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Test Exposure Period Endpoints in Offspring
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two, or several 
generations

Growth, development, and viability
Histopathology of sex organs, brain, 
and target organs

Fertility
Proposal: estrus cyclicity and sperm 
quality

Rat and mouse

Prenatal
developmental 
toxicity study 
(teratogenicity study)

Usually during 
organogenesis

Proposal: from 
implantation to the day 
before birth

Resorptions
Fetal growth
Morphological variations and 
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Rat, mouse, and 
rabbit
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neurotoxicity study 
(behavioral 
teratology studies)

During pregnancy and 
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Birth and pregnancy length
Physical and functional maturation
Behavioral changes caused by central 
and peripheral nervous system 
effects

Brain weights and neuropathology

Rat
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toxicity screening 
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before mating until day 
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Pregnancy length and birth
Fetal and pup growth and survival 
until day 3

Rat
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Figure 3.1 Strategy for conditional knockout of a target gene in fetal or placental tissues. Left: An essential
exon of the wild-type gene (exon 2) is flanked with loxP sites by gene replacement. A neomycin
resistance cassette (Neo) equipped with a third loxP site is co-introduced. The construct is then
inserted into embryonic stem cells by electroporation. Stem cells with homologous recombination
are selected and grown. These cells are transfected with a weak Cre recombinase, with three
possible results: total excision of exon 2 and the Neo cassette; excision of exon 2; and excision
of the Neo cassette. The latter cells are aggregated with a blastocyst, which is transferred to the
uterus of a pseudopregnant mouse. Finally, a breeding program to establish germ line transmission
yields a transgenic line homozygous for the floxed gene. Tissue-specific deletion of exon 2 can
then be achieved by crossing with a transgenic line expressing Cre recombinase with an appropriate
promoter. Right: The Cre recombinase gene is linked to a promoter, for example, α-fetoprotein
promoter for fetal liver; the tie-1 promoter for fetal vessel endothelium; or the 4311 promoter for
spongiotrophoblast. After microinjection of the construct into an oocyte, the two-cell embryo is
transferred to the uterus of a pseudopregnant mouse. A breeding and screening program yields a
transgenic line expressing Cre recombinase under the chosen promoter. (From Han, V.K.M. and
Carter, A.M., Curr. Opin. Pharmacol., 1, 632, 2001. With permission.)
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Figure 3.2 Instrumentation of the sheep fetus for studies of left ventricular function. An electromagnetic flow
sensor (e.m.f.) was placed on the ascending aorta to measure ventricular output. Catheters were
placed in the pericardium, the right atrium (r.a.) via the superior vena cava (s.v.c.), and the left
atrium (l.a.). The right ventricle (r.v.), left ventricle (l.v.), and pulmonary artery (p.a.) are indicated.
Also shown is a system used to ventilate the fetus in utero. (From Morton, M.J., Pinson, C.W., and
Thornburg, K.L., J. Physiol., 383, 413, 1987. With permission.)
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ANIMAL MODELS OF SUBCUTANEOUS MYCOSES

Chromomycosis

Figure 8.1 Experimental trichophytosis in the guinea pig by intravenous challenge with Trichophyton menta-
grophytes. (1)  Ringworm lesions on the back 3 weeks after infection. (2) Fungi in the hair root
sheath. (3) Fungal elements are seen in the hair shaft (H). (4) Granulomatous mycotic pneumonia
has formed. (Parts 1 and 2, from Van Cutsem, J. Curr. Top. Med. Mycol., 3, 1, 1989. With permission.)
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ANIMAL MODELS OF MYCOSES DUE TO OBLIGATE PATHOGENIC FUNGI

Blastomycosis
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ANIMAL MODELS OF MYCOSES DUE TO OPPORTUNISTIC PATHOGENIC FUNGI

Aspergillosis



Figure 8.2 Experimental aspergillosis in a pregnant mouse (day 16 of pregnancy) inoculated i.v. with Aspergillus
fumigatus on day 10 of pregnancy. (1) The growth of hyphae in the periphery of the placental disc
(PD) and Reichert’s membrane (R) is accompanied by necrosis and polymorphonuclear cell infil-
tration. (2) Hyphae are seen arround amnion and within the fetal skin (arrow). (From Jensen, H.E.
and Hau, J., In Vivo, 4, 247, 1990. With permission).



Candidosis



Cryptococcosis

Figure 8.3 Experimental renal candidosis in a mouse after i.v. challenge with Candida albicans blastospores.

Figure 8.4 Experimental candidosis in a pregnant mouse. The fungi are characteristically restricted to the
perifery of the placental disc (PD) and the degenerated Reichert’s membrane (R). UW = uterine
wall; SP = splanchnopleura; F = fetus. (From Jensen, H.E. et al., APMIS, 99, 829, 1991. With
permission.)



Figure 8.5 The pathogenesis of murine placental candidosis. Arrows indicate the orign and extent of murine
candidosis. A = amniotic cavity; D = decidua; F = fetus; L = labyrinth; S = spongiotrophoblasts;
1 = uterine wall; 2 = Reichert’s membrane; 3 = splanchnopleura; 4 = amnion. (From Jensen, H.E.
et al., APMIS, 99, 829, 1991. With permission.)

Figure 8.6 Mammary gland from a mouse killed 3 d after intramammary inoculation with 1 × 104 Candida
krusei cells. Within the lumen and epithelial lining of two alveoli (A), fungal elements (arrows) are
seen. (From Guhad, F.A. et al., J. Comp. Pathol., 113, 1995. With permission.)

Figure 8.7 Mammary gland from a mouse 2 d after intramammary inoculation of 1 × 105 blastospores of
Candida albicans. Fungal elements, which are stained black, are present within exudate-filled alveoli
(EA). (From Guhad, F.A. et al., FEMS Microbiol. Lett., 166, 1998. With permission.)



Figure 8.8 Murine mammary gland 4 d after inoculation of 1 × 106 blastospores of Candida albicans. Accu-
mulation of heterophils around and within the lumen of an alveolus (A) is present. (From Guhad,
F.A. et al., APMIS, 106, 1049, 1998. With permission.)

Figure 8.9 Murine mammary gland from a mouse treated with amphotericin B (4 mg/kg intrperitoneally once
daily) 6 d after intramammary inoculation of 5 × 107 Candida albicans blastospores. In the gland
tissue, only a mild infiltration of macrophages and heterophils is seen. Locally, a minor microabscess
has formed (arrow). (From Guhad, F.A. et al., FEMS Microbiol. Lett., 26, 125, 1999. With permission.)



Scedosporiosis

Zygomycosis

Figure 8.10 Murine zygomycosis due to Absidia corymbifera. (1) Acute renal zygomycosis after intravenous
challenge. Arrows = hyphae. (2) Chronic subcutaneous granulomatous zygomycosis after sub-
cutaneous challenge. Arrows = hyphae.
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Miscellaneous Fungi
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APPLICATION OF MODIFIED ANIMAL MODELS IN MYCOLOGY

Figure 8.11 Adiaspiromycotic granulomatous orchitis in a hamster after intratesticular inoculation of culture
material. (Arrows = adiaspores.)

Figure 8.12 Murine hepatic granulomatous protothecosis after intravenous challenge by cells of Prototheca
zopfii. In the process, unicellular and multicellular organisms are seen.





