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At e el

ZAA el 33

el ehA A
—ufjo} & o} 146 F4H—

Agdata o ejday

M 9o 8

M g

Apebe] FE4 o gl e o) S 9
slel Fdoz gz Fulgdald #1424
(mesenchyme) 225 € 450 7] 33} (matrix
deposition), 5% (chondrification), 4 2| & (calei-
fication), &< (resorption), #74 (remodeling) %!
Qe gl #Hel sAg Az Gk,

ag|a BzhadF 22 alkaline phosphatase, iy
# = ol (phosphorus) 52 H& #3e] Zeofd}
o, ¥7|42 40 Ade HYAYA, proteog-
lyvean 7 glycoprotein 41 5| el §ed ufela ol
£ el=bol]l WS FE dEE2a A FeldES
Ty u wekel e|alg Zafsid s @l ¥
zaAe 2a4% oddEe 7|43l & (mechanical
demand} =7+l whel #4 o F5AE UL
e FhiAd 2 el7lE #het,

Fal4 7" ez 2A o EHEF endochond-
ral ossification) 2} 2+4 5% (intramembranous 0ss-
fication} 2| ¥ #8 oz oo, FAF, HE(c-
avicle) % Elet T S8 uha Fdlol ofs] 4 s,
e Fa Abutge A3 Eael e FHHE =
24 aH@d] gl e FEHYMEIESH 2
A o] A s Az o] 22 EHel £HE FYUHH,
cha) o FEE ATLY (catrilage model) 2%
e ol ebdEabe 243 5 F (collagenous
model) © 2 26| FzAeo| d4slng Fo| FAH

* gere] gy 19854 A EhEe el HEE
ahed &

A H 2

£ #7=H4 i'r“]f'ﬂﬂﬂ"& 22 AL 3o
o, 4§ FA4HL e L FH%‘**] +3 4
Z|He| A% EHEo] @f‘é%ﬂri arel A slch

Abghe] Ewbulel HgE FHE o E wfefre o
4 Streeter 2] developmental horizonel =& 417
W g kgiFel £Hako] FlEH YA, Helr|H &
abelel al o F 2§ Felis™ 8o 42 @7
shajen Sof| ol#] s e, A ol AHAE
off #F Sutd asle] o FelAy, oiEEe] GA
(torsion), = 734} (inclination) %2 §2ll S4st
o #Asglel, 1970d Ee Gardner® &= HHE
o] & A0 abet (prenatal development) ol Adhed wlal
= ap)d Pledteeot HEe o dols 2efol
L ¢ slel 3 M5 (crown-rump length) ¢] 26mm
ofl 4| 4] 342mm 74=| 2] wiel ol efol d0ofof Hil
S Aze dade| ofdez 2Hcpn sz
F ol 4= Streeter 2] developmental horizon 713
off et wlo}E 7ldl F& LaEelA L Fell
wak SAs 8 £ g wEelchen F S 4
Zglof| A ubdx7]2] wfoholl A e white] e ofe]]
olz 7|7t Apgte] Fobedel] pale] e om
B e AL A2 4 gl

ool M-S 2bghel wheol = efop2] HEFE

4oz ase] oelo wel ddzen, oEE
4 53 2 Ah§ Fetadv|7e R gsloa g A
g o5 Fa] SA44 el Aste] T wWE Y
ety EA4E Loz £ FAE AxFct
o2& o] AL v|A 4l FtgE A
o2 FEY 4 9 +AF olelgla FAl« 43
A FrHelM W=l gy B4R B4
AFsled 288 A g

