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Pedicled scapular apophysis transplantation 
Growing grafts studied in dogs 

'hventy-eight immature dogs, divided into three groups, have been 
studied to determine the possibilities of pedicled epiphyseal transplanta- 
tion from a rarely used donor site area, the scapula. One group of 8 im- 
mature dogs were studied anatomically using India ink and Batson's com- 
pound injection methods. We identified the vascular pattern of the dia- 
physeal portion of the graft, consisting of the lateral crest or border of the 
scapula. In two groups of 10 immature dogs, this area was used as a pe- 
dicled island graft to rebuild the semiresected or totally resected proximal 
humerus. There were marked differences between these two groups on 
the basis of morphologic, histologic, histochemical and electron micro- 
scopic aspects of the samples. Preservation of normal growth appeared to 
be directly related to the compressive forces applied to the graft. Preser- 
vation of the cartilage was also related to the biomechanical situation; fi- 
brocartilage and signs of arthrosis were noted 1 year after the operation in 
several animals whose humeri had been fully subjected to normal 
stresses. Both the diaphyseal and epiphyseal areas had increased one- to 
fivefold in volume, but longitudinal growth was markedly deficient. 
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Introduction 

Experiments in dogs by Donski et al. (19791, 
Brown et al. (19821, and more recently by Net- 
telblad et al. (1984a) have shown that growth 
potential can be preserved in the proximal end 
of the fibula when physeal vasculature is re- 
tained and the graft is reimplanted in the same 
area. Heterotopic transplantation to the fore- 
leg of the animal (Nettelblad et al. 1984a) did 
not achieve the same results, suggesting that 
the graft should not be subjected to excessive 
mechanical stress. We have previously ('hot et 
al. 1982b) studied transplantation of the ped- 
icled iliac crest to the distal end of the femur in 
immature dogs after resection of the central 
part of the growth plate. There was normal 
growth when the graR was replaced in its bed, 
provided the vessels were repaired. When the 
graft was heterotopically transplanted to the 
distal end of the femur, it was subjected to ad- 
verse mechanical conditions of the recipient 
site and failed to grow. In further experiments 
('hot et al. 1983) involving the transplantation 
of the pedicled iliac crest to the resected aceta- 
bulum in immature dogs, we were able to dem- 
onstrate good remodeling and growth of the 
ll* 

graft. The mechanical conditions of the recipi- 
ent site must thus be taken into account in het- 
erotopic transplantation. 

We have previously reported ( n o t  et al. 
198213) the possibility of using the lateral crest 
or border of the scapula in plastic and recon- 
structive surgery and described some of the 
clinical applications. In growing animals and 
children, there is large area of hyaline car- 
tilage at  the inferior angle of this bone, includ- 
ing a typical growth plate vascularized by 
proper physeal vessels. An epiphyseo-diaphys- 
eal piece of bone can be removed from the re- 
maining lamellar portion of the scapula. Our 
objective was to investigate the development of 
the apophysis transplanted from this new do- 
nor site area in dogs. 

Materials and methods 
'hventy-eight 3-month-old dogs were used. The ana- 
tomic characteristics of the graft were studied in 8 
dogs. The lateral border of the scapula, between the 
insertion of the triceps above and the inferior angle 
of the scapula below was round in its upper portion 
and straight at the lower end. The cross-section was 
triangular in the upper portion, consisting of cortical 
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Figure 1. Lower apo- 
physis of the scapula 
(polarized llght image. 
x 10) showing the 
hyaline caftllage mark- 
edly penetrated by the 
Insertion fibers of the 
major teres muscle 
(arrow). 

bone surrounding a medullary cavity, as in long 
bones. Several strong muscles were inserted around 
the lateral crest. The inferior angle of the bone was 
covered by the large apophysis with a hyaline por- 
tion in which a histologic study demonstrated a ty- 
pical growth plate (Figure I). 

The vascular supply of the lateral crest was 
studied by injection techniques via the subclavicular 
artery. Four dogs were injected with India ink and 
four others with Batson's compound (Figure 2). 
In Group I of 10 dogs, a longitudinal portion of the 

proximal humerus was resected (Figure 2). A pos- 
terior approach was made from the inferior angle of 
the scapula to the glenoid cavity, extending along 
the posterior part of the foreleg to the middle of the 
shaft. The lateral crest was first dissected out and 
stripped of the infraspinatus, teres and subscapula- 
ris muscles, taking care to preserve the diaphyseal 
and epiphyseal vasulature from the subscapular ves- 
sels. The bone was longitudinally sectioned with an 
osteotome from the insertion of the long head of the 
biceps above to the inferior angle of the bone below. 
The shoulder joint was then opened, the posterior 
part of the proximal humerus was stripped of mus- 
cular insertions and half of the bone was longitudi- 

