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Fig 1. Hard tissue landmarks. 1, Nasion; 2, sella; 3, or-
bitale; 4, porion; 5, ANS; 6, PNS; 7, articulare; 8, A
point; 9, incisor superius; 10, incisor inferius; 11, B
point; 12, pogonion; 13, menton; 14, gonion; 15, oc-
clusal point.

analysis JollA AlZ Z2aWS 2435l INTUIS
2 graphic tablet (Wacom Technology Co., Vancouver,
WA, USA)Z digitizing 353t}

A=H (Fig 1)

1. S: Sella. H&Z2] pituitary fossa®] FLF

2. N: Nasion. 3 ZHW}e] AFv|EE5e] A
1!

3. Or: Orbitale. S+o}e] = 3hix

4. Po: Porion. &]o]=2] Z gHH

5. ANS: Anterior nasal spine: 4|, H]7}# 2]
A

6. PNS: Posterior nasal spine: $-H|=. H]7}#]2] %
RIS

7. Ar: Articulare. 3t}A] TAT} SFF 7| A F7
Thites A

8. Point A: Subspinale. 2} 7|4 & o] o] F
= Fd9 FH:wA

9. Is: Incisor superius. 42} 22X A
10. Ii: Incisor inferius. 3}¢} =AX] Aol
11. Point B: Supramentale. 3t} 7] A& o] o]

S DRSS

12. Pog: Pogonion. % & T%+2] chin contours]
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Fig 2. Maxillomandibular relation measurements. mea-
surements. 1, SNA; 2, SNB; 3, N perpendicular to A
point; 4, N perpendicular to pogonioon; 5, facial con-
vexity (N-A-Pog); 6, ANB.
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3, dtets /A AS 5 (Fig 2)
1. SNA (°): S-N-A Alo]e] Zt&=
2. SNB (°): S-N-B Ao]9] 7t=

N perpendicular to point A (mm): N4 FH
plane (Po-On)°ll =& o2 12 A3} point A
Atole] A, Point A7} He] 2ol 9]x|spH
o 3kg, $39 AR Pl kg M.

. N perpendicular to pogonion (mm): N°|A] FH

plane (Po-Or)°ll =222 12 A3} pogonion
Aol o] A2, Pogoniono] e S 9125t
H 29 gg, 5o fAeH &) = 7t

Al
.

. Facial convexity (N-A-Pog) (°): N-A-Pog A}o]<]

72

. ANB(®): A-N-B Al°]9] Zt=
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Fig 3. Vertical skeletal pattern measurements. 7, SN to Fig 5. Denture pattern measurements. 20, Overjet; 21,
mandibular plane; 8, FMA; 9, maxillomandibular plane overbite; 22, U1 to palatal plane; 23, L1 to mandibular
angle; 10, totoal anterior facial height; 11, total posteri- plane.

or facial height; 12, lower anterior facial height.

9. Maxillomandibular plane angle (°): ANS-PNS/d
I} Go-MeX Alole] Zt=
10. Total anterior facial height (mm): N-Me A}¢]<]

A

11. Total posterior facial height (mm): S-Go A}°]<]
Al

12. Lower anterior facial height (mm): ANS-Me A}
ole] 7g

13. Total anterior facial height/Total posterior facial
height (%): Total anterior facial height©} Total
posterior facial height®] H]-&

14. Lower anterior facial height/Total anterior facial
height (%): Lower anterior facial height©} Total
anterior facial heighte] H]&

SlolaLo | i
Fig 4. Mandibular form and size measurements. 15, stefe] =719k FH (Fig 4)

Ramus height; 16, ramus inclination; 17, effective man- 15. Ramus height (mm): Ar-Go Atole] 7
dibular length; 18, gonial angle; 19, articular angle. 16. Ramus inclination (°): S-NA1Z} Ar-GoXl Alo]
o Zt=
17. Effective mandibular length (mm): Ar-Pog A}°]
_ o Az
FAA =24 #A AS &5 (Fig 3) 18. Gonial angle (°): Ar-Go-Me Ale]e] Zt&=
7. SN to Mandibular plane angle (°): S-N-13} Go- 19. Articular angle (°): S-Ar-Go Ale]e] Z+ =

