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CE Article

The Epiphyseal Plate:  
Physiology, Anatomy, and Trauma*

Pathologic conditions affecting epi
physeal (growth) plates in imma
ture animals may result in severe 

orthopedic problems such as limb short
ening, angular limb deformity, or joint 
incongruity. Understanding growth plate 
anatomy and physiology enables practic
ing veterinarians to provide a prognosis 
and assess indications for surgery. Injured 
animals should be closely observed dur
ing the period of rapid growth.

Bone Formation
Bone is formed by transformation of con
nective tissue (intramembranous ossifica
tion) and replacement of a cartilaginous 
model (endochondral ossification).1 Intra
mem branous ossification occurs in flat bone 
(e.g., cranium, periosteal surface of the 
diaphysis of long bones), where it causes 
growth in bone width. Endochondral ossi
fication is responsible for growth in bone 
length and forms the articular surfaces.1

 The process of endochondral ossifica
tion generates all three major areas of long 
bones: diaphysis, epiphysis, and metaphy
sis2 (Figure 1). The diaphysis develops 
first in the fetus. Mesenchymal cells form a 
cartilaginous structure containing a center 
of calcifying chondrocytes surrounded by 
a thin collar of cancellous bone.2 This area 
is called the primary ossification center. 
Vascular invasion develops at the nutrient 

foramen. Growth factors and multipotent 
stem cells support the formation of neo
natal bone consisting of a central marrow 
cavity surrounded by a thin periosteum.2

 The epiphysis is a secondary ossifica
tion center in the hyaline cartilage forming 
the joint surfaces at the proximal and distal 
ends of the bones. Secondary ossification 
centers can appear in the fetus as early 
as 28 days after conception1 (Table 1). 
Growth of the epiphysis arises from two 
areas: (1) the vascular reserve zone car
tilage, which is responsible for growth of 
the epiphysis toward the joint, and (2) the 
epiphyseal plate, which is responsible for 
growth in bone length.3 The epiphyseal 
plate is mostly composed of hyaline carti
lage and is visible in radiographs of young 
animals as a radiolucent line between the 
epiphysis and the metaphysis2 (Figure 1). 
In mature animals, the epiphysis consists 
of cancellous bone surrounded by a thin 
layer of compact bone. There are two 
types of epiphyses: (1) pressure epiphy
ses, which are found at the ends of long 
bones, and (2) traction epiphyses (apophy
ses), which are sites of origin or insertion of 
major muscles (e.g., the greater trochanter 
of the femur).4

 The metaphysis is an area between the 
diaphysis and epiphysis. Bone is devel
oped from the growth plate, matures, and 
remodels in the metaphysis of growing 
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At a Glance

Abstract: This article reviews the development of long bones, the microanatomy and physiology 
of the growth plate, the closure times and contribution of different growth plates to overall growth, 
and the effect of, and prognosis for, traumatic injuries to the growth plate. Details on surgical 
treatment of growth plate fractures are beyond the scope of this article. 

*A companion article, “The Epi
physeal Plate: Nutritional and 
Hormonal Influences; Hereditary 
and Other Disorders,” is also avail
able on CompendiumVet.com.
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The growth plate 
consists of fibrous, 
cartilaginous, and 
bony components. 
The hypertrophic 
zone of the cartilagi-
nous component is 
the weakest part of 
the growth plate.

QuickNotes

bone.5 The epiphyseal plate and the metaphy
seal region are the major growth compart
ments of the bone.3

Anatomy of the Growth Plate
Histology
The growth plate consists of a fibrous compo
nent, a cartilaginous component, and a bony 
component.5,6 The fibrous component sur
rounds the growth plate and is divided into 
an ossification groove called the groove of 
Ranvier and a perichondrial ring called the 
ring of LaCroix5 (Figure 2). The function of 
the groove of Ranvier is to contribute chon
drocytes for growth in diameter and length of 
the growth plate.7 The ring of LaCroix is 
located between the ossification groove and 
the periosteum of the metaphysis, which 
sheathes the growth plate,8 and provides 
mechanical support for the growth plate. The 
fibrous component protects growth cartilage 
against shear forces.9

 The cartilaginous component of the growth 
plate is divided into reserve, proliferative, and 
hypertrophic zones5,6 (Figure 3). The hyper
trophic zone itself is divided into the zones 
of maturation, degeneration, and provisional 
calcification.5,6

