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In a study of 300 Alaskan Malamutes, dwarfism was
shown to be an autosomal recessive inherited disease
with complete penetrance that resulted in disturbed en-
dochondral bone formation. Osseous growth distur-
bance was manifest at the metaphyses of tubular bones.
Clinical and radiographic changes were very similar to
those of rickets, although appositional bone formation
rates were normal. Serum calcium, phosphorus, and

DWARFISM in Alaskan malamutes is an inherited
disturbance in endochondral bone formation that re-
sults in short-limbed, disproportionate dwarfism.
Dogs with the disease have many clinical, radio-
graphic, and histopathologic changes consistent with
those found in rickets."2 Characteristic signs of
delayed and irregular endochondral bone formation
develop while dogs are receiving an adequate amount
of a balanced ration. The osseous changes that
develop are refractory to treatment with supplement-
al calcium, phosphorus, and vitamin D." 2

Dwarfism in the malamute was considered to be an
inherited defect, and in 1969 a single autosomal
recessive mode of inheritance was suggested.3
Assuming that mode of inheritance, members of the
Alaskan Malamute Club of America embarked on a
test breeding program to eliminate dwarfism from the
breed.4 A subsequent report verified the mode of in-
heritance of the disease as a single autosomal reces-
sive gene (gene symbol dan) with complete pene-
trance and no intermediate phenotypes.5
One group of investigators reported a hemolytic

anemia as a pleiotropic effect in dwarf malamutes.69
Subsequent reports by the same group described in-
creased sodium concentration and water content in
erythrocytes, with concomitant glutathione deficien-
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alkaline phosphatase were within normal limits. Urin-
ary excretion of calcium, phosphate, and amino acids
were normal. Excess matrix was formed in the zone of
cartilage cell proliferation, and the matrix persisted in
the growth plate. Normal stresses resulted in micro-
fractures in the metaphyses with subsequent interfer-
ence of vascular penetration into the zone of degener-
ated cartilage cells. (Am J Pathol 1982, 106:224-236)

cy. These findings were considered similar to those in
some human hemolytic anemias.9"10

Clinical evidence of dwarfism included short limbs
with lateral bowing of the forelimbs, enlargement of
the carpi, and lateral deviation of the forepaws
(Figure 1).'''''2

Radiographically, dwarfism was detectable at 7-10
days of age; and changes were pronounced after 3
weeks of age. Osseous lesions were evident in the
growth plates and metaphyses of all tubular bones.
Delayed ossification of cuboid bones and apophyses
has been reported." There was no evidence of ir-
regular bone formation in the skull, mandibles,
vertebrae, or pelvis." Disruption of bone formation
was present but generally less severe in the meta-
physes of metacarpals, metatarsals, phalanges,
femora, tibiae, and humeri. The most striking evi-
dence of osseous change occurred at the distal
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ing. Subsequent classification of "carrier" was made
of dogs that were normal phenotype but were the
progeny of a dwarf parent.

All breedings that produced pups considered in
this study were witnessed by at least one investigator.
No backcrosses were performed by mating parent to
offspring. All dogs were housed in individual kennels
and maintained under strict colony management.

Hematology and Serum Chemistry

Blood samples were collected from a total of 45
normal and 10 dwarf Malamutes at regular age inter-
vals. Blood was first collected during the 6th week of
age, and collections were continued at 2-week inter-
vals through 18 weeks of age. Additional samples
were collected at 6, 8, and 10 months of age.
Serum calcium (Oxford Titrator and Chemical

Reagents, Scientific Products, Division of American
Hospital Supply Corporation, McGraw Park, Ill)

Figure 1-The clinical appearance of a dwarf malamute with short-
ening and valgus deformity of the forelimbs.

metaphyses and growth plates of the radius and ulna
(Figure 2). It was postulated that the magnitude of
osseous change in the distal end of the radius and
ulna was related to weight distribution and growth
characteristics in the canine forelimb.1

Materials and Methods

Genetic Study

Test animals used in the genetic study included
adult malamutes and their progeny that were main-
tained in the genetic disease research facility at
Washington State University. Also used were litters
of malamute pups that were produced in cooperation
with malamute breeders. Additional supporting data
not contained herein were made available by mala-
mute breeders.

