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Radiographic and Histological Studies

on Bone Growth in Japanese Domestic Cats

Tatsuo SUZUKI

The skeleton in vertebrate animals has an impor-
tant function in that it supports and protects the
structure of the body. In the process of development
of bony tissue most of the skeleton, that is the bones
of the trunk, legs, etc., physiologically begin to
develop from cartilage during the embryonic peroid.
During the peroid of growth, then, the epiphyseal
nucleus appears at a certain site at a certain time.
It differentiates and enlarges so as to fuse with the
diaphysis. This fusion is called an epiphyseal line.
The line aisappears, and the bone matures at a certain
time. The radiographic diagnosis of bone is neces-
sary to understand the complicated process of develop-
ment and growth of the skeleton regarding the site,
appearance of and time of fusion of the epiphyseal
nucleus.

When radiographic diagnosis is clinically neces-
sary for small animals, it mainly involves examination
of the skeleton. Especially, in the case of ortho-

pedic diseases, radiographs of the skeleton of young



animals during the peroid of growth are always used
in diagnosis because they reveal the different sizes
of bone, degrees of ossification of bone, and differ-
ent images.

Usually, 7- to 1l2-month-o0ld cats which have
reached maturity are treated as adult animals both
clinically and experimentally, but the skeleton at
that age is not completely mature.  Therefore, it is
inappropriate to consider animals as adults on the
basis of sexual maturity. Animals with a mature
skeleton should be considered as adults.

It is well known that bone growth is an impor-
tant index for determining the development of animals.
Also, bone age is a reliable index for determining
biocological time.

The most applicable method for estimating bone
age is to observe radiographically the growth process
of the skeleton in accordance with aging, that is,
the appearance of the epiphyseal nucleus, the differ-
entiating and enlarging process, and the time when
the epiphyseal nucleus completes fusion with the dia-
physis.

Regarding the growth of the skeleton in accordance
with aging, dry human bones have mainly bgen studied
anatomically. Since X-ray was discovered by Roentgen

in 1895, there have been many observations of morpholo-



gical changes —from the time of appearance of the
epiphyseal nucleus to completion of fusion with the
diaphysis —mainly based on the data obtained from
radiographs of radiocarpal joints. These observa;
tions have revealed that bone growth in man stoés

when he is 18-22 years old. They also can be applied
to studies on the growth of infants and adolescents

or to the diagnosis and treatment of various bone
diseases.

On the other hand, there have been radiographic
studies on the growth of the skeleton in animals such
as horses, sheep, dogs, monkeys, rabbits, mice, etc.;
'éspecially, there are many reports on such growth in
dogs.

There is little information about radiographic
studies on the growth of the cat skeleton. Bresson
et al. observed the formation of the epiphysis in the
long leg bones, Boyd studied the appearance of the
center of ossification in the legs in fetal cat skele-
tons, and Smith studied the appearance and fusion of
the epiphyseal nucleus. However, the cats used by
these investigators were born in laboratories; that is,
they were kept under controlled conditions and were
given a steady diet. Therefore, they were different
from the cats which the author usually has experience

with clinically.



It is known that there are differences in the
growth of the skeleton in dogs according to conditions
and food. In order to establish a policy for the
estimation of skeletal growth when diagnosing pet éats,
the author observed radiographs of the leg bones in
206 cats Iday to 24 months old. \ Also, in order to
identify each change in radiographic findings, the
process of ossification in the growth zone was histolo-
gically examined regarding the development of the grow-
ing bone in the humeri caput.

Observation of the growth process of the normal
skeleton seems not only to reveal bone age bu£ aiso
to provide important basic data for determining nurtri-
tional defects and breeding time, for diagnosing bone
diseases, and for veterinary orthopedics. Such obser-
vation also seems to provide important data when cats
are used as experimental animals. |

The subjects were 206 Japanese domestic cats ( 87
males and 119 females ) which were not born in labora-
tories. They were pet cats and were recognized as being
healthy clinically. Also, the date of birth was known.

Radiographs of the left foreleg bones ( scapula,
humeral bone, antebrachial bone, carpal bone, and meta-
carpal bone ) and of the left hindleg bones ( femoral
bone, leg bone, tarsal bone, and metatarsal bone ) were

taken anterior-posteriorly and mediallaterally.



The criteria for estimating maturity of the epi-

physeal nucleus were determined according to Owada &

Sutow’s classification in which the morphological
changes in the epiphyseal nucleus from the time of
appearance to maturity in accordance with aging are
divided into 11 stages ( 0-10 ). \ Since some sites
did not always show regular stages, however, new
stages were determined.

