
EVALUATION OF A BIOIMPLANr IN FRACTURE 
HEALING IN CALVES 

THESIS 
By 

VINAY KUMAR 

Submitted to 

HIMfiCHfiL PRKDESH ERISHI TISH7A7ID7ALm 
PAILiAiaPUR - 176062 <H.P.) INDIA 

IN 

Partial fulfilment of the requirements for the degree 

OF 

MASTER OF VETERINARY SCIENCE 
( VETERINARY SURGERY AND RADIOLOGY ) 

1996 



THSjSlVfeSsiTY LIBRARY 
H.P. KRISHI VISHVAVIDYALAYA 

PALAMPUR 

Class No Book No V X ^ - ^ 

Author.MJX^^yL/^M'^o.iji}:. ™ 

Cx^, .v.t..C^..v.^ 

Boffower's 
No. Due Date Herrowef^ 

No. Due Date 



y (o^CZ0S97/d-

"-Ultima bM i 7 * S . v L _ 

mi r 
.- I^ ^ < ^ * T 4 ^ 

I V 

< ^ v - ^ oil^^yy^tU 



DEDICATED 

T O M V 

BELOVED PAfJENTS AND CHILDREN 



CERTIFICATE 1 

Certified that this thesis entitled, "Evaluation of a Bioimplant in fracture 

healing in calves" submitted in partial fulfilment of the requirements for the award 

of the degree of Master of Veterinary Science in the subject of Veterinarj' 

Surgery and Radiology of the Himachal Pradesh Krishi Vishvavidyalaya, 

Palampur, is the bonafide research work carried out by Mr. Vinay Kumar (V-94-

30-09) s/o Sh. Bishan Dass under my supervision and that no part of this thesis 

has been submitted for any other degree. 

The assistance and help received during the course of this investigation 

have been fully acknowledged. 

Place: Palampur 
neV ) Dated: HJuly, 1996. (AC. VarshneV 

Chairman 
Advisory Committee 



CERTIFICATE II 

This is to certify that the thesis entitled, "Evaluation of a Bioimplant in 

fracture healing in calves" submitted by Mr, Vinay Kumar (V-94-30-09) s/o 

Sh. Bishan Dass to the Himachal Pradesh Krishi Vishvavidyalaya, Palampur (HP) , 

India, in partial fiiifilment of the requirements for the degree of Master of 

Veterinary Science in the subject of Veterinary Surgery and Radiology of 

College of Veterinary and Animal Sciences has been approved by the Student's 

Advisory Committee after an oral examination of the same in collaboration with an 

external examiner. \ \ y 

(--̂ IWajor Advisor ^^^ 

Membeo-''''^^ ) 2^ ' ' Member 

Member 

A , V. o ^ y- ' ^ ^ 

Member 
^ ' ^ 1 ^ / 

Head N 
Department of Veterinary 
Surgery & Radiology 

Dean. P. c 

-=.1 A ? 

T \^\'Uh\ 

•Aff 



A CKNOWLEDGEMENTS 

I take this opportunity to extend my heartfelt gratitude, obhgation, 

appreciation and sincere thanks to Dr. A.C. Varshney, Head, Department of 

Surgery & Radiology, the chairman of my advisory committee, for his benevolent 

guidance, meticulous planning, sustained encouragement, healthy criticism and 

valuable suggestions throughout the tenure of this itrvestigation. 

Indeed the words of command are not adequate to convey my gratitude to 

Dr. D.N. Sharma. Professor & Head, Department of Anatomy & Histology for his 

deep and constant association, prompt help, support and keen guidance during 

this itrvestigation and writing of this manuscript I shall always remain indebted to 

him for his persoyial affection to me. 

I owe much to the members of advisory committee, Dr. S.P. Singh, 

Professor and Head, Department of Veterinary Physiology, Dr. M.S. Katm'ar, and 

Dr. S.K. Sharma, Assistant Professors , Department of Surgery dr Radiology for 

their readily help, valuable suggestions and constant encouragement during the 

course of this study. 

I am grateful to Prof. J.M. Nigam, Dean, College of Veterinary & Animal 

Sciences, HPKV, Palampur for his scholarly guidance, untiring efforts and 

staunch commitment for ultimate welfare of students and providing necessary 

facilities for completion of this matmscript. 

A very special thanks are conveyed to Dr. R. C. Katoch, Head, 

Department of Veterinary Microbiology, Dr. LS. Sudhakar, Associate Professor 

and Dr. R.L. Bhardwaj, Assistant Professor, Department of Anatomy & 

Histology., Dr. A.K. Sharma, Assistant Professor Clinics, Dr. M.M. Singh, 

Assistant professor. Department of Gynaecology and Obstetrics, Dr. R.S. 

KishtM'aria, Assistant Professor, clinics and Dr. B. Prasad, Professor and Head, 

Department of Medicine and Dr. V.K. Gupta, Assistant Professor , Department of 

Pathology for their kind co-operation in rendering technical acumen and ready to 

help attitiide. 

I am thankful to Govt. ofJammu & Kashmir for allowing me to carry out 

the study at HPKV as an insen'ice candidate. 



/ also thank Dr. J.L. Raina Director and Dr. J.D. Bak.shi, Ex-Director of 

Animal Husbandry, Jammu & Kashmir slate; Dr. B.L Sharma, Dr. K.L Gupta 

and Dr. G.C. Gupta Chief Animal Husbandry Officers ofJ&Kfor their help and 

co-operation. 

1 am highly grateful to Dr. 7.P. Sastry, Scientist, B^yroduct iMboratory, 

Central leather Research Institute, Adyar, Madras, for providing the bioimplants 

utilized in the experimentation. 

1 express my hear if eh appreciation for the timely help of my friends, Drs 

Rajesh Rajput, Surinder Gupta, Ruhinder Adarsh. Archna and Shalini. 

The diligence and incessant attitude of Sarva Shri A mar Chand, Ved 

Parkash, Kishan, Vinod, Ram Swarup, Chaman, Kamaljit, A.S. Masand, Amar 

Nath, Anil, .Jagat Ram, Hoshiar Singh, Ravinder, Harjit, Surjit, Purshotam is 

highly acknowledged. 

I also wish to snatch the opportunity to express my deepest sense of 

gratitude to my wife 'Pawan 'for her patience and inspirations which have lead 

me to join andfulfd the desire of completing post-graduation. 

1 haw but to apologise to my loving children, 'hxisily' and 'Hithanshu' 

who had to bear the neglect and separation from my part. 

IJianks are due to Scottish Computers, Palampur for providing computer 

facilities for the preparation of manuscript in its present form. 

And last but not the least is my indebtedness and gratitude to my respected 

parents and all members of my family for their encouragement and moral and 

financial support throughout the period of study. 

Palampur 

Dated: l:>i si-CTuSU IcjqA VmafKumar 



CONTENTS 

Chapter No. Title Page 

1. Introduction 1-3 

Review of Literature 4-20 

Materials and Methods 21 -27 

Results 28-46 

Discussion 47-61 

Summary 62-65 

References I - XX 



LIST OF FIGURES 

Fig. 1 Creation of transverse fracture in the metatarsal bone in calf. 

Fig. 2 Posture of calf after immobilization of fracture by plaster cast. 

Fig. 3 Radiograph of metatarsal region at 15 days after fi-acture. (Control). 

Fig.4 Radiograph of metatarsal region at 15 days after fracture. (Implanted). 

Fig.5 Radiograph of metatarsal region at 30 days after fracture. (Control). 

Fig.6 Radiograph of metatarsal region at 30 days after fracture. (Implanted) 

Fig. 7 Radiograph of metatarsal region at 45 days after fracture. (Control) 

Fig. 8 Radiograph of metatarsal region at 45 days after fracture. (Implanted) 

Fig. 9 Radiograph of metatarsal region at 60 days after fracture. (Control) 

Fig. 10 Radiograph of metatarsal region at 60 days after fracture. (Implanted) 

Fig. 11 Radiograph of metatarsal region at 75 days after fracture. (Control) 

Fig. 12 Radiograph of metatarsal region at 75 days after fracture. (Implanted) 

Fig. 13 Radiograph of metatarsal region at 90 days after fracture. (Control) 

Fig. 14 Radiograph of metatarsal region at 90 days after fracture. (Implanted) 

Fig. 15 Angiogram of metatarsal region. (Normal-control) 

Fig. 16 Angiogram of metatarsal region at 30 days. (Fractured control) 

Fig. 17 Angiogram of metatarsal region at 30 days. (Fractured treated) 

Fig. 18 Angiogram of metatarsal region at 60 days. (Fractured control) 

Fig. 19 Angiogram of metatarsal region at 60 days. (Fractured treated) 

Fig.20 Angiogram of metatarsal region at 90 days. (Fractured control) 

Fig.21 Angiogram of metatarsal region at 90 days. (Fractured treated) 

Fig. 22 Calcium (a) and Phosphorus (b) alterations during fracture healing 
- graphic representation. 

Fig.23 Alkaline phospahtase concentration during fracture repair 



Fig. 24 Bone tissue calcium (a) and Phosphorus (b) during fracture repair 

- graphic representation. 

Fig.25 Chondroid inlay at 30 days control. 

Fig.26 Initiation of bone formation by cartilage degeneration at 30 days 
control. 

Fig.27 Periosteal, fibroblastic proliferation and early osteogenesis at 3G 

days treated. 

Fig.28 Intra chondral ossofication at 30 days treated. 

Fig.29 Osteon formation at 60 days control. 

Fig.30 Haversian system formation and lamellar organisation of bony tissue 
at 60 days treated. 

Fig.31 Cartilagenous plaques in bone healed at 90 days control. 

Fig.32 Endochondral ossification at 90 days control. 

Fig.33 Typical bone formation at 90 days treated. 

Fig.34 Radiograph of metatarsal region at 90 days. (Clinical case) 



LIST OF TABLES 

1 Weight bearing capacity of the operated limb during fracture repair. 

2 Rectal temperature, respiration rate and cardiac rate during fracture 

healing. 

3. Total erythrocytic, total leucocytic and differential leucocytic counts during 

fracture repair. 

4. Plasma calcium, phosphorus and alkaline phosphatase during fracture 

healing. 

5. Bone tissue calcium and phosphorus during fracture repair. 



INTRODUCTION 

Among all the surgical ailments recorded at the Himachal Pradesh Krishi 

Vishvavidyalaya Veterinary Clinics, Palampur, the fracture of limb bones ranked 

number one. The metatarsal and metacarpal bones were the most commonly 

involved. Volumes of literature have accumulated on the fracture repair in 

experimental and other mammals. But very few studies have been made on the 

repair of fracture in bovines. 

Earlier, casts and splints were the only devices available for the limb 

fracture immobilization. Casts were also usefiil in maintaining internal fixation. 

The metallic implants had limited value due to the discomfort to the 

patient, and associated surgical risk, morbidity and cost. Osteopenia due to the 

alteration in vascularity beneath the implants could hamper the healing process. 

Bone grafts provided the mechanical support but the vascularization was 

slow and formation of bone was less extensive when compact bone graft was 

used. The cancellous bone grafts improved the vascular response. Autogenous 

bone grafts because of their superior osteoinductive property, rapid 

incorporation and lack of immunogenic problem were preferred for healing the 

osseous defects (Brown and Cruess, 1982 and Scunderi et al., 1991). Allogenic 

and xenogenic grafts were not preferred because of obvious reasons viz. any 

systemic disease to the donor, unsterile harvested grafts and complexity of host-

graft relationship. 



In order to overcome the above constraints certain bioimplants which 

resembled in structure and composition to the bone, were used for repair of 

fracture (Holmes, 19.76). Aluminium calcium phosphorus pentoxide (ALCAP) 

proved best compatibility with gradual replacement of ceramic material with 

endogenous bone (Freeman, 1981). Tricalcium phosphate, a biodegradable 

bone implant showed promising resuhs in repair of fracture (Auer and Schenk 

1989). But the less tensile strength , brittle nature and impact resistance limited 

its application in stressfijl circumstances (Hollinger and Battistone, 1986). 

Hydroxyapatite was used in correcting the bone defects of mandibles, maxillae 

and long bones (deGroot, 1960). It was reported to be a suitable BONE 

GRAFT SUBSTITUTE in bone surgery. The collagen present in the bone, 

provided the necessary nucleus as well as adenosine triphosphate activity for 

early mineralization of the bone (Franklin, 1968). 

Hydroxyapatite and fibrillar collagen which formed the major portion of 

the bone were tested for ectopic bone induction in mice (Takaoka, et a/., 1988). 

These implants were used successfully in the fracture repair of dog (Sastry et 

a/., 1995). The literature on the use of this implant in bovine is not traceable. 

The present study was therefore, undertaken in calves with the following 

objectives: 

(i) to evaluate the osteogenic properties of bioimplant on the basis of 

clinical, haematological, biochemical radiographic, angiographic and 



histological examinations after experimentally induced fractures in 

metetarsal bone. 

(ii to assess the efficacy of bioimplant in the clinical cases of fractures in 

bo vines. 

The idea of assessing the effectivity of the said implant had been to 

provide the required scaffolding for quick migration of the reparative cells and 

thus reducing the healing time. The results achieved in the investigation will be 

highly useful to the field veterinarians; since the bioimplants have been recently 

introduced in our country. 



