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= Abstract =
Effect of Posterior Spine Fixation With Bone Cement on Vertebral Growth Plate
and Disc in Dogs
— A Histological Study —

Myung-Sang Moon, M.D., In-Young Ok, M.D. and Kee-Yong Ha, M.D.
Department of Orthopaedic Surgery and Catholic Medical College, Seoul, Korea

In this study, author tried to clarify the chronological and histological change of the growing spine after posterior cement
fixation in dogs. The material used for the study consisted of 24 male mongrel dogs, aged 8 weeks. Lumbar spines, from 3rd
to 5th were fixed posteriorly with bone cement (Zimmer Co. US.A).

After posterior spinai fixation with bone cement, there dogs at a time were sacrificed every 4 weeks up to 32 weeks, and
Aistologic changes of intervertebral disc, growth plate and the vertebral bodies were observed after hematoxylin & eosin
stainning with light microscope.

The results obtained were as follows:

1. Thinning of the growth plate and distortion of the cartilage columns developed gradually after posterior cement fixa-
tion of the spine, but premature closure of the growth plate did not develop and the growth of the vertebral body con-
tinued till 32 weeks after operation.

2. Intervertebral disc thinned posteriorly and widened anteriorly without any changes in subchondral cortices, though
there is some bony atrophy in the body which is represented by the thinning and coarseness of bony spicules.

3. At 16 weeks the cartilage layer of the vertebral end plate became thinner, and at 32 weeks there were profound
degenerative changes in the cartilages.

4. After fixation of the spine, the nucleus pulposus gradually degraded and was replaced by fibrous tissues, and began to
adhere to the vertebral end plate at 24 weeks and completely adhered to it at 32 weeks after fixation.

5. The direction of the horizontally arranged annulus fibrosus began to derange from 24 weeks after fixation, and at 32
weeks all the fibers of the annulus fibrosus were vertically arranged completely.

Through this study it is found that posterior spinal fixation with bone cement affects growths of the vertebral growth
plate, and end plate slightly, but there were no cessation of cartilaginous growth which might later cause the vertebral defor-
mity. Also it is clarified that posterior fixation of e spine with cement develops noticeable degenerative changes in the in-
tervertebral disc and thereby develops the lordotic curve of the cemented segment of the spine.
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late. Zimmer. U.S.A.)oll &3k kg o] #{ 3 A 7bol} ul
2 Ao g o7 Adke 2Ech Al WA
He A 33 dge 2 dglel Folo]Exkell dxt ¥
Asid 2 FFs A% mi ol 7] olFol whe} ol el
3 AadAel laisolct gk,
el e B4 Lolold A3 Adol 7 FF

Aujagol by FAA ol godd, Aol A%

lebe 2% 4¥E ez ol s F Y93 Fob

ol 4 Z ulFE zAstE FAL Folgheh, AAb Lo}
g} strizte olwl Aol A7) Bradford(1974)‘)
Lo 93t Milwaukee brace 5% o] &3 w44 2o
2% Hagvt odyn, HFAEE ‘\']“"]' + Halo-pel-
vic traction 3 B2 FHES AAFo 2 mA] 715
g onl, B3 Yau'? 5(1974)& A3 e g A
N L EEEE T Dk
shoich, @dHozE o] F o] 9ol Scoville(1967)'% 2 ce-
mentS o] &3t} o] Helgto] gt HYE A3t
Qow, £3 FobF AFEFHE cementE AR T
2H4E AAzE £l ’é Aol AL Foisted A
#3dc} ez, Vel E & APl dE
g vl 214(7';!74]%?, 1980) ",

2ol oz FuelAE 44-9) grlel st FHul
Wgo] g Z4F A7) A= e oby 22
hAl S wlojubAl B& Abefel Qli, LolellA FHwiwly
¢ iXY BHoz HEFuages AAda glont
ZA, BA7)7be] ga FAlol Ar|zke} AHE 4317
@ Zofl ozt & AE obd odz| iz e 4elel
ct, 28] o} § 5 Moon @ Ok(1980)'" & ela] A3
71e) ﬂm HEE comentd ol $3to] FnAY ¥ 2

doz 2Ase wng o A, 2
. 1—;—— 323 2008 E9E Aok} 43 BHol
dojub: WEE zAgdor P fsheh ol

sl zaz -z— 4#$4% 38 YRnAel
ezd 43 43 JRE olles dasiE
cement-Z ©|-&3}o] 7‘“"#'@"‘ 2 ks ope W3 Ay
Z27p348 3G F2hAA oWl st Lot E
B st o] APE shict,

=
=
=

"

