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Table 1. Demographic characteristics of subjects at
baseline

Children of  Children of

short stature normal stature
(n =19 (n =19
Sex Male (%) 8 (42.1) 8 (42.1)
Female (%) 11 (57.9) 11 G679
Age 9 - 11 years (%) 11 (57.9) 11 (57.9)
12 - 15 years (%) 8 (42.1) 8 (42.1)

Mean (SD) 1163 (1.89) 1163 (1.89)

gl Xt FdstA 4
(Table 1),
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Table 2. Linear and angular craniofacial measurements

HEZ2E AR} FHIME 47

. . Cephalometric .. Cephalometric
Linear Abbreviation Jandmarks Angular Abbreviation Iandmarks

Anterior cranial base length ACB N-5 Saddle angle SA N-S-Art
Posterior cranial base length PCB 5-Ba Gonial angle GA Art-Go-Me
Total cranial base length TCB N-Ba Mandibular plane angle MPA S-N-Go-Gn
Upper anterior facial height UAFH N-ANS Position of maxilla SNA S-N-A
Upper posterior facial height UPFH 5-PNS Position of mandible SNB 5-N-B
Lower anterior facial height LAFH ANS-Me  Maxilla/mandible ANB A~N-B
Anterior total facial height ATFH N-Me Posterior position of mandible PPMand S-N-Art-Go
Posterior total facial height PTFH 5-Go Maxilla length MaxL ANS-PNS
Mandibular ramus length MandRL Art-Go
Mandibular corpus length MandCL Go-Pog
Overall mandibular length OMandL Art-Pog

Me  Gn
S - Sella Me - Menton
N - Nasion Go - Gonion
A - Subspinale Art - Articulare
B - Supramentale Ba - Basion

Pog - Pogonion
Gn - Gnathion

PNS - Posterior nasal spine
ANS - Anterior nasal spine

Fig 1. Cephalometric landmarks.
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Table 3. Comparison of raw mean (standard error, SE) for the z scores of weight and height, bone mass index (BMI),
and bone age from baseline to after 2 years in children of short stature by age groups

. At baseline (n = 19)  After I year (n = 19)" After 2 years n = 19  , |

L PEC B e (SBY Mean (SE) Mem (SE) Y |

9 - 11 years (n = 11)
Weight (kg)* 26.13 (1.09) 3268 (1.32)° 4063 (192 0.001
Weight " -1.25 (0.10) —0.94 (167)° —049 (0.16)° 0.001
Height (cm)” 12545 (1.92) 13639 (1.96)° 145.33 (2.02)° 0.001
Height " —2.14 (0.13) -145 (0.17)° —1.03 (0.18)° 0.001
BMI 1653 (0.28) 1752 (0.45) 19.15 (054 0.001
Bone age (years) 8.09 (0.46) 9.86 (0.47)° 11.68 (423 0.001

12 - 15 years (n = 8)
Weight (kg)" 39.27 (3.39) 4599 (353)° 51.55 (3.06)° 0.001
Weight " —1.07 (0.24) —081 (0.24)° —051 (0.24° 0.001
Height (cm)’ 141.20 (2.68) 15144 (2.34)° 15850 (1.83)° 0.001
Height" —230 (0.19) —158 (0.14)° —093 (0.12)° 0.001
BMI 19.46 (1.17) 19.86 (1.04)° 2037 (1.02)° 0.001
Bone age (years) 1113 (0.42) 12,63 (0.44)° 14.03 (0.38)° 0.001

