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A Study of Trauma to the Epiphyseal Plate in Inmature Rabbits

Se 1l Suk, M.D. and Soon Young Chun, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University

The important role of the epiphyseal cartilage in the longitudial growth of long bones is universally accepted. Injury to
the epiphyseal plate caused by surgically produced defects or trauma has been observed clinically and in experimental in-
vestigations. These growth retarding effect of defects seem to be proportional to the size of the defect, and are caused by the
formation of a bone bridge connecting the epiphysis to the metaphysis. This investigation provides an explanation for the in-
timate relationship between the size o.f the defect and growth retarding effect.

Central destruction of the distal femoral epiphyseal plates on 81 immature rabbits were performed by four different sized
drills. Free flaps of vastus lateralis were inserted into the defect of the epiphyseal plate. Left limbs were used as the experi-
mental group, and right limbs as the control. After 8 weeks of operation, animals were sacrificed, and roentgenological and

histological observations were made.
The results were observed as follows.

1. The amount of bony bridge connecting epiphysis and metaphysis was proportional to the size of the epiphyseal

defect.

2. The amount of growth retardation at the distal femoral epiphyseal plate was proportional to the size of the defect

produced in the epiphyseal plate.

3. Compensatory overgrowth at the proximal femoral epiphysis seems to be proportional to the size of the defect made

in the epiphyseal plate.

4. Insertion of the free flap of vastus laterials into the epiphyseal defect diminished the formation of the bony bridge.

Key Words: Trauma, Epiphyseal Plate
I. A g

Bage] Aol 72 Bt FolA o]Fojdrte
e Fz9 AbAlolct, Stephen Hales(1727)~t— =AY
T FrolA Yoz A txsidn
W Gatewood 2} Miillen (1927)-& 7}57¢~4 Zd o] A A2
T Frpolld o] FolAdm sgichy, Fukd T A4
2 deAA e Aejd J)Aol 93le] 2 tn
2 =59 22E 19816 109 o) dA & ol }shs
A e oAl HE =S,

st S, 222, AN G4 U AR 5
o Hoslnl, Fodoze £4, 2, dAeP
1

o
o gl sAE Aeeln Adel Qo) 4
%

wenn aheleh,
w4l Fhdol oL duel DY Y4 Y 4w

a

113033) 9’]_»‘]_74;37“9.10) 14‘—76‘7)5-,1 ;_}.O_/"_‘;AC}_%
[S1R%)

Jd oz el Aol sechn s, o4

— 187 —



I, dgxiz ¥ ¢y

1. 4z

AFEE2E AF 1.0-20Ked 3}F FoA7MEE 2%
Fuigle] AHEEATH AYNEF TEE AERE PR

z73ke Ag Aol ASsile

\l

2, dyYHY

$-2¥7} E& Urethane 3 Ketamine & &3 3slo] # ‘.D]'-r]
= Agstn FFzor & ol yet £33
S5cm 7Heke] A9l ZulANE AR -.7)]-&—% u
A7 NEI e £AERE =5

i

2% FRRA 15mm el F5E FUA 4
A10mm H7)E BEAN F A% F4L FH
A duge AA8A g 4E 59U T2
NUES 19 6omgd 2HFAE AAAAD, £474
F ok o5 Ee) B4 B9 AARRe

£5F 47 9 85l 2L o R YAA 39

& st 8 Fulel 7tEd YA dEE A dF
z2A% AAYL ¥ 10% Laoldgde] 24 F A7
w37 Algsld w23lstn steldlo] nAsld] 2A g
2& nbEo]A] Hematoxylin-Eosin Aoz 4% ¥
Hu|7dez WASACt

AQe 7] 50FoE vre] A,

AT A7 20mm (5/64) AT

BF; A7 3.2mm (1/8 ¢1A) A%

CZ; A7 48mm (3/16) AF

D¥; A7 5.6mm (7/3291%]) AF

EZ; A7 5.6mm AT AAF 22229 d¥E 4

A,

€ AdolAe F 1020te] 9 7t AESte] 2% 21
atge vl s, dEF A 9 A5 ek
2 4EF 8F74Y AAAAN/EAd AEL TtEE A
# 107el, BF 14vtel, CF 18@le), DF 200fel, E2
19vt2) 2 & glofelelgle}, WA A diEFe Hele
e Eraute 2 3 diEFuld sz F459
ow), diEF A5y Aol YA TR 4
g dAdstE A dE FAsd Fig 1.

