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Abstract
Here we present the radiographic findings of limb and spine in a 15-month-old female Bichon with
pseudoachondroplasia (PSACH). PSACH is a rare form of osteochondrodysplasia, the main clinical characteristics are
disproportionate short stature, abnormalities of the limbs and spine, abnormal walk, joint laxity and early
osteoarthrosis. The animal was evaluated by physical and radiographic exams. Radiographic images of the skull, spine
and limbs were obtained, and showed normal appearance of cranial structure and multiple changes in the limbs and
spine, including generalized dysplasias of epiphyses and metaphyses of the long and short bones. Epiphyses were
incomplete developed and had irregular appearance, separated by a radiolucent line, and metaphyses of the long bone
were prominent flared appearance. Carpal and tarsal bones were also affected, showing shape changes.
Key words: dog, pseudoachondroplasia,skeletal dysplasia.

INTRODUCTION
Locomotory apparatus includes bones, articular
and muscular structures in which are present all
categories of
tissues used for growing,
mecanic suport, vital organs protection,
movement and mineral and blood cells
reservoir (Predoi et al., 2012; Georgescu and
Raita, 2014). Skeletal components of
vertebrates have their origins in mesoderm
(Docheva et al., 2014) which is the second
embryo layer. In ontogenetical development the
mesoderm generates the mesenchyme out of
which arise all types of conjunctive tissue of
adult animals (Cornilă and Manolescu, 1995).
Conjunctive tissues contain conjunctive cells
and extarcellular matrix (ECM) (consisting of
fundamental substance and conjunctive fibres),
then after metaplastic processes those
components are suffering adaptive phenomena
causing appearance of supportive conjunctive
tissues, respectively cartilage and bone tissues
(Georgescu and Raita, 2014). Under the
influence of physical, chemical, nervous and
humoral factors, conjunctive cells perform
multiple functions such as mechanical, defense
(by
phagocytosis,
antibody
release),
cytogenetics (generating other cell types) and
synthesis of various protein and carbohydrates
range composing the ECM (Georgescu and
Raita, 2014). Collagens are one of the most
important structural proteins which compose

182

the ECM having widespread inside the
organism and determinating specific features of
tissues depending on the collagen type (Krakov
and Rimoin, 2010). Bone formation starts in
fetal period with two osteogenetic mechanisms,
inside matrix ossification on a conjunctive
pattern, the way it happens in forming the
bones in cranial vault, maxilla, part of the
clavicle and pubis, or on a hyaline cartilage
pattern, the way it happens with formation of
long bones (Georgescu and Raita, 2014). The
bone formation mechanism is under specific
genetic and direct control (Colnot, 2005).
Mutations in genes encoding collagen fibres
formation and cartilage ECM proteins, such as
cartilage oligomeric matrix protein (COMP),
proteoglycans aggrecan and perlecan usually
result in various skeletal dysplasia (Ionita C.,
1999; Carter et al., 2009; Krakov and Rimoin,
2010; Cao et al., 2011; Kyöstilä and al., 2013).
Skeletal dysplasia found in humans and dogs
alike are disorders of varying severity
characterized by abnormally skeletal shape and
size and long bones, spine and skull
disproportion (Warman et al., 2011). Currently
in humans based on radiological and clinical
criteria are described more types of skeletal
dysplasia (Alanay and Lachman, 2011), while
in dogs include more entities which sometimes
can look similar clinical and radiological but
histological and biochemical they are
representing a heterogeneous group of disease
(Wisner and Pollard, 2007). Among them is

pseudoachondroplasia (PSACH), a rare form of
osteochondrodysplasia
whose
main
characteristics are disproportional waist
shortening, limbs and spine abnormalities,
abnormal walk, articular laxity and early
osteoarthritis (Radlović et al., 2013). The
purpose of this report is to describe
radiographic findings of limb and spine
PSACH in a 15-months-old female dog.

of the vertberal bodies were lost the pleated
appearance and vertebrae have been shorter
than normal. Tarsal and carpal bones were
affected also showing shape changes. It was
also found deformation of shoulder glenoid
cavity bilaterally.
In the pelvis it has been found acetabular cavity
and proximal femoral epiphyses agenesis (Fig.
3). Limb articulations were modified mostly in
the elbow, knee and hip. As a result of bone
ends incongruity involved in the articulation
were
produced
degenerative
processes
especially in the elbow. Since onsteochondral
changes incuded only the axial and
appendicular skeleton without affecting
craniofacial structures (such as achondroplasia
does) it was diagnosed with PSACH.