 Immediately adjacent to the cartilaginous 
component is the bony component of the 
growth plate. This is where cartilage cells are 
transformed into bone.5,6 

Vascular Supply
Several arteries supply the growth plate 
(Figure 4). The epiphyseal arteries supply 
blood to the epiphysis via multiple branches 
that arborize into the growth plate, providing 
vascularization into the proliferative zone to a 
depth of up to 10 cells.3,10 No vessels penetrate 
beyond the proliferative zone, making the 
hypertrophic zone avascular.5 Perichondrial 
arteries supply the fibrous structures of the 
growth plate.3

 The nutrient artery provides fourfifths of 
the metaphyseal blood supply and does not 
cross the open physis.5,10 Branches of the meta
physeal arteries supply the remainder of the 
blood supply. The terminal branches of these 
vessels end in small vascular loops or capillary 
tufts below the last intact row of chondrocyte 
lacunae of the growth plate.10 The chondro
cytes at this level are dead, which is important 

Basic anatomy of a canine tibia. (1) apophysis 
(traction epiphysis); (2) epiphysis (pressure epiphy-
sis); (3) epiphyseal plate; (4) metaphysis; (5) diaphy-
sis. Note the oval, radiolucent area in the craniodistal 
tibial tubercle. This is a normal feature in young, 
growing dogs and not a pathologic condition.

Figure 1
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A thorough knowl-
edge of growth plate 
physiology is help-
ful in understanding, 
diagnosing, and 
treating disorders 
that affect the epi-
physeal plate.

QuickNotes

Table 1   Approximate Times of Appearance of the  
Secondary Centers of Ossification in Canine Long Bones 

 Bone Area Age at Appearance of Ossification Center

Forelimb

Scapula Supraglenoid tubercle 12 wk 

Humerus, proximal Greater and lesser tubercle One center at birth

Humerus, distal   Lateral epicondyle

  Trochlea

  Capitulum

  Medial epicondyle

  Prenatal

  Prenatal

  Prenatal

  3–4 mo

Ulna   Anconeal process

  Olecranon

  Distal epiphysis

  Variable

  3–4 months

  3–4 months

Radius   Proximal epiphysis

  Distal epiphysis

  Prenatal

  Prenatal

Carpal bones — 3–4 mo

Metacarpal bones — 3–4 mo

Phalanges — 3–4 mo

Hindlimb

Hip   Acetabular bone

  Ischium, pubis, ilium

  Ischial tuberosity

  6–8 wk

  Prenatal

  2.5–4 mo

Femur, proximal   Head

  Greater and lesser trochanter

  3–4 mo

  3–4 mo

Femur, distal Distal epiphysis 3–4 mo

Tibia   Proximal epiphysis

  Tibial tubercle

  Distal epiphysis

  3–4 mo

  3–4 mo

  3–4 mo

Fibula   Proximal epiphysis

  Distal epiphysis

  3–4 mo

  3–4 mo

Tarsal bones   Calcaneus

  Remaining bones

  Prenatal

  Variable

Metatarsal bones — 3–4 mo

Phalanges — 3–4 mo
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Components of the epiphysis and metaphysis. (1) articular cartilage;  
(2) epiphyseal cartilage; (3) secondary center of ossification; (4) epiphyseal 
plate; (5) epiphysis; (6) metaphysis; (7) fibrous layer of the periosteum; (8) ring 
of laCroix; (9) groove of ranvier; (10) fibrous components of the epiphyseal 
plate; (11) cortical bone.

Figure 2

Zones of the cartilaginous component of the epiphyseal plate. (1) 
reserve zone; (2) proliferative zone; (3) zone of maturation; (4) zone of degenera-
tion; (5) zone of provisional calcification; (6) hypertrophic zone.

Figure 3

in understanding the development of osteo
chondrosis dissecans.a Venous drainage of the 
metaphysis occurs via the large central vein of 
the diaphysis.11

 In humans and cats, the femoral capital 
growth plate can be partially supplied with 
blood via branches of the artery of the liga
ment of the femoral head (epiphysis); however, 
no such blood supply exists in dogs.12,13