— 3T —



— o3k 2| eta]=] o 199 4 4§ 1985 —

HEME Y YUY

P Aol AbE5] HEE ot daie] A8y 4
Foll 4 BTz 2] vl 2deds} Scfutam o] ojo)
& welgmdels £her 2hel se] 2 gl
54l eeli F5E eielF: 9Fola e 4150
o|E& 12202 F 14692] o F& oz 3§
gt el Al4 abelol ) 53 (crown-rump le-
ngth) & 4 st n, 10% Z2ateled nalg %
stebdl Eoljdle] Tum FAE A4zos AaA
ch(sagittal section)& 4]&slelcl,  Hematoxylin-
Eosin F% 4 eolgl ol&£dqiFoly el fe]
#HEv AHE AHae] Fetdo)ziez Dabsig
eh, elebe] S| E2 #HE £ okaxo g ¥ Ao
e ST Hadten 53 A4 E s
T3 ghd 3] MAsGch 0% T2yl A
¥, 5% F4eog wgalsedc). o559 A
lgreater trochanter) 2] £4 42 7]5Foz Wen
(medio-lateral plane) & wlels Hasix g &
o EF2 25 (proximal) 1/2 24 == o5 =
HE shepl Eofsledcl oSS EEE 25 A8
of|of] 4 = vhod 2] G2 AFol| 53] 02 0, 5em oo
E odfAchéle 2ofslgch 25 A3y #op =4
d-eleal el dataiv| g ez slee) ol
Erl el o HYE d5F2 271945008 kA
2 & PAEGIEL, doke T2 FAFE LY 2] 43l
He| wal, of Bl ), Fobe] @il 9 4 T4 (re-
modeling) 54 FH Yo g gatajoc fagaz
HEEE Ag AL olaE TAslegT e 2
TEM 7 FEe FYAYALE 2T DAY 4 9
onf, B¢ £7H4 dofollH wlmH 44 g 4
Gz, el = ZHabal7|e] Lelgt A Fols of
cf, elebe] dglAH e Strecter®] developmental
horizonell whel 2 A sled 2, glels 1975 o|ml &
o] hel efel whfef L o Folla] wE g glo}
o Y ATHE FlFes s Ayt
HaAes] PEAE 108mel 4 e 380 mm 7))
E 48 gy 5364 4157 o]abo|gic),
Hiide] diw 53 Alele] gl: #A%E Tk
Yol e} o] o] B Zo zakAzich A
TS FAY ARE Aloldly wlEle o3 9
FH AL neile] 23 (crown—heel length) |
HF o b8 e (foot lenght) Soff 2]A g Zal o

Table 1. Age distribution of the embryos and

fetuses used in this study

Gestational ages (Weeks) No. of cases

5—8 24
9—12 11
13—16 A
1720 14
21—24 23
20—7R 28
29—32 20
33—36 14
a7l 7

Toatal 146

HEE 2R vlmatgicl gaid o Alge 8
2x F 13 7o)

# & & It

1) siolollM 2] &

of ¥ Fubeh2 lower limb bud2] o] zhodg] &
tg 2e] AzEledoh, lower limb buds wj@d 53
ol F2 Sdell4| Fuldezie §7]5o] 845
w3, o479 limb bud: F4lel] Hilsx oo
A2l T L Fejdn 9 dEe) glulgl 4
2E 4=l 2leic(Fig 1).

B 6 5 0 limb bud F4145-2] Fhdslze] w=
# oelEe] WE 58 fFabidde @absldla,
HHHET2 F45 blood island 7} F 8 51ui s 7hed
AE2E do| HAD, FEHE us HE2 Filg
et (Fig.2). 6Fw7ol o] 4|2 slolof] 4 ke
Tz e HAdxlde] Aadepeds] Y2 pre-
cartilage blastemar} %4 5|2l <} (Fig, 3).

