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Fig. 1. The ganthorecorder consisted of a Stuart head
frame, hinge axis locator, plastic tracing plate,
lower resin open clutch and spring pencil.

nag Sgtad A4S, 3ot resin open cl-
utche} 7| & d¥2 4 HJAG (Fig.1).
ZA¥Z locator 9 toggle& Stuart head
frameo] H&3tn tfgae] S HAZo| Al
Agol A Avld  + d=E zgsA
(Fig.2).

49 stud7} 924E resin open clutch &
TA AP Aot AR FEHA FEF gt
HolgAo] LA F 3 stud®] AW to-

2 AL head frarne01]

$571%4 =E 7|78
3

A A,
FIA AxE HA o} (Fig.3-1,3-2).

Fig. 2. The set-up of modified hinge axis locator
attached to a Stuart head frame.

Fig. 3-1. The resin open clutch and sping pencil at-
rtached to the lower anterior teeth.

Fig. 3-2. The complete set-up of the Gnathorecorder.
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Fig. 4. The recording of opening and closing movement
on the plastic sagittal tracing plate,

Fig. 5. The recording of border movement on the
plastic sagittal tracing plate,
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Fig. 6. The same mathematical model (Y=ax2 + bx +
¢) of the habitual opening path and the hinge
nath
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Fig. 7. The opening and closing paths obtained from
the Gnathorecorder and X, Y line’s data in
the opening path,

F#7 X, YE #AE 8 (Fig.7, Table 1)
2 Jqatd 584 mdo] v Mg AR
3 ol wWe J#E ERE ATSd xde

gszo o 279 &z HAA F4 (xc, ¥R

Table 1. The data pairs (X, Y) in the habitual opening

path.

Step X Y
1 0.0 5.0
2 0.5 4.1
3 1.0 3.2
4 1.5 2.4
5 2.0 1.8
6 2.5 1.3
7 3.0 1.1
8 3.5 0.9
9 4.0 0.7
10 4.5 0.6
11 5.0 0.5
12 5.35 0.45
13 9.2 11.9

o))

J T ATH 2R
Z gAS 2

A9 olF

st ?:_1754?‘5_} A el kmematic hinge axis
## (Table 1, No.13) ¢tol #AE 433
3) By eE¥re Ax(x,EF ¥ &3
A A B4
SetFeE 71§ Aol od E/IE HULT
2 (Fig.8-1) 9 X&4 1m¥ F7HA &R
x,y% #E A& (Table 2-1) & Wgldld 4

a8 zuol wiA HeE AR ol mEA
¥ $ERE ATAsd 2o FRA o4F
&3t " FAY ol F(Step 1,6,11,16)
S #AAstm dA% ¥ kinematic hinge axis
% (Table 2-1, step 17) g}o] BAS £4
&l ot

Kinematic hinge axis

Y

Fig. 8-1. The border movement and the/'kinematic

hinge axis recorded by the Gnathorecorder.
BV Pt
Visitrainerol & gdola AW &5(Fig
8-2) & EAT ¥ao] o8 HE AE (Table
2-2) & Talo] ¥ mde W Ay &
e 4o e AR sotE 8% 7l
2 Aol olal Jolxd P vimaEh
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Fig. 8-2. The border movement obtained from Visi-

Table 2-2. The data pairs (X, Y) in the hinge path

Table 2-1. The data (X, Y) in the hinge path and the
kinematic hinge axis recorded by the Gna-

