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Table 2. Annual measurements of mandibular symphysis

Measure- | Gt” — Pog’| Gt’— B’ | B’ — Pog” | Id-B-Pog Chin angle SNB

ments (mm) (mm) | (mm) (deg) (deg) (deg)

Aeg \ Sex X+SD X+SD| X+sSD | X*SD X +Sb X +SD
Male 13.71 1.42 9.35 1.56 4.37 1.25 169.32 5.64 75.11 3.19 75.36 3.51
6 Female | 13.87 1.01 9.66 1.01 4.21 0.98 169.25 5.62 .74.56 4.12 76.20 2.62
Both 13.78 1.26 9.48 1.35 4.30 1.14 169.29 5.04 74.87 -3.58 75.71 3.16
Male 1425 1.40 9.54 1.73 4.70 1.48 165.44 4.39 74.44 3.54 75.74 4.40
7 | Female | 14.10 1.30 9.54 1.15 4.56 1.19 164.68 4.68 73.85 3.41 75.93 2.65
Both 14.20 1.38 9.54 1.51 4.65 1.36 165.16 4.57 74.20 3.46 75.82 3.76
Male 14.80 1.34 9.34 1.51 5.46 1.24 160.90 4.54 74.30 3.23 75.86 3.51
8 | Female | 14.41 1.11 9.02 1.34 599 1.26 157.55 7.02 74.04 3.17 76.12 2.99
Both 14.63 1.24 9.21 1.44 543 1.24 159.32 6.89 74.19 3.17 7596 3.28
Male 14.77 1.02 9.04 1.53 5.73 1.29 158.98 492 75.78 4.08 75.83 3.45
9 | Female | 14.18 1.27 8.68 1.02 5.51 1.01 156.89 6.66 75.63 4.60 76.37 2.98
Both 14.49 1.15 8.90 1.35 5,65 1.19 158.03 5.68 75.72 4.23 176.03 3.26
Male 15.34 1.02 9.08 2.09 6.26 1.75 157.03 4.95 75.12 4.28 76.64 3.06
10 | Female | 14.88 1.28 8.82 1.52 6.06 1.29 156.13 5.76 75.57 7.21 77.46 3.42
Both 15.13 1.14 8.98 1.86 6.18 1.56 156.68 5.05 75.30 5.55 76.97 3.18
Male 15.59 1.02 8.72 1.68 6.86 1.49 156.54 6.49 7493 3.35 77.17 3.38
11 | Female | 15.04 1.65 8.71 1.41 6.34 0.96 155.48 5.65 74.29 2.90 77.21 2.95
Both 15.33 1.33 8.72 1.56 6.65 1.31 156.11 5.01 74.67 3.15 77.18 3.17
Male 16.24 1.12 8.99 1.90 7.25 1.80 153.87 2.68 74.19 437 77.33 3.38
12 | Female | 15.51 1.42 8.42 1.32 7.09 0.92 154.76 3.72 74.19 2.62 77.11 3.11
Both 15.89 1.26 8.78 1.71 7.19 1.52 154.41 5.23 74.19 4.04 77.25 3.24
Male 16.56 1.30 8.93 1.98 7.62 1.97 150.65 6.16 74.10 4.65 78.19 3.52
13 | Female | 15.84 1.06 8.26 1.25 7.57 1.29 153.15 6.83 71.79 17.44 77.09 2.74
Both 16.30 1.44 8.69 1.76 7.61 1.74 151.71 6.45 73.33 10.74 77.79 3.27
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Table 4. Annual measurements of lower incisor position

Measure-

ments IMPA (deg) 1—NB (mm) T1/NB (deg) ALDH(mm)