REVIEW OF LITERATURE 

Transplantation of bone has a long history in the annals of orthopaedic 

science. Various types of bone grafts and implants have been used in the 

reconstruction of bone. Abundant literature have accumulated on various 

aspects of this topic. The literature has been reviewed under following 

headings:-

1. Bone Grafts 

2. Biodegradable/Bioresorbable Implants 

3. Methods of Evaluation 

2.1 Bone Grafts 

Bone grafting represents one of the earliest desired reconstructive 

approaches to the musculo-skeletal system and is the most commonly used 

orthopaedic procedure. The pioneer work on the use of homogenous grafts 

was practiced in a boy by Macewen (1878). Subsequently, transplantation of 

the whole or hemijoint was adapted to replace the damaged knee (Lexer 1925). 

Schroeder (1938) reported the use of bone grafts in veterinary orthopaedics. 

The use of bone banks was strongly advocated in veterinary' orthopaedics 

(Newton and Nunamaker, 1985). The grafts were stored deep fi"ozen in sterile 

containers and used successftilly upto 2 years (Tomford et a/., 1983). 

The cancellous or cortical bone grafts have been observed to be an 

adjunct to any orthopaedic procedure where rapid bone formation or bone 



union was desired (Stevenson, 1985). Autogenous cancellous bone grafts were 

essential for treatment of fracture complications such as osteomyelitis, delayed 

union or non union (Meyre ei al., 1975). The cortical bone graft was not as 

frequently used but had a role in replacement of massive cortical defects in 

fracture repair (Henry and Wardsworth, 1981; Alexander, 1983 and Vasseur, 

1987). Autogenous cortical bone graft provided strength and was slowly 

incorporated at the recipient site than cancellous grafts (Harvey et al., 1990). 

The grafted cortical bone was gradually removed and replaced by bone from 

recipient bone whereas autologous cancellous bone enhanced its incorporation 

at the recipient site (Bacher and Schmidt, 1980 and Alexander, 1983). 

Friediaender and Mankin (1981) reported homogenous or allogenous bone as an 

ahemative to an autogenic transplantation. 

The allograft or homograft overcame the limitations associated with the 

procurement of autograft. However, it provoked immunological response. It 

has poor osteogenic and osteoinductive activities as compared to fresh 

autograft. Delayed remodelling response were common disadvantages 

associated with this grafts (Burwell, 1969 and Bonfiglio, 1976). 

Extensive studies have been carried out to preserve the osteoinductive 

and osteogenic properties and to reduce antigenicity of allogenic bone grafts 

(Burwell, 1969; Stabler e/a/., 1985 and Tomford etal, 1986). Burwell (1969) 

preserved the bone by way of boiling, autoclaving, deproteinizing, 

merthiolating, declacifying, freezing and freeze dr>'ing. But by these methods 

osteoinduction capacity was reduced (Ross, 1966 and Burwell, 1969). Use of 



autoclaved segments in neoplastic and traumatized bone has been documented 

(Burwell, 1969 and Coupland, 1969). Singh el al. (1977) reported slower rate 

of resorption and poor bone formation with autoclaved grafts. Decalcified 

allogenic bone grafts were preferred over boiled, autoclaved, deproteinized and 

merthiolated grafts (Stevenson, 1985), The decalcified grafts possessed little 

strength, hence lacked weight bearing capacity. 

Urist (1965) reported that histocytes, foreign body giant cells and 

inflammatory connective tissue cells were stimulated by degraded products of 

dead bone matrix to grow in and repopulate the area at the site of a decalcified 

bone implant . Dissolution of the bone matrix took place due to transfer of 

collagenolytic activity to the substrate by the histocytes . This was subsequently 

followed by new bone formation by autoinduction. 

The bone matrix of the grafted tissue also influenced the reconstructive 

properties of the host bone by the process of assimilative induction (Hyatt and 

Butler, 1960). It was further established that higher cellular grafts (cancellous) 

with low matrix proportion received less opportunity for healing as compared to 

low cellular grafts along with high matrix protein (cortical). 

Urist and Iwata (1973) reported that the organic matrix of bone and 

dentin even in the absence of living cells possessed bone induction principle 

which was termed as bone morphogenetic protein (BMP). The bone 

morphogenetic protein, being chemotactic protein, played an important role in 

the migration of osteoprogenitor cells to the site of bone repair. The early 

response involved the appearance and proliferation of mesenchymal cells at the 



site of implantation followed by cartilage and bone formation (Somerman el al., 

1983). 

Decalcified bone grafts had been used in horses and other animals 

(Fakelman e( ai, 1981; Einhorn et a/., 1984 and Gepstein et al., 1987) and 

these grafts were found to be superior to autogenous bone grafts as regards to 

their osteogenic potential. Parsanalli (1988) observed that deep frozen bone 

grafts were rapidly resorbed and replaced by new bone. Use of decalcified and 

undecalcified freeze dried grafts had been reported in dogs with varying degree 

and rate of bone formation (Sudheer Kumar, 1989). Decalcified bovine bone 

had been reported to possessed osteoinductive properties when transplanted in 

dogs, through, the observations were not consistent (Shukla, 1989). 

The graft of demineralized bone matrix that had been treated with 

autologous plasma was called plasma coated demineralized bone matrix or 

augumented plasma coated demineralized bone matrix (Weiss and Reddy, 

1981). Demineralized bone matrix treated either with citrated plasma or 

fibronectin accelerated the bone formation (Bolander and Balian, 1986). When 

the healing process of plasma coated demineralized bone matrix graft was 

compared with the autogenous cancellous bone grafts in rabbits. 

Impregnation of various types of bone graft with autologous red bone 

marrow has been reported experimentally for allograft bone (Burwell, 1966, 

Boyne, 1970 and Nade, 1970) and for xenograft bone (Salama and Weissman, 

1978). Ashton et al. (1980) and Hirano and Urist (1981) suggested that during 

transplantation of bone marrow, the haemopoeitic cells died shortly and there 



was an overgrowth of fibroblasts which differentiated and redifferentiated to 

form bone. Salama and Weissman (1978) reported an accelerated rate of 

osteogensis at the beginning of healing process with viable autologous marrow 

cells and demineralized autologous compact bone graft. 

2.2 Biodegradable/Bioresorbable Implants 

Due to inherent drawbacks like surgical risk and non-availability of 

sufficient autografts and immunogenic reaction of allografts, search for synthetic 

materials started. The resorable, inorganic, alloplastic materials such as plaster 

of Paris, argonite, beta whitelockite and various combinations of calcium 

phosphate ceramics have been investigated (Hollinger and Battistone, 1986). 

The use of plaster of Paris to fill bone defects had been described as it exhibited 

little or no tissue reaction and was resorbed and replaced with new bone 

(Calhoun et al., 1967 and Frame, 1980). However, plaster of Paris was not 

considered a good biodegradable material as it showed poor mechanical 

strength because of its faster resorption rate than that of bone in growth rate 

(Peltier, 1961). Graves et al, (1971) suggested that the resorbable ceramics 

could be made porous so as to replace these pores by endogenous bone due to 

ingrowth of osteon in the pores to establish firm binding (Hulbert el al., 1971). 

Cheroff ^/ al. (1975) used organic material fi-om the genius Porities coral as 

implant material in the femora and tibiae of dogs with pore size of ranging 140-

160 |im in diameters and observed that there was complete resorption of the 

coral skeleton after one year. The coral structure was reported to be more 



organised than the random porosity produced in synthetic biomaterials. 

Klawitter and Huibert (1971) determined that 100 fxm was the optimum pore 

size for effective bone ingrowth, 

Studies in rats showed that 60% of the calcium presented in the 

implanted porous calcium aluminate ceramic was resorbed by the rat's body 

within 75 days and 32% was replaced in next 75 days (Carvalho et al., 1975 

and 1976). Graves et al. (1971) tested both monophasic and polyphasic 

calcium aluminate ceramics in rhesus monkeys and suggested that polyphasic 

resorbable calcium aluminate ceramics were more suitable for replacing bone 

segments. Addition of phosphate to calcium aluminate ceramics increased the 

resorbability without lowering the strength (Graves et al., 19,75). 

Aluminium calcium phosphorus pentoxide (ALCAP) had the best 

compatibility with gradual replacement of the ceramic material with endogenous 

bone (Wyatt el al., 1976 and Freeman et al., 1981). The porous nature of 

aluminium calcium phosphorus ceramic allowed induction of new bone growth 

into the implanted ceramics (Bajpai et al., 1976 and Freeman et al, 1980). 

Pore size range from 75 to 150 jam in diameter was reported to be optimum for 

bone ingrowth, vascularization and adequate oxygen supply (Skinner, 1979). 

Phosphate biomaterials were biodegradable beta tricalcium phosphate 

(TCP) and hydroxyapatite (Bhaskar et al., 1971; Cameron et al., 1977 and 

Hollinger and Battistone, 1986). The most consistent and desirable property of 

TCP as well as other calcium phosphate ceramics was biocompatibility 

(Cutright ei al., 1972 and Ferraro, 1979). Themost remarkable property of 



such ceramics was their abihty to bind directly with the bone. Ingrowth of 

connective tissue into peripheral pores of TCP implant was reported to be so 

rapid that it was difficult to separate the implant from the surrounding tissue 

(Bhaskar et a/., 1971). The TCP when impregnated into the medullar '̂ cavity 

immediately prior to final reduction showed promising results in equines (Auer 

and Schenk. 1989). Tortorelli and Posey (1981) applied porous TCP in block 

form with some success in mandibular discontinuities in dogs. Comparably less 

tensile strength of TCP to that of cancellous bone, brittle nature and low limpact 

resistence limited the application of TCP implants (Jarcho, 1981). However, 

use of TCP as a bone expander in combination with a bone graft or implant 

showed benificial results (Hollinger and Battistone, 1986). 

Hydroxyapatite a phosphate biomaterial, was used in correcting the bone. 

defects in mandible, maxillae and some other long bones (Jarcho et at., Wll; 

Signs et al., 1979 and deGroot, 1980). Being porous, readily penetrable by 

bone ingrowth and osteons formation was preceeded by ingrowth of blood 

vessels into gaps (Schenk, 1987). Implantation of hydroxyapatite into bone 

marrow cavities of rabbit femoral and tibial bone produced new bone formation 

(Kawamura et al., 1987). They also reported a further increase in new bone 

deposition with bone morphogenetic proteins bound hydroxyapatite. 

Use of hydroxyapatite along with demineralized bone matrix has been 

advocated in the treatment of fractures in dogs (Suresh Kumar, 1994). 

Excellent ossification was observedwithout any rejection or foreign body 

reaction has been reported in dogs (Sastry et al., 1995). Jarcho (1981) 
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suggested that hydroxyapatite was one of the most clinically applicable 

biocompatible materials. The superior histocompatibility of porous 

hydroxyapatite had been demonstrated following implantation of hydroxyapatite 

in rabbit spine (Flatley et al., 1983) and dog femora (Hoogendoom et a/., 

1984). Composite bone grafts of marrow cells and hydroxyapatite in dog 

femoral defect, proved that hydroxyapatite did not inhibit new bone formation 

(Boyne eta/., 1978). On the other hand, porous hydroxyapatite was considered 

brittle and, mechanically weak as compared to dense hydroxyapatite (Jarcho, 

1981). 

Collagen is the principal organic constituent of bone tissue (Bourne, 

1956) to supply the necessary nucleation centres as well as adenosine 

triphosphatase activity which in turn helped in a early mineralization (Franklin, 

1968). A possible correlation of collagen was observed during calcification 

process (Udupa, 1966). Impaired collagen formation might result in 

mechanically inferior tissue of metaphysis (Grunsschober et al., 1982). 

Collagen was found to have a strong influence on the nature and site of mineral 

crystal growth in bone matrix by Howell (1971). He also noticed an accelerated 

rate of mineralization in the presence of collagen. Varshney et al. (1991) 

observed a marked organisation of bone trabeculae, pronounced osteogenic 

reactions and mineralization of bone trabeculae and early reappearance of 

normal bone architecture by use of local enriched collagen therapy during 

resolution phase of osteomyelitis. Collagen extract prepared fi-om ligamentum 

11 



nuchae/Achille's tendon when injected at the fracture site enhanced 

osteosynthesis (Singh, 1978). 

Bone is a two-phase composite tissue consisting of an organic material 

(collagen) impregnated with an inorganic crystalline material (hydroxyapatite) 

(Whitson, 1963). The use of collagen along with porous hydroxyapatite was 

reported for ectopic bone induction in mice (Takaoka et al., 1988). There has 

been a close relationship between the molecular structural formation of 

collagen fibril and the crystal growth of apatite of calcium phosphate 

(Engstrom, 1960). Sastry et al. (1995) used osteoinductive and bone filling 

material. "Maxibloc" containing hydroxyapatite and fibrillar collagen for filling 

the bone gaps in orthopaedic and maxillofacial surgery in dogs. They observed 

complete ossification within 4 to 6 weeks. 

2.3 Methods of Evaluation 

2.3.1 Clinical Observation 

The return of weight bearing capacity of the fractured limb was reported 

one week after implantation of segmental cortical bone graft in the tibia of goats 

by Bisla et al. (1991). They reported that weight bearing was seen earlier in the 

fresh autogenous cortical graft as compared to fresh allograft and autoclaved 

xenograft. Varying degree of lameness was observed upto 2 months in animals 

with autografts and allografts and upto 3 months in the animals with xenografts. 

