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31 AR ORBET Lind, L oMzt Bone Makurity Index (BMI):M(%)
GE 4 &y
ey =
4 BEBTOMERS bIiES, BEE o C. # &t 2 &
I L 7 > T < B, Z5HAlE Iz o, HITAC 8350, Fortran 7k
51 RHERL RHICEC B Aok  ET000, XY Teo K—w e, BRI
r;}\/_{é %Eﬂ%ﬁ’)'ﬁ:o

KT ClI, REEA B (distal epiphysis
of the ulna), % I~ V {EKHiH (epiphysis Table I. Survey of Bone Maturation Index (BMI).

of distal phalanx) #fr<, 24 {HfTZ HEL Score
77. PHER{I #E+5E (sesamoid of adductor (0-10) s
pollicis) 1XFIEE D score d 2 f50 fikin 5 % a : epiphysis of middle I/Jhalanx of the
S e . e § second digit (% 2 JfiE)

MEL, BHGRGET RO/ SRR RETs b : epiphysis of middle phalanx of the
5X512lice Thbb, amb D ETOIBEM third digit (553 FREHE

N > . -z T T c : epiphysis of middle phalanx of the
ZOWTi %10,.“7&?51, an E_XKi%’o 8 Rl fourth digit (4 fhigif)
DWTREALArEx, Zhzditl, 2TKRL d : epiphysis of middle phalanx of the
7ofE% % & LTz, fifth digit (5% 5 dfifg)

e : epiphysis of proximal phalanx of the
second digit (%5 2 FEMiH)
f : epiphysis of proximal phalanx of the
third digit (28 3 Z&f{i18)
g : epiphysis of proximal phalanx of the
fourth digit (5 4 &)
h : epiphysis of proximal phalanx of the
fifth digit (% 5 24
i : epiphysis of the second metacarpal
G 2 h P g
j: eplphysm of the third metacarpal
(53 )
k : epiphysis of the fourth metacarpal
G 4 thFH)
| : epiphysis of the fifth metacarpal
(55 5 thF)
m : epiphysis of the proxnmal phalanx of
the first digit (% 1 A&4iH)
n : epiphysis of the first metacarpal
G5 1 B
o : distal epiphysis of the radius (E&f5)
(0-5) Hx2
P : sesamoid (Ff1)
(0-5) &%
q : trapezium  (kZEIE)
r : trapezoid UNETEH)
s : capitate (FHE)
t : hamate (F8E)
u : scaphoid (€CiiYIN=p)
, v : lunate @RI
Fig. 3 Radiographic survey of right hand. w: triquetral  (=f44)
Abbreviations shown in Tab I. x @ pisiform  (GERE)
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BFTix BMI30%5 5 50%ic F5 £ CIif b 4
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P> T5%7 BT 5 D125 5 13BECITIT 1

FERTH b, F72, Tablell iz B1F 3125 OHkER
2D 32 Nz oW TiE, BMI 0B/ME 38.0%, &
KfE 77.5% & range d K%<, ZORHREK
EENMHEE (puberal growth spurt) T&h
HTEHETFELTVS, MOKAIDPIZEIRE (pisi-

form) O, SFEERAETE (sesamoid)

OHH, S X sesamoid OFREZ R T,

BMI

100{ CA/BMI
90-
80-
70{
60-
50-

40-

30-

6 7 8 9 10 11 12 13 14 15, CA
- Fig. 4 Ossification and maturation times of
pisiform and sesamoid in relation to
the BMI and chronological age.
P: Ossification of pisiform.
S Ossification of sesamoid.
S: Maturation of sesamoid.