Age \_ Sex X + SD X+SD X+SD X +SD
Male 86.32 6.58 3.14 175 21.38  6.74  36.77 2.33
6 Female | 83.70 5.75  3.39  1.66 2096 571  36.17 1.44
Both 85.21 631 325 1.70 2120 6.26  36.51 2.00
Male 87.48 593 4.14  1.99 22.39  5.99  38.20 2.73
7 Female | 87.14 5.15  4.45  1.63 2400 4.64 37.43 1.58
Both 87.34 5.57 426 184 23.04 549 37.93 2.35
Male 90.40 575 5.32 2.00 25.44  5.65 39.34 2.63
8 Female | 88.81 457 532 1.62 2583  5.05  38.45 1.49
Both 89.76 531 532 1.84 25.60 5.36  38.98 2.26
Male 92.94 492 583 1.83 27.62 527  39.41 2.68
9 Female | 88.84 649 544 170 26.04 470  38.61 1.35
Both 91.37 585 5.68 1.77 27.01  5.06 39.10 2.28
Male 92.33 6.04 652 2.08 27.72 5.61  40.66 2.59
10 Female | 87.99 5,59 5.53 221 26.29 5.40  39.04 1.55
Both 90.57 6.16 6.12  2.16 27.14 549  40.00 2.34
Male 93.44 473 7.19  2.05 2890 4.82  42.40 3.22
11 Female | 91.03 6.53 638  1.55 27.38  5.03 4145 2.89
Both 92.45 5.59  6.86  1.89 2827 490 4201 2.88
Male | 93.50 576  7.20 2.45 28.95 592 4344 3.93
12 Female | 92.28 5.63 6.72 1.46 28.19 3.76  42.73 2.05
Both 92.45 55.66  7.03  2.13 28.67 5.19  43.18 3.35
Male 94.70 5.28 7.46  2.50 2940 5.11  45.10 4.34
13 Female | 92.24 7.61  7.37  1.41 28.61 6.45 43.80 2.62
Both 93.82 10.74 7.43  2.16 29.11  5.56  44.63 3.83

