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Resumo

Uso e preservação de métodos de enxertos ósseos em pequenos animais. O presente estudo descreve 

as principais características dos enxertos ósseos em pequenos animais. Enxertos ósseos são tecidos avasculares 

e que facilitam a produção de novas células ósseas com capacidade osteogênica e osteoindutiva, facilitando 

a diferenciação celular e suporte para a medula óssea. O transplante do enxerto é sucedido por três fases: 

osteogênese, levando a formação de novo osso; osteoindução, que é a diferenciação das células; e osteocondução, 

o processo e crescimento de células mesenquimais e capilares, resultando na formação da medula óssea. Os 

enxertos ósseos podem ser provenientes de áreas esponjosas, corticais, esponjo-cortical, cartilagem ou medula 

óssea. Eles também podem ser classiicados quanto a sua origem, sendo eles autógeno (proveniente do mesmo 
indivíduo), alógeno (proveniente de outro indivíduo da mesma espécie), ou mesmo xenólogo (proveniente de 
indivíduo de outra espécie). 

Palavras-chave: Enxerto ósseo; Osso; Pequenos animais; Reconstrução

Abstract

The present review describes the main characteristics of bone grafts used in small animals. Bone grafts are 

tissues without vasculature, which facilitate the production of new bone cells with osteogenic and osteoinductive 

factors that lead to the differentiation of cells and structural support for bone marrow. The transplant of a graft is 

followed by three stages: osteogenesis, or the formation of new bone; osteoinduction, which is the differentiation 

of cells; and osteoconduction, the process of growth of mesenchymal cells and capillaries that results in new 

bone formation. The composition of bone grafts may include spongy bone, cortical bone, cortical-spongy 
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bone, cartilage or bone marrow. Grafts can also be classiied according to their origin, being autogenous tissue 
when they are transplanted from the same individual, allogenous (homologous) when originating from another 
individual of the same species, and xenogenous when obtained from a different species. 

Key words: Bone; Bone graft; Reconstruction; Small animals 

Introduction

Orthopedic injuries are very common occurrences 

in the clinical routine of small animals. In this regard, 

a large proportion of these problems can be surgically 

resolved and long bone fractures are among the most 

common surgeries (BALTHAZAR; PAPPAS, 1984). 
Bone grafts and implants are emerging as the main 

alternatives to treat bone tumors, long bone fractures 

and nonunions (WADSWORTH; HENRY, 1976; 
ALIEVI et al., 2007). In addition, there is a constant 
interest in the development of veterinary and human 

biobanking in order to provide readily available tissue 

grafts of high quality and safety for reconstructive 

surgeries (INNES; MYINT, 2011). Moreover, the ield 
of biobanking is playing critical roles in tissue sample 

collection and processing in order to ensure the integrity 

of the samples and better results (HOSTETTER  
et al., 2014).

Currently, several materials have been described for 

the repair of fractures, but the best source for obtaining 

a graft is from the same individual. Autograft tissue is 

taken from and transplanted to the same individual, and 

is a widely used technique due to its histocompatibility 

with the immune system, which reduces the occurrence 

of rejection and achieves satisfactory results (ALIEVI et 
al., 2007). However, disadvantages have been observed, 
such as limited availability of tissue, prolonged surgical 

time that increases the chance of bleeding, infection and 

chronic pain in the donor (GIANNOUDIS et al., 2007). 
In addition, these tissues may be used as allogenic grafts, 

which are transplanted to another individual of the 

same species and allow for the creation of a bone bank 

that eliminates the need to look for an available donor 

(FERREIRA et al., 2012).

The present study describes the main characteristics 

and classiications of bone grafts used in veterinary 
medicine, especially in small animal clinics.

History

The irst successful bone transplant was reported 
in 1668. The Dutch surgeon Van Meekeren used a 
xenogenic bone graft of a canine skull in the skull of 

a Russian soldier and obtained complete integration 

(WEIGEL, 1993).