5% 92 19754F

47.17% pisiform PAHVER L, BI4g BMI oo B

%2 7-. Sesamoid 1359. 649 HEL L 78. 58%

T SERERNC BL 2 b, - olfdiz BMI

BN ZBRESBCENL 2 Licikb, Zok

13 B UGRIZ E B, —RER L DR OB
L7,
—%5, TFTRBFITLEOERCLEMIAD

S5y, 8mHbH 103z, BMI ix45%75>5

05%17, 11 H13EDOMINC 5% 5> 595% 2 > F
PR ERBEMERTIETTH D, BRI LTFD
BMI 13, FE4FEOBTFOLrNn L D 10~20% E1E
L TwWw5sb, BMI 45.19% @ & % pisiform 3 HE
L, sesamoid & HIR1X62.17% DL X 15 F 1
81. 4% DEEFEKERTZ R L 720
AR 2ED LT IT KX I Mo 5 b,

13T D45% 5> 5 OBE[NE pisiform OHE & [H

Table II. Distribution of BMI (%) with
chronological age groups.
MALE
Years |1 Va0 70 50 gol 70| 80l 60 9% 7;())0 Total
6 5 5
7 2 (151 1 18
8 15| 4 | 19
9 7] 6 13
10 116 31 1 21
11 10 6 1 17
12 | L{12] 9 5 5) 32
13 | | 1 8| 6 15
14 | 1 2112 4 1 20
15 | 2 5 r 14
FEMALE
6 5] 6| 11
7 2115 1 18
8 15 2 17
9 6 2 14
10 1 41 5 4 14
11 5/ 91 6 20
12 2 2113 4 4 25
13 3 6 8 | 17
14 6| 16 22
15 2 7 9
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2. BMI L5 E, FABHEAS L OB

& ORI Fig. 5, 6 X X Table III iz 7%
L 72 BFcix BMI 30~50% & 80% D {EFTIZ 4y
MBEPTLEEBED 0, hb OPRHo 60~80
% DERFTHAB HTER £ o TWWb, BMI6G0

i EDERIZONWT O 5728, AT LTS T B H BT 140en TH S, KA@E]
TR FRIRRET 21T - 72, 1%, % BMI 10% X[z 317 5FHE2 R,
A. BMI ¢ HE DK% —5, FTix (Fig. 6) BFiziHEbN5 L5
m m (%100} m m(x100)
20"' 20"'
BH/BMI | BH/BMI
(M) , (F)
e, @
LR - , TR
154 L :g e -b . 154 | '; " 'é:.;‘-i: Q: ._‘:.: qa:
s P, o3 AR 1
vo o e S e L8, ."“" '
.-:Q.-. - t e '.': Ve,
..-:a::: . i:.: -:Q'. .
ey Y
| 104 . 104 .
~L*3:0 40 50 60 70 80 90 100 o BM] = 30 a0 50 60 70 80 °:°. 100 o BMI

Fig. 6 Correlation of stature and BMI
(%) in female samples.

Fig. 5 Correlation of stature and BMI
(%) in male samples.

Table III. Allometric equations of Body Heights and other measurements
in relation to the BMI. High correlation coefficient (r) in body
height and mandibular length (Ar-Pog) in relation to BMI,

Significance at 0.1% level.

MALE
Standard error Correlation Correlation Significance of
Regression line ratio linear
of Y v ' correlation

BH Y =990.4347.90X 63. 64 0.92 0.91 ¥ — <S8
SN Y= 62.51+0.10X 2.91 0. 57 0. 56 /7
ANS-PNS Y= 43.67+0.14X 2. 65 0.70 0. 69 1/
Ar-Pog Y= 84.824+0.36X 4. 06 0. 86 0.84 1/
Ar-Go Y= 32.79+0.20X 3.52 0. 74 0.75 1/
Go-Me Y= 55.29+0.24X 3. 80 0.77 0.76 7

FEMALE

BH Y =956.61-+6.59X 52.75 0.93 0.93 T—7<SH
SN Y= 60.31+0.09X 3.11 0. 51 0. 52 //
ANS-PNS Y = 43.43+0.10X 2.56 . 0.63 0. 61 7
Ar-Pog Y = 83.44-+0.28X 4. 45 0.79 0.78 1/
Ar-Go Y= 32.94+0.15X 3. 58 0. 66 0. 64 /7
Go-Me Y= 54.63+0.18X 3.75 0.71 0.71 //
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Fig. 7 Correlation-of mandibular length
~and BMI (%) in male samples.
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pisiform OHIHRERZ =T,

