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Chapter 19   
Small Animal Models              

Alain da Silva Morais, J. Miguel Oliveira, and Rui L. Reis

Abstract  Animal assays represent an important stage between in vitro studies 
and human clinical applications. These models are crucial for biomedical 
research and regenerative medicine studies, as these offer precious information 
for systematically assessing the efficacy and risks of recently created biomateri-
als, medical devices, drugs, and therapeutic modalities prior to initiation of 
human clinical trials. Therefore, selecting a suitable experimental model for tis-
sue engineering purposes is essential to establish valid conclusions. However, it 
remains important to be conscious of the advantages and limitations of the vari-
ous small and large animal models frequently used for biomedical research as 
well as the different challenges encountered in extrapolating data obtained from 
animal studies and the risks of misinterpretation. This chapter discusses the 
various small animal model strategies used for osteochondral defect repair. 
Particular emphasis will be placed on analyzing the materials and strategies 
used in each model.
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19.1  �Introduction

The use of animal models for investigation is both a long-standing practice in bio-
logical research and medicine and a common matter of discussion in our societies. 
Animal models are currently used in biomedical research for the following motives:

	 (i)	 Similarities to Human. The notable physiological and anatomical similarities 
between humans and animals, principally mammals, have encouraged research-
ers to explore a large range of mechanisms and consider novel therapies in 
animal models before applying their findings to humans. For example, chim-
panzees and mice share about 99% and 98% of DNA with humans, respectively 
[1, 2]. Then, animals have the trend to be affected by different human worrying 
problems and represent good models for the study of human diseases.

	(ii)	 Feasibility. The management of animal models is relatively easy since different 
factors can be controlled from the composition of food intake to temperature 
and lighting. Therefore, compared to human studies, there are less environ-
mental variations. Moreover, the animal lifespan is shorter than humans. 
Hence, they represent good models, as they can be studied over their entire life 
cycle or even through several generations [3, 4].

	(iii)	 Drug Safety. Preclinical toxicity testing, pharmacokinetics, and pharmacody-
namic profiles of drugs can be investigated on animal models before use in 
humans. It remains important to evaluate the effectiveness of a drug as potential 
treatment on animals prior testing on humans. Drug safety profiles need to be 
established in order to protect the animals, human, and environment. Nevertheless, 
not all results acquired on animals can be directly translated to humans.

The use of animal models for biological research is restricted by the presence of 
confounding variables; limited accessibility of imaging for observation, throughput, 
and usability; and differences between human and animal biology [5]. These points 
are emphasized by those who refute any value to animal research. Moreover, the 
place of the animals in our modern society is frequently debated, namely, the right to 
use animals to benefit human purposes, with the risk that animals could be harmed. 
These aspects lead regularly in confusing opinions, which made the citizens and 
politicians to have an unclear picture of the problems. This has been the case during 
the evaluation of the European Citizen Initiative “Stop Vivisection” recently pre-
sented to the European Commission [6]. Despite that, animal studies remain essen-
tial to fill the gap between in vitro experimentation and human clinical trials.