4]

e o Uy

dEsE

AFELT e A% 835 30kgHele A7 #7
27 24vte] & AEshglev], cement 3 A 3 8.3l A A
58374 3virle Fgtmg o] =) 4 Fvbeh X4
4 & 1?‘— ez 3uiely B & E A cement
2 A #loh o AR A4 A F 2viele b A
A4 AE 1‘:}:]-— 2@t AAY F FAAF D (ver-

tebral growth plate), 2= &% IH(vertebral end plate), &

=

(nucleus pulposus), & ™ 4% (annulus fibrosus) 2] = 8}
& zAgHo g AAsgon, HErFeTE AYFL
o] Absloll e A4 HFE ol &sldle,

A Yy

1, FaUy

B 7ol 4 nembutol 5mlE Fisted 4L AAl=t
A% 450 2ol A3z se] nAA F 59
Arpsian BFgzztslol 4 H32FofA A5 L3
L&t B9 B3 TE/NE wel AF ANE
A48 571 3T xEA L 4 FEY A
o] &] 2%~} 7}eld (interspinous ligament) & 7| sl
fm 7o 29 AE AAGN B HEE A=AT
ez qldd e Hio Hupddg wEsdch o]
A stojof & HEH 9o s|}ete Foll Kirschner 2
FAEE cemento] HEA|A HEE cementE T
sheith, olwWlel AL nHFAE X—AlAbelA 3}
olgt 4oz AH4ats SAlol cementol] old A9
S Aot slaa FAe Baslr) fsted AREEH,
Ao} AL E cementw 5 W n99e wAlsog w
Aedel oldt w 9 39 29 dhatel At AAE
Ael7] gske] QoA Aod4s A Azs 48 43
o}, cement?} $AE L F mAFSEL FH Hop
coment S A% SFAols) DAL HAKT FEHE ¥
gtalelonf, Seae] gL AWEy] &t & F
109 %<l "} procaine penigilline 600,000LU.& <=4
Z 8} 3 ® chloramphenicol Al & 372 Foidtdct

o
oﬁﬂlloo

2, Ay

2% 52 AFAL APt AgElge
W, ¥ dxe] AAe X—4 ARz 54 H F o
Ev’?- o 4% QAR F 103 dsier], HR e
e &d X— A4 e Hae WFel Ak
%52 (19787 9 WAPEE ol ool AT, 54
F 4Z¥EE X—A 39 F A2 3u124 Au o]
A & nAg 299 nAslA e A A4 o
pebosh s WA 8510 E Ludel WA F
2R AL BHRYc}, WY B Addes A
sho] 1415135 & ¥ hematoxylin eosin g A& F 74|

— 178 —



Al 2A¢ANGE Jtdrdeos BHIdPon, 1
31 BAYYE A5 Hete ML 9 =3
He A Y95 242 FAdgdd, &, s
B, AFEL 22, 24F3e 3o, AHAge 42
HA)E4 T,

3. Alayy

A4 AR A% FHRE

2 (Veliskakis & Levine, 1966)'%,
8 Foll A AF 405
e o= o4 F
H X—-A A
Zkske) W s

shaiet,

1, X—

AR 44
e Mol X— Aol Ehte
S 7 (1978)2 9] Wyg

=

Marel 4

TE 125 X Al Qe

AF 4771 59 Evn

A mFelA A%

5_1

Akolg) A "J? 17 818 &5
F 32772 % 83el A
FA

%

=
T

o g3l A%

Ho g ntEola 83 33

Table 1. Chronological and histological observation
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t}, Table 1

oA EAE H2Ee 4 BAAIY 47, 87, 127,

165, 204, 245, 28%. 3239 #-&
24819 o1}, Table 10+
FHolAy £He

482

HEFo2 4o}
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7] &-8}9i ¢} (Table 1, Fig. 1, 2).