Total (n = 19)
Weight (kg)* 3166 (2.15) 3828 (2.24) 4523 (2.22)° 0.001
Weight ~1.17 (0.11) =088 (0.14)° —050 (0.14)° 0.001
Height (cm)” 132.08 (2.39) 142.73 (2.28)° 150.87 (2.05)° 0.001
Height ' —220 (0.11) —-152 (0.11)° —099 (0.11¢ 0.001
BMI 17.77 (061) 1851 (056)° 19.66 (0.53)° 0.001
Bone age (yvears) 9.36 (0.47) 11.03 (045)° 1267 (0.39)° 0.001

p°, p value of repeated ANOVA; b, significant difference between at baseline and after 1 year at p < 0.05; ©, significant
difference between after 1 year and after 2 yvears at p < 0.05. raw data; T2 (standard) score.
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Table 4. Comparison of mean of linear and angular measurements between children of short stature and normal stat-

ure at baseline by age groups

Children of short stature

Children of normal stature

Variables 9 - 11 years 12 - 15 years  Total 9 - 11 years 12 - 15 years  Total pop
Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Linear (mm) ACB 64.82 (087) 6694 (063) 6571 (061) 6700 (059) 6806 (073) 6745 (046) ~ -
PCB 4479 (0.72) 4663 (087) 4556 (058) 4509 (0.88) 4894 (1.24) 4671 (084) - -

TCB 1008 (1.06) 10494 (1.60) 10258 (1.01) 103.27 (098) 10619 (1.35) 10450 (0.8%) - -

UAFH 5136 (067) 5419 (1.27) 5255 (0.72) 5232 (064) 5688 (110) 5424 (078) - -

UPFH 4673 (042) 4750 (082) 47.05 (042) 4745 (057) 5119 (131) 4903 (0.76) ~ -

LAFH 6445 (063) 7013 (1.07) 6684 (0.87) 6291 (095) 6660 (L10) 6446 (082 - -

ATFH 1147 (141) 12231 (256) 11792 (158) 11427 (1.21) 12170 (194) 11740 (1.36) - -

PTFH  70% (142 5 (1.88) 6911 (1.22) 7073 (0.77) 7901 (222) 7422 (1.39) -

MaxL 4509 (095) 4581 (160) 4540 (0.85) 4505 (064) 4956 (097) 4695 (0.5 - -

MandRL 3795 (1.35) 3756 (1.76) 37.79 (1.04) 4045 (096) 4556 (219) 4261 (1.20) -

MandCL 6991 (127) 7131 (094) 7050 (0.83) 7273 (097) 7725 (151) 7463 (098) T -

OMandL 9823 (1.17) 10081 (2.38) 9932 (1.21) 9823 (1100 10713 (156) 10197 (1.37) - -

Angular (°)  SA 127.14 (1.37) 12894 (240) 12790 (1.26) 1249 (1.06) 12263 (084) 12397 (0.7) *= -
GA 12686 (1.04) 12381 (1.31) 12558 (0.87) 12541 (1.90) 12375 (1.35) 12471 (1.22) - -

MPA 3805 (1.15) 3750 (1.60) 37.82 (092) 3405 (L70) 3213 (146) 3324 (1.15) '

SNA 7927 (0.83) 7788 (1.34) 7868 (0.74) 7927 (043) 8313 (109) 80.90 (067 -

SNB 7518 (096) 7413 (L19) 7474 (074) 7618 (035) 7969 (069) 7766 (053) T -

ANB 09 (044) 375 (067) 3% (037 309 (047) 338071 321039 - -

PPMand 8764 (1.01) 8619 (1.61) 8703 (0.83) 8673 (1.22) 8919 (165 8776 (1.00) - -

joif

interaction effects between age and group using two-way ANOVA. -, not significant; p < 0.05;

Standard error.

o} 42.61 (1.20) mm2.2 AA1# Aolr} §-9)8tA 2
ko™ (p < 0.01), MandCLIM = AAIA Ao}
70.50 (0.61) mm, 37 4°} 74.63 (0.98) mmE *]4l
7 &0t frejaiAl Atk (p < 0.01). PCB, TCB,
UAFH, ATFH, OMandLollX & 2t f-2]3k Aol &=
NAATh 4= AS F5S vud A3, sAZe] A
A4 2ot 127.90 (1.26)°, B 7F Ao 123.97 (0.74)°=
@ ztol7t AR (p < 0.05), MPACA] Al
#; 4o} 37.82 (0.92)°, A Aol 3324 (1152 &
olgt zol7} AUt (p < 001). SNAS} SNBOA]
AA aolrt B AolEd vlE) ZHe Fhe 7HA