plotted by the Visitrainer,

thorecorder, .
Step X Y X(T) Y(T)
Step X Y X(Y) Y(T) 1 0 14.3 |~ 10.90{ 9.26
1 0.8 | 4.28 | - 2.74| 3.39 2 1 12,9 | -9.18| 9.11
2 0.9 | 4.22 1 -2.63{ 3.42 3 2 | 11.6 | - T7.54) 9.04
3 1.0 | 4.19 | - 2.54 | 3.48 4 3 ] 10.4 | -5.98| 9.02
4 1.1 1.00 | - 2.33 | 3.43 5 4 9.0 - 4.27 ] 8.88
5 1.2 | 3.88 | - 2.17 | 3.43 6 5 7.9 | -2.78] 8.93
6 1.3 | 3.78 | - 2.03 | 3.44 7 6 6.8 | -1.30| 8.98
7 14 | 368 | - 1.89| 3.45 8 7 5.4 0.42 | 8.83
3 1.5 | 3.56 | - 1.74 | 3.45 9 8 4.3 1.90 | 8.88
9 1.6 3.47 - 1.60 3.47 10 9 3.3 3.31 8.99
10 1.7 | 3.38 | - 1.47 | 3.49 11 10 2.1 4.88 | 8.98
1 1.8 | 3.28 | - 1.33| 3.50 12 11 0.8 6.51 | 9.00
12 1.9 3.19 | - 1.20 | 3.51 X(T) and Y(T) is obtained from rot-
13 2.0 } 3.10 | - 1.06 | 3.53 ation angle(49.6 9 of X and Y lines.
14 2.1 | 3.00 | - 0.92 | 3.54
15 2.2 | 2.92 | - 0.80 | 3.57 5. siofE 239 My
161 2.3 1 2.8 ] -0.63 3.60 stebE £EAHE 718% ¥ 4T 25 7
17 9.8 | 11.35 | - 2.28 |14.82 S04 head frame st A4TE AR O
. obtained f & kinematic hinge axis "ol Y& HI}35}
(Fig.4,10). 2oix ¥l Abxlabel 718 4
29 YW 9HE 1Fo= AW 2¥=9 &
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opZe] Ry FRE FEE £Fold Ed|
As & 4% A8 A2 (Fig.9, Table 3)&
H{lsled &8 AN whE stetEe ¥
TE FHE s

< Adstn

The X, Y line’s data in the habitual opening
path and the data of the mandible obtained
from a paper tracing of cephalogram.

Fig. 9.

Table 3, The data pairs (X, Y) of the habitual opening
path, kinematic hinge axis and mandible.

12 5.3q 0.45| 4.80] 2.41
kinematic 130 9.2(11.9{ 4.11(14.47
hinge axis 14| 8.0]12.2 | 3.82|14.67
mandible 15] 8.6 (11-9| 3.56/14.24

16] 8.8111.2 | 4.00013.67

17| 8.6110.6 | 4.04/13.04

18t 7.1110.0 ) 3.80112.30

18] 6.719.81 3.50{11.96

20| 6.71(11.3 1 2.02(12.98

211 6.5|11.2 1 1.87(12.81

29 | 6.4 (10.9 | 1.89(12.49

231 4.5]8.0) 3.06] 9.84

24| 1.616-6]1.82] 7.84

251 2.916.2 |-0.54) 6.46

261 2.214.910.22] 5.37

27| 2.013.6]0.52} 4.09

28| 6.5 (3.0(1.20(3.71

20| 9.7 14.7 | 4.47| 6.85

301 9.2 15.9(6.35( 8.90

31 9.6 | 6.4 |6.53|9.51

39 | 9.5 8.0 {5.8410.95

933 | 9.4 [9.3 |5.27012.13

34 { 9.8 10.4 15.23113.29

35 (10.0 1.5 {5.01014.39

36 | 9.8 12.0 | 4.6314.78

37 1 9.5 [i2.1 | 4.3214.77

38 | 9.0 12.2 13.82114.67

Type No X Y { X(T [ Y(T)
opening path{ 1| 0.0 5.0 -1.86| 4.64
20 05| 4.1(-1.06| 3.99

31 1.0] 3.2 1-0.26| 3.34

.4 1.5{ 2.4 0.50| 2.79

5| 2-0)1.8] 1.19] 2.41

6| 2-5| 1.3 1.84| 2.14

71 3.0} 1.1 2.38] 2.14

8| 35|09 291 2.14

9| 4.010.71 3.45| 2.14

10| 4.5] 0.6 3.95| 2.23

11} 5.0]0.5| 4.46| 2.32

X(Y) and Y(T) is obtained from rota-

tion angle(21.89 of X and Y lines.