EVALUATION OF ANTIFUNGAL AGENTS IN ANIMAL MODELS

Table 8.1 Susceptibility to Mycoses in Congenital Athymic Nude Mice (nu/nu) versus Their 
Heterozygous Littermates (nu/+) of BALB/c Background after Intravenous Challenge; and 
the Dominant Type of Cells Involved in the Defense of Infection

Fungal Infection Susceptibility of Nude Mice Main Cellular Response

Cryptococcosis
C. neoformans Enhanced Mononuclear

Phaeohyphomycosis
W. dermatitidis Enhanced Mononuclear

Histoplasmosis capsulati
H. capsulatum var. capsulatum Enhanced Mononuclear

Histoplasmosis duboisii
H. capsulatum var. duboisii Enhanced Mononuclear

Sporotrichosis
S. schenckii Enhanced Mononuclear

Blastomycosis
B. dermatitidis Enhanced Mononuclear/PMN

Paracoccidioidomycosis
P. brasiliensis Enhanced Mononuclear/PMN

Chromomycosis
F. pedrosoi Enhanced/lowereda Mononuclear/PMN

Candidosis
C. albicans Controversial PMN/mononuclear

Coccidioidomycosis
C. immitis Controversial PMN/mononuclear

Aspergillosis
A. fumigatus None PMN/mononuclear

Zygomycosis
A. corymbifera None PMN/mononuclear

Note: PMN = polymorphonuclear.
a Enhanced at high doses and lowered at low doses.



ANIMAL MODELS AS MYCODIAGNOSTIC TOOLS



Table 8.2  Selected Animal Models Applied in the Evaluation of Antifungal Agents

Fungal Infection Animal
Predisposing

Factors
Inoculation

Site
Localization
of Infection

Dermatophytosis
T. mentagrophytes and
M. canis

Guinea pig Abraded/none On skina Skin

Guinea pig None i.v. Skin/dissemination
Pityriasis
P. ovale and P. orbiculare Guinea pig Clipped On skina Skin

Sporotrichosis
S. schenckii Guinea pig None i.v./i.test. Dissemination

Penicilliosis
P. marneffei Guinea pig Immunosuppressed/

none
i.v. Dissemination

Blastomycosis
B. dermatitidis Mouse None i.n. Lung/dissemination

Mouse None i.n. Dissemination
Coccidioidomycosis
C. immitis Mouse None i.n. Lung/dissemination

Mouse None i.n. Dissemination
Histoplasmosis
H. capsulatum var. 
capsulatum

Mouse None i.n. Lung/dissemination

Mouse None i.v./i.p. Dissemination
H. capsulatum var. duboisii Guinea pig None i.test. Testicles/dissemination

Paracoccidioidomycosis
P. brasiliensis Mouse None i.n. Lung/dissemination

Mouse None i.n. Dissemination
Aspergillosis
A. fumigatus Mouse Immunosuppressed i.n. Lung/dissemination

Chicken None Aerosol Lung/dissemination
Rabbit Immunosuppressed i.cor. Cornea
Rabbit Intracardial catheter i.v. Endocardium/

dissemination
Guinea pig Immunosuppressed/

none
i.v. Dissemination

Mouse Immunosuppressed/
none

i.v. Dissemination

Cryptococcosis
C. neoformans Rabbit Immunosuppressed Cisterna 

magnum
Meninges

Mouse None i.cer. Meninges/dissemination
Mouse Immunosuppressed/

none
i.n. Lung/dissemination

Mouse Immunosuppressed/
none

i.v./i.p. Dissemination

Guinea pig Immunosuppressed/
none

i.v. Dissemination

Candidosis
C. albicans Guinea pig Clipped and diabetic On skin Skin

Mouse Immunosuppressed s.c. Subcutis
Mouse Air s.c. Subcutis
Mouse None i.mam. Mammary glands
Mouse Immunosuppressed i.mam. Mammary glands
Rat Pseudoestrus i.vag. Vagina
Rat Pseudoestrus and 

diabetic
i.vag. Vagina

Guinea pig Immunosuppressed 
and antibiotics

p.o. Gastrointestinal tract

(continued)



Mouse Immunosuppressed 
and antibiotics/none

p.o. Gastrointestinal tract

Guinea pig None i.cor. Cornea
Rabbit Immunosuppressed/

none
i.cor. Cornea

Rabbit None i.v. Eye/dissemination
Rabbit Intracardial catheter i.v. Endocardium/

dissemination
Guinea pig Immunosuppressed/

none
i.v. Dissemination

Mouse Immunosuppressed/
none

i.v. Dissemination

Rat Immunosuppressed/
none

i.v. Dissemination

Note: i.v. = intravenous; i.test. = intratesticular; i.n. = intranasal; i.p. = intraperitoneal; i.cor. = intracorneal; i.cer.
= intracerebral; s.c. =  subcutaneous; i.mam. = intramammary; i.vag. = intravaginal; p.o. = per oral; diabetic
= alloxan- and streptozotocin-treated animals; pseudoestrus = castrated and estrogen-treated animals;
immunosuppressed = x-irradiated, mechlorethamine-, prednisolone-, hydrocortisone-, or cyclophospha-
mide-treated animals; Antibiotics = streptomycin and chloramphenicol.

a Usually performed under occlusive dressing.

Figure 8.13 Immunohistochemical identification of Histoplasma capsulatum var. capsulatum. (1) In the Kupffer’s
cells, yeast-like organisms are located. (2) Staining of the organisms by specific FITC-labeled
anti-H. capsulatum globulins confirm the diagnosis of hepatic histoplasmosis. (From Jensen, H.E.
et al., APMIS, 100, 1992. With permission.)

Table 8.2 (continued)  Selected Animal Models Applied in the Evaluation of Antifungal Agents

Fungal Infection Animal
Predisposing

Factors
Inoculation

Site
Localization
of Infection
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Development of the Disease
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Late Complications

Retinopathy — 

Figure 9.1 Blood glucose levels (mmol/l) in GK fasting and fed male rats from the age of 3 to 25 weeks.
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Figure 9.2 Oral glucose tolerance test in 20 GK/Mol fasting males vs. 20 Mol:Wistar fasting males, both born
in week 33, 1999.
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Table 10.1 Murine Models with Increased Bone Mass

Model Origin Pathology Description Ref.

Osteocalcin-null Targeted disruption Defect in mineralization results in 
enhanced BFR

22

Thrombospondin-2 null Targeted disruption Increased cortical bone, 
osteoprogenitor number, and BFR; 
OCL activity normal

23

Osteopontin-null Targeted disruption Mice maintain bone mass in response 
to OVX, unloading, and PTH

143, 144

ob/ob — leptin deficient Spontaneous mutation In the absence of leptin, increased 
trabecular bone mass and BFR, but 
OB number is normal

24

db/db — leptin receptor 
deficient

Spontaneous mutation Similar to ob/ob 24

High-bone mass mice Spontaneous — inbred line 
C3H/HeJ

C3H mice show a higher bone mass 
due to an increase in systemic IGF-1

56

A-ZIP/F1 mice Transgenic overexpression of 
c-fos and c-jun transcription 
factor dominant negative 
in adipoyctes

Low leptin levels that are present in 
these fat-deficient mice result in 
enhanced bone mass

24

GRK inhibitor 
overexpression — 
osteocalcin promoter

Transgenic overexpression 
in OBs of an inhibitor of 
G-coupled protein receptor 
desensitization

Increased bone density and trabecular 
bone volume; associated increases 
in OCL activity

145

DeltaFosB Transgenic — tetracycline-
regulated promoter

Bone formed at the expense of 
adipocytes in the endocortical 
compartment; increased OB 
differentiation

146

Fra-1 Transgenic overexpression Progressive osteosclerosis due to 
increased endocortical BFR and 
MAR; OB proliferation unchanged, 
differentiation increased

147

IGF-1 — osteocalcin 
promoter

Transgenic overexpression 
in OB

Increased trabecular bone formation 
due to enhanced OB life span, but 
not an increase in OB proliferation

148

Vitamin D receptor — 
osteocalcin promoter

Transgenic overexpression 
in OB

Increased periosteal MAR; increased 
bone strength; endocortical 
resorption inhibited

149

Note: BFR, bone formation rate; IGF, MAR, mineral apposition rate; OB, osteoblasts;
OCL, osteoclast; OVX, ovariectomy; PTH, parathyroid hormone.