Malamutes selected for breeding were considered
initially to be either dwarf or normal phenotype. Figure 2-Radiographic appearance of the radius and ulna of a
Those that were considered normal had no radio- 12-week-old dwarf malamute. The metaphyseal borders are flattened

and irregular, the growth plate is increased in width, and there is dis-
graphic evidence of dwarfism while they were grow- organized formation of osseous trabeculas in the metaphysis.
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and inorganic phosphate (Hycel, Inc., Houston, Tex)
concentrations were determined by methods using
commercial reagents. Serum alkaline phosphatase
activities were measured by a standardized commer-
cial assay method (General Diagnostics Division,
Warner-Chilcott Laboratory Division, Morris Plains,
NJ).

Urine Amino Acid Analysis and Chemistry

Twenty-four-hour paired urine samples were col-
lected from normal-phenotype and dwarf malamute
littermates. Four pairs of samples were collected
from a total of 8 puppies.

Urine amino acid analyses were performed with
the standard technique in an automatic amino acid
analyzer (Technicon TSM Amino Acid Analyzer,
Tehnicon Instruments Corporation, Tarryton, NY).

Twenty-four-hour total urinary calcium excretion
was calculated from values determined with the use
of a commercial reagent set and standard technique
(Oxford Titrator and Chemical Reagents, Scientific
Products, Division of American Hospital Supply
Corporation). Twenty-four-hour urine phosphate ex-
cretion was calculated from values determined by a
dilution technique using a commercial reagent
(Hycel).

Double-Tetracycline-Labeled Ground Bone Sections

Five dwarf malamutes and three Malamutes with
normal phenotype from three litters between 14 and
18 weeks of age were given intravenous injections of
tetracycline hydrochloride at a dosage rate of 15
mg/kg body weight. Ten days following the initial in-
jection, a second intravenous injection of tetracycline
hydrochloride was made using the same dosage rate.
Four days after the second injection, euthanasia was
performed and followed immediately by necropsy.
At postmortem examination the right radius and

ulna and right sixth rib were removed and dissected
free of soft tissue. Transverse sections of bone were
taken at the mid-diaphysis, and sections were ground
to approximately 35 ,. in thickness with the use of a
rapid manual method of preparation.'3 The sections
were stained with an osteochrome stain intended for
use with fresh, mineralized bone sections.'4 Bone sec-
tions were mounted on glass microscope slides and
examined by light and ultraviolet microscopy.
We measured 10 tetracycline-labeled osteons for

each animal, using an eyepiece micrometer on a
fluorescence microscope. The distance between tetra-
cycline labels was measured at four equidistant

points around the circumference of each osteon.
Each measurement was made from the middle of the
outer label to the midpoint of the inner label.
We obtained the appositional rate of bone forma-

tion by dividing the mean distance between osteon
tetracycline labels by the time interval between injec-
tions (10 days).

Histopathology

Paired rib biopsies were taken from dwarf mala-
mutes and normal phenotype littermates at 3, 5, 7,
12, 16, and 20 weeks of age. At postmortem exami-
nation sections of the right radius and ulna were
taken from normal and dwarf malamutes 1 day old
and 6, 8, 10, 16, 18, and 20 weeks of age. Tissues
were fixed in 10%o formalin and decalcified for 2
months in phosphate-buffered ethylenediaminotetra-
acetic acid (EDTA) at pH 7.4. Tissues were em-
bedded in paraffin and sectioned at approximately
6 .. Tissue sections were stained with hematoxylin and
eosin, periodic acid-Schiff and alcian blue, colloi-
dal iron, Masson's trichrome method, and a modifi-
cation of Movat's pentachrome.'5 Sections were
mounted on glass microscope slides and examined
microscopically.