AYA Aol oste] st Tste] WAL F
3l7l $iste] AdgslEel £°éf¥ z72| 7LE 21vf2] (42
e F)E HAABGE dE S HEHEE doll ¥
gEE FeloiA A «1 BEFol & Abg3le] vi
AL Folm o] F Yoo Futdl Aoz 7FaA
Weid e Ask ¥ o A=dKetn shAse K=49 %
Aoz 425 Foll4 K=8,59 HiA5 dch o K
5 Agdlel 2E AYUtEY £4AA HEIYERE
o WHg 243 F Ao g5t sAsl Y35 HE
A FH) Ao Ny WEFEZ Jebide v AT
& % if 2%, BT 8.1%, C+17,9%, D¥ 25.3%.
%4 Eehae g Jebdlgic

o

lo

ol

U

1. AR AL

7. Az(i0012], 2,0mm EHAMZ)

1002} E 3 vpejellA dizFol visled AT o

A Frifols o 3)8 ofztel AL 2 yct, HE
don 42 8FF doold Fukde 2wt o
T3 ZolglSE Bt (Fig 2).

L, B2(14oi2], 3.2m NZHHF)

BE AY oA dfz2Fol v]sle] NEAHE Rl
od7kel AAAAES vk, AFHEH T chFo|2de &
WHye wA=A ¢iokovd, 8oold oHEFaly-o o
2 9 FAY 73E 2o (Fig 3).

ct. C2(18a}2|, 4.8mm HNZHHF)

AYE Aol AAAAE B, 4PFY TF
°194 e FatEe WA, Fordel A o EFAAHE

AP FolA BAstdy, 1oels FriAde g4
als! £71¢ ¥t} (Fig. 4).
2, DF(200}2f, 5.6mm AZHHZ)

] rlo i

-~ 188 —



N
L

N\

L: Total Length of Femur Fig. 3. Roentgenogram of the Group B taken 8 weeks
d: Distance between Upper Margin of Epiphyseal Line after operation.
Fig. 1. Radiological Measurement.

Fig. 2. Roentgenogram of the Group A taken 8 weeks Fig. 4. Roentgenogram of the Group C taken 8 weeks
after operation. after operation.
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Fig. 5. Roentgenogram of the Group D taken 4 weeks Fig. 7. Roentgenogram of the Group E taken 4 weeks
after operation. after operation.
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v

Fig. 6. Roentgenogram of the Group D taken 8 weeks Fig. 8. Roentgenogram of the Group E taken 8 weeks
after operation. after operation.
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Fig. 9. Photomicrography (44) of the Group B shown in Fig. 10. Photomicrography (% 4) of the experimental
Fig. 3. side of the Group A shown in Fig. 2.

Table 1. Difference in gain between experimental and control (% of Control)

Group Destroyed epiphyseal plate (%) Total gain (%) Gain at distal epiphysis (%)
A 3.2 1.1 29
B 8.1 13.2 29.7
C 17.9 26.1 50.2
D 25.3 66.3 80.1
E 25.1 10.3 63.8
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Fig. 11.. Photomicrography (X 4) of the experimental Fig. 13. Photomicrography ( x4) of the experimental
side of the Group B shown in Fig. 3. side of the Group D shown in Fig. 6.

