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Studies on the Development and Ossification of the Long Bones of Korean Fetus
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Table 1. Materials, classified according to fetal
month and sex

Fetal AR '

e h )4356\7819!10 Total
Male 16, 36 34 30 33 30 16| 195
Female 21) 33 4| 311i 28 30‘ 13| 196
Total i 37 69 74 6l 61‘ 60. 29[ 391
WRAE:

HHEG BRRE QOe=YE 109% formalin & N
e % oA 10% formalin ol 3~4 @A FREBEE
g % O EM 2 TES fESe B HEeA 3
DEast BES Mg B9 HESS B K
£ #% AT BRAES BERd s FHMEE
we MEAMes PR # HmsSgt Halde
1/20mm Y RF+¢] nonius & /118 o
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m. & 2% %K &

1. &%, 2%, HE
&, G&, BE KRANTHE:E H2XS2.
ozz Endhd F1E 2 g2E9) 2o
& W:RRhE4A FiofEs B 103.6mm, L
107.0mmol = G F 33.7~46.2mm ¥ #{H 32 (P4 E
—1) BEEI08A4 = HEH¥ 343.5mm, &H#: 345.7 mm.
b Sz BAAMEE Ko s 9 BIOAHEE By =

Table 2. Monthly averages with S. D. of crown-rump
length, body length and body weight
Fet. No. @9 (2) (3)
age |Sex| of | Crown-rump | Body length | Body weight
mon case length
' (mm) (mm) (&
) 16 103.6+8.6| 144.8+12.5] 74.1+15.8
4 (o3 21 107.0+8.7] 150.3+14.4] 84.6+422.0
3 36 143.1414.8] 207.8+22.6| 209.2+57.6
5 el 33 145.8+13.4| 210.6+22.4| 213.7+48.8
N 34 | 189.5+412. 3} 280.8+23.5/491.4+101.7
6 < 40 191.8+4-12. 3| 284.04-19. €/492,5-+103. 4
3 30 | 228.7+13.0} 338.5+19. 2/850.7+141.6
7 2 31 226.1+12.4] 335.1+16.6|841.9+135.6
3 33 266.6+10.7 393.5+16.01318.14+195.7
8 2 28 269.24-10.€] 397.0+14'9(1342.04+194. 4.
S 30 | 301.24-11.2) 439.5+18.8/1948. 4+4-219.5-
3 S 30 | 301.9110.4| 442.3+16.5{1970.0+227. 2
3 16 | 343.54-14.9; 497.14-18.1{3060.2+334.2
101 o | 13 | 345.7--16.2 501.4418. 43092, 3+351. 3.
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= 3.34zz BESz dF@E6E-1). ANRERK
L &5 A 37.2(%), #6 el 32.0(%)11A E=
B s BEdn dx Hid: KB =t #
K WO 9 A g— wel Frhrh HI0AA o
A EF #ingstx o 8 R—-D),

& B REE4Ae FiEEe B 144.8mm, ¥
#: 150.3mmeo) z 4G 45.6 ~73.2mm4 FH A (K 4
%£—2) #10 Aol B 497.1mm, Zi 501.4mm 7}
Nz, BipELAES L o9 FL0AEE H
L 2F 34452 BEez G @E6EK—2), A
BERKE £4Hd% 41.8(%) 5 A4 35.0(%)
2 Tobd ®d ®mEste Jz Htht KMEM =
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Fig. 1. Curves of growth for body length and

crown-rump length.
A: Body length
B: Crown-rump length
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Fig. 2. Curves of growth for body weight.
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Fig. 3. Curves of growth for humerus.

A: Medial length of humerus
B: Length of calcified part of body
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Table 3. Monthly averages with S.D. of measurements for humerus
Fet, No. (1) (2) (3) (4) (5)
age Sex of Medial length | Lateral length | Transv. diamet. | Sagittal diamet. Length of
mon case of body of body calcif, part
: (mm) (mm) (mm) (mm) (mm)
4 3 16 25.442.0 24.61+2.2 1.94+0.3 1.6+0.3 14.9+2.2
2 19 26.1+1.8 25.4+1.8 2.030.3 1.8+0.3 15.2+1.5
5 S 28 36.6+4.2 35.61:4.3 2.8+0.4 2.5+0.3 25.14-4.4
el 31 37.2+4.0 36.31+4.0 3.0+0.4 2.64+0.4 26.2+4.2 '
6 3 33 ‘ 47.51+3.8 46.243.9 3.6+0.3 3.2+0.3 36.1+3.5
ol 35 47.813.7 46.8+3.6 3.8+0.4 3.3+£0.4 35.0%3.3
7 ) 30 57.6+3.3 56.443.2 4.2+0.4 3.74+0.3 43.4+2.6
2 28 55.9+3.0 54.943.1 4.3+0.4 3.8+0.3 41.94-2.4
8 5 29 | €4.0+3.3 | 62.843.0 5.0:£0. 4.540.3 48.243.0
2 28 | €3.943.2 63.01+3.4 5.0+0.4 4.5+0.4 50.042.9
9 3 29 | 72.86—4.3 70.4-3.4 5.340.5 4.7+0.5 55.143.0
o2 30 ’ 72.5+4.1 70.3+3.0 5.5+0.5 5.0=90.5 55.5+4.0
10 | 3 | 16 81.44+3.9 79.8+4.3 6.2+0.5 5.640.6 62.7+4.2
2 13 81.3+43.2 79.542.9 6.34+0.6 5.940.5 62.943.2
3) BPREPIE : KRB, HLH FHlEe #3% stz o e WK RECE B ete E9 A &R
—(E 22 B4 HE Bt 1.9mm, i 2.0mm o] HA st $H0A &b Bimstz gheh(E 848,
3 GH 0.4~0.9mm 4 FHEA(H 4K —6) H107 © % % .
ol Sk 6.2mm, Ltk 6.3mm 7} Bz HIOAEE 5 (a) LIRAART HAREXKR: WAGN, ZBxi9