MATERIALS AND METHODS
A 15-months-old female Bichon was presented
for evaluation with walking disorders, pain and
deforming of limb articulation. Faulty
movement has been seen since she was 4
months old and in time became more obvious.
The animal was evaluated by physical
examination (inspection and palpation) and
radiographic as previously described (Tudor,
2002; Papuc and Lăcătuş, 2013). The
Radiological exam was conducted from
orthograde incidents using a computed
radiography machine set to 66 kV and 6.3 mAs
with a radiation source – film distance of 100
cm. Were obtained radiographic images of the
skull, spine and limbs.
RESULTS AND DISCUSSION

a

Pshysical examination has shown that the limbs
were shorter than the normal size with a high
sensibility in articular palpation with a grown
laxity and a slow movement. There were not
found cutaneous, ocular or craniofacial
changes. Radiographic images have indicated
normal appearance of cranial structures and
multiple changes in limb and spine bones. The
reduction in dimension of bone rays was
accompanied by important bone changes in all
ephihyses both vertebral bodies and long
bones. The ephiphyses were incompletely
developed and had irregular appearance still
separated from the shaft by a radiolucent line.
The long bone metaphyses were deformed
especially the distal humerus, radius and ulna
which had a flared apperence (Fig. 1 and 2).
Bony growths were noticed at the crest deltoid
of humerus and medial humeral epicondyle
level. Vertebral end plates have had irregular
appearance, distictly separated from the
vertebral body. Moreover, the ventral borders

b

Figure 1. Lateral (a) and craniocaudal (b) views of the
right limb. In the lateral view it can saw severe changes
on bones: incomplet growth of the femural head; the
proximal humerus metaphysis is wider; the elbow joint
incongruency is faulty development of the distal
epiphysis of the humerus and the proximal epiphysis of
radius and ulna; the distal metaphysis enlargement and
the incomplete growth of the distal epiphysis of the
radius and ulna; carpal bones and proximal epiphysis of
the metacarpal bones have incomplete growth. In the
craniocaudal view it can be observed the normal
appearence of the proximal and distal extremities of the
humerus, malformation of the elbow joint, the new bone
formation on the medial epicondyle of humerus, the
medial angular deformity of the ulna, enlargement of the
distal metaphysis of ulna, incomplete growth of the distal
epiphysis of radius and ulna like carpal bones and
proximal etremities of metacarpal bones.

183

a

based on their phenotypic aspect such as Basset
Hound, Dachshund, Bulldog etc. (Hoelen,
2010), and gene intervention in producing these
defining breed features was demonstrated
(Parker et al., 2009). It was reported that
osteochondrodysplasia appears also in some
non-chondrodysplatic breeds such as Alaskan
Malamutes (Sande et al ., 1982), Norwegian
Elkhounds (Bingel and Sande, 1982), Great
Pyrenees (Bingel and Sande, 1994), Scottish
Deerhounds (Breur et al., 1989), German
Shepherd (Mosallanejad et al., 2007),
Miniature Poodles (Riser et al., 1980) and Iris
Setter (Hanssen et al., 1998). This condition is
considered to be hereditary having different
phenotypic expressions (Wisner and Pollard,
2007). Besides skeletal defects the disease can
affect other organs like the eye causing
blindness as is was pointed in Labrador
Retrievers (Goldstein et al., 2010) and
Samoyeds (Meyers et al., 1983).
Radiographic features of skeleton in the case
described here were represented by generalized
dyspalsia of limb bone epiphysis and
metaphysis and vertebral bodies without
involving craniofacial bones are compatible
with PSACH (Wisner and Pollard, 2007;
Radlović et al., 2013). All limb bones were
shorter than they normally are and the most
affected were humerus and femur typical
changes for rhizomelic dwarfism (Radlović et
al., 2013). Moreover, were indicated angular
deformities of the limbs showing asychronous
growth of bone rays (Tanase, and Craciunescu,
2003). Thus the femur and radius have
presented the most obvious changes.
Radiographic images have shown articular
deformation with the production of new
periepifizar bone and the articular laxity seen in
palpation sugests affecting tendon and ligament
structures. PSACH diagnosis is based firslty on
familly history of the individual and
characteristic
findings
pshysical
and
radiographic.
When
possible
genetic
verification of the skeletal disorder must also
be made. Skeletal changes met in this case
were simillar with those described previously at
dog and man (Wisner and Pollard, 2007;
Radlović et al., 2013).
PSACH is a condition framed in the
osteochondrodysplasia group which contains
more than 150 distinct conditions characterized