The histological changes of the epipysis in
accordance with aging were examined in the left
humeral caput in 1-, 5-, 10-, 20-, 30-, 40-, and 60-
day-old and 3-, 7-, 12-, and 24-month-old cats which
were obtained from their owners.l The humeral caput
was cut longitudinally on a median plane so as to
include the epiphyseal nucleus, and thin slices were
prepared by a conventional method and were stained
with hematoxylin and eosin.

By means of digital micrometry, three sites to
every preparation were rendomly selected for deter-
mination of the width of the growth zone of the
epiphysis, which éonsisted of a zone of residual
cartilage, a zone of cell proliferation, a zone of
mature cells, and a zone of calcium deposit.

The following results were obtained:

1) The epiphyseal nucleus appeared the earliest in



the humeral caput. This finding was observed in all
of the 7-day-old cats. Subsequently, it appeared in
the distal edge of the humerus, in the femoral caput,
in the distal edge of the femoral bone, and in the
proximal edge of the tibia. Such fingings were
observed in all the cats under 15 days of age.

2) The epiphyseal nucleus appeared in the distal edge
of the tibia, the proximal and distal edges of the
radius, phe distal edge of the ulna, the distal edge
of the metacarpal bone, the distal edge of the fibula,
and the distal edge of the metatarsal bone in the 15-
to 20-day-old cats.

3) The epiphyseal nucleus appeared in the ulnar caput
and in the proximal edge of the fibula in the 26- to
30-day—-old cats and appeared about 15 days later than
it did in the humeral bone and the femoral bone.

4) The more the epiphysis was compressed, the earlier
the nucleus appeared. In addition, it appeared
earlier in the proximal epiphysis than in the distal
épiphysis. These phenomena were observed in dogs,
and it is interesting to compare the functional growth
of each bone between cats and dogs.

5) There was a difference in the time of appearance of
the epiphyseal nucleus, but morphological findings

peculiar to the epiphysis of each bone were the same



within about 3 months at every site. At that time,
the ratios of zone of cell proliferation, the zone of
mature cells, and the zone of calcium deposit to the
width of the growth zone were constant histologically.
6) The fusion of the epiphyseal nucleus and the dia-
physis was completed the earliesé in the distal edge
of the humerus. Fusion was completed in the distal
edge of the radius, the femoral caput, and the distal
edge of the fibula, respectively, in the cats less
than 7 months old. Fusion wés completed in the distal
edge of the metacarpal bone, the distal edge of the
tibia, the distal edge of the fibula, and the distal
edge of the metatarsal bone, respectively, in the 9-
to 10-month-o0ld cats.

7)'The distal edge of the femoral bone and the humeral
caput weré fused in the cats under 12 months of age
while the proximal edge of the tibia and the humeral
caput were fused in the cats 15 months of age. How-
evef, the epiphyseal line remained in the distal edge
of the radius and the ulna of the cats less than 22
months old.

8) The ratios of the zone of-cell proliferation, the
zone of mature cells, and the zone of calcium deposit
to the width of the zone of bone growth in the humeral

caput were high in the 3- to 4-month-old cats.



9) The zone of bone growth was observed in the edge

of the diaphysis and in the margin of the epiphyseal
nucleus. The degree of growth was high in the dia-
physeal edge, in the area facing the articular side

of the margin of the epiphyseal nucleus, and in the
area facing the diéphyseal side of the margin of the
epiphyseal nucleus, respectively.

10) The ratios of the zone of cell proliferation and
the zone of calcium deposit to the width of the zone
of bone growth in the humeral caput were high in the
cats less than 20 days old. Especia%ly, the arrange-
ment of cells in the zone of calcium deposit in these
cats was 3-4 layers but -later decreased to 1-2 layers.
11) Even in the cats approximately 12 months old, the
epiphyseal line was slightly revealed by radiography
and the growth zone was observed histologically.

12) In domestic animals, the epiphyseal line generally'
existed until estrus, and it is believed that the line
is later replaced by bone. However, when éompared

to sexual maturity, bones matured late.

13) Radiographically and histclogically, the bones of
cats not born in laboratories matured when the cats

were 15- to 1l8-month-old.

On the basis of the above-mentioned results, a



policy for estimating age in accordance with skeletal
growth in cats was obtained.