Physiology of the Growth Plate
Cartilaginous Component
As blood supply varies in the different zones of 
the growth plate, so does cell metabolism. In the 
proliferative zone and the top half of the hyper
trophic zone, it is aerobic, while in the lower half 
of the hypertrophic zone, it is anaerobic.14 
 Chondrocytes in the reserve zone are spheri
cal, not as numerous, and separated by more 
matrix compared with cells in other zones.3,5,6 
The cells in the reserve zone contain many lipid 
vacuoles and abundant endoplasmic reticulum, 
which is indicative of protein production.5 The 
oxygen tension in this area is relatively low, 
consistent with low cellular activity. This may 
indicate that oxygen and nutrients reach this 
area only by diffusion, which in turn may be 
important for the etiology of osteochondrosis 
dissecans and hypertrophic osteodystrophy. The 
function of this zone is likely the endowment of 
chondrocytes to the proliferative zone.13,15

 In the proliferative zone, chondrocytes are 
flattened and aligned in columns parallel to 
the long axis of the bone3,5,6 (Figure 3). The 
oxygen tension is higher than in other zones,5 
as is the cell metabolism, resulting in a high 
concentration of cell metabolites.16 The pri
mary function of this zone is cellular prolif
eration; other functions include the formation 
of intracellular matrix, proteoglycan, and col
lagen.17 Collagen has great tensile strength and 
supports the mechanically weak proteoglycan 
gel within the cartilage of this zone.3

 The hypertrophic zone is divided into the 
zones of maturation, degeneration, and pro
visional calcification5,6 (Figure 3). The begin
ning of the maturation zone can be accurately 
determined based on cell shape. The chondro
cytes become spherical and, at the base of the 

aOsteochondrosis dissecans is discussed in the com
panion article, “The Epiphyseal Plate: Nutritional 
and Hormonal Influences, Hereditary and Other 
Disorders,” also available on CompendiumVet.com.
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zone, are five times the size of chondrocytes 
in the proliferative zone.5 It has been found 
that insulinlike growth factor stimulates the 
hypertrophy of the chondrocytes in this zone, 
thus promoting longitudinal growth.18 
 The cytoplasmic contents of the chondro
cytes in the maturation zone, including glyco
gen, diminish rapidly in cells farther from the 
proliferative zone.5 The last cells, bordering 
on the degeneration zone, show evidence of 
cell destruction and cell death.19 The oxygen 
tension in this part of the hypertrophic zone 
is low, suggesting reduced metabolic activ
ity.16 The chondrocytes in this area lack cyto
plasmic glycerol phosphate dehydrogenase,14 
which is important for the aerobic energy pro
duction of a cell. In the absence of glycerol 
phosphate dehydrogenase, anaerobic metabo
lism develops, and lactate accumulates. This 
environment may contribute to the death of 
chondrocytes in the degeneration zone.14

 The mitochondrial and cell wall calcium 
content of the chondrocytes decreases with 
cell destruction.5 The lost calcium accumulates 
in matrix vesicles, starting in the middle of the 
hypertrophic zone. This calcification process of 
the matrix is called initial or provisional calci-
fication. It occurs mainly in the matrix vessels 
of the longitudinal septa of the cell columns. 
Other structures such as collagen fibrils and 
proteoglycans also undergo calcification.20 

Metaphysis
The metaphysis begins at the last intact transverse 
septum of the cartilage portion of the growth 
plate5,6 (Figure 2). In this area, the initially pro
duced primary spicules of amorphous calcium 
phosphate are replaced by secondary spicules 
consisting of hydroxyapatite crystals.21 Spicules 
are aggregates of bony matrix, typical of the 
structure of bone. Hydroxyapatite is the primary  
structural mineral of mature, calcified bone.22

 Capillary sprouts from the nutrient artery 
of the medullary canal provide nutrients to 
the cells in the first part of the metaphysis.8 
Hypertrophic chondrocytes produce cartilage
derived growth factor, which is chemotactic 
for endothelial cells.23 Endothelial and perivas
cular cells degrade the cartilaginous trans
verse septa via lysosomal activity.5 Osteoblasts 
and osteoprogenitor cells line up against these 
septa and calcify them by producing osteoid. 
The columns grow, are connected, and form 

Blood supply of the epiphyseal plate. (1) Epiphyseal artery; (2) epiphyseal 
plate; (3) perichondrial artery; (4) metaphyseal artery; (5) nutrient artery. 

