
 
Animal Anatomy and 

Physiology 1 

Lesson 2 

Skeletal and Muscular Systems 

Chapters 6, 7 



The Skeleton System 
Chapter 6 

Pages 153-190 

http://137.222.110.150/restricted/gallery/album211


Comparative 
Anatomy?  

 

3 



Textbook Learning Objectives 
Chapter 6 – Page 153 

• List the cell types that comprise bone and describe the function of each cell type 

• List the functions of bone 

• Differentiate between cancellous and compact bone 

• Describe the process of endochondral bone formation and growth 

• Describe the process of intramembranous bone formation 

• List and describe the four bone shapes 

• Differentiate between yellow and red bone marrow 

• List and define the terms used to describe shape and surface features of bone 

• List the components of the axial and appendicular skeletons 

• Name the internal and external bones of the face and cranium 

• List the divisions of the spinal column 

• Describe the structure of the ribs and sternum 

• Name the bones of the thoracic and pelvic limbs 

• List and describe the three classifications of joints 

4 



Topic 1 

Discuss the characteristics and functions of bone in the 
animal’s body 



Bone 

• Second hardest substance in the body 

 What is #1? 

• Connective tissue, composed of cells 
embedded in a matrix  

 Matrix is made up of collagen fibers embedded in a 
protein and polysaccharides 



Bone 

• Characteristics of bone 

 Secret of Life!!! 

• Weight of bone 

 1/3 organic  

•Collagen (protein) 

 2/3 inorganic salts 

•Calcium (Ca) 

•Phosphorus (P) 

•Magnesium (Mg) 



Functions of Bones 

• Support 

• Protection 

• Leverage 

• Storage 

 Calcium  

• Blood cell formation 

 Hematopoiesis  



Bone Cells 

• Osteoblasts: cells that produce bone 

 Harden matrix through ossification  

• Once surrounded by bone, osteoblasts are 
called osteocytes 

• Osteoclasts: remodel/remove bone 



Blood Supply to Bone 

• Volkmann canals: channels through bone matrix 
that contain blood vessels 

 Blood vessels in the Volkmann canals join with blood 
vessels in the haversian systems. 

• Nutrient foramina: channels in many large 
bones 

 Contain large blood vessels, lymph vessels, and 
nerves 



Topic 2 

Compare and contrast 
cancellous (spongy) 
bone with compact 

bone 



Bone Histology 
Figures 6-1 & 6-2, Pages 155-156  

Two types of bone 

• Cancellous bone: light and spongy 

 Red bone marrow 

• Compact bone: dense and heavy 

 



Cancellous Bone 
Figure 6-1B, Page 155 

• Tiny "spicules" of 
bone that appear 
randomly 
arranged 

• Spaces between 
the spicules 
contain bone 
marrow 



Bone Marrow 

• Fills the spaces within bones  

• Two types: 

1. Red bone marrow  

2. Yellow bone marrow 



Red Bone Marrow 

• Forms blood cells  

• Majority of the bone marrow of young 
animals  

• Only a small portion of the marrow of older 
animals 

• Confined to a few specific locations in older 
animals  

 



Yellow Bone Marrow 

• Consists primarily of adipose connective tissue  

• Most common type of marrow in adult 
animals  

• Can revert to red bone marrow if needed 



Bone Marrow 

• Red marrow 

• Yellow marrow 



Compact Bone 
Figure 6-2, Page 156 

• Shafts of long 
bones  

• Outside layer of 
all bones 

• Composed of 
haversian 
systems that run 
lengthwise with the 
bone 



Haversian Systems 

• Concentric layers 
of ossified bone 
matrix arranged 
around a central 
canal  

 Blood and lymph 
vessels and nerves  



Topic 3 

Describe the 
structure of a 

long bone 



Bone Shapes 
Figure 6-5, Page 159 

• Long bones 

 Femur, humerus 

• Short bones 

 Carpal, tarsal bones 

• Flat bones 

 Scapula  

• Irregular bones 

 Sesamoid bones 

 Vertebrae  



Anatomy of a  
Long Bone 

Figure 6-3, Page 157 

• Epiphyseal plates:  

 cartilage located  

 between diaphysis  

 and epiphyses of 
bone 

 Sites where new 
bone develops to 
allow long bones to 
lengthen 



Anatomy of a  
Long Bone 

 

• Epiphysis 

 Articular cartilage 

 Spongy bone 

 Epiphyseal plate 

• Diaphysis 

 Compact bone 

 Periosteum 

 Endosteum 

 Medullary cavity  



Epiphyseal 
Plates in 
Young 

Animals 
Figure 6-4, Page 158 



Bone Membranes 

• Periosteum: membrane that covers outer 

surfaces of bones  
 Outer layer is composed of fibrous tissue  

 Inner layer contains osteoblasts 

 Not present on articular surfaces 

• Endosteum: membrane that lines the hollow 
interior surfaces of bones 

 Also contains osteoblasts 



Long Bone Growth 

• Primary growth center: bones develop in the 
diaphyses 

 Cartilage rod 

• Cartilage is removed as bone is created 

• Secondary growth centers: develop in the 
epiphyses of the bone  

 



Ossification 

• When the bone has 
reached its full size, the 
epiphyseal plates 
completely ossify 

 



Long Bone Anatomy Review 







Topic 4 

Describe common bone 
features 



Bones “Bumps & 
Grooves” 