A 

0 

C 
nally resected with an osteotome. A tunnel was 
opened through the supraspinatus and deltoid mus- 
cles. The graft was inverted following the axis of the 
pedicle and pmed trough the tunnel as an &]and 
graft. The graft was then inserted into the humera' 
defect. The hyaline cartilage of the angle was placed 
in contact with the glenoid cavity and aligned with 
the cartilage of the humeral physis. A transverse di- 
aphyseal screw fixed the gr&. Through a contralat- 
era1 incision, a metal marker was f i ed  at the level of 
the insertion of the long head of the tricep to check 
the length of the normal bone during growth. The in- 
cisions were closed. The dogs were immobilized for 3 

Figure 2. Vascular supply d the lateral scapular crest apct 
physis (A) and the two methods of transplantation, Group I (B) 
and G m P  11 (c). 1) ApophWal VasculatUre. 2) COfid-Per- 
iosteal vessels. 3) Nutrlent centromdullary vessels. 4) Sub- 
scapular artery originating from the exillary artery. 5)  one re- 
sected in the two groups of dogs. 

weeks postoperatively in plaster casts and then al- 
lowed to walk fwly .  
In Group N of 10 dogs the same technique was 

used, but the proximal humerus was totally resected 
(Figure 2). The gr& was inserted into a U-shaped 
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longitudinal 3-cm osteotomy of the remaining hume- 
rus and fwed with two screws. The dogs in both 
groups were killed at monthly intervals from 2 
months to 1 year after a radiographic examination 
including an arteriogram. Oxytetracycline (60 mgl 
kg) was given 1 week postoperatively and 1 week be- 
fore death. The morphologic study of the samples in- 
cluded a comparison between the two humeri and a 
comparison of the length of the transplanted scapula 
with the contralateral side. 

Samples were fixed in 10 per cent formalin, decal- 
cified for 4 weeks with ethylenediatetraacetic 
(EDTA) solution, embedded in p a r a n ,  cut into 10-p 
sections, and stained with hematoxylin eosin. Histo- 
chemical analyses were performed by staining eosin 
samples with safranine 0. Polarized light studies 
were performed on the safranine slides. 

Small samples of cartilage were fixed in gluta- 
raldehyde and sodium monophosphate, decalcified 
with EDTA solution, postfixed in 1 per cent osmium 
tetroxide, and embedded in araldite. The transmis- 
sion electron microscopic study was performed with a 
Philips 301 electron microscope. 

The dogs were killed after 3-12 months and the 
transplants were studied histologically, histochemi- 
cally, and by electron microscopy. The three main fo- 
cal points were changes in the diaphyseal portion, re- 
modeling of the hyaline cartilage and growth of the 
transplant. 

Results 
Total necrosis of the graft was observed in 1 
dog which was excluded. In the group where 
two hemiepiphyses were joined to form a new 
composite bone the diaphyseal diameter of the 
graft remained unchanged. Each graft re- 
tained its own characteristics. The cortical 
bone was unchanged and two distinct medul- 
lary canals remained. 

The cartilage surface remained hyaline. 
Chondrocytes were still present 1 year after 
transplantation (Figure 3). Fibroblastic cells 
were observed in some cases. The growth plate 
kept its histologic characteristics. 

The humerus that was operated on grew 15 
k 5 per cent less than normally. The trans- 
planted scapula grew 10 per cent less than the 
contralateral portion between the metallic 
marker and the lower angle of the scapula and 
more slowly than the remaining portion of the 
humerus. 

In the grafts that replaced the proximal hu- 
merus, the volume and diameter adapted to 
the new biomechanical situation; a one- to five- 
fold increase in volume involved both the car- 
tilaginous and diaphyseal portions (Figure 4). 

The articular surface was usually modified. 
In 2 cases, hyaline cartilage remained and in 8 
fibrocartilage was observed under the electron 
microscope; chondrogenesis had decreased 
(Figure 51, fibroblastic cells were noted, and 
elastin fibers had replaced the collagenous sub- 
stance. 

The growth plate showed signs of disorgani- 
zation 3 months after transplantation; the 
number of cells in each column was higher 
than on the normal side and the total surface 
of the growth plate had increased in proportion 
to the lateral growth of the graft. Polarized 
light studies showed the presence of large col- 
lagenous fibers arranged along an irregular 
pathway inside the hyaline cartilage. 