Histochemical Examinaton

The right ulna was removed from each of 2 dwarf
and 2 normal 8-week-old malamute littermates at
postmortem examination. Frozen sections were made
of the growth plate, and the tissues were stained for
acid phosphatase and for alkaline phosphatase (Sig-
ma Chemical Company, Technical Bulletin No. 85,
St. Louis, Mo). The tissues were examined micro-
scopically to detect any difference in stain intensity.

Electron Microscopy

Growth plate specimens were obtained from 8 pup-
pies of the same litter at 8 weeks of age. The litter
consisted of 3 dwarf and 5 puppies of normal pheno-
type that were the progeny of a dwarf dam and a car-
rier sire. The distal epiphysis and growth plate, in-
cluding a portion of the metaphysis, were removed
surgically from the distal end of the right ulna to
assure a fresh specimen.

Tissue specimens were longitudinally sliced into
several sections 1 mm or less in thickness and placed
in 2%1o phosphate-buffered (0.1 M K(n) PO4, pH 7.3)
glutaraldehyde containing 1 Wo sucrose and 1 Wo di-
methysulfoxide. Following 2-4 hours' fixation, disks
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of tissue 2 mm in diameter were punched from the
sections in each zone of the growth plate, the
epiphysis, and the metaphysis. The tissues were pro-

cessed and embedded in a mixture of embedding
resins (Epon-812 and Araldite-6005, Ernest F.
Fullam, Inc., Schenectady, NY) according to a stan-
dard method. 16 Sections approximately 75 m,u in thick-
ness were cut with a diamond knife in a Porter-Blum
ultramicrotome. These sections were mounted on

200-mesh copper grids and poststained with uranyl
acetate and lead citrate. Sections were examined in an
electron microscope.

Results

Genetic Study

Table 1 summarizes the data accumulated and the
matings performed in the study. Puppies examined in
the genetic study were classified as normal phenotype
or dwarf. Normal dogs developed no clinical or

radiographic evidence of dwarfism by 12 weeks of
age. Dwarf malamutes developed degrees of osseous

growth disturbance varying from gross malformation
of the limbs to transient radiographic evidence of
uneven metaphyseal bone formation in the distal end
of the radius and ulna. In spite of this variation, no

intermediate phenotype was identified. A single
autosomal recessive mode of inheritance was con-

firmed by these data.

Hematology and Serum Chemistry

White blood cell morphologic characteristics and
differential counts in dwarf malamutes were similar
to those in the normal and carrier malamutes. Ery-
throcyte indices of dwarf malamutes, however, indi-
cated the presence of hypochromic, macrocytic
anemia.
No difference was found at the 5% level of signifi-

cance between the mean serum calcium concentra-
tions in normal and dwarf malamutes. Mean serum

calcium concentration in the dwarf varied from 9.5
mg/dl to 11.1 mg/dl. Similarly, the mean serum

calcium concentration in normal pups varied from
10.1 mg/dl to 11.0 mg/dl (Table 2). Mean serum

phosphate concentrations and mean serum alkaline
phosphatase activities were usually greater in the
dwarf malamute. Significant differences were found
at the 5% level between mean serum inorganic phos-
phate concentrations of normal and dwarf dogs at 16
weeks of age, dwarfs having increased values (Table
3). Similarly, alkaline phosphatase activities were

significantly higher in dwarf dogs at 10, 12, and 18
weeks of age (Table 4).

It should be noted, however, that absolute values
for serum inorganic phosphate concentrations and
serum alkaline phosphatase activities were not in ex-

cess of the normal limits established for canine sera.'7
With the approach of skeletal maturity, mean serum

values for alkaline phosphatase activity and phos-
phate concentations decreased in the normal and
dwarf malamute serum samples at a similar rate.

Urine Amino Acid Analysis and Chemistry

A total of 34 amino acid peaks were detected, and
13 of those peaks were identified, including proline,
glycine, valine, citrulline, and threonine. Values were

reported as micromoles per milliliter. No individual
or comparative increase in the excretion of amino
acids was detected in the urine of normal-phenotype
or dwarf malamutes.