BMI 10% = & otémz fE7r 95 BEXIICH &
T LEEOEMEEZ R LD DTHHH, FHLMH
DOYEZEI—HR L THELIATH S,

BT oEAHEO BB 8 cH 5, BMI
40% 75 609602 2> THRRIEA L, 602 DI
&ME 2 RT3, © ORRIIZITIE—3 L C sesamoid
ODHBERIILED, 0% ITED T HEHED
BN B %, 80% DERE A sesamoid DT
RN L, ThETEINLT W BRI A

AL, WEIC KRS 2 R D B R
- mm{x10) - : o _ _
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].5..
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Fig. 8 Correlation of manpibular length
and BMI (%) in female samples.
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INCREMENT (Male)
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Ar-Pog

)
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BH

40 50 70
4 4
SESAMOID

Fig. 9 Increment of stature and other
measurements in relation to BMI
(%) in male.
1 Ossification time of sesamoid.
3 Maturation time of sesameid.
Growth of the change in S-N

ceased at BMI 909, however,
maturation changes might occur
in the mandibular measurements

after BMI 100%.

LFTik, FFEe<<ZEiD, BMI 40%DE5Z
pisiform 23 L, BMI 2340~50% D & %, &
IZSTS T 5 BEREMERRTH D, LIE60Z%IC
B H5FETARL, sesamoid OHIIR A L % BEE 5
SR L, sesamoid p3SERRHEA% $o0> 2 72 BMI
809 DI > & TF OB L TR ITET <,
EATIOEES & OBRIZ OV T, BLEIITHES
PCHY, FEHAEBIZOWT S EAIZREL S,

Ak B

23

ANS-PNS

95

INCREMENT (Fentale)

SN

Go-Me

Ar-Go

Ar-Pog

........

10k

BH s

BMI1

90

40 60 80

P 1) ¥
PISIFORM SESAMOID

Fig. 10 Increment of stature and other
- measurements in relation to the
BMI (%) in female.
4+ Ossification time of pisiform.
4+ Ossification time of sesamoid.
§ Maturation time of sesamoid.
Growth changes in stature and
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SUMMARY

Allometric relation between Bone Maturity

Index (BMI) and_growth_of the craniofacial

morphology was studied using lateral cephalo-

grams, hand-wrist --X-ray and simultaneously

measured stature taken from 175 males and 169
females aged from 6 to 15 years.

The results are as follows;

1) High correlation was found among hand-
wrist BMI, stature and craniofacial structures.

2) BMI is meaningful as biological time
scale upon evaluation of maturity rate of the
craniofacial structures and implies growth po-
tential of the subjects.

3) After 100% of the BMI reading, matura-
tion changes of the stature and craniofacial
structures could be measured.

4) Ossification of the pisiform especially
in the females provides a clue for estimating
the initiation time of the prepuberal growth
in the craniofacial structures and stature.

5) Ossification and maturation times of the
sesamoid indicate the period of the puberal
growth in the craniofacial structures and sta-