Tissue engineering and regenerative medicine (TERM) are innovative research 
areas dealing with the potential of natural signaling pathways combined with the 
components of the organism to induce repair and regeneration of organs and tissues. 
Basically, the principal constituents of a tissue engineering approach are (i) cells, 
(ii) bioactive signals as growth factors or bioreactors, and (iii) biomaterial scaffolds 
which act as template for tissue formation [7]. There is a growing demand for new 
biomaterials to replace damaged osteoarticular tissue. Therefore, orthopedic appli-
cations represent one of the main market of tissue engineering [8]. The International 
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Cartilage Repair Society (ICRS) developed a five-grade cartilage lesion classifica-
tion score system based on the macroscopic evaluation and the depth of the cartilage 
defect [9]. In ICRS Grade 0, the cartilage is normal. Grade 1 is divided into 1a, 
which includes cartilage lesions with a cartilage softening with or without superfi-
cial fissures, and 1b, which includes also superficial lesions, with the presence of 
fissures and cracks. Grade 2 is when cartilage lesion is deeper, extending to less than 
50% of the cartilage thickness and with fraying. For classifying a cartilage lesion as 
a Grade 3, the cartilage injury has to be deeper than 50% of the cartilage thickness 
as well as down to the calcified layer. Grade 4 lesion is characterized by a complete 
loss of cartilage thickness and exposure of the underlying bone. In the ICRS clas-
sification, osteochondral defect corresponds to the worst case of cartilage lesion 
(Grade 4). Osteochondral defect management and repair represent a significant 
challenge in orthopedic surgery because it simultaneously affects both articular car-
tilage and the underlying subchondral bone. Then, the cartilage, bone, and the 
cartilage-bone interface have to be taken into account on the development of new 
strategies to repair an osteochondral defect. Recently, TERM approach emerged as 
a potential alternative to the current clinical palliative treatments for osteochondral 
defect repair, because this approach can be efficiently used to regenerate the carti-
lage, bone, and the cartilage-bone interface.

Because the choice of the appropriate animal model is fundamental to establish 
pertinent conclusions, the factors that will allow it must be identified and well 
understood. Before choosing the ideal animal model, it remains crucial to identify 
correctly the problem that has to be solved in order to obtain the right answer to the 
right question. Thus, the animal species to be used as well as the experimental 
design to be established will clearly depend upon the question asked. Animal mod-
els used in preclinical studies for osteoarticular tissue engineering goals cannot 
accurately reproduce the human biomechanical conditions. A preclinical study for 
bone and cartilage repair may be conducted in large animal models as sheep, goat, 
or horse. The time for recovery and the dimension of the defect should be enough 
and sufficient in order to obtain the evidence and allow a robust analysis. Small 
animal models are crucial in “proof-of-concept” studies where theories are verified 
and results acquired in vitro are applied in vivo. Small animal models are frequently 
used to study the pathophysiology and pathogenesis of the disease process. These 
smaller models are faster, low-cost, easy to handle and house, and easier to imple-
ment and study than the large models. They are currently used as the first screening 
tool for new drugs and treatment development which then warrants further testing 
in large animal models before clinical trials. But important limitations in transla-
tional studies are identified as (i) the limited volume of bone and cartilage defects, 
(ii) the less thickness of the cartilage, and (iii) the high degree of flexion of those 
small animals and consequent partial weight-bearing condition, which are impor-
tant drawbacks when compared with human conditions [10, 11]. Moreover, the 
drugs, which demonstrated to be efficient in small animal studies, may not be 
translatable to humans with the same effectiveness [12]. One of the reasons for this 
might be the well-known difference of anatomy, histology, and physiology between 
these animals and humans.
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The present chapter will focus on the use of small animal models for the develop-
ment of new strategies for osteochondral defect (Grade 4 of ICRS classification).

19.2  �Small Animal Model Strategies for Osteochondral 
Repair

19.2.1  �Mouse

Before applying new product on tissue engineering purposes, initial studies are 
required to evaluate important issues such as biocompatibility, degradation, and bio-
functionality. This evaluation is firstly achieved through the surgical implantation of 
the product in ectopic subcutaneous sites. These studies are typically performed on 
small animal species such as mice. These small animal models have some benefits: 
(i) expenses are low; (ii) large groups of animals can be used; (iii) homogeneous 
response of strains reduces individual deviations commonly observed in large ani-
mal models; (iv) advanced imaging techniques are available such as microCT and 
bioluminescence imaging; (v) a variety of genetic modifications are commercially 
available; and (vi) the use of immune-deficient strains allows studies of human cells 
or grafts without immune response implication.