BiE7F: ad3te s el ol F23 (cartilage
model) o]  HAI=2ic} (Fig.4). & odEnde
7% 23 AFAEe M Ealolo] 2 abgl Aol
+HE FAER, oEBed T 342
o] £33t El A LR TR ol Bujo] ¥4 s|gle},
A28 e Fotol 23 AFAREE 4550 4
FAe] FHEly Muldeln, FE Mo sluols
FHE #a A 7] 2abg] gl '

Bi@ 8 F ! cdFmade akcke 22 (proximal )
o 314 (distal) 2 HeiH 4 a2lFo dejs wen
(Fig. 5). Hsdol2] 1/44 sof #lelsls Fopy
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Table 2. Histologic epoches of femoral
development in embryos

(sestational REEE

Histologic findings

(Weeks)
5 Mesenchymal condensation
f Precartilage blastema
i Cartilage model
8 Primary bony collar and

elongated carilage model

o] ol-Zata}l od T4 F Ale]o] primary bony collar?}
Hagloich o]ZE FH7|Hele], FA o] 77
(bone matrix) 2] fH& Ao FAsEgin 2=
52 1~32&2 #4944 % (osteogenic cell) 7} &
245 2lalch, primary bony collar & #odgli= B
2o clEHFEe e HPutoz F2 Yoy
o] M #ef wja] el F=5e gl (Fig 6). widd 8 5
sl 433 8e] Basisld ot v H ol F
A E Aelo] 2l 71H e 2152} primary bony co-
larell F&b=lo] oloict, 453 te|g] 7o 47}
el 4] ZhE dFslLz) Babs]=] gk, 7139

Agke]l alalsle| Fali ‘!H’a'fflfﬁiFHF'lg 7. o
HoFola 8FMA Byl 32 427EF 9"
up2} 9ofgl A3l E 28} Fake,

2) EfojollA 2| ZHE

ENE 9 F: Fdielzl HEZF, oj"Hx o of

B =4 (femoral neck) o] FEl@}A] #H4s|glon)
e ZHe] gz golet. 95U dEgzyse
Fotoll ol 2}F8} 54 (primary ossification center) @}
2l 2} # (primary bony trabecula) 7} #4dsgl
primary bony collar 2] 52| F8 4428 5 =4
% (membranous bone) o] & 4= ¢},

al il 33 A2 Told| £ (ostesoblast), TE4H E
o diFes F45 periosteal bud?} o= F2
Z415-912 primary bony collar Hi 4 3 &g
dEiE Agezy F4sdctFig 8). ¥al
=5c dEWEEel e H49 FEAM dERY
WHoll " it o Scldze] Ao atagl oM
2ot ol FrEe] g8 apE A2 oH A
FHH welale 433 dE2HE SH2E g
Fold 2 Ee] Aulell E7]AE Aoz 44
=l olchFig. 9,100, ¢4 F5o& SElEA %

== Futo| primary bony collar2] 213l & 45
Aed, S22 T g4 F 2 gl F84
AE2YH 133428 F4=Yn, 5L a2y
HE W4 474 ArERY FHEHY 2T
i #8E stz g (Fig 11).

ENE10F: ol S8t to) o2 oPog
Aagle] met Ha ofEEelg 1/56] dEe
FHEAE 22 44 =gl 4 dEF
7o) FHelHel wap FTL v ofEe oxE
I FAgk e 5 ool (Fig 12).

EfENFE =82 SdEglalfe #Hag w55
AL 52 wralshalat s E2 A3 8o
sl gldd & ool E]lo| < FF (carilage column) &
gastgct, dEHEEe o8 d4H YEETY
FEojol= Salgh didle) FE8E F JAE 2
G748 ANERE TR FelHEEel m?%oﬂ H]
# FalsiA Frt sldded, olFE daFF R
el 27149 ARE Frdan, $gegys gkE
HEFe| glapEFe] 438y dE72E F548
3 gl Aol Al HAtse] YaEFe FHE
A, Axnsizdad, T34l Agle| o] Fofa] o}
AEE dheld. diEEzke] E9siele f4lE
off ol# HAH FFFo 105 vjs Z2hsizich
= =752 od ool cartilage canale] FAHEg]
=, °l canal® of B F734-2] fdifiEc] uidgeg
A Ay slez APQs 3sle l9loiFig 13),