—78_




=t

06€ LEE L6T 00T TI'9 T91T 6¥'T v6°LBO'6E OL'T 679 TT'L TLIET 0T091 LLT 00'F 9L'8 €T0T 099 I6°L yjog
LL'T 0ST TST 6€1 LES SLOT 161 OFLSTIE SE€LT LS9 S¥'S 0OTI9 STH6 0T TEE 9€L LTL SO'9 TI'9 AW | E1-9
18°€ TL'E PI'T €€T STL €4TT SL'T €TSLETY STOS 90°9 8I'8  SLTST TL96I €61 98F 0€'6 ST'IT 189 LS8 e
871 TL0 660 #S0 TOT €0°€ 160 €ETLIPI €5T TI'V TS0 €T9T 6€9 S80 9¢€0 6T¢ STI LOE ET°1 yiog
121 950 $60 €0 01T 8L'1 €60 LLOLT6Y 8L°T 9SS SL0 8L9T OTIT S80 ¥9°0 TTV L8O 96'¢ 180 [9[BWRL | €1-7]
PET 8L0 TOT 090 S9T OL'E 9L0 $9'167°01 8€T TTE 6£0 LIST 8LE €80 0T0 SLT SH'I +ST 0€'1 el
071 $9°0 760 0SC 9% 1 LTE 990 6£100CI T I1°€ $50 II'ST 8T 160 810 1IT'€ 6T°S 96T 9%°0 ylog
SO'T 950 6L0 8T0 ¥¥'1 96T 090 €£TITOFI 000 89°€ SEO- S9TI  SLO- 6L°0 SO0~ 8€€ $0°0- 90°€ 810~ |drewog CI-TI
LTT T80 860 €90 8F'1 9v'€ 890 8 IEL0T 88'€ 99T LO'T 8E€91 6£F 960 TEOD ¥»I'E 06'C 06T ¥8°0 olel
S9'T 100 LTI 000 +I'E OSb 6T €LITETT 68F% $ST 1 L89T TI€01 +80 650 ST'S 01T €€ L1 ylog
8L°T LT'O 8E€T 110 S8T L6v 9.0 L6T09'8 960 TOT vv0 LIPL T8E OLO 620 T8L 65€ 8T9 66T [Mewdg |11-01
79’1 80°0- ST'T 90°0- 89°€ T6'€ TST 6STSLET 60°L 08T €51 8SLI 96°€El 680 9L°0 LOE LTT SL'T 90°1 oleN
T 6L°0 80T 090 61 69T 9.0 SOTIT9L €60 €1'T 970 6vpl  Sy'e  T1L0 8T0 LSS TS0 Lby O€0 yiog
SO'T LL'O S8°0 190 61°C I€T 180 L80TTL OI'E 16T 980 <TYIL €1 T90 610 998 971 +89 890 [oewaq 016
S9'T 080 €TT 650 LLT ¥6'T €L0 LUISLL L0~ TTT #1'0- 0€91 SLV  LLO vE0 0TT +v0O'T LOT 900 olel
19T 810 +T'1 TI'0 S81 950 1.0 TTOIYET 00°L 06T 9€1 TI'LT SSET T8O 8E0 I8 LI'T STV 660 yrog
60°T $T0 980 LI'0 61'C 650 180 TTO6CIT 18T 1LT 110 9T%T €8L TLO 910 ¥6'S 1L0- 8T'S LI0- |[olewdd | 68
LS'T.ST'0 SH'I 010 991 SS'O 990 TLOPP¥I 6101 08T TI'T TY8T LOLT 980 TS0 §9¢ TeT 8I't 10T S[EW
9¢'7 ST0 981 SI'0 6’1 10°€ 690 TI'TO6'TT LI'El 6S°€ 9€°T L8€ES TH Iy 980 IOT 91'F 69T SS€ STT yog
SO'T STO0 180 020 €61 STE 890 0TT9ELI 099 €9°€ 8T'1 09t  8€LT L9O +vL'O ST'v IST €§°¢ 611 [S[BWS | g/
76T STO €7 TI'0 L6T 98T TIL0 80THT'ST OV'LI SH'E SO'E 90°T0L SHOS 60 8I'T LOV vp'e 9VE T6T Sle
87T 700 LL'T TOO 8ST €L°€ S6'0 LETI899T SHHI €Ly 01T 9L¥9 €I'SP 9T 801 +T'9 60°€ TI'S OFC yrog
$8°0 IS0~ S9°0 0£0- ST'T €€°€ 180 0TISEVT IHTT 90% 6¥'E SELS $S6E +vTT 9I'T 9€°S v8%y 6TV 88°¢ |S[BU_L | L9
98'7 8€0 TTT 0£0 6LT 10V #0'1 6 100¥T $88 66+ CTI'T 800L 988y 6C°1 €01 T9'9 981 Lb'S LET S[el
as+Xx assXx as+X assXx assx as¥X as+X assx assXx assX XoS \ 98y
(%yao (89P)I'D (%)y4D | (wu)y1ro | (%)d4D |(Bp) TD (%)4'D (Wwu) 1o %)ao | 3p) 1D

NS HATV aN/L N1 VAN e

uorjisod SIOSIOUI JoMO[ JO SIUAWAINSBAW JY) JO S8l YIMOIF puB SJUSWAIOUT YIMOIS [ENUUY °G 3jgel