b

Figure 2. Lateral (a) and craniocaudal (b) views of the
left limb. Can see bone changes similar to those of the
right forelimb.

Figure 3. Ventrodorsal view of pelvis and hind limbs. It
can be observed the epiphyseal alterations of the
endplate in vertebral bodies. On hind limbs it can be
observed bilateral bone severe changes: the acetabular
cavity and the femural head are not formed, femural
diaphysis have angular deformity; the proximal tibial
epiphysis is incomplet formed and the proximal tibial
metaphysis is wider.

Generally osteoachondrodysplasia occurs as a
result of faulty endochondral ossification
causing disproportionate dwarfism and
morphological defects of appendicular and
axial skeleton (Tanase and Craciunescu, 2003;
Wisner and Pollard, 2007; Ionita L., 2008; Cao
et al., 2011). Traditionally some dog breeds
were classified as chondrodysplastic breeds
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by abnormal developement of bone and
cartilage (Spranger, 1992). Previous studies
established that in humans this condition
happens consequently to a structural gene
mutation
positioned
on
19p12-13.1
choromosome (Briggs et al., 1995; Cao et al.,
2011) and encodes COMP, an ECM protein
primarly expressed in cartilage, tendon and
ligament, but also in many other tissues
(Kracov and Rimoin, 2010). In dogs PSACH
has been described in Miniature Poodle (Riser
et al., 1980) and Scotish Deerhound (Breur et
al., 1989) beeing considered by some authors to
be a form of multiple epipyseal dysplasia
(Riser et al., 1980), but skeletal abnormalities
from PSACH are more generalized than in
MED (Jezyk, 1985). In this study were
described skeletal adnormalities of limbs and
spine in Bichon dog, which is a rare case.
The causes of the appereance of this condition
in the dog from the present report are still
unclear because of the unknowingly of any data
about the dogs parents or brothers or the
conditions in which the female gestation took
place. The involvement of genetic mutations in
the appereance of this skeletal abnormality
were previously presented (Carter et al., 2009;
Goldstein et al., 2010; Frischnecht et al., 2013;
Neff et al., 2012).
PSACH was differentiated from other
condrodysplasic
abnormalities
such
as
chondrodysplasia of Alaskan Malamutes,
chondrodysplasia of Norwegian Elkhounds or
ocular chondrodysplasia of Labrador Retrievers
and Samoyed dogs based on the radiographic
and clinical features. Where in the case of
Alaskan Malamutes skeletal changes affect
limb bones without involving the skull and the
spine. The psysis of all limb bones can be
affected but obvious radiographic changes are
pointed in the distal physis and metaphysis of
ulna and radius. Asychronous growth is
causing angular deformations of the limbs
(Sande et al., 1982). Chondrodysplasia of
Norwegian Elkhounds is characterized by
disproportionate dwarfism but the forelimbs are
more frequently affected than the hindlimbs. In
addition radiographical are found abnormalities
of the vertebrate bodies and constochondral
junction whithout affecting the skull (Bingel
and Sande, 1982). In Labrador Retriever breed
skeletal expression of the limbs, varied in this