Muscular atrophy was, however, the common feature observed in all affected 

limbs of such cortical bone grafted animals. 

12 



Rectal temperature, respiration and pulse rate did not alter during pre 

and post operative phages following calcium hydroxyapatite ceramic implants in 

segmental tibial defects in canine (Das and samanta, 1995). 

2.3.2 Haematological observations 

Fracture in femur bone treated with intramedullary metallic implants 

along with ultrasonography did not lead to any effect on various haematological 

parameters (Singh et ai, 1994b). Similarly inflammatory cells remained within 

normal physiological limits following treatment of tibial defects with calcium 

hydroxyapatite ceramics in dogs (Das and Samanta, 1995). 

2.3.3 Radiographic observations 

Radiography is an adjunct in assessment of fracture reduction, fixation 

and progressive evaluation of fi'acture healing (Nev^on and Nunamaker, 1985). 

Bisla et al. (1991) observed the periosteal reaction as early as on 15th post 

implantation day in adult goats with fresh cortical autograft whereras extent of 

periosteal reaction was less in fresh allografted and autoclaved xenografted 

animals. An extensive periosteal reaction with complete encasing of the graft 

was observed on 30th day following implantation of autograft and allograft. On 

the basis of roentgenological observations Singh et al. (1977) graded the 

different types of transplants in order of their merit as frozen, fresh, autoclaved 

and merthiolated cortical bone transplants. They fiirther noted that the bone 

slot having no implant showed more new bone formation than the slots 

receiving any one of the implants. These observations were fiarther confirmed 

by Parsanalli and Singh (1990) as they reported that the deep frozen grafts were 

13 



replaced by new bone more rapidly as compared to autoclaved and decalcified 

allogenic bone grafts till 90 post operative day. Almost similar conclusion was 

drawn by Friedlaender et at. (1976) and Ulemale and Kulkami (1992) with use 

ofdeepfi-ozen bone grafts. However De-Bruyn and Kabisch (1955) reported 

poor bone formation with ft-ozen transplants and opined that it might be due to 

destruction of living cells and consequent abscence of osteogenic cells. Singh 

(1978) observed complete bridging of fracture gap after 4 weeks following 

repair with homogenous bone plates. 

Following radiography obtained at different intervals, Kramer et al. 

(1964) and Killey et al. (1966) recommended that anorganic bone grafts did not 

satisfy any of the properties of an ideal bone graft. Aithal et al (1993) 

evaluated grafts viz. autogenous cortical, cancellous, frozen decalcified with 

autogenous marrow and ALCAP impregnated autogenous marrow and 

observed an early osseous union between autogenous cortical bone graft and the 

host bone on the basis of radiographic observations. Sastri et al. (1995) 

observed osseous union within 4-6 weeks in tibial defects of dogs following 

implantation with hydroxyapatite and fibrillar collagen. 

2.3.4 Angiographic Observations 

The blood supply to the healing bone is one of the important factors 

which influences the rate of healing with varying degree of vascularization at 

different stages of bone repair. Marchand (1901) seemed to be the first to study 

the vessels in the transplanted bone. Wray and Lynch (1959) established that 

periosteal and surrounding soft tissue vessels played an important role in the 

14 



eariy stage of fracture healing. These vessels served an immediate source to 

early periosteal callus formation (Gothman, 1961). A sudden increase in the 

existing arterioles was reported in undisplaced fracture of radio ulna in dogs 

(Rhinelander and Bragery, 1962). Further, improvement of medullary and 

periosteal circulation resulted in rapid fracture healing (Kokenberg, 1963). 

Deleu and Trueta (1965) reported a direct relationship between vascular 

supply and successful organisation of primary callus as well as its flirther 

development till the final stage of fracture repair. The organisation of callus 

was much greater with periosteal vessels than endosteal vessels. 

Afferent vascular changes were studied for evaluation of fracture repair 

after bone transplantation (Sharma et al., 1977). Singh et al (1978) performed 

angiography in the metatarsal bone in bovine by infusing 15 to 20 ml of sodium 

iothalamate (70%) into the anterior tibial artery. Parsanalli (1988) carried out 

the angiography in the metatarsal and metacarpal of calves immediately after 

euthnesia by infiising freshly prepared lead oxide suspension (20%) in the 

metatarsal and metacarpal arteries respectively for better visualization of major 

and minute vascular branching. 

Blood flow at the fracture site reached its maximum on tenth day and 

then gradually ebbed but not returned to normalcy at 120th day in the tibial 

fracture of canine (Paradis and Kelley, 1975). However near normal blood 

supply and reunion of medullary vessels was shown at six weeks after fracture 

of tibia in dogs (Pandiya et al, \911). Sharma et al. (1977) observed a state of 

hyperaemia upto 10th week following immobilization of tibial fracture of bufifalo 
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with metal or bone implants supported with plaster cast. The process of 

proliferation and reorganisation of medullary vessels was faster in fractures 

treated with bone plates than those immobilized with plaster of Paris alone 

(Singh, 1978). 

Microangiographic technique demonstratred the dialatation and 

proliferation of periosteal/vascular network, derived mainly from torn soft tissue 

vessels in the vicinity of fracture during first week of fracture healing in dogs 

(Rhinelander, 1968 and Singh, 1976). Thereafter, the medullary circulation 

increased rapidly in both fracture fragments and played a major role in the blood 

supply of callus. Similarly early restoration of disturbed medullary circulation 

was observed in case of well reduced and immobilized fracture (Rhinelander, 

1974). 

When the different types of grafts were compared on the basis of 

success of revascularization, they were graded in order of merit as frozen, fresh, 

autoclaved and merthiolated preserved homogenous bone fraft (Singh et al., 

1978). Stringa (1957), Zeiss el al (1960), Kingma and Hampe (1964) and 

Rhinelander (1972) reported slow vascularization in cortical bone grafted 

fractures. Fresh homografts revascularized more slowly than autografts of bone 

(Zeiss et ai, 1960 and Deleu and Trueta, 1965). Chalmers (1959) reported 

early vascularization of autografts in rats than in guinae-pigs. 
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2.3.5 Biochemical Studies 

2.3.5.1 Blood Biochemistry 

The serum concentration of calcium and phosphorus in normal adult 

cattle has been reported as 9-12 mg/100 ml and 4-12 mg/100 ml respectively 

(Banerjee, 1978). There was no alteration in the concentration of serum 

calcium between young and adult animals however serum organic phosphorus 

was quite variable in young animals (Kaneko, 1980). Observations of Parfitt 

(1965) suggested a decrease of about 15% in the level of serum phosphorus and 

about 3% in mean serum calcium concentration during treatment of 

osteoporosis with stilbestrol. 

Lemaire (1966) and Laumen and Kelly (1969) did not observe any 

change in serum calcium level during fracture healing in rats and dogs 

respectively. Henderson and Noble (1926) and Soliman and Hasan (1964) 

reported a low level of calcium and high level of phosphorus in serum in the 

days immediately following fracture. Ulemale and Kulkami (1992) reported no 

considerable variations in the levels of calcium, inorganic phosphorus and 

alkaline phosphatase following implantation of deep frozen allogenic bone 

grafts in metacarpal fractures of calves at different time intervals till 28 days. 

Suresh Kumar (1994) did not record any significant rise in serum inorganic 

phosphorus and calcium during fracture repair of femoral defects with 

demineralized bone matrix, tricalcium phosphate, hydroxyapatite and cancellous 

bone grafts. 
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Serum alkaline phosphatase (ALP) acts as a good indicator of 

osteogenic activity in early stages of bone repair (Varshney el a/., 1991; Aithal 

et a{., 1995). Alkaline phosphatase enzyme activity was reported to be 

responsible for hydrolysis of phosphate esters resulting in a local increase of 

phosphate ions deposition of calcium phosphate ions in the bone matrix (Ali, 

1980) removal of inhibitors of mineralization (Lewinson et al., 1982). Aithal et 

al. (1995) observed increased serum alkaline phosphatase following metatarsal 

fracture repair with autogenous cancellous bone grafts in goats. A significant 

increase in serum concentration of alkaline phosphatase occured at 7 and 14 

post implantation days during Cerosium ceramic repair of ulnar defects in dogs 

(Singh et al., 1976). Similar observations were also recorded by Shirfin (1970) 

and Klein et al. (1964) in human beings. Suresh Kumar (1994) observed a 

significant increase in alkaline phosphatase values during femoral defect with 

demineralized bone matrix implants in canines. The peak value was observed at 

3 weeks following fi-acture (Volpin et al., 1986) in rats. On contrary, Botterell 

and King (1935) did not find any change in level during fi-acture repair in 

rabbits. 

2.3.5.2 Tissue Calcium and Phosphorus. 

The extent of mineralization has been related to the increased level of 

local tissue calcium in the bone (Reddy and Huggins, 1972). Bemick et al. 

(1989) observed a gradual increase in tissue calcium upto 16 weeks afl:er 

implantation of demineralized bone in the subcutaneous sites in rats. However, 

they found a faster rate of calcium deposition between 2 to 4 weeks. In a study 
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for the treatment of radio-carpal arthrodesis in dogs with the help of autogenous 

cancellous and allogenic demineralized bone matrix-hydroxyapatite-polyglycidyl 

methacrylate-gentamycin (ADBM-HA-PGMA-G) grafts, tissue calcium and 

phosphorous was significantly increased as compared to the control group 

where no grafts were applied (Naryanan 1993). Sastry (1989) measured a much 

higher calcium contents at the graft site between 4 to 6 weeks in demineralized 

bone matrix-hydroxyapatite-polyglycidyl methacrylate-gentamycin (DMB-HA-

PGMA-G) grafts as compared to hydroxyapatite polyglycidyl methacrylate-

Gentamycin (HA-PGMA-G) grafts. 

2.3.5 Histological Changes 

Bone biopsy is an invaluable asset for confirmatory diagnosis (Singh, 

1967 and Harari, 1984) and evaluating the progress of bone healing (Narayanan 

et ai, 1995 and Vasanth and Ramakrishna, 1995) and orthopaedic diseases 

(Hierholzere/a/., 1974 and Walker e/a/., 1975). 

Malinin (1977) noticed fibroblastic and osteoblastic proliferation from 

periosteum along with irregularly formed thin cartilagenous plates in animals 

where no graft was used. 

Braden and Brinker (1976) studied the fracture healing in dog and stated 

that cartilage formation occurred when cellular proliferation outpaced vascular 

regeneration. They fiirther stated that the differentiation of prinndial cells lining 

the endosteum and osteogenic cells depended on the rigid immobilization of the 

fracture fragments. 
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Charnley (1970) and Singh et al. (1981) used acrylic bone cement for 

healing of fracture in man and small ruminants, respectively. They observed a 

thick fibrous layer between the bone and the graft. There was no sign of bone 

resorption or any other inflammatory reaction at the site. 

Ulemale and Kulkami (1992) observed well developed bony tissue, 

deposition of osteoid matrix by osteoblasts, establishment of Haversian system 

and marked proliferation of osteoblasts and chondroblasts adjacant to the bone 

at 28 days following implantation of deep frozen allogenic bone grafts in 

metacarpal fracture of calves. 

Mukherjee and Sahay (1992) observed marked cellularity with increased 

thickness of the newly formed bone trabeculae at 6 weeks following placement 

of the autologous bone marrow in the metacarpal fracture of goats. They 

fiirther noticed increase in the compact substance due to increase of the 

Haversian system subsequently. 
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MATERIALS AND METHODS 

The present study was conducted in 18 apparently healthy corss bred 

male cow calves in the age group of 8 to 12 months with body weight ranging 

60 to 90 Kg. The animals were stall fed and maintained under uniform 

managemental conditions during entire period of observation. All the animals 

were dewormed with fenbendazole* @ 5 mg/kg body weight prior to conduct 

of experiments. These animals were divided randomly into 2 groups of nine 

animals each to serve as control and treated (implanted) groups. In all the 

experimental animals simple complete midshaft transverse fractures of 

metatarsal bone were created. 

3.1 Creation of Fracture and Management 

After overnight fasting, the animals were sedated with intravenous 

infusion of 6% chloral hydrate @ 6 gm/ 50 kg body weight. They were secured 

in the left lateral recumbency. The site between hock and fetlock joints of the 

left limb was thoroughly scrubbed and shaved. Under local infilteration 

analgesia with 2% lignocaine hydrochloride, about 6 cm long incision was made 

on the medial aspect of metatarsal region taking all the aspetic precautions. The 

skin edges were retracted on either side exposing the bone. An incision was 

made on the periosteum and the same was retracted on either side. With an 

* Panacur, Hoechst India Limited, Bombay, India. 
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embryotome wire, a complete midshaft transverse metatarsal fracture was 

created (Fig 1). The fractured edges of the bone were cleaned with normal 

saline and 3 cm long bioimplant* comprising of hydroxyapatite and fibrillar 

collagen was introduced after sterilizationinto the medullary cavity in the 

animals of group II, whereas no implant was used in the animals of control 

group 1. 

The periosteum and subcutaneous tissue were sutured in continuous 

pattern using chromic catgut No. 2-0 and finally skin was closed with mattress 

sutures using black braided silk No.2. The fractured fî agments of the 

metatarsus were immobilized by using plaster of Paris cast supported with 

aluminium splints on the anterior and posterior aspects of the limb. The hock 

and pastern joints were included in the plaster cast (Fig 2). The plaster was 

retained for 1 to 3 months depending upon the evaluation protocol. 