The irst report of the use of a graft in veterinary 
medicine was in 1976. Two feline cortical allograft bones 
were used. In the irst feline they used a fresh graft, and 
in the second feline, which had a comminuted femur 

fracture, they used a frozen graft. The interventions 

were successful, with satisfactory bone healing 

(WADSWORTH; HENRY, 1976).

Since then a lot of work has been done using various 

types of conservation means and grafts in the treatment 

of orthopedic injuries. An experimental study in rabbits 

was made by comparing the use of organic and inorganic 

grafts in the repair of radio fractures (MIRANDA et al., 
2005). Another study successfully corrected femoral 

bone defects in dogs using homologous cortical grafts 

preserved in honey (AMENDOLA et al., 2003). Also, 
xenografts have been used for osteosynthesis of humeral 

fractures in domestic pigeons (Columba livia), using 

feline metatarsal grafts (GAIGA; SCHOSSLER, 2003).

Deinition
Grafts or implants stand out as a treatment for 

orthopedics injuries applied in the treatment of dogs and 

cats. The term graft is associated with the transplantation 

of viable material or living tissue, while implant is 

associated with non-living or non-biological tissue. 

Both terms refer to a non-vascularized tissue that can be 

transplanted to another region in the same individual or 

to different individuals (STEVENSON, 1998).

Bone grafts improve the ability of bone healing, 

providing a source of osteogenic, osteoinductive and 
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osteoconductive factors. Depending of the type used, a 

graft can also act as mechanical support (GOLDBERG; 
STEVENSON, 1987).

When a tissue is removed from a part of the body 
and is grafted to another site of the same individual, it 

is called an autogenous graft. This type of graft has the 

advantage of having a higher osteogenic capacity and 

histocompatibility with the host’s immune system, so 

rejection doesn’t occur (AMENDOLA et al., 2008).

An allograft, or homologue tissue, is obtained from 

an individual and transplanted to another individual 

of the same species. The importance of maintaining a 

bone tissue bank was demonstrated in an orthopedic 

routine (ROOS et al., 2000). These authors studied 
allografts, which proved to be advantageous in several 

respects. One of the advantages is this graft type 

provides a suficient amount and variety of material to 
the orthopedist, and does not require additional surgeries 

due to biocompatibility.

An allograft is bone without cellular activity 

that was subjected to a preservation medium, such as 

freezing, irradiation, honey or lyophilization (FOSSUM, 
2007; FEREIRA et al., 2012).

Transplanting tissue from an individual to a 

different species is called xenograft transplantation. 

This type is used less because it leads to an exacerbated 

antigenic response (MILLIS; MARTINEZ, 2007; ISOLA 
et al., 2011).

The behavior of autogenous bone and xenogenous 

bone for tissue repair was compared in 15 dogs, 

with the goal of stimulating the use of xenogenous 

grafts (SANTOS et al., 2005). Based on clinical and 
radiographic results, the authors concluded that the use 

of xenografts was viable and did not show any inferior 

results in relation to autografts.

Due to the limitations of the bone grafts mentioned 

above, there are alternative biomaterials such as a 

temporary matrix that provides a great environment and 

appropriate architecture for bone proliferation (MARTIN; 
RIBOLDI, 2010). For example, there are the following 
types of biomaterials: polymers, which can be natural or 

synthetic and are selected according to their physical and 

mechanical properties and degradation time, which is 

determined according to the intended application (LEE et 
al., 2006); ceramic, which is obtained from a non-natural 
material and is strong with low deformability, but is also 

fragile (LARSSON, 2010); metal splints, which are used 
as porous metal bone-mimicking structures that resist 

corrosion, are biocompatible, non-biodegradable and 

highly durable, but because of their rigidity there is no 

adequate adhesion to the bone implant (LUCARELLI et 
al., 2004); compounds, the combination of two materials 

in the same procedure that produces a better material 

(MATASSI et al., 2011); scaffolds are used to provide a 
suitable environment for isolated cells in vitro (because 
these cells require a three-dimensional support since 

they do not have the conformation of bone), allowing 

cell aggregation, proliferation and differentiation that 

leads to the deposition of a new bone extracellular 

matrix (COSTA-PINTO et al., 2011); and BMP, a 

morphogenetic protein from bone that also uses scaffolds 

and has osteoinductive action and an ability to induce 

mesenchymal cells to transform into progenitor cells 

that produce bone (MARX; WONG, 1987; EINHORN 
et al., 1995).