Different animal models are currently used in research on restoration of osteochon-
dral lesions including medium- (rabbits and dogs) [13–17] and large-sized (sheep and 
horses) [18–23] animals. However, the use of rodent models (mice and rats) to study 
osteochondral (OC) lesions is limited, despite the benefits previously described. The 
main concern regarding these models is their high rate of spontaneous repair after 
osteochondral defect induction. Despite that, and in order to better understand the 
cartilage repair process, an osteochondral defect model in mice has been established. 
Through a small (~0.5–1 cm) medial parapatellar skin incision, the joint capsule was 
opened and the patella dislocated laterally to expose the trochlear groove articular 
surface. The full thickness lesion was made in the cartilage with 21–27 G needles 
using a circular motion (0.4–0.5 mm diameter) until reaching the subchondral bone. 
Invasion of the subchondral bone was confirmed by the presence of blood resulting 
from removal of the needle [24–28]. This surgical protocol has recently been applied 
to evaluate the potential of an injectable cellularized PEG-based scaffold [29] and a 
3D alginate-Gelfoam complexes [30] on cartilage repair. The data obtained in both 
studies provide proof of principle that the resultant structures possess great capacity 
for articular cartilage repair using tissue engineering approach.

This OC defect procedure allowed the development of a murine model of spontane-
ous cartilage regeneration. However, from these studies, it remains obvious that spon-
taneous healing capacity is clearly dependent on mouse age and strains. The spontaneous 
cartilage recovery is not the only way in sustaining the importance of the mouse strains 
used in cartilage recovery applications. Recently, Mak et al. [31] have evaluated the 
impact of intra-articular injections of synovial mesenchymal stem cells (MSCs), iso-
lated from two different strains (C57BL6 and MRL strains) on cartilage repair using 
the same mouse injury model. They demonstrated that intra-articular injection of these 
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synovial MSCs, isolated from MRL or C57BL6 mice, protects against the joint dete-
rioration that would normally result after a surgically induced focal cartilage defect, 
although the mechanism of protection does appear to be different between the two 
strains of mice [31]. Instead the existence of a spontaneous recovery in mice model.

Then, the strain of the mouse showed to have some importance when studying 
approaches to improve cartilage and bone repair.

Nowadays, an innovative approach aims to analyze genetic and biomolecular mech-
anisms underlying cartilage repair. For this reason, the use of genetically modified ani-
mals represents a powerful tool to investigate the biological mechanisms involved. Mice 
offer robust benefits for mechanistic in vivo studies due to the accessibility to athymic, 
transgenic, and knockout strains. Athymic mice, which have a limited cellular immune 
response, allow initial in  vivo study of allogenic and xenogeneic cartilage repair 
approaches [32–36]. Genetically modified mice, including transgenic and knockout 
models, are currently used to study the effects of a particular gene or protein on bone 
and cartilage repair and regeneration in different musculoskeletal diseases [37–39].

19.2.2  �Guinea Pig

Guinea pigs (Cavia porcellus or Cavia cobaya) had a special place in research. This 
rodent is considered as a suitable model of human skeletal growth pattern because its 
epiphyses fuse as growth is completed [40]. However, it presented many disadvan-
tages, namely, the fact that growth plate fusion occurs several months after bone 
growth stops and that guinea pig presents various alignment of the knees, which 
results in an increased load on medial compartment [41]. Therefore a reduced num-
ber of studies have used this animal model for osteochondral repair strategies. Kaar 
et al. [40] have evaluated the impact of this model on cartilage full thickness defect 
and concluded that despite the regeneration occurred in all cases, the level of tissue 
restoration was variable and the degree of repair was independent of the age. Actually, 
and mostly due to the increased use of genetically engineered mice and rats for spe-
cific disease models, the usage of guinea pig in research declined. Furthermore, 
guinea pigs demonstrated spontaneous cartilage degeneration [42], which, associ-
ated with age-related osteophyte formation, subchondral bone changes, and synovi-
tis, made these animals a popular model for the study of osteoarthritis [41, 43].