Postoperatively from the first day streptopenicillin 1 gm i/m was given daily for 

7 days. Concentrates and green/ dry fodder and water were given to animals ad 

libitum. 

The animals of group I and II were further subdivided into group A, B 

and C of 3 animals each for different studies at 15 and 30, 45 and 60 and 75 and 

90 post operative days respectively. 

3.2 Clinical Observations 

Animals were clinically monitored for their general health condition, 

* Maxibloc, Central Leather Research Institute, Madras. 
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Fig. 1 Photograph showing the creation of transverse fracture in the midshaft 

of metatarsal bone in calf 

Fig. 2 Photograph showing the posture of the operated limb after 

immobilization of the fracture with plastic cast in calf 





feed intake and weight bearing capacity. The extent of weight bearing was 

categorised as - when there was flexion of hock without foot touching the 

ground, + when toe touched the ground with no weight bearing, ++ when sole 

touched the ground with slight weight bearing and +++ when foot touched the 

ground and exhibited no signs of lameness and were designated as nil, partial, 

moderate and complete weight bearing capacity respectively. 

Rectal temperature, respiration and cardiac rates were recorded before 

and after 15, 30, 45, 60, 75 and 90 days of fracture in group I and II. 

3.3 Haematological Studies 

About 5 ml of blood was collected from external jugular vein in 

heparinised rinsed vials before and after 15, 30, 45, 60, 75 and 90 days of 

fracture in the animals of group I and II. Half of the blood was immediately 

analysed for total erythrocyte count (TEC), total leucocyte count (TLC) and 

differential leucocyte count (DLC) as per the methods described by Jain (1986). 

For DLC, the slides were stained with Leishman's stain. 

Rest half of the blood was used for separation of plasma for biochemical 

analysis (vide infra). 

3.4 Radiographic Studies 

Plain radiographs of the fractured limb were taken in mediolateral and 

dorsoplantar views at 0, 15, 30, 45, 60, 75 and 90 days after fracture in group I 

and II with constant exposure factors of 1 OmAs, 72 kVp and 90 cm FFD. The 
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radiographs were studied for evaluation of periosteal, cortical and endosteal 

callus formation, soft tissue density, bridging of fracture gap, status of 

dissolution of graft and infection, if any, around the fi^acture site etc. 

3.5 Angiographic Studies 

Angiograms of the operated limb were obtained at 0, 30, 60 and 90 days 

after the fi"acture in the animals of group I and II to evaluate the course, 

number, contour and calibre of the arterial vessels supplying the fractured area 

to assess the amount of blood supply at the site. Angiogram of normal limb was 

also taken to compare the study with the normal vascular pattern. 

For angiographic study, a skin incision about 4 to 5 cm long was made 

on the medial aspect of thigh under chloral hydrate sedation with local 

infilteration of 2% lignocaine hydrochloride. The deep femoral artery in the 

proximal two thirds on the medial aspect of thigh (femur) was identified, 

exteriorised and canulated with the help of IV Canula before clamping the 

femoral artery. The plastic canula was pushed downward into the artery and a 

tight ligature was applied around the artery and the canula so as to prevent any 

leakage of blood from the artery. An elastic tomiquette was applied in the 

proximal part of thigh to prevent retrograde flow of the contrast medium. A 

syringe containing 20 ml sodium iothalamate* (70%) was connected with the 

canula. The contrast material was infused with a regular gentle digital pressure 

* Conray 420, Rhone Poulene (India) Ltd., Bombay, India. 
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and dorsoplanter and mediolateral radiographic views were exposed 

immediately at constant exposure factors 10 mAs, 72 kVp and 90 cm FFD. 

Tomiquette was released and then the canula was removed and the punctured 

part was sutured using 4-0 chromic catgut. Both ligature and clamp placed 

earlier, were removed from the femoral artery and skin wound was closed. 

For better visualization of arteries, one test limb from each group was 

perfiised with lead oxide soap suspension (20% w/v) in the similar manner. The 

animal was euthenised and disposed off after collection of material for detailed 

histopathological evaluation. 

3.6 Biochemical Studies 

3.6.1 Blood Biochemistry 

Remaining blood (vide supra) after utilizing the haematological 

parameters, was subjected to centrifijgation for separation of plasma at 2000 

revolution per minute (rpm) for 5 minutes. 

Plasma was collected in glass vials and stored at -20°C until analysis 

within fortnight. The plasma alkaline phosphatase (u/1), calcium (mg/dl) and 

phosphorus (mg/dl) were estimated with the help of semi-auto analyzer* using 

standard diagnostic kits**. 

3.6.2 Estimation of Tissue Calcium and Phosphorus 

Following angiography of the limb; a full thickness bone piece of 1 cm 

(circumference) x 1/2 cm (width) was collected from the fractured site under 

* SEAC CH-100 Semi-auto blood analyzer. Miles India Ltd. Baroda, India. 
** Miles India Ltd., Baroda, India. 



local infiltration analgesia (or immediately after euthenasia) on 30, 60 and 90 

days of fracture in group I and II. The tissue was directly transferred to 10% 

neutral bufferred formalin for estimation of tissue calcium and phosphorus (and 

histological processing). Tissue was washed and blotted dry. Then 100 mg of 

bone tissue was collected and dissolved completely in 5-10 ml of hydrochloric 

acid (HCl) by boiling. After complete digestion the samples were diluted to 100 

ml by adding deionised water and used for analysis of calcium and phosphorous 

by semi-auto analyser using standard diagnostic kits. The results were 

expressed in milligram/gram of bone (mg/gm). 

3.7 Histological Studies 

Tissue already preserved in formalin was washed . The bone tissues were 

decalcified using electrolytic method (Luna, 1968), processed for paraffin 

sectioning. Ten micron thick sections were obtained and stained with 

Haemotoxylin and Eosine method (H & E). 

3.9 Statistical analysis 

The data WOOL analysed at 5% level of significance by using Paired 't' 

test to compare the results between the groups and within the group 

respectively (Snedecor and Cochran, 1967). 



3.10 Clinical Evaluation of Bioimplant 

Two female calves of 9 months and 1 year age respectively, were 

presented to the College Clinics with history of fresh complete oblique midshaft 

metatarsal fracture. These fractures were managed by open reduction under 6% 

chloral hydrate sedation and local infiltration analgesia with 2% lignocaine 

hydrochJoride. A 3 cm long hydroxyapatite-fibriUar collagen implant was 

placed in the medullary cavity at fracture site. External immobilization of the 

fractured limb and therapeutic protocol, thereafter, remained same as adopted in 

the animals of experimental groups. 
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EXPERIMENTAL RESULTS 

4.1 Clinical Observations 

The weight bearing capacity was initially affected in the animals of both 

groups after fracture repair. Immediately after fracture immobilization of 

fractured limb, all the animals required physical assistance for getting up and 

they were reluctant to move. The animals of both the groups were unable to 

bear weight on affected limb. The weight bearing returned partially after 15 

days of fracture repair in the animals of group I and II (Table 1). After fracture 

immobilization, all animals of the group I showed partial to moderate weight 

bearing of affected limb upto 75th day, however, the same extent of weight 

bearing was noticed upto 45th day in group 11 animals. In one animal of group 

II, complete restoration of weight bearing was achieved on 60th day of fracture 

repair, whereas, it was observed in one of the animals of control group on 90th 

day. The remaining two animals of group I and group II showed moderate 

lameness till 90 and 60 days of fracture respectively. All animals of implanted 

group n restored complete weight bearing on 90th day of fracture repair. A 

slight to moderate muscular atrophy was evident after removal of plaster cast at 

90 days in the animals of implanted and control group. 

The mean values of rectal temperature, respiration rate and cardiac rate 

at different time intervals in group I and II are presented in Table 2. The rectal 

temperature remained within normal range (101.2 + 0.30 to 102.07 + 0.27 °F) 

throughout the period of observation in the animals of control group I. 
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Table 1. Weight bearing capacity during fracture repair with and without 
hydroxyapatite-fibrillar collagen implants in calves (Mean + SE) 

Animals 

Before 
fracture 
ODay 15 

Days after fracture 

30 45 60 75 90 

Group I 
1 + + + ++ 

2 

3 +++ 

+ 

+ 

++ ++ 

++ ++ ++ 

++ +++ 

++ ++ 

Group II 

+++ + ++ ++ +++ +++ -H-+ 

2 

3 

+++ 

+++ + ++ 

++ ++ 

++ 

+++ +++ 

++ +++ 

Group I - Control 
Group I - Treated with hydroxyapatite - fibrillar collagen implant 
+ Partial weight bearing 
++ Moderate weight bearing 
+++ Complete weight bearing 
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However, the maximum value was recorded at 75 post fracture day. A similar 

trend was observed in the animals of implanted group 11 except at 75 days 

where the rectal temperature significantly increased as compared to before 

fracture value. No significant variation was noticed on comparative basis 

between group I and II. 

Respiration rate did not show significant variation at any stage of 

observation though there was tendency to increase at 75 and 90 post fracture 

days in the animals of group I. In group II, the values of respiration rate did not 

vary significantly during post fracture period from that of 0 day value and 

remained within normal physiological limits. However, slightly higher values of 

respiration rate were recorded at 45 and 90 post fracture days. Both the 

treatments were found to be equally effective on the basis of respiration rate at 

different intervals of observation. 

Cardiac rate did not reveal any significant alteration in the animals of 

group I and group II at any of the post fracture intervals when compared to 0 

day value. Similarly on comparative basis, no significant variation in heart rate 

was observed following fracture repair in the animals of group I and II. General 

condition and feed intake remained normal throughout the period of 

experimentation in the animals of group I and group II. 

4.2 Haematological Observations 

The values (Mean + SE) of total erythrocyte count (TEC), total 

leucocyte count (TLC) and differential leucocyte count (DLC) following 
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Table 2. Rectal temperature, respiration rate and cardiac rate during fracture repair with 
and without hydroxy apatite-fibril lar collagen implants in calves (Mean + SE) 

Before Days after fracture 
fracture 

Parameters Group 0 Day 15 30 45 60 75 90 

1 Rectal I 101.4 101.4 101.2 102.0 101.5 102.0 101.3 
Temperature ±0.35 ±0.30 ±0.30 ±0.30 ±0.13 ±0.29 ±0.27 
(T) 

II 100.6 101,7 101.4 101.5 101.7 101.9 101.4 
+ 0.30 +0.18 +0.50 +0.37 +0.18 +0.13'' +0.12 

2. Respiration rate I 20.0 20.67 19.33 19,33 20.0 22.0 24.67 
(perminute) ±2.31 +1,76 +0,67 +1.76 +1,15 +2,0 ±2,40 

II 19.33 21.33 19.33 21.33 19.0 19.33 21.33 
+ 2.40 +1.33 +1.76 +0.67 +1.00 +1.33 +0.67 

3. Cardiac rate 
(per minute) 

I 

II 

74.67 
±7.06 

75.33 
±4.67 

77.33 
±5.81 

78.67 
±5.81 

78.0 
±5.03 

74.67 
±5.81 

78.67 
±3.53 

73.33 
±2.90 

74.0 
±3.46 

78.0 
±5.29 

72.67 
±4.37 

72.67 
±2.90 

74.0 
±4.16 

70.67 
±1.33 

Group I - Control 
Group I - Treated with hydroxyapatite - fibrillar collagen implant 
b < 0.05 within group when compared to 0 day value 
Values differ significantly when bearing diflferent superscripts 
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Table 3. Total erythrocyte count, total leucocyte count and differential leucocyte count 
during fracture repair with and without hydroxyapatite-fibriUar collagen 
implants in calves ( Mean + SE) 

s. 
N. 
I. 

2. 