ENE 125 R E3kel| FHEHE9 F7RE o B
dEdFate] o8 H48 559 39 W F4+
g Ea%(marrow cavity) o] d4dsldn, F+7¢
W Habeeld wle} Aats] a2 o] faly
AUcHFig ). 43255 T8 ol 2l 3
< =93l Aisdn, EusiEs] #4de] ¢
Ho g Frhsleld ofE 7 Foile] A3 EE A=)
ahed o,

EHE3F o 5] F7h2 48t 9le o 2/3 9
Aol EntebEelala, dabET He  aksA
debori, A% BRAUL A T AU
sty FeNe 39 (Fig 15). 552 &
25 WA (acetabular fossa) 7} # A 5|5l 7 (Fig
161, cartilage canal® o] & 3%, o2z}, o=5F
A s EFAEUAS nF $E=EY} o E ear-
tilarge canalF THEUHFo #HAZ AL AF
szt o) Y45 S92 35 e] canal W
A Fx A gatsgx o] FAHNd AT AT
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ol &= cartilage canal ol 4 =tdF& d4sf gl
et

EfEAFE: 9] Sod-EalA o SaAg AEFF
9 wjde] FaAHeg sof 3 HAEEST ¥
A& (Fig. 17). ©] AdAededg F422 oIS
Filrl galgle] ofel Z3ke] Helzh Frhsdch
o] 2} ¥l dle] primary bony collart & 43
o] HAF vy AFATH FEAA] A3
59l o} (Fig. 18).

Ej2155E : A =laddnl etz 9+ EEH (com-
pact bone) & #Zs4 =hEsLrl FepE oa)
7 o F5atn gledch §3] AR 43y
ol 4 84yl datEFe Fakslge] HEln U
wolel s £5 3abs el (Fig 19).

ENZ 160 215 B slsl d=lS7d A
g AL, FAEUQA Y H4s= Aol «d
FEFcpE o 2 BT (convex)5td Hask F 4
ZalH e Fole] e wlE FEL o g A
gls)o] 4 Z o] opy] uhFE A& Jehfzich 4
Aoledofla] #H4ig o alESel EutdbEe] Ashe
T2 e Edels e FAEE 27 FE %
alabF32) 2ha] 8 Foh SEEiel, E3ke A

the] 2 7o) FolZqlA Yol sl Fhis|o] Glolct

EN®d 22F0M 27F @ Sk o] EntEks
24 FA=Ele] 2o T 378 15 AR
off FitEleleh #h9 AHAE FHER e W E
3 el 5 F7ke] Mt Folv w5 Eel A A=
el a3 A AU A adA 43
edodo] &4 oo} (Fig 20).

Ef228 0l 325 | Fed Folal el &4 skl
3 4le] 74l (angulation) &2 AgE 97, o] 7
Qo] s Ere] BE 24 WEH games
o]l A Foicl F W Z o] imedial plane) & of
Bl g7 2] = & rol| A Fedn, 2Z(lateral pl-
ane) = HH=} upz ollfol # 2t o2 gl
of FalEglA S Ao A g5y
eE Zo| A& 2 e g wdsadc, Fg, ofE
271 TR Ul TetEEe & ol Futal
T §5Y4de] Fasgy, Eey "H3bE T4
& g F7)2a} Sobs| 2Eo] TR v Pl @
& g6k} (Fig. 21). A=} AsHte] a|dE 25
Eelol| slEA 22 w2 Z7kel §0 237t F71
slola, FALHol s dEWEaol 2l 445l

Table 3. Histologic epoches of femoral develop-
ment in fetuses

‘Gestational ages

(Weeks) Histologic findings

9 Primary ossification center
Endochondral ossification

10 Femur of adult shape

| Cartilage canal in proximal
epiphyseal cartilage

12 Marrow cavity & Hematopo-
ietic cell

15 Reconstruction

31 Lamellar bone

Fryfez E74e 3ate] Fokse 257 7
Bl # et olel vl ofEE2E Eadel Enbels
A 2UE] FHAe] Frisldx, FASSAAe
qlalEFe] 7 9 F+2 Tl HelHt
ol 2 qldle] ofE]F7he) AghE 55 funneliza -
tion) = 4l o,