Fig. 12. Photomicrography ( x4) of the experimental Fig. 14. Photomicrography (X 4) of the experimental
side of the Group C shown in Fig. 4. side of the Group E shown in Fig. 8.
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Y: Difference in total gain length/preoperative length of
femur between control and experimental side.
X: distal femoral epiphyseal plate, % destroyed.
x: Group E (drilling with muscle insertion)
: Mean value
Fig. 15. Correlation between size of epiphyseal plate
destroyed and growth from distal femoral epiphyseal plate,

2Y4% golde nglch Tune EFUUHEZY @
22 BA= A gtet (Fig 14).

3, FcHo&de| Woiot HFzie] A

HE Ao Febte] FAFESe] Aol v]H e TS
7h HE LA R A

xél Aol 3712 ZulofA] B4l ch,
TA R vl Jg W2
“i’;’li" q4

X100z g@shd

Table 13 ket

Table 1014 Febtedel Wolsh F7¢45 A3
HA o HE LA TR A A sl Ade
& % 4 slsith DEM ERE vimstel ¥ o A3
Yol F 2T d4F E-'r'-Oi]H HEE A g AHEHY
A 439 odAsl EREUE 2 ¢ + U
o, 2y $EH AYTtES] HAd dHEH] £}

PO

]

Y=3.24-1.91J%

—_ " " —— X

5 10 15 20 25 30 %

Y: Difference in total gain in length/preoperative length of
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x: Group E (drilling with muscle insertion)
: Mean value
Fig. 16. Correlation between size of epiphyseal plate
destroyed and total growth of femur.
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Table 2. Difference in gain at distal epiphyseal plate between control and experimental side.

(As a Per Cent of Preoperative Length of Femur)

C D E

X y X y X y

174 -4.01 237  -16.06 237 497
190 -3.79 19.0  ~3.40 259  -14.60
174 -487 248 676 237 9.5
161 -2.22 248  -584 248 =570
182  -2.64 248  -11.27 259  -6.25
182  -855 219 -14.08 259  -120
182  -2.40 248  -12.87 259  -6.34
209 -10.86 271 -993 259  -3.66
167  -434 248 -11.92 259  -5.88
174 -9.11 259  -7.69 259  -4.82
174  -6.65 259  -3.72 259 490
161 -655 259 585 259  -561
160 -T.44 259  -8.85 237  -483
19.0  -3.53 259  -8.09 237  -359
190  -353 285  -7.75 2711 -245
182  -5.19 259  -361 259  -1.27
182  -356 259  -9.46 237 -482
190 -12.45 248 =530 237  -5.62

248  -820 259  -4.17

259 465

Group A B

Ch X y X y

1 33 -147 8.1 1.48

2 3.2 0.29 8.1 -3.79

3 33 1.19 85 -274

4 29 1.15 78 240

5 32 -298 75  -3.14

6 3.0 1.37 78  -3.05

7 33 0 85  -4.40

8 3.0 0.81 78  -3.60

9 3.2 1.27 85  -397

10 33  -058 85  -3.22

11 8.1 -2.14

12 85  -3.05

13 78  -236

14 85  -147
15
16
17
18
19
20

Mean 32 -013 81  -270

+S.D. +0.14 +134 +0990 138

17.9 -5.63 253 -8.63 25.1 ~4.84

+273 +£253 x197 +400 100 +18I

x : Distal femoral epiphyseal plate, % destroyed.

y : Difference in gain at distal epiphyseal plate between control and experimental side.

