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ABSTRACT

Background: Evident from the literature, the kinematic center (KC) has been proposed as a reference point for representing
movements of the TMJ, which includes jaw openings, closings, and protrusions and retrusions.
Objective: The purpose of this study was to determine whether the KC lies in a peculiar anatomical point and whether its

trajectory reflects intra-articular distances.

Methods: Dynamic stereo-metry was used to track Four closings and openings and Four protrusions/retrusion in fourteen

asymptomatic individuals (8 females and 6 males, ages 21-40).

Results: According to a 3D lattice (0.5 mm grid) constructed solidly around each condyle, the KC had the largest cross-

correlation between protrusion-retrusion paths and opening-closing paths.

On closing, KC trajectories were more cranial than

on opening, consistent with smaller intraarticular distances on closing. Yet KCs never fell on main condylar axes (distance, 4.5
mm) or coincided with points approximating fossa shapes (distance, 12.5 mm).
Conclusion: In this regard, it is unclear what the significance of the kinematic center is anatomically and functionally.

INTRODUCTION

Condylar movement of the temporomandibular joint has been
proposed to be represented by the kinematic center (KC), a
standard reference point (1) it represent Kinematic Center to lay in
middle of condyle spherical, studies found that it is the only
condylar point during mandibular movement performing exclusively
the movement is translator that will parallel of eminence articular
with trajectories supposedly demonstrating the minimal variability.

@

Given that, the open one is unload in symmetry and the
closed one move the opening the trajectories was close toward
eminence articular as compared to the close one, it was also
thought that the KC trajectories represented variations in intra-
articular distances. (3) Additionally, it was discovered that this
disparity vanished during loaded opening and closing movements.
(4)The primary flaw in all of these studies, as well as those that
make use of alternative condylar reference points, is that they don't
relate the trajectories to the fossa's shape. Therefore, its looks
early for the interfere changes on the distance junction purely by
through trajectories of KC as suppose because the anatomic also
the function relevance by KC is still unknown. (5)

With the aid of genuine kinematics obtained with six degrees
of freedom, the stereometry dynamics enables that 3D re-
construction by through TMJ's the animated also the anatomy. (6,
7) As a result, the technique makes it possible to observe the
entire condyle moving within the fossa and measure how the true
lengths between the surfaces of the condyle and fossa change as
movement continues Since the system links the trajectories of the
kinematic center duration in many type of movement of the
mandibular toward joints of the anatomy, it enables that
clarification for the kinematic center's relevance. (8)

Therefore, the purpose of this study was to determine how
the KC trajectory and TMJ architecture related to one another.
Particularly, asymptomatic people were used to evaluate the
following three hypotheses: The kinematic center is located in the
condylar center, it is located at the location that best fits the shape
of the fossa, and it changes along motions of the unloaded jaw
opening and closing that are consistent with the minimum intra-
articular distance.

METHODOLOGY

Fourteen participants with asymptomatic TMJ (8 females and 6
males, ages 21 to 40 years) were included in the study. so, the
participants of each initially provided history of the medical.

Also, they answered a questions designed for the determine
if they currently or in the past have craniomandibular problems.

Those who had no history of CMD had a clinical evaluation
to rule out any symptoms. Participants had to move their jaws
normally, without pain, and without any palpable tenderness in
their TMJ or masticatory muscles in the order to be included in the
study. None of the individuals had clicking joints, whereas also
existence of painless clicked didn’t result in exclusive. All subjects
gave their informed consent before participating and were in good
overall health.

MRI was used to determine the TMJ architecture for each
participant, the motions of jaw was then record as through the
individual performing four cycles of symmetric jaw opening and
closing and four cycles of symmetric protrusion and retrusion at a
controlled rate. Tracking the jaw data through the MRI integration
by the help of system reference made up by three spheres of
plastic in non-collinear encircled through the liquid contrast of the
magnetic in order to recreate and animate genuine
Temporomandibular anatomy with its own motion there will be the
tracker coordinate system in the jaw, this made it possible to
change MRI coordinates. Thus, the 3-dimensional
Temporomandibular anatomy might be used to apply the motion
data from the jaw-tracking device. Even though the procedure has
been extensively discussed elsewhere (9). Here, we'll provide a
succinct summary.