Excretion of calcium and phosphate in the urine
was variable; however, no difference was found in
paired samples between the dwarf malamute and its
littermate with a normal phenotype.

Double-Tetracycline-Labeled Ground Bone Sections

Ground bone sections from dwarf limb bones and
ribs had consistently thicker cortices than normal
bone. Fewer Howship's lacunae and fewer active os-

teons were present in the cortex of dwarf bones. Bone

Table 1-Results of Matings Performed to Determine the Mode of Inheritance of Dwarfism in Alaskan Malamutes

Litters Total Average Live Normal
Crosses performed produced pups litter size pups phenotype Dwarf

Normal to normal 6 50 8.3 49 49 0
Normal to carrier 5 39 7.8 34 34 0
Carrier to carrier 5 24 4.8 24 18 6
Normal to dwarf 18 123 6.8 103 103 0
Carrier to dwarf 10 46 4.6 46 29 17*
Dwarf to dwarf 3 18 6.0 14 0 14

XI = 3.14, P = .081 for 1:1 normal to dwarf.
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Table 2-t-Test Comparing Mean Serum Calcium Concentrations (mg/dl) in Dwarf and Normal Malamutes

Age in weeks

Group

Dwarf
n

Normal
n

6 8 10 12 14 16 18 24 32 40

11.0
7

10.5
29

10.7
2

11.0
22

9.5
2

10.4
7

10.6
2

10.3
9

10.6
2

10.6
5

10.4
4

10.8
11

10.1
8

10.1
6

10.8
3

11.0
7

10.2
4

10.3
7

10.9
2

10.3
5

from dwarf puppies had evidence of more active
periosteal bone formation than normal except for the
bone of one normal pup (Figure 3).
Mean appositional bone formation rate (Table 5)

was slightly greater in bone from normal dogs than
from dwarfs, but there were neither marked nor con-
sistent differences between the rates of bone apposi-
tion at the double-tetracycline-labeled sites in normal
and dwarf malamutes.

Histopathology

Newborn
There was little histologic difference in the growth

plate and metaphyses of newborn dwarf and normal
malamutes. The growth plate was narrow, and col-
umns of cartilage cells were well organized. The
zones of cartilage cell proliferation, hypertrophy,
and degeneration were similar in sections from dwarf
and normal pups. The zone of provisional calcifica-
tion was regular; however, calcified matrix spicules in
the primary spongiosa and ossified spicules in the sec-
ondary spongiosa were fewer but larger and more ir-
regular in bone from dwarf malamutes (Figure 4).

Normal Phenotype
Although bone sections taken from newborn

malamutes were quite similar, striking differences
were found between growth plate sections from nor-
mal phenotype and dwarf malamutes during the
growth period. In sections from the normal-pheno-
type growth plate, numerous cartilage cell stacks
were produced in the zone of cartilage cell prolifera-
tion (ZCP), separated by narrow cores of matrix.
Stacks of cartilage cells remained well aligned
through the zone of cartilage cell hypertrophy (ZCH)
and the zone of cartilage cell degeneration (ZCD),

with occasional compression and lateral displace-
ment of cells and lacunae. The three zones of car-
tilage cells were approximately equal in length, and
vascular penetration of the degenerated cartilage cells
occurred at a regular rate. Vascular penetration into
the ZCD resulted in the removal of degenerated car-
tilage cells and exposure of the narrow cores of inter-
vening calcified cartilage matrix. Osteoblasts prolif-
erated and deposited osseous tissue on the exposed
surfaces of the matrix spicules to form the osseous-
matrix trabeculas of the secondary spongiosa. There-
fore, narrow parallel osseous trabeculas, aligned with
the bone growth axis, were formed in the metaphysis.
Between these trabeculas, the vascular or marrow
spaces remained in the area of the respective columns
of degenerated cartilage cells that preceded them.