ture.
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| Table IV. Stature and values obtained from linear measurement on the craniofacial complex
Male Female
Less than More than | Less than More than
B. H | - | |
M 1,249.83 | 1,385.16 | 1, 560. 59 1,682.21 | 1,125.29 | 1,267.52 | 1,451. 43 1, 545. 53
Se - 10.95 8.75 14. 24 12. 44 22.15 9. 50 8. 96 5. 86
Sd 75. 86 73.24 86. 61 60. 93 58. 62 75. 46 59. 45 43. 45
S~-N |
M 66. 35 67. 40 69 65 72.42 61. 27 64. 88 66. 24 68. 50
Se 0. 40 0.33 0.54 0.61 1.35 0.34 0. 56 - 0.40
Sd 2.75 2. 80 3. 28 3.01 3.56 2. 68 3. 69 2. 96
ANS-PNS |
M 48. 58 50. 23 53. 54 56. 32 46. 34 48. 29 50. 54 52. 67
Se 0. 43 - 0.31 0. 43 0.62 0.73 0.34 0.33 0. 39
Sd 2. 95 2. 62 2. 64 3. 02 1.93 2.70 2.17 2. 90
Ar-Pog |
M 97.51 102. 39 110. 97 117. 68 90. 99 96. 64 104.15 108. 78
Se 0. 69 0.55 0. 87 1.11 1.49 0. 60 0.62 0. 66
Sd 4.78 4. 61 5. 27 5. 46 3.93 4.73 4.11 4. 88
Ar-Go
M 40. 75 42.15 46. 37 52. 80 37.83 40. 04 44,18 46. 77
Se 0.52 0.39 0. 60 0.95 1.29 0. 44 0.54 0.53
Sd 3.58 3.24 3. 66 4.67 3.42 3. 48 3. 58 3. 93
Go-Me
M 63.10 67.53 73.09 76.11 58. 03 63. 43 68. 40 71. 07
Se 0. 56 0. 47 0. 66 1.14 1. 47 0. 48 0.55 0.52
Sd 3. 86 3.91 3.99 5. 60 3. 89 3.78 3. 64 3. 85
M : mean of measured value (mm)
Se: standard error
Sd: standard deviation
Table V. Values obtained from the co-ordinate method on the craniofacial complex.
Male - Female
Less than More than | Less than More than
N (%)
M 66. 34 67. 40 69. 65 72.42 61.27 64. 87 66. 69 68. 49
Se 0. 40 0.33 0.54 0. 61 1.35 0. 34 0. 38 0. 40
Sd 2. 74 2.79 3.28 3.01 3. 56 2.68 2.55 2. 96
ANS (x)
M 61. 61 62. 09 65. 49 68. 77 58. 50 61. 24 62. 40 65. 86
Se 0. 48 0.45 0. 81 0.78 1.24 0.52 0. 58 0. 58
Sd 3. 33 3.79 4. 90 3.80 3.29 4.11 3. 82 4,27
ANS (¥
M —49. 71 —53.47 | —57.33 —59. 97 —45. 91 —49,39 | —53.81 —55.19
Se 0. 40 0. 32 0. 57 0. 66 1.13 0. 33 0. 36 0.33
Sd 2.78 2. 68 3. 46 3.21 2.99 2. 62 2. 38 2. 46
PNS (x)
M 13. 69 12. 63 12. 83 13. 30 12. 69 13. 58 12. 66 13. 93
Se 0. 42 0. 32 0. 56 0.54 0. 90 0. 32 0.43 . 0.32
Sd 2.90 2. 66 3.43 2.64 2.37 2.54 2. 87 2.38
PNS () |
M —42.04 | —45.14 | —48.16 —50. 50 —39.43 | —42.00 | —45.20 —46. 80
Se 0. 33 0.33 0.44 0. 81 0.71 0.29 0.29 0.35
Sd 2.27 2.72 2.70 3.95 1.87 2.27 1. 90 2. 58
A (x) .
M 56. 79 57. 07 59. 82 62. 59 53. 97 56. 54 57.12 59. 64
Se 0.51 0. 46 0. 81 0. 81 1. 08 0. 48 0. 65 0. 58
Sd 3. 50 3.84 4. 95 3.97 2. 86 3.83 4. 30 4. 31
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Les-s than . . ' More than | Less than | More than
A () | | - - | |
M —53. 56 —57.51 —61. 80 —65.10 —49. 29 —53. 31 —58. 34 —60. 05