of growth plate and disc in growing dogs

Fixed segments of the spine

Tissues Control
s 4Wks. | 16Wks. | 20Wks. | 24 Wks. 28 Wks. 32 Wks.
Cartilage columns | Regular | Regular Regular Regular Altered Disrupted Disrupted
Growth Cartilage thickness | Normal { Normal Normal Normal Normal Normal :;:5:‘:'
Plate
Early arrest and Normal | Normal Normal Normal Normal Normal Normal
fusion
Shape of Oval or | Oval or Oval or Oval or Oval or Oval or More spindle
chondrocyte spindle | spindle spindle spindle spindle spindle some degener-
ative changes
Vertebral i R .
Cartilage layer 6tol10 | 6to10 Thinned Thinned Adherence ¢ Adherence ¢ | Adherence ¢
end plate
| layers layers N.P. N.P. N.P.
Cartilage column Regular | Regular Regular Regular Deranged Dranged Loss
Cellularity Normal | Slightly Slightly Condensed | Replaced by Replaced by Replaced by
increased | increased | and dense fibrous | dense fibrous | dense fibrous
shapeless tissue tissue tissue
Nucleus
Relation with Normal | Normal Normal Normal Bulging Bulging Bulging
pulposus
end plate toward end toward end toward end
plate & plate & plate &
adhesion to it | adhesion to it | adhesion to it
Number of Normal { Normal Normal Normal Slightly Increased Increased
chondrocyte increased
Annulus ] .
fibrosus Relation with N.P. { Normal | Normal Normal Normal Adhered - Adhered Adhered
Arrangement of Normal | Normal Normal Normal Slightly Slightly Completely
fiber vertical vertical vertical

N.P.: Nucleus pulposus

— 179 —



) =P

(1) B AFAEY A F+ 302 FHAHQ w)
9% st Y ch(Fig. 1-A, Fig. 2-4A),

(2 FAHBE: F30g 74 vige A8t Qe F
A AAA] FAFAAE Fale 4shdel A3
o}, o] ZA|FHL e}Y w3y oz widy
ATMzE FAE 3lev], FAzEFel shrkel A
g ATYSE 3L 33 cHEig. 1-A, Fig. 2-3A).

@) 8 : 303 FAF ARt gle aAAY
o Z2AQld o Lole A AFrSol Uk, A5 A
ANt 2 Lol L7} JU7ix stz =g wskd B
A dFNE ¥ 45 YohFig 1-A, Fig. 2-1A).

@) MRE: FAFTHY ddF Yol 7L Az
aRFHE AF4 B2 ARA d¥3Rez TAEH,
o] AfFe FAN FHE Anglm, sallo] Yoz

223+ A& e} (Fig 1-A, Fig. 2-2A).

L) AEF

() ME®: £ 43, 8F, 12F, 165, 20F ¥7t
A HEFH vlamdte HEst gl o (Fig 1-B, Fig.
2-4B), &€ 245 348 AARe dEF9 FAN £
T 3kA =k (Fig. 1-C, Fig. 2-4C). 53 & 28F
FHEE FAH) ATAE A Fo wide] o] 4bo] el
7] Agstged, 2 F 325 ¥ AAE o2d H
7t ALHA, 2 AR zr|dde Yoy
kgtomy, ol qlal MFo HAo] A A= Al
g AL ¢ F Ut (Fig. 1-D, Fig. 2-4D).

2) FHEBE: 4% 4F, 8F, 12F AN dRT
 wvlmsted FAFRAE o) sl +E 165 F
HE AFAEFo| gholA| 7] AFAsH o}, 2okt Wi
Aol A 37 9% cHFig. 1-B, Fig. 2-3B). 205 ¥
AAE whRsR| 2 ok widels A Wzt §RA
o, 245 FRE AFAE Aol w7t Bel7] A
A, =3 HAS dol B3] frate] oy
71 A =3 o} (Fig. 1-C, Fig. 2-3C). $% 285 Follv 4
FAze WA W3t ] AYsle wWRYPA TR 5]
A)ZHalgl om, o8l Wile 32F Fole oS AP
Art, =3 ATAZY 3o £4% doxtrhFig. 1-
D, Fig. 2-3D).

(3) F¥: 4% 45 Fof o0l AFE QAT ¥4
ol 4] Al Z A (cellularity) o] th4 2718 Ao] AArs|gle
u, % 8F, 12F, 16F ¥ AAE U W A
Z=lglon da2Fa W ale| 7} 9 Fig. 1-B, Fig.
2-1B). 22| 2057 FHE 802 Aak2 F3 (condense)
7] AFsle] 24F Fole A& AFzAez dxs
7] AAs R, FAFTD fitel doind g AFY
4+ A} Fig 1-C, Fig. 2-1C). 28F 35 #5243 ¥

o A e wE B 4 Aot Sdo] 4 ZH
el F-ato] o% A D, 325 Follk 4R A2
stoll fr-3te] & AL & 4+ Aglen, 94 A Hi=
oz A" g £ 4 dHFig 1-D, Fig. 2-2D).
aeivh, FAFHR AT FAE Fele] FHYRe
Hd A BAHA @dch

@) MR8 5% 20F 371x H2F & 2o]E 2
ol A gtokow (Fig. 1-B, Fig. 2-2B), 4% 24F F g
AFEe AGudel o|Ae] A7 7] ARsch, EF}
o] WY AFE YRl AFAEY thio] F
77t nen, £83 f3g doz] FPo| YAHA
o} (Fig. 1-C, Fig. 2-2C). 28F %9 Z2AHolH £ A K&
el dZAZ 55 oS gofglen, £33 wdg sln
A A Afdge] A2 S22 wjdsr] 4
Aaioch, 32F F9 Aol Y3} $9o)4
& dEAxe 75t dda, AFF AFURE
SR F s2AYFez vlds gcH(Fig 1-D, Fig. 2-2D).