Models of Decreased Bone Mass



Table 10.2 Common Models of Osteopetrosis

Model
Mutated Gene and 

Common Name Pathology Description
Corrected
by BMT Ref.

Murine, spontaneous Osteosclerosis 
(oc/oc)

Vacuolar ATPase; no ruffled 
borders on OCLs

Yes 28

Murine, spontaneous Microphthalmia 
(mi/mi)

Mutation in bHLH transcription 
factor

Yes 29

Murine, spontaneous Grey-lethal (gl/gl) Defect in formation of OCLs; 
unknown mutation

Yes 150

Murine, spontaneous Osteopetrotic 
(op/op); mCSF null 
mutation

Equivalent to mCSF knockout; 
no OCL

No 26

Murine, targeted 
disruption

src-null Can not resorb bone due to the 
failure to form ruffled borders

Yes 151

Murine, targeted 
disruption

c-fos No OCL development Yes 152

Murine, targeted 
disruption

Cathepsin-null Can not resorb bone due to the 
absence of this key enzyme

Yes 153

Murine, targeted 
disruption

RANKL-null No OCL development due to the 
lack of production of a OCL 
inducing factor by MSC 

No 154

Murine, targeted 
disruption

RANK-null No OCL development; OCL 
precursors lack required 
receptor

Yes 155

Murine, targeted 
disruption

TRAP-null Reduced bone resorption; OCL 
number increases, but cells are 
dysfunctional

Yes 156

Murine, targeted 
disruption

TRAF6-null No OCL development; gene 
product is an intermediate 
signaling molecule 

Yes 157

Murine, targeted 
disruption

Beta3-null OCLs unable to attach to bone 
due to dysfunctional integrin 
complexes

Yes 158

Murine, targeted 
disruption

mCSF receptor-null OCL precursors lack required 
cellular receptor, no OCLs form

Yes 159

Murine, transgenic OPG overexpressor Reduced OCL development 
OPG inhibits RANKL activity

No 27

Murine, transgenic RANK-Fc soluble 
overexpressor

Decreased OCL development No 160

Rat, spontaneous Toothless (tl/tl) Apparent alteration in CSF1; 
no OCL formation

No 161

Rat, spontaneous Incisor absent rat 
(ia/ia)

Reduction in the number of 
formed OCLs

Yes 162

Rat, spontaneous Osteopetrotic rat 
(op/op)

Defect localizes to chromosome 
10; OCLs form ruffled borders, 
but they are ineffective at 
resorbing bone

Yes 163

Rat, spontaneous Microphthalmia bland 
(mib/mib)

Mild osteoporosis that recovers 
with maturity

Yes 164

Rabbit, spontaneous Osteosclerotic 
(os/os)

No ruffled borders on OCLs; 
no bone resorption

No 30

Note: ATP, adenosine triphosphate; BMT, bone marrow transplant; mCSF, macrophage colony-stimulating factor;
MSC, marrow stromal cell; OCL, osteoclasts; OI, osteogenesis imperfecta; OPG, osteoprotegerin;
RANKL, RANK ligand.





Table 10.3 Murine Osteopenia Models

Model Type Origin Pathology Description Ref.

SAMP6 Spontaneous Low-turnover osteopenia; both decreased OB 
and OCLs with age

55

LRP5 Targeted disruption Decreased OB proliferation in this knockout for 
a putative wnt cofactor

19

Aromatase Targeted disruption Enzyme required for estrogen production; 
decreased bone in females

165

Estrogen receptor 
alpha and beta 
(double knockout) 

Targeted disruption Low turnover osteopenia; gender-specific 
effects; decreased OB function 

166

Osteoprotegerin Targeted disruption Greater OCL formation in these mice lacking 
a soluble inhibitor of RANKL binding

167

c-Abl Targeted disruption Defect in OB maturity; reduced mineral 
apposition; OCL normal

168

IRS-1 Targeted disruption Impaired OB proliferation, differentiation, and 
OCL support; IRS-1 mediates IGF-1 signaling

169

Biglycan Targeted disruption Decreased bone formation due to decreased 
OB precursors; ECM protein

170

Osteonectin Targeted disruption Decreased OB precursors; ECM protein 171
Klotho Targeted disruption Low turnover; decreased OB and OCL 172
MT-MMP Targeted disruption Multiple connective tissue phenotypes in mice 

deficient in a required collagenolytic protein
173

eNOS Targeted disruption Decreased bone formation; no anabolic 
response to OVX

174

FGF2 Targeted disruption Decrease in osteoprogenitor number leads to 
a decrease in bone mass

175

IGF-1 Targeted disruption Reduced mouse size and decreased cortical 
thickness, but increased trabecular bone 
volume

176

Beta1 integrin 
dominant negative

Transgene driven by 
osteocalcin promoter

Impaired adhesion of OBs to bone 177

Cbfa1 Transgene driven by 
collagen I promoter

Thinned cortical bone with increased 
endosteal compartment size; decreased 
trabecular bone volume; both OB and OCL 
defects present

178

HSV-thymidine kinase Transgene driven by 
osteocalcin promoter

Gancyclovir administration ablates OBs in 
osteocalcin-TK expressing mice; OCLs are 
maintained

179

TRAP Transgene Decreased trabecular bone 180
TGF-beta2 Transgene driven by 

osteocalcin promoter
Progressive bone turnover 181

OI (Osteogenesis Imperfecta) Models

Mov13 Retroviral insertion in 
col1a1 first intron

Mimics human type I OI; decreased collagen 
transcription from mutated allele

182

oim/oim Spontaneous No alpha2 chain of type I collagen; collagen 
forms as homotrimers

183

fro/fro Spontaneous 90% perinatal lethality similar to human OI type 
II subgroup A; 10% survive and are similar to 
human OI type III

184

Gly to Cys mutation in 
Col1A1 transgene 

Transgene Similar to OI type II 185

Col1A1 minitransgene Transgene Disrupts trimer formation at the level of 
procollagen association; procollagen suicide; 
severe, lethal OI in high-expressing lines

186

Brtl1V Cre/lox targeted
substitution

Gly(349) → Cys mutation mimicking human 
type IV OI

59

Note: ECM, extracellular matrix; MSC, marrow stromal cell; OB, osteoblasts; OCL, osteoclast; IGF, insulin-like
growth factor, RANKL, RANK ligand; TRAP, tartrate-resistant acid phosphatase.
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Table 10.4 Limb Immobilization Models

Model Age Experimental System Time Span Ref.