4 S B 31165, %tk 3.247) AH(E 6K—6). THEE HI3E—1—- D)7 2z 28z BExrsd

HAIREREE #£58 48.7(%)2 5z £6HdE
21.7(%) 2 WEH ForA W3 BEdz d= = %
= R EP S FL0Hd oA ETF ForAA M
3] Ttz vk 8 FK—6).

@) BPRREBPEE: JRAF, Fuile FHiEie &
3E—~(W 2z #48d= B 1.6mm, ZH 1.8mm
olx, FH 0.4~0.9mm 4 i stel (4 4 %—7) $10AH
A Jitk 5.6mm, &PE 5.9mm s} Hlz FI0AEE &
4 AfEe] B 3.3, &tk 3567 = Yo 6%
=D, HAEBHGE BPRdEEe At 298
xR—7).

B BILBHER : FBAMN, Hahd FTiEe £3
F—O)o 2z etz E ERes 453 E—B 9 2o
#4AEE B 14.9mm, %t 15.2mm ol 4¢H 6.2

HOBE—1—As 2, Klsi4 Rode 17.1(%), #
5 ez 17.4(%)2 3 2 $#E REBENA =etA
R Bt BL0HdE 16.0(%)0 5=, oL
E5RAAE REGREE [kl LWERE &
F w2l 2 e B =0 2 E8RYEHE
—eA o LBEEET SEBETS FA-HLFE=2
TEH2 le Ae Trgtz dth

() LRBAREEHERE HHRER  BRAMN, Fx
e FHEE F1BHR-1-2)¢ Rz 2z H
ot HBOE—I-B ot Rt H4 Hels 10.4(%) 0l
=z F6AAAE ik ®Bnttz 2 KRy —EdA =
o Bl 6 A7AAE HEHF atd Bl de
EfTEx 2 e HRETS AR 5% RE
stz Sioh

o RILBHEE HARTORAR Y BAD,

—10.6mm 4 HFI}A (F4ER—8) $10FdE Bl
62. 7Tmm, #¥: 62.9mm 7t Hz FI0HEE #4 5EY B&pie FaEs H10R-OLF 2z, H4H40e