_79_



7t e wel

- Table 49} table 504 AA%l TFHgke 9
A wste Adnd, IMPAE ¢9 2474 64
4] 86.32%, 83.70%, 13414 94.70%, 92.24
224 8.87%, 6.1252¢ F/4E wyen o
¥ wsleko 674 AloloAE oizl7l 4.84% 9]
7k 2 A o ZA Ydebgrist 7Ae A 947t A=
A o Frhskglent, 8~94, 11~124] Ale|
Mg AAz7t fa FAE Bk THid I
Yol A NBA7 2l A 2](T-NB)& § i Z 64
oA 3.14mm, 3.39mm, 13464 7.46mm,
7.3TmmEA HF 64lolAe AARst o 24 o
ehikovt 98 Frtel whel FAelA B b
E 2o, HF 1BAAE A7 o 2A el
weon, ¥l 2T 644 847t ©e FIME
Rolthr} 94 o] EXEE HA o FrhEel Fol
E. FHhY# R NBAe| o|F& 7
(T/NB)& Fu] 77k 6Alo) A 21.38%., 20.96%,
134014 29.40%, 28.61=2 4 8.18%, 5.45%
9 F/E nger A3y HE FAE 6~74
Apolof ojRsl 22.41% 2 A A3 =ZA vElgw
7~84] AlololAE FA7F 17.40% 2 A A R}
2A Jebgeh. FTHIESQ(ALDH)S ¥y 7
7} Aol Al 37.77mm, 36.17mm, 1340 4] 45.
10mm, 43.80mm=A] 8,23mm, 7.40mm&] F7}
£ nglev], d3¥ WidAe 8~94 Alo]E
Adstae B S-S Helxtet

V. 4% % EBR

THEFHEE oA 7H3 g2 dsts ek
+ EEE 2o Aol dste] Azg YEHAS
£ nolu, FHEiM At A ERY WHKR
ol B Q%L wlNS dAelA THERR
&9 29 Arte 437 A5 gH W,
ol A& ool YA AHA Yojudret. & ATl
ol 48 dliel Aol wtE FTHERKAESA TH
P ASANN Agele oA/ & A9t
Bovt d@el FAAsEA FAt ARt &
4Ag 29t Nanda'e ¥AE gHEE 2719

3y Aol 174 ZHeo] slojek FAEH Fo4
o] etx B astw, £V Helman N4(H#
15.54)FElof wjF 4 A7t QA== FAst
A3 & +AE Btz dglen, & 9o
ME T ciabo] 64l A] 13A1E A Fy 43¢
Aol aladet.

B0 gl EFBAH e Aol F
Aol vlslo] ofAte] EHEKS o] i FHM
Y7t BEIAA  =lo] 3o, BAol FE 5o
et 3z Ricketts™ &  Azlehz oA

ching ze{ste] FHo F-H =] gle A A
d 715& Hrhslof stz THEPRMKA S EK

Aol A4Rrka s3le Enlow'>E BAES
dAe T F47 ol THIEHEAS Asl
ol A AldAel F AHrlzk doldeta sl
E AT THEFEESY 2ELKS Jeldle
Gt'—Pog’e] AAH 3t 6404 13472 EA}
£ 2.69mm, &A= 2.08mme] /& JebYo
v deds Buf 8~94] AolelAe oFzre] 7
2% By, oA THAMY -&3 3=
Hotn Atsde. GU—B'e qt 7d < E Al
A€ 0.43mm, ol oA 1.54mme] FAE B
o, dyyz 7~8Ad e A7}, 8~94)
A @At 474 we %4E ey, B'—
Pog’e] 7Wizt wsle 3 747 3.13mm, 3.62
mme| 43¢ ngew AN Y 2E 7
~8A] Atolo] Aol wgkow Wolx A e}
weh. oj2lgt wistel i3t} Rosenstein® & T
HEhE SOl g Ram AFolA THESS
TlmEE AsE A9 Y BHA 9 F
4-9} Pogonion Yol 48] & otz shglvh

THEPKEES RiwEES vebie 1d-B—
Pog7te] wWlale 6~84] Atolo] Hol aojyton]
747k Wakge FAst -11.39%, AR -
9.21% 24 448 #Z4E BedH, oA T
SIEhREE S MR A Felat=q W)
ot} AE 5w, Rosenstein®, Witsky®,
Enolow!®¢] A9} &zt glek. Chin angle
& 1t 77k WEtelA A o Be FAE R
o FTETEBAES 71Fe2 & o449 chinol
3o aAns Addez AYEE HUSE

- 80—



A]/\}-o]—t 7Jo| gl o).