The MRI scanning A 1.5 T imaging procedure was carried
out while the subject bit down on a custom-occlusal which made
the splint that was attach by the bow of the faces that carried the
system of the references lateral by through under examination of
“TMJ”. (10)“take the slice of 12 references and the slices of 14
from every of the long axis TMJ which perpendicular to the
condylar spheres of the references centers was established
automatical. (11) outlines of the bone of TMJ in manual way was
entered for the 3D reconstruction of the joint. After triangulation
and polyline contour approximation, a set of cube parametric
patches were used to describe the surface.(12) Movements of the
mandible were monitored opto-electronically Through the use of
splints that did not affect occlusion, two triangle target frames
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carrying three light-emittion the diode everyone was fastened
toward the arches of dental. (12) Three linear cameras captured
the positions of the LEDs as they were consecutively pulsed at 70
Hz. A (H) of the maxillary also the (M) mandibular system of the
coordination were specified by through TTFs. In relation to "H," the
temporospatial alterations of "M" were identified.

Analysis: The primary the axis of condylar, so KC that point of
“BA” toward that trajectories most closely resembling the shape of
the fossa, also that shortest distance of the intra-articular were all
identified. That Jaws-3D standard was followed in choosing the
coordinates.

The primary condylar axis was created by joining the
centroids of the condylar contours that were the most medial and
lateral. Each joint's distance from the kinematic center to the main
condylar axis' center was estimated.

Each condyle was surrounded by the three-dimensional
work of lattice through the grid of a 0.5-mm that were designed
also animate like if it was consider to be connect very roughly with
it. The lattice extended minimally the 10 mm in every in direction of
spatial. The pathways of every lattice point's the open one and the
clos one and with the protrusion and the retrusion was then
determined. The point of the lattice works the greatest
correspondence among the protrusion-retrusion and opening-
closing trajectories was the kinematic center. So That the different
in the open also the closed one so the trajectory on that of the
direction Z of the caudocranial it will calculate, and the step of the
time (t,) on that differences of the maximum (Zna) were determine.
Those lattice points toward a trajector that most closely resembled
the shape of the fossa (BA) was the one that maximized the
correspondence among the working function that point's trajectory
and the fossa's shape. The sagittal MR scans via the main
condylar axis' center were used to estimate this form. For each
joint, a vector pointing from the KC to the BA was built.

During the opening and closing movements, the centroid by
thirty smallest distance among those the fossa and of the condyle
was calculated on every step of the time. By linking that centroid of
every time of step, we were able for estimate those way for
minimal distances intraarticular (h) in middle of the condyle also
the fossa as in earlier investigations. As previously explained, the
degree of coincidence between the trajectories taken by this
centroid when it opened and closed were calculate. Calculated
also plot via timing was the position of dorsoventral xh correspond
for that very largest different between “h”on open and the close
(hmax). “Final also that caudocranially positioning “z” for that
Kinematic Center for the each jaw-open ,close cycling was plot via
that dorsoventral positioning of the ‘x’ for that Kinematics Center”.
Statistical Analysis: The right joint vectors between the KC and
the main condylar axis' center had their mediolateral coordinates
inverted because here were not significantly statistical differences
of the sides “Wilcoxon tested, p > 0.05”. The median distance in
middle that Kinematics Center and that point of exact condyl axis’s
was measured using data belong to the every joint and the 95
percent of interval confidential that value was calculated. (13)

The associated craniocaudal coordinates XZmax and
XHmax, as well as the largest opening and closing path
differences Zmax and Hmax, were averaged intra-individually over
the observed opening and closing cycles. To investigate whether
Zmax and Hmax differed, we used Wilcoxon tests with a 0.05
significance level. The dorso-ventral sites at which these largest
disparities occurred were also compared using the same
procedure. The coefficient of determination, R2, was then used to
determine the strength of the relationship between Zmax and
Hmax.

RESULT

In sagittal view, the fossa shape can better be approximated by the
trajectory of the KC and the condylar point. That sizes of cube
indicates that cross-correlation values between those protrusion-
retrusion and opening/closing routes, or the degree of coincidence

between the types of that movements is the two (that largest those
cubes, which greater that degree by the coincidence.