Dwarf
The cellular morphology of resting, proliferative,

and hypertrophic cartilage cells appeared normal in
the dwarf. Proliferation of cartilage cells in the ZCP
resulted in short stacks of cells separated by broad
cores of matrix. In some areas the abundant matrix
displaced cartilage cell columns and gave the ap-
pearance that fewer cells were present. The ZCP and
ZCH were normal in length and similar to the respec-
tive zones in the normal growth plate (Figure 5).
Arrangement of the cell columns and lacunae with-

in the growth plate of the dwarf was variable. Car-
tilage cell stacks were found in relatively long,
straight columns, whereas in the other areas columns
were short and crooked. Linear arrangement of cells
in the ZCH and ZCD was frequently lost, as cells
were displaced laterally, forming confluent columns
as many as five cells wide. Clusters of cartilage cells
were found occasionally at the margins of the growth
plate (Figure 6).

Table 3-t-Test Comparing Mean Serum Phosphate Concentrations (mg/dl) in Dwarf and Normal Malamutes

Age in weeks

Group
Dwarf

n
Normal

n

6 8 10 12 14 16 18 24 32 40

8.1
7
7.9

29

8.5
2
7.1

21

8.7
2
8.0
6

8.5
2
7.9
9

7.0
2
7.7
4

9.4
4
7.8
9

7.4
8
7.5
6

7.5
3
7.7
7

6.0
4
6.4
7

6.2
2
7.5
9
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Table 4-t-Test Comparing Mean Serum Alkaline Phosphatase Activities (Bodansky Units) in Dwarf and Normal Malamutes

Age in weeks

Group 6 8 10 12 14 16 18 24 32 40

Dwarf
n

Normal
n

10.9 11.2 16.9
7 2 2
8.8 8.5 9.1

29 22 7

14.8
2
8.6
9

11.7
2
8.9
5

10.6
4

11.2
10

15.1
8

13.2
6

9.2
3
6.9
7

8.6
4
5.1
7

5.6
3
8.1
5

The abundant matrix that was present in the ZCP
continued through the ZCH and the ZCD. The
matrix in these zones was present in wide cores inter-
connected by transverse bands, which interrupted the
columnar progression of cartilage cells or caused
these columns to be deviated from the plane of the
section.

In the ZCD broad longitudinal and transverse
cores of matrix were interspersed among confluent
stacks of intervening cartilage cells. In some areas
vascular penetration from the metaphysis occurred
normally. Exposed matrix cores were ossified, to
become irregular longitudinal and transverse
osseous-matrix spicules in the secondary spongiosa.
These trabeculas were separated by wide vascular
spaces similar to the confluent columns of cartilage

cells which preceded vascular penetration into the
ZCD.

Microfractures were frequent in the zone of provi-
sional calcification. These fractures resulted in inter-
ruption of vascular penetration with hemorrhage,
fibrosis, callus formation, and occasional throm-
bosis. In other areas there was evidence of healing,
with renewed vascular penetration occurring distal to
the microfracture. Occasional tongues of degenera-
tive cartilage cells and unossified matrix extended in-
to the metaphysis. These tongues of cartilage were
found abutting the fibrous callus of a microfracture,
whereas in adjacent areas of the same microfracture
vascular penetration and osteogenesis were reini-
tiated (Figure 7).

Evidence of recent microfractures was present in

Figure 3-Transverse, ground rib sections from a dwarf (A) and a normal (B) malamute. Increased periosteal bone formation and reduced cor-
tical bone remodeling were evident in the dwarf. (Villanueva's osteochrome, x 60) (With a photographic reduction of 4%)
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Table 5-Double-Tetracycline-Labeled Bone Study for the
Determination of Appositional Bone Formation Rate

Appositional rate in
microns/day

Puppy Age
number* (weeks)

3-1
3-2
3-3
3-4
4-1
4-2
5-1
5-2

16

18

20

Normal
Sex phenotype

M

M

F

M

F
F

F

2.36

1.37

2.84

* First number indicates litter number; second indicates puppy

number.

the secondary spongiosa and metaphysis. Transverse
bands of short trabeculas were interrupted by other
transverse bands of fibrosis. The cartilage growth
plate immediately distal to recent or healing micro-
fractures was wide due to an increase in the length of
the ZCD. In contrast, the growth plate was narrow,

and zones of the growth plate were relatively normal
distal to the secondary spongiosa, where there was no

evidence of previous microfractures (Figure 8).