#gel kA Aol 3’&?1’ THAE ZdE = Pyl
Higgel A 7t Fasle] diEm el T
il AAE et F fido]l o)A n
A g AxAge] Aol wal A=
Tweed*® = THRE7T BHizs o 9L o p5lel
A gl Yo o]Fof Arkn sl
Steiner* & o4tz ¢l B/ olAe NBAF} FH
Migg7h ol ¥ 7ol 255, 727} 4mmelx 813
ot oA vt dzk IMPAE @itk A 64
of 85.21%, 1340 93.825.24 715 nge.
o PP Yol A NBAZAY A(T—
NB)+ Ritkol# 64lo] 3.25mm, 1340 7.43
mmzA A7 Frtel wel FHFiHs NBAo]
et Fflo Bo] E3HE AL 4 4 gle
m, 538 134le] 4 F27} oA wce} 1.04mm ©
A vebste. FTHEBYE £ NBio] o) %
© A(T/NB)2 RFitkollA] 640 21.20%, 134
o 20.115F nglen, gL 6~TAHol, FA
< 7~84lel b 2 FhEE veEbdoh. R
M (ALDH) & =k 742 i 27 22.43%,
20.75% 9 S7tEE Jebdew, TFHERHS =
=3 A THEEEY shelA F Asle] o3t
Aol Faqleoletz AZEw% % ez A&
HE ol 8~94lofA ¥ F3 s ze Fig
+ 3 AL kAH7E WAHE T2EwA Q
Ao g wEo] A7 w&olety Alasic).

ol 43t Zo| THEHFFKEA THUme A%
WIkE RERez AEse AL o] L7
$o EEREA HTle LEHol 9L Fohe
S AR dZo) 2d AnE Fode
HelA B otz Az e 2 QFoie
AZA 27|19} A ARt AAgo] B3t
ot AFSdey RER B A EiEn
g AF A7 o desieta

V. % &

e HEA HES gz 6464 134
A REMen 24T AIREFX-RAKEE
ol A A% Fotel W THEFHKES THY

e REELE
Agiet.
1. 64l A 13474 A THIERSE 2 Ty
o A&xAe Y AR QA=A ¢kt
2. o] ATl FTHEFFZA 2ER
£ FA7} 2.69mm, oj#4r}h 2,08mm F7}Ekoivt
3. THIEREE S sifHETe] S 24
Frhsl L R "“3}3’1‘4
4. Chin angle$ Yy »n
<~ fHAE Bt
5. THNIMEKS
7.40mm Z7}349ch.
6. o] dTfielA = AT
we BRAIERNE 294

Bl G843 AL B

5 AGHoz Aol

FA7} 8.23mm, oj=7

F7hel wet Ty

gEXR

1. tRIEE : Steiner[k 4 #ikkel kg HWEA Roentge-
nographic Cephalometry®] #Effol Biste, K
B, 6:515~527, 1967.

2. BiE : Coutand®] Coiol B BBIA RAT MR

%S HIMKAHE FHAENY TR - KB ETETY
%, 10:831~834, 1972.

3. BUE: BEA FHEAE R BMES A B
T MRS ETRIEBY  TH, KASEFHETBesE,
4:7~12, 1974.

4. B BRETHRIRES THESY ME 2L )
el e B WK, KBMPEFSe, 15
149~153, 1985,

5. ZFEVA  WASMNER Y RE(LA WY BER Wi
KREMPRTE SRS, 8:49~58, 1978,

6. TR L MEA Al elA wiEae] friEsk
ANBfy, M, FERESS] ARG BT T
HEHR ETRERM W, KREPETESRE, 2: 7~
14, 1971,

7, ﬁlH:Mi PREREY R KR Y REN W

- REEMENBEL, 11:85~99, 1981,

8. BJOI‘k, A.: Variations in the growth pattern
of the human mandible: longitudinal radio-
graphic studies by “the implant method,
J. Dent. Res., 42: 400-411, 1963.

_81_



10.

11,

12.

13.

14.

15.

16.

17.

~ basis of the facial pattern and an estimate

18.