According to the results obtained concerning bone
growth, bone growth was completed earlier in this study
than in Smith’s study. The difference seemed to be
due to a difference in the cats used ( the ones in
this study were pet cats while those in Smith’s study
were not ). It is very important to radiographically
clarify the process of ossification in accordance with
aging in the epiphyseal nucleus of pet cats in the
diagnosis and treatment of bone diseases and especially

in determining the prognosis.



5% o X1 K X% XX 0L
25 6
2 :
2% y
i €
“i !
i Za Po Za Bie 2 %] 0
Tl T Zi0L 01-8 80 9-b b-f £-7 00-1b Op-ig 0E-IZ 0Z-1L 01-9 ST L | sv

e|ndeds JO SJ423Uudd
Uo131ed1}1SSO 9|248gn] jeploud|Besdns e juswdo|sAsg ‘L 9|qgel



5 A A 0l
A 5 A 6
A A X% g
A X % L
2 9
% 5% % :
> % %% % % v
ﬁ_ me [4
N&_ mm\o_ :&. l
Z %% 2| o
SyIuO she( epeIn
v2-Gl GI-Cl 2I-0L 01-8 8-9 8-v ©-€ €-7 09-lb Ov-IE 0E-1Z 0Z-1L 01-9 S-Z | |o5v

sniswny jJo sJajusd
uoljedlyisso sisAydide jewixoud je juswdo|anaqg ‘Z a|qe]



s 5% M 5 2 2 X 0l
A 6
2% 8
2% L
55 9
% 5
N\NE 1
&. .LNN £
21 % A
%t % L
2% %% %% Ya| o
TR o o
t2-Gl §I-Zl ZI-0L 01-8 8-9 9-% t-€ €-7.00-lb Ob-IE 06-1Z 0Z-1L Ol-9 G- | |osv

sniawny jJO SJ.3]1udd
Uoileotljisso sisAydida |e3sip 3e juswdo|snsag ‘g 2|1qel



% % 4 oA X A ol
% % 6
A B M4 8
5 X% L
21 % 9
VN R\m_ G
Zo 2 b
2 % £
% % z
% % !
U %Y % Pal o
TEel 61Tl 7100 01-8 8- 9-b p-f £-Z 09 Ov-lE OE-IZ 0Z-H 019 ST L | eay

snipeJ JO SJ43}1uadd
uotiediljisso sisAydids |ewixoud je juswdojanag ‘¥ 9iqel



2 A oL
5 X 4 | 6
N 5 A 8
A48 Y A5 X4 L
m\_ VN x m\m m\m Z\: 9
Zn 2% G
E\m .m\i v
% % £
1]} Zl
£ 4 A
2 2% 1
o\_, N\_\. %\S mm\mm c&_ 0
SYjuopy sAe( ap8l1D
47-51 GI-ZL ZI-0L 01-8 8-9 9-% ©-€ €-Z 09-Iv Ob-IE 0-1Z 0Z-1L O01-0 S-Z L | osy

SNIpeJ }JO SJI91UdD

uoiledi}i1sso sisAydida |ei1sip l1e judwdo|andQg 'S a|qel



% % A i]
2% % A 6
X% XA 8
5 40X L
A 45 X% Y% 9
% 5 :
mvm_ v
% £
mNm ¥ (A
% % 1
% % %% P& Y| o
521 G170 Zi-0L 01-8 8-9 O-U b-€ £-7 09-W Op-IE 0EIZ 021 O1-8 §-T | |oiv

UOUBR 1D |0 }O SJU9}USD UOI1EDI}ISSO je juawdo|ansg °9Q a|qge]



4 oL
v A A 6
A 4 8
M k5 kK X L
Y 5% A A kK % 9
Vm Z\: g
% b2 1
% A £
% z
% % !
% 2 % %% a0

el GIZb ZI-0L 01-8 8-0 8-V b-f £-Z 09-1% Ov-IE 0E-1Z 0214 01-9 ST 1 |esv

, BU|N JO SJUB]U3D
uoiijediji1sso sisAydida jeaisip je juawdo|anag °L 2|qgel



oL
2r X s 6
5% 2% K 9
% 5
% = b
% % £
ﬁ mN\E __\_N c
% % 1
N_\S ym mm\mm x_ 0
LI o —rEE
$7-GL SI-ZL Z1-0L 01-8 8-9 9-v Y- £-7 09-ly Ov-I1€ OE-1Z 02-1L O1-9 G- 1 | esv