breed (Smit et al., 2011; Frischknecht et al.,
2013), may be accompanied sometimes by
ocular manifestations such as cataracts, retinal
dysplasia and retinal detachment (Goldstein et
al., 2010).
CONCLUSIONS
PSACH
represents
a
form
of
osteochondrodysplasia characterized clinically
by dwarfism and abnormal locomotion and
radiographic by generalized dysplasias of
epyphyses and metaphyses of the long and
short tubular bones.
Avoiding the appereance of such compounds
should be traced by breeding control and
inbreeding avoidance.
REFERENCES
Alanay Y., Lachman R.S., 2011. A review of the
principles of radiological assessment of skeletal
dysplasias. Journal of Clinical Research in Pediatric
Endocrinology, 3: 163-178.
Bingel S.A., Sande R.D., 1982. Chondrodysplasia in the
Norwegian Elkhound. American Journal of
Pathology, 107: 219-229.
Bingel S.A., Sande R.D., 1994. Chondrodysplasia in five
Great Pyrenees. Journal of the American Veterinary
Medical Association, 205 (6): 845-848.
Breur G.J., Zebre C.A., Slocombe R.F., Padgett G.A.,
Braden T.D., 1989. Clinical, radiographic,
pathologic,
and
genetic
features
of
osteochondrodysplasia in Scottish Deerhounds.
Journal of the American Veterinary Medical
Association, 195: 606–612.
Briggs M.D., Hoffman S.M.G., King L.M., Olsen A.S.,
Mohrenweiser H., Leroy J.G., Mortier G.R., Rimoin
D.L., Lachman R.S., Gaines E.S., Cekleniak J.A.,
Knowlton R.G., Cohn D.H., 1995. Pseudoachondroplasia and multiple epiphyseal dysplasia
due to mutations in the cartilage oligomeric matrix
protein gene. Nature Genetics, 10:330–336.
Carter E.M., Raggio C.L., 2009. Genetic and orthopedic
aspects of collagen disorders. Current Opinion in
Pediatrics, 21(1): 46–54.
Cao L.H., Wang L.B., Wang S.S., Ma H.W., Ji C.Y.,
Luo Y., 2011. Identification of novel and recurrent
mutations in the calcium binding type III repeats of
cartilage oligomeric matrix protein in patients with
pseudoachondroplasia. Genetic and Molecular
Research, 10 (2): 955-963.
Colnot C., 2005. Cellular and molecular interactions
regulating sckeletogenesis. Journal of Cellular
Biochemistry, 95: 688-697.
Cornilă N., Manolescu N., 1995. Structura şi
ultrastructura organelor. Ed. Ceres, Bucureşti.

185

Docheva D., Popov C., Alberton P., Aszodi A., 2014.
Integrin Signaling in Skeletal Development and
Function. Birth Defects Research (C), 102:13–36.
Frischknecht M., Niehof-Oellers H., Jagannathan V.,
Owczarek-Lipska M., Drögemüller C., Dietschi E.,
Dolf G., Tellhelm B., Lang J., Tiira K., Lohi H., Leeb
T., 2013. A COL11A2 mutation in Labrador
Retrievers with mild disproportionate dwarfism.
PLoS
ONE,
8(3):
e60149.
doi:10.1371/journal.pone.0060149.
Georgescu B., Raita Şt.M., 2014. Morfologia
microscopică a cărnii şi organelor. Ed. Ceres,
Bucureşti.
Goldstein O., Guyon R., Kukekova A., Kuznetsova T.N.,
Pearce-Kelling S.E., Johnson J., Aquirre G.D.,
Acland G.M., 2010. COL9A2 and COL9A3
mutations
in
canine
autosomal
recessive
oculoskeletal dysplasia. Mammalian Genome, 21 (78): 398–408.
Hanssen I., Falck G., Grammeltvedt A.T., Haug E.,
Isaksen C.V., 1998. Hypochondroplastic dwarfism in
the Irish Setter. Journal of Small Animal Practice, 39:
10–14.
Hoelen C.Q., 2010. Evaluation of different candidate
genes as a cause of chondrodysplasia in Labrador
Retrievers and Bouviers des Flandres. Doctoral
Thesis, Utrecht, Netherlands.
Ionita C., 1999. Cercetări etiopatogenetice privind unele
oligodismineraloze (în Cu, Mn şi Zn) la puii de carne.
Teză de Doctorat, Bucureşti.
Ionita L., 2008. Aparatul locomotor. In: Ionita L. (Ed),
Patologie şi clinică medicală veterinara. Vol. II, Ed.
Sitech, Craiova, 481-508.
Jezyk P.F., 1985. Constitutional disorders of the skeleton
in dogs and cats. In: Newton Ch.D., Nunamaker
D.M. (Eds.), Textbook of Small Animal
Orthopaedics, J.B. Lippincott Company, USA.
Kracov D., Rimoin D., 2010. Genetics in Medicine, 12
(6): 327-341.
Kyöstilä K., Lappalainen A.K., Lohi H., 2013. Canine
chondrodysplasia caused by a truncating mutation in
collagen-binding integrin alpha subunit 10. PLoS
ONE,
8(9):
e75621.
doi:10.1371/journal.pone.0075621.
Meyers V.N., Jezyk P.F., Aguirre G.D., Patterson D.F.,
1983. Short-limbed dwarfism and ocular defects in
the Samoyed dog. Journal of the American
Veterinary Medical Association, 183: 975–979.
Mosallanejad B., Ghadiri A., Avizeh R., 2007.
Chondrodysplasia in a German Shepherd dog. Iranian
Journal of Veterinary Surgery, 2 (4): 89-93.
Neff M.W., Beck J.S., Koeman J.M., Boguslawski E.,
Kefene L., Borgamn A., Ruhe A.L., 2012. Partial
deletion of the sulfate transporter SLC13A1 is
associated with an osteochondrodysplasia in the
Miniature Poodle breed. PLoS One 7(12): e51917.
doi:10.1371/journal.pone.0051917.