Articular Surfaces 
Bassert Lab Manual, Pages 103-104 

• Condyle: large, round articular 
surface  

• Head: spherical articular surface on 
the proximal end of a long bone 

 Joins with the shaft of the bone at 
the neck region 

• Facet: flat articular surface 
 



Processes 
Bassert Lab Manual 

Page 108 

• Projections off a bone 
surface 

• Name depends on location 

• Examples: 

 Spinous process of a 
vertebra  

 Trochanter on the femur  

 Tuberosity on the ischium  

 Spine on the scapula  

 Wing on the atlas  



Bone Holes and Grooves 
Figure 6-24, Page 175 

• Foramen:  hole in 
a bone; may 
contain blood 
vessels, nerves 

• Fossa: depressed 
area on the 
surface of a bone 



Examples of 
Processes and a 

Foramen 
Bassert Lab Manual,  

Pages 102, 108 



The Skeleton 

Osteology 



Topic 5 

Compare and 
contrast the axial 
skeleton with the 

appendicular 
skeleton 



Axial vs. Appendicular Skeleton 

• Axial skeleton 

 Bones of the head and trunk 

 Bones of “the main body mass” 

• Appendicular Skeleton 

 Bones of the limbs (extremities) 



Axial Skelton 
Bassert Lab Manual, Page 111 

 

• Skull 

• Hyoid bone 

• Spinal column 

• Ribs 

• Sternum 



Canine Skeleton 
Figure 6-8, Page 163 





Equine Skeleton 
Figure 6-7, Page 163 



Appendicular Skeleton 

Thoracic Limb (Foreleg) 

Pelvic Limb (Rear Leg) 



Axial Skelton 
Bassert Lab Manual, Page 120 

 



Thoracic Limb (Proximal to Distal) 

• Scapula 

• Humerus  

• Radius 

• Ulna    

• Carpal bones (Carpus) 

• Metacarpal Bones 

• Phalanges 



Pelvic Limb (Proximal to Distal) 

Connected to axial skeleton at sacroiliac joint 

• Pelvis 

• Femur 

• Tibia 

• Fibula 

• Tarsal bones (tarsus) 

• Metatarsal bones 

• Phalanges 



Canine Skeleton 
Figure 6-8, Page 163 





Equine Skeleton 
Figure 6-7, Page 163 



1.  calcaneus 
2.  carpals 
3.  caudal vertebrae 
4.  cervical vertebrae  
5.  clavicle 
6.  costal cartilage #5 
7.  femur 
8.  fibula 
9.  humerus 
10. hyoid apparatus 
11. ilium 
12. ischium 
13. lumbar vertebrae 
14. metacarpals 
15. metatarsals 
16. olecranon 
17. phalanges 
18. pisiform bone 
19. pubis 
20. radius 
21. sacrum  
22. scapula 
23. sternebra  
24. tarsals 
25. thoracic vertebrae 
26. tibia 
27. ulna 

28. xiphoid process  







Comparative Anatomy –  
Dog Skeleton vs. Cat Skeleton 



Topic 6 

Discuss the bones of the animal skull 



Skull 
Figure 6-10, Page 165 

• Usually consists of  
37 or 38 separate  
bones  

• Most of the skull  
bones are joints  
called sutures 

• The mandible is  
connected to the  
rest of the skull  
by a  synovial joint 



Skull Bones to Know 
Figures 6-11 & 6-12, Pages 166 & 167 

• Occipital Bone (protuberance) 

• Foramen Magnum 

• Zygomatic Arch (2 bones) 

• Maxilla 

• Mandible 

• Tympanic Bulla 

• Mental Foramen  

 



Cat Skull  
Figure 6-11, Page 166 

• Zygomatic Arch         
(2 bones) 

• Maxilla 

• Mandible 

• Tympanic Bulla 

• Mental Foramen  



Dog 
Skull 

Figure 6-12, 
Page 167 



How the Dog Skull Looks on X-rays 
Bassert Lab Manual, Page 117 



Horse vs. Cow 
Figures 6-9 & 6-10, Pages 164 & 165 



Skull – Head Shapes 

• Secret of Life!!!   

• Dolichocephalic 

• Mesaticephalic 

• Brachycephalic 
 



Topic 7 

Discuss the bones of the animal vertebrae 



Other Bones of Axial Skeleton 
Bassert Lab Manual, Page 119 

• Hyoid bone 

• Vertebrae  

• Ribs 

• Sternum  



Anatomy of 
the 

Vertebrae 
Figure 6-16,  

Page 170 



Vertebrae Anatomy Review 
Figure 6-16, Page 170 

• Consist of a body, 
an arch, and 
processes 

• Intervertebral 
disks: cartilage 
separating bodies 
of adjacent 
vertebrae 

 



Vertebrae Anatomy Review 
Figure 6-16, Page 170 

• Vertebral foramina 

 line up to form the  

 spinal canal 

• Vertebrae usually  

 contain several  

 processes 
 Spinous process  

 Transverse processes  

 Articular processes 



One More Time!   
Bassert Lab Manual, Page 117 



Types of Vertebrae  

• Cervical (C1-C7) 

• Thoracic (T1-T13) 

• Lumbar (L1-L7) 

• Sacral (S1-3) 

• Coccygeal (many!) 



Vertebral Formulas 
Table 6-2, page 170 



Soooooooooo….. How 
Many Cervical Vertebrae 

in a Giraffe? 

What do you think?   



The Answer – 
Consistency 
in Nature!   



