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~Iistopat~alogical e~alllation of healing of fra~tllre following biodegradable 
implantation of femur fracture in experimental dogs° 

B. V. Muralikrisl~,na', B. N. Ranganath', C. L. Srinivas" and S.NI. Jayadevappa 

In the treatment of fracture the use 
of external and internal fixation devices 
are routine (Brinker, 1974). The use 
of biodegradable implants for internal 
fixation of cortical bones are in experi-
mental stage. Makela et al., (1990) 
described the healing ofsub-trochantric 
osteotomy with Self-Reinforced Poly-
glacti.c Acid (SR-PGA) rods without 
any growth disturbance. Meanwhile 
Majola et al., (1991) investigated the 
absorption, biocompatibility and fix-
ation properties of Self-Reinforced 
Poly-L-Lactic Acid (SR-PLEA) and 
Poly-DL-Lactic Acid (PDLLA) in cance-
llous and cortical bones in rats and 
rabbits. 

The purpose of the present investi-
gation was to study the kind of bone 
healing in distal femur fracture with 
self-reinforced poly-1-lactic acid 
(SR-PLEA) bio-degradable implants in 
dogs. 

Materials and Methods 

Twelve clinically healthy mongreal 
dogs of either sex, weighing between 
9 to 12 kgs were studied in three 
groups of four animals each. They 

were subjected to surgery of left hind 
leg,following the technique of Pierama-
tti and Greelay (1966) and Majola 
(1992). 

A transverse fracture was made 
at the middlellower one third of the 
diaphysis of femur with gigli saw, 
under general anaesthesia. The fract-
ure was then immobilized with bio-
degradabl~ self-reinforced poly-1-
lactic acid (SR-PLEA)• implants with a 
specific applicator. After recovery, 
full weight bearing was allotived. No 
external support or splint were used 
on the operated limb. 

The dogs were sacrificed in 
groups on fourth, eighth and twelfth 
week. The diaphysis part of the femur 
was cropped i.e. lcm above and below 
the fracture line, and fixed in 10% 
neutral buffer formalin solution. 
Representative bone specimens were 
taken and decalcified in formic 
acid-sodium citrtate solution. Longi-
tudinal sections of 5 micrometer thick 
were prepared from decalcified 
specimens and stained with haema-
toxylin and. Eosin stain (Luna, 1968). 
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Biodegradable implantation of femur fracture 

Results and Discussion 

Histopathoiogical studies revealed 
the progressive stages of fracture 
healing characterised by fibrous tissue 
proliferation in the early stages and 
secondary bone union in later .stages. 
The mode of osteogenesis that occured 
and the vas ~ular and cellular response 
involved were related to the degree of 
stability and apposition of fracture 
fragments. 

The early response in the fracture 
healing noticed in the 4th week speci-
men were extensive proliferation of 
new capillaries, connective tissue and 
to a lesser extent the periosteal tissue. 
(Fig. 1). These cellular responses 
of the periosteum and callus were 
accompanied by massive infiltration 
of mononuclear cells including plas-
ma cells, foam cells and macroph-
ages indicating proliferative infla-
mmatory phase of healing at fracture 
site. These changes were probably 
due to micro movement at the fracture 
site which enhanced the formation of 
primary callus at the fracture site. 
Similar vascular and cellular response 
where resorption of poly lactic acid 
(PLEA) by a phagocytic procEss invol-
ving phagocytic cells and giant cells 
have been reported by Outright and 
Hunsuck (1972). 

The eighth week specimen showed 
that the inflammatory reaction was 
suosiding and there was only massive 
proliferation of periosteal tissue at 
the fracture site. (Fig. 2). The vas-
cular response and connective tissue 
proliferation were evident with occa-
sionalfoci of cartilaginous plates.Thes~ 
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Fig, l 

Angioblastic proliferation (arrow), connective 
tissue proliferation and lymphoid infiltration 
with occasional macrophages at fourth week 

post implantation. (HE 500X) 

Fig. 2 

An eighth weel: photomicrograph showing per-
iosteal connective tissue prolifcrafion with no 
evidence of inflammatory cells. (HE 125 X ). 

findings are in agreement with the 
observations of Braden and Brinker, 
(1976) and Mistry et al. . (1992) that 
cartilage formation occurs whenever 
(1) cellular proliferation is faster than 
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vascular regeneration and (2) differen-
tiation of the primordial cells depend-
ing on rigidity of the immobilization 
provided to the fractured ends, 
developing into chondroblasts. 

Giant cells, macrophages, mono-
clear cells including bone cells and 
osseous tissue proliferation around the 
SR-PLEA implant were observed 
during eighth week, indicative of endo-
steal response around the implant. 
Similar observations were also report-
ed by Manninen and Pohjonen (1991), 
where foreign body giant cells and 
foam cells were seen on the surface 
of the implant as well as around the 
connective tissue surrounding the rod. 

Histological study of 12th week 
specimen showed excess callus for-
mation on either side of the fractured 
ends. Mineralization of osteoid tissue 
with bony overgrowth over the peri-
osteum and total union of fractured 
ends were observed (Fig. 3). 

Fig. 3 

A twelfth week photomicrograph showing 
slight bony outgrowth at point of union (arrow}, 
Note periosteal tissue proliferation and bony 

spicules. (HE 125 X ). 

Thus the development of mature 
callus was observed by (1) new callus 
developing from the osteogenic elem-
ents close to periosteum, (2) endo-
chondrial ossification where vascularity 
was less and (3) mineralization of the 
fibrous tissue. This kind of involve-
ment of three processes of bone 
ossification uniting the fragments were 
in corroborative with Braden and 
Brinker (1976) and Brown (1981). 

The restoration of bone marrow 
activity by the twelfth week was clear 
histologically. The absence of any 
complication or infection throughout 
the experimental period was clear in 
the specimen. Similar findings were 
reported by Getter et al. (1972) and 
Manninen and Pohjonen (1991). The 
histological observations revealed 
bone healing with total biocompati-
bility of SR-PLEA rods used for fix-
ation of femur fractures intramed-
ullarly. 

Summary 

SR-PLEA was used for internal 
fixation in experimentally created 
femoral fracture in 3 groups of 4 dogs 
each. The specimens collected at 4th, 
8th and 12th were studied to evaluate 
the progress of healing. The histo-
pathological study showed normal 
bone healing by three process of 
ossification. There was no infection 
or other complication indicating the 
compatability or SR-PLEA implant. 
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