Bjork, A.: Prediction of mandibular growth
rotation, Am. J. Ortho.,» 55: 585-599,
1969.

Brodie, A.G., Downs, W.B., Goldstein, A.
and Myer, E.: A cephalometric appraisal
of orthodontic results: A preliminary
report, Angle Ortho., 8: 261-272, 1938
Brodie, A.G.: Late growth changes in the
human face, Angle Ortho., 23: 146-157,
1953.

Enlow, D.H.: A morphogenetic analysis of
facial growth, Am. J. Ortho., 52: 283-299,
1966

Holdaway, R.A.: Changes in relationship
of point A and B during orthodontic treat-
ment, Am. J. Ortho., 42: 176-193, 1956.
Litowitz, Robert: A vstudy of the movement
of certain teeth during and following orth-
odontic treatment, Angle Ortho., 28: 3-4,
1948.

Nanda, R.S.: Growth changes in skeletal-
facial profile and their significance in orth-
odontic diagnosis, Am. J. Ortho., 60: 501-
513, 1971.

Posen, A.L.: The application of quantitative
perioral assessment to orthodontic - case
analysis and treatment planning,
Ortho., 46: 118-135, 1976.
Ricketts, R.M.: Planning treatment on the

Angle

of its growth, Angle Ortho., 27: 14-37,
1957.
Ricketts, R.M.: The keystone triad I, Am. J.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Ortho.,” 50: 244-264, 1964.

Ricketts, R.M.: The keystone triad II, Am.
J. Ortho., 50: 728-750, 1964.

Riedel, R.A.: An analysis of dentofacial
relationship, Am. J. Ortho., 43: 103-119,
1956.

Rosenstein, S.W.: A longitudinal study of
anteroposterior growth of the mandibular
symphysis, Angle Ortho., 34: 254-275,
1949,

Schaeffer, A.: Behavior of the axis of human
incisor teeth during growth, Angle Ortho.,
34: 155-167, 1949,

Steiner, C.C.: Cephalometrics for you and
me, Am J. Ortho., 39: 729-755, 1953.
Steiner, C.C.: The use of cephalometrics
as an aid to planning and assessing orthodon-
tic treatment, Am. J. Ortho., 46: 721-735,
1960.

Tweed, C.H.: The Frankfort-Mandibular
Incisor angle in orthodontic diagnosis,
treatment planning and prognosis, - Angle
Ortho., 24:121-169, 1954.

Tweed, C.H.: The diagnostic facial triangle
in the control of treatment objectives, Am.
J. Ortho., 55: 651-667, 1969.

Weinstein, S.: On an equilibrium theory of
tooth position, Angle Ortho., 33: 1-26,
1963.

Wistky, J.K.: A longitudinal cephalometrics
evaluation of the mandibular dental arch
between eight and sixteen years, M.S. Thesis,

Univ. of Michigan, 1961.



ABSTRACT-—

A LONGITUDINDAL STUDY OF GROWTH CHANGE ON THE
MANDIBULAR SYMPHYSIS AND LOWER INCISORS

Won Sub Shim, Kyu Rhim Chung, Ki Soo Lee

Department of Orthodontics, Division of Dentistry
Kyung Hee University

The purpose of this longitudinal study was to examine the growth changes of mandibular
symphysis and lower incisors with age.
The material was 294 lateral cephalometric radiographs taken longitudinally from 6 to 13 year
old children, who were not teated orthodontically.
The following conclusions seem to be warranted.
1. The sex difference of the measurements of mandibular symphysis and lower incisors were not
statistically significant.
2. There were growth increments (2.69mm in boys and 2.08mm in girls) in the total thickness
of mandibular symphysis.
3. There were a great change and individual variations on the curvature of anterior border of
mandibular symphysis.
4. The chin angle had a tendency to decrease progressively in both sexes.

There were growth increments (8.23mm in boys and 7.40mm in girls) in the anterior dental
height.

6. The lower anterior teeth tended to incline labially with age.