(As a percent of preoperative length of femur)
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Table 3. Difference in total gain between control ahd exeprimental side (As a per cent of preoperative length of femur)

C D E

X y X y X y

174 -2.67 237 -16.79 237 254
190  -3.88 259  -365 237  -159
174 -2.15 24.8 3.75 237 -7.58
161  -2.22 248  -10.52 248  -4.25
182  -1.09 248 212 259 -10.25
182  -5.66 219 -12.67 259 2.27
182  -4.91 248  -8.24 259 954
209  -1.70 271 -5.30 259 0
167  -5.67 248  -1.15 259 0
174 -491 259  -3.12 259  -4.82
174 -5.99 259  -0.12 259  -4.29
161 -3.22 259 0.92 259 -390
161  -3.43 259  -8.83 237 -2.78
190  -1.96 259  -4.48 237 -4.19
190 -10.49 285  -7.04 271 -1.10
182  -197 259 292 259  -0.61
182  -420 259 -13.85 237 226
190 -10.33 237  -9.93 237 391
248  -9.53 259  -2.38
259  -2.24

Group A B

Case\ b3 y X y

1 3.3 -1.51 8.1 -1.81

2 3.2 -0.54 8.1 4.34

3 33 0 8.5 -1.81

4 29 0 7.8 -0.27

5 32 -1.49 75 ~-2.45

6 3.0 1.18 7.8 -5.76

7 3.3 ~0.26 8.5 -8.48

8 3.0 -3.48 7.8 1.03

9 3.2 2.27 85 -9.27

10 33 0.56 86 -4.63

11 8.1 -0.54

12 8.5 -1.02

13 7.8 -2.63

14 8.5, -2.94
15
16
17
18
19
20

Mean 3.2 -0.30 8.1 -2.59

+S.D. +0.14 +1.51 090 3.70

17.9 -4.25 25.3 -6.03 25.1 ~3.55
273  +476 £197 +£5028 +£1.00 +465

x : Distal femoral epiphyseal plate, % destroyed.

y : Difference in total gain between control and experimental side.

(As a per cent of preoperative length of femur)
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Table 4. Difference in gain at proximal epiphyseal plate between control and experimental side.

(As a per cent of preoperative length of femur)

Group A B C D E
CN X y X y X y X y X y
1 33 -0.04 81  -3.29 174 1.34 237 -0.73 23.7 3.43
2 32  -083 8.1 8.13 190  -0.48 259 1095 23.7 4.09
3 33 1.19 85 0.93 174 2.72 248 1051 23.7 1.57
4 29  -115 78 358 16.1 0 248  -468 24.8 145
5 3.2 1.49 75 0.69 182 155 24.8 9.15 259  -4.00
6 30  -0.19 78 27 18.2 2.89 21.9 2.11 25.9 3.47
7 33  -026 85  -4.08 182  -0.38 24.8 4.63 25.9 -0.2
8 30 429 7.8 4.63 20.9 493 27.1 4.63 25.9 3.66
9 32 0 85 =530 167  -1.33 248 4.77 25.9 6.88
10 3.3 0.02 85  -141 17.4 1.25 25.9 457 259 0
1 8.1 1.60 17.4 0.66 25.9 3.51 25.9 0.61
12 85 2.03 16.1 3.33 25.9 6.77 25.9 1.7
13 78  -027 161 4501 25.9 0.02 23.7 2.05
14 85  -147 19.0 1.58 25.9 3.61 23.7 3.4
15 190  -6.96 285 0.71 27.1 1.35
16 182 3.22 259  -0.51 25.9 0.66
17 182 -0.64 259 1131 23.7 7.08
18 19.0 2.12 237 -463 23.7 1.71
19 248  -133 25.9 1.79
20 259  -159
Mean 32 -041 8.1 0.22 17.9 1.10 25.3 3.19 25.1 2.14
+S.D. +£0.14 +150 +090 +353 +273 +236 +197 474 £100 243

x : Distal femoral epiphyseal plate, % destroyed.

=

y : Difference in gain at proximal epiphyseal plate between control and experimental side.

(As a per cent of preoperative length of femur)
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Y: Difference in gain at proximal epiphyseal plate/
preoperative length of femur between control and experi-
mental side.

X: Distal femoral epiphyseal plate, % destroyed.

x: Group E (drilling with muscle insertion)

: Mean value
Fig. 17. Comelation between size of epiphyseal plate
destroyed and growth from proximal femoral epiphyseal

plate. 4
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