3. 
a) 

b) 

c) 

d) 

e) 

Parameters 
Total 
erythrocyte 
count 
(10*/cmm) 

Total leucocyte 
count 
(lOVcmm) 

Group 
[ 

II 

I 

n 

Differential leucocyte count 
L\Tnphocvlc (%) 

Neutrophils {%) 

Eosinophils (%) 

Basophils (%) 

Monoc>tes (%) 

1 

II 

1 

II 

I 

II 

I 

H 

I 

II 

Before 
fracture 
ODav 
7.16 
±1.46 

6.29 
±0.35 
9.03 
+0.71 
X.65 
±1.09 

84.67 
±6.36 
85.33 
±4.33 

13.0 
±7.37 
13.67 
±3.76 

I.O 
±1.0 
0.0 
±0.0 

0.0 
±0.0 
0.0 
±0.0 

1.33 
±0.88 
1.0 
±0.58 

15 
5.06 
±0.46 

6.49 
±1.18 
1I.30± 
1 43 
8.40 
±1.14 

83.67 
±2.03 
81.67 
±5.49 

14.0 
±0.58 
18.0 
±5.20 

0.0 
±0.0 
0.0 
±0.0 

0.33 
±0.33 
0.33 
±0.33 

0.0 
±0.0 
0.0 
±0.0 

30 
4.87 
±0.32 

5.48 
±0.39*̂  
8.88 
±0.61 
9.43 
±1.08 

80.0 
±2.08 
73.0 
±4.62 

18.67 
±2.18 
24.33 
±5.78 

0.33 
±0.33 
1.33 
±1.33 

0.0 
±0.0 
0.67 
±0.67 

1.0 
±0.58 
0.67 
±0.33 

Da\s after fracture 

45 
6.37 
±0.82 

5.18 
±0.28 
9.60 
±0.44 
8.23 
±1.20 

73.0 
±3,21 
79.67 
±2.40 

25.0 
±3,51 
18.67 
±1.45 

0.67 
±0.67 
0.67 
±0,33 

0.0 
±0.0 
0.67 
±0.67 

1.0 
±0.58 
0.33 
±0,33 

60 
5.84 
±0.38 

5.17 
±1.02 
9.2 
±1.40 
8.5 
±11 

80.67 
±1.20 
79.67 
±2.03 

16.0 
±1.45 
18.33 
±1.86 

0.33 
±0.33 
1,67 
±0.33 

0.33 
±0.33 
1.67 
±0 33 

0,67 
±0.33 
0.0 
±0.0 

75 
6.84 
±0.42 

4.95 
±0.09*^ 
8.8 
±0.33 
9.65 
±0.96 

69.33 
±1.45 
76.0 
±2.0 

29.0 
±1.53 
21.67 
±0.67 

1.1.0 

10 
±0.0 

0.67 
±0.6 
0.67 
±0.67 

0.0 
±0.0 
0.67 
±0.67 

90 
5.77 
±0.15 

5.24 
±0.07 
8.93 
rO.59 
8.92 
±0.44 

79.0 
±2.52 
75.67 
±4.91 

19.33 
±2.33 
23.0 
±4.04 

1.0 
±0.98 
0.33 
±0.33 

0.0 
±0.0 
0.0 
±0.0 

1.0 
±0.58 
1.0 
±0.58 

Group I - Control 
Group I - Treated with hydrox>'apatite - fibrillar collagen implant 
b< 0.05 within group when compared to 0 day value 
y < 0.05 Between groups at respective intervals 
Values b differ significantly when bearing different superscripts 
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fracture repair with and without hydroxyapatite - fibrillar implant are presented 

in Table 3. A constant decreasing trend was noticed in the TEC values upto 75 

days, thereafter the values slightly increased. TEC values were decreased 

significantly at 30 and 75 days. However these values did not deviate from the 

normal physiological limits.The TEC value had been significantly lower in 

group II than group I on 75 days after the repair of fracture. 

Total leucocyte count (TLC) remained within normal range in animals of 

group I (8.80 ± 0.33 to 11.3 ± 1.43 thousand/mm'' ) and group II (8.23 ± 1.20 

to 9.65 + 0.95 thousand/ mm"*) at different time intervals before and after repair 

of fracture. These values remained although unaltered at various time intervals 

in both the groups 

Post fracture repair values of lymphocyte in group I and II remained 

non-significantly lower throughout the period of experimentation when 

compared to before fracture lymphocyte value. The decrease in lymphocyte 

count was maximum at 75 and 30 days in group I and II respectively. The 

lymphocyte count at different time intervals in group I and II did not 

significantly alter. Almost reverse pattern of the neutrophil values was 

observed. The intensity of neutrophilia was more on 75 and 30 days in group I 

and II respectively as compared to 0 day value. The minor lymphopenia and 

neutrophilia which occured however did not cross the normal physiological 

limits. Eosinophil, Basophil and monocyte counts remained nonsignificantly 

varied when compared to respective 0 day values within the group as well as 

between the groups at different time intervals. 
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4.3 Radiological Changes 

At 15 days, the fractured segments of metatarsi were in opposition but 

the fracture gap was discernible with hazy appearance (Fig 3). However, mild 

periosteal and endosteal reactions were evident in animals of group I. In group 

II, the radiographs revealed perfect alignment of proximal and distal metatarsal 

segments (Fig 4). Periosteal and endosteal reactions at the fracture site were 

comparatively more evident than control. The fracture gap was reduced. The 

radio-opaque graft was visible in the medullary cavity at the fracture site. 

At 30 days, the two fragments of fractured metatarsal were found to be 

perfectly aligned without any angulation in animals of both control and 

implanted groups. Areas of increased density were elicited slightly at the 

periphery of the periosteal and endosteal surfaces and inbetween the cortices at 

the fractured site in the animals of group I (Fig 5). The radiolucent fracture line 

was visible. In implanted group of animals, there was a marked evidence of 

periosteal, cortical and endosteal reactions at the fracture site. A line of 

increased density was visible along the opposite ends of the fractured bone. The 

radio-opacity of graft was visible in the medullary cavity at the fracture site 

(Fig 6). 

At 45 days, intercortical callus with reduction of fracture gap was 

noticed in group I (Fig 7). Areas of increased density were more marked along 

the endosteal surfaces as compared to the periosteal surfaces at the fracture site. 

The radiolucent fracture line was still visible. In animals of group II, the 
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fracture gap was completely bridged and the extent of endosteal callus (Fig 8) 

was more than that of periosteal callus. Implant had started to be resorbed, 

At 60 days, the osseous callus along the periosteal and endosteal 

surfaces was evident in group I (Fig 9). The two bone segments were in perfect 

alignment. However, fracture line was faintly visible. The animals of group II 

showed increased density at the fracture site with formation of periosteal and 

endosteal osseous callus (Fig 10). The medullary cavity was found to have 

started maintaining its continuity. The thickening of the cortex at the fracture 

site was more as a result of osseous callus. The process of issolution and 

fragmentation of hydroxyapatite-fibrillar collagen implant continued at this 

stage with radiolucency of the medullary canal at the fracture site. 

At 75 days, the fracture line was faintly visible in one animal of control 

group on one side of the cortex (Fig 11) whereas in rest of the two animals, the 

fracture union was complete and the fractured ends of the apposed cortex were 

bridged with intercortical callus. The two fragments of bone were in 

opposition. Periosteal and endosteal calluses were discernible. The animals of 

implanted group revealed complete healing of fracture gap with endosteal and 

intercortical osseous callus (Fig 12). There was thickening of the cortex at the 

fracture site. Graft was found to be completely resorbed. Restoration of 

continuity of medullary cavity was achieved. 

At 90 days, there was complete osseous union in the animals of control 

group as formation of callus was evident by radiodense area in the midshaft 

region at the fracture site (Fig 13). The extra callus had not started 



Fig. 3 Mediolateral radiograph of metatarsal of calf at 15 days showing mild 

periosteal and endosteal reaction (Control). 

Fig.4 Dorsoplantar radiograph of metatarsal of calf at 15 days depicting 

proper alignment of the fracture, fragments periosteal and endosteal 

reaction. The implant is also visilble in the medulary cavity. (Implanted) 





Fig. 5 Dorsoplantar radiograph of metatarsal of calf at 30 days eliciting areas 

of increased density at the periphery of periosteal, endosteal and in 

between the cortics. (Control) 

Fig.6 Mediolateral radiograph of metatarsal of calf at 30 days showing 

periosteal, cortical and endosteal reactions at the fracture site. The 

implant is discernible.(Implanted) 





Fig. 7 Dorsoplantar radiograph of metatarsal of calf at 45 days depicting areas 

of increased density along the endosteal surface but fracture line is 

visible. (Control) 

Fig. 8 Dorsoplantar radiograph of metatarsal of calf at 45 days showing 

complete bridging of the fracture gap with periosteal and endosteal 

calluses and the implant has started absorbing. (Implant) 





Fig.9 Dorsoplantar radiograph of metatarsal of calf at 60 days showing 

formation of periosteal and endosteal osseous calluses. Faint fracture 

line is evident. (Control) 

Fig. 10 Mediolateral radiograph of metatarsal of calf at 60 days depicting the 

bridging of fracture gap with osseous callus, the cortex at the fracture 

site is thickened, the medullary cavity has started retaining continuity. 

(Implanted) 





Fig. 11 Dorsoplantar radiograph of metatarsal of calf at 75 days, 

dieting the bridging of the fractured fragments with 

intercortical callus. (Control) 

Fig. 12 Mediolateral radiograph of metatarsal of calf at 75 days 

depicting complete resorption of the implant, bridging of the fracture 

gap and restoration fo continuity of the medullary cavity. (Implanted) 





Fig. 13 Dorsoplantar radiograph of metatarsal of calf at 90days showing 

radiodense area in the mid shaft region, the cortex at the fracture site is 

thickened. (Control) 

Fig. 14 Mediolateral radiograph of metatarsal of calf at 90 days eliciting the 

initiation of remodelling process. The thickness of the cortex is 

decreased to its normal contour at the fracture site. (Implanted) 





remodelling. The thickness of the cortex at the fracture site was more marked. 

The continuity of medullary canal was partially obliterated with the presence of 

endosteal callus at the fracture site. In group II, the endosteal and periosteal 

callus had started the process of remodelling and the thickness of the cortex had 

decreased to its normal contour at the fracture site (Fig 14). 

4.4 Angiographic Observations 

Normal Control Angiogram 

The metatarsal region of the pes showed dorsal metatarsal, superficial 

plantar metatarsal and deep plantar metatarsal arteries. The perforating 

branches of the dorsal metatarsal joined the deep plantar metatarsal in the 

proximal epiphyseal and distal metaphyseal regions. From the proximal 

perforating artery intramedullary arteries supplied the spongy substance of the 

proximal metaphysis and diaphysis. A number of minute branches emanated 

from the dorsal metatarsal supplied to soft tissue including skin and the subcutis 

of the area. On the plantar aspect two plantar metatarsal arteries lay parallel 

antero-posteriorly along the plantar aspect of the metatarsal bone separated by 

means of a small gap. Fine branches emanating from two arteries formed 

anastomosing channel into the soft tissue in between. Superficial soft tissue 

including skin were principally received arterial flow through fine channels 

arising from superficial plantar metatarsal artery (Fig 15). 
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Control 30 days 

Major vascular channels described in the normal contour were 

maintained. The notable feature was the increased fibrovascular reaction (soft 

tissue and vascular proliferation) at the site of fracture (Fig 16). The 

periosteum was extremely thickened with increased vascularity. Microvascular 

pattern of the periosteum revealed minute extravasation of the injection material 

in the periosteum. The vascular reaction was more prominent in the proximal 

fragment of the fracture than in the distal one. A mild increased density along 

the periphery of the fracture site v^th variable opacities indicated the 

accumulation of the temporary callus which were duly vascularised. 

Intramedullary vessels in the proximal segment of the fractured bone became 

very prominent. They showed character of dilatation and proliferation. In the 

distal segment of the fracture, however, the vessels appeared thinner, less 

prominent and less branching as compared to the proximal segment more or less 

stellate but for in the region of metepiphysis where fine vascular channels 

appeared to have increased over the normal control group. 

Fracture Treated 30 days 

In the angiogram of treated pes of the animals of 30 days after implant, 

the general picture simulated v^th the control group as described. The 

distinctive feature, however, included the extravasation of injection fluid at the 

site of implant and growth of collateral circulation from the dorsal metatarsal 

artery in the proximal stump of the fracture. The fibrovascular proliferative 

reaction was not as prominent as in the control group. Intramedullary channel 
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of the proximal stump compared with normal control group. In the distal 

met epiphyseal region, however there were few minute sites of injection material 

dififusion indicating the course of neovasculogenesis. Very minute vascular 

channel could be demarcated along the endosteal channel particularly near the 

site of implant (Fig 17). Periosteal vasculature formation was discernible at the 

graft site along the opposing segments of the fractured metatarsal. The graft 

site was identifiable as 3 cm long slightly radio-opaque area against the marrow 

density in which very fine capillarization and droplet extravasation of the fluid 

was identified (in the mid shaft region). A small area of increased density along 

the apposite ends of the bone revealed establishment of small callus and minute 

extravasation of injection fluid revealed establishment of vascular charmels into 

the implant and the apposing ends of the fracture. 

60 days Control 

Major vascular channels remained intact. The intramedullary channels 

of the proximal stump were very prominently discernible. Vascular channels 

within the spongy bone of metepiphysis and diaphysis region of the proximal 

segment were marked with proliferated vascular channels some of which were 

newly formed as indicated by extravasated injection fluid. Periosteal and 

endosteal vessels were sharply marked. The periosteal swelling observed at 30 

days had subsided. Rather the compact substance of the bone appeared to have 

grown slightly. Cortical vasculature was very clearly marked particularly at the 

fracture site and above it (Fig 18). Intra and extra medullary channels of distal 
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segment showed reduced crisscrossing as compared to 30 day group revealing a 

reduced vascular proliferative reaction in the distal segment. 

60 days (Treated) 

The treated specimen revealed increased vascular proliferative reaction 

in the intramedullary endosteal, cortical and periosteal regions. The fine net 

work of the periosteal region were highly significant observation at this stage. 

A complex network of the vascular channel proximal to the implant site, at the 

implant site and distal to the implant site were the notable features. The implant 

site was clearly observed as radiolucent area in the metatarsal shaft (Fig 19). 

The implant was also in the process of dissolution and fi-agmentation. The 

metatarsal septum was identifiable in the proximal and distal metaphysis but in 

the midshaft region it appeared to have been dissolved. Instead the implant 

which was extremely vascularised at the site was a distinctive feature in 60 day 

angiograph. 

