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Experimental Study for the Effects of Free Physeal Transplantation to Regain
Bone Growth after Partial Physeal Injury

Kwang Zin Rhee, M.D., Kap Yop Lee, M.D. and Sang Yeon Rha, M.D.

Department of Orthopedic Surgery, College of Medicine, Chungnam National University
Daejeon, Korea

This study is performed to investigate whether free transplanted iliac physis can grow in the resec-
ted epiphyseal plate and prevent growth arrest secondary to an injury of epiphyseal plate.

Growth arrest, angulation and regeneration of epiphyseal plate after free physeal transplantation fr-
om iliac crest in the partial resection of epiphyseal plate on the lateral aspect of the distal femoral
epiphysis were analysed in process of time and compared with those of the simple partial resection
of epiphyseal plate of distal femur. Seventy-six skeletally immature, three month-old rabbits with an
initial weight of about 1200 to 1400gm were used for this study.

The following experimental groups were made after partial resection of epiphyseal plate on lateral
aspect of distal femoral epiphysis(2x7x3mm). Group A: partial resection alone (19 rabbits); Group B:
muscle piece interposition(19 rabbits); Group C: free autogenous iliac crest physeal transplantation (38
rabbits). The opposite side of the leg was used as a control. Animals were killed and examined at the
following time-intervals(14, 21, 30, 60 and 90 days after operation).

The following results were obtained.

1. In the group of partial resections alone, the bone-brige formation between the femoral epiphysis
and metaphysis revealed as early as 14 days, and this bridging was found consistently in all anl-
mals, which led to the growth arrest and valgus deformity.

2. In the group of muscle piece interpositions, the interposition materials were found temporarily
effective for the prevention of epiphysiometaphyseal bone-bridge formation, but the effect was not
significant to regain bone growth.

3. Histological studies showed that the grafted physis united with the residual part of the original
femoral physis at 14 days after transplantation, and regained its columnar arrangement. The phy-
seal graft appeared to be viable and contribute endochondral bone formation in following section
(60, 90 days).

4. In the growp of free autogenous iliac-crest physeal transplantations, the transplanted physis preve-
nted or minimized the formation of a bone brige, growth arrest, and valgus deformity in most an-
imals.

Although not all of the physeal transplants were successful, physeal grafts would be most successful

method regaining bone growth after focal injury of epiphyseal plate.

Key Words: Physeal transplantation, Growth, Partial physeal injury.
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Table 1. Difference of femoral length measured of each time-interval postoperatively in Group A, B, C

Group(No. of

Difference of femoral length(mm)

Days rabbits) 0 1 2 3 4 5 Mean+SD
A(3) 1 2 - - - - 0.7(£0.47)
14 B(3) 2 1 - - - - 0.3(+0.47)
C(4) 4 - - - - - 0.0(%0.00)
A(3) - 2 1 - — - 0.1(+0.47)
21 B(3) 2 1 - - - - 0.3(0.47)
C(4) 3 1 - - - - 0.3(+0.43)
A(3) - 1 2 - - - 1.7(+0.47)
30 B(3) 1 1 1 - - - 1.0(£0.82)
C(6) 3 2 1 - - - 0.7(£0.75)
A(5) - 1 - 2 2 - 3.0(£1.10)
60 B(5) - - 2 2 1 - 2.8(%0.75)
C(12) 7 - 4 1 - - 0.9(%1.11)
A(5) - - - - 3 2 4.4(£0.49)
90 B(5) - - - 2 1 2 4.0(£0.89)
Cc(12) 5 3 1 2 - 1.3(£1.49)
A(19) 2.5(+1.53)
Average B (19) 2.1(£1.67) P>0.1*
C(38) 0.8(£1.18) P<0.001**

*. Statistically insignificant differences, **; Highly significant difference

site of physeal resection.
Fig. 1. The experimental diagram. L: Total
length of femur.
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Fig. 2. Bone-bridge made 21days after creation
of a physeal defect. There is no tendency for the
physeal cartilage to reconstitute the defect. At the
lower right, note the intact epiphyseal plate (H-

Fig. 3. The muscle graft replaced by fibrous
connective tissue (60 days after muscle interpositi-
on). At the upper, a lamellar bone bridge united
epiphyseal bone with metaphyseal bone (H-E. X
100).

R
N
N
!
HE
i
Jo

l_rn
i
=
32
I Y

in
o
R
nE

'
fr
o
-{o
Hi
3
32
N
rr:l
i
ooy & omko32 P

[;z
of ¥
o
ot
2
o ndrode b oad R

=

} %A A
+ U AckFig. 3). T =2 TellA
o]

l AL folF npgt &4

2o} St o v Rabs =] gk,
AFake o|4E CTAAe £

| ol Fake] il 7b e g

gk Tl 2wiua 3WAE oo

Fig. 4. The early histological findings made 14
days after physeal transplantation. The physeal
graft appeared to be intact and viable (H-E. x40).
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Fig. 5-A. The histological findings made 21 da-
ys after physeal transplantation. The grafted phy-
sis is noted with maintenance of physeal hieght.
The graft is approximately two times as thick as
the persisting physis. The periosteum was refor-
med (Toluidine blue. X 100).

Flg 5-B. ngh -power fmdlngs in Flg 7-B. The
good union of the graft at the graft-host junction.
The transplanted physis is the at lower left. Th-
ere is no bone bridge between the epiphyseal and
metaphyseal bone(Toluidine blue. x200).
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Fig. 6. The histological findings made 30 days
after physeal transplantation. There is a thin la-
yer of bone at the graft-host junction, but growth
arrest has not occurred(H-E. x100).
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Fig. 7-A. The histological fmmgs made 60days

after physeal transplantation. The transplanted
physis was evident by maintenance of physeal he-
ight, and production of metaphyseal bone.The va-
scular invasion of the transplanted cartilage has
not occurred (H-E. x100).
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Fig. 7-B. High-power histological finings in Fig.
7-A. The transplanted physis noted the good or-
ientation of the proliferating and hypertrophlc cell
layer(H-E. x200).

Fig. 8. The histological findings made 90 days
after physeal transplantation. The transplanted ph-
ysis is still clearly seen in maintaining its height
at the left, but the original femoral physis nearly
closed (Toluidine blue. X 100).

Table 2. Histological findings of rabbits examined at each days postoperatively(Group A and B)

D
Histological findings Group ays
14 21 30 60 90
Woven bone bridge ‘; 2 2 - - B
Lamellar bone bridge A - 1 3 5 5
B - - - 5 5
Fibrous tissue bridge A 1 n - h h
B - 3 2 - -
. A - - - - -
Organized hematoma
B 3 - - - -
Subperiosteal exostosis g - - B 1 1
. A - - - - -
Inflammatory reaction
B - - 1 1 1
Inadequate removed physis A B B - 1 -
B -~ - 1 - -
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Table 3. Histological findings of rabbits examined at each days postoperatively (Group C)

Histological findings 1i 51 Day530 50 %
Excellent graft functioning — - 2 5 4
Fair graft functioning 3 4 2 2 2
Complete bone bridge - - - 3 3
Partial bone bridge - - 2 3 3
Premature colsure of graft — - - 1 1
Fragmentation of graft — 1 2 2 2
Inadequate thickness of graft - 1 1 1 1
Poor orientation of graft — - 1 2 1
Subperiosteal exostosis — - 1 1 -
Total loss of graft 1 - - 2 3
Inadequate removed physis - - 1 2 -
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