Med Atelo] 4=
8. FMA (°): Ar-OrA3} Go-MeX Alo]e] Zte=
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2o} #A (Fig 5)

20. Overjet (mm): W3 HHAA i<} [s] 52
A€

21. Overbite (mm): W& HHA L9} Is9] 43
2 Ag, Is7} HEY sl $1x]& uj <kl
e, Al A o 59 @S 7L

22. Ul to Palatal plane (mm): ANS-PNSA <A Is
AA ] A A

23. L1 to Mandibular plane (mm): Mandibular plane
(Go-Me)oll A Ti7HA| o] 2] 72

SA

2Z(T1), AZ(T2) A1ek F 717F Ato] XA s}kl

Table 1. Method error (n = 25)

Error”
SNA (%) 0.28
SNB (°) 0.23
A point - N perpend (mm) 0.37
Pog-N perpend (mm) 0.43
Facial convexity (°) 041
ANB (°) 0.20
SN to MP (°) 0.35
FMA (°) 0.36
Maxillomandibular plane angle (PP to MP) (°) 0.46
Ant. facial height (AFH) 0.36
Post. facial height (PFH) 0.46
LAFH (mm) 0.25
Facial height ratio (%) 0.40
LAFH/AFH (%) 0.13
Ramus height (mm) 0.55
Ramus inclination (SN to GoAr) (°) 0.53
Effective Mn length (mm) 0.57
Gonial angle (°) 0.74
Articular angle (°) 0.84
OJ (mm) 0.27
OB (mm) 0.27
Ul-Nasal floor (mm) 0.24
L1-Mandibular plane (mm) 0.38

LAFH, Lower anterior facial height; Mn, mandibular;
O], overjet; OB, overbite. *by Dahlberg’s formula,

errors of measurements = /Y d*/2N.
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%74]-417] A|+&= SPSS 12.0KO for windows (SPSS Inc.,
Chicago, IL, USA)SIth.

A=Q| A2= HIt

o] ATl ASA SH e tig A2 =s H7t
a71 slatel, 25 ol 15709 ZRERAZRAA
A R TE"]’ on, o] WAPIAKIel of
sto] T HARPE SLE WHoE tA] A
= sIth @l ASAE ol ASAEH H
W3t 2.1, Dahlberg’s formulas ©]-§-3te] 2t 7
FuSol the exke] A TSkt

A 2o

1Y

Errors of measurements = 1/ ,d°/2V

d: AlSzke] =#ho]
N: Aelglk o] 74

e
4
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Azel A= FIt

Dahlberg’s formula®l] 2]3}o] +3+ Q@ 2}+= Table 1
I} 2o 4% AlSA ] gk 22 0.20° - 0.84°
A ASA] | ﬂ]?‘ﬂ 2= 024 - 0.57 mm, H]E A=
ol 3 2= 0.13 - 0.409 T} (Table 1).

=T(M) A ME(T2)2te 7z S

Table 2, 39AE 22T 2 AZ(T2) A9 zt
Azl gk A, EFAx7F VeI

= A M AF =29l xf0| Hlw

Table 49 Z2(T1) A<} AR (T2) A z+ A3k
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Table 2. Cephalometric measurements at T1 (Initial stage) (n = 25)