90 davs (Control) 

Angiograms revealed the extrametatarsal and intrametatarsal vasculature 

as in normal control. The periosteal vasculature was clearly evident in the 

proximal (more) and distal (slightly less) segments of the fi-actured bone. The 

callus formation was evident as a radio-dense area in the midshaft region (Fig 

20). Vascularization of the callus was also evident. Endosteal vasculature was 

comparatively deficient on either side of the callus. Minute extravasations were 

also seen in the cortical tissue at the point of fi'acture. 
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Fig. 15 Positive angiogram (Mediolateral View) of metatarsal region of calf. 

Normal-control 





Fig. 16 Positive angiogram (dorsoplantar View) of metatarsal region of calf. 

Fracutred control-30 days 

Fig. 17 Positive angiogram (mediolateral view) of metatarsal region of calf 

Fratured Treated-30 days 





Fig. 18 Positive angiogram (dorsoplantar view) of metatarsal region of calf. 

Fractured treated -60 days 

Fig. 19 Positive angiogram (dorsoplantar view) of metatarsal region of calf 

Fractured control-60 days 
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Fig.20 Positive angiogram (mediolateral view) of metatarsal region of calf. 

Fractured control-90 days 

Fig.21 Positive angiogram (mediolateral view) of metatarsal region of calf 

Fractured Treated-90 days 
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90 days (Treated) 

The angiograms revealed the established vascular pattern of the 

metatarsal region of the limb. Intraosseous and extraosseous vasculatures were 

well established. Periosteal, endosteal, intramedullary channels were well 

formed and clearly discernible without the extravasation of fluid. Fracture site 

was, however, slightly more dense as compared to its proximal and distal 

segments. Metepiphyseal vasculature was particularly well marked. Endosteal 

channels were continuous. At the fracture site, the collateral circulation was 

well established, highly branching arterial tree spread up into the periosteum, 

cortices, endosteum in the grafted area (Fig 21). However, some fine branches 

showed a little beaded appearance probably indicative of weakness in the wall of 

the newly formed channels. 

4.5 Biochemical Findings 

4.5.1 Blood Biochemistry 

The mean values of plasma inorganic calcium, inorganic phosphorus and 

alkaline phosphatase (ALP) following fi-acture repair with and without 

hydroxyapatite-fibrillar collagen implant are presented in Table 4 and Fig 22. 

The inorganic calcium values after fi-acture repair in group I remained 

nonsignificantly higher than before fracture value (0 day) at different time 

intervals except at 90 days where the calcium level was slightly lower than that 

of 0 day level. The maximum concentration of calcium was recorded at 30th 

day following fracture repair in animals of group I. In the animals of group II, 
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Table 4. Plasma calcium, phosphorus and alkaline phosphatase levels during fracture 
repair with and without hydroxyapatite-fibrillar collagen implants in 
calves (Mean + SE) 

Parameters Group 

Before 
fracture 
0 Day 15 

Davs after fracture 

30 45 60 75 90 

1 Calcium 
(mg/dl) 

2 Phosphorus 
(mg/dl) 

3 Alkaline 
phosphatase 
(u/I) 

II 

U 

II 

7.93 
±0.94 

8.63 
±2.12 

4.07 
±0.66 

4.17 
±1.27 

113.67 
±35.31 

87.33 
±12.13 

9.30 
±0.42 

7.90 
±2.27 

4.90 
±0.99 

4.85 
±0.70 

89.0 
±15.5 

96.33 
±46.19 

10.5 
±0.21 

6.40 
±0.66^ 

4.73 
±0.47 

5.93 
±1.38-

113.33 
±15.98 

91.66 
±3.93 

9.27 
±0.30 

9.50 
±0.40 

5.56 
±1.36 

4.62 
±0.90 

120.0 
±17.62 

72.0 
±25.81 

9.07 
±0.59 

9.43 
±0.64 

6.17 
±1.86 

4.42 
±0.16 

127.0 
±20.82 

79.33 
±11.86 

8.20 
±0.40 

9.10 
±1.01 

4.03 
±0.73 

4.07 
±0.27 

82.0 
±2.31 

88.33 
±9.67 

7.5 
±0. 

9.3 

±0. 

3.7 

±0. 

4.0 
±0. 

91. 

±7. 

89. 
±0. 

Group I - Control 
Group I - Treated with hydroxyapatite - fibrillar collagen implant 
y < 0.05 Between groups at respective intervals 
Values differ significantly when bearing different superscrips 
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Fig.22 Plasma calcium (a) and phosphorus (b) levels during fracture repair with and without 
hydroxyapatite fibrillar collagen implant in calves. 
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Fig.23 Plasma alkaline phospatase level during fracture repair with and without 
hydroxyapatite fibrillar collagen implant in calves. 



the calcium level was decreased on 15th and 30th day. Thereafter the plasma 

calcium concentration remained nonsignificantly higher till 90 day. On 

comparative basis between the groups, a significant decrease in the 

concentration of calcium was recorded on 30th post fracture day in group II 

than group I. However, calcium values remained higher between 45 to 90 post 

immobilization days in group II as compared to the values of group I. 

Plasma inorganic phosphorus values increased non-significantly upto 

60th immobilization day as compared to 0 day value, thereafter the value 

decreased nonsignificantly till 90th day of fracture repair in both groups. The 

maximum concentration of inorganic phosphorus was observed on 60 days in 

group I, whereas this was maximum on 30 days in group II (Table 4). No 

significant variations were recorded in phosphorus values between the groups at 

various time intervals except on 30 days when a significant increase in 

phosphorus concentration was recorded in group II as compared to group I 

animals (Fig 22). 

Plasma alkaline phosphatase values in group I decreased nonsignificantly 

on 15th day of fracture repair followed by an increase upto 60th day. 

Thereafter ALP concentration remained low till 90th day from that of before 

fracture concentration. A nonsignificant increase in ALP concentration was 

recorded upto 30th day of immobilization in group II as compared to 0 day 

value (Table 4). The ALP concentration remained low on 45 and 60 days and 

thereafter it approached to the level of 0 day concentration. The maximum 
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concentration of ALP was recorded between 45 to 60 days and 15 to 30 days in 

group I and group II respectively (Fig 23). 

4.5.2 Tissue Calcium and Phosphorus 

The mean concentrations of tissue calcium following fracture repair with 

and without hydroxyapatite fibrillar collagen implant are presented in Table 5. 

A significant decrease was noticed in the concentration of tissue calcium on 30 

and 60 days of fi-acture repair in animals of control group. This concentration 

remained lower even on 90th day although nonsignificantly as compared to 0 

day value. In hydroxyapatite-fibrillar collagen implant group, a decrease in 

concentration of calcium at fracture site was observed at 30 day followed by a 

nonsignificant increase on 60th and 90th day of fracture repair when compared 

to 0 day level (Table 5). On comparative basis between the groups, there was 

significant increase in the calcium concentration in implanted group at different 

intervals till 90 days as compared to control group (Fig 24). 

Almost similar trend was observed in bone tissue phosphorus 

concentration at fracture site in the animals of control and implanted groups. 

During the fracture repair, a gradual increase wasrecorded in phosphorus level 

till 90 days in group I, however the level did not achieve 0 day value (Table 5). 

A significant increase in tissue phosphorus concentration was recorded on 60th 

and 90th day in the animals of implanted group as compared to 0 day 

phosphorus concentration. A significant increase in bone tissue phosphorus 

concentration was observed in group II on 30 and 60 days of fracture repair 

when compared to group I values (Fig 24). 
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Table 5. Bone tissue calcium and phosphoais during fracture repair with and without 
hydroxyapatite-fibrillar collagen implants in caives(Mean + SE) 

Parameters 

1 Calcium 
(mg/gm) 

2 Phosphorus 
(mg/gm) 

Group 

I 

II 

I 

II 

Before 
fracture 
ODay 

83.0 
±2.1 

40.0 
+2.1 

Days after fracture 

30 

23.0 
±2.3*' 

57.7 
±2.6*'̂  

16.7 
±2.6'' 

37 3 

no' 

60 

47.0 
±2.6*' 

97.0 
±6.1^ 

22.7 
+ 3.3'' 

56 7 
M 3"̂  

90 

67.7 
±2.3 

95.0 
±4.0-

39.7 
±7.6 

64.3 
j4 . l ' ' 

Group I - Control 
Group II- Implanted with hydro.xyapatite - fibrillar collagen 
b < 0.05 Within group when compared to 0 day value 
y < 0.05 Between groups at respective intervals 
Values differ significantly when bearing different superscripts 
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Fig. 24 Bone tissue calcium (a) and phosphorus (b) during fracture repair with and without 
hydroxyapatite fibrillar collagen implant in calves. 



4.7 Histological Observations 

30 Days 

Control section showed organisation of primary callus with osteoid 

forniation,fragmentation and resorption of clotvascular channelization of the 

osteoid and peripheral fibrovascular organisation (Fig 25 and 26). 

Treated slides (Fig 27and 28) revealed condensation of the fibrovascular 

reaction along the periosteal side, inlaying of the cartilage and highly active 

osteoblastic reaction. Vascular organisations in the chondroid revealed the 

process of resorption of cartilage. Hypertrophic and degenerative cartilagenous 

cells, alignment of the collagen and initiation of bone formation were also 

evident. 

60 Days 

Control slides revealed a picture similar to that indicated above for 30 

days treated samples (Fig 29). Vascular organisation, osteoclastic reaction, 

chondroid resorption and initiation of lamellar organisation to form Haversian 

lamellae etc. for bone formation were observed. 

The treated sections (Fig 30) depicted condensation of collagen, strong 

lamellar organisation forming clear-cut Haversian system. The mineralization 

had also started as revealed by retracted processes and star shaped structure of 

osteocytes indicating formation of lacunae and canaliculae. In other areas, 

fi"agmented bundles of the collagen of the implant were being resorbed. These 

were spread between the Haversian and interstitial lamellae. 
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90 Days 

Control slides at many places still revealed cartilaginous plaques (Fig 31) 

without any ossification. At other places, the development of lamellar bone (Fig 

32) was evidenced. However a compact nature of the bone was not established. 

The treated slides revealed typical bone formation with characteristic 

Haversian systems, separated by cementing line from the interstitial lamellae and 

the adjacent Haversian systems (Fig 33). 

4.8 Evaluation of Bioimplants in Clinical Cases 

In both the animals (clinical cases), satisfactory healing progressed as 

was evidenced by bridging of the fi-actured gap with radiodense periosteal, 

intercortical and endosteal callus at 60 days after immobilization. A moderate 

periosteal reaction at the proximal and distal ends of bone fi"agments was 

observed. At 90 days, the fracture gap in both the cases was completely filled 

and extraperiosteal and endosteal calluses started remodelling (Fig 34). 

However, continuity of the medullary cavity could not be restored upto 90 days. 

The animals started putting weight on the affected limbs by 60 days and 

complete weight bearing was restored on 90 days. 
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Fig.25 Disorganisation of the clot, growth of blood vessels and chondroid inlay 

at 30 days control. H & E xlOO 

Fig. 26 A cartilagenous plaque being invaded by blood vessels, some 

hydropic cartilage cells are also seen indicating initiation of bone 

formation at 30 days control. H & E xlOO 
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Fig.27 Proliferation and condensation of fibroblasts of the periosteum. Cartilage 

being invaded with blood vessels. Collagen condensation and signs of 

calcification are also at 30 days treated. H & E xlOO 

Fig.28 Cartilage being converted into osseous tissue. Cartilage cells are showing 

degradation whereas initiation of osteon formation has started at 30 days 

treated. H&ExlOO 
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Fig.29 Vascularization fo the cartilage, condensation of collagen, 

reorganisation of osteoblasts and osteocytes to form an osteon at 60 

days control H&ExlOO 

Fig.30 Longitudional section of the bone tissue reveahng Haversian 

lamellae. Haversian canal, interstitial lamellae with number of 

osteocytes along the lamellae. Haversian canal reveals organisation of 

blood vessels at 60 days treated. H & E .x 100 
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Fig.31 Cartilage tissue at the fracture site at 90 days control. H & E 

xlOO 

Fig.32 Hyaline cartilage along vi/ith vascular channels (Volkman's canal) 

leading to Haversian canal in the process of develpoping bone at the 

site of fracture at 90 days control. H & E xlOO 
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Fig.33 Typical compact bone formation at the site of implant with 

characterstic Haversian canal, Haversian lamellae, interstitial 

lamellae demarcated by cementing lines at 90 days treated. 

H&ExlOO 
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Fig.34 Mediolaterai radiograph of metatarsal of calf at 90 days depicting 

complete bridging of the fracture gap, dissolution and resorption of 

implant. (Clinical case) 
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DISCUSSION 

The main aim of the present investigation has been to evaluate the 

efficacy of hydroxyapatite-fibrillar collagen bioimplant in the treatment of long 

bone fractures in calves on the basis of clinical, haematological radiological, 

angiographical, biochemical and histological studies. 

Chloral hydrate sedation and local infiltration analgesia with 2% 

lignocaine hydrochloride provided the safe and satisfactory anaesthetic protocol 

for the entire experimental surgical procedure for creation of metatarsal fracture 

in calves. In none of the animals, any complication due to anaesthesia was 

observed. Similar anaesthetic regimen has been adopted by Singh et al. (1977), 

Singh (1978), Thakur et al (1987) and Mistry et al (1992) for creation of 

metatarsal /metacarpal fractures in bovine. Parasanalli and Singh (1990) used 

chloral hydrate anaesthesia for creation of metacarpal and metatarsal fractures. 