19.2.3  �Rat

Small animal models have been explored in order to address the challenge for osteo-
chondral repair [44, 45]. The use of rats as osteochondral defect model seemed very 
attractive in order to provide proof-of-concept data. Rat model display some advan-
tages: (i) economically rats are relatively low cost and easy to care of; and (ii) clini-
cally they are more relevant than the mouse model based on their articular cartilage 
which presents typically also a zonal structure mimicking the one observed in 
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human joints [46]. And as for mice, immune-deficient models are also available. 
However, articular cartilage is thinner, and defects are much smaller compared with 
humans; moreover, most defects cannot be set without penetrating the subchondral 
bone plate. Therefore, the rat model, as well as mice model, seems suitable only for 
preliminary in vivo assays and not for preclinical studies, but there is a constant 
requirement to better understand the biology of osteochondral defects. Different 
approaches have been applied on rat models to evaluate osteochondral defects res-
toration. Joint surface of rat knee demonstrated some regenerative ability. The major 
and growing concerns in osteochondral repair remained to evaluate the normal pro-
gression of spontaneous osteochondral healing during time, not only regarding the 
altered area but also in the cartilage surrounding the defect. Therefore, it remained 
fundamental to define a critical size osteochondral defect model and to establish the 
subchondral bone plate advancement toward the join surface [47]. Katagiri et al. 
defined a critical size osteochondral defect as 1.4 mm in diameter in rat and showed 
that the subchondral bone plate advancement happened quickly [48]. Moreover, 
they showed that the articular cartilage close to the osteochondral defect presented 
expression of Interleukin 1 beta (IL1β), fibroblast growth factor 2 (FGF2), and a 
disturbed FGF receptor 1/FGF receptor 3 balance, resulting in a catabolic activity 
which potentially could be responsible of an early osteoarthritic disease process.

Instead it is well described that a large osteochondral defect does not repair itself 
with original cartilage and leads to osteoarthritis; other approaches have been evalu-
ated in order to induce the repair of osteochondral defect. Scaffold-free cell-based 
strategies have been tested. The transplantation of autologous chondrocytes organized 
in sheets has been showed to promote the repair mechanism of osteochondral defect 
[49] compared to synovium cells, described to have the highest potential for both 
proliferation and chondrogenesis [50]. Another approach was the use of cartilage-like 
tissue, generated ectopically by muscle-derived cells or amnion-derived cells using 
bone morphogenetic protein-2, which showed to be effective in repairing articular 
cartilage defects in rats [51, 52]. However, problems have been reported such as the 
dedifferentiation of cells with passaging [53]. Therefore, a strategy that mobilizes the 
endogenous pool of mesenchymal stem cells (MSCs) would offer a cheaper and less 
invasive alternative. MSCs are widely used as scaffold-free cell strategy for osteo-
chondral defects regeneration [53–57]. Moreover, Yamaguchi demonstrated that exer-
cise could efficiently promote cartilage repair after an MSC intra-articular injection 
[58]. As with all cell-based strategies, there are significant logistic and operational 
challenges associated with proper handling and cell storage required to maintain cell 
viability and vitality. Therefore, in view of all these issues, cell-free-based approaches 
have been tested. The administration of the myelostimulant granulocyte-colony stim-
ulating factor (G-CSF) [59], a cytokine that serves as a growth factor for the hemato-
poietic stem cells, or exosome [60] (Fig. 19.1), a cell-secreted nano-sized vesicles 
present in the MSC secretome, has demonstrated potential for cartilage repair. Both 
strategies could overcome the impeding restrictions of current cell-based therapies.

