15
after treatment.

0, (degq)

, (rad)

The relation between condyle

Figure 13.
and lower incisal edge positions in protrusive
movement after treatment for Case 3.

OJ ({deq)

-13.05
-13.1
-13.15

-13.
-13.25

92 (rad)
1.4 1.6 -8

Figure 14. The relation between mandible and

lower incisal edge positions in protrusive
movement before treatment for Case 3.
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93 (deg)

1.813 .05
~13.

Figure 15. The relation between mandible and

lower incisal edge positions in protrusive movement after treatment for Case 3

CONCLUSION

This case reports of these deep bite
malocclusions show upper incisor intrusion
and protrusion. The TMJ symptoms had
decreased in the all the subjects following the
orthodontic treatment. The biomechanical
relationship between condylar path and
anterior guidance of the subjects has been
investigated by using a four bar link system
model. The following results have been
obtained following the completion of the
orthodontic treatment (i) the change of incisor
position affected the angle of the condylar
rotation, (i) the condylar rotation decreased
for the same protrusive movement following
treatment compared to the beginning of
treatment. Hence it can be concluded that
anterior guidance and condylar path are
dependent of each other.
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