Figure 4

a fine, initial trabecular network with carti
laginous cores. This structure is called pri-
mary spongiosa. It is replaced by woven bone, 
forming the secondary spongiosa.5,6 Haversian 
remodeling starts to construct the lamellar 
direction of the newly formed bone parallel to 
the long axis of the limb. The irregular woven 
bone is soon replaced with lamellar bone, 
which is typical for mature bone.3,5,6

 With maturity, the trabecular bone of the 
metaphysis is replaced by bone marrow and 
included in the diaphysis.3,5,6 Osteoclasts dimin
ish and remodel the outer diameter of the meta
physis to meet the diaphysis. This process is 
called funnelization or external remodeling.5

Growth Plate Closure and Contribution  
to Overall Growth
In dogs, major growth occurs between 3 and 
6 months of age.24,25 Most dogs achieve 90% of 
their adult size by the end of 9 months.25 Most 
growth plates close between 4 and 12 months 
of age, depending on the anatomic site and 
breed of dog. However, it is our clinical impres
sion that the growth plates of some giantbreed 
dogs may not close until 15 to 18 months of 
age. Table 2 shows the time frame of growth 
plate closure in the front and hindlimbs of the 
average dog.1,26–30 Growth plates that contrib
ute a large percentage to the total axial growth 
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of the long bones remain open longer com
pared with smaller bones (e.g., carpus, tarsus). 
It is generally accepted that epiphyseal closure 
occurs earlier in smaller animals.26 
 Cats have similar patterns of growth plate 
closure. Physeal closure begins at 4 months of 
age and is usually complete at 7 to 9 months.25 
However, final closure of the distal radial 
physis can occur in cats as late as 20 months 

of age.25 Studies have evaluated the amount 
that each epiphyseal plate contributes to total 
growth.8,31 Table 3 summarizes the results of 
these studies. 
 When the function of the growth plates is 
severely impaired, anatomic deformity may 
develop. Direct trauma, diet, and hormonal 
and genetic etiologies are clinically important 
to growth deformity.

In dogs, major 
growth occurs 
between 3 and 
6 months of age. 
Growth plates close 
between 4 and 
12 months of age, 
depending on breed 
and anatomic site.

QuickNotes

Table 2   Approximate Closure Times of the Growth Plates  
in the Long Bones of an Average (25–30 kg) Dog

Forelimb Hindlimb

Growth Plate Age at Closure Growth Plate Age at Closure

Earliest Latest Earliest Latest

Scapular tuberosity 12 wk 5 mo Greater trochanter 6 mo 11 mo

Proximal humerus 10 mo 12 mo Proximal femur 6 mo 12 mo

Distal humerus 5 mo 8 mo Lesser trochanter 9 mo 12 mo

Proximal ulna 5 mo 8 mo Distal femur 6 mo 11 mo

Anconeal process 4 mo 5 mo Proximal tibia 6 mo 12 mo

Distal ulna 6 mo 11 mo Tibial tubercle 10 mo 12 mo*

Proximal radius 5 mo 9 mo Distal tibia 5 mo 11 mo

Distal radius 6 mo 11 mo Medial malleolus 4 mo 5 mo

Accessory carpal bone 10 wk 5 mo Proximal fibula 6 mo 11 mo

Metacarpal bones 5 mo 7 mo Distal fibula 5 mo 11 mo

Phalanges 4 mo 7 mo Tuber calcaneous 11 wk 8 mo

Metatarsal bones 5 mo 8 mo

Phalanges 4 mo 8 mo
*Clinical experience shows that the growth plate of the tibial tubercle may close as late as 15 to 18 months in giant-breed dogs.

Table 3   Approximate Contribution of the Growth 
Plates to the Growth of Canine Long Bones

Forelimb Hindlimb

Growth Plate Percentage Growth Plate Percentage

Proximal humerus 80 Proximal femur 25

Distal humerus 20 Distal femur 75

Proximal radius 40 Proximal tibia 55

Distal radius 60 Distal tibia 45

Proximal ulna 0–15 Proximal fibula 60

Distal ulna 85–100 Distal fibula 40
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Fractures of the Growth Plate
About half (50% to 54%) of dogs with long
bone fractures have been reported to be 
younger than 1 year.32,33 Among the reported 
cases, 30% had trauma to the growth plate 

and 7% developed growth deformities. In a 
study of 92 dogs with growth deformity,34 75% 
showed a disturbance of the ulna or radius. 
The tibia accounted for 4% of the deformities 
reported, and the femur accounted for 8%.