Another therapeutic strategy for osteochondral repair is based on the implanta-
tion of scaffolds. Since rat model also offers a cost-effective means for in vivo evalu-
ation of degradation characteristics and safety profile of new biodegradable scaffolds 
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Fig. 19.1  In vivo cartilage repair at 6- and 12-week post-surgery. (Reprinted with permission [60]. 
Copyright © 2016, Elsevier)
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and polymers, cell-free and cell-seeded scaffolds approaches have been investigated. 
Regarding the acellular scaffold-based strategies, the impact of different biomateri-
als and structures has been evaluated on cartilage and bone repair. Ferretti et al. used 
the rat osteochondral defect model to support the use of genipin crosslinked polyeth-
ylene glycol hydrogels as an innovative delivery system to control in vivo release of 
growth factors for improving articular cartilage repair [61]. Nanofiber scaffold, 
composed of poly(vinyl alcohol) or chondroitin sulfate, has enhanced the endoge-
nous repair process without exogenous cells [62]. The use of cell-free multilayered 
silk fibroin-based scaffolds, combined or not with TGFb2 and BMP-2 growth fac-
tors, has shown to possess an inherent ability to attract endogenous, joint-resident 
cells capable of differentially differentiating down the osteochondral lineages [63]. 
Nogami et al. [64] developed a cell-free scaffold composed of human amniotic mes-
enchymal (HAM) cell-derived extracellular matrix and polylactic-co-glycolic acid. 
They demonstrated that the implantation of this cell-free scaffold, in rat model of 
osteochondral defect, promoted in-growth of endogenous cells and resulted in good 
cartilage repair [64]. More recently the administration of absorbable gelatin sponges, 
combined with insulin-like growth factor-1 or hyaluronic acid, in rat knee has 
showed to be efficient in the repair of osteochondral lesions [65]. The potential of 
cellular scaffolds on osteochondral defect repair in rat model has also been investi-
gated. Within those assays, both cell types and scaffold materials have been studied. 
Dahlin et al. evaluated the impact of the ability of cocultures of articular chondro-
cytes and MSCs to repair articular cartilage in osteochondral defects [66]. For that 
purpose, bovine articular chondrocytes and rat MSCs were seeded separately or in 
coculture onto electrospun poly(ε-caprolactone) scaffolds and implanted in the 
defect. The authors demonstrated the potential for the use of cocultures of articular 
chondrocytes and MSCs for the in vivo repair of cartilage defects [66]. Moreover, 
the implantation of autologous chondrocyte, cultured in media supplemented with 
recombinant acid ceramidase and seeded on a biphasic material containing a colla-
gen I top layer and a porous collagen III bottom layer (Bio-Gide), has enhanced 
cartilage repair in a rat osteochondral defect model [67]. All these studies supported 
the importance of designing tissue-engineered scaffolds that mimic the physical and 
biological components of extracellular matrix to produce ideal tissue repair in vivo. 
Overall, small rodents are attractive models for cartilage research due to the acces-
sibility of immune-deficient and transgenic animals, as well as cheaper to house and 
purchase. Nevertheless, their translational potential remains limited due to their 
small joint size and tiny cartilage. In the context of bone and cartilage repair and 
regeneration, rodent models are most useful for in vivo mechanistic studies, feasibil-
ity studies, and preliminary testing of new therapy strategies.

19.2.4  �Rabbit

The rabbit model provides a more appropriate small animal model for the assess-
ment of osteochondral defect repair as they have larger joints and are a sufficient 
size for easy surgical procedures. Moreover they presented a bone plate thickness 
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of 0.4–0.5 mm and a cartilage thickness of 0.25–0.75 mm [68, 69]. As for the 
previously described models, rabbits are easy to handle and low cost to maintain 
in-house. However, this model presents some disadvantages, i.e., an increased 
intrinsic healing due to increased cell density, different load characteristics on the 
join, and the difficulty to achieve a consistent partial thickness. In all studies that 
will be cited thereafter, the creation of an osteochondral defect was always based 
on the same protocol. The rabbits were anesthetized and, through a longitudinal 
parapatellar incision, the patella was laterally dislocated. All visible bleeding was 
carefully cauterized. With the knee joint maximally flexed, an osteochondral 
defect of 3–5 mm in diameter and 2–3 mm deep was created in the load-bearing 
region of the medial condyle. All debris were removed from the defect with a 
curette and the edges cleaned with sharp scalpel blade. After, the patella was relo-
cated and the wound sutured in layers [70, 71]. Moreover, the age of the rabbit at 
the time of the surgery remains important. A histological and radiographic study 
of the closure of the distal femur, proximal tibia, and proximal fibula demon-
strated the New Zealand white rabbits are skeletally mature between 19 and 
24 weeks old [72].