auoq |edied AJ0ssddoe j0 jusawdojansg ‘8 ?|gel



X XA M o~ -
R, !
L7 a1 1 .
oS¢ 2y ;
Y Fa g
X 2 §
> v
o Be m
< Z
bt | |
U2 R Pg Pa| o
e 1l 7101 01-8 8-9 9-0 - £-7 091 Ov-lg 0512 0Z-1 018 ST L |esv

auoq

lediedelaw puge JoO sId3UdD

uoriledljisso sisAydide jeisip e juawdo|dad "6 3|qQel



ol
5 5 X4 6
S X 8
M K L
S B B 9
\v G
M b
9% g
gg By Z
Y Y5 2 |
e g Y%l o
syjuoOp s K8 (] ) apeain
vz-GL SI-ZL Z1-0L 01-8 8-9 9-bv v-£ €-Z 09-lv Ob-1€ OE-1Z 0Z-11 O1-9 G-2 L |oav

ANW3} JO SJU8IUBD
uoijedi}jisso sisAydide |ewixold 3je juswdo}anag ‘Ol 9a|qel



3 XN XK X oL
M 4 M 6
5t 54 24 8
A 2 5 L
sy P % 9
mwv— G
% p
2’2 £
2% 4 z
M B Za !
%6 22 6| 0
—Tw T TF
$2-S1 GI-ZL ZI-0L 01-8 8-9 O-% t-£ €-Z 09-1p Ob-IE 0E-1Z 02-1L Ol-9 §-Z | |eav

inwaj) |0 S132jusd
uoi11ed141ss0 sisAuydide |eisip je juswdojansg ‘kL diqgel



% M oL
X M XK 5 A7 6
5 3K X g
% 5 L
2 B 9
Lz
. ]
25 b
\ \ £
\ \ \ _\ [A
\ \ l
9y L mm\mm 51 o
SYyjUoOy sAe( apean
t¢-s51 sl-Zl ¢i-01 oi-8 8-9 9-v v-€ €-7 09-lv Ob-1€ OE-1Z 0Z-11 01-9 G-C | |ssyv

B1ql} JO SJ4d]1UdD
uoiieatl4i1sso sisAydide jewixousd je jusawdo|ansag °2L a|qe]



S 5% MO PA oL
3 5% oM ;
st 3 3 :
Vm\ el W«m L
Lt g
B A 5
m\N.v c—.v v
> 5 £
X ¥ z
2% \
3 B P 26| 0
el 2l 2101 0l-8 8-9 8-t b-f -7 09-v Ob-i€ 0E-IZ 021 01-9 §-Z | v

B1ql] JO SJ1d3}udd
uoijed141ss0 sisAydids |eisip 1e juadwdo|ansg ‘€L d|qel



oL
21 A1 6
2z 29 2 8
S5 M L
21 9
2% % 5
1 b
hNo_. ¢
2 2 z
5 2 1
20 %5 B4 Y B O Yal oo
e G1-ZL 2001 01-8 8-8 8-b b-E £-7 001y Ob-IE 0S-IZ 02-1L 09 S-Z L |osv

uoiledrjisso si1sAydids

BINQl) }O SJBIUBD
jewixoud je juswdo|ansag ‘tL ajqel



5 N M XN 0L
2 O O M M 6
M 2% 2K 5% 8
k k Vm_ L
\Qm_ WNm g
m_\ Ww_ G
GZ
9 1
X ¢
)1 Z
24 1
2 P P 3 Y5l oo
SYjuUoOl . sfe( ' apean
t¢-si Gi-¢l ¢i-ot 01-8 8-9 9-v v-£ ¢g£-z 09- Ob-IE OE-1Z 02-11 01-9 G-C | |osv

B|NQgl} }JO SI8djudd
uotiledijisso sisAydids |elsip je jusawdo|aAag Sl a|qge]



oL
e 5% 4
52 ol 0L

5 5 Y U 6
m\_m\mvﬂmmh\Na\ 9
L 4 5

L X b

£

0

sqiuon skeg apein

$7-Gl Si-Zl Zi-01 01-8 8-9 9-b ¥-€ €-7 09-lv Ov-1€ 0E-1Z 0Z-11 OL-9 S-CT 1 | esv

auo0q shaued|ed JO jusawdo|aAdqg ‘9L a|qe]