Histochemical Examination

No quantitative difference between intensity of
staining reaction was detected among any of the
tissue sections stained for either acid phosphatase or

alkaline phosphatase. The width of the stained tissue
corresponded to the width of the respective cartilage
growth plate. Therefore, the zone of stain reaction
was wider in tissue sections from dwarf pups.

Electron Microscopy

The morphologic characteristics of the cartilage
cells were similar in dwarf and normal puppies. No
abnormality in the structure of these cells could be
detected.

Subjective examination indicated a possible differ-
ence in the fibrillar matrix found between cartilage
cells. However, no conclusions regarding matrix were

made on the basis of this study.

Discussion

The genetic data supported previous reports that
the most probable mode of inheritance was a single
autosomal recessive gene with complete penetrance,
variable expression of dwarfness, and no intermedi-

ate phenotypes. A lethal factor was unlikely, because
both the death rate among newborn puppies and re-
duced litter size were not consistent among litters
produced by dwarf or carrier parents. The variation
in litter size may have reflected physical problems en-
countered in breeding dwarf dogs. Furthermore, no
allowance was provided in these data to adjust for
the dwarf and carrier dams being usually primipara,
whereas all normal dams were pluripara.

Samples obtained for urinalysis provided too few
data to permit meaningful statistical analysis. The
absence of overt differences in the urinary excretion
of calcium, phosphorus, and amino acids suggested
that no renal mechanism was involved in the distur-
bance of endochondral bone formation.
Fewer active osteons and fewer Howship's lacunae

in the ground sections of dwarf bone indicated re-
duced cortical bone remodeling. Increased periosteal
bone formation and reduced cortical remodeling may
have been the result of mechanical factors associated
with the broad, short, curved bones.

Alkaline phosphatase activity and inorganic phos-
phate concentration in the dwarf were not in excess
of absolute values established for normal canine
serum, although they were slightly higher than in
normal control malamute serum. Increased serum
phosphorus concentration in the dwarf was not con-
sidered unusual in the presence of normal serum cal-
cium concentrations and increased osseous reorgani-
zation. Greater serum alkaline phosphatase activity
in dwarf dogs might be expected in the presence of
the marked osseous changes and bone remodeling
that occurred, compared with normal malamutes.
Serum values or inorganic phosphate and alkaline
phosphatase activity progressively decreased with
maturing endochondral ossification. These values
were similar in normal and dwarf malamutes at
skeletal maturity. In addition, no detectable differ-
ences in histochemical stain intensity could be found
in endochondral ossification at the metaphysis of
dwarf malamutes. These findings suggested that
delay in endochondral ossification was not related to
errors in alkaline or acid phosphatase metabolism.
The absence of a marked variation in serum cal-

cium and phosphorus and the normal urinary excre-
tion of calcium and phosphorus in dwarf malamutes
suggested that vitamin D metabolism and the regula-
tory mechanisms involved in calcium and phospho-
rus homeostasis were not primary factors in the
pathogenesis of the disease. The absence of a signifi-
cant difference in the appositional bone formation
rate added further support to the hypothesis that
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DWARFISM IN ALASKAN MALAMUTES 231

Figure 4-Photomicrographs com-
paring sections from the growth
plate of normal (A) and dwarf (B)
newborn malamutes. Fewer and
more irregular trabeculas were pres-
ent in the secondary spongiosa and
metaphysis of the dwarf. (Movat's
pentachrome, x 90)

B .- - - - - - - - - - - -- - - .2 -

general factors associated with mineralization of
bone were normal.

Histologic findings in the growth plate of normal-
phenotype malamutes were consistent with normal
columnar endochondral bone formation. No indica-
tions of cellular or structural differences were found
that would distinguish the heterozygous condition.