EfZ33FolM a1 =l Eakal Fabebs 2k
#H #Esgan, delydes dF2AE Exld F
=g}, o T FEeL AEEHLY RS aldbe]
Azl o m=zpe] A Sobz) A se] gy FaE
2] oko] Fri=lgla, Fabwke] WS o] 2F =
Wlhel AW Ee F4AHErt of el Ebaka] 4
E3hd] ¢|2 He] E7E o] F ek defel 4y 3
sl £ 7& -ackdlel & 33} o)

o &

elobch | 22l defst 4o Zd A= Fels
of 2]# efe] dimensionol whel 4bs) s FAElelck
18] FHatel] abzel AFAe] Jlmm o4l AF =
L o5l ge] AalZe]r}l B dnm o] el eefoll M
AEade] lomd F7}slel whel of 552 M4 o]
= 0.2lmem 7} Frbgichs dlgdcl #hg! FElsl of
B Eake] el HAcHEFe] lom 420
wel 0.84mm 7t Frletoz Tabxl oE Sk A
ol e o F&Flckn stk ae{zz gk
o] efstel 4 eHE|Fe] AF o T F4uEFL
7} 20% 2k 80%3ia, AFE 2 Aels e 15%E,
164l 215 1W0%E 4 sichn dhedch
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5l Fo] defild 54L& v a3 Gardners ©|
=45 7lesieded £ P dE £33 Gar-
dner 5o B#3 A£7-F oddiol wef vlms) A
o E4e) b, =, A o5 Te S
wb miAg & oafelz) glalon, dAaEEFAAE
W =2, primary bony collar % =74 EauEt
w zalgFe] SHA7] & 2 e HH Gar-
dner 2] #of vl&] 1~25F A|7|"eg o]z} of
2] ellefalld A=l £ WA F o] 47
Mo g of2lefelelly FHFT 5 UL HE Gar-
dner @] Fhabcl Aol A -F#bo| 27mm o]t 2| wfolr}
glelw, =4 37mms} 57ame] Fabshalel] #febslis
glefrb alel?] wiial Beg Adasglc F5d
7 5l A2 347 23 3 faelY 47
Hog via Fasoed, ol & HaAErt o
A o] Ald sy oz oSl o] T4
ulzk o) g4 Es] fBate] & o foldd Aoz
4z} o},

o] Abol| A2} Aro| oHE|F] §4 2 ArFAHLE
ab7|uf] ofoll 4] E7|Ejele] A2l BAte] slgle=g
o 5] 22] wet & ar|ujolels Eefolel o] 2=
A7]7F A4 E7EE FEE 5 e T840
(critical period) ¢l & % & 2otk

2o BE GRS dkdaeld wa
ol o] o] gk vjHEE FHAH W BR
& dlele] A7|zE Bat ol Feo] Ackn sl ®
g ofs| o] Wyge FHEAL FAT FoA
AL 25 280 elen® s Ee T
e dfsled F2 Auchy gdzidco £ 3

Table 4. Comparison of temporal development of

[emur
Histlogic fndings Gardner (0] Suh & Cha (145)
(C-R length,m)  C-R length, m)
Primary bony collar 27 21
Endochondral ossification o7 46
Subperiosteal bony trabecule 37 46
Cartilage canal 57 54
Fusion of endochondral 61 46
trabeculae with bony shell
Marrow cavity 86 69
Remaodeling 92 106
Lamellar bone 277 270

ol 4 efjols] it o AAFAYAE FE AHHI
2] abctelld ZaEel e ol HEES sighobal
235 AEe dgrzsl 9350 A2 Sk
a2y EFAR R od B2, 4 EH
AF4459 FHA o Aol Fad ey
ate] rpsabed i, wjolel = A= A e HA4
4g As BAE 4+ dedone el £y
Yahael & A7 DALY ArRh 2
) eelell @lels XEEFE (femoral condyle) 2}
B pi ol e SAs oo HaAbHe]AA o o«
oz Ay 5E 53 Pl 5o o F
Hof ¥ ez Azhsic