4.2 {7 A n(E6XK—8) ERANERY 3.24% 25
Az M bhg2RIict HERY HEol #Hede A
<+ Fordtx Yo ARIBEFRHE 455 Aol 70.5(%)
E ORME ¥ H6 Pl 3B.7(% R FotA K BE
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\
‘ Table 4. Monthly increments of measurements in mm except body weight in g.
‘ \\\~— -~ [Fet 2gein month 5—4 ’ 6—5 | 7—6 | s 1 9—8 ’ 10—9
‘ ~ Item e | 1 |
1 | Crown-rump length ] 39.2 ‘ 46.2 ] 36.7 ] 40.5 { 33.7| 3.0
2 | Body length | eLe| 73.2| se4| s85| 45.6] 584
- 3 | Body weight [ 132.1] 280.4 | 354.4i 483.8 | 269.1 | 1117.1
a Medial length |11l 108 ‘ 9.1 \ g2 17| 87
. 5 1, Lateral length ’ 11.0 j 10.5] 9.2 ' 72| 7.5 ’ 9.3
6 g Trasv. diameter of body | 09| o8| o6 | 07| o4 o009
‘ 7 | | Sagitt. diameter of body | o9 07| 05| 07! 04| 09
8 Length of caleif. part | 0.6 9.9 ] 71| 64] 6.2 ] 7.5
9 Posterior length j 9.7 i 9.4 ‘ 9.3 5.4 1 7.0 ' 7.8
10 || Asterior length | 9.3 ] 9.6| 5.6 [ 5.9 1 4.3 { 7.8
11 | £ | Transv. diameter of body } 0.4] 0.6] 0.4 ‘ 0.7 04| 0.6
12 | Sagitt. diameter of body |04 05 0.4 ] 0.5 0.4 | 0.6
13 l Length of calcif. part | e0| s S ] 6.2 54| 80
14 Lateral length | e7| 86 |72 | 69| 1] e
15 | | Medial length I X | 6.8 { 6.6 | 4.1 [ 4.9
16 | 5 | Transv. diameter of body | os| 07] 09 | 03] oz| o5
h 17 | ™ | Sagitt. diameter of body | 04| 05| 04 | 06| 03] o5
18 Length of calcif. part | e8| 67| 65| 48] 45| 74
19 | Medial length [ 11.2 i 14.6 ‘ 1.9} 10.3] 10.1 | 108
20 | | Lateral length C107| 149] 15| 11| 95| 107
21 E Transv. diameter of body | 09| o9 i 0.8 0.9 |05 } 0.8
22 Sagitt. diameter of body ] 1.0 [ Lol 06| 06 ] 0.6 ’ 0.7
23 Length of calcif, part - | 10.6 | 105 | 86 88 7.4 | 96
’ 24 Medial length | 9.6 ‘ 7| 88| 93 | 7.8 80
25 | | Lateral length j 9.8| 104 i 8.4| 9.7 IR
26 | 2 | Transv. diameter of body ‘ 0.9 ] Lo o7 o8| 07 |05
27 Sagitt. diameter of body . 1.0 ‘ 1.0 [ 0.6 \ 0.8 . 0.5 | 0.9
28 | Length of calcif. part BEX | 96l 5 | sol 67| 83
29 | Lateral length ' 9.8 128 9.0 ) 9.5 1.9 ‘ 7.8
- 30 | | Medial length | 88| o3 X l 80| 8.2 | e
31 | Z | Transv. diameter of body L0.6 } 0.4 0.3 l 0.4 ‘ 0.4 0.5
2 | Sagitt. diameter of body 0.4 j 0.4 ’ 0.4 } 0.4 | 0.3 0.4
33 Length of calcif. part | 86 [ 8.6 80| 7.7 { 7.2] 6.6
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Table 5. Monthly averages with S.D. of measurements for ulna
Fetal e | @ (3) (4 (5)
age Sex of P(I)steril;)r Anterior length Transfv.b diamet. Sagiftt‘.) diamet. Length of
engt of body of body calcif. part
_mon. case (o) () (mm) (mm) ()
4 ) 16 20.8+2.3 17.2+2.5 1.340.1 1.240.1 14.11+2.2
L 21 22.34+2.8 17.3%2.6 1.440.1 1.240.1 16,0+2.7
5 3 36 30.7+4.2 26.114.4 1.840.2 1.640.2 24.0+3.9
oS i 33 31.84+4.2 27.1+4.0 1.84+0.2 1.640.3 24,2+4.0 .
6 3 34 40.5+3.5 35.443.2 2.3+0.3 2.140.3 32.9£3.0
2 40 40.943.5 40.9+43.3 2.440.3 2.1+0. 32.9+£2.7
7 3 30 50.6+2.9 42.8+42.4 2.8+0.3 2.410. 41.042.3 ‘
i 2 31 49.3+3.1 40.8+2.3 2.8+0.3 2.5=+0. 39.0+2.4
8 3 33 55.14+3.0 48,043.0 3.540.3 2.94+0.3 45,9+4+2.8
S 28 55.643.4 47.443.3 3.4+0.4 3.1+0.3 46.443.5
9 3 30 62.11+3.8 52.312.6 | 3.940.4 3.440.3 51.6+4-2.6
2 30 62.742.9 51.742.5 3.840.5 3.440.4 51.643.1
10 S 16 70.942.7 60.54-2.4 4.440.6 0.44-0.4 58.943.2
(e 13 69.4+2.8 59.243.0 4.530.7 4.040.4 60.24+3.4
3. R # (2) BB : AR, B THiEe £5%—2)

1) #BEEARR) (BAR, BLyie FiHEe
#m5FH—(3} 2z 23428 Erstd F4E—~A S
Zch, #4AEE Bt 20.8mm, ¥ 22.3mm oln f§
H 5.4~9.7mm¥ BEIF(FLE— FLHA= 5
4 70.9mm, Ltk 69.4mm 7t Sz FIAEE #4R
fE9 3.3f571 R 6E—9). ANBFHREE H5A

e 45.1(%)2 Ex #68, #THAE LB =
2 e RotAlth Bl olle £ TAAAE Ed BFE

Sn 2 e B mes) BESe (B E—9).

(M)

7 e

&0 | / /

S} R FARAAE B% 17.2mm, & 17.3mm o] 32
HH 4.3~9.6mm Y FEHF A (4K -10) LI0F &
Bt 60.5mm, LHE 59.2mm 7} Hz HI0FEE £4 5
fEe] Bk 3.51%, Lk 3.485=2 3o (HE6EK—10),
ARIREMEE RER A A—3 (g 8%—10).

(3) MPREPHE : FRAG, BLhie THEE €5
£—~@)% 2z g4 A9 FHEs Fi 1.3mm, i
l.4dmmelz £ H 0.4~0.6mm* HE st (F4FE1D
#£10Ad = B 4.4mm, L 4.5mm7t sz, §10H
B $4 HEY B 316, &tk 3.21F= #Fslz
SH(E6R—11). AREEMEEL £6 ANAE K
By Eetn o e =94 &FSO £ 10 Bol o4
ET #E3tA BE A8 E—11),

@) MBRBUERE : BRG], BLB FiHEe §
5—(FES 2z HLAAE Bl L o ZF 1.2
mmo] 3 FH 0.4~0.6mm¥ BEs (F4E—12) &
1074 B4l 25 4.0mmrt 2o}, HIOHES 54
RfES 3.3{&7F slo} Yoh(4 6 %—12). AHIREMIE
€ #5580 2 F6HNE w2z o % == ¥
10H % sl Ach(8%K—12),

. o (G) MLRIPRE : BB DI, BLHY FHEE 25
ol | ‘ £—06)% 2=z a8tzz ERsd $4E—Bs 2,
Mo a b B4 Hols Si 14.1mm, % 16.0mmo| = 47

Fig. 4. Curves of growth for ulna.
A: Posterior length of ulna
—_ B: Length of calcified part of body

5.4~9.0mm 4 HF B (E4E-13) FOFAE 5
¥ 58.9mm, # ¥k 60.2mm7} 5l = HI0FEE £ 4 AEY
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Table 6.