Histopathologic findings in the dwarf growth plate
did not reveal morphologic abnormalities of cartilage
cells, vascular components, or osteoblasts. Large

cores of exposed matrix in the zone of provisional
calcification resulted in less total surface area for
ossification. As a result of this weakness, normal
stresses resulted in trauma and fractures in the zone
of provisional calcification. Vascular penetration
with resorption of degenerated cartilage cell lacunae
were interrupted, and irregularities in the healing of
microfractures resulted in additional vascular inter-
ference. The ZCP was not affected by these changes,
and cartilage cells continued to proliferate, hyper-
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Figure 5-Photomicrographs comparing growth plates from a normal (A) and a dwarf (B) malamute at 12 weeks of age. Matrix was more abun-
dant and cartilage cell columns appeared fewer in the dwarf. (Movat's pentachrome, x 180) (With a photographic reduction of 4%)

trophy, and degenerate. Therefore, increase in the
length of the ZCD and unevenness in the cartilage
growth plate were the result of mechanical interrup-
tion in vascular penetration and osteogenesis.
The subtle difference between the growth plates of

newborn dwarf and normal malamutes did not pro-
vide a reliable means of determining either the
phenotype or the genotype. This observed difference,
however, suggested an inborn cellular error in dwarfs
with the presence of a structural weakness at birth
that required mechanical factors to bring about the
clinical manifestation of dwarfness. The first osseous
change seen on radiographs of dwarf malamutes oc-
curred at 7-10 days of age. These changes were con-
sistent with a pathogenetic mechanism involving
trauma. In other dogs, evidence of bone resorption at
the site of a fracture became apparent at 7-10 days
following the initial trauma.
Among the "cartilage-preformed bones" formation

of bone from elongated columns of cartilage cells
was characteristic of the tubular bones. The struc-

tural architecture of this type of endochondral bone
formation was more susceptible to trauma and the
subsequent effects of vascular interruption. Vascular
interruption with irregularities in healing and
development of unequal vascular penetration into the
zone of degenerated cartilage cells resulted in an
uneven rate of bone formation at the metaphysis. In
rickets the initial source of weakness was inadequate
calcification of matrix spicules in the primary
spongiosa. Variations in the composition, quantity,
or deposition of cartilage matrix may have had a
similar effect. It was likely that focal interruption of
vascular penetration into the growth plate from any
cause could have produced a similar manifestation in
growing bone. Therefore, in the dwarf malamute the
occurrence of marked irregularities in bone forma-
tion at the metaphyses of tubular bones and the ap-
parent absence of interference with other types of en-
dochondral bone formation did not preclude the
possibility of a generalized cartilage defect. Delayed
ossification in cuboid bone and apophyses in
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DWARFISM IN ALASKAN MALAMUTES 233

Figure 6-Photomicrograph of the growth plate from the rib of a 12-week-old dwarf malamute. Cartilage cells were occasionally found in con-
fluent columns and clusters. (Movat's pentachrome, x 400) (With a photographic reduction of 3%)

malamute dwarfs supported the hypothesis that a
generalized defect in cartilage is present.

Excessive cartilage matrix or structural weakness
of the cartilage matrix or a combination of both
could have led to greater displacement of plastic flow
of matrix while the cartilage was under stress. This
could have led to distortion of the columns of car-
tilage cells with displacement of cells and subsequent
increase in width of cartilage cell columns. Micro-
fractures that were observed in the primary spon-
giosa could have been produced by mechanical stress
acting on the zone of provisional calcification, made
weaker by the development of fewer and larger
calcified cores of abnormal matrix. Excess matrix
was first observed in the zone of cartilage cell pro-
liferation, and irregular cores of matrix persisted in
all three zones of the growth plate, to become equally
irregular ossified spicules in the metaphysis. These
findings suggested an alteration in the collagen-gel
composition of the cartilage matrix.