Different tissue engineering (TE) strategies have been developed to address 
osteochondral defect. These approaches are mainly applied for restoration/regen-
eration of the tissues and based on the use of cells, scaffolds, and growth factors 
alone or combined. Cell-based approach is one of the current osteochondral repair 
option. This approach is increasingly explored to deliver biological substitution of 
the injured tissue, either by injection of chondrocytes or implantation of specific 
grafts. However, it is limited by the number of cells available for isolation and by 
the uncontrolled phenotypic alterations in those cells. As such, stem cells have 
been investigated as cell sources for cartilage and bone engineering due to their 
well-established ability to generate cartilage-like and bone-like tissues under the 
appropriate culture conditions. As alternative cell-based approach, the use of 
platelet-rich plasma (PRP) for the treatment of numerous types of orthopedic dis-
orders, including chondral and osteochondral injuries, has increased recently. 
PRP is a plasma fraction containing a high concentration of platelets and is rich in 
many growth factors (GF). These GF take part in the natural process of tissue 
healing and homeostasis. They present the capability to stimulate cell prolifera-
tion, mesenchymal stem cell chemotaxis, and cell differentiation. Nevertheless, 
the use of PRP in preclinical and clinical studies, in chondral injuries, remains 
controversial [73].

Recently reported rabbit preclinical studies for the treatment of OC lesions using 
different scaffold-free strategies are summarized in Table 19.1 (Fig. 19.2).

Current approaches for articular OC repair are centered on the use of hydro-
gels and scaffolds providing a suitable three-dimensional (3D) environment sup-
porting the growth of cartilaginous and bone repair tissues. These 3D structures 
are often critical, both in vitro and in vivo, to summarizing the in vivo milieu 
and allowing cells to modulate their own microenvironment. The ideal scaffolds 
for OC tissue engineering must to be based on the following basic requirements: 
porous, biocompatible, biodegradable, and appropriate for cell attachment, pro-
liferation, and differentiation. Therefore the biomaterial is one of the key design 
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Table 19.1  Recent preclinical studies for OC repair on rabbit model using scaffold-free based 
approaches

Cells Growth factors References

Autologous bone marrow mesenchymal 
stem cells (BM-MScs)

n.a. [74]

Autologous BM-MScs aggregated into a 
spheroid-like structure

n.a. [75]

Human umbilical cord Wharton’s 
jelly-derived MSCs (hWJMSCs)

n.a. [76]

Allogenic chondrogenic pre-differentiated 
MSCs (C-MSCs)

n.a. [77]

Allogenic magnetically labeled MSC 
(m-MSC)

n.a. [78]

Synovial membrane-derived MSC 
(S-MSC)

n.a. [79]

Adipose-derived MSCs (Ad-MSCs) n.a. [80]
Costal cartilage grafts n.a. [81]
Autologous BM-MSCs Granulocyte-colony stimulating factor 

(G-CSF)
[82]

Autologous BM-MScs Platelet-rich fibrin releasate (PRFr) [83]
Osteochondral autograft transplantation Platelet-rich plasma (PRP)/platelet-

rich fibrin clot
[84]

Osteochondral autograft transplantation PRP [85]
Mosaicplasty PRP [86]
n.a. PRP [87]
n.a. PRP or PRF + stromal cell-derived 

factor-1 (SDF-1)
[88]

n.a. PRP gel [89]

Fig. 19.2  Macroscopic and microscopic findings at 4- and 12-week posttreatment. (Reprinted 
with permission [82]. Copyright © 2017)
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factors to be considered in scaffold- or hydrogel-based OC tissue engineering. 
Different biomaterials are currently used including naturally or synthetically 
derived polymers. Some rabbit preclinical studies for the treatment of OC lesions 
using different hydrogel and scaffold-based strategies are summarized in 
Table 19.2 (Fig. 19.3).