Figure 5

Modified Salter–Harris classification of fractures of the epiphyseal plate. (I) Type 1 fracture: Simple fracture through the 
hypertrophic zone of the epiphyseal plate. (II) Type 2 fracture: Fracture through the epiphyseal plate and the metaphysis. (III) Type 3 frac-
ture: Fracture through the epiphyseal plate and the epiphysis. (IV) Type 4 fracture: Fracture through the epiphysis and the metaphysis. (V) 
Type 5 fracture: Compression fracture of the epiphyseal plate. (VI) Type 6 fracture: lateral bone bridge formation. 
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Salter–Harris Classification System
Salter and Harris created a prognostic classifica
tion system for fractures of the growth plate4 
(Figure 5). Type I fractures involve complete 
epiphyseal separation at the level of the hyper
trophic zone. The reserve zone (germinal layer 
of the growth plate) is usually intact. Type II frac
tures are partially through the growth plate and 
partially through the metaphysis. Types I and II 
are the most common, accounting for 65.5% of 
growth plate fractures in small animals.35

 Type III and type IV fractures are intra
articular fractures. Type III fractures occur in 
the proximal humerus and distal femur, and 
the fracture line includes the hypertrophic 
and reserve zones of the epiphyseal plate. In 
type IV fractures, the fracture line extends 
into the metaphysis, thus completely crossing 
the growth plate. Type IV fractures are often 
condylar fractures and are most common in 
the distal humerus.35 Types III and IV make up 
25.5% of all canine growth plate fractures.35

 A type V fracture is characterized by partial 
or complete compression of the growth plate 
and cannot be diagnosed acutely based on 
radiographs. It may help to compare the width 
of the growth plate with the contralateral side 
and to repeat radiographic studies at 2week 
intervals to better assess damage, bone length, 
and curvature compared with the contralateral 
bone.
 Some investigators have suggested adding a 
sixth type of fracture to the traditional Salter–
Harris classification system.36,37 A type VI frac
ture involves the groove of Ranvier and leads 
to eccentric premature closure of the physis. 
It commonly results from a local contusion or 
avulsion. Peripheral osseous bridge formation 
is common and may lead to peripherally local
ized epiphysiodesis and subsequent angular 
deformity.36,37

 In their original article,4 Salter and Harris 
explained the results of an experimental study 
in rodents, demonstrating that fractures com
monly developed through the hypertrophic 
zone, which is mechanically the weakest zone 
of the growth plate. They also investigated 
healing of the different fracture types and 
suggested that the higher the fracture grade, 
the worse the prognosis for normal growth.4 
The prognostic reliability of the Salter–Harris 
classification system has since been ques
tioned.35,37–41 Salter and Harris also postulated 
that interference with blood supply to the 
epiphysis is associated with a poor prognosis. 
This theory is now the basis for an additional 
classification system, described below.

Histology 
A study42 of the histologic appearance of trau
matic canine physeal fractures that had been 
radiographically classified as type I or II showed 
that in 10 of 13 cases, the fracture disrupted 
cells in the proliferative zone rather than the 
hypertrophic zone (Figure 6). Destruction of 
cells in the proliferative zone may worsen the 
prognosis for continued growth.42 In addition, 
experimental studies in rodents and a clinical 
study in young children showed that fractures 
do not always occur at the hypertrophic zone 
but can show a variety of patterns through 
the growth plate.38,43,44 It is possible that the 
traditional Salter–Harris classification of frac
tures described for humans may not always be 
applicable to clinical evidence in dogs.42

Fracture of the proximal femoral physis. The radiographic diagnosis for 
this fracture would be a Salter–Harris type 1 fracture. However, histology shows 
the fracture line going through both the proliferative zone (1) and hypertrophic 
zone (2). Destruction of cells in the proliferative zone increases the risk for a poor 
prognosis. (Safranin O, fast green; original magnification × 25; courtesy of Dr. ann 
l. Johnson, university of illinois)

Figure 6
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Epiphyseal Bone Bridge Formation
Nondisplaced Salter–Harris fractures generally 
heal without complication. However, when 
the fracture is displaced and extends to the 
physeal–epiphyseal border, cellular debris and 
the formation of vertical septa followed by for
mation of an epiphyseal bone bridge between 
the epiphysis and metaphysis (Figure 7) is 
seen. Similar to Salter–Harris VI fractures, epi
physeal bone bridges may result in cessation 
of growth and development of angular limb 
deformity attributable to asymmetric restric
tion of residual growth.38,44–47 