Only 8 out of the 28 condyles were within the starting
locations of the trajectories. The trajectory of the KC and BA are
only overlaid at joint no.2; they are somewhat comparable at joints
no.8, no.10, and no.12, but very dissimilar at the remaining joints.
In light of this, KC trajectories generally deviate from eminence
forms. The condyles were never spherical.

The average distances of the KC (d is equal to the 4.1+/- 2.3
mm; Median, 3.9 mm: Range, 0.4-8.4mm) to the point of condyle
axis’'s (95 percent Clby that Median by d: 2.3-5.3mm). That
Kinematic Center was found dorso-cranial in 11 joints (D is equal
to the 5.4 +/- 2.1 mm Median, 5.2 mm, Range 1.8-8.4mm),
ventrally on 7 joints (D is equal to the 2.7 +/- 1.2 mm Medians
2.3mm, Range 2.2 to 9.9mm), dorso-caudally 4 joints (D is equal to
the 3.6 +/- 3.1 mm Median 3.9 mm; Ranges 0.4-6.4mm).

No correspondence was found between BA and the KC. The
average distance is 11.6 +/- 5.4mm; Median 12.7mm; Range, 2.5-
22.4 mm). In all joints, that mediolateral routes by those mini
intraarticular distances with those of open and close. During
closing the kinematics center trajectory were much cranial
compare to opening (Zmax = -0.8 +/- 0.5 mm; Median 0.7mm
Range, -2.2-0.1mm), and the mini intraarticular distances “h’ were
significant less during closing than opening (Table-1). The maximal
difference for the lowest intraarticular distances (hmax) has a
significant correlation with the Kinematics Center trajectory (Zmax)
(R2 is equal to the 0.784). That positions for hmax and also the
Zmax didn’t line up on that direction of dorsoventral. Instead, hmax
occurred before Zmax by 12 to 13 percent (median, 10 percent;
range, -9 to 38 percent) of the total excursion.

Participants Gender Ratio

43%

57%

Male Female

Figure 1: Gender of the participants
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Figure 2: Age and Gender of the Participants
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Table-1: Anatomy Of The Condylar And Kinematic-Related Characteriz Data Those Kc With Every Single Tmj

. Kinematic center Fossa Point Close/Open
S.No M/F Agel/Years T™J Sides Path
X y z X y z Hmax Zmax Xmax
1 E 31 1 L(_eft -8 -8 -9 2 6 -26 0.3 -0.7 38%
2 Right -4 -9 -13 -4 -6 -13 -0.2 0.1 17%
2 M 39 3 L(_eft 4 9 2 -5 -7 -3 0.8 -0.6 -3%
4 Right -1 -12 -9 -3 3 -10 15 -1.5 17%
3 E 29 5 Left 4 -8 6 2 9 2 0.9 -1.1 5%
6 Right 2 7 -2 -3 -9 -8 0.7 -0.1 2%
a E 37 7 Lgft -14 8 2 -9 3 -8 0.1 -1.1 -9%
8 Right -28 10 -3 -26 8 -8 0.1 -0.8 6%
5 M 25 9 Left -7 -9 1 1 9 -4 0.2 -0.5 25%
10 Right -3 7 2 -2 -7 1 0.6 -0.6 19%
6 E 24 11 Left 2 2 2 4 4 -3 1.7 -2.2 18%
12 Right 2 -6 7 1 -4 2 0.8 -0.9 1%
7 E 21 13 Left 1 4 7 -6 6 -7 0.6 -0.7 13%
14 Right -2 -4 -2 -7 -9 2 0.8 -0.9 -6%
8 M 28 15 Left 1 -10 8 2 9 -3 0.8 -0.8 7%
16 Right 2 -7 3 1 -9 -9 0.5 -0.7 4%
9 E 32 17 Left 2 1 -10 2 -7 -18 0.1 -0.8 4%
18 Right 2 -12 -9 -4 3 -10 0.6 -0.8 -2%
10 E 25 19 Lt_aft -6 -3 9 -9 9 1 0.9 -0.7 31%
20 Right -7 -2 9 -12 -10 14 1.1 -0.9 30%
1 M 23 21 Left 2 8 3 6 7 1 0.8 -0.8 21%
22 Right -3 8 9 6 -6 10 0.6 -0.4 16%
23 Left 1 -10 8 2 9 -3 0.8 -0.8 7%
2 M 2 24 Right 2 -7 3 1 -9 -9 0.5 -0.7 4%
13 E 25 25 Left -8 -8 -9 2 6 -26 0.3 -0.7 38%
26 Right -4 -9 -13 -4 -6 -13 -0.2 0.1 17%
27 Left 2 2 2 4 4 -3 1.7 -2.2 18%
14 M 2 28 Right 2 -6 7 1 -4 2 0.8 -0.9 1%