Mean SD Min Max
SNA (°) 78.6 2.9 72.8 83.9
SNB (%) 72.6 2.9 66.7 712
A point - N perpend (mm) -2.2 3.3 -84 3.6
Pog-N perpend (mm) -17.0 6.4 275 -5.0
Facial convexity (°) 11.8 46 1.0 21.7
ANB (°) 59 2.1 0.3 10.2
SN to MP (°) 47.0 53 36.3 55.8
FMA (°) 37.6 04 23.7 455
Maxillomandibular plane angle (PP to MP) (°) 36.0 54 26.2 464
Ant. facial height (AFH) (mm) 134.1 54 1246 1439
Post. facial height (PFH) (mm) 77.0 49 67.4 84.5
LAFH (mm) 784 5.0 71.1 87.9
Facial height ratio (%) 49.6 3.3 44.8 56.7
LAFH/AFH (%) 585 2.1 54.5 63.1
Ramus height (mm) 43.8 44 36.2 524
Ramus inclination (SN to GoAr) (°) 104.0 5.0 9.5 114.3
Effective Mn length (mm) 105.1 5.3 939 1137
Gonial angle (°) 123.0 59 111.2 1319
Articular angle (°) 160.6 6.4 1439 1753
0OJ (mm) 2.7 3.1 -2.3 10.0
OB (mm) -5.6 2.8 -11.8 05
Ul-Nasal floor (mm) 32.7 3.0 28.8 404
L1-Mandibular plane (mm) 46.1 29 40.3 52.8

SD, Standard deviation; LAFH, lower anterior facial height; Mn, mandibular; OJ, overjet; OB, overbite.

Apole] B, AL Hlgk, HAa@t 2 SAA
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SNA, SNB, Pog to N-perp., Facial convexity %
ANB#to A BAIA o2 fojg M3yt slqdoh

SNB+= 0.6° 57}, Pog to N perp.<= 1.5 mm 74,
ANB 0.5° 571 & steto] $ o= o|Fste] &4
3 I 73] A=t ®gk stete] FibolE
© 2 Ql3le] Facial convexity®= 1.2° 5715ttt

SNAE —0.1° ®igleision ol Adc=s
frelshd (p < 0.09), ¥3HemE FAIG W 5
Z]o]™, A point to N-perpendicular®] ¥ 3}aFe =7
Ao g fol/dol gtk

Axn 27 2 S B

SN to Mandibular plane angle, FMA, Maxilloman-
dibular plane angle =5 FAIH o2 folstA 57}
stglom (22t 1.2°, 12° 283 1.1° Z7h), shete]
AAEE sldo] dojd s 1 F AT

71QFH 317 (anterior facial height) 0.8 mm <7}
sFd o, F<obH w7 (posterior facial height) 0.5
mm 94 A FLsianh A 14 S 59
172 Q1A 117 (facial heigh, ANS Me)< 1.0 mm 57}
skl

Facial height ratio= 0.3% 7%}4~, Lower anterior fa-
cial height/Total anterior facial height= 0.4% <<7}3}

ik

403



ok
0x
40
s}
i}
40

CHXIm™X| 403 65, 2010

Table 3. Cephalometric measurements at T2 (follow- up) (n = 25)

Mean SD Minimum  Maximum
SNA (°) 78.5 2.9 72.8 83.5
SNB (%) 72.1 3.0 66.1 76.5
A point - N perpend (mm) -2.3 3.3 -8.8 3.3
Pog-N perpend (mm) -185 6.7 -29.1 5.0
Facial convexity (°) 13.0 45 1.0 21.8
ANB (°) 6.4 2.1 04 10.2
SN to MP (°) 48.2 55 36.8 56.8
FMA (°) 38.8 5.6 24.3 47.3
Maxillomandibular plane angle (PP to MP) (°) 37.1 55 26.0 482
Ant. facial height (AFH) (mm) 1349 59 1251 1476
Post. facial height (PFH) (mm) 76.4 5.4 66.2 4.4
LAFH (mm) 79.4 55 714 92.3
Facial height ratio (%) 49.2 3.6 435 56.4
LAFH/AFH (%) 58.8 2.1 544 63.2
Ramus height (mm) 434 49 347 51.3
Ramus inclination (SN to GoAr) (°) 105.3 50 99.6 1175
Effective Mn length (mm) 104.6 5.6 925 114.1
Gonial angle (°) 1229 6.1 1075 1334
Articular angle (°) 162.0 6.9 147.1 179.2
OJ (mm) 2.8 2.7 -1.7 94
OB (mm) -5.8 3.1 -12.7 04
Ul-Nasal floor (mm) 33.1 3.1 29.1 415
L1-Mandibular plane (mm) 469 29 41.8 52.9