Classiication
Bone grafts can be classiied according to their 

morphological structure: 1) spongy, composed of 

trabecular bone, has high cellularity and can be collected 

from the metaphysis of long bones; 2) cortical, composed 

of cortical bone, has little cellularity, can be collected 

from diaphysis of long bones and provides structural 

support; 3) corticospongy, consists of cortical and 

spongy bone, and can be collected from the rib or the 

iliac wing; and 4) osteochondral, which has articular 

cartilage (ALIEVI et al., 2007; FOSSUM, 2007; 
MILLIS; MARTINEZ, 2007; AMENDOLA et al., 2008; 
FERREIRA et al., 2012). 

Functions

The main functions of the grafts are the following: 

1) osteogenesis, or production of new bone, where 

the bone may be formed from or around the graft and 

originates from cells that have survived the transfer or 
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from the cells of the receptor; 2) osteoinductive factors, 

which make the differentiation of undifferentiated 

mesenchymal cells to bone cells; 3) osteoconductive 

matrix, which acts as a support for bone growth 

(the growth of capillaries, perivascular tissue and 
osteoprogenitor cells are involved in this process and 

there is migration of osteoclasts and osteoblasts); and 4) 

mechanical support to the receptor tissue (GOLDBERG; 
STEVENSON, 1987; STEVENSON, 1998; ALIEVI et 
al., 2007; FERREIRA et al., 2012).

Osteogenesis

Refers to bone formation promoted by the donor 

cells, by transfer of osteoclasts and osteoblasts to a 

particular region, or growth promotion by host cells. 

In fresh grafts osteogenesis occurs by viable cell 

transplantation (STEVENSON, 1998; ALIEVI et al., 
2007; MILLIS; MARTINEZ, 2007).

A spongy graft has a higher potential than a cortical 

graft in bone formation because its surface is covered 

with coatings of quiescent cells, undifferentiated 

mesenchymal cells (osteoprogenitor cells) and active 
osteoblasts. Osteoprogenitor cells are found in bone 

marrow, ixed in the spongy bone (STEVENSON, 1998, 
MILLIS; MARTINEZ, 2007; FERREIRA et al., 2012).

Osteoinduction

Osteoinduction is one of the main properties 

attributed to bone grafts. Mesenchymal cells are induced 

to differentiate into osteoblasts and chondroblasts, after 

contact with the bone matrix. These cells proliferate and 

produce a mineralized matrix (MILLIS; MARTINEZ, 
2007). This differentiation process is modulated 
by various proteins, including bone morphogenetic 

protein (BMP), which stimulate the recruitment of 
osteoprogenitor cells for bone formation (SANTOS et 
al., 2005), tissue growth factor (TGF), and prostaglandins 
that are produced inside different cells and stored in 

elements such as platelets (MILLIS; MARTINEZ, 
2007; ZABEU; MERCADANTE, 2008; FERREIRA 
et al., 2012).

Both spongy and cortical bones have morphogenetic 

proteins in their bone matrix. However, spongy 

bones are more exposed to the protein matrix 

than cortical bones (MILLIS; MARTINEZ, 2007; 
ZABEU; MERCADANTE, 2008; FERREIRA et al.,  
2012).