—ZFHE BBEARRE REFS BF 2 4LF M WR-—

Monthly increment ratios of various measurements based upon 4th month average tiimes)

= _ Fet. age in month
Sex T
Jtem ———

4| 5 6 | 7 8 9 | 10

alolale alelaleislelasle

Cf&iﬁx{-rump length

l 1.0/ 1.4 1.4 1.5 1.8( 2.2} 2.1] 2.51 2.6§ 2.91 2.9] 3.3i 3.3

Body length

1.9 1.41 1.4 1.9‘ 1.9J 2.3 2.3 2.7

2.7 3.0) 3.0 3.4 3.4

Wl N

Body weight

| 1.9 2.6{ 2.7‘ 6.2] 6.2]10. 7‘;10.6]16. 6i16.9]24. 5124. 8(38.5;38.9

Medial length

| 1.0/ 1.4/ 1.4/ 1.8 1.9 2.2 2.7 2.5 2.6 2.8 2.5 3.2[3‘.2

2.8 2.6 3.2 3.2

4
E g | Lateral length | 1.0 1.4 1.5 1.8/ 1.9 2.2 2. 2 2.5/ 2.5
6| E | Transv. diameter of body [1.0/1.4 1.5/ 1.8/ 1.9 2.2] 2.2, 2.5 2.5 2.7 2.8 3.1 3.2
71T | Sagitt. dismeter of body ‘ 1.0‘I 1.5} 1.5 1.9 1.9 2.2] 2.2 2.6 2.6| 2.8 2.9 3.3| 3.5
T‘ Length of calcif. part 1.0 1.7[ L7 2.4 2. 3 2.9 2.8 3.2 3.3 3.6) 3.7\ 4.2 4.2
a i{Posterior length j 1.0’ 1.4| 1.5 1.9, 1.9 2. 3 2. 3% 2.6“ 2.6 2.9‘ 2.9‘ 3.31 3.3
10 Anterior length [ 1.0“ 1.5[ 1.6 z.oi 2.11 2.5| 2.4 2.81 2. 7\ 3. oi 3.c§ 3. 5\ 3.4
Bl %’ Transv, diameter of body | 1.0 1.3I 1.3 1.6| 1.7] 2.0\ 2.0] 2.5 2.4} 2. 81 2.1 3.1 2.2
12 Sagitt. diameter of body 19| 1.3' 1.3 1.8 1.8 2.0 2.1 2.4, 2.6 2.6| 2. g 3.3 3.3
13 Length of calcif. part | 1.o| 1.6 1.6 2.2] 2.2} 2.7% 2.6| 3.0 3.1 3.4] 3. 4’ 3.9 4.0
4 Lateral length ]j_o[ 1.5\ 1.€l z.oi 2.0, 2.4 2.4\ 2. 8| 2.8] 3. 1‘ 3.012‘3
35| Medial length | 1.01l 1.5\ 1.6}21 2. 0} 2.4 2.4 2.8 2. 8‘ 3. 1\ 3.0[ 3.3} 3.3
16 ,§ | Trasv. diameter of body ; 1.0{ 1.3 1.4‘ 1.8\ 1.8] 2.4\ 2.34 2.5 2. 7] z.7| 2. 7[ 3.0] 3.1
w # | Sagitt, diameter of body | 1.0} 1.3 1.3 1.6\ 1.7} 1.9} 2.0} 2.41 2. 5( 2.7’ 2. 7i 3.11 3.1
18 Length of calcif. part | 1.0/ 1.7 1.7 2.8 2.3 2.9 2 8 3.2 3.2 3.6 3.6/ 4.1] 4.2
19 Medial length ! 1.01 1.4 1.4 1.9 1.9\ 2.4 2.3 2.7 2.7, 3.0 3.1l 3.4‘3._5
;zi | Lateral length \ 1.0 1.4[ 1.4\ 1.9 2.01 2.4 2.4) 2. 7( 2.8/ 3.1] 3. 1|15‘3_§
2 E Transv. diameter of body | 1.0/ 1.4 1.4 1.9 1.9/ 2.2 2.2 2.6 2. 7\3;3{ 2.9 3.2 3.2
2 Sagitt. diameter of body , 1.0 1.5 L. 5[ 1.9} 2. 0! 2.3[ 2.2 2.5 2.6‘ 2.7 2.8 3. 0 3.2
23 Length of calcif. part 1.0} 1.7| 1.7[ 2.3\ 2.4 3.0} 2.8} 3. 4[ 3.5| 3. 9] 4.0’ 4 5‘ 4.6
% Medial length | 1.0[ 1.4 1.5( 1.9) 1.91 2.4! 2.3) 2.7 2.8 5. 1% 3.1| 3.4‘ 3.5
25 Lateral length | 1.0 1.4 1.5/ 2.0 2.0 2.4/ 2.9 2.6 2.8 3.7] 3. 7| 3.6 3.6
k) _E Transv. diameter of body ' 1.0‘_1._5\ 1.6} 2. 1| 2.2[ 2.5 2.5 2. 9} 3.9| 3.3{ 3.4] 3.4 3.8
27 Sagitt. diameter of body ] 1. ol\ 1. 51 1.6] 2.1 2.1} 2.4) 2.4 2.8 2.9] 3. 2j 3.2| 3.7| 3.7
28 Length of calcif. part ' 1.0! 1.6. 1.7] 2.9 2. 31 2. 9‘ 2.8/ 3.4 3. 5] 3.9] 4.0, 4. 5 4.5
29 Lateral length | 1.0[ 1.5| 1.5‘ 2.9] 2.2 2. 71 2.5) 3.0/ 3. 1| 3. 5} 3.5 3.9‘3_.9
30| Medial length | 1.0] 1.51 1.5[ 2.1] 2.0] 2.5| 2.4) 2.9 2.9| 3.4} 3.4] 3.7| 3.8
81| B | Trensv. diameter of body | 1.01 L 1.8l 2.1b 2.2] 2.5 2.6| 2.9l 3.2] 3.4i 3.6 4. ol 4.2
= Sagitt. diameter of body | 1.o[ 1.4| 1.3 1.6l 1.7\ 2.1 2.0| 2. 4| 2.5| 2. 7{ 2. 6| 3. 1| 3.0
a3 Length of calcif. part | 1.9 1.6 1.7 2.3 2.3 3.0/ 2.9 3.5 3.6) 4.1] 4.1] 4.6| 4.7
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Fig. 5. Curves of growth for radius.
A: Lateral length of radius - L