. &1
1, S4tH 74 [ = 3z &4

A F ook rdlg 21.8°HANG RN E
%22 0.053¢ 8 my Y=0.11x* +
0.66x + 3.09¢] st AAIHYG o e

A Gud eEmel 43 HNE 22
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N AT TER WE £28A 49 H +
S wA e Table 40149 gtk Kirematic hinge axis
w38 4 FHEe B S o83t £33
A A olE g FBFE Zra] oF AT
48 W, (Fig.10-1,2) 24 49 259 A PR
2 78A 2he -—}_ﬁ: X=13.37, Y=10.17 R
2% kinematic AW&Ee HE(X=9.2,Y= _f,.'&'
11.9) 5 Fahgel AR 271 745 254 i
8" S4o] Fig.10-19 step 2 HE7AA &1 %6,7,8,9,10
1__1"2
Table 4. The data pairs of X¢, yc and radius obtained "‘4' 3
from.the mathematical model of the habitual .'3: 4
opening path. %_ _5
Step X Y. R g-;"“'-vn I
1 13.37 10.17 14.33 91011 12
2 10.38 8.97 11.01
3 8.19 7.76 8.51 Fig. 10-1. The instantaneous centre of rot‘ation (X¢, yo)
o | e | ses | e b o e maanail o
5 5.93 5.91 5.69
6 5.47 5.33 5.10
7 5.33 5.16 4.67 * .
3 5.8 5.08 4.54 Kinematic hinge axis
9 5.29 5.12 4.6
10 5.35 5.36 4.84
11 5.39 5.73 5.24
12 5.39 6.08 5.63
kinematic dWF FdoM FPor ol
O}L pgs mel v, oY A 27 &F

215 ok
o FA3F o] FEu
5 9] .93, Y=5.91FFANA A
FH 71 Al&—s}d step 6,7,8°14 Bgd
Zyo2 ARF AAFo] FHHD
Joll = Yo HEZE S7HE HBH
o] xg& YERHAT

-
1

ao% #get ©7 AAZe| ¥ (Fig-11)

o Bz L% ojlu]az Aol AMHA & o

Fig.10-19 step 2914 47
1A step
%ol 4

24

step 8
o] e

rosation with radius of rotation centre.
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Fig. 10-2. The movement of the instantaneous centreof



FiAg. 11. The path of instantaneous centre of rotanon

on the mandible,
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Fig. 12. The movement of kinematic hinge point
. followed by the instantaneous centre of ro-
tation of the opening path,

oy 27) eFAE seFE FJHdHo] kinem-
aticgd e Tl & sebaA  FoYR

B Eo] A7t ALgel weEp sebIAl WRR
ojgatm AU /M7 ARHE oA shet
A FLFel sAZo] A WA EHATI
Hul A7Alele 4Eeg °ol5EE e

88 mdo| o3 ATFAHE AW F=o) @
2 ok dAG B olFFIE Y]
kinematic @& FIE ol L3y v}, o &
e AE 59 €03 QFo wEt Fig.12 &

Ze olF FFE veiin olEy FHe o
del sty el #d =9 /e Ew
< Mdstn A

2. HHES BN

et 5 715 ZA % Hdn £ =9

47 dYF 84 5US 49.8° HEAY
24 EEA 0.0179) $84 =9 Y=0.04
x* +0.21x + 3.71 9] 57 AANHJS. o

Table 5-1. The data pairs of X¢, Ye and radius ob-
tained from the mathematical model of
the hinge path by the Gnathore-corder.

Step Xe Y. R
1 10. 46 12.49 12.68
2 10.49 12.51 12.68
3 10.54 12.55 12.68
4 10.51 12.53 12.69
5 10.51 12.53 12.71
6 10.53 12.55 12.73
7 10.55 12.57 12.76
8 10.57 12.58 12.79

9 10.59 12.61 | 12.82
10 10.62 12.64 | 12.86
11 10.65 12.67 | 12.91
12 10.69 12.71 | 12.95
13 10.72 12.74 | 13.00
14 10.75 12.78 | 13.06
15 10.79 12.83 | 13.12
16 10.85 12.89 | 13.19
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Ry e &5d F49 Fa4 WAL Ta-
ble 5-1o1A 2+ 2k}

Table 5-19 «73d F4 HFE o &34
22183 249 ol5< AFH =2l o
AFA FHl BE ¢718Ad $42 kinematic
HWE T4 X et (Fig.13-1).