Osteoconduction

Osteoconduction is a process in which the graft 

promotes the positioning of a structure on the surface of 

a new bone, for the migration and distribution of cells 

involved in vascularization and bone healing (KAVEH 
et al., 2010). Allografts and synthetic materials can serve 

as osteoconductive tissues (STEVENSON, 1998). The 
osteoconductive property of a graft or implant depends 

on its architecture. In spongy tissue osteoconduction 

is faster than cortical tissue due to its high porosity 

(FERREIRA et al., 2012).

Indications and contraindications

The two main indications for bone grafts are the 

enhancement of healing and restoration of bone loss 

through a trauma or a surgical resection.

In comminuted, contaminated and infected 

fractures, which require rapid synthesis of new bone, 

the use of an autogenous spongy graft is indicated, 

due to the high potential for revascularization, since 

the surrounding soft tissue is viable and appropriately 

vascularized. However, these are not weight-bearing 
grafts for the new bone (STEVENSON, 1998).

Cortical allografts are indicated for severe 

fractures, in cases of non-union, to increase or 

improve joint congruency, and for bone tumors; they 

are contraindicated in cases of exposed fractures, 

infected fractures and situations that lack rigid internal 

ixation of the graft (ALIEVI et al., 2007; FERREIRA 

et al., 2012).

There are also certain disadvantages in using grafts, 

such as limited sources of autogenous grafts, immune-

mediated rejection of allografts, infectious agents that 

can be transmitted with the use of allografts, fractures, 

pain, seromas and bleeding (FOSSUM, 2007).
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Collection and preparing

The ideal donor must be a young animal, free of 

pre-existing bacterial, viral, metabolic or neoplasic 

disease. Bones can be removed from the donor in deep 

plane of anesthesia (WADSWORTH; HENRY, 1976; 
STEVENSON, 1998; FERREIRA et al., 2012).

Collection should follow strict asepsis, which can 

be made with a degerming solution, such as thimerosal 

solution or povidone iodine solution, and must be 

performed within two hours after death of the donor. 

Soft tissues, ligaments and capsular insertions must be 

removed, and then the graft must pass a microbiological 

test (PINTO JR et al., 1995; FEOFILOFF; GARCIA, 
1996).

Spongy bone graft

This type of graft can be collected from any long 

bone metaphysis. The most commonly used are the 

proximal humerus, tibia and iliac wing, which contain 

large amounts of spongy bone (DELLOYE et al., 1985; 
SANTOS; RAHAL, 2004). To collect a bone graft of the 
proximal humerus, a craniolateral incision of the skin 

and subcutaneous tissue is made, followed by an incision 

into to the acromial part of the deltoid muscle, which 

exposes the proximal metaphysis. With a Steinmann 
pin or grooved drill, the bone cortex is penetrated and 

the graft is collected with the assistance of a bone 

curette, inserting the curette in the same caudomedial 

direction (SCHENA III, 1983; JOHNSON; HULSE, 
2002). To collect the medial proximal tibia, an incision 

is made below the tibial plateau between the collateral 

ligament and tibial tuberosity. Using blunt dissection, 

the subcutaneous tissue and the sartorius and the gracilis 

muscles in their insertion are separated. Next, the cortex 

is punched up with a Steinmann pin, drill or drill bit, 

and the cancellous bone graft is collected with a curette 

(FOX, 1984). For the iliac crest, the surgery begins 
with the incision of the skin and subcutaneous tissue. 

A section of the facial origin of the gluteus maximus 

muscle is made, elevating and retracting the muscle 

ventrally. To prevent possible injury to the medial 

cortex an opening is made in the outer cortex with the 

help of an Osteotome and a hammer, Steinmann pin or 

trephine, and the cancellous bone is removed with a 

curette (SCHENA III, 1983).