4. 18 L] B: Length of calceified part of body
Table 7. Monthly averages with S.D. of measurements for radius
Fetal No. (1 (2) (3) (4 (5)
age Sex of Lateral length | Medial length | Transv. diamet. | Sagitt. diamet. Length of
mon case of body of body calcif. part
: (mm) (mm) (mm) (mm) (mm)
4 3 i 16 17.74:2.3 16.942.0 1.44-0.1 1.24-0.1 11.9+42.2
e 21 18.5+2.4 17.5+2.1 1.54+0.1 1.340.1 13.2+1.9
5. 3 36 27.4+3.8 26.4+43.6 1.940.2 1.740.2 20.94:3.1 )
3 33 28.2+3.5 | 27.0+3.5 2.1+0.2 2.1+0.2 23.8+4.0-
6 3 | 34 36.8+3.1 34.943.1 2.740.4 2.140.2 29.3+3.0
el ’ 40 36.0+2.9 34.54+2.8 2.7+0.3 2.240.2 28.8+3.2
7 £y ‘ 30 44,3+43.0 42.012.5 s 3.630.3 2.5+0.2 36.3+2.3
2 | 31 42.94-3.0 40.91-2.8 i 3.5+0.3 2.640.3 34.8+2.9
8 ‘ 3 33 49.94+2.5 47.542.8 3.840.4 3.140.3 40.142.6
{ 2 28 51.0+4.8 48.613.0 4.040.3 3.240.4 40.6+4.5° -
9 ) } 30 56.114.1 52.84+2.7 4.140.4 3.56+0.4 45.1%2.5
< , 30 55.043.3 51.642.7 4.14+0.5 3.5+£0.5 44,7+3.6
10 3 16 62.3+2.8 56.8+2.5 4.540.6 4.040.4 52.0+4.0
& 13 61.24+2.8 57.44+2.6 4,740.6 4.040.5 52.6+2.9
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Table 8 Monthly increment coefficients of various measurements (9%
\-“%s;'ﬂit;};\l“e\t' age in month 5—4 ) -5 i 7—6 1 87 i 9-8 | 10—9
N \ i
1 | Crown-rump length e 2i s2.0] 19, 31 17.9) 12.6‘ 14.3
2 | Body length | eng 350 193 17.4 11.6i 13.3
3 | Body weight 167.5! 132.71 72.0) 57.1 4.3 5.1
4| | Medial lengh R w2 mal wval w1 120
5 | | Lewral lergih 42.8 9. A;’— 19.7] 11 1 9[ 13.3
6 éz, Transv. diameter of body .; 48. Ti '77.7£ 15.0, 17. 7] 13.0[ 15.8
"7 1 E | Sagitt. diameter of body j 50.4} 27.5{ 1.4 20.0] 7.8‘ 18.6
8 Length of calcif. part ; 70.5} 38. 7 20. c; 15.2, 127, 13.6
9 Posteior length | 45.1! 303l 227 10.9] 12 8. 12.5
10 Anterior length | osazl w9 g s o 1[ 15.1
| 55 Transv. diameter of body | 336 250 192 2.2 1Lg  15.6
12 ‘ Sagitt. diameter of body 3.3 L3 167 224 135 176
13 | Length of calcif. part e 3.6 216 15.5 1.8 15.4
14 ! Lateral length 536 31.0_{ 19. 15.8} 10.1] 11.2
15 | Medial length s 0 195 160 8.;’1 9.4
16 | 2 | Transv. diameter of bady | 37.5[ .4 315 10.0 W “53[ 12.2
17 |7 | Sagite, diameter of body ! 36.3' 23.sf 18. 6; 23. 6’ ﬁr.fz] 3
18 | Length of calcif. part 180 "061 22.47‘ N “1;76]715‘—16.5
19 Medial length RNt 21.5\ 15.7 13.4, 12.5
20 1| Lateral length ‘ 40.2; 39.8 22, 21 *77;5-._9( Mirzi.ﬁsJ 12.9
21 | E | Transv. diameter of body | esrl 284 21 s o9 132
2 | Sagitt. diameter of body w0 29.71 15.7] 12. et 10 2} 11.8
23 Length of calcif. part | esz  40.2 235 19.8 137 158
24 | Medial length | 43.00 364 20.3 228 126 1L5
25 Lateral length | 4720 s3] 208 19.8]  13.3 110
26 ,:f Transv. diameter of body ! 54.3! 37. 1J 17.7 2.4 13.6 85
27 Sagitt. diameter of body | 528 387 158 182 o7 158
28 | Length of calcif. part | es. sg 42. 31 23.4{ 20.4 141 15.2
29 | Lateral length | 50.4! 43.6{ 21.3[ 18.6) 13 2{ 10.7
30 ] Medial length | 507 35.4 204 18, g 16 2[ 11.0
31 i% ’ Transv. diameter of body | 709 27 163 211 1 4} 16.7
2 | } Sagitt. diameter of body (— 319l 2.y 22 3 17.9’ 11 41— 13.6
33 | Length of calcif. part i 66.9 0.2 268 20.4] 15 6 126
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Fig. 6. Curves of growth for femur.