The transverse fracture was created in the midshaft of metatarsal with an 

embryotorae wire under aspetic conditions. The blood clots formed during the 

process of creation of fractures were removed as has been recommended by 

Schiller (1988). The two edges of the fractured bone fragments were washed 

with sterilised cold normal saline to prevent necrosis of the cut edges of the host 

bone as has been suggested by Newton and Nunamaker (1985). An autoclaved 

(3 cm long) bone implant was impregnatged in the medullary cavity. The medial 

surface of the metatarsal region.'Di'jovided adequate space for carrying out the 



operative procedures. The limb was immobilized using plaster of Paris cast 

supported with aluminium splint on the anterior and posterior aspects to provide 

rigid immobility to the bone fragments. The immobilization techniques used in 

this study compared with the procedure described in metatarsal fracture repair 

by Singh (1978) and Tyagi and Singh (1993) in bovine. 

The weight bearing capacity of the fractured limb remained impaired in 

the early phases of fracture repair in all the animals of group I and II. A partial 

to moderate weight bearing in operated limbs was observed in animals of both 

groups from 15th to 60th day. All the animals of treated (implanted) group 

restored normal weight bearing on 90th day whereas it could not be achieved in 

2 animals of control group till then as they remained lame at this period. The 

early restoration of weight bearing in implanted animals was attributed to 

complete osseous union between the fractured fragments earlier than in the 

animals of control group. This is in agreement with the findings of Sastry et 

al. (1995). The complete restoration of weight bearing capacity of 

implanted animals versus control animals has been confirmed radiographically 

also. No abnormality in gait was observed on 90 days of fracture repair, 

indicating complete healing of fractured metatarsal. Singh (1978) observed that 

there was no problem of weight bearing during walking on 8th week following 

fracture repaired with metallic or bone plates along with plaster cast as 

compared to plaster cast alone in bovine. A slight to moderate muscular 

atrophy of the operated limb observed following removal of plaster cast after 90 

days might be due to the disuse of the limb for the time being. Such 
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observations are in accordance with the findings of Oehme and Prier(1974) and 

Bisia etal. (1991). 

The clinical parameters such as rectal temperature, respiration and 

cardiac rates remained within normal physiological limits in all the animals of 

group I and II throughout the period of experimentation. This is in general 

agreement with the observations of Das and Samanta (1995) following fi-acture 

repair with calcium hydroxyapatite. Even ultrasonic therapy along with internal 

fixation in the fi-acture repair did not alter the physiological parameters in terms 

of respiratory and rectal temperature (Singh et al., 1994a and b). No increase of 

temperature beyond the physiological limit indicated that complete asepsis was 

maintained throughout surgical manoeuver. This was fiirther supported by 

progressive improvement of weight bearing capacity of the operated limb. 

Haematological parameters viz. total erj'throcyte.total leucocyte and 

differential leucocyte counts did not deviate fi^om the standard physiological 

limits in the animals of control and hydroxyapatite-fibrillar collagen implant 

treated groups. Such observations fiirther suggested that there was no 

evidence of infection at fracture site or rejection of implant at any stage of 

study. These findings are in conformity with the observations of Singh et al. 

(1994a and b) and Das and Samanta (1995). 

Roentgenographically the periosteal and endosteal reactions appeared 

earlier in the animals treated with hydroxyapatite-fibrillar collagen implants than 

in those of the control group during the initial phase of fracture repair i.e. on 15 

days. The osteogenic properties at the periosteal, intercortical and endosteal 
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surfaces further improved at 30 days in the implanted group. An early 

appearance of periosteal and endosteal reaction during secondary bone healing 

has been reported by Schilling (1991). Singh (1978) observed the periosteal 

reactions as early as 2 weeks following implantation of homogeneous onlay 

bone plates in metatarsal fractures in buffalo calves. The formation of callus 

between 30 and 60 days intervals was better visualized in group II as compared 

to group I which could be attributed to the osteogenic property of the 

hydroxyapatite fibrillar collagen implant as has been well correlated with the 

angiographic studies of present investigation where the medullary vessels 

reorganised earlier and played a dommant role (Schiller, 1988). These findings 

corresponded with the observations of Sastry et al. (1995) after implantation 

of hydroxyapatite-fibrillar collagen in the fracture repair in canine. Narayanan 

et al. (1994) reported early callus formation in arthodesis of radiocarpal joint 

in dogs treated with allogenic demineralized bone matrix-hydroxypatite-

polyglycidyl methaarylate-gentamycin graft (ADBM -HA-PGMA-G). A 

gradual resorption of the graft till 45 days without any dislodgement was 

evidenced radiographically. It might be due to holding of surrounding tissue 

and obvious ingrovs^h of callus into the pores of the implant. Similar findings 

have been reported by Uchida (1990). Klawitter and Hulbert (1971) and 

Kawamura et al. (1987) suggesting that hydroxyapatite with a mean pore size 

of 200 ^m was effective for new bone formation. The pore size (and porosity) 

determined the mechanical strength of the implants. Hoogendoom et al. (1984) 

reported an increased density of the calcium hydroxyapatite implant upto 6th 
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week followed by blending of the implant with the surrounding bone tissue. 

Complete bridging of the fracture gap with osseous callus was noticed at 

60 to 90 days of immobilization in the hydroxyapatite-fibrillar collagen 

implanted animals. The thickening of the bone adjacent to the bone grafts 

might be due to multiplication of osteoblasts which intern laid down the osseous 

tissue that compared with the process of normal fracture healing. The medullary 

cavity of the proximal and distal fi'agment of the bone started resuming its 

continuity which was not evident in the control group. After 90 days of fracture 

immobilization the endosteal and periosteal callus started remodelling; as the 

thickness of the bone cortex decreased to its normal contour in the implanted 

animals. Although osseous union in the control group had started, yet the 

medullary canal did not achieve its continuity. The cortex was thick at the 

fracture site and the process of remodelling had not started till 90 days. An early 

appreciation of the radiographic features following calcium hydroxyapatite 

implant has been reported by Kawamura et al (1987) and Das and Samanta 

(1995) . The amount of periosteal, endosteal and intercortical uniting callus 

was minimum in the present study reflecting accurate reduction and rigid 

fixation of the fractured fragments. This is in conformity with the observations 

of Rhinelander (1985), Bucholz et al. (1987) and Das and Samanta (1995) 

Osteogenic induction of bone has been reported to be associated with 

collagen fibrils (Friedman, et a/., 1968). The collagen and proteoglycans had 

fixed charge and behaved as electrets to increase the rate of bone formation 

(Mascarenhas, 1973). The collagen might act as delivery system for bone 
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morphogenetic protein (BMP) and prevent outward diffusion and loss of BMP 

molecules (Takaoka et al., 1988). When the concentration of BMP in presence 

of collagen remained h igh at interfaces between implants and host, the 

responding cells came into contact with BMP molecules long enough to initiate 

the bone formation. BMP being chemotactic protein had a significant role in the 

migration of osteoprogenitor cells to the site of bone repair Somerman et al., 

1983). Boyne eial. (1978) reported that composite grafts of marrow cells and 

hydroxyapatite used in dog femoral defect did not inhibit the new bone 

formation. Porous hydroxyapatite was one of the most clinically applicable 

biocompatible materials (Jarcho, 1981) which could be used as an alternative 

to autogenous cancellous bone as a spacer for bony defects, because new 

bone was formed rapidly inside its pores after implantation into bony defects 

(Flately et al., 1987 and Hoogendoom et al., 1984). Kawamura et al. 1987 

observed that crude BMP combined with hydroxyapatite exhibited 

chondroosteogenetic ability without loosing its biologic properties. They further 

established that multiporous hydroxyapatite provided a suitable scaffold for 

quicker formation of new bone when placed at the fracture site. The 

osteoinductive and osteoconductive properties of hydroxyapatite-BMP implants 

have been established by Jarcho (1981) and Kawamura et al. (1987). Collagen 

being biodegradable played an important role as a carrier of BMP which in turn 

improved new bone formation (Kawamura et al., 1987). 

Vascularization at the fracture site is rated as one of the important 

factors relating to bone healing (Sharma et al., 1977 and Singh et al., 1978). 
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Critical evaluation of the angiograms at 30 days revealed periosteal vascular 

formation in both the groups. Macnab and deHass (1974), Singh (1978) and 

Rhinelander (1985) reported that extraosseous (periosteal) blood supply 

developed from the surrounding soft tissue immediately following disruption of 

nutrient arteries in long bone fractures. These new vessels aided in the 

construction of extraosseous callus which eventually united the fracture 

(Schiller, 1988). Minute vascular channels were well demarcated in the 

endosteum channel near the site of implant in group II. The graft site was 

identified with very fine capillarization and droplet extravasation of the injection 

fluid. The distal metepiphyseal region showed minute areas of difiusion of 

injection material indicating the course of neovasculogenesis. But the 

fibrovascular proliferation was more prominent in the animals of control than 

that of implanted group. The hyperaemia was not only limited to the site of the 

fracture but also to the whole bone. These observations are in concurrence wath 

the findings of Kokenberg (1963) and Sharma et al. (1977). An alternation in 

the blood supply observed in response to fracture has been reported to be the 

local enhancement of three primary components of the different vascular system 

i.e. primary nutrient artery, metaphyseal arteries and periosteal arteries 

(Schelling, 1991). Due to the partial obliteration of bone marrow by implant, 

the large neonutrient arteries from the surrounding periosteal callus perforated 

the cortex and arborized within the medullary cavity. Similar observations have 

been suggested by Wilson (1991) after intramedullary fixation of fracture in 

repair. Macnab and de Hass (1974) reported that the blood supply of the 
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periosteum was maintained on both sides of fracture line as the periosteal 

vessels mn transverse to the long axis of the bone. They further established 

that periosteal vessels were important in reestablishing the endosteal circulation 

in the distal fragment. 

The dilatation of periosteal, endosteal and cortical vasculature was 

evident in the animals of both groups after 60 days of fracture. However, a 

complex network of the vascular channels was observed proximal and distal to 

the implant site in group II. The implant was found to have entered the stage 

of dissolution and fragmentation. It clearly indicated that the state of 

hyperaemia though decreased yet persisted upto 60 days. Similar observations 

weremadeby Kokenberg(1963) and Sharmae/a/. (1977). A rapid growth of 

developing pattern of blood vessels was correlated with the organisation and 

calcification of the callus. The intact periosteum in the fracture permitted the 

periosteal vessels to penetrate into the cortex and reestablish the endosteal 

circulation right at the fracture site (Macnab and deHass, 1974). 

Fracture gap was bridged by mass of tissue composed of new blood 

vessels, fibrous tissue, cartilage and woven bone (Ham and Carmack, 1979 and 

Brand and Rubin, 1987). The tissues in the callus were derived by the 

proliferation of mesenchymal cells in the osteogenic layer of periosteum 

endosteum and marrow cavity (Sissons, 1979; Jee, 1988 and Schiller, 1988). 

The differentiation of these pleuripotential mesenchymal cells was affected by 

among other factors, oxygen tension. Variations in oxygen tension undoubtedly 

lead to the formation of either bone or cartilage. The cartilage has formed in 
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low oxygen tension due to the distance of cells from its blood supply 

(Rhinelander and Baragry, 1962). In rigid fixation, the medullary vasculature 

played a dominant role in the fracture healing as these vessels oriented 

perpendicular within the gap and bone was deposited directly without the 

formation of fibrocartilage. 

The periosteal vessels were visible more in the proximal segment as 

compared to distal fracture segment of the bone in the animals of control group 

after 90 days of fracture. The callus was poorlyvascularized with endosteal 

vasculature on either side of the callus. Cortical tissue at the fracture site 

showed extravasated injection fluid. In implanted group of animals, the 

periosteal, endosteal and intramedullary channels were well established. The 

collateral circulation was evident as highly branching arterial tree spreading up 

into the periosteum, cortices and endosteum in the grafted area. A rapid growth 

of developing pattern of blood vessels was clearly visible in the implanted group 

of animals compared to non implanted group. The revascularization of 

medullary cavity by regeneration of nutrient artery and metaphyseal arteries has 

also been noticed during later phase of fracture repair with intramedullary 

fixation by Wilson (1991). An early organisation of medullary vessels was 

observed in hydroxyapatite-fibrillar collagen implanted group. Udupa (1966) 

and Varshney et al. (1994) observed a significant correlation of collagen 

during calcification process. Impaired collagen formation resulted in inferior 

bony tissue (Grunsschober et al., 1982). The vascularization at the fracture site 

gradually progressed suggesting that there was no immunogenic reaction due to 
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hydroxyapatite-fibrillar collagen graft. Singh et al. (1978) suggested that 

immune reaction following homgeneous cortical graft during fracture repair in 

bovine resulted in slow vascularization at the graft site. 

Conray 420 proved to be a good contrast medium for study of 

vascularization (of arterial vessels) in fracture healing. Sharma et al. (1977), 

Singh (1978), Singh et al. (1978) and Varshney et al. (1994) also used this 

medium for the visualization of afferent vascular pattern. Though the 

visualization of the arteries was better with lead oxide than Conray 420 the 

former was used only when the animals were sacrificed. Parsanalli (1988) used 

lead soap suspension for visualization of arterial system in the metacarpal region 

of goats. An immediate radiographic exposure was obtained when Conray 420 

was used as there was danger of venous drainage of the contrast medium when 

the procedure was delayed. 