Papuc I., Lăcătuş R., 2013. Radiologie şi Radioprotecţie.
Diagnosticul radiologic în afecţiunile aparatului
locmotor la animale domestice. Ed. AcademicPress,
Cluj-Napoca.
Parker H.G., VonHoldt B.M., Quignon P., Margulies
E.H., Shao S., Mosher D.S., Spady T.C., Elkahloun
A., Carqill M., Jones P.G., Maslen C.L., Acland
G.M., Sutter N.B., Kuroki K., Bustamante C.D.,
Wayne R.K., Ostrander E.A., 2009. An expressed
fgf4 retrogene is associated with breed-defining
chondrodysplasia in domestic dogs. Science, 325
(5943): 995–998
Predoi G., Georgescu B., Belu C., 2012. Anatomia
omului. Ed. Asclepius, Bucureşti.
Radlović V., Smoljanić Ž., Radlović N., Jakovljević M.,
Lekonić Z., Dučić S., Pavićević O., 2013.
Pseudoachondroplasia: a case report. Srpski Arhiv Za
Celokupno Lekarstvo, 141 (9-10): 676-679.
Riser W.H., Haskins M.E., Jezyk P.F., Patterson D.F.,
1980. Pseudoachondroplastic dysplasia in Miniature
Poodles: clinical, radiographic, and pathologic
features. Journal of the American Veterinary Medical
Association, 176 (4): 335-341.
Sande R.D., Alexandre J.E., Spencer R.G., Padgett G.A.,
Davis W.A., 1982. Dwarfism in Alaskan Malamutes
– a disease resembling metaphyseal dysplasia in
human beings. American Journal of Pathology, 106
(2): 224-236.
Smit J.J., Temwitchitr J., Brocks B.A., Nikkels P.G.,
Hazewinkel H.A., Leegwater P.A.J., 2011.
Evaluation of candidate genes as a cause of
chondrodysplasia in Labrador retrievers. Veterinary
Journal, 187 (2): 269–271.
Spranger J., 1992. International classification of
osteochondrodysplasias. The International Working
Group on Constitutional Diseases of Bone. European
Journal of Pediatrics, 151 (6): 407-415.
Tanase A., Craciunescu B., 2003. Ortopedia animalelor
mari. Ed. Sitech, Craiova.
Tudor N., 2002. Examinarea şi semiologia aparatului
locomotor. In: Constantin N. (Ed), Tratat de medicină
veterinară, vol. II, Editura Tehnică, Bucureşti, 259262.
Warman M.L., Cormier-Daire V., Hall C., Krakow D.,
Lachman R., LeMerrer M., Mundlos S., Nichimura
G., Rimoin D.L., Robertson S., Savarirayan R.,
Sillence D., Spranger J., Unger S., Zabel B., SupertiFurqa A., 2011. Nosology and classification of
genetic skeletal disorders: 2010 revision. American
Journal of Medical Genetics. Part A, 155(5): 943–
968.
Wisner E.R., Pollard R.E., 2007. Orthopedic diseases of
young and growing dogs and cats. In: Thrall D.E.
(Ed), Textbook of veterinary diagnostic radiology, 5th
ed.,
Elsevier
Inc,
USA,
268-283.

186