B frol g zkol7t A2, GA, ANB, PPMandell A
£ A9 T #2@ Aok Ak

p value of independent t-test between childrens of short stature and normal stature at baseline; pb, p value of

tp < 00l SE,

SoHoteiE M

[N ]

il (Tables
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Table 5-1. Comparison of scores for the linear and angular craniofacial variables from baseline to after 2 years

among children of short stature

At baseline (n = 19) After 1 year (n = 19) ‘After 2 years (n = 19) o

o Va“ables " Mean (SE) Mean (SE) Mean (SE)
Linear (mm) ACB 65.71 (0.61) 67.97 (0.62)° 69.63 (0.58)° 0.001
PCB 4556 (0.58) 4739 (052)° 4863 (0.54)° 0.001
TCB 10258 (1.01) 104.05 (0.99)° 105.08 (1.04)° 0.001
UAFH 5255 (0.72) 53.89 (0.73)° 55.05 (0.65)° 0.001
UPFH 4705 (0.42) 4850 (0.42)° 4992 (051 0.001
LAFH 6684 (0.87) 69.39 (0.94)° 71.84 (0.96)° 0.001
ATFH 11792 (158) 121.00 (1.53)° 12390 (1.58)° 0.002
PTFH 69.11 (1.22) 73.84 (1.02)° 7816 (0.79)° 0.001
MaxL 4540 (0.85) 4763 (0.84)° 4892 (0.76)° 0.001
MandRL 3779 (1.04) 42.00 (1.O1)P 4418 (0.80F° 0.001
MandCL 7050 (0.83) 73.05 (0.79)° 7553 (0.88)° 0.001
OMandL 99.32 (1.21) 10329 (1.23)° 106.16 (1.20)° 0.001
Angular () SA 12790 (1.26) 127.08 (1.31) 126.37 (0.94) 0572
GA 12558 (0.87) 12545 (1.22) 12666 (1.14) 0598
MPA 37.82 (092) 36.29 (0.95)° 3547 (0.85)° 0.001
SNA 7868 (0.74) 79.39 (0.72) 79.24 (0.72) 0.167
SNB 7474 (0.74) 76.16 (0.76)° 7661 (0.71)° 0.001
ANB 395 (0.37) 324 (0.34)" 253 (0.40)° 0.001
PPMand 82.97 (4.20) 88.24 (0.90) 87.45 (0.76) 0.390

p*, p value of repeated ANOVA; b, significant difference between at baseline and after 1 year at p < 0.05; ¢, significant
difference between after 1 year and after 2 years at p < 0.05. SE, Standard error.

E AZAA A7 1d F % A5 2d F 79
R Qe Aoz el (p < 0.05), ATFH
= A& 23 Fof {3 syl sle Aoz YE
Wt (p < 005). FAHHET A% ASAE vl
Z3}, MPA, SNB, 18]3L ANBo|A2t f-] 8k ¥z}
7} en (p < 0.05), MPASH ANBolA = A&
14 £ 2 x5 2d F BTN Foskl sl
A% (p < 005), SNB9] 7% A& 2:d T A%k £
2% Z77t e Ao YElgT (p < 005). 12 -
154 Aol 4% TCBE Ajg YviA] F7HMH
Z A AZSH A fd S veleH p <
0.05), 44 W3} =3 TCBE AQsta A& 1d &
2 28 2d F /o3 Blg) Qe ez ey
g (p < 005). 4% ASXE vlwg A3, MPA,
ANBE 593 2481, SNBE o8t &
7F8lTh (p < 0.01). MPAS} SNBAlA & A& 19
F 9 AR 2d T BTN Fo3 figtEFS Ho
E Aoz JehdA|w (p < 0.05), ANBS| 25 |

foro g

232

723 FolAut {3 Ml 9le Ao e
W3tk (p < 0.05) (Table 5-2).

33 Aote] 2d AAFT A Aole] 2@ A
ol n}2 Tk A A ZAFS vu AR
ACB, PCB, LAFH, PTFH, MandRLo|A] A417% Zeo}
9] 2d AFAeko] feolsiAl AA Vel 2t E
A7 Wslo A A AR Aole] MPA, ANB #to] zt
Z} 37.82°0| 4] 35.47°2, 3.947°A 4 2.53°% W33}
A Zole] 2d AFFEG FoldA E AoE
JeERth (p < 0.05). SA, GA, SNA, SNB, PPMand
T 33 Aol 2@ AAFT A Aol 2
A qol| W FAFNA Jd Dol o E Aol
1} (Table 6).