(5) FHHe EF| WM : £4 16F FAAE H=
T & ol & wolx gotew (Fig. 1-B, Fig. 2-3B,
4B), 24F F HE & FFoF EhA s, =FsHA =gl
2 (Fig. 1-C, Fig. 2-3C, 3C), 2 ¥ 325 % 7}=Alx o|9}
22 w3st A&, 2y FAY AFIE e
+ 359 W3sl dojutal eiskoh(Fig. 1-D, Fig. 2-3D,
4D).

a &

HEo A% 723 YT 504 FakEd A o
7 AF FEFFA e B2 AF7} ol Fo Fo
], 53 sl A3 FFFL Folol4 9lTY 10%
Helg AR £ JolAut o7z &A% ¥l
< THEA F%P. A 7] Nicoladoni(1909)'? & =
Aoz ol F yof ke Wiy FI) x4
et AlgholAl A&l Ao) o= Assigd,
%3} Scheuermann(1920)'9 2 FAA AT o] F-HA A}
o2 it Al Aulo] Hr| Hokoz o] HEp
FFol A7ctkn shgdch, ¥ A ooz RN
w3 o| dodeim FA4sE g% glr}, Schmorl(1930)
192 Scheuermann ¥ 0] QL& 16404 24412] 6] &
AE FHE A Fhe] FAFHRF FANZ S
7toz Azt vy gl tHE 1 #ul oy}
a2 Qe FAMYE Udoubr] sl Fol, FFFo] U
whhn 3tttk McCaroll 3 Costen(1960)'” & & Zuu}3
T Ao 0¥ AZE 2] 24L& BAY F oo
fale] A7) glojMe FAY QAL AT LY A
72 makel )1g-E A, ®3 Ippolito(1981)% &
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Fig. 3 Lumbar disc protrusion with bending.
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Explanation of Figures

A

Fig. 1. 1. indicates N.P, 2. indicates A.F, 3. indicates V.E.P, 4. indicates V.G.P
Numerical number indicates the site where tissue specimen were taken for the study.
N.P: nucleus pulposus, A.F: annulus fibrosus, V.E.P: vertebral end plate, . V.G.P: vertebral growth plate, P.O.W: poste-
operative week. k

Fig. 1A-1D. Normal nucleus pulposus consists of very loose, fibro-mucoid intercellular matrix (1A).
Degenerative alterations of the nucleus pulposus and the adjacent vertebral bodies changed at 15 weeks after the
operation {1B). The nucleus pulposus of the disc was replaced by dense fibrous tissue and adhered to the end
plate at 24 weeks after operation (1C). The completely degenerated nucleus pulpose at 32 weeks adhered to the
end plate (1D). H & E, x 100.

Fig. 2A-2D. Normal annulus fibrosus was composed of fibrocartilaginous tissue in lamellated pattern (2A).
No change in annulus fibrosus was observed until 16 weeks after the operation (2B). The direction of fibers of the
annulus fibrosus was distorted and adhered to the nucleus pulposus at 24 weeks. There were increase of number
of chondrocytes (2C). The streams of fibers were vertically arranged. The chondrocytes were increased (2D).
H&E, x 40.

Fig. 3A-3D. Normal end plate was a thick cartilaginous structure, 6 to 10 layers of oval or spindle chon-
drocyte in homogenous matrix was shown (3A). The layers of the chondrocytes became thin, but the shape and
arrangement of chondrocytes were not changed (3B). The chondrocyte disarrange and adhesion to the nucleus
pulposus were shown (3C). There was some degenerative change. The shape of the chondrocyte was also dis-
arranged (3D). H & E, x 40,

Fig. 4A-4D. Normal growth plate was composed of hyaline cartilage. The chondrocytes were arranged in
vertical columns (4A). The growth plate did not change until 16 weeks after operation (4B). Irregularity and
uneveness in chondrocyte column of the chondrocytes (4C). The growth plate was uneven in thickness and was
disrupted in arrangement. In thickness of the growth plate there were abundant chondrocytes arranged in long
columns (4D). H & E, x 40.
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