The new humerus grew 25 k 5 per cent less 
than the normal bone. The graft was 50 per 
cent smaller than the contralateral side. 

In all grafta arteriograms showed preserva- 
tion af bone vascularization and a good per- 
meability of the subscapular vessels. 

Discussion 
Most experimental studies of hereotopic trans- 
plantation have focused on the possibilities for 
normal growth of the graft. It seems possible to 
solve the vascular problem by preserving the 

Figure 3. Viable chon- 
drocytes in the hyaline 
surface of a 6-months 
(Group I) graft (herna- 
toxylin-eosin-safranine 
0, polarized light study, 
x 25). 
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Figure 4. Compari- 
son between the 
side operated on (0) 
and the control side 
(C). Note the one- to 
fivefold increase in 
the volume of the 
transplanted apo- 
physis, at both the 
epiphyseal and dia- 
physeal levels 
(Group 11). 

Figure 5. A chondrocyte in the hyallne Cartilage 3 moths after 
transplantation (Group 11). Elastin fibers surround a modffled 
chondrocyte (transmission electron microscopy. x 4500). 

whole epiphyseal-physeal vasculature, but few 
donor sites have been proposed. 

The proximal end of the fibula has a peculiar 
vasculature (Restrepo et al. 1980), arising from 
different sources, and it is impossible to retain 
all the epiphyseal vessels. Using only one of 
the three epiphyseal sources, Nettelblad et al 
(198413) recently demonstrated increased blood 
flow in a freshly pedicled proximal fibular epi- 
physis compared to the normal side, attributed 
to vasodilatation following the pedicle dissec- 

tion. This observation favors a communicating 
epiphyseal vascular network. However, it has 
been suspected for some time that each region 
of the epiphyseal spongy bone has its own spe- 
cific vascular system, which might cause sev- 
eral pathologic conditions in children. In spite 
of this problem, the fibular physis has consider- 
able growth potential and can be proposed for 
upper arm bone defects in children. 

The iliac crest exhibits a mode of growth that 
has been defined by Ponseti et al. (1968) as be- 
ing an epiphysis during the first years of life. 
Subsequently, the combined action of the ab- 
dominal and thigh muscles makes it grow like 
any other apophysis. We have previously 
studied the iliac crest and its epiphyseal vas- 
culature (Teot et al1982a). It grows less than 
the proximal portion of the fibula. The surface 
removed is adjustable in length, but the shape 
is not strictly round. 

The scapula, recently described as a new do- 
nor site area for pedicle bone has a considera- 
ble growth potential at the inferior angle com- 
parable to the iliac crest. A large number of 
cells were counted in each column of the 
growth plate. There are numerous muscle in- 
sertions on the inferior scapular apophysis; 
and thick Sharpey’s fibers can be seen inside 
the cartilaginous area, suggesting a strong in- 
teraction between muscle and cartilage, com- 
parable to the situation in the iliac crest. 

This portion of hyaline cartilage does not 
have a definite epiphyseal morphology, with a 
joint cartilage, a perichondrial ring, and an os- 
sification center. The nonspecific character of 
the structure facilitates its adaptation to a new 
biomechanical situation. When the pedicle 
grafk was placed in a mechanically protected 
situation, it grew approximately like the nor- 
mal side, preserving its hyaline surface for as 
long as 12 months. When the graft was sub- 
jected to the total compression usually exerted 
on the proximal humeral epiphysis most of the 
adaptive effort hade a transverse orientation. 
We found that when the hyaline cartilage was 
subjected to the full stress of normal weight 
bearing, its shape adapted by means of cell 
multiplication and increased synthesis of 
ground substance. The ultrastructural aspects 
of the newly formed chondrocytes and the new 
ground substance were normal. This observa- 
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tion agrees with previous reports on the con- 
sequences of hyperpressure on growth plates 
(Peruchon et al. 1980, %eta and Was 1961). 

It appears to be possible to solve the vascular 
problems of pedicled epiphyseal transfer by ex- 
tensive anatomic studies and suitable micro- 
surgical tenhniques. However, the biome- 
chanical conditions of the donor and recipient 
sites are still difficult to determine completely. 
Each epiphysis of the human body has its own 
biomechanical environment and possesses its 
own particular growth potential. Classical bio- 
mechanical studies cannot alone solve this 
problem. According to the studies of Shapiro et 
al. (1977) and Speer (19821, morphologic analy- 
sis will have to define each component of the 
heterogeneous structure of the epiphysis. 
Moreover, the development of each donor site 
area after transfer must be exactly defined by 
extensive experiments. 
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