2 0% MHOX 0l
B¢ A 6
M 24 X 8
S8 35 X M 4 L
X va\_ mNN 9
% 5
b y
mN¢ y e
A z
1 !
2 24 P P 0
rPETITaS s s
$2-61 SIZL Z1-0L 01-8 8-9 8- ¥-C £-Z 09-1y Ob-IE 0E-IZ 02-1L O1-9 G-Z | |eav

au0Q |esJelelaw pIE O SID]1USD
uoi1led141sso sisAydide jeisip 3je juawdo|ansg °Li 3|qel



(sebueTeyd o3 IETTWTS)

*syjuow g 3je

stsAydetp Yy3aTM sa3Tun ‘siep gz - 0z 3Ie saeaddy
*U3aTq 3e p3TITSSO

*U3axTgq 3e pPLaTIISSO

*syjuow ; 3@ AI10ossaodoe JO Apogq Yitm
sajTun pue sAep Qof - Gz 3Ie saeadde Kiossoao0®
jo stsAuydrda ‘y3atq 3e pPaTITSso K10SSd00Y
*syjuow g 3e

sts&Aydetp y3zTM Sajtun ‘shkep gz - 0z 3Ie saeaddy
. *syjuow L - g/T S 3®

stsAydetp YatM sajtun ‘skep gp - 0 e saeaddy
‘Y3 aTq 3e pIOTITSSO

, .msupoe 6 - 9

3e s1sdydetp Y3TM sajztun ‘siep GT 3e saeaddy
‘syjuow 9 - ¢ 3e

stsdydids yaztm Sa3tun ‘shep 06~ 0¢ um s1eaddy
.msucoe GT 3®

stsAyderp y3T# Saj3Tun ‘siep ST - T 3@ saeaddy
‘UIIT 3e paTITISSO

*sfep G9 -~ Gy sieadde 193U3D UOTILOTITSSO
*Syjuow g1 - 6 3®

stsAydeTp yitm sajtun ‘shep g - ¢ e sieaddy
*skep GG ~ 6¢ 3e saeaddy

*sAep Gy - 6£ 3e saeaddy

*syjuow L - zZ/T 9 3e

sTsAydetp y3ztm sajtun ‘sdep g - ¢ 3e saeaddy
‘Y3aTq 3B PITITSSO

"U3aTq 3® PITITSSO

_ ‘sSyjuouw 6 - g 3e

sTsAydeTp Y3TM sa3Tun ‘sdAep gz - 8T 3© saeaddy
‘Y3laTq e pI3TITSSO

*syjuou

Z/T v - v 3e Kiossoooe Jo Apoq YjTs Sa3Tun pue
syjuow z - 1 3e sieadde Kaossoooe jJo stsiydrds
‘sfep gz - 0z 3e saeadde 3sa13 A1osssooy

*syjuow 8T - ST 3®
stsiAydeTp YaIMm soa3Tun ‘sAep Ggg¢ -~ g1 saeaddy

*syjuow QT 3e

stsAyderp yiltM sa3ztun ‘sdhep gg¢ - Tz saeaddy
*y3laTtq 3e pITIISSO

‘syjuouw 8T -~ ST 3®e

stsAydeip y3Tm sajrtun ‘skep 6z - g saeaddy
*syjuouw /1T 9 - ¢/1T ¥ 3®

stsAydetp y3zts sajtun ‘skep GZ - g1 siaeaddy

*Y3arq 3e paTIISSO
*syjuow z/T ¢ 3 SaTApuod TeIalel
Y3aTM sa3Tun ‘syjuou gz - T siesaddy
€ 3e
y3lim sajtun ‘skep gz - 0T saeaddy

pue TeIpau
*syjuow y -

st1siydetp

*syjuow $T - CT 3®

stsAydetp y3Tm sajtun ‘shep L - T saeaddy
*Y3zaTq 3e pITITSSO

*y3atq 3e paT3ISSO

‘syjuow z/T Z - ¢ 91o13qn3 Teprouaibeadns
Y3aTs Sa3Tun ‘syjuow g - z/T T saeaddy
*syjuow ¢ 3e Apogq YT

sa3Tun ‘syjuow g - /T T 3¢ saeadde 3sITd
*Y3aITq 3 PIOTITSSO

auoq TeSIejlEjBW
pxg 3o stsAydrda Te3sTIp

stsAydeTp
auoq sniebeiajse

duoq snauedTed
stsAydida Te3sIpP

stsAydida tewrxoad
stsAydetp

sTsAydrds Te3ISIP

A3Tsoxaqny TRTIQII

sTtsAydida Tewrxoad

stsAydetp

sSaTApuod
TeI93eT pueTRIpaW

JOUTW I33URYDOIZ

1ofew xd3uRYD013]