¥ AAg il FdEFAR A A
o] M ZFwlel = Helerd Wi ol SAAHY
£ o 4 Aok 3 AAEHe] e EeE
K frasl date] 3 e dE8ESH
Sol olal ¥ 2 Al Y BLEA
&gkl 22 gta] Fas UG 4528 TEE
i}, Fclof 4 Frle g shaisd HHE prolifera-
ting zone), B (zone of hypertrophy) = %4
M HFEA{E% (zone of provisional caleification) § 2
2 FEEdch Fade] dEAEe £FF 22
glovh HEAS oko] #a, wlmA a2 F HE
2 FAsn o] ge B4 1Al g
2 Fo4 glgich F49e dEMEE H3 AZ
Aol FHE Arzs Hz FHE Bel F2 2%
o2 Fase] vidsedn, F38 HEe Fuiy
£ AFF g o F3HEe] A3

ol s AFHEE Mo dEas] ko] =fF
Fa-ate] sl Ealelel AAsw] 2]He] b A
Hoez FiEgla grE el 7] 2ok{thin bar}) &
velew zlAdele Fo2 wgls] A Y571
datejoich w|idie] dfdEes RS de] £4
glo] vlo] 2le Azbute] HAbs|gdch w]Fof o4
provisional calcification g 2 2 o|dlsl= Foly
L oue a7 ATALA £458D, Bl
Folm wwel 283 o¥ol BT ofd F
e AFALEr NAHD e Huls oFr] gk
o] GAl=la, o] dE7AE THee Feio] £}
AZr} vigisz F71de] Adglegq UAFF
7t Walsledc), olF 458 M2 wsheidA ol
Bz 428 dasA 8% 4 glgded, AE
Aoz o oAl 2 olf=gich 4 A Zele A
Ao o ddzaies s} $8ge o
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et AE713 e sl e of A Fol F
s glod, E dFelMds HapHe|ad 2l gl
ZE gaA drh A=A fgeld 43 &= S
g 44 34 € 471 gk

£ FHell M vl YAl & FAR AFH R
9 e GAL AT AR sk, o

“-]-‘—*ﬂi?]' Wl EE = b dAEx|d e akzrew
n1L e 713l HilHiFes sagodsl 2
e LAS I 5 43994 249 FHEEF
o Hzbe|A] 449 FH Fae obd Ao 4z
Helek, 448 F3 42 oAz o5
g A EFe] sk8 wHAa Y3lse] de Ao 4y
zhslef,

A e} 7|3k Fob HE TR E T F ey
AfatE: TS Ud AFHAHHEESL] F4 o
gatstgled ol M2 HA4GH dF22E gy
=z &t 5o] #Hrlebe appossitional growth® 4 zh sl
ek gl oddefe] gle dEEFe] FddqE o
HE A E fAEs e, ol FEHE 43 gl
+ Adzae dlEzales FihEe] A48 e
= 4zt i