Types of Vertebrae 

Cervical 

Thoracic 

Lumbar 

Sacral 

Coccygeal 



Cervical Vertebrae – 7 of them  
Figure 6-17, Page 171 



Cervical Vertebrae 
Figure 6-15, Page 170 



Thoracic, Lumbar, Sacral Vertebrae 
Figure 6-18, Page 171 



Intervertebral Disks 

• Between 
vertebral 
bodies 

• Ventral to 
spinal cord 

• Annulus 
fibrosus 

• Nucleus 
pulposus 



Intervertebral Disk Disease  
Clinical Application, Page 172 

Normal Ruptured 







Topic 8 

Discuss the bones of the animal ribs and sternum 



Ribs 
Figure 6-22, Page 174 

• Flat bones that 
form lateral walls 
of the thorax  

• Dorsal heads of 
the ribs articulate 
with thoracic 
vertebrae 



Rib Types 

• True ribs 

 Attach directly to 
sternum (9) 

• False ribs 

 Fuse to form 
costal arch (3) 

• Floating ribs 

 No ventral 
attachment (1) 



Ribs 
Figure 6-23, Page 174 

• Attached to 
thoracic vertebrae 
dorsally 

• Costal cartilage 

• Costo-chondral 
junction 

• Costal arch 



Sternum 
Figure 6-23, Page 174 

• Costal Cartilage:  
ventral ends of 
ribs meet sternum  

• Manubrium 

• Xiphoid 

 Process 

 Cartilage  



Sternum 
Figure 6-21, Page 173 

• Breastbone – forms 
floor of thorax 

 Composed of 
sternebrae 

• Manubrium – most 
cranial sternebra  

• Xiphoid process –  
most caudal 
sternebra 



Canine Sternum 
Bassert Lab Manual,  

Page 120 



Topic 9 

Discuss the bones of the 
canine and feline thoracic 

limb 



Appendicular Skeleton 

Thoracic Limb (Foreleg) 

Pelvic Limb (Rear Leg) 



Thoracic Limb 
(Proximal to Distal) 

• Scapula 

 Glenoid cavity 

• Humerus  

• Radius 

• Ulna 

 Olecranon     

• Carpal bones (Carpus) 

• Metacarpal Bones 

• Phalanges 

 



Scapula 
Figure 6-24, Page 175 

• Flat, triangular 
bone  

• Forms portion of 
shoulder joint  

• Spine of scapula: 
longitudinal ridge 
on lateral surface 

• Glenoid cavity: 
shallow, concave 
articular surface 



Humerus 
Figure 6-25, Page 175 

• Long bone of brachium 
(proximal foreleg) 

• Forms portion of shoulder 
joint  and elbow joint 

• Tubercles: processes 
where shoulder muscles 
attach 



Humerus 
Figure 6-25, Page 175 

• Condyles: articular  

 surfaces  

• Olecranon fossa: 
indentation above condyle 

• Epicondyles: non-articular 



Ulna 
Figure 6-26, Page 176 

• Olecranon process 

 Point of the elbow  

 Site for tendon attachment of triceps brachii muscle  

• Anconeal  and coronoid processes 



Radius 
Figure 6-27, Page 177 

• Main weight-bearing bone of antebrachium 
(distal foreleg) 

• Articulates with humerus and ulna  

• Styloid process articulates with carpus 

 



Carpus (Wrist) 
Figure 6-30, Page 179 

• AKA “carpal joint” 

• Two rows of 
carpal bones 

• Proximal row 
bones are named  

• Distal row bones 
are numbered 
medial to lateral 



• Extend distally 
from distal carpal 
bones  
to proximal 
phalanges 

• Dogs & cats – 5 
digits 

 Numbered medial 
to lateral 

 Metacarpal & Digit 
I: dewclaw 

Metacarpal Bones 
Figure 6-30, Page 179 



Phalanges 
Figure 6-30, Page 179 

• 1 digit = 3 
phalanges 

• Digit I (dewclaw): 
one proximal and 
one distal phalanx  

• Digits II to V: 
proximal, middle, 
and distal phalanx  

 Ungual process – is 
surrounded by claw 
on distal phalanx  



Review 
Digits/Phalanges 

• Each digit has 3 
phalanges 

 Proximal  

 Middle  

 Distal 

• Equine  

 Navicular bone (distal 
sesamoid) 

• Feline – retractable 
claw 



Polydactyly 

• Common in cats 

• Genetic dominant 





Hemingway Cats 
http://www.hemingwayhome.com/cats/  

http://www.hemingwayhome.com/cats/


Topic 10 

Discuss the bones of 
the equine and bovine 

thoracic and pelvic 
limbs 



Some Comparative 
Anatomy 

Equine 

Bovine 

Avian 



Equine and Bovine  
Scapula to Carpus 

Very similar to dog and cat 

Radius and ulna fused 





Equine (Horse) Limbs 

• Distal to Carpus and Tarsus 



• One large 
metacarpal bone 
(III) (cannon bone)  

• Two smaller 
vestigial 
metacarpal bones 
(II & IV) (splint 
bones) 

 Non weight-bearing 

Metacarpal Bones 
Figure 6-29, Page 178 



Phalanges 
Figure 6-29, Page 178 

• 1 digit (III) with 3 
phalanges 

1. Proximal 
phalanx (long 
pastern bone) 

2. Middle phalanx 
(short pastern 
bone) 

3. Distal phalanx 
(coffin bone) 

• Also have sesamoid 
bones 



Bovine Limbs 

• Distal to Carpus and Tarsus 



• Two fused 
metacarpal 
bones (III & IV) 