Space Flight

Rat, Sprague-Dawley 
(male)

6–7 weeks Vivarium: sham vs. adrenalectomy (ADX)
Flight chamber/normal gravity: sham vs. ADX
Flight: sham vs. ADX

17-d space 
flight

187

Rat 2–3 mo Control
Flight

18.5–19.5 d 
space flight

188

Nerve Transection

Rat, Sprague-Dawley 
(male)

200 g Sham-operated control
Unilateral tenotomy at knee joint
Unilateral sciatic neurectomy

30 h–42 d 189

Rat (male) 200 g Series of three experiments to determine 
whether immobilization acts directly on bone 
by altering load or systemically; tibial nerve 
transection to immobilize, demineralized bone 
implants placed subcutaneously

3–7 weeks 190

Casting/ Taping

Canine, mongrel 1–2 years Control 
Immobilized with bandage for 16 weeks
Immobilized for 16 weeks, then mobile for 16 
weeks, then treadmill for 16 weeks

16–48 weeks 191

Rat, Sprague-Dawley 
(female)

9 mo, 310 g Control at T = 0
Age-matched control
One-leg immobilization, leg taped to abdomen 

2–26 weeks 192

Primate (Macaca
mulatto, male)

Juvenile Control
Immobilization in body cast

2 weeks 193

Internal Fixation

Canine, Labrador 10 mo, 20 kg Control
Internal immobilization: left knee, 
extra-articular

12 weeks 194

Hind-Limb Suspension (HLS)

Mouse Adult, both 
sexes

— 2 weeks 195

Rat, Fisher (female) 6 mo Control
HLS

2–4 weeks 196

Confinement

Primate (Macaca
nemestrina)

Adult Control
Semirecumbent

10 weeks–7 mo 197

Rat, kangaroo versus 
white (male and 
female)

Adult Pretreatment control, kangaroo vs. white
Posttreatment control, kangaroo vs. white
Extreme confinement, kangaroo vs. white
Confinement, kangaroo vs. white
Exercised

6 weeks 198

a Kangaroo rat (Dipodomys ordii) is a bipedal rodent.
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Table 10.5 Exercise Studies

Animal Age Groups Exercise Regimen Ref.

Swimming

Rat, Sprague-Dawley 
(female)

12–24 mo OVX + normal cage activity 
or swim

Swim 60 min/d, 5 d/week; 12-week 
study

199

Rat, Wistar-Kyoto 
(WKY), stroke-prone 
hypertensive 
(SHRSP)

7 wks Sedentary control WKY
Sedentary control SHRSP
Swim-trained SHRSP

Swim 60 min/d, 5 d/week; 12-week 
study

200

Rat, Sabra (female) 5 or 12 
wks

Control or swim ± weight Swim 1 h/d, 5 d/week; 12- to 20-
week study

201,
202

Running — Forced

Mouse, DDY strain 
(female)

7 wks Sham and OVX ± genistein ± 
exercise

Treadmill: 12 m/min, 30 min/d, 
7 d/week (10° slope); 4-week 
study

203

Rat, Sprague-Dawley 
(female)

4 wks 8 or 12 weeks of exercise
8 or 12 weeks as sedentary 
control

Treadmill: 24 m/min, 60 min/d, 
5 d/week; 8- and 12-week studies

204

Rat, Sprague-Dawley 
(female)

4 wks Same as above + 8 weeks of 
exercise, then 4 weeks 
sedentary

Treadmill: 24 m/min, 60 min/d; 
5 d/week (5° slope); 8- to 12-week 
study

205

Rat, Wistar (female) 5 mo 1. Exercise 30 min/d
2. Exercise ± 50 g of 

weight

Treadmill: 20 m/min (duration 
based on group); 5 d/week; 
17-week study

206

Rat, Wistar (female) 3 mo Similar to previous, run 15 
min/d + 40 g of weight

Treadmill: 16.6 m/min, 15 min/d; 
5 d/week (5° slope); 6-week study

207

Rat, Wistar (female) 15 wks Sham and OVX mice ± 
etidronate ± exercise

Treadmill: 30 m/min, 60 min/d; 
5 d/week; 10-week study

208

Rat, Wistar (female) 15 wks, 
252 g

Sham and OVX, ± Ca- 
supplemented diet, ± 
exercise

Treadmill: 1080 m/d at 8 /min; 
15 min exercise, 30-min rest; 
5 d/week; 12-week study

209

Rat, Wistar diabetic 
(female)

13 wks Running + unilateral sciatic 
neurectomy

Treadmill: 60 m/min, 60 min/d; 
5 d/week; 8-week study

210

Rooster 9 wks Normal activity
High-speed running

Treadmill: 1.84 m/sec, 5 min, three 
times per day; 6 d/week; 8-week 
study

211

Running — Voluntary

Rat, virgin F344 
(female)

14 mo Baseline control
Solvent vehicle
Growth hormone
Voluntary exercise
Growth hormone + exercise
Food restricted 

18-week study
Running wheel: 35-cm diameter 
attached to plastic cage, running 
activity noninvasively monitored 
24 h/d, silent magnetic counter 
attached to wheel

212

Rat, F344 (female) 13 mo Similar study to previous 
(same research group)

213

Jump Training

Rooster, White Leghorn 12 wks Normal activity or jump Jumps: 200 drop-jumps per d 
(2.5 min/d); 5 d/week (dropped 
from 50–60 cm); 3-week study

214

Rat, F344 (female) 4 wks Control, and 5, 10, 20, 40, 
100 jumps per day

Jumps: 5 d/week (height gradually 
increased to 40 cm); 8-week study

*Trained to jump using board box 
with electric stimulus

215

(continued)



Table 10.5 (continued) Exercise Studies

Animal Age Groups Exercise Regimen Ref.

Resistance Training

Rat, Sprague-Dawley 
(male)

10 wks Control, sedentary, and 
resistance groups evaluated 
at 4 weeks and 8 weeks

Water placed at top of mesh tower; 
tower gradually raised from 20 cm 
to 200 cm; rat voluntarily climbed 
tower to reach water; 4-week 
study

68

Rat, Sprague-Dawley 
(female)

21 d; 28 
wks

Control
Young/exercise + tail weight
Mature/exercise + tail weight

Custom-designed racks, 41 cm 
high with vertical rungs 1.46 cm 
or 0.9 cm apart, platform at top, 
animals trained to climb, 3x/week; 
10-week study

216

Bipedal Stance

Rat, Sprague-Dawley 
(male)

6 mo Sham and OVX ± raised cage Raised cage: food gradually raised 
to 35.5 cm, bipedal stance 
necessary for feeding in RC 
group; 12-week study

71

Rat, Sprague-Dawley 
(female)

6 mo Sham and OVX ± raised cage 
± estrogen

Similar to previous; 4–8 week study 217

Sudden Impact Loading

Rat, Sprague-Dawley 
(male)

13 wks Sedentary control
Low-intensity exercise 
control

Low intensity exercise + 
sudden impact load

Exercise: walking mill at 10 cm/sec, 
20 min/d; 5 d/week (50 impacts 
per session, gradually increased 
to 200 impacts; 9-week study

218

Note: OVX, ovariectomy.

Table 10.6 Loading Devices

Animal
Structure
Loaded Invasive/Noninvasive Technique Ref.