The first stage after graft incorporation is 

inflammation. Inflammatory changes occur within 

minutes to hours after the surgical procedure. The second 

and third stages are revascularization and osteogenesis, 

respectively. As the spongy bone has high porosity, 

vessels, osteoblasts and osteoclast precursors iniltrate 
the graft from the periphery toward the center. During 

revascularization, mesenchymal cells differentiate into 

osteogenic cells (FOSSUM, 2007; FERREIRA et al., 
2012). The fourth stage is osteoconduction. During this 

stage the osteoclasts gradually reabsorb the bone; the 

nuclei of necrotic bone are captured and then replaced 

by new bone. Osteoconduction and remodeling can take 

several months for a porous autograft procedure. The 

inal incorporation rarely occurs in spongy autografts, 
because they are usually completely reabsorbed and 

replaced by a new bone (STEVENSON, 1998).

Cortical graft

These implants primarily provide mechanical 

support and contribute to osteoinduction and 

osteoconduction. They are used to repair large diaphyseal 

defects resulting from trauma or resection of a tumor 

(GOLDBERG; STEVENSON, 1987).

The cortical graft is usually collected from the 

diaphysis of long bones. First, the area to be collected is 
deined and in a sequence the graft is carefully removed 
with the aid of a saw or osteotome. The grafts can be 

removed with the aid of an electric saw or for a less 

traumatic effect an oscillating saw or a cutting pneumatic 

drill; irrigation is performed with physiological 

saline at room temperature to prevent excessive heat  

(HUNG, 2012).

The microarchitecture is quite compact, formed by 

intensely mineralized overlapping blades, and is arranged 

around the Haversian canals. This explains why the bone 
is very dense, and because of this revascularization, 

resorption and reossiication are slower (GOLDBERG; 
STEVENSON, 1987). During the resorption phase, the 
graft is weaker than the host bone due to incomplete 

incorporation of the graft. The complete incorporation 
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of the graft cortical may take months or years to occur, 

with greater bone formation in the proximal and distal 

portions. Its activity is greater 5 to 6 months after surgery. 
If during the inlammatory phase antigenic material 
remains, allograft rejection may occur due to a immune 

cellular response (MILLIS; MARTINEZ, 2007).

The successful incorporation of the grafts requires 

infection-free cortical areas, with adequate blood supply 

and rigid ixation. Other factors that may affect the 
incorporation of cortical bone are immunogenicity and 

the preservation method. Graft preservation methods 

have been studied to decrease immunogenicity (ALIEVI 
et al., 2007).

Bone substitutes

The replacement of bone occurs through the 

exchange of the bone structure, restoration or illing 
from a loss of bone substance, in order to provide the 

migration, proliferation and differentiation of bone 

cells that stimulates vascularization by using the natural 

response of the body against the injury (ROMAGNOLI; 
BRANDI, 2014).

Mechanical devices and transplantation of various 

types of tissue are used in reconstruction techniques and 

surgical replacement. However, it is worth emphasizing 
that the biomedical devices used in reconstructive 

surgery can not guarantee the total replacement of the 

biological features of the tissue in question, making 

it impossible to prevent its progressive deterioration 

(TABATA, 2009).

The bone substitute material may be natural or 

synthetic. It should be biocompatible, bioabsorbable, 

with osteoinductive and osteoconductive properties 

(DELLOYE et al., 1985).

Some studies have reported several materials for 

the repair of bone tissue, such as the use of castor plant 

polymer added to bone marrow cells (JUNQUEIRA; 
CARNEIRO, 2013), bone morphogenetic protein 

(AMENDOLA et al., 2008), and demineralized 
bone matrix (STEVENSON, 1998). This variety 
of options is very useful to the surgeon, due to the 

different characteristics (BRYDONE et al., 2010)  
(Figure 1).

FIGURE 1:  Radiographic image of humeral fractures in birds. (A) the immediate postoperative period; (B) 60 days after surgery. (A) the 
bone fracture, with the presence of humeral discontinuity (arrow) and bone graft (black asterisk) immediately after surgery. 
(B) signiicant bone proliferation (arrowhead) and the bone graft still present (white asterisk) after 60 days of surgery.
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Means of conservation

Figure 2 shows an overview of both preparation 
and conservation time for bones using honey, glycerin, 

sugar, and liquid nitrogen as conservation solutions.

