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The components of the Gnathorecorder:
Stuart frame with head cap, hinge axxs
locator, plastic tracing plate.

Fig. 2.

Fig. 3. A component of the Gnathorecorder; Two
spring pencils attached to the lower resin
open clutch.
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Fig. 4. The setup of the Gnathorecorder on a subject.
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Fig. 5. A recording of habitual opening and closing
path on the plastic sagittal tracing plate.
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Fig. 6. Method of Rouleaux using two points on
a moving body: Py and Pj3 are their posi-
tions in the first instant. P, and P4 are the

second instant.

X,+Y +Y
A%e) X ,= = YA=———Y‘2 -

_65_



Bas) 2 Xpm it oy, LAY
2 2
Yz—Yl dyl
A PP 7187 s mr= = =
& 1P2 9] 717 : m =% =
Y, —
4 PyPo 7187 : m'= —* Ys_ dys
X4 _XS dX2
A ACY 71€7l :m, = —I;’(;q_,—l Z4)
24 BCo.71¢7 : m;= —— (HxL F4)
mr

A4 ACY A Y=m, (X-X3)+Y, Cl&
717 my ol Xy, Yo RS Ak AAD e 1)
A4 BCY 4 :Y=m, X—Xp) +Yp (&
7] 7}' my 011 XB’ YB 7‘;‘% Z]v)—-‘f- R_‘X]—;D ...... 2)
24 AC,BCH ud (1)
A3 #A 4ol 2s))

» @9 =d & () ()

my (X—XA) + YA:mg (X‘—XB) + YB

X (my —m;)=Yp—Yy+m X4 —m; Xp

YB—YA+m1 XA_mz XB

.'.X(;: ............... (3)
m; —m;
—Y,+m; X
@& Mol A Y=m, 2 ATT %
m, —
my X Y Y, +
2 B—XA) +YA=m1 B "Mz Iz
ms m;—
X, —X
my mz'( A B eeericeeereraeeans (4)
mp
0:02——a1 .......................................... (5)
t — ta
tan § = tan (B — 0, )= an noy _
1 +tan 8, tan 6,
me 7m,
1+m,my
my —Iy
©h= tan_l (1+mlmz ........................ (6)
2) a4 AMET 5o #AE A 2 E7

A 4 24

CEerE 95 7 Ao o8 2r1" 2708 A
T4 TR S A 7H§4hiiel 4 agA
of| A 4| ZFske] Y F- X0 £g

A w fol] 4mz, 1 F& SM«I 7Pﬁ~£ U
ol 2" X, Y #HEE x| AAstgeh 2¥
t}-& P\P; 719 AEE ool T F A
o AsF2el vz 2P A Aol EH F3
2o AR A AR A sk AN TR
o edE Ao X, Y HxE FAs}AF 8.7,
Table 1-1,2-1, 3-1,4-1) ol & #¥Fe| T2
Bl wysted Akt 4ol Al & =2 A F
A& ARstg et

The determination of the coordinate on the

tracing paper.

1) The data pairs (X,Y) of target point on
the habitual opening and closing path.

2) The data pairs (X,Y) obtained by deter-
mined points followed by the tracing of
mandible cephalogram.

Fig. 7.
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Table 1-1.The data pairs (X,Y) of target point on the habitual opening and closing path on subject 1.

Path Opening path Closing path
Point Xy Y. X3 Ys Xy Yy X3 Y,
1 1.05 8.20 4.48 3.40 4.00 2.30 9.60 0.40
2 1.05 7.80 4.53 3.08 3.60 2.60 9.16 0.41
3 1.14 7.00 4.96 2.50 2.70 3.40 7.90 0.50
4 1.28 6.20 5.35 1.96 2.10 4.20 7.00 0.80
5 1.57 5.40 5.92 1.50 1.80 5.00 6.34 1.26
6 185 460  5.50 1.05 1.80 500 634  1.26
7 2.20 3.80 7.20 0.70 1.31 6.60 5.30 2.30
8 2.94 3.00 8.34 0.48 1.20 7.40 4.96 2.80
9 3.60 2.60 9.14 038 1.12 7.80 4.70 3.10
10 4.00 2.30 9.60 0.40 1.05 8.20 4.80 3.40
Table 2-1.The data pairs (X,Y) of target point on the habitual opening and closing path
Path Opening path Closing path
Point Xy Y: X3 Ys X1 Y, X3 Y3
1 1.35 10.80 1.90 4.88 2.00 4.90 4.70 0.30
2 1.18 10.40 1.98 4.50 1.85 5.20 5.42 0.40
3 0.97 9.60 2.03 3.78 1.48 6.00 4.51 0.90
4 0.78 8.80 2.20 3.78 1.50 6.80 4.03 1.44
5 0.50 8.00 2.45 2.39 1.47 7.60 3.55 2.05
6 0.67 7.20 3.13 1.80 1.54 8.40 3.33 2.74
7 1.08 6.40 3.95 1.23 1.40 9.20 2.86 3.47
8 1.50 5.60 4.87 0.70 1.36 10.00 2.40 4.18
9 1.80 5.20 5.36 0.45 1.32 10.40 2.15 4.53
10 2.00 4.70 5.70 0.30 1.25 10.80 1.90 4.88
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Table 3-1.The data pairs (X,Y) of target point on the habitual opening and closing path on subject 3.