Metacarpal 
Bones  

Bovine (Cattle)  
Figure 6-32, Page 180 



Phalanges 
Figure 6-32, Page 180 

• Four digits on 
each limb 

• Two support 
weight (III & IV),  
two are vestigial 
(dewclaws) 

• Each digit has a 
proximal, middle, 
and distal phalanx 

• Also proximal, 
distal sesamoid 
bones 



Chicken Wing (Forelimb) 



Chicken Wing (Forelimb) 







Review 
Bassert Lab 

Manual,  
Page 140 



Review 
Bassert Lab 

Manual,  
Page 141 



Review 
Bassert Lab 

Manual,  
Page 142 



Topic 11 

Discuss the bones of 
the canine and feline 

pelvic limb 



Pelvic Limb  
(Proximal to Distal) 

Connected to axial skeleton at sacroiliac joint 



Pelvic Limb 
Proximal to Knee 

• Pelvis  

 Ilium 

 Ischium 

 Pubis 

 Acetabulum 

 Obturator foramen 

• Femur 

• Patella 

• Fabellae  



Pelvis 
Figure 6-33A, Page 182 

• Ilium 

• Ischium 

• Pubis  

• Acetabulum 

• Obturator 
foramen 

 What structure 
comes through 
here? 

• Ischial tuberosity 



Pelvis 
Figure 6-33B, Page 182 

• 3 fused bones  

 Ilium 

 Ischium 

 pubis 

• Pelvic (pubic) 
symphysis 

 Cartilaginous joint 
between two 
halves of pelvis 



Femur 
Figure 6-34A, Page 183 

• Proximal end forms part 
of hip joint  

• Femoral head fits 
deeply into acetabulum 
of pelvis 

• Trochanters: processes 
where hip and thigh 
muscles attach  



Femur 
Figure 6-34B, Page 183 

• Shaft extends distally to 
form stifle (knee) joint with 
patella & tibia  

• Articular surfaces:  

 2 Condyles 

 Trochlea  

• Trochlea: articular groove 
containing patella 



Patella and Fabellae 

Patella 
 

• Large sesamoid bone  

• Formed in distal 
tendon of quadriceps 
femoris muscle  

• Protects tendon 

 

Fabellae 
 

• Two small sesamoid 
bones in proximal 
gastrocnemius 
muscle tendons of 
dogs and cats  

• Not present in cattle 
or horses 



Pelvic Limb  
Distal to Knee 

• Tibia 

 Tibial crest 

• Fibula 

• Tarsal bones (tarsus) 

• Metatarsal bones 

• Phalanges 
 



Tibia 
Figure 6-35, Page 184 

• Main weight-bearing bone of 
lower limb 

• Forms stifle joint with femur, 
hock (ankle) joint with tarsus 
(tarsal bones) 

• Tibial tuberosity (tibial crest) 



Fibula 
Figure 6-35, Page 184 

• Parallel to tibia  

• Not weight-bearing 

• Serves as muscle attachment 
site  

• Lateral malleolus: knob-like 

process  

 



Tarsus (Hock, 
Ankle Joint) 

Figure 6-36, Page 185 

• AKA “tarsal joint” 

• 2 rows of tarsal 
bones 

 Proximal row 
named; distal 
row numbered 
medial to lateral 



Tarsus (Hock, 
Ankle Joint) 

Figure 6-36, Page 185 

• Calcaneal 
tuberosity 

 Aka “tuber calcis” 

 Point of 
attachment on 
calcaneus for 
tendon of 
gastrocnemius 
muscle 



Metatarsal 
Bones 

Figure 6-36, Page 185 

• Dogs & cats: four 
metatarsal bones     
(II to V) 

• Horses: one large 
metatarsal bone 
(III) (cannon bone) 
and two small 
metatarsal bones 
(splint bones) 



Pelvic Limb 
Phalanges 

Figure 6-36, Page 185 

• Similar to thoracic 
limb phalanges 

• Exceptions: dogs 
and cats 

 Usually only 4 
digits (II to V) 
 



Topic 12 

Discuss the bones of the visceral (heterotopic)  
skeleton 

 



Visceral Skeleton 
Figure 6-37, Page 185 

• Bones that form in 
organs 

• Examples 

 os cordis: in heart 
of cattle and sheep  

 os penis: in penis 
of dogs, beaver, 
raccoons, and 
walruses  

 os rostri: in nose of 
swine 



Topic 13 

Compare and 
contrast the three 
types of joints in 

the animal’s body 



Joints 

Arthrology 



Joints 

• Arthrology 

• Types of joints 

 Fibrous joints (synarthroses) 

•Sutures, periodontal membrane 

 Cartilaginous joints (amphiarthroses) 

•Epiphyseal plate, costo-chondral junction, 
pelvic symphysis, intervertebral disc 

 Synovial joints (diarthroses) 

•All movable joints in the animal’s body 

 



Fibrous Joints (Synarthroses) 
Figure 6-38, Page 186 

• United by 
fibrous tissue 

• Examples: 
sutures of 
skull, splint 
bones of 
horses 

 

 



Cartilaginous Joints 
(Amphiarthroses)  

Figure 6-39, Page 186 

• Capable of slight rocking movement 

• Examples: mandibular symphysis, pubic 
symphysis,  intervertebral disks 



Synovial Joints (Diarthroses) 

• Components 

 Articular surfaces on bones 

 Articular cartilage (hyaline) covering articular 
surfaces 

 Fluid-filled joint cavity enclosed by a joint 
capsule 

•Synovial membrane 

•Synovial fluid 

 Ligaments – fibrous connective tissue  



Topic 14 

Describe the anatomy 
of synovial joints 



Anatomy of a Synovial Joint 

• Joint capsule 

 Ligaments  

• Joint cavity                                             (joint 
space) 