A: Medial length of femur

B: Length of calcified part of body
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Table 9. Monthly averages with S.D. of measurements for femur
Fet. No. @® @ @ ) 5
- age Sex of Medial length Lateral length | Transv. diamet.| Sagitt. diamet. LTn%th of
. ofbod of body calcif. part
mon case (mm) (mm) (mm)y (mm) (mm)
. > 16 27.8+2.1 26.34+2.2 2.040.2 2.1+0.2 15.7+2.5
‘ 4 2 21 28.6+1.5 26.9+1.8 i 2.14+0.2 2,240.2 15.4+1.7
S 36 38.54-4.8 36.8+5.2 3.0+4+0.4 3.240.5 26,14-4.5
N 5 2 33 40.3+3.9 37.8+3.7 3.0+0.4 3.2+0.4 26,2+4-3.6
F 34 53.84-5.0 51.54+4.3 3.8+0.4 ’ 4.14+0.4 36.54+3.5
6 2 40 54,24+6.1 52.8-+5.5 3.9+4:0.4 4.240.5 36.8+3.8
3 30 66.84-4.3 64.5+4.1 4.74+0.4 4.94-0.4 46.1+43.9
7 2 31 64.9+3.9 62.94+4.0 4.740.4 4,74+0.5 44,44-3.6
S 33 75.6+4.1 73.1+4.8 5.5+0.5 5.340.6 53.54:6.2
8 L2 28 76.7+3.9 74.5+3.2 5.6+40.4 5.54+0.5 54.6+5.6
3 30 85.7+4.4 83.1+4.2 6.14+0.6 5.940.5 60.1+3.9
° 2 30 86.9+4.0 83.4-+4.6 6.140.5 6.0+0.5 62.8+3.4
3 16 95.7+4.8 92.7+4.7 6.840.5 6.5+0.6 70.04+4.6
0 9 13 98.544.6 95.243.6 7.040.7 6.8+0.6 72.243.8
A\
Table 10. Index of length of calcified part to total bone length(%), with S.D.
2
Fet. L ¢ 3 )] ) (6)
age Sex
mon. Humerus Ulna Radius Femur Tibia Fibula
| 3 61.1+10.5 68.6+15.0 68.3-415.2 56.8-_!:10.0] 62.0+14.2 68.0+16.5
4 o 60,1+ 7‘3‘ 72.8+15.1 72.6-+13.8 53.9+6.5 ! 62.31+9.3 66.2+11.3
. FS 71.5+15.0 79.74+16.7 77.8+15.5 68.9i14.4; 71.6+14.8 75.02+16.3
5 ok 73.1+14.0 77.4+16.0 85.7+17.6 95.6i10.9’ 70.8+10.5 73.6+14.8
3 78.7410.0, 81.8+10.2  80.2+10.5  68.4% 9. 1} 73.9410.4]  72.6+11.7
N 6 2 75.2+ 9.1 81.0+ 9.65 80. Sill.O} 68. 8i10.4} 74.8+12.4 72.1+12.6
3 77.2+ 6.3| 81.3+ 6.4/  82.3% 7. ei 69.3+ 7.3 76.2+ 9.1]  75.2+ 8.8
7 [°X 76.5+ 6.1 79.4+ 7.0\ 81.5+ 8. 8] 68.6+ 6.9‘ 75.4+ 8.4 74.6+410.2
> 77.0+ 6.0 83.5+ 6.8% 80.6+ 6.€ 71.04+ 9.1 78.5+11.1 76,6+ 9.9
8 P2 79.6+ 6.3 83.8+ 8.01 80.3+11. 6 71.4+ 8.2 76.5+ 6.6 75.0+ 5.7
3 78.5+ 5.6 83.4+ 6.5 80.8+ 7.3 70.34+ 5.8 78.5+ 7.5 76.94 6.6
| 9 % 79.0+ 6 6‘ 82.5+ 6.2 81.6+ 8.2 72.5+ 5.1 78.1%+ 6.8 77.94+ 5.7
|
N 78.8+ 6 8| 83.2+ 5.43 83.7+ 5.4 73.3+ 6.1 80.5+ 6.2 77.5+ 5.6
| 0 e 79.2+ 4.9 86.84 5.9 8.1+ 6.1  73.5x 5.2]  8L.4+ 7.6  78.9% 4.7
— 43— 221




—The Seoul Journal of Medicine: Vol. 8, No. 4, Dec. 1967—

9EX—( 2= FaLHNE Bk 2.1mm, Kt 2.2
mmo] = 4EH 0.6~1.0mm* HE st (Fak—22) &
10l B 6.5mm, ¥ 6.8mm 7} 5o #HI108{E
T FLAMES B 3.06%5, oM 32657 HH(H6
F—22). RAIBENG: BRRIKEEY A b
o (& 8 K —22).