Tl aledde] W) AFHEF 2 Zey
v W58 o g HAEE bony collar b A al el 7
b Feled fAeA v Fdialz] SaEald, e
247H2 bony collar ] LAY Hshs o Fo Ykt
g A 9 £3d Fe 7154 o g He

g dFds dEHAEEF FHEoE dEle vid s
Al F=dle 4982 g o 5o gl 2y
o 25 v & 8 Tl primary bony collar 7} &
HEE e 9o primary bony collar & 4] g
t FHel gapEsgAde] gadsledn, dEFHEH
zhfio] zldl Yol olel primary bony collar = 4 2
W2 v Ed ol Az ffn ALKHo g
Ao S A g #Selg ey dals
+ 3 F2& o|Fo|4 primary bony collar 7} =&
W 28 AdE FEHF= ozl 7548 4
ZHef Bgtn, gl Aaledoe] wlFo ML R
Hrt §43 Frlger 4atededs] =z &g
ofof sl A2 viad YA FuF F=lE
A =He elf7t olo] dF5% A€ e 9
o F7|22 438 2olx, primary bony collar 7|
A oe s|Fols AAslzed YAaedoe] y
HAAZAE A4zl led= 438 L5l =2

M9 A 4 & 1985 —

2iut ole Pl APFE el o] Eo FA Fol
A BAsEe dE3HEHAAEE Al daten,
Be oed EWEF A7t s sl efof 8]

dareddol FAE ol fell FAEUAF H4
5 Ade] Tk o ub2E]n, whr]e el rhu
A ez wighEls Hale dislEe AF el
Fuisel wial 87} ol M2 L2z FdsE g
a| sl olef o] Eshe] A #lA e o] alo]r} Fof
of &l g5l olAA=x Wi A wir gl

22 3l E&8

g3l wiel wl ol 5Tl 415 o=
146+ F ez slo elgiz =2 4y
Hhebbd 3 FEtde|d e Asia ofFap 3
AEE il

1) dhEl=2 42 whed 55 slz5F 4
st ¢l Fufelzlede] Asle 4 =hg|elc)

2) s 6~ 9+ @EEN ¥F¥X# (precarti-
lage blastema® o] T 23| HA4Y=gla, pri-
mary bony collar$} @z} Z#F4l2] HH4ozg o
=3t gk gl

3) e 10~14Fell= FdF0A S dFH 4
Adgde] F4sgln, Felda THLz0 gt
Helen, 242 oFEclel] Halo] Fdsdc
g T4 AR o TsbEelgia, oy
F9 el o129 Ask R4bsiddek

4) B & 15~305o] = FH (remodeling) o 2]
a Fbkche] H4 9 s Fak2] SrF3Hfunneliza-
tion) 7} = gl =},

5) ® & 31~40F4 =
ol 4 3 A= g

6] primary bony collar = = FHE2 332
stefep Ol eh A salslgl o daledodyol of F
v) | o] A Slabslz] okebch

7) =3l gl EnilEEez

55 (convex) 3hA| gh=|gl 3, wf @255 ol & lan-
gulation) 41 2. 2 w3l g|al onf shabe] golelai=
o] o allajajAs] Fodgalafrt o] itslzl 3o}
o, & =9EUdF WS dEFFe Ay
W = FAe fAsd e, e giAa A
of sizlstmzs HelSadg dis|F2] FIof 43
Elo] w5l

rle :»E. r'
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= Abstract =

Morphological Observation on the Prenatal
Development of Human Femur
— Analysis of 146 embryos and fetuses—

Yeon-Lim Suh, M.D. and Je G. Chi, M.D.

Department of Fathology, College of Medicine,
Seoul Natwonal University

To evaluate the prenatal development of human

femur, a histologic study was made based on normal

femora of 24 embryos and 122 fetuses ranging in age
from 5 to 41 weeks of gestation. Following observa-

tions were made.

1) The femur starts to be formed as mesenchymal
condensation in the lower limb bud at 5 weeks of

gestation.

2) By the end of the embryonic period (8 weeks),
most of the skeleton of lower limb bud consisted of

cartilage model defined by perichondrium.

3) At 9 weeks of gestation, endochondral ossifica-
tion and primary bony trabeculae were prominent in
the central portion of cartilage model.
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4) At 11 weeks of gestation, along with pregression
of endochondral ossification proximally endochon-
dral growth zone was established near the proximal
chondro-osseous junction.