Classification Based on Blood Supply
A classification system for epiphyseal fractures, 
based on the integrity of epiphyseal and meta
physeal blood circulation, has been suggested 
in human medicine.8 Radiography allows 
assessment of fracture displacement, and scin
tigraphy shows vascular damage. Depending 
on the degree of vascular disruption, fractures 
are classified as type A, B, or C. These types 
correspond to increasing degrees of severity; 
type A fractures have no negative effect on 
subsequent growth, and type C fractures com
pletely disrupt the epiphyseal circulation and 
carry a poor prognosis.8,41,48

Prognosis 
It is reported that about 5% to 17% of all growth 
plate injuries have clinically significant seque
lae.31,32,47,49 Their effect on growth depends 
on many factors, including which physis is 
injured, the type and severity of injury, the 
stage of physis maturation (i.e., the age of 
the animal) at the time of injury, the time of 
proper diagnosis, and the method of treatment. 
The degree of retardation in bone growth fol
lowing physeal injury is roughly proportional 
to the potential remaining growth and the 
severity of damage47; therefore, in general, the 
younger the animal (especially those younger 
than 6 months), the more serious the conse
quences to longitudinal bone growth.49 
 The Salter–Harris classification system pro
vides a very good description of epiphyseal 
fractures. Patients with type I or II fractures 
may have radiographically undetectable phy
seal damage that can only be diagnosed retro
spectively.42 Radiographic comparison with the 
contralateral extremity in such doubtful cases 
is often useful.34,50 Radiographic studies of the 

limbs are recommended at intervals of about 14 
days after the animal presents with pain and/or 
soft tissue swelling of the metaphyseal growth 
plate if growth plate damage is suspected.33,36 
Damage to the epiphyseal vessels and the 
fibrous component may occur in Salter–Harris 
fracture types I and II, but when early reduction 
and fixation are possible, uncomplicated heal
ing is expected in 3 to 4 weeks.51 
 The prognosis for type III fractures may be 
good if early reduction and good reconstruc
tion of the joint surface are achieved and if 
there is no severe disruption of the epiphy
seal blood supply.51 In contrast, more severe 
trauma carries a guarded prognosis because 
of malalignment and arthritis attributable to 
growth deformity. 
 Damage to the germinal layer, the joint car
tilage, and the vascular supply is common in 
type IV fractures; therefore, the prognosis for 
these patients is guarded. Type V fractures in 
dogs younger than 6 months are often associ
ated with a poor prognosis because of destruc
tion of the cells in the germinal layer.4,52 Type 
V fractures of the distal ulnar growth plate 
represent the most significant clinical example 
because of their role in the development of 
radioulnar incongruence. 
 Although the Salter–Harris classification is 
a good prognostic guideline, based on recent 
studies, it may be more prudent to provide own
ers with a careful to guarded prognosis, inde

Histopathology of a 
few clinical cases 
with Salter–Harris 
type I fractures 
suggests that the 
prognosis for these 
fractures may be 
worse than origi-
nally described.

QuickNotes

Bone bridge between the metaphysis and epiphysis. This structure can even-
tually lead to cessation of growth and the development of angular limb deformity. 

Figure 7
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pendent of Salter–Harris fracture type.35,37,39,42,51 
Partial or complete premature closure of the 
growth plate and development of bone defor
mity are frequently observed, and to mini
mize these, early diagnosis and treatment are 
necessary. 

Osgood–Schlatter Disease 
Osgood–Schlatter disease (OSD) describes a 
benign, often selflimiting avulsion of cartilagi
nous or bony fragments from the insertion of 
the patellar tendon to the tibia in people.53–56 
It is predominantly seen in rapidly grow
ing, athletically active adolescents. The etiol
ogy is thought to be acute or chronic tensile 
trauma.53–56 Patients present with knee pain that 
worsens during exercise.53–56 Radiographically, 
swelling of the patellar tendon and joint is 
seen first, followed by ossified particles within 
the patellar tendon.53–56 The term OSD has also 
been reported in veterinary medicine, but 
the radiographic appearance differs from that 
described in humans.29 In dogs, mild separa
tion of the entire tubercle from the proximal 
tibial metaphysis is seen29,57 (Figure 8), but 

ossified particles within the distal patellar ten
don have not been reported in the clinical set
ting.29,57 While the etiology for the canine disease 
process is the same as that in humans, these 
minimal but significant radiographic differences 
(Figure 9) may support using the term mild 
avulsion fracture for dogs.29 Depending on the 
severity of displacement and associated pain, 
treatment may be supportive care or surgical 
intervention.29,53–57 
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Lateral radiograph of the proximal tibia of a 
dog with a low-grade avulsion of the tibial 
tubercle, resulting in a widened appearance of the 
apophyseal plate of the tibial tubercle. This injury 
has been called Osgood-Schlatter disease (OSD) of 
the dog, despite significant radiographic differences 
when compared with OSD in people (Figure 9).