ASEE X2 F AMAX|S HEe} FIHHHES
ZX| HE} (Table 7)

= 0X

B 3 1979 AlF, A1 9 BMIe] H sk}
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Table 5-2. Comparison of scores for the linear and angular craniofacial variables from baseline to after 2 years
among children of short stature by age groups

At baseline (n = 19)

After 1 year (n = 19) After 2 years (n = 19)

Age group Variables Mean (SE) Mean (SE) Mean (SE)
9 - 11 years (n = 8) Linear (mm)
ACB 64.81 (0.87) 66.95 (0.81)° 6841 (0.76)° 0.001
PCB 4479 (0.72) 46.96 (063)° 4809 (0.57)° 0.001
TCB 100.86 (1.06) 10255 (1.07)° 104.09 (1.01)° 0.001
UAFH 51.36 (0.67) 5250 (0.66)° 5382 (0.57)° 0.001
UPFH 46.73 (0.42) 4782 (041)° 4941 (061 0.010
LAFH 64.45 (0.63) 66.86 (0.72)° 69.68 (1.10)° 0.001
ATFH 11473 (1.41) 11696 (1.19) 12146 (207 0.042
PTFH 7095 (1.43) 7545 (1.15)° 7895 (0.94)° 0.001
MaxL 45.09 (0.95) 47.18 (0.80)° 4827 (0.72)° 0.001
MandRL 37.95 (1.35) 4214 (1.34)° 4468 (1.01)° 0.001
MandCL 69.91 (1.27) 72.09 (1.16)° 7459 (1.32)° 0.001
OMandL 9823 (1.17) 101.96 (0.84)° 10505 (0.98)° 0.001
Angular (°)
SA 127.14 (1.37) 12659 (1.35) 126.73 (1.43) 0.877
GA 12686 (1.04) 12559 (1.34) 126.05 (1.40) 0425
MPA 3805 (1.15) 36.23 (1.20)° 35.27 (1.00)° 0.001
SNA 79.27 (0.83) 80.23 (0.79) 80.05 (0.76) 0.400
SNB 75.18 (0.96) 76.77 (0.99) 7705 (0.85)° 0.016
ANB 409 (0.44) 346 (0.40)° 300 (0.33)° 0.014
PPMand 8764 (1.01) 8950 (0.98) 87.00 (1.00) 0.182
12 - 15 years (n = 11) Linear (mm)
ACB 66.94 (0.63) 69.37 (0.75)° 71.31 (0.43)° 0.001
PCB 4662 (0.87) 4800 (0.90)° 49.37 (1.01)° 0.005
TCB 104.94 (1.60) 10613 (1.66)° 106.44 (2.03) 0.071
UAFH 54.19 (1.27) 5581 (1.23)° 56.75 (1.10)° 0.002
UPFH 4750 (0.82) 4944 (0.73)° 5063 (0.84)° 0.004
LAFH 70.12 (1.07) 72838 (1.18)° 7481 (105 0.007
ATFH 122.31 (256) 12656 (1.95)° 127.25 (2.01) 0.004
PTFH 6656 (1.83) 7163 (1.58)" 77.06 (1.35)° 0.001
MaxL 4581 (1.60) 4825 (1.71)° 4981 (153)° 0.001
MandRL 3756 (1.75) 4181 (1.63)° 4350 (1.35)° 0.001
MandCL 71.31 (0.94) 7438 (0.83)° 76.81 (0.94) 0.001
OMandL 100.81 (2.38) 10513 (2.64)° 107.69 (2.51)° 0.001
Angular (°)
SA 12894 (2.40) 127.75 (2.60) 12588 (1.15) 0.663
GA 12381 (1.31) 12525 (2.34) 12750 (1.97) 0.188
MPA 3750 (1.60) 36.38 (1.63)° 3575 (1.54)° 0.006
SNA 7788 (1.34) 7825 (1.28) 78.13 (1.30) 0.258
SNB 74.13 (1.19) 7531 (1.17)° 76,00 (1.25)° 0.003
ANB 375 (067) 294 (0.62) 1.88 (0.81)° 0.007
PPMand 7656 (9.78) 8650 (1.53) 8306 (1.19) 0.427