Path Opening path Closing path
Point Xy Y, X3 Ys Xy Y, X3 Ys
1 0.50 9.40 1.74 3.60 2.52 4.83 6.80 0.80
2 0.60 9.00 2.10» 3.28 2.40 5.00 6.60 0.74
3 0.84 8.20 2.80 2.60 1.60 5.80 5.00 0.93
4 1.14 7.40 3.50 1.97 1.60 6.60 4.43 1.40
5 1.30 7.00 3.90 1.70 1.54 7.00 4.17 1.70
6 1.48 6.60 4.30 1.40 1.43 7.40 3.80 2.00
7 1.60 5.80 5.10 1.00 1.10 8.20 3.15 2.60
8 1.90 5.40 5.80 0.92 0.94 8.60 2.75 2.98
9 2.40 5.00 6.66 0.81 0.76 9.00 2.29 3.30
10 2.52 4.83 '6.80 0.80 0.50 9.40 1.74 3.60
Table 4-1.The data pairs (X,Y) of target point on the habitual opening and closing path on subject 4.
Path Opening path Closing path
Point Xy Yi X3 Ys X3 Y, X3 Y;
1 1.06 10.40 0.80 4.40 395 5.00 7.50 0.35
2 1.10 10.00 1.00 4.12 3.58 5.20 6.94 0.43
3 1.24 9.20 1.52 3.32 2.60 6.00 5.14 0.80
4 1.39 8.40 2.19 2.40 2.28 6.80 4.27 1.30
5 1.69 7.60 2.90 1.90 2.00 7.60 3.47 1.98
6 2.04 6.80 3.80 1.23 1.75 8.40 2.65 2.45
7 2.50 6.00 5.10 0.70 1.44 9.20 1.85 3.40
8 2.96 560  5.85 0.48 1.26 9.60 1.47 3.72
9 3.58 5.20 6.80 0.35 1.12 10.00 1.13 4.10
10 3.90 5.00 7.50 0.35 1.06 10.40 0.80 4.40
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Table 1-2.The data pairs (X,Y) obtained by deter- 11 7.20 9.80
mined points followed by the tracing of 12 7.40 8.00
mandible cephalogram on subject 1. 13 570 7.00
Mandible tracing X Y 14 2.30 7.20
* 12.00 12.40 b 2.60 580
*%) 12.80 12.40 i6 3.00 3.80
*%3 12.70 12.80 17 6.00 4.40
*x4 12.30 12.90 18 10.70 6.00
sxg 11.90 12.80 19 11.00 8.00
*kg 11.60 12.40 20 11.00 9.20
11.40 10.50 21 11.70 10.70
8 10.80 10.20
9 9.10 11.40 ) '
: | s eI
11 8.80 10.00 mandible cephalogram on subject 3.
12 10.10 7.60 -
13 8.50 6.10 Mandible tracing X Y
14 5.20 5.40 *1 9.00 13.80
15 5.90 3.90 %7 9.40 13.80
16 6.30 2.00 *%3 9.40 14.30
17 8.70 2.80 **4 9.00 14.60
18 13.00 6.00 **5 8.40 14.20
19 13.00 8.00 **6 8.30 13.80
20 12.60 10.00 7 7.80 12.60
21 13.00 11.40 8 7.20 12.20
*. Arbitrary hinge point 9 5.80 12.80
**: Shape point of condyle head 10 5.60 12.40
*%%,: Superior point of condyle head 1 5.70 1 1"50
Table 2-2.The data pairs (X,Y) obtained by deter- 12 6.20 19.50
mandible cephalogaam on abiect 2. 13 500 890
Mandible tracing X Y i: ;:g g?g
*1 11 11.40 11.60
) 11.70 11.60 e 3.60 340
**3 11.60 12.00 17 6.80 6.10
x4 11.30 12.20 18 10.70 8.00
w5 11.00 12,00 1 280 9.90
- 10.70 11.60 20 9.50 11.30
7 9.80 10.20 21 9.40 13.10
8 9.00 10.00
9 7.30 10.80
10 7.20 10.30
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Table 4-2.The data pairs (X,Y) obtained by deter-
mined points followed by the tracing of
mandible cephalogram on subject 4.