Mouse Tibia Noninvasive Cantilever bending 75
Pig Radius Invasive Ulnar osteotomy 81
Rat Tail vertebra Percutaneous pin Vertebral compression 76, 77
Rat, sheep Whole body Noninvasive Vibration 80
Rat Tibia Noninvasive Four-point bending 73
Rooster Ulna Invasive Axial loading 78
Sheep Radius Invasive Removal of ulna 82
Turkey Ulna Invasive Axial loading 79, 219
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Table 10.7 Closed-Fracture Models

Animal Bone Fracture Technique Fixation Ref.

Mouse Tibia Guillotine Intramedullary wire 94
Rat Tibia Manual None 88, 220
Rat Femur Three-point bending None 89
Rat Femur Pneumatically driven guillotine Intramedullary wire 90
Rat Tibia Guillotine Intramedullary wire 91
Rat Femur, tibia Weight-driven guillotine Intramedullary wire 92, 93



Distraction Osteogenesis

Special Considerations

µ

µ

Table 10.8 Distraction Osteogenesis

Animal Age Indicator Structure Regimen Ref.

Canine, mongrel 5 mo Mandible 10-d latency; 1 mm/d, 20 d 221
Goat, Spanish-cross (M) Immature, 

9–10 mo
Tibia 5 d latency; automatic distracter; 

0.75 mm/d total, divided over 1 to 
720 times

222

Mouse, MF1 (M) Adult, 30–40 g Tibia 7-d latency; 0.25 mm, twice per day, 
for 10 d

96

Rat, Sprague-Dawley (M) 400- to 500-g 
breeder

Femur 3-d latency, 0.5 mm/d, 4 d; weight 
bearing alters the expression of 
collagen types I and II, BMP2/4, 
and osteocalcin

223

Rat, Sprague-Dawley (M) 1 yr; 500 g Femur 
(bilateral)

6-d latency; 0.5 mm/d, 12 d OR 
1.5 mm/d, 4 d — 6 mm total

224

Rat, Sprague-Dawley 4–24 mo, 
350–700 g

Tibia 1-d latency; 0.2 mm, twice per day, 
for 14 or 20 d; 5.6- or 8-mm gap

225

Rat, Sprague-Dawley Adult, 350–400 g Mandible Variable latency, rate, rhythm; 5-mm 
total distance

226

Sheep, Wethers Growing Mandible Variable latency; 0.5 mm, twice per 
day, 20 d

227
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Table 10.9 Representative Chondrodysplasias

Animal, Model 
Type Model (Gene Mutation)

Modeled Human 
Condition Pathology Description Ref.

Canine, 
spontaneous

Canine: miniature poodles 
(autosomal recessive)

Pseudoachondro-
plastic dysplasia

Lamellar inclusions of rough 
endoplasmic reticulum in 
physeal chondrocytes; 
metaphyseal flaring; 
decreased longitudinal 
growth of long bones

228

Chick, 
spontaneous

nanomelia (absent 
aggrecan)

Chondrodystrophy Cleft palate; shortened 
limbs/tail/snout; die at birth; 
NL type II collagen levels

229

Murine, 
spontaneous

cmd/cmd (autosomal 
recessive; absent 
aggrecan)

Chondrodystrophy Cleft palate; shortened 
limbs/tail/snout; die at birth

230

Murine, 
spontaneous

ocd/ocd (autosomal 
recessive)

Osteochondral 
dysplasia

Short domed head; decreased 
trunk length; shortened 
bones; decreased GAG 
content

231

Murine, 
targeted
disruption

(Link protein-null) Unknown Die at birth; delayed bone 
formation; short limbs; 
craniofacial abnormality; 
small epiphyses; flared 
metaphyses of long bones

232

Murine, 
targeted
disruption

(Perlecan-null) Similar to 
thanatophoric 
dysplasia

Die at birth; micromelia; bowed 
long bones; severely 
disorganized physes; 
decreased chondrocyte 
proliferation; decreased 
collagen fibers and GAGs

233, 234

Murine, 
targeted
disruption

(MMP9-null) Chondrodysplasia Decreased invasion of growth 
plate by vasculature, 
compensates by maturity

235

Murine, 
targeted
disruption

(PTHrP-null) Blomstrand 
chondrodysplasia

Decreased chondrocyte 
proliferation; increased 
differentiation; die at 
midgestation

236

Murine, 
targeted
disruption

(PTHrP/PTH receptor-null) Unknown Early death; accelerated 
differentiation; increased 
cortical bone; decreased 
trabecular bone; defective 
mineralization

237

Murine, 
targeted
disruption

sox9 ± on CD-1 
(autosomal dominant)

Campomelic
dysplasia

Die at birth; decreased col2a1; 
increased hypertrophic zone; 
premature mineralization; 
skeletal hypoplasia; bowing/ 
angulation of limbs

114

Murine, 
targeted
disruption

Atf-2 ± (autosomal 
dominant)

Hypochondroplasia Short limbs and spine — more 
severe in proximal segments; 
clustered chondrocytes in 
physes; decreased 
vascularity of physes

238

Murine, 
targeted
disruption

Collagen II null (Col2a1) Achondrogenesis 
type II 

Dwarfism; shortened long 
bones; misshapen axial 
skeleton; soft bones; 
disorganized hyaline cartilage 
and physes 

239

Murine, 
targeted
disruption

Type X collagen Schmid metaphyseal 
chondrodysplasia

Coxa vara; reduced resting 
zone thickness; ECM 
abnormalities in growth plate

240

(continued)



Table 10.9 (continued)  Representative Chondrodysplasias

Animal, Model 
Type Model (Gene Mutation)

Modeled Human 
Condition Pathology Description Ref.

Murine, 
targeted
mutation

(Constitutively active 
FGFR3; missense 
mutations at K644)

Achondroplasia or 
thanatophoric 
dysplasia

Decreased long bone growth; 
overgrowth of cartilage in 
nasal septum, ribs, and 
trachea; bowed long bones; 
decreased maturation and 
ossification of physes

112

Murine, 
transgenic

HKrk-H223R (autosomal 
dominant; PPR 
constitutively active)

Jansen-type
metaphyseal 
chondrodysplasia

Decreased differentiation of 
chondrocytes; delayed 
vascular invasion

241, 242

Murine, 
transgenic

(GDF5 driven from Col II 
and Col IX promoters)

Hunter-Thompson Shortened limbs; joint 
malformations; 
chondrodysplasia; expanded 
physes; increased 
hypertrophic zone; decreased 
proliferative zone

243

Murine, 
transgenic

FVB/NCr (increased IFN 
gamma)

Osteochondral 
dysplasia

Short, wide deformed long 
bones; thickened physes; 
irregular metaphyseal 
borders; spontaneous 
fractures; degeneration of 
articular cartilage

244

Murine, 
transgenic

(Collagen X dominant 
interference)

Schmid metaphyseal 
chondrodysplasia

Dwarfism; compression of 
hypertrophic zone of 
chondrocytes

110, 113

Porcine, 
spontaneous

(Type X collagen 
deficiency; missense 
mutation)

Schmid metaphyseal 
chondrodysplasia

Dwarfism; metaphyseal 
chondrodysplasia of long 
bones

245

Rat,
spontaneous

ocd/ocd (autosomal 
recessive)

Osteochondral 
dysplasia

Short domed head; decreased 
trunk length; shortened 
bones; decreased GAG 
content

246

Table 10.10 Induced Osteochondrodysplasias

Model Type Model
Modeled Human 

Condition Pathology Description Ref.