D%, p value of repeated ANOVA; °, significant difference between at baseline and after 1 year at p < 0.05; ¢, significant

difference between after 1 year and after 2 years at p < 0.05. SE, Standard error.
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Table 6. Comparison of scores for the linear and angular craniofacial variables between children of short and normal
stature from baseline to after 2 years

Children of short stature ~Children of normal stature
~ Variables At baseline After 2 years Difference At baseline After 2 years Difference p°  p° }
S =19 =19 0=19 ®©=19  @=19) (@©=19
; Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) |
Linear (mm) ACB 65.71 (061) 6963 (058 392 (034 6745 (046) 6871 (045) 1.26 (0.14) 0.001 0.001
PCB 455 (058) 4863 (054 307 (038) 4671 (0.84) 4850 (0.81) 179 (0.26) 0.018 0.020
TCB 10258 (1.01) 10508 (1.04) 250 (066) 10450 (0.85) 10708 (0.83) 258 (0.30) 0628 0611
UAFH 5255 (0.72) 5505 (065) 250 (0.29) 5424 (078) 5647 (0.78) 224 (023) 0811 0811
UPFH  47.05 (042) 4992 (051) 287 (043) 4903 (0.76) 5074 (0.75) 171 (029) 0.110 0.120
LAFH 6684 (087) 7184 (096) 500 (064) 6446 (082) 6711 (084 265 (024 0001 0.001
ATFH 11792 (158) 12390 (1.58) 597 (1.57) 11740 (1.36) 12214 (1.34) 474 (0.32) 0358 0365
PTFH 6911 (122) 7816 (0.79) 905 (086) 7422 (1.39) 7929 (145) 507 (0.36) 0005 0.005
MaxL. 4540 (0.85) 4892 (076) 353 (038) 4695 (0.75) 4925 (0.72) 231 (041) 0096 0096
MandRL 37.79 (1.04) 4418 (080) 640 (0.71) 4261 (1.20) 4568 (1.25) 308 (043) 0011 0012
MandCL 7050 (0.83) 7553 (083) 503 (045) 7463 (098 7789 (0.89) 326 (04l 0.078 0078
OMandL. 99.32 (121) 10616 (L20) 684 (087) 101.97 (1.37) 10624 (1.11) 426 (059 0.061 0.061
Angular (°) SA 12790 (1.26) 12637 (0.94) ~1.53 (1L56) 12397 (0.74) 12400 (085) 003 (0.37) 0344 0.34
GA 12558 (0.87) 12666 (1.14) 108 (1.32) 12471 (1.22) 12445 (1.37D) -026 (0.39) 0.269 0.269
MPA 3782 (092) 3647 (085 -234 (031) 3324 (1.15) 3232 (13D -092 (028) 004 0.004
SNA 7868 (0.74) 7924 (072) 056 (050) 8090 (067) 8144 (069 054 (029) 0542 0.542
SNB 7474 (0.74) 7661 (07D 187 (042) 7766 (053) 7872 (055) 106 (0.22) 0465 0432
ANB 39 (0.37) 253 (040) -1.42 (024) 321 (039 272 (0.37) -049 (029) 0047 0047
PPMand 8297 (4200 8745 (0.76) 447 (428) 8776 (100) 8313 (081) 037 (047) 0652 0609

p°, p value of ANCOVA between children of short and normal stature after 2 years;

children of short and normal stature for difference values. SE, Standard error.
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Table 7. Correlation among the linear and angular craniofacial variables and the z scores of weight and height, BMI,
and the bone age in 19 treated short children; difference from baseline to after 2 years