• Synovial membrane 

• Synovial fluid 

• Articular cartilage 

 (Hyaline cartilage) 





Anatomy of the Stifle (Knee) Joint 

• Same structures as other 
synovial joints 

• Meniscus  

 (medial & lateral) 

• Extracapsular ligaments  

 (collateral) 

• Intracapsular ligaments  

 (cruciate) 



Topic 15 

Compare and contrast the various types of 
synovial joints 



Types of Synovial Joints 

Hinge joints 

Gliding joints 

Pivot joints 

Ball-and-socket joints 



Hinge Joints 
Figure 6-42, Page 188 

• Ginglymus 
joints 

• One joint 
surface 
swivels around 
another 

• Only capable 
of flexion and 
extension 

• Example: 
elbow joint 



Ununited 
Anconeal 
Process 
(Elbow 

Dysplasia) 



Gliding Joints 
Figure 6-44, Page 189 

• Arthrodial joints 

• Rocking motion of  
one joint surface on 
the other  

• Primarily capable of 
flexion, extension 

• Abduction, 
adduction possible  

• Example: carpus 



Pivot Joints 
Figure 6-43, Page 189 

• Trochoid joints  

• One bone pivots  

 (rotates) on 
another 

• Only capable of  

 rotation 

• Example: 

 atlantoaxial joint 



Ball-and-Socket Joints 
Figure 6-43, Page 190 

• Spheroidal 
joints  

• Allow for all 
joint 
movements  

• Examples: 
shoulder 
and hip 
joints 



Ball & 
Socket Joint 
– Shoulder  



Ball & Socket Joint – Hip 



Topic 16 

Discuss the various types of synovial joint 
movements 



Synovial Joint Movements 
http://www.youtube.com/watch?v=dMH0bHeiRNg&eurl  

• Flexion 

• Extension 

• Adduction 

• Abduction 

• Rotation  

• Circumduction 

http://www.youtube.com/watch?v=dMH0bHeiRNg&eurl


Flexion and Extension 
Figure 6-40-A & B, Page 187 

• Opposite movements 

• Increase or decrease angle between two bones 

 



Adduction and Abduction 
Figure 6-40-C & D, Page 187 

• Opposite movements 

• Move an extremity toward or away from medial 
plane 

 



Rotation & Circumduction 
Figure 6-41, Page 188 

Rotation  

• Twisting movement 
of a part on its own 
axis 

Circumduction  

• Movement of an  
extremity so that the  
distal end moves in  
a circle 



Topic 17 

Describe some of 
the common 

pathology seen in 
the skeletal 

system 

http://www.vet.ohio-state.edu/docs/ClinSci/radiology/vm607/Labs/fracture/case1/c1mag1.htm


Skeletal System 
Pathology 

Genetic 

Nutritional 

Traumatic 



Genetic Pathology 
Clinical Applications 

• Ununited Anconeal Process                          
(Elbow Dysplasia) (page 176) 

• Hip Dysplasia (Page 182) 

• Luxating Patellas (Page 184) 

• Osteochondritis Dessicans (OCD) 

 



Patellar Luxation 
Clinical Application, Page 184 

1. Patella  

2. Femur  

3. Patellar ligament  

4. Tibial Tuberosity  

5. Medial Luxation                                                                      
of Patella  

6. Lateral Luxation                                                                              
of Patella  



Ununited 
Anconeal 
Process 

Clinical Application 
Page 176 



Hip Dysplasia 
Clinical Application, Page 182 

Anatomy & Pathology 



Hip Dysplasia 
http://www.merckmanuals.com/vet/musculoskeletal_system/arthr
opathies_and_related_disorders_in_small_animals/hip_dysplasi

a_in_small_animals.html?qt=&sc=&alt= 

http://www.merckmanuals.com/vet/musculoskeletal_system/arthropathies_and_related_disorders_in_small_animals/hip_dysplasia_in_small_animals.html?qt=&sc=&alt
http://www.merckmanuals.com/vet/musculoskeletal_system/arthropathies_and_related_disorders_in_small_animals/hip_dysplasia_in_small_animals.html?qt=&sc=&alt
http://www.merckmanuals.com/vet/musculoskeletal_system/arthropathies_and_related_disorders_in_small_animals/hip_dysplasia_in_small_animals.html?qt=&sc=&alt




Surgery to Repair? 



Nutritional Pathology 

• Rickets 

• Hypocalcemia 

 Eclampsia 

 “Milk fever” 

 

 



Traumatic Pathology  

• Cruciate Ligaments (Page 187) 

• Navicular Disease (Equine) (Page 181) 

• Fractures  

• Arthritis 

 Acute 

 Chronic, degenerative 

• Laminitis (Page 152) 

• Ankylosis 



Fractures 
Clinical Application, Page 158 

• Automobile accidents most common cause 

• #1 bone fractured – Femur 

• #2 bone fractured – Pelvis………. Why? 



Common Types of Fractures 

• Closed (simple) -- no break in skin 

• Open (compound) -- skin broken 

• Comminuted -- broken ends of  
bones are fragmented 

• Greenstick -- partial fracture 

 Young animals with bones not yet calcified 

 

 



http://www.vet.ohio-state.edu/docs/ClinSci/radiology/vm525_cases/setone/ms/case8/1ms8l.jpg


http://www.vet.ohio-state.edu/docs/ClinSci/radiology/vm607/Labs/fracture/case1/c1mag1.htm




Steps in Healing of Fractures 



Clinical Application! 
Fracture Repair, Page 158 



Topic 18 

Review the canine and feline skeletal system 

 



Canine Skeleton Review 







Feline Skeleton Review 







Equine Skeleton Review 







Bovine Skeleton Review 







Other Critters?   