SD, Standard deviation; LAFH, lower anterior facial height; Mn, mandibular; OJ, overjet; OB, overbite.

stef=2l 27|12t el

Ramus inclination-= 1.3°, Articular angle< 1.4°
o4 Al F7kekdh

Ramus height, Effective mandibular length —12] 31
Gonial angleoll= 94 Sle ¥Wst= gtk

X|o} A
Overjet, Overbite, U1 to Palatal plane2] W3}l
= felAdo] gllen, L1 to Mandibular plane< 0.8

o
mm <4 QA Fohetel, stek A FEE &
A% %+ ALk
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FMA®] F71eFe] 1° o]sf 18] SNBY| FHA
o] 0.5° o]3kQl AA o= AL I H A= 99
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oA 233 FMAZES] AE #EE 5 UTh

FMA 2° o]4 &7} 32 SNB [I° o] Z4AE B
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FMA 1° o]’ Z718kA Y SNB 0.5° ©]3F Az &
ARl Wgh= AR, 11 FErt Hlw A AakA] oF
S(FMAS] F7Fge] 2° &2 SNBO| Haige] 1°8
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Table 4. Change in cephalometric measurements between T1 and T2 (T2 - T1) (n = 25)

Mean SD Minimum Maximum D Significance
SNA (9 -0.1 0.3 -09 0.4 0.044 )
SNB () -06 05 -16 0.1 0.000 T
A point - N perpend (mm) -0.1 0.4 -1.0 0.8 0.373 NS
Pog-N perpend (mm) -15 14 -53 05 0.000 T
Facial convexity (°) 1.2 10 0.0 3.1 0.000 T
ANB () 05 05 0.1 16 0.000 T
SN to MP (°) 1.2 12 -05 45 0.000 T
FMA (°) 1.2 1.2 -05 46 0.000 T
Maxillomandibular plane angle (PP to MP) (°) 1.1 1.3 -05 45 0.000 T
Ant. facial height (AFH) (mm) 0.8 1.3 -17 38 0.005 T
Post. facial height (PFH) (mm) -05 1.0 -19 15 0.014 )
LAFH (mm) 1.0 15 -09 46 0.003 T
Facial height ratio (%) -03 0.8 -20 1.0 0.038 -
LAFH/AFH (%) 0.4 06 -06 1.7 0.002 T
Ramus height (mm) -04 12 -25 1.9 0.087 NS
Ramus inclination (SN to GoAr) (°) 1.3 1.3 -0.1 45 0.000 i
Effective Mn length (mm) -05 15 -3.0 2.9 0.103 NS
Gonial angle (°) -0.1 16 -36 44 0.799 NS
Articular angle (°) 14 17 -0.8 56 0.000 T
OJ (mm) 0.1 14 22 29 0.69% NS
OB (mm) -0.2 11 24 2.6 0.377 NS
Ul-Nasal floor (mm) 04 1.0 -09 3.0 0.083 NS
L1-Mandibular plane (mm) 0.8 0.8 -05 2.4 0.000 T

SD, Standard deviation, LAFH, lower anterior facial height; Mn, mandibular; O], overjet; OB, overbite; NS,

non-significant. p < 0.05; Tp < 001

A o) = 10%(40%)°] Tt

FMAS] Wisle} SNBe| Walefe] A #AAE
ALkt A3} F#A 4 Spearman’s tho7} —0.660 (p
< 00)o2 FTEL 39 FHaAATE AUk ¥
sle] v &2 FMAY} 1° 2718 uf SNBE ¥4
o= 9k 043° FAidte HEAUTh SHAIRE A5 gk}
=9 737, EMAZ} A9] ®iskA] gAY 239
428 EH % SNBE 0.5° o4 Zaste steta9
A0 T o] S Hglow o]9} u]Z SNB
ALl FA WA FMARE 1° o] S7she= -5
UATE

koo o

5.0
4.0
3.0
2.0 .