3) At 12 weeks of gestaton, most centrally located
trabeculae were removed, and the marrow cavity and
hematopoietic cells were recognized. The cartilage canal
was also recognized at this time in the proximal epiphy-
seal cartilage.

6) In the middle of prenatal life (15-30 weeks), the

shape of the femur was reconstructed by remodeling
process.

7) The lamellar bone began to form by 31 weeks
of gestation.

#) At 15 weeks of gestation, proximal end of ossified
shaft showed convexity, and at 29 weeks this convexity
was altered to form a rather distinct angulation.

9) As the fermoral shaft elongated, primary bony col-
lar continued to develop near the growth plate and
remained at the level of the hypertrophied cartilage.

Legends for Figures

Fig. 1 5 week embryvo, sagittal section. The lower limb bud with early central condensation of mesenchyme
and an ectodermal covering, (H&E, X100)

Fig. 2 6 week embryo, sagittal section. The central mesenchymal condensation showing more larger nuclei,
mitotic figures and blood 1slands, (H&E, £400)

Fig. 3 6 week embryo, sagittal section. The precartilage blastema consists of vesicular nuclei and intercellu-
lar matrix. (H&E, X100)

Fig. 4 7 week embryo, sagittal section. The cartilaginous model defined by perichondrium, (H&E, X100)

Fig. 5 8 week embryo, sagittal section. An elongated form of cartilage model with hypertrophied chondrocyt-
cs in the middle shaft, (H&E, X41)

Fig. 6 814 week embryvo, transverse section. Primary bony collar s evident in the surface of the cartilage
model, (H&E, X200)

Fig. 7 End of 8 week embryo, sagittal section. Primary bony collar is evident in the surface of the cartilage
model, (H&E, X200)

Fig. 8. 9 week fetus, longitudinal section. A primary ossification center is prominent, being invaded by blood
vessels and osteoblasts in the middle shaft of the femur, (H&E, X1040)

Fig. 9 O week fetus, longitudinal section. Destruction of cartilage by the blood vessels and osteoclasts in the
primary ossification center, (H&E, X400)

Fig. 10. 9 week fetus, longitudinal section. Primay bony trabeculae produced by osteoid deposits in the rem-
nants of caleified cartilage. (H&E, X400)

Fig. 11. 9 week fetus, longitudinal section. The subperiosteal bone and two distinct layers of penosteum, on
outer fibrous layers and an inner osteogenic one. (H&E, X100)

Fig. 12. 10 week fetus, longitudinal section. A fernur of adult shape is seen with a prominent greater trochan-
ter, slender neck and round head, (H&E, £100)

Fig. 13. 11 week fetus, longitudinal section. The cartilag canals contain capillaries in the region of femoral
neck. (H&E, X200)

Fig. 14. 12 week fetus, longitudinal section, The central marrow cavity showing perivascular collection of hema-
topoietic cells, (H&E, X4N)

Fig. 15. 13 week fetus, transverse section. The cortical portion of the fermoral shaft consists entirely of subpe-
riosteal bone, (H&EE, X4

Fig. 16. 14 week fetus, longitudinal section. The endochondral growth zone demonstrating various zones of
cartilage. (H&E, X40)

Fig. 17. 14 week fetus, longitudinal section. The endochondral growth zone demonstrating various zones of
cartilage. (H&E, X40)

Fig. 18. 15 week fews, longitudinal section. New bony collar continues to develop adjacent to the level of byper-
trophied chondrocytes. (H&E, X100)

Fig. 19. 15 week lewus, longitudinal section. Metaphyseal remodeling showing zone wath extensive osteoclastic

activity on the lateral surface. (H&E, X200)
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Fig. 20. 30 weck fetus, transverse section, The growth zone for the lesser rochanter at the right angle to the
temoral shait. (H&E, X40)

Fig. 21. 33 week fetus, wransverse section, The lamellar borne formation in the periosteum. (HE&E, X100)