Table 19.2  Recent preclinical studies for OC repair on rabbit model using hydrogel- and scaffold-
based approaches

Hydrogel/scaffold Cells/growth factors References

Natural polymers Laminin BM-MSCs [90]
IGF-1
TGF-β1

Gelatin-chitosan TGF-β1 [91]
Collagen SDF-1 [92]
Gelatin BM-MSCs [93, 94]

Chondrocytes
Mixture of natural and 
synthetic polymers

Collagen-SF PTHrP [95]

Synthetic polymers GCH-GCBB BM-MSCs [17]
Chondrocytes

PLGA BM-MSCs [96, 97]
BMP-2

GelMA/PAM n.a. [98]
OPF TGF-b3 [13, 99]

IGF-1
BMP-2

SF/silk-nanoCaP n.a. [100]
SF/CNF TGF-β1 [101]

BMP-2
SF/CS – SF/CS/nHA BM-MSCs [102]
HAp S-MSCs [103]
PLDLA/HAp n.a. [104]
HAp/PCL n.a. [105]

Synthetic polymers Hap/DN n.a. [106]
PAMPS/PDMAAm n.a. [107]
βTCP S-MSCs [103]
PLLA-CL-COL I/βTCP BM-MSCs [108]

βTCP, Beta-tricalcium phosphate; BMP-2, bone morphogenetic protein-2; CNF, carbon nanofiber; 
COL I, collagen type I; CS, chitosan; DN, PAMPS/PDMAAm double-network; GCBB, gelatin and 
ceramic bovine bone; GCH, gelatin, chondroitin sulfate, and sodium hyaluronate; GelMA, methacry-
lated gelatin; HAp, hydroxyapatite; IGF-1, insulin-like growth factor-1; nanoCaP, nanocalcium phos-
phate; nHA, nano-hydroxyapatite; OPF, oligo(poly(ethylene glycol) fumarate); PAM, polyacrylamide; 
PAMPS, poly-(2-acrylamido-2-methylpropane sulfonic acid); PCL, poly(ε-caprolactone); PDMAAm: 
poly-(N,N0-dimethyl acrylamide); PLDLA, poly-l/d-lactide; PLGA, poly(lactide-co-glycolide); 
PLLA-CL, poly (l-lactic acid)-co-poly (ε-caprolactone); PTHrP, parathyroid hormone-related pro-
tein; SDF-1, stromal cell-derived factor-1; SF, silk fibroin; TGF-β1, transforming growth factor beta 1
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19.3  �Conclusions

Over the previous few years, progress has been realized to reinforce the use of tissue 
engineering strategies in preclinical studies and clinical assays aiming the regenera-
tion of OC lesions. In preclinical studies, the main approaches involve the improve-
ment of new biomaterials used for the development of biocompatible scaffolds/
hydrogels combined or not with growth factors and/or cells. Grafts, from allogenic 
or autologous origin, or arthroplasty already proved their possibilities in cartilage 
repair. Despite this numerous therapeutic proposals for the chondral and osteochon-
dral lesions, it remains difficult to agree on the best treatment to be applied. Before 
clinical trials, those strategies have to demonstrate their potential during preclinical 
studies in animal models. Animal studies are essential to establish a proof-of-
concept, which will be based on biological responses, degradation time, and dose 
response of the implanted materials. However, and in order to evaluate the potential 
of new regenerative strategies on OC defects, small animal models, which include 
mouse, guinea pig, rat, and rabbit, might not be the most suitable models, since 

Fig. 19.3  “(a - f) Histological analysis of the explants from rabbit OCD. (a, b) H&E and Masson’s 
trichrome staining’s of the longitudinal section of the explants, respectively. (c, d) H&E and 
Masson’s trichrome staining’s of the cross-section of the explants in the silk-nanoCaP layer, 
respectively. (e, f) H&E staining and Masson’s trichrome staining’s of the longitudinal section of 
the defect, respectively. Neocartilage formation in the silk layer of the bilayered scaffolds is indi-
cated by black arrows, and indicates new subchondral bone formation inside the silk-nanoCaP 
layer of the bilayered scaffolds is indicated by the white arrows. (Reprinted with permission [100]. 
Copyright © 2015, Elsevier)
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large animal models (e.g., pig, sheep, goat, or horse) more closely resemble to the 
human tissue.
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