Variables

Weight

Height

BMI

Bone age

T0-T1 T1-T2 TO-T2 TO-T1T1-T2T0-T2 TO-T1 T1-T2 TO-T2 TO-T1 T1-T2 TO-T2

Linear (mm) ACB -028 -006 -05" -027 001 -034 -033 -042 -041 -006 -026 -0.12
PCB 002 007 003 -015 006 -041 079 -008 018 -015 -017 -0.16
TCB 020 023 0.11 011 006 011 007 012 -003 006 033 035
UAFH -018 022 -012 001 013 020 -025 021 -013 014 004 009
UPFH -005 -0.06 0.15 014 001 014 -001 -014 008 -005 027 016
LAFH 007 015 -004 -014 005 -010 015 013 011 -019 -023 -048
ATFH -036 022 -016 -035 029 004 -023 019 002 02 -016 014
PTFH -028 -028 -047° -028 033 -014 -024 -033 -044 042 -026 0.14
MaxL 013 -022 0.02 013 020 019 -011 -023 -010 -03 -031 -025
MandRL. 019 032 0.44 013 010 010 020 036 058 030 -038 005
MandCL -016 002 -033 -018 048 016 -003 -010 -032 015 -012 -0.05
OMandl. -020 009 -021 -007 008 -015 -003 013 -005 019 -047 -0.24

Angular (°) SA 015 007 -025 028 -022 -030 -012 017 -025 052" -027 0.9
GA -026 008 -015 -012 005 000 -016 -008 -019 -048 -004 -041
MPA -012 -001 -019 027 046" 042 -031 -023 -041 -029 004 -0.05
SNA 011 -022 0.39 019 013 016 007 -026 037 -043 017 -035
SNB 022 -020 057 025 017 024 013 -035 039 -041 006 -027
ANB -022 021 -012 -0.07 -001 -008 -010 028 015 -021 027 -0.10
PPMand -0.10 -0.39 0.02 018 033 041 -019 -043 -013 012 011 018

TO, baseline; TI1, after 1 year; T2, after 2 years. 'p < 0.05.
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ORIGINAL ARTICLE

The effect of growth hormone treatment on
craniofacial growth in short stature children

Sung-Ho Chung, DDS, MSD, PhD," Jin-Wook Kim, DDS, MSD, PhD,’
Yong-Hoon Park, MDS, MSD, PhD,° Chung-Ju Hwang, DDS, MSD, PhD,’
Hee-Kyung Lee, DDS, MSD, PhD’

Objective: The purpose of this study was to analyze the effect of growth hormone treatment (GHT) on craniofacial
growth in children of short stature. Methods: Nineteen untreated children of short stature were referred from the
Pediatric Department, Yeungnam University Hospital as a subject group. All subjects had lateral cephalograms
taken before, after 1 year and after 2 years of growth hormone treatment. As a reference group, we selected
19 normal children with paired sampling who matched the subjects’ age and sex, from the Department of
Orthodontics, Kyungpook National University Hospital. Results: Before GHT, anterior cranial base length and up-
per posterior facial height, posterior total facial height, mandibular ramus length, and mandibular corpus length
were significantly smaller in the reference group. In angular craniofacial measurements, saddle angle and man-
dibular plane angle were larger. SNA and SNB were smaller in the reference group. After two years of GHT,
growth hormone accelerated growth in several craniofacial components. The posterior total facial height, the ante-
rior, posterior cranial base length, and the mandibular ramus length were increased. And the difference in man-
dibular plane angle and ANB values compared with the reference group was decreased. Conclusions: GHT over
2 years leads to a craniofacial catch-up growth tendency, which is pronounced in interstitial cartilage and con-
dylar cartilage. (Korean J Orthod 2010;40(4):227-238)

Key words: Short stature children, Growth hormone therapy, Craniofacial catch-up growth
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