AWeEao 2z A W& olF gl o
8 27) AULEA (Step 1-5) e LB 3
A2 o8 AT F4E Holu step 6
oA 117K BRAH Fte=s @ FAol ©
Sate e Uehlen AU L5 dE F
Aupe]] K8k (Fig.13-2).

=

Kinematic hinge point

Fig. 13-1, The instantaneous centre of rotation (Xc,
Xc), the hinge path obtained from the Gna-
thorecorder and the kinematic hinge point,

8ty mdo] o8 ATHE HHULERE 7]
Zoz olu AA3 kinematic FHFL H4H3t
o #eld AY FWE AWE FHo2 39 5
mo| oA Xt (Fig.14).

Visitrainer o} <8 AugL5=2e HE o
g% 84 mdg 49.6 FHANPHo2R EE
& 0.052 ¢ 33 2l Y = 2.457%x -
3.557*x + ¢ 9] g7t AAHA

Kinematic hinge point

Fig. 13-2. The position (step 1,6,11.16) of the instan-
- taneous centre of rotation (Xc, Y,) obtained
from the mathematical model of the hinge

path.

Fig. 14. The movement of the kinematic hinge point
followed by the hinge path.

ol do] W& &3y T4 FHEe wg
& Table 5-2¢1x s} 2giry
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Table 5-2. The data pairs of X¢, yc and radius ob-
tained from the mathematical model of
the hinge path by the Visitrainer.

Step X Y. R
1 163.38 137.86 204.84
2 163.13 137.66 204.57
3 162.95 | 137.52 | 204.35
4 162.85 | 137.44 | 204.18
5 162.66 137.29 204.03
6 162.65 137.28 203.94
7 162.65 137.29 203.-88
8 162.53 137.18 | 203.85
9 162.57 137.22 203. 86
10 162.68 137.31 203.90
11 162.70 137.33 203.98
12 162.70 137.33 204.10

Table 5-29) ¢35 F4& Table 5-29]
Hal 10w °1d =719 HA% Hus)
uebd wh, Table 5-20f olg AT Fde

Fig.150049} Zo] g7ge] tids & AH
3

The instantaneous centre of rotation of the
hinge path obtained from the Visitrainer.

RS

ﬂﬁ-ﬂ €8I} #3H 2YL Hol A9 X
*Fo8 TR,

HHel MH

S84 ¥ 59 FAe 7] 23} 31 o7)o) w

2 34 3AE 2% 24% F oA sehEAy
°lF FEHE 2#i¥ PFH s AAsA
(Fig.16).
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Fig. 16. The computer graphic movement of mandible gbtained by the instantaneous centre of the

habitual opening path,

~
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A Study on the Determination of Instantaneous Centre of
Rotation in the Mandibular Movement

Keun Su Kang, D.D.S., M.S.D., Chang Keun Yoon, D.D.S., M.S.D., Ph.D.

LDepartment of Prosthodontics, College of . Dentistry, Chosun University.

For the determination of instantaneous centre of rotation in the mandibular movement,
the habitual opening path was recorded on the sagittal tracing plate by a Gnathorecorder attached
on the lower anterior teeth which was designed for this study. The opening path was demonstrated
mathematically and the instantaneous centre of rotation in the opening path were calculated and
plotted by computer programs, and then a computer graphic movement of the mandible was
obtained according to the opening path. The hinge path of posterior border movement was
graphied by the Gnathorecorder as well and  demonstated mathematically. This hinge path was
co...pared with the same obtained by Visitrainer to prove a reliability of the Gnathorecorder. The
results obtained from this study were as follows,

1. The habitual opening path and hinge path obtained from the Gnathorecorder movement

were expressed mathematically as follows: y=0.11x*> ~ 0.66x +3.09 (equation of opening
path), v = 0.04x? + 0.21x + 3.71 (equation of hinge path), and a kinematic hinge axis was
not shown in the equation of hings path.

2. The early habitual opening movement of the mandible demonstrated almost a straight opening
path or an arc motion with the larger radius and it’s centre of rotation moved parallelly in
the more rear and lower position than a kinematic hinge axis.

3. Instantaneous centre of rotation occured along with the translation of the condyle, and
mandible was rotated around an axis in the close to the maximum opening and then moved
toward the forward and upward position.

4. There were some similarities between the articular eminence and the movement pattern of a
special point which was the kinematic hinge axis.
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