Chicken Chick: radiation exposure Associated morbidities 
of radiation therapy

Increased intracellular 
calcium of chondrocytes; 
increased apoptosis; 
increased caspase-3

247

Guinea pig Retinoid agonist via osmotic 
pump or intraperitoneal 
injection for 10–14 d

Side effect of retinoid 
therapy

Dose-dependent stunting; 
loss of basophilic staining 
of ECM; OCL invasion into 
physes

248

Murine Mechanical/surgical: insult to 
proximal tibial metaphysis

Physeal trauma Ossified bridge 249

Ovine Surgical grafting of transphyseal 
bony tether 

Physeal trauma Premature ossification 250

Rat Mechanical/surgical: 
transection of foveal artery

Perthe's disease Necrotic bone with 
resorption; 
neovascularization and 
fibrogenesis of epiphysis; 
flattened femoral head; 
osseous bridging of 
physis

251

Note: ECM, extracellular matrix; OCL, osteoclast.
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Table 10.11 Osteoarthritis Models

Animal, Model 
Type Model Description

Time
Course Pathology Description Ref.

Canine
(beagle),
induced

Knee, direct injury; condylar 
cartilage grooves

10 wks Increased MMP; mild osteophytes; loss of 
matrix proteoglycan; increased 
denatured collagen

252

Canine, 
induced

Knee, ACL transection 10 wks Increased collagenolysis 253

Canine, 
induced

Knee, transarticular load 6 mo Initially an osteochondral fracture; 
progression to decreased collagen 
thickness; fibrillation of articular cartilage

53

Guinea pig, 
induced

MCL/ACL-deficient knee 16–18 wks Decreased cartilage PG; osteophytes; 
decreased link protein

254

Guinea pig, 
induced

Knee, altered biomechanics by 
unilateral resection of gluteal 
muscle, or transection of 
infrapatellar ligament

10–24 wks Increased cartilage water content; narrow 
joint space; sclerosis of subchondral 
bone; osteophytes; loss of chondrocytes 
and matrix

255

Guinea pig, 
spontaneous

Knee arthritis 12–30 mo Predilection for medial compartment of 
tibio-femoral joint; cartilage fibrillation

256

Murine 
(B6C3F1),
spontaneous

Ankle arthritis Not 
available

Loss of articular cartilage; erosions; 
osteophytes; eventual ankylosis

257

Murine 
(STR/ORT), 
spontaneous

Medial compartment secondary 
to medial patellar 
displacement

15 mo Erosion; osteophytes; subchondral bony 
sclerosis; loss of proteoglycan; affects 
100%

258

Murine, 
targeted
disruption

Absent type IX collagen; 
Col9alpha3-null; spontaneous 
knee arthritis

At least 
4 mo

After 4 mo, develops severe 
noninflammatory arthritis

259

Murine, 
transgenic 

Overexpression of truncated 
Col9alpha1 chain from 
collagen II promoter; 
spontaneous knee arthritis

6 wks Opaque corneas; early OA changes; mild 
proportionate dwarfism

260

Murine, 
targeted
disruption

Collagen II-null
Col2alpha1 hetero- and 
homozygous null mice ± 
voluntary running

15 mo Inactivation of a single allele results in 
softer collagen with greater OA changes; 
exercise improves OA

261

Murine, 
transgenic

MMP13 driven from a 
tetracycline-controlled 
collagen II promoter

5 mo MMP13 induced after doxycycline 
removal; loss of cartilage; focal erosions

262

Rabbit, 
induced

Knee; chemical exposure - 
intra-articular estradiol 
injection

9–12 wks Erosion; cysts; thinning and fibrillation of 
cartilage

263

Rabbit, 
induced

Knee; lateral meniscus and LCL 
deficient

12 wks Fibrillation; ulceration; erosion of 
cartilage; osteophytes; chondrocyte loss

264

Rabbit, 
induced

Knee; ACL, PCL, MCL, flexor 
digitorum longus, and 
meniscus deficient

6 mo Decreased chondrocyte number; 
decreased proteoglycan; fibrillation of 
cartilage; increased degradative 
enzymes

265

Rabbit, 
induced

Knee, repetitive impulse loads Not 
available

Subchondral bone sclerosis before 
cartilage changes

138

Rabbit, 
induced

Knee; chemical exposure — 
intra-articular collagenase 
injection

Not
available

Degenerative cartilage; transient 
degeneration of synovium

266

Rat, induced Knee, partial meniscectomy 
with high-impact loading 

60 d Increased MMP-3; apoptosis of 
chondrocytes

267

Rat (Wistar), 
induced

Knee; injury from
continual strenuous running

6 wks Dose-dependent effect of running on OA 
development; increased MMP-3;

268

Sheep, 
Induced

Knee; meniscus deficient; post- 
operative loading or unloading

16 wks Effusions, synovial hyperplasia, erosion 
and fibrillation of medial compartment in 
active animals

269

Sheep, 
induced

Hip; denuded articular cartilage 
± subchondral bone 
penetration

12 wks Acute onset of destructive disease 
subchondral fracture; osteophytes; cysts; 
erosions

270
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Table 10.12 Rheumatoid Arthritis Models

Animal, 
Model Type

Immunizing 
Agent Disease Parameters Pathology Description Ref.

Canine (Shetland 
sheep dog), 
spontaneous

NA Chronic; progressive; 
symmetric polyarthritis

Pannus; synovial proliferation; 
lymphocyte infiltrate

271

Mouse (many 
strains)

FCA injection into 
footpad

Chronic; progressive RF not increased; synovial 
thickening and villus; formation 
with erosions

272

Mouse (many 
strains), CIA

Native CII Chronic; progressive; 
variable joints affected

Consult seminal reference 273

Mouse (NZB/KN), 
spontaneous

NA 2-month onset; chronic; 
progressive; fore/hindpaws 
affected

AutoAb deposits on collagen 
fibers; high titers of anti-CII and 
RF

274

Mouse (MRL/Mp-
lpr/lpr),
spontaneous

NA 5- to 6-months onset; 
chronic; progressive; 
symmetric polyarthritis

Decreased life span due to 
systemic immune disease 
(lupus-like syndrome); 
destructive arthritis; 75% mice 
affected

275

Mouse (HLA-DQ8± 
H-2Ab0),
transgenic, CIA 
sensitive

Bovine CII with 
booster 28 d 
later

25- to 40-d onset; chronic; 
progressive; fore/hindpaws 
affected

Strong Ab response to murine 
CII; symmetric polyarthritis; 
mononuclear infiltrate; pannus; 
cartilage erosions

276,
277

Mouse (HLA-DQ8+/ 
DR4/Ab0),
transgenic, CIA 
sensitive

Porcine CII with 
booster

Chronic; progressive; 
fore/hindpaws affected

Strong Ab response to murine 
CII; symmetric polyarthritis; 
mononuclear infiltrate; pannus; 
cartilage erosions.