Crocodile 
Skeleton?? 

 



Test Yourself 
KNOW THESE IN EVERY CHAPTER! 

Pages 157, 160, 169, 174, 179, 184, 190 



Clinical Applications 

Pages 158, 171, 172, 172, 173, 176, 
181, 182, 184, 185, 187  



The Muscular System 
Chapter 7 – Pages 191-204 

Skeletal Muscle 

Cardiac Muscle 

Smooth Muscle 



Textbook Learning Objectives 
Chapter 7 – Page 191 

• List the three types of muscle and describe the general characteristics of each type 

• Describe the structure and function of tendons, aponeuroses, and ligaments 

• Differentiate between prime mover, antagonist, synergist, and fixator muscles 

• List the locations and actions of the muscles of the head and neck 

• List the locations and actions of the muscles of the abdomen, thoracic limb, and 
pelvic limb 

• List the locations and actions of the muscles of respiration 

• Describe the microscopic anatomy of skeletal muscle, smooth muscle, and cardiac 
muscle cells 

• List the components of a neuromuscular junction and describe the function of each 
component 

• List and describe the roles of the connective tissues in skeletal muscles 

• Describe the events that occur in skeletal muscle cells during muscle contraction 
and relaxation 

• Differentiate between visceral smooth muscle and multiunit smooth muscle 

 
199 



Topic 19 

Compare and contrast the three types of muscle tissue, 
their structures, and their functions 



Muscle 

• One of the four basic tissues of the body 

• Made up of cells that can shorten or contract  

• Three different types of muscle  

1.Skeletal muscle  

2.Cardiac muscle 

3.Smooth muscle  



Comparison of Muscle Features 
Table 7-1, Page 193 



Comparison of Muscle Features 
Table 7-1, Page 193 



Skeletal Muscle Gross Anatomy 
Pages 193-198 

• Tendons: fibrous connective tissue bands 

• Aponeuroses: sheets of fibrous connective 
tissue 

• Origin: the more stable of a muscle's 
attachment sites  

• Insertion: site that undergoes most of the 
movement when a muscle contracts 



Bones, Joints, & 
Muscles 



Gross Anatomy of Skeletal Muscle 

• Muscle fibers 

• Fibrous connective                                       
tissue 

• “Belly” 

• Tendon 

• Periosteum 



How Skeletal 
Muscles Work 

• Origin 

• Insertion 

• Action 

• Tendons  



Skeletal Muscle 

• Striated 

• Voluntary 

• Needs a functional nerve 
supply 

• Rapid contractions 

• Most attached to bones 

• Up to ½ of body weight 



Muscle Actions 

• Prime mover (agonist): a muscle or muscle 
group that directly produces a desired 
movement  

• Antagonist: a muscle or muscle group that 
directly opposes the action of a prime mover 



Muscle Actions 

• Synergist: a muscle that contracts at the same 
time as a prime mover and assists it in carrying 
out its action 

• Fixator: muscles that stabilize joints to allow 
other movements to take place 



Skeletal Muscle Physiology 

• 2 functions 

 Movement 

 Glycogen storage 

• Muscle use (Secret of Life!!!) 

 Hypertrophy 

 Atrophy 

•Loss of nerve supply 

•Disuse  



Characteristics of  
Muscle Contraction 

All-or-nothing principle 

• When stimulated, individual muscle fiber either 
contracts completely or not  at all 

• Nervous system controls number of muscle 
fibers it stimulates for particular movements  

 Small, fine movements – few muscle fibers 

 Larger, more powerful movements – 
contraction of many muscle fibers 



Heat Production 

• Muscle activity generates heat 

• Panting or sweating – mechanisms to eliminate 
excess heat 

• Shivering – spasmodic muscle contractions that 
increase heat production 



Topic 20 

Discuss the structure and function of the 
skeletal muscle cell (muscle fiber) 



Skeletal Muscle Cells 
Figure 7-4, Page 198 

• Very large 

• Multinucleate 

• Numerous myofibrils 
made of actin and 
myosin 

• Network of sarcoplasmic 
reticulum  



Skeletal Muscle Cells 

• A bands: thick  

 myosin filaments  

• I bands: thin  

 actin filaments  

 Dark line in the center  

 of the I band is the Z line  

 Disk that is the attachment  

 site for the actin filaments 



Skeletal Muscle Cells 

• Sarcomere – basic  

 contracting unit of  

 skeletal muscle  

• Area from one Z  

 line to next Z line  

• Each myofibril is  

 made up of many  

 sarcomeres lined  

 up end to end 



Neuromuscular Junction 
Figure 7-5, Page 200 

• Nerves and muscles 
separated by the 
synaptic space 

• Synaptic vesicles –  
sacs at the end of a 
nerve fiber; contain 
acetylcholine 

 Acetylcholinesterase – 
enzyme in the synaptic 
space that removes 
acetylcholine 



Neuromuscular Junction (NMJ) 
Figure 7-5, Page 200 



Neuromuscular Junction (NMJ) 

• Motor neuron axon                      
(nerve fiber) 

 Synaptic vesicles 

• Muscle fiber 

 Receptor sites 

• Synaptic space                                         
(cleft) 