Ultrastructural defects have been found in the car-

tilage cells of some human dwarfs. 18-22 Electron-micro-
scopic examination of cartilage cells from malamute
dwarfs failed to reveal a storage defect in the rough en-
doplasmic reticulum. No other ultrastructural defects
were found in cartilage cells, and no conclusions were
made regarding the fibrillar matrix surrounding these
cells. Subsequent ultrastructural studies have revealed
defects of growth plate chondrocytes, which include
fewer ruthenium red granules present in the interter-
ritorial matrix of dwarf malamutes and some dilation
of the rough endoplasmic reticulum in proliferating car-
tilage cells.23

Dwarfism in the malamute is a chondroosseous
defect with characteristics similar to the metaphyseal
dysplasias in human beings. The similarities may be
summarized as follows:

1) Both diseases have a marked resemblance to
rickets. 1.2.11,24-28

2) Both diseases have been mistaken for vitamin
D-resistant rickets. 124,29-32

Vol. 106 * No. 2
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Figure 7-Photomicrograph of a healing microfracture in the growth plate from the distal radius of a 20-week-old dwarf malamute. The zone of
provisional calcification distal to the microfracture (F) was uneven. Vascular penetration (V) and osteogenesis were evident on either side of a
tongue of degenerated cartilage (C). (Movat's pentachrome, x 120) (With a photographic reduction of 3%)

3) Patients were short in stature, and osseous
changes were usually restricted to the long
tubular bones. 1.211.24-27.313335

4) Retarded ossification of cuboid bones have
been suggested. 136,37

5) Bones of the spine and skull had no noticeable
change. 1,2.1125,26.28.31.33,35

6) Transmission of these diseases was considered
hereditary. 15. 24-27,31,3334,35.38

Literature citing dwarfism in human patients is fre-
quently confusing, due to inconsistencies in classific-
ation and and nomenclature. In recognition of this
problem, attempts have been made to develop a more
standard nomenclature.36'39 An effort to classify
dwarfism in the malamute should consider the fol-
lowing: 1) dwarfism is transmitted by an autosomal
recessive gene; 2) manifestation of the cartilage-
osseous defect occurs during the growth period
following birth and is not grossly evident in the new-
born; 3) the disease does not appear to be intrinsic to
bone or osteogenetic precursor cells; 4) dwarfism is
not influenced by nutritional factors involved in

osteogenesis; and 5) the osseous change appears to be
a function of the cartilage cell or the matrix formed
by cartilage cells. Applying these findings to one
method of classification, malamute dwarfism may be
considered to be a form of metaphyseal dysplasia.36
Using another nomeclature, one may classify this
disease as osteochondrodysplasia.39 It is not the pur-
pose of this study to rename dwarfism in malamutes;
therefore, it is suggested that the name "canine chon-
drodysplasia,"2 or more simply, "dwarfism in Alaskan
malamutes," be retained until the biochemical mech-
anisms are discovered. It should be stressed, how-
ever, that chondrodysplasia in the malamute is com-
pletely unlike familial canine chondrodystrophia
fetalis (achondroplasia).40 In addition, this disease is
unlike dyschondroplasia as is described in some
human dwarfs.41
Marked variation in the expression of dwarfness

occurs among malamutes. Although this variation is
not as great as that which occurs among human
dwarfs, it should be recongized that affected dogs are
the product of a relatively small genetic pool. In ad-
dition, these dogs are maintained in more standard

AJP * February 1982
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Figure 8-Photomicrograph of the growth plate from the distal radius of a 20-week-old dwarf malamute. Columns of degenerated cartilage
cells (D) were longer distal to microfractures (F) in the metaphysis. The growth plate (N) was relatively normal distal to the metaphysis, where
no microfractures were present. (Masson's trichrome, x 16) (With a photographic reduction of 2%)

conditions of environment and diet than their poten-
tial human counterparts. Dwarfism occurs sporad-
ically among the general canine population; however,
little effort has been made to document individual
cases. This has resulted in an unfortunate void in the
comparative study of dwarfism among dogs.
The clinical, radiographic, and histopathologic

characteristics of dwarfism in the Alaskan malamute
have been described. Identification of the biochemi-
cal disease mechanism and additional ultrastructural
studies are necessary before the ultimate classifica-
tion of this disease can be made. It appears that this
disease might provide a valuable model with which
to study similar chondroosseous disease in human
beings.
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