Mandible tracing X Y
*] 11.40 13.60
*%) 11.80 13.60
*3 11.80 14.00
+x4 11.40 14.30
x5 10.90 14.00
*46 10.70 13.60
7 9.70 12.30
8 9.00 11.70
9 6.80 12.60
10 6.60 12.20
11 6.80 11.40
12 6.80 9.00
13 4.90 8.10
14 2.50 8.10
15 2.60 6.80
16 3.10 4.30
17 7.00 6.00
18 11.10 1 8.20
19 11.20 10.00
20 11.20 11.60
21 11.60 12.80
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Table 5. The data pairs of X,Y and angle obtained
from the Rouleaux method’s analysis of
the habitual opening and closing path
on subject 1. )

Step Opening path Closing path
Xc Yc angle(s) Xc Yc angle(s)
1 3497 800 888 9.60 10.19 35.57
2 1273 871 30.13 9.20 9.80 37.55
3 1440 891 2591 10.53 9.90 34.70
4 12,02 9.64 3117 1171 8.26 34.57
5 1084 8.20 37.21 12.61 9.51 30.27
6 11.17 8.20 36.11 14.25 9.25 26.45
7 9.56 9.87 36.31 1431 8.80 26.39
8 10.53 14.79 24.09‘ 12.91  9.95 29.60
9 898 9.36 39.36 14.20 10.29 26.33

Table 6. The data paits of X,Y and angle obtained
. from the Rouleaux method’s analysis of
the habitual opening and closing path on

subject 2,

Opening path Closing path

S —
tep Xc Yc angle(e) Xc Yc angle(s)

10.79 6.55 3491 839 8.28 43.78
18.92 5.31 18.68 9.74 9.33 26.39
14.14 6.05 25.81 992 6.19 43.07
'9.11 5.44 41.25 11.18 17.56 36.05
9.14 9.42 37.06 16.82 6.66 22.69
10.72 11.85 29.06 15.85 11.32 22.85
9.92 10.53 3235 12.39 10.15 30.08
11.25 12.60 26.10 11.94 11.26 29.83
9.96 10.43 32.50 13.20 12.68 25.61

O 00 N N BAWN

Table 7. The data pairs of X,Y and angle obtained
from the Rouleaux method’s analysis of
the habitual opening and closing path on
subject 3.

Opening path Closing path

Step
Xc Yc angle(@) Xc Yc angle()

1 889 1129 3433 493 6.66 71.48
2 10.92 11.66 29.13 = 6.93 10.33 38.23
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3 11.74 11.63 27.46 8.87 6.20 50.49
4 9.58 10.54 34.18 1220 8.39 32.38
s 11.42 11.32 2890 10.28 9.62 35.59
6 7.66 7.12 5490 13.03 12.65 24.87
7 6.38 9.07 46.61 12.73 13.08 24.67
8 7.67 12.10 31.37 9.01 12.47 30.95
9 7.27 8.31 50.70 7.63 13.75 28.37

Table 8. The data pairs of X,Y and angle obtained
from the Rouleaux method’s analysis of
the habitual opening and closing path

on subject 4.
Opening path Closing path
Step
Xc Yc angle@ Xc Yc angle@)
1 10.54 11.15 29.83 9.38 15.49 40.16
2 13.67 11.79 23.10 8.40 12.11 27.61
3 13.03 11.00 25.44 9.37 9.17 38.31
4  8.50 10.61 34.29 11.33 10.42 30.35
5 10.29 10.89 29.70 7.36 9.71 42.83
6 8.01 9.70 37.92 15.73 14.28 18.92
7 9.18 13.22 24.66 9.77 13.19 25.67
8 8.01 12.75 25.04 12.18 13.65 22.53
9 7.15 10.56 32.01 7.21 11.12 39.20
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Fig. 8. The position of instantaneous centre of rotation on the mandible in the opening (A)
and closing (B) movement on subject 1.

Fig.9. The position of instantaneous centre of rotation on the mandible in the opening

(A) and closing (B) movement on subject 2.
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Fig. 10. The position of instantaneous centre of rotation on the mandible in the opening
(A) and closing (B) movement on subject 3.