Figure 8

Schematic illustration of the differences 
between radiographic findings in people and 
dogs with traction injuries to the tibial tuber-
cle. in people, it is common to see small, avulsed, 
bony particles in the area of the patellar tendon 
insertion (black arrow). This appearance is called 
OSD. Dogs frequently present with a separation of 
the entire tibial tubercle from the tibial diaphysis 
(open arrow). This lesion may be more appropriately 
called an avulsion fracture of the tibial tubercle. a 
rare finding, and one that is often difficult to see, is a 
fracture line extending into the joint space (asterisk).

Figure 9

Osgood–Schlatter 
disease (OSD) is 
a traction injury 
to the insertion of 
the patellar tendon 
in people. The 
term OSD has 
also been used for 
dogs, although mild 
separation of the 
entire tibial tubercle 
is typical for this 
species and avul-
sion fracture of the 
tibial tubercle may 
be a more accurate 
description.

QuickNotes
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1.  The __________ is the weakest part of the 
growth plate.

 a. proliferative zone
 b. fibrous component 
 c. hypertrophic zone
 d. bony component
 e. reserve zone 

2. The growth plate consists mostly of
 a. growth factors.
 b. collagen bundles.
 c. osteoblasts and osteoclasts.
 d. hyaline cartilage.
 e. fibrous tissue.

3.  Epiphyseal arteries supply blood up to 
which part of the growth plate?

 a. proliferative zone
 b. fibrous component 
 c. hypertrophic zone
 d. bony component
 e. reserve zone 

4.  Which zone is not part of the growth 
plate?

 a. zone of fibrillation
 b. zone of maturation
 c. proliferative zone
 d. zone of provisional calcification
 e. zone of degeneration

5.  The distal growth plate of the radius con-
tributes ___ of total growth to this bone. 

 a. 15%

 b. 40%
 c. 55%
 d. 60%
 e. 75%

6.  A type IV Salter–Harris fracture is best 
described as a fracture involving the 

 a. hypertrophic zone.
 b. epiphyseal bone.
 c. metaphysis and articular surface.
 d.  growth plate, metaphysis, and epiphysis.
 e. growth plate and metaphysis.

7.  Which statement regarding the Salter–
Harris classification system is correct?

 a.  Type IV fractures always involve the 
articular surface of the growth plate.

 b.  Type I fractures have a very poor 
prognosis.

 c.  Type I fractures may involve the prolifer-
ative zone, which puts dogs with a large 
remaining growth potential at increased 
risk to develop angular limb deformities.

 d.  Type III fractures are always associated 
with severe disruption of the epiphyseal 
blood supply.

 e.  Type I and II fractures represent 25.5% 
of all growth plate fractures in dogs.

8. Epiphyseal bone bridge formation can 
 a.  increase the stability of the growth 

plate, making the plate less susceptible 
to trauma.

 b.  prevent symmetric longitudinal growth.

 c.  increase growth because of excess 
growth factors in the bone bridge.

 d.  halt longitudinal growth 6 days after 
injury.

 e.  decrease the amount of collagen within 
the growth plate, thereby preventing 
extension of the growth plate.

9.  The prognosis for growth plate fractures 
depends on the

 a. affected growth plate.
 b. age of the animal.
 c. severity of trauma.
 d. method of treatment.
 e. all of the above

10.  The term Osgood–Schlatter disease is 
best used to describe a(n)

 a.  traction lesion at the attachment of the 
patellar tendon to the proximal part 
of the tibial tubercle in young active 
adolescents.

 b.  traction injury to the apophysis of the 
tibial tubercle in young dogs.

 c.  avulsion of the greater trochanter in 
young German shepherds, most com-
monly seen bilaterally.

 d.  radiolucent area, most commonly seen 
caudoproximal to the growth plate of 
the cranial tibial tubercle, that has been 
described for young adolescent boys, 
dogs, and cats.

 e.  cranioproximal displacement of the dis-
tal femoral growth plate in cats.
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