Honey

Honey has been used since ancient times as a 
substance capable of preserving tissues. One study 

evaluated the use of canine bone preserved in honey as 

an implant in bone defects and concluded that honey 

may be suitable as a bone preservative (AMENDOLA 
et al., 2008). In another study, it was found that feline 

metatarsal xenografts preserved in honey and placed on 

the humeral osteosynthesis of domestic pigeons were 

highly feasible and there was no rejection of the grafts 

(GAIGA; SCHOSSLER, 2003).

Glycerin

Glycerin is a handy, economical and aseptic 

method, acting as a ixative and dehydrating agent, and 

is not only suitable for the preservation of bones, but also 

of different biological materials (GIOSO et al., 2002; 
AMENDOLA et al., 2008).

The osteoinduction function of bone fragments 

stored in 98% glycerol was tested, and it was concluded 

that the osteoinductive activity was preserved through 

the implant (CAVASSANI et al., 2001)..

Sugar

The presence of this substance increases osmotic 

pressure, creating unfavorable conditions for bacterial 

growth. Bony rib implants were retained in crystal 

sugar in natura, or a supersaturated solution of 

sugar (300%), for at least 30 days and successfully 
reconstructed experimental bone defects in the ribs 

of felines (RAPPETI et al., 2007). There has not been 
a chronological study in relation to the conservation 

time of tissues using sugar. Therefore, we expect that 

this time could be around 6 months, considering the 
similar physiochemical characteristics between honey 

and sugar. 

FIGURE 2: Preparation and conservation time for bones using honey, glycerin, sugar, and liquid nitrogen as conservation solutions.
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Liquid nitrogen

The advantages of liquid nitrogen are its low cost, 

small need of specialized equipment, simplicity of the 

technique and the decreased chances of immunogenic 

reactions and disease transmission. In general, the time 

of preparation is about 7 days (TANAKA et al., 2003) 
and cryopreservation allows for storage for up to ive 
years if the samples are stored in liquid nitrogen vapor 

(INNES; MYINT, 2011). Allograft cortical bone was 
subjected to freezing in liquid nitrogen, which was was 

found to be a suitable method for the preservation of 

the limb locomotor and obtained 100% of incorporation 

(ALBUQUERQUE, 2012).

Lyophilization

The lyophilization technique has been hardly used 

in the area of veterinary medicine due to the need for 

speciic, expensive equipment (ZASACKI, 1991). This 
technique involves dehydrating previously degreased 

bone (LUCHESE; DECHECHI, 2003).

Technically, this allows the obtainment of 

biocompatible and sterile material that can be kept 

at room temperature, because after lyophilization the 

material loses its ability to become contaminated and 

degraded (KAKIUCHI et al., 1996).

Conclusion

The use of grafts in veterinary medicine serve as 

effective and safe treatments in bone defects because 

they have properties that promote the formation of new 

bone or induce differentiation of cells to form new bone. 

Besides grafts, bone substitutes have also been studied, 

which have the same properties; both decrease surgery 

time and postoperative morbidity. When cortical grafts 
collected from bone banks are used, they are quickly 

incorporated into the host bone. They also potentiate 

the healing in trauma and do not require expensive 

equipment or a complicated procedure compared to 

spongy grafts. Some grafts require a storage medium to 

reduce their immunogenicity and to provide surgeons 

access to the grafts when necessary. Thus, several studies 

mention the use of bone banks in veterinary medicine as 

a practical and functional service, which has advantages 

and beneits. In this regard, there is an expectation that 
developing protocols in order to ensure the quality of 

tissue samples during collection and conservation will 

deine new methods for good clinical practice leading to 
better results. Veterinary medicine has made advances in 

bone grafting techniques over the years, and has shown 

that these techniques can be applied both to pets and 

other species, such as ruminants and wild animals.
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