Fig. 11. The position of instantaneous centre of rotation on the mandible in the opening
(A) and closing (B) movement on subject 4,

N

Fig. 12. The opening (A) and closing (B) movement pattern of condyle (tracing point No. 2, 3,
4, 5, 6) followed by the movement of instantaneous centre of rotation on subject 1.
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Fig. 13. The opening (A) and closing (B) movement pattern of condyle (tracing point No. 2, 3,
4, 5, 6) followed by the movement of instantaneous centre of rotation on subject 2.
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Fig. 14. The opening (A) and closing (B) movement pattern of condyle (tracing point No. 2, 3,
4, 5, 6) followed by the movement of instantaneous centre of rotation on subject 3.

o e trrea

B

Fig. 15. The opening (A) and closing (B) movement pattern of condyle (tracing point No. 2, 3,
4, 5, 6) followed by the movement of instantaneous centre of rotation on subject 4.
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Fig. 16. The trace of the point No. 3 followed by

the instantaneous centre of rotation of the Fig. 18. The trace of the point No, 3 followed by
ope'ning (A) and closing (B) movement on the instantaneous centre of rotation of the
subject No. 1. opening (A) and closing (B) movement on

subject No. 3.
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Fig. 17. The trace of the point No. 3 followed by

the instantaneous centre of rotation of the Fig. 19, The trace of the point No, 3 followed by
opening (A) and closing (B) movement on the instantaneous centre of rotation of the
subject No. 2. ' opening (A) and closing (B) movement on

subject No. 4.

]

Step 1

Step 2

Step 3

Fig. 20-1. The computer graphic mandibular move-ment obtained by the instaneous centre
of rotation in the habitual opening movement on subject 1.
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) > Step 1

Step 4

Step 2
X,
4
< Step 3
A

Fig. 20-2. The computer graphic mandibular movement obtained by the instan

taneous centre of rotation in the habitual closing' movement on sub-
ject No. 1.

—~Step 1 5 Step 4

Step 3.

Fig. 21-1. The computer graphic mandibular move-ment obtained by the instaneous centre -

of rotation in the habitual opening movement on subject No. 2.
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Fig. 21-2. The computer graphic mandibular movement obtained by the instantaneous
centre of rotation in the habitual closing movement on subject No. 2.

.~ Step 1 Step 4

Step 2

Fig. 22-1. The computer graphic mandibular movement obtained by the instantaneous
centre of rotation in the habitual opening movement on subject No. 3.
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Fig. 22-2. The_ computer graphic mandibular move-ment obtained by the instantaneous
centre _bf rotation in the habitual closing movement on subject No. 3.

/ Step 1 Step 4

Fig. 23-1. The computer graphic mandibular move-ment obtained by the instantaneous
centre of rotation in the habitual opening movement on subject No. 4.
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Fig. 23-2. The computer graphic mandibular movement obtained by the instantancous
centre of rotation in the habitual closing movement on subject No. 4,
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-~ Abstract —

A Study on the Determination of Instantaneous Centre of
Rotation and the Mandibular Movement,

Kim, Cheong-Kyu, D.D.S., M.S.D., Kang, Dong-Wan, D.D.S., M.S.D.,
Chung, Chae-Heon, D.D.S., M.S.D., Ph.D),

Department of Prosthodontics, School of Dentistry Chosun University.

Recently the instantaneous centre concept has been used to understand the bjomechanics

by which a tissue derangement causes a mechanical derangement in temporomandibular joint,

In this study, four male subjects without temporomandibular joint disorder and malocclusion

were selected for the determination of the instantaneous centre of rotation (I.C.R) in the mandi-
bular movement. The habitual opening and closing paths were recorded on the sagittal plate by
two spring pencils attached on the lower anterior teeth which was designed for this study, and the
I.C.R. was calculated by the computer program of Rouleaux’s method. Also the computer graphic
opening and closing movements of mandible were obtained according to the determined I.C.R.
The results obtained from this study were as follows.

1.

The instantaneous centres of rotation were not positioned within the condyle in the mandi-
bular opening and closing mevement. .

There was some similarity between the anatomical curvature of the articular emience and the
movement pattern of condyle.

The opening path and the closing path of the most superior point of the condyle showed a
slight difference.

At the early stage of the habitual opening movement, the condyle was moved downward.
The opening and closing mandibular movements were simulated by the instantaneous centre
of rotation which was determined by the computer program of Rouleaux‘s method.
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