sts&ydtds Tewixoiad

stsAydetp

2uoq Tedieoejau
pag 3o stshAydids Te3lstp

stsAuydetrp

auoq Tedieo Aiossadoe
s1sAydida Te3sTIp

uoueIO3TO
sTtsAyde1p

stsAydrda Te3stIp

stsAydrds Tewtxoad
stsAydetp

sa1Apuootda
TeId23eT pue TRIpaW

soTApuod TeI9jeT pue TRIpaU

(uoT3eDTJFISSO JO
S193uU80 g-z ATTRUOTSEDDO)
stsAydide tewrxoad

stsAydetp
ss9ooad pTOORIOD

2To19qny Teptouatbeiadns
Apoq

sabueTeyd

Tesaejeleln

SQuUOg TerSar]

eINqId

BTQTL
eTTa3Rd

anwag
sabueTeyd

sndaeoe3yon

sauoq Tedaed

e'uTn

snipey

SnI{WNH

9ToTARTD

erndeds

UOT3EBOTIJTSSO JOo oby

UOT3BDIJTISSO JO

sI193U3D

UOTIRDTITSSO JO

auswdoTaaad “gT oTded



Table 19. Real number at proximal epiphysis growth zone

of humerus attend on aging

Zone of resting cartilage

I 1 m Zone of zone of
Age peal number cell proliferation calcification
‘Fm) Zone of
(%) cell maturation
5 635.95 769.20 616.72 583.56 288.19 350.57
(19.60) (23.71) (19.01) (17.99) (8.88) (10.81)
10 442.10 1522.06 382.36 419.32 337.28 378.24
(12.73) (43.53) (11.04) (12.03) (9.74) (10.88)
20 352.46 2376.22 231.25 256.74 238.98 313.99
(9.35) (67.23) (6.14) (6.81) (6.34) (8.33)
30 240.43 2840.85 135.33 328.95 334.05 334.87
(5.74) (67.23) (3.24) (7.91) (7.93) (7.95)
40 116.87 3448.18 136.84 334.46 259.78 320.92
(2.97) (74.61) (2.55) (7.25) (5.66) (6.96)
60 183.51 3618.37 124.19 426.83 290.69 341.71
Days (3.71) (72.47) (2.53) (8.60) (5.86) (6.83)
3 150.59 5408.44 92.24 292.23 123.88 306.92
(2.37) (84.97) (1.45) (4.59) (1.95) (4.67)
7 133.48 6031.89 89.65 204.62 77.91 222.45
(1.98) (89.09) (1.47) (3.01) (1.16) (3.29)
12 87.06 5497.27 15.62 135.20 27.64 153.85
months (1.47) (92.87) (0.26) (2.30) (0.50) (2.60)

Notes ; I :

zone of resting cartilage from articular portio to

lateral margin of ossification centers.

Part of ossification center contained zone of cell
proliferation and maturation.

zone of resting cartilage at medial margin of
ossification centers.
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Figure 22

Histological view on growth zone of
humerus(30Odays).(a) Hematoxyline—
Eosin stain(H-E) ,x2.96 (b) H-E,
Xx30.3 (¢),(d) H-E,x75.1
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23 Histological view on growth zone of

Figure

humerus( 40days) .(a) Hematoxyline—
-E).,x2.26 (b) H-E,

Eosin stain(H

%XBO.3 (), (d) H=E X786 .1
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Figure 24 Histological view on growth zone of
humerus ( 6O0days) . (a) Hematoxyline—
Eosin stain(H-E) ,x2.96 (b) H-E,

x30.8 (¢c),(d) H-E ,X75 .1
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25 Histological view on growth zone of
humerus(3months).(a) Hematoxy!l ine—
Eosin stain(H-E) ,x2.96 (b) H-E,
x30.3 (c¢),(d) H-E,X75.1
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Figure 26 Histological view on growth zone of
humerus (7months) . (a) Hematoxyline—
Eosin stain(H-E),x2 .96 (b) H-E,
XB0. 8 (£),(d) H=-E,XT7T5.1
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Figure 27 Histological view on growth zone of
humerus (12months).(a) Hematoxyl ine—
Eosin stain(H-E) ,x2.96 (b) H-E,
X30.3 (d) H-E,X75.1



Figure

28 Histological view on growth zone of
humerus( 24months).(a) Hematoxyline—
Eosin stain(H-E) ,x2.96 (c) H-E,
X765 .1