127

Mouse (DBA1/TCR-
beta Tg), 
transgenic, CIA 
sensitive

Bovine CII 19-d onset; chronic, 
relapsing; progressive; 
fore/hindpaws affected

Extensive pannus; PMN and 
lymphocytic infiltrate; 
periarticular erosions, necrotic 
chondrocytes

278

Mouse (KRN X 
NOD), transgenic 
cross of NOD and T-
cell receptor, 
spontaneous

NA 25- to 35-d onset; chronic; 
progressive; symmetric 
polyarthritis: knee, ankle, 
fore/hindpaws, not in hip

Hyperplastic synovitis; mostly 
macrophage with some T-cell 
infiltrate; pannus and fibrosis; 
cartilage erosions; IgG 
deposits

279

Murine (DBA/1), 
transgenic, 
spontaneous

NA TNF-alpha transgene 
constitutively expressed; 
knee, spontaneous OA 

Severe erosive arthritis; 
hyperplastic synovium; few 
viable chondrocytes; lethal at 
9–10 weeks

280

Primate, CIA CII in Freund's 
complete
adjuvant (FCA)

3–6 weeks onset; acute; 
transient; phalangeal joints 
affected

Spontaneous remission with 
minor deformities; high anti-C2 
titer; high death rate

281

Sheep, CIA Native bovine 
CII,
subcutaneous
injection with 
FCA, booster 
after 14 d

21-d onset; hock joint 
affected

anti-CII Ab; synovial T-cells; 
macrophage and CD4+ T-cells 
infiltrate; thickened synovium

282

Rat (many strains), 
AIA

Pristane, single 
intradermal 
injection

2- to 3-week onset; chronic; 
progressive; severity varies 
with haplotype; ankles and 
paws are the affected joints

Joint inflammation; pannus; 
T-cell infiltrate; joint erosions; 
relapsing; gradual deformation

283

Rat (Wistar), AIA FCA footpad 
injection

9- to 10-d onset; chronic; 
progressive

RF absent, macrophage and 
PMN infiltrate, synovial 
hyperplasia, cartilage and bone 
destruction

284

(continued)



Septic Arthritis

Hemorrhagic Arthritis

Table 10.12 (continued) Rheumatoid Arthritis Models

Animal, 
Model Type

Immunizing 
Agent Disease Parameters Pathology Description Ref.

Rat (Sprague-
Dawley, Wistar), CIA

Native chicken 
CII from xiphoid, 
intradermal 
injection; 
booster after 
21d.

20-d onset; chronic; 
progressive; bilateral ankle, 
tarsus, paws affected

40% develop inflammatory 
polyarthritis; severe, complete 
destruction of joint with 
eventual ankylosis; 20% 
relapsing or transient variety

122

Rat (env-pX on LTR 
promoter),
transgenic 
spontaneous

NA 5-week onset; chronic; 
progressive; fore/ hindpaws 
affected

Bilateral ankle inflammation; 
synovial hyperplasia; pannus; 
erosion of cartilage; bone 
destruction

285

Note: CIA, collagen-induced arthritis; AIA, adjuvant-induced arthritis; CII, collagen type II; NOD, Non-obese
diabetic; RF, rheumatoid factor; NA, not applicable.



Table 10.13 Miscellaneous Arthritis

Animal,
Model Type Model Descriptiona Disease Parameters Pathology Description Ref.

Reactive

Hamster E. coli
lipopolysaccharide; 
subcutaneous
injection for 5 to 21 d

3-d onset; acute transient 
course; 3-week 
persistence; recovery 
1 week after stopping 
injections

Symmetric polyarthritis 
symptoms; ankle joint most 
prominent; exudative synovitis; 
juxta-articular periostitis

286

Mouse (DBA/2 
and BDF1)

Y. enterocolitica
intravenously; 
injection of 108

organisms

3-d onset, peaks at 7 d, 
resolved 21 d; acute; 
transient course

Hindpaws more severely 
affected than forepaws; 
mononuclear infiltrate

287

Mouse (HLA-
B27),
transgenic

Requires exposure to 
pathogenic organisms 
and environmental 
antigens

Acute Spontaneous tarsal ankylosis; 
enthesitis

132,
288,
289

Rat (LEW) Intravenous injection of 
Y. enterocolitica

1- to 2-week onset; acute, 
relapsing

Sterile arthritis in 70% 290

Rat (several 
lines on LEW 
and F344)

Spontaneous
occurrence; HLA-B27 
with hB2m

6- to 10-week onset; 
acute; progressive

50% affected; systemic 
inflammatory disorder; 
destructive synovitis; peri-
articular osteogenesis; 
enthesitis at vertebral endplate

291,
292

Infectious

Hamster
(LSH/SsLak)

Hindpaw injection of 
106 B. burgdorferi;
some hamsters 
preirradiated with 
doses of 100–700 
rads

5- to 11-d onset, shorter 
time with higher radiation 
dose; transient infection, 
but can persist up to 50 d 
with higher doses of 
radiation

Acute transient synovitis; diffuse 
PMN infiltrate in synovium; 
effusion; symptoms increase 
with pre-irradiation

293

Mouse (Swiss 
and Balb/C)

Intravenous 
administration of 107

S. aureus cells (LS-1); 
isolated from 
spontaneous arthritis 
in NZB/W

3-d onset; acute; 
progressive

80–90% affected; early PMN 
infiltrate followed by monocytic 
infiltrate; increased interleukin-
6 and tumor necrosis factor-
alpha, severe peri-articular 
bone erosions

131

Mouse
(C3H/He)

Inoculated with skin 
biopsy from infected 
human

Chronic Severe inflammation of ankle 
joint; widespread spirochete 
dissemination

294

Primate 
(rhesus
monkey)

B. burgdorferi
inoculation via tick 
vector

6 months Necrosis of articular cartilage; 
knee and elbow most 
consistently affected; synovial 
hyperplasia; 
mononuclear/lymphocyte 
infiltrate

295

Rabbit (NZW) Intra-articular injection 
of S. aureus

3-week onset; acute 
arthritis

50% loss GAG and 33% loss 
collagen, persists for 7 weeks

296

Rat (LEW/N) Intraperitoneal 
injection of 
B. burgdorferi

Onset 14 d; chronic Arthritis associated with 
presence of spirochetes; 
polyarthritis

297

Hemarthrosis

Canine
(beagle)

Intra-articular injection 
of autologous blood 
into the knee 

16-d follow-up; acute 
arthritis

Decreased proteoglycan 
synthesis and content by 4 d 
(more severe in young); at 16 d 
PG synthesis has partially 
recovered (better recovery in 
older cartilage)

117

Canine
(immature
mongrel)

Popliteal artery 
anastamosis with 
knee joint 

1–8 d; acute; progressive 
arthritis

Total destruction of articular 
cartilage and subchondral 
bone; transient arthritis in 6%

298

(continued)



Articular Cartilage Defects

Table 10.13 (continued) Miscellaneous Arthritis

Animal and
Model Type Model Description Disease Parameters Pathology Description Ref.

Hemarthrosis

Rabbit (NZW) Autologous blood 
injected intra-
articularly in knee

1–10 d Decreased PG content; 
thickened synovium; 
hemosiderin-laden 
macrophages; mild surface 
fibrillation

300

Rabbit (NZW) Intra-articular injection 
of autologous blood 
into the ankle

10–28 d; acute arthritis Increased joint stiffness at 10 d; 
hypertrophic synovium; 
hemosiderin-laden 
macrophages; darkened 
articular cartilage

301

a E. coli, Escherichia coli; Y. enterocolitica, Yersinia enterocolitica; B. burgdorferi, Borellia burgdorferi; S. aureus,
Staphylococcus aureus.