 Acetylcholine (ACh) 



Neuromuscular Junction (NMJ) 



Motor Unit 

• One motor nerve fiber (axon) and all muscle 
fibers it innervates  

• Muscles that make small, delicate movements 
have few muscle fibers per nerve fiber in each 
motor unit 

• Large, powerful muscles may have 100 or more 
muscle fibers per motor unit 



Motor Unit 
Figure 7-5, Page 200 



Topic 21 

Describe the histology (microscopic 
anatomy) of skeletal muscle  



Connective Tissue Layers 

• Hold components of muscle together  

• Contain blood vessels and nerve fibers that 
supply muscle fibers (muscle cells) 

• Continuous with tendons or aponeuroses that 
connect muscle to bones or other muscles 



Connective Tissue Layers 

• Endomysium – surrounds each muscle fiber 
(muscle cell) 

• Fascicles – groups of skeletal muscle fibers 
(muscle cells) 

• Perimysium – surrounds fascicles 

• Epimysium –surrounds groups of muscle 
fascicles  



Histology of Skeletal Muscle 
Figure 7-4, Page 198 

• Muscle fiber 

 Endomysium 

• Fascicle 

 Perimysium 

• Muscle 

 Epimysium                                                 (fascia) 

• Superficial 

• Deep   



Topic 22 

Describe the mechanism of muscle 
contraction 



Mechanics of Muscle Contraction 

• Relaxed muscle fibers have actin and myosin 
filaments that slightly overlap  

• When stimulated to contract, crossbridges on 
myosin filaments slide back and forth  

 



Mechanics of Muscle Contraction 

• Actin filaments on both sides are pulled toward 
the center of the myosin filaments 

• This shortens the sarcomere 

• Shortening of all the end-to-end sarcomeres in 
a muscle fiber results in a muscle contraction 

 



Characteristics of Muscle 
Contraction 

All-or-nothing principle 

• When stimulated, an individual muscle fiber 
either contracts completely or not  at all 

• Nervous system controls the number of muscle 
fibers it stimulates for a particular movement  

 Small, fine movements require only a few 
muscle fibers to contract  

 Larger, more powerful movements require 
contraction of many muscle fibers 



Muscle Contraction 

Three phases:  

 1. Latent phase - time between nerve stimulus 
and beginning of contraction (about 10 ms) 

 2. Contracting phase  - lasts about 40 ms  

 3. Relaxation phase - lasts about 50 ms  



Muscle Contraction 

• Maximum contraction efficiency occurs if nerve 
impulses arrive about 0.1 second apart 

• Results in a series of complete muscle fiber 
twitches  

• Careful timing of the nerve impulses to motor 
units of the muscle is needed to make muscle 
contract smoothly 



Chemistry of Muscle Contraction 

• ATP provides energy to allow the sliding of the 
actin and myosin filaments 

• Creatine phosphate converts ADP back to ATP 

• Glucose and Oxygen - help produce ATP & CP 

 Glucose stored in muscle as glycogen 

 Oxygen stored as myoglobin 



Chemistry of Muscle Contraction 

• Anaerobic metabolism – used if oxygen need 
exceeds oxygen supply 

 Results in lactic acid formation 

 Lactic acid accumulation causes discomfort 



Heat Production 

• Muscle activity generates heat 

• Panting or sweating – mechanisms to eliminate 
excess heat 

• Shivering – spasmodic muscle contractions that 
increase heat production 



Muscle Contraction & Relaxation 

• Nerve impulse reaches the end bulb of the 
motor nerve fiber 

• Acetylcholine is released into the synaptic 
space 

• Acetylcholine molecules bind to receptors on 
the surface of the sarcolemma  

• Impulse travels along the sarcolemma and 
through the T tubules to the interior of the cell 



Muscle Contraction & Relaxation 

• Impulse reaches the sarcoplasmic reticulum 

• Calcium ions (Ca++) are released into the 
sarcoplasm  

• Ca++ diffuses into the myofibrils and starts the 
contraction process 



Muscle Contraction & Relaxation 

• Sarcoplasmic reticulum begins pumping Ca++ 
back in again  

• Ca++ is pulled out of the myofibrils 

• Contraction stops, muscle returns to its original 
length 



Topic 23 

Discuss muscle-naming conventions, 
muscle tone, and gait 



Muscle-Naming Conventions 

• Action: e.g., flexor muscles; extensor muscles  

• Shape: e.g., deltoid means “triangular shaped” 

• Location: e.g., biceps brachii muscle is located 
in the brachial region 

• Direction of fibers: e.g., rectus means “straight”  

 



Muscle-Naming Conventions 

• Number of heads or divisions: -cep means 
“head”; biceps brachii muscle has two heads 

• Attachment sites: e.g., origin of the 
sternocephalicus muscle is the sternum and 
insertion is the back of the head  

 



Muscles of Horse 
Figure 7-3, Page 195 



Muscle Actions 

• Prime mover (Agonist): a muscle or muscle 
group that directly produces a desired 
movement  

• Antagonist: a muscle or muscle group that 
directly opposes the action of a prime mover 



Muscle Actions 

• Synergist: a muscle that contracts at the same 
time as a prime mover and assists it in carrying 
out its action 

• Fixator: muscles that stabilize joints to allow 
other movements to take place 



Tonus – Muscle Tone 

• Involuntary contraction of small number of 
motor units 

• Keeps muscles firm though relaxed 

• Clinical importance 

 Measurement of depth in anesthesia 



Gait 

• Definition – the pattern of movement of the 
limbs of animals during locomotion 

• Types of gait in animals 

Plantigrade 

Digitigrade 

Unguligrade  



Gait  

• Plantigrade – walking with metatarsal bones flat 
on the ground 

 Examples – primates (humans too!), bears, 
rodents, raccoons, kangaroos 

• Digitigrade – stands or walks on its digits, or toes 

 Examples – birds, Canidae, Felidae, elephants? 
  