Se 0.45 | 0.35 - 0.53 0.74 - 1.12 0. 36 0. 44 0.34
o Sd 3.15 2.93 3.23 - 3.26 2. 97 2.89 2.95 2.49
Up (x) | | -
: M. 55. 54 57. 98 61. 44 64. 49 | 50.54 55. 49 58.12 61. 49
Se 0. 63 0. 61 1.04 1.15 1.32 0.64 - (0. 85 0.70
- 5d 4, 37 5.13 6. 32 5.61 3.49 5.10 5.62 5.18
U (» - - o | |
- M —75.84 | —81.41 —87.01 —91. 07 —70. 80 —75. 60 —82. 05 —84. 94
- Se 0.66 |  0.49 0.60 0.84 1.51 | 0. 52 0. 41 0.44
Sd 4.56 4.11 3.62 4.14 4, 00 4.16 2.70 3. 24
L (%) |
M 52. 99 55. 06 58. 74 61. 30 48,51 53. 01 55. 55 58. 39
Se 0.59 0.62 0.97 1.11 1. 38 0.62 0. 85 0. 66
Sd 4.12 - 5.15 - 5.93 - 5.45 3.65 4. 89 5. 67 4. 90
L1 (» | | ) |
M —72. 98 —77.61 —83.33 —87.35 —68.46 | —72.85 —78.°88 —81.38
Se - 0. 66 0. 45 0. 68 0.91 1.11 0. 46 0. 41 0.44
Sd 4.54 3.78 - 4.13 4, 45 2.93 3.64 2.75 3.28
B (x) - | | | |
| M 43. 54 44.11 47.16 49. 82 - 40. 87 43.73 44, 94 47. 20
Se 0. 68 0. 67 1.09 1.28 1.79 0.78 1.05 0. 80
| Sd 4.70 5.62 - 6.63 6.29 4,73 6. 20 - 6.96 5.93
B (» | | | |
M —90. 33 —95.06 | —101.61 —106. 08 —85.46 | —89. 81 —95. 62 —100. 36
Se 0.70 -0.52 1  0.86 1.01 1.10 0. 61 0.79 0.50
| Sd 4, 86 - 4.35 5.25 4. 96 2.90 4, 81 5.23 3.69
Pog (%) | - - | |
M 38. 88 - 38. 94 - 42. 46 45. 97 35. 21 39.05 | 40. 05 43. 08
- Se 0. 80 0. 81 1.19 1.50 1.63 0. 87 1.03 0. 97
Sd 5.57 6.79 - 7.24 | 7.35 4, 31 6. 88 6. 83 7.20
Pog (» | | - | -
| M —103.89 | —111.16 | —119.63 —125. 92 —97.14 | —103.47 | —112. 30 —117.22
Se 0. 82 - 0.63 | 1.05 1.18 0. 87 0.63 0.59 0.59
Sd 5.65 _5.29 - 6.36 5.77 2.29 4. 98 3. 91 4. 41
Me (x) o - |
| M 30. 34 30. 99 33. 83 37. 38 27. 41 30. 80 32. 08 34. 61
Se 0.79 0. 83 1.16 1.51 1.76 0. 89 1. 08 0. 96
Sd 5. 45 6. 92 7.04 7.38 4.66 7. 08 7.17 7.15
Me () o
M —105.68 | —112.64 | —121.29 —128. 06 —98.43 | —105.33 { —114. 33 —118.91
Se - 0.76 0.63 1.00 1.21 0.94 0. 60 0.55 | 0.61
Sd 5.30 5.31 6.10 5. 95 2. 50 4.74 3.68 4. 56
Go (x) | |
M —18.74 —20. 89 —23.45 —24.72 —15. 86 —18. 43 —21.28 —21.01
Se 0. 60 - 0.65 0. 83 1.03 1.69 0.52 0.67 0.55
- &d 4.17 5.42 5.02 5.07 4. 46 4.10 4. 45 4.11
Go () | | | | | |
M —66. 34 —69. 70 —76.11 —84. 57 —59. 89 —65. 81 —71. 80 —75.19
Se 0. 60 0. 56 0. 89 1.48 1.04 0.55 0.74 0.71
| - Sd 4.15 4. 69 5.43 7.26 2.74 4. 39 4. 89 5.30
Ar (x) -
M —18. 65 —20. 02 —22.41 —24. 42 —16.17 —17.90 —20. 47 —19.55
Se 0. 40 0.-39 0.55 0.60 1.14 0. 31 0.41 0.33
Sd 2.74 | 3.30 3.33 2. 96 3.01 2. 46 2.69 2.43
Ar () | | | ol
M —25.55 | —28.41 —29.84 —31.90 —22.13 —25. 69 —27.74 —28.57
Se 0. 26 0. 76 (.55 0. 96 0. 66 0.32 0.39 0. 40
Sd 1.82 6. 36 3.33 4. 68 1.74 2. 54 2. 61 2.96 -