“The locations of the kinematic center and the point that
comes the closest to the fossa are listed along with their spatial
coordinates. In the right three columns, we present: Hmax, or so
here is the maxi differences for that of the mini intraarticular
distances in middle of that open also that clos phase. Zmax, or
those maxi differences by that craniocaudally coordination by the
KC way in middle of that open and also the close phase .And XZh,
or that distinction between hmax and Zmax's sagittal positions in
relation to the sum of their sagittal lengths. Ten cycles are used to
average all values”

DISCUSSION

The results of this investigation demonstrated that the kinematic
center's position, as described in the literature, unconnected for
the anatomy of condylar, with the positions which uncertain (14-
17). There is a relationship between the kinematic center and the
major condylar axis as well as the point that most closely
resembles the shape of the fossa. The dorsoventral coordinated
“X” goes by left to right in both illustrations, while the caudocranially
coordinated “Z” running from down to the upper. The primary
condylar axes have been realigned. (18)

Our study in which the first to demonstrate those kinematic
center (Kinematic Center) will even present outside of condyle. had
previously noted that the KC was unconnected to the lateral
condylar pole. Preliminary data analysis (unpublished) reveals that
the degree to which the cranial section of the condyle deviated by
the hemisphere which determining that distance between those
KC and the condylar axis center: the higher the deviations, of
greatening those distances. (19) Those fact that there are such
substantial variances in the position of the KC in relation to the
condyle is wasn't surprising to those condyle have intra-
individually higher variables—And not ever spherically—shaped.
(20)

Additionally, the simplify assumptions toward condyle is a
spherically or cylinder that rolls or slides along the fossa ignores
the following factors: (1) The existence to the softest compressiblly
tissues in middle of the surfaces which is articulates (2) The
likelihood that the condyle discs relationships changes when the

joint opens and closes; and (3) the different relationship between
rotation and translation when the joint opens and closes. In
several instances, the KC trajectories even crossed the eminence
and were not "parallel" to the fossa. Additionally, the KC trajectory
did not generally follow a circular arc. In several instances, they
were also in greater cranial positions rather than dorso-caudally
near the condylar center as has been hypothesized. These results
appear to contradict the idea that the KC attaches to a taut
temporomandibular ligament at the condylar connection.

According to reports, the closing trajectory is more caudal
during unloaded opening and closing movements than on open.
Contrary to this, our findings demonstrated a greater number of
cranial closing trajectories, which is associated with that
intraarticular distance that have less at closure rather than opened
one. For mastication, that was readily demonstrated. Given that we
calculated the KC in our study in accordance with its proponents,
one explanation for this discrepancy could be that the tracking of
the jaw marker weighs more rather the ours “TTFs” do. Ours
discovery trough intraarticular distances were lower at closed as
compare to the open may indicate the, durination of open, they
didn’t elevating the muscles aggressively counteracting it through
as firstly caudally directly pulling that suprahyoid muscle, at least
in asymptomatic individuals.

Never, Kinematics Center trajectories, like measure on that
studies, indirect reflection through variation on that intraarticular
distances in middle of jaw open and the close phase, whereas
that maxi difference didn't happen continuously. Because we
wanted to capture motions as they happened in a typical
environment, we ignored loaded movements in our procedure.

CONCLUSION

This analysis demonstrates that while the traces of the TMJ
kinematic center do, in part, reflect the change in spaces of joints,
not related with anatomy of the joints when those do not indicate
either the movements of the entire condyle or that of surface point.
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