(5) ML RMED|E : PR HI, BLPIe Fials $£9
#F—06)8% = a2z z @ERed F6E—B S 2
B4 Bole Bt 15. 7mm, Zeik 16.4mmelz EH
7.4~10.6mm* BHEF=(FLFE-23), H10Ad= 5H
$ 70.0mm, etk 72.2mm 7F Hoh, FIOREE H4 A
fEo] B 4.56%, Ltk 4.6f52 BHGZ YFE6R
—23). ARIBEMGEE B5H, 6 Ay Kis el
BEstz £ THAE EF w24 2 e @ik ==
BESZ AG(E8ER—23).

6) % ¥

(a) XBEFABEBEAET) HAREH: AT
BiHle FEEe $13%—2—(DF 2z 25422 |
e HOE-T—A Y vl FAEs 4 B 19.3,
19.20]% 2HBAS BHA AY —Esteh B KRG
ERBES BBF 4L BREIREES REHE=R
TH2 Ao

(b) MILRERT HaBmiEg  BA, Bxhd F
s #13%—2—(2)9 7z z=tZzE BT 8

9B —N—Bst ok %4 Al Bk 10.9, &% 10.4
2 gz #5857 #s ERd=z 2 #e HRs E
Fate #I0A = Bk 14.1, kit 14.47 A<, B
BHEEER] FERF HaA B BFEFSZ
ot

() MIEREBME HMAMTEY : BRAG, Bdls
e H108—- 22 F£4Ade Bk 56.8,
4pk 53.90] = 5 FAA Ea ®insz ke KR
3 #@imstel 1084 = B 73.3, Zik 73.57F A+
Bl BB 5 BAX e ETIR o RE KRE
ERBH Watd HT sl #FH ok -

6. F & 7

1) RBEEAER : BAR, Brile FhHEE-
#1lE— (% 2z 2=5tz2 Erskd #TE—AS
Aok Z4 Hole B 22.4mm, %l 22.5mm o]z &
B 7.8~11.7mm# HH}G (F4FE—20 HI0AAE
Bk 76.7Tmm, %k 78.7Tmmyb H = HI0AEE H47
Ee BiE 3445, &tk 3.5f52 Hol M FEER—
24), FRIBEHEEE ©5 A 43.0, 56 Aol 36.42
23 2 e @& ETHT ok B #6AAAE K
3 BEST 2 B =4 HEEHE 8RR 2.

@ HBE:BAN, BiiY FHEE HLER—(2)
o 2z #4 e B 20.6mm, ZiE 20.9mmoelz
A 7.3mm~10.4mm¥ FH el (5F 4 £—25) H10A

Monthly averages with S.D. of meascrements for tibia

Table 11.
Fet. No. ) @ - ® ) ®
| |
age Sex of Medial length | Lateral. length, | Transv.diamet. Sagitt, diamet, Length of
mon case | of body of body calcif. part
: (mm) (mm) } (mm) (mm) (mm)
) 16 22.4i2.5{ 20.6+2.4 1.740.2 1,840.2 13.7+£2.8
4 2 21 22.542.0 20.9+1.7 1.81:0.2 1.8i0.2‘ 13.9+1.7
3 36 31.3i3.8‘ 30.0+3.9 2.6+0.4 2.740.5 22.14+3.8
5 2 33 32.943.1 31.112.8 2.8+0.4 2.84+0.3 23.1+2.7
3 34 43.7+4.4 40.8+4.5 3.610.43 3.840.4 32.0+3.2
6 ? 40 43.8+5.2] 41.145.2 3.8+0.5 3.840.4 32.3+4.1
S 30 53.6+4.3 50.144.2 4.4+0.4 4.4+0.4 40.7+3.6
7 e 31 51.643.7 48.6+3.7 4.3+0.4 4.420.5 38.7+3.3
8 3 33 60.9+5.6 59.0+5.2 5.140.4 5.140.6 47.445.1
el 30 62.943.3 59.2+44.3 5.8+0.4 5.7+0.5 48.0+3.3
9 ! oS 30 69. 3i4.6} 66.8+3.7 5.9+0.6 5.7+0.6 54.2+3.8
‘r‘ 3 30 70.14-4.0, 67.1+3.1 5.940.5 5.740.86 54.8+3.6
1 ] 5 16 76.7+3. 4| 73.9+3.2 6.040.7 6.640.7 61.643.9
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Table 12. Monthly averages with S.D. of measurements for fibula
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1 H i —
age Sex | of Lateral length Medial length | Transv. diamet. ! Sagitt. diamet. Length of
mom. case ‘ of body \ of body calcit. part
' (mm) (mm) -‘ (mm) ‘ (mm) (rmmy
3 16 19.142.9 17.31x2.7 0.8+40.1 1.1%0.2 12.7+2.5
' 4 2 21 20.0+2.1 17.6+%2. 2\ 0.910.1 1.1+0.2 13.1+1.8
3 36 28.8+4.4 25.844.0 1.440.3 1.50. 21.1+3.4
5 & 33 30. 0i3.4\ 26.8+3.C 1 5i0.3‘ 1.440. 21.8+2.7
3 34 42.2+5.0 35.9+4.3 1.8+0.3 1.8=0. 30.2+3.4
6 @ 40 42.2+5.4 35.3+3.9 1.940.3 1.940. 29.9+3.7
3 | 30 ] 52.5i4.41 43.8—_!-_3.2‘ 2.14+0.3 2.340.5 39.2+3
7 L ! 31 l 49.9i4.1] 41.943.8 2.2+40. 3 .240. 32.044.1
s . 33 59.7+4.3 50.6+6.0] 2.5+0.5 6220, 45.544.9
8 | 2 28 61.643.5 51.13.5) 2.740.4 .740.3 46.142.4
3 ‘ 30 68.7+3.7 58.5+4.7 2.94+0.4 3.0+0.4 52.7+3
Sl e w0 68.53.1 59.73.5 140.4 .9-0.4 53.243.1
3 16 76. 2i3.8l 65 3i3.9~ 3.44+0 3.4+0.5 58.9+3.1
10 2 13 76.542. 7‘ 65. 93, 8\ 3.6 3.340.5 60.3+2
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Fig. 8. Curves of growth for fibula