Biochemical turnover either in terms of calcium and phosphorus ions or 

alkaline phosphatase enzyme has been considered to be highly efficient in bone 

and its intensity of flirther altered under various bone disorders (Udupa, 1966), 

Plasma calcium concentration remained non significantly higher to 75 days of 

fracture repair in control group whereas in implanted group the concentrations 

was higher between 45 to 90 days as compared to before fracture value. 

These findings are in accordance with the observations of Singh et al. (1976) 

and Suresh Kumar (1994). Calcium concentration was lower between 15 to 30 

post immobilization days and higher between 45 to 90 days in group II as 

compared to group I on these intervals. A transitory decrease in the blood 
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calcium was considered to be the result of sequestration of calcium phosphate in 

bone and soft tissue (Newton and Nunamaker, 1985). The subsequent increase 

in the blood calcium level might be due to direct interaction of parathyroid 

hormone with osteoblasts, osteocytes and osteoclasts. This change as well as 

adrenal involvement could be the important effect of stimulation of periosteal 

and endosteal proliferation (Russel etal., 1983 and 1984) 

The plasma inorganic phosphorus values remained slightly higher upto 

60th day following fracture immobilization in the animals of control and 

implanted group. This rise during fracture repair might be attributed to the 

increased mineralization during the period. These observations are in conformity 

with the findings of Singh et al. (1976), Singh et al. (1994a and b), Suresh 

Kumar (1994) and Das and Samanta (1995). On contrary, Kumar et al. 

(1992) reported a declining trend in plasma inorganic phosphorus following 

fracture repair. 

Plasma alkaline phosphatase (ALP) was slight decreased at 15th day 

followed by an increase upto 60th post immobilization day in group I as 

compared to before fracture callus whereas in implanted group the ALP 

concentration remained higher upto 30 days of fracture repair, thereafter the 

values approached to before fracture level between 15 to 90 days. The 

showing a slight declining trend between 45 to 60 days. The increase in ALP 

concentration was attributed to increased osteoblastic and osteogenic activities 

at and around the implant during initial phase of fracture healing after 

hydroxyapatite-fibrillar collagen implant and also related to abundant fibrous 
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tissue formation (ShifHn , 1970; Singh et al. 1976; Suresh Kumar, 1994 and 

Aithal et al., 1995). During early phase of mineralization, osteoblasts secreted 

larger quantity of ALP enzyme as it was considered to be good indicator of 

the rate of bone formation (Guyton, 1976). Alkaline phosphate was reported to 

release inorganic phosphate from phosphoric esters with consequent 

precipitation of a compound of calcium and phosphorus in the matrix at the 

fracture site (AJi, 1980 and Volpin et al., 1986). Participation of ALP in the 

transfer of phosphate groups to the organic matrix or removal of inhibitors of 

mineralization has also been hypothesised (Lewinson et al., 1982). An increase 

in ALP activity occurred during osteoblastic metastasis, multiple fracture 

healing, normal growth and wide spread osteosarcoma where there was always 

an increased production of fibrous tissue (Shifiin, 1970). On contrary, no 

significant variations were observed in ALP levels following fracture repair in 

bovine (Ulemale and Kulkami, 1992) and canine (Singh et al, 1994a and b and 

Das and Samanta, 1995). 

Glimcher and Krane (1968) established that first stage of mineralization 

of bone matrix or calcification of cartilage depended on the synthesis of 

specialized organic matrix consisting principally of collagen. ALP played an 

important role in the synthesis of collagen (Bourne, 1956). The e-amino group 

of lysine or hydroxyproline in collagen polypeptides has been reported to play 

some role in regulation of initial mineral nucleation (Wuthier et al., 1968). 

Engstrom (1960) observed a close relationship of (molecular structural) 

formation of collagen fibril and crystal growth of apatite of calcium phosphate. 

58 



The increased osteoblastic activity in the implanted group might be due to the 

availability of collagen fibril in the implant. These findings are well correlated 

with the histological observations of the present study. 

The tissue calcium concentration at the fi-acture site remained higher in 

the implanted group when compared to control group at different intervals till 

90 days of fi"acture repair. These observations are in general agreement with the 

findings of Sastry (1989) and Narayanan (1993). The increase in calcium 

concentration suggested that hydroxyapatite-fibrillar collagen implant had 

superior osteoindunctive property as correlated with radiographic, angiographic 

and histological observations of the present study. Bemick (1989) recorded a 

gradual increase in calcium concentration upto 16 weeks following 

demineralized bone matrix implants. 

A significant increase in phosphorous concentration was observed in the 

hydroxyapatite-fibrillar collagen implanted animals at various stages following 

fi-acture repair than the control group suggesting that the mineralization at the 

fi-acture site was more in the implanted group. These observations are in 

corrformity with the findings of Narayanan (1993). 

Wendeberg (1961) reported sequence pattern of biochemical events 

during fracture repair. A higher level of glycosaminoglycans was present early 

in the reparative phase followed by a gradual increase in the concentration 

ofcollagen with finally accumulation of calcium hydroxyapatite crystals. The 

collagen contents return to normal levels after complete mineralization at the 

fracture site. Fitten-Jackson (1956) established that internal appearance of 
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mineralization in the spaces of collagen fibrils occurred as a result of interaction 

between metastable solutions of calcium and phosphate and specific amino acid 

chains. As such the mineralization resulted into more rigid immobilization of 

fi-acture fi-agments (Cruess and Dumount, 1975). 

The histological studies of the metatarsals revealed initiation of bone 

formation by endochondral ossification nocess right fi-om 30 days when the 

hydroxyapatite-fibrillar collagen implants were used. There were big plaques of 

cartilages which were highly vascularized. Even initiation of development of 

Haversian canals was revealed. 

By 60 days, complete resorption of implant with typical lamellar 

organisation of the bone was accomplished when the above implants were used 

and by 90 days typical bone was established. 

Control slides depicted osteoids even at 90 days, although many osteons 

which started developing at 60 days had nearly developed by 90 days. But 

typical organisation of compact bone was not revealed. 

Singh et al. (1986) while using intramedullary pinning technique for 

repair of femoral fi-acture of calves observed proliferation of periosteum at 3 

weeks, fibroblasts and osteoblasts at 6 weeks and development of Haversian 

system by 9 weeks. These finding while corroborated with the present study 

also indicated that proper immobilization of fi'acture hastened the repair. 

Mukherjee and Sahay (1992) recorded the development of Haversian system 

(compact bone) at 6 weeks when they attempted repair of metatarsal fi-acture by 

placement of autologous bone marrow at the fi-acture site. Ulemale and 
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Kulkami (1992) have also reported the establishment of Haversian system by 28 

days following repair of metacarpal fracture by application of frozen allogenic 

bone grafts. Although the chronology of bone development did not match date 

wise in the present study from those cited above, the sequence of repair of the 

fracture was the same. Further the repair wasquicker and stronger when 

hydroxyapatite-fibrillar collagen implants were used. Development of typical 

lamellar bone with complete resorption of implant observed in the 

histopathological slides confirmed the radiographic and angiographic studies. 

The efficacy of hydroxyapatite-fibrillar collagen bioimplant was also 

evaluated clinically in two calves suffering from complete oblique midshaft 

metatarsal fracture. The fracture healing was monitored clinically and 

radiographically at monthly intervals till 90 days. The normal weight bearing 

capacity was restored at 60 days and radiographs revealed the secondary callus 

formation. Regular compact bone formation with radiodense cortical picture 

was revealed at the fracture site in the radiographs of 90 days thereby indicating 

total effectiveness of bioimplant in repair of fracture in field/clinical cases. 
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SUMMARY 

The present study was carried out in 18 apparently healthy male cross 

bred calves of 8 to 12 months age. The animals were randomly divided into two 

groups of nine animals each. Complete midshaft transverse fracture was created 

in the left metatarsal bone under 6% chloral hydrate and local infiltration 

analgesia with 2% lignocaine hydrochloride. Group I served as control where 

as in Group II, a 3 cm long sterilized hydroxyapatite-fibrillar collagen 

bioimplant was placed in the medullary cavity of fractured metatarsal. The 

periosteum and subcutaneous tissue were sutured separately. The operated limb 

was immobilized by plaster cast supported with aluminium splints on the 

anterior and posterior aspects of the limb after proper reduction. 

Postoperatively, 1 gm streptopenicillin was administered for 7 days. 

The bioimplant was evaluated on the basis of clinical, haematological, 

radiographic, angiographic, biochemical and histological observations at 

different stages, till 90 days of fracture repair. 

Clinically the weight bearing capacity of the operated limb was affected 

in all the animals following fracture. Partial to moderate weight bearing was 

observed upto 60 days in the animals of group I and group II except in one 

animal of group II where the weight bearing was restored completely on 60th 

day. All the animals showed complete weight bearing without exhibiting signs 

of lameness on the operated limb by 90th day in group II. The lameness 

persisted in two animals even at this stage, in group I. Slight to moderate 
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muscular atrophy was noticed in the animals after removal of the cast after 90 

days. Rectal temperature , respiration rate and cardiac rate remained within 

normal physiological range throughout the period of experimentation. 

Total erythrocyte counts (TEC) showed an erratic pattern in group I at 

various stages of fracture healing whereas in group H, the TEC value* were 

slightly lower than those before fracture. However these values remained well 

within normal physiological limits in both the groups. The total leucocyte count 

did not alter much in any of the groups. A slight decrease in the lymphocyte 

and increase in the neutrophil counts was observed after fracture at various time 

intervals as compared to before fracture in both control and implanted groups. 

Eosinophils, basophils and monocyte counts did not alter much. 

Radiographically, the periosteal and endosteal reactions were relatively 

more marked at 15 and 30 post fracture days in the implanted group than in the 

control group. Radiolucent implant was visible at the fracture site in the early 

stages of fracture healing in group II. The fracture gap was completely filled in 

implanted group at 45 days whereas the fracture line was still discernible at this 

stage in control group. At this stage the implant started fragmentation and 

resorption. At 60 days, the implant wascompletely resorbed. The osseous 

union was complete between 60 to 90 days in the implanted animals. The 

fracture line was still visible on one side of the cortex in one of the animals of 

control group at this stage. In group II, complete bridging of fracture gap with 

osseous callus, continuity of medullary cavity and normal contour of the cortex 

at the fracture site with the initiation of the remodelling process by resorbing 
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extra endosteal and periosteal calluses was achieved at 90th day. Complete 

(osseous) union with thickened cortex was observed in group I. The continuity 

of the medullary cavity was partially obliterated due to the presence of endosteal 

callus. 

The angiographic features at 30 days of fracture healing revealed the 

presence of very minute vascular channels along the endosteal channels near the 

site of the implant in group II. The implant site exhibited very fine 

capillarization and droplet extravasations of the injection fluid indicating 

neovasculogenesis there. The fibrovascular proliferation was more prominent in 

group I with hyperaemia at the fracture site as well as in the whole bone. By 60 

days, the periosteal, endosteal and intercortical vascularization was resumed at 

the fracture site in both the groups. A complete network of vascular channel 

around the implant was discernible. The state of hyperaemia though decreased 

from 30 days still persisted. Periosteal vascularization was more marked in the 

proximal stump than the distal one in group I at 90 days. The callus was 

vascularized with poor endosteal vasculature at the fracture site. Cortical 

vascularization was also evident at the site of fracture. In group II, the 

oriosteal, endosteal and intramedullary vessels were well established. 

Thecontinuity of the endosteal channels was also established. The collateral 

circulation was well evidenced at the implant site. 

The concentration of plasma calcium and phosphorus remained slightly 

higher upto 75 and 60 days of fi"acture repair respectively, in control group; 

whereas in implanted group the concentration of plasma calcium remained 
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elevated between 45 to 90 days and phosphorus upto 60 days when compared 

to prefracture values. The plasma alkaline phosphatase (ALP) concentration 

was higher between 45 to 60 days in group I and 15 to 30 days in group II. In 

rest of the intervals, the values of ALP in both groups remained low from that 

of 0 day value. 

A marked increase in tissue calcium and phosphorus was recorded in the 

hydroxyapatite-fibrillar collagen implanted tissue as compared to control at 

various time intervals till 90 days. 

Use of hydroxyapatite-fibrillar collagen implant initiated the osteoid 

formation at 30 days, osteon formation accompanied with resorption of the 

implant at 60 days and establishment of Haversian system (compact bone) at 90 

days revealing a faster pace of healing with the use of the implant. 

Evaluation of bioimplants were attempted in two clinical cases (calves 

aged 9 months and 1 year respectively) which were suifering from complete 

oblique midshaft metatarsal fracture. The fractures healed uneventfully by 90 

days providing normal weight bearing capacity to the animals. The results were 

confirmed radiographically. 

On the basis of experimental and clinical studies, it can therefore be well 

concluded that the use of hydroxyapatite-fibrillar collagen implant in fi-acture 

repair provided better osteoinductive and osteoconductive properties and 

reduced the period of fi"acture healing by way of improved osteogenesis. And 

hence, the use of implants can be safely recommended for fi'acture repair in field 

cases. 
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