Table 10.14 Articular Cartilage Defects

Animal, Model Type Model Protocol 
Time

Course Pathological Observations Ref.

Canine (mongrel), 
adult, knee

4-mm diameter × 2-in
femoral trochlea; 10-d 
postoperative 
immobilization

15 d Unpredictable healing (partial at 
best); some hyaline cartilage; ± 
seams at margins; mostly fibrous 
ingrowth; some developed osseous 
injury

137

Canine, adult, knee Used ceramic chisel; 
osteochondral 
fragments: 19 × 6.5 ×
6-mm defects; 
replaced after 
hemostasis

200 d Unstable fragments (33%) — fatty 
necrosis and fibrous invasion of 
marrow, all with fibrocartilage 
bridge; stable fragments (67%) — 
sclerosis of bony segment with no 
discernable interface

137

Canine, adult, knee Chondral abrasion 6 mo Repair cartilage with decreased PG, 
hydroxyproline, cellularity, types II, 
IX, XI collagen; increased types I 
and IV collagen

302

Goat, adult, knee 4 osteochondral defects 
per joint; no 
immobilization

1 yr <50% with complete regeneration 
(defect filled)

303

Horse, 9-d-old foal, 
knee

12-mm diameter defect; 
femoral trochlea; 
subchondral infraction; 
limit postoperative 
exercise

4–8 mo At 8 months, some bone still 
exposed; no synovitis; decreased 
synovial fluid GAGs and chondroitin

304

Mini-pig (Goettinger), 
adult, knee

5-mm cubic defect; 
femoral trochlea; 
partial thickness

6 wk Sporadic patches of fibrous 
mesenchymal cells; no 
chondrogenesis

305

Rabbit (NZW), adult, 
knee

6-mm diameter drill, 5- 
to 6-mm depth into 
femoral trochlea; 
subchondral injury; 
immobilized 3 weeks

2–44 wk 2 weeks — fibrous/cellular clot; bony 
in-growth into clot; fibrocartilage at 
margins

6 weeks — sparse hyaline nests; 
progressive fibrous in-growth weeks

44 weeks — full fibrous coverage; no 
hyaline cartilage, subchondral 
sclerosis

306

Rabbit (NZW), adult, 
knee

3-mm diameter; full-
thickness patellar 
“punch” defect; 
subchondral bone 
preserved; no 
immobilization

6 wk No healing evident; synovitis; “cell 
nests” at margins of defect; about 
15% healing (located at periphery); 
30% osteophyte and cartilage color 
change

307

Rabbit (NZW), adult, 
knee

4-mm diameter; 8-mm 
depth cores into 
medial femoral 
condyle; subchondral 
infringement; no 
immobilization

12 wk Degenerative changes: osteophytes, 
focal fibrillation; thin layer of soft 
repair tissue; partial coverage; no 
neocartilage; bone core necrotic

308

Rabbit (NZW), adult, 
knee

1-mm wide, 2-mm deep, 
4- to 6-mm-long 
defects; custom 
instrumentation; 
femoral trochlea; 
partial thickness

48 wk Sporadic patches of fibrous 
mesenchymal cells; no 
chondrogenesis

309

Sheep, knee Denuded femoral 
trochlea

2 yr Chondral erosion; early degenerative 
changes; profound resorption of 
subchondral bone plate; patchy 
resurfacing with loose fibrous or 
fibrocartilaginous tissue

310
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INTRODUCTION

ANIMAL MODELS IN DENTAL AND MAXILLOFACIAL RESEARCH

Figure 12.1 Animal models in oral health sciences: number of publications in the National Library of Medicine
(1972–2001).
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ORAL HEALTH AND DISEASE TRENDS IN HUMANS

DEVELOPING RAT TEETH

Figure 12.2 Animal species used in oral health sciences: number of publications in the National Library of
Medicine (1972–2001).

Rat
M

ouse
Dog
Prim

ate
Rabbit
Cat
Porcine/swine

Guinea pig
Other

0
1000
2000
3000
4000
5000
6000
7000
8000

©2003 CRC Press LLC



TOOTH ERUPTION

CRANIOFACIAL MALFORMATIONS
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ORTHODONTIC TOOTH MOVEMENT

BONE HEALING

Heat-Induced Bone Injury
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Figure 12.3 Fluorescent labeling of rabbit skull bone. The bone growth to the left appears more prominent
than that to the right.

Figure 12.4 Titanium implant placed in dog jaw bone; notice cooling of the implant with profuse irrigation.

Figure 12.5 Twist drill preparation in mandibular bone for implant site.
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Jawbone Healing in Rabbits

×

Figure 12.6 Edentulous mandible of dog.
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Management of Craniotomy in Young Rabbits

× ×

Figure 12.7 A circular drill is used to create a standardized skull bone defect.

Figure 12.8 Circular skull bone defect; note vessels under the dura.
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×

Skull Bone Defects in Rats and Rabbits

Figure 12.9 Drill preparation of skull bone defect; notice cooling and suction.
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Bone Growth Chamber 

Bone Harvest Chamber

GINGIVITIS AND PERIODONTITIS
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Figure 12.10 Histological section (undecalcified ground section) of gingiva with dental plaque and calculus
in gingival pocket next to enamel; dentin appears darker.

Figure 12.11 Gingiva perfused with ink after
induction of gingival inflammation.

Figure 12.12 Corresponding healthy gingiva;
notice difference in presence of
blood vessels.
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Periodontal Disease in Rats

Periodontal Disease in the House Musk Shrew 

Gingivitis and Periodontitis in the Dog

Figure 12.13 Right mandibular premolar area of a beagle dog.
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Figure 12.14 A full-thickness flap has been lifted.

Figure 12.15 Alveolar bone has been surgically removed.

Figure 12.16 The bacterial plaque is visualized using disclosing solution.
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Figure 12.17 Right mandible first molar and fourth premolar; plaque accumulation after 4 weeks of soft diet
without tooth cleaning.

Figure 12.18 The bacterial plaque is visualized using disclosing solution.

Figure 12.19 Left mandible first molar and fourth premolar; plaque accumulation after 4 weeks of hard diet
without tooth cleaning.
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Periodontal Research in the Ferret

GUIDED TISSUE REGENERATION

Figure 12.20 Upper left maxillary quadrant of the ferret.

©2003 CRC Press LLC



The Capsule Model

Dental Implants
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Vital Microscopy and Microcirculation

µ

Tissue Integration

Figure 12.21 Histological section (cutting and grinding technique) of titanium implant (black) penetrating
gingival soft tissue.
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Intra-osseous Anchorage of Dental Prostheses
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Figure 12.22 Human-size titanium implants in mandible of dog.

Figure 12.23 Titanium implants placed in the dog mandible; the implants are kept clean by daily toothbrushing.

Figure 12.24 The same implants after 6 weeks of discontinued oral hygiene; dental plaque and calculus are
seen on the implants.
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BIOCOMPATIBILITY TESTING OF DENTAL MATERIALS

Figure 12.25 Radiograph of implants in the dog mandible. A silk ligature has been in place around the two
implants to the right for 6 weeks, and a typical bone destruction can be observed.

©2003 CRC Press LLC



DENTAL CARIES ANIMAL MODELS
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SALIVARY GLANDS

Experimental Autoimmune Sialadenitis in the Mouse
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Salivary Gland Transplantation in Rats

Rat Model Gene Transfer to Salivary Glands
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