• Unguligrade – hoofed animals walking on the tips 
of their toes 

 Examples – cattle, horses, pigs, goats, sheep  



Topic 24 

Describe the various muscle groups in the 
animal body 



Cutaneous Muscles 

• Thin, broad, superficial muscles 

• Found in the fascia just beneath the skin  

• Little or no attachment to bones  

• Serve to twitch the skin 



Head and Neck Muscles 

• Control facial expressions 

• Enable mastication 

• Move structures such as eyes and ears  

• Support the head  

• Allow the head and neck to flex, extend, and 
move laterally 



Abdominal Muscles 

Functions 

• Support the abdominal organs 

• Help flex the back  

• Participate in various functions that involve 
straining  

• Play a role in respiration 



Abdominal Muscles 

• Arranged in layers 

• Left and right parts of each muscle come 
together on the ventral midline at the linea alba 

 



Abdominal Incisions 
Clinical Application, Page 259 

• Linea alba 

• Layers of closure 

 Peritoneum 

 Muscle 

 Subcutaneous layer 

 Skin  



Surgical Incisions 







“Flank” Spay Incision 



Thoracic Limb Muscles 

• Brachial muscles 

 Biceps brachii muscle – flexes the elbow joint 

 Triceps brachii muscle – extends the elbow 
joint 

• Carpal and digital muscles 
 



Pelvic Limb Muscles 

• Gluteal muscles – extensor muscles of the hip  

• “Hamstring" muscle group – extend the hip joint; 
main flexors of the stifle joint  

 Biceps femoris muscle 

 Semimembranosus muscle 

 Semitendinosus muscle 



Pelvic Limb Muscles 

• Quadriceps femoris muscle – main extensor 
muscle of the stifle joint 

• Gastrocnemius muscle – extensor muscle of the 
hock 

 Achilles tendon – attaches to tuber calcis of 
calcaneus bone of tarsus 



Muscles of Respiration 

• Increase and decrease the size of the thoracic 
cavity  

 Inspiratory muscles 

•Diaphragm  

•External intercostal muscles 

 Expiratory muscles 

• Internal intercostal muscles  

•Abdominal muscles 



Intramuscular (IM) Injection Sites 
Clinical Application, Page 197 

• Dogs & cats 

 Biceps femoris 

 Quadriceps femoris 

 “Lumbar” muscles 

 Biceps brachii 

• Large animal sites 

 Gluteal muscles 

 Neck muscles 



Lumbar (Epaxial) Muscles 



Topic 25 

Discuss the structure and function of 
cardiac muscle 



Cardiac Muscle 

• Striated 

• Involuntary 

• Needs no functional nerve supply 

• Rapid contractions 

• Heart only 

• Purkinje fibers 

 NOT nervous tissue,  but modified cardiac 
muscle 

 Specialized cells that conduct electricity through 
the heart (heartbeat) 



Physiology of Cardiac Muscle 

• Cardiac cells contract without any external 
stimulation 

• Groups of cardiac muscle cells contract at the 
rate of the most rapid cell in the group 

• Contractions are rapid and wavelike  



Physiology of Cardiac Muscle 

Cardiac Conduction System  

• Sinoatrial (SA) node  

 Generates the impulse that starts each 
heartbeat  

 Located in the wall of the right atrium 

• Impulse follows a controlled path through the 
conduction system of the heart  

• Structures in the system transmit, delay, and 
redirect 



Nerve Supply 

• Heart  is innervated by nerves from both the 
sympathetic and parasympathetic systems 

• Sympathetic fibers stimulate the heart to beat 
harder and faster as part of the "fight or flight 
response” 

• Parasympathetic fibers inhibit cardiac function, 
causing the heart to beat more slowly and with 
less force 



Topic 26 

Discuss the structure and function of smooth 
muscle 



Smooth Muscle Gross Anatomy 

Two main forms 

• Visceral smooth muscle  

 Large sheets of cells in the walls of some 
hollow organs  

• Multiunit smooth muscle  

 Small, discrete groups of cells 



Smooth Muscle 
Figure 7-6, Page 204 

• Nonstriated 

• Involuntary 

• Needs no functional 
nerve supply 

• Slow contractions 

• Mostly inside of body 

 Blood vessels 

 Hollow organs in ventral 
cavity 



Visceral Muscle 

• Found in the walls of many internal organs 
(e.g., stomach, intestines, uterus, urinary 
bladder) 

• Contracts in large, rhythmic waves 

• Contracts without external stimulation 

 Reacts to stretching by contracting more strongly 

 Innervated by nerves from both the sympathetic and 
parasympathetic systems 

 Sympathetic stimulation decreases activity; 
parasympathetic stimulation increases activity 



Multi-Unit Smooth Muscle 

• Individual smooth muscle cells or small groups 
of cells 

• Found where small, delicate contractions are 
needed (e.g., iris, walls of small blood vessels) 

• Contraction requires autonomic nervous system 
impulse 



Test Yourself 
KNOW THESE IN EVERY CHAPTER! 

Pages 193, 199, 201, 203, 204 



Clinical Applications 

Pages 196, 197, 202 