1.0 1 o .

0.0 .

Change of FMA (T2 minus T1)

_10 T T T
-20 -15 -1.0 -0.5 0.0 0.5

Change of SNB (T2 minus T1)

Fig 6. Distribution of samples according to change in
FMA and SNB (T2 - T1).
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Table 5. Distribution of samples according to change in FMA and SNB (T2 - T1)

Decrease in SNB (T1 - T2)

Total
- 05 05 - 1.0 1.0 -
Increase in FMA - 10 9 (36%) 2 (8%) 1 (4%) 12 (48%)
(T2 - TD 1.0 - 20 4 (16%) 4 (16%) 1 (4%) 9 (36%)
20 - 1 (4%) 1 (4%) 2 (8%) 4 (16%)
Total 14 (56%) 7 (28%) 4 (16%) 25 (100%)
FMA, Frankfort mandibular angle.
=y wolgtal F&al & & Ut o/ Aol Ag
=47 W35 HQl SAHSNB WstF 1° o]/l A
Byun 5°'& 222 Mwrt & F41e] MRIZ W FMA W8t 2° o] <l #2ho] Bl&2 24% %A
Zgste] SFotetrbddnte] el wet A, t}.
El

o]

e AE AR S, vy 5 1@%]1?}%-?43 155
Fol 24+ am Rte] FRAPAAISHAMIEA vlw
ATE vk 1 A3 Al 1F P FMA, SN-
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Fig 7. Clockwise rotation of the mandible. Fifty-two per-
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mandible (solid line, initial; dashed line, recall).
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ORIGINAL ARTICLE

Dentofacial changes of non-orthodontically treated female
patients with TMJ disk displacement: a longitudinal
cephalometric study

Jung-Woo Han, DDS, MSD,* Tae-Woo Kim, DDS, MSD, PhD"

Objective: The purpose of this study was to investigate the changes in dentofacial morphology of non-orthodonti-
cally treated female patients with TMJ disk displacement. Methods: The sample consisted of 25 Korean female
patients with bilateral TMJ disk displacement who visited the Department of Orthodontics, Seoul National
University Dental Hospital from 1996 to 2006. Disk displacements were diagnosed using the magnetic resonance
imaging (MRI) of both TMJs. Baseline (T1) and follow-up (T2) lateral cephalograms were analyzed. The mean
age of samples at T1 was 18.1 £ 3.5 years (range 14.2 - 25.8 years) and at T2, 21.1 + 3.5 years (range 16.2
- 28.0 years). The mean observation period was 3.0 + 1.9 years. Descriptive statistics for each variable were
calculated at baseline (T1) and follow-up (T2) stages, and during the observation period (T2-T1). Results:
Skeletal changes were found in 64% of the non-orthodontically treated female patients with TMJ disk displace-
ment during the observation period. The L1 to Mandibular plane distance (mm) increased significantly by 0.8 mm
(p < 0.01). But there were no significant differences in the other dental relationship variables (overjet, overbite,
U1 to palatal plane) during the observation period. Most patients with skeletal changes showed a backward rota-
tion of the mandible. The ratio of the rotation was a decrease of SNB by 0.43° for every 1° increase of FMA
(Spearman rho = —0.660, p < 0.01). A few patients showed a distal shift of the mandible without rotation or
significant changes in the vertical dimension. Conclusions: During observation periods without orthodontic treat-
ment, non-growing patients with TMJ disk displacement showed dentoskeletal changes, mainly backward rotation
of the mandible. (Korean J Orthod 2010;40(6):398-410)
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