A: Lateral length of fibula
B: Length of calcified part of body
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Index to body length

P W @ | ©) @ ) O
§°’§ x Humerus \ Ulna Radius
(=]
BE | L
2 . Length of . Length of Length of
P Medial length calcif. part Posterior length calcif. part Lateral length calcit. part
4 3 17.14+2.1 10.4%1.8 14.5+2.0 9.842.0 12.3%2.6 8.3+1.7
2 17.14+2.0 10.3x1.4 15.01+2.4 10.7+2.1 12.542.0 8.7x1.5
5 3 17.342.7 12.242.4 14.9+2.5 11.7+2.2 13.3%2.2 10.241.8
£ 17.442.6 12.642.4 15.3+2.6 11.642.3 13.5%2.2 11.442.2.
6 3 16.6i2.0; 12.94-1.7 14.5+1.7 11.8+1.5 13.2+1.6 10.54+1.4
2 16.6i1.7‘ 12.441.4 14.5+1.6 11.6+1.2 12.7+1.4 10.2+1.3
7 3 16.7+1.3 12.941.1 15.0%1.2 12.1+1.0 13.1+1.2 10.8+0.9
gl 16.4+1.2 12.54+0.9 14.7+1.2 11.740.9 12.8+1.1 10.4+1.0
8 3 16.0+1.0 12.340.9, 14.0%0.9 11.740.9 12.74+0.8 10.240.8
% 15.940.9 12.640.9 14.0+1.0 11.7+1.0 12.9%4+1.3 10.2+1.2
9 3 16.0+1.0 12.640.9 14.2+1.0 11.8+0.8 12.8+1.1 10.3+0.7
2 15.940.9 12.6+1.0 14.240. § 11.740. § 12,5+0.9 10.140.9
10 3 16.1+1.0 12.6+1.0 14.340.7 11.940.8 12, 5i0.7} 10.5+6.9
2 15.9+0.8 12.64+0.8 13.94+0.7 12.040. 8 12.2i0.7| 10.540.7
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Table 13—2. Index to body length(continued)
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Table 14—2. Length of the calcified part of fetal long bones compared with other data
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ABSTRACT

Studies on the Development ard
Ossification of the Long Bones
of Korean Fetus

Min Kyu Lee, M.D. and Myung Bok Lee, M.D.

Department of Anatomy, College of Medicine,
Seoul National University, Seoul, Korea

This inveitsgation is a study of several quantitative
growth changes in the skeletons of the Korean fetuses
between the fourth month of fetal age to term. The long
bones of the right upper extremity, such as humerus, ulna,
radius and the long bones of the right lower extremity,
such as femur, tibia, fibula of 391 fetuses (male 195,
fémale 196) were used for the materials. The total length,
diamheters of the diaphysis and the length of the calcified
part of the diaphysis were measured and the monthly
average of the measurements, the monthly increment,
the monthly increment ratio, the monthly increment coef-
ficient and several indices were calculated. We could
present the growth changes of these fetal long bones.
- 1. The monthly averages of the total length, diamet-
ers of the diaphysis and the length of the calcified part
of the diaphysis of the fetal long bones were presented.

2. The growth of the fetal long bones was more rapid
before the sixth month of fetal age and thereafter bec-
ame gradually slow.

3. The growth of the calcified part of the diaphysis
was rapid until the sixth or seventh month of fetal age
and thereafter became gradually slow but its growth rate
was- higher than that of the body staiture and the total
length of the bone.

4. The growth rate of the long bones of the upper
limb. was lower than that of the body stature but the
growth rate of the long bones of the lower limb was

higher than that of the stature.

5. The absolute length of the long bones of the
upper limb of the tenth month fetus was about 27289
of the adult lorg bones and the absolute length of the
long bones of the lower limb of the tenth month fetus
was about 229 of the adult long bones, so the long
bones of the upper limb of the fetus developed relatively
more rapidly than that of the lower limb.

6. There was no significant sexual difference for the

fetal long bone growth.
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