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Simple Summary: Congenital limb defects are sporadically encountered in dogs during normal
clinical practice. Literature concerning their diagnosis and management in canine species is poor.
Sometimes, the diagnosis and description of congenital limb abnormalities are complicated by the
concurrent presence of different malformations in the same limb and the lack of widely accepted
classification schemes. In order to improve the knowledge about congenital limb anomalies in
dogs, this report describes the clinical and radiographic findings in four dogs affected by unusual
congenital forelimb defects, underlying also the importance of reviewing current terminology.

Abstract: Four dogs were presented with thoracic limb deformity. After clinical and radiographic
examinations, a diagnosis of congenital malformations was performed for each of them. In one
case, a deformity involving both the radial and ulnar side of the distal limb was observed. Based on
clinical and radiological evaluations, a diagnosis of postaxial terminal longitudinal ulnar hemimelia
was performed. The term ectrodactyly was used to refer different malformations characterized
by skin and soft tissue separation of the distal forelimb observed in two dogs. Simple complete
uncomplicated syndactyly of the right forelimb, and complex incomplete uncomplicated syndactyly
of the left forelimb were diagnosed in the fourth case. To the authors’ knowledge, ectrodactyly and
simple complete uncomplicated syndactyly are very uncommon anomalies in companion animals
and have been rarely documented. Moreover, postaxial terminal longitudinal ulnar hemimelia has
still not been reported in dogs.

Keywords: congenital limb deformity; dog; ectrodactily; syndactyly; ulnar hemimelia

1. Introduction

Appendicular skeletal dysostoses are a group of dysmorphologies arising from al-
terations of the limb’s developmental process, resulting in a wide range of abnormalities
involving individual bones or portions of bones of the growing embryo body extremi-
ties [1].

Hereditary (genetic aberrations) and environmental factors (drugs, maternal diseases,
radiations and trauma) can cause an abnormal developmental process or an interference
with a normal developmental process, respectively [2,3].

Limb formation is an intricate process, which takes place during the first weeks (from
D23 to D35) of gestation in dogs [3-5] Presumptive limb-forming fields are early established
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during embryonic development because of the rounding up of the somatic mesoderm cells
of the hypomere beneath the surface ectoderm [5,6].

Congenital defects and varying associations of stilopodium, zeugopodium and au-
topodium dysmorphologies have been previously described in cats and dogs. [7-12]. The
term stylopodium refers to a limb that terminates anywhere along the femur or humerus;
zeugopodium is a limb that terminates along the radius and ulna or tibia and fibula, and
autopodium when a limb terminates at the bones of the manus [13].

Recent reports of forelimb and hindlimb malformations of carnivores include ectro-
dactyly [14], preaxial longitudinal intercalary radial hemimelia [15], simple syndactyly and
unilateral pelvic limb adactyly in puppies [16,17], absence of the humerus with preaxial
terminal longitudinal hemimelia and hypoplasia of the scapula in a dog [17] and partial
paraxial radial hemimelia [18].

Despite the growing number of reports, in dogs the current knowledge about congeni-
tal limb deformity is very poor. Moreover, compared to human literature, in veterinary
medicine a complete and unequivocal description of many congenital defects is still lacking.

In order to improve the knowledge about congenital limb anomalies in dogs, the aim
of this report is to describe the clinical and radiographic findings in four dogs affected by
dysostoses of the distal extremities.

The importance of this report lies in it helping the clinician to recognize more easily
the features of rarely reported congenital limb deformities in canine species in order to
perform a diagnosis.

2. Case Presentations
2.1. Ethical Statement

No ethical approval was required in compliance with European Directive 2010/63/UE
and Italian Regulation D.Lgs n. 26/2014 because all the data derived from routine veteri-
nary clinical practices.

2.2. Clinical Examination

Four client-owned, crossbreed young dogs were presented each with an obvious de-
formity in the forelimbs. All dogs had an unknown history and the anomalies of forelimbs
were supposed to be congenital. The sites of deformation were assessed by physical and
radiographic examination. Forelimb radiographs were obtained using an Analogic Radio-
graphic/Fluoroscopic Table System (Dedalus Mb 90/20 IMX-2A, Imago Radiology S.r.l,
20081, Abbiategrasso (MI), Italy) with a digital radiography system (Fujifilm Medical Sys-
tems, Cernusco sul Naviglio (MI), Italy) in different projections: mediolateral, oblique and
dorsopalmar views. The following X-ray exposure setting was used: 40-60 kV, 8-12.5 mAs,
100 cm film-focus distance, no grid.

Below, the physical and radiographic findings of enrolled dogs are described.

2.3. Case 1

A two-year-old male dog was referred for a nonfunctional right forelimb due to
decreased range of motion of the right elbow joint and moderate disuse muscle atrophy
with no pain during palpation.

On physical examination, coexistent clinical abnormalities were a reduced number of
digits (hypodactlyly) with a complete rotation of the lateral nail, and an ectopic digit-like
structure in the elbow region. Three complete footpads (metacarpal pad and two digital
pads) were observed. A footpad was also present in the digit like structure (Figure 1).
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Figure 1. Case 1. Medial (A) and lateral (B) views of the right forelimb.

The radiographic examination consisted of two views, including a mediolateral view
of the forelimb section and a dorsoplantar view of the manus (Figures 2 and 3).

Figure 2. Case 1. Craniocaudal radiograph (A) and drawing scheme (B) of the right forelimb
malformation. R: Radius; RC: radial carpal bone; CB: carpal bone; MC: metacarpal bone; PP:
proximal phalange; MP: middle phalange; DP: distal phalange; DS: dorsal sesamoid; PSB: proximal
sesamoid bone.

Figure 3. Case 1. Mediolateral radiograph (A) and drawing scheme (B) of the right forelimb
malformation. H: humerus; U: ulna; R: radius; RC: radial carpal bone; CB: second and third
distal carpal bone; MC: metacarpal bone; PP: proximal phalange; MP: middle phalange; DP: distal
phalange; DS: dorsal sesamoid; PSB: proximal sesamoid bone. The olecranon and trochlear notch
were hypoplastic.
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In the mediolateral view of the forelimb section, a severe deformity was observed due
to a collapse of the elbow joint, which was in acute flexion. The radial head and the humeral
condyle were deformed, showing a rounded and irregular articular surface. The ulna
showed only the olecranon, whereas the medial and distal ulnar portions were missing.

The olecranon and trochlear notch were hypoplastic. This may suggest that the
trochlear notch dislocated long before presentation, explaining the stiffness of the el-
bow joint.

In the soft tissue near the caudal surface of the radial head a rudimentary digit con-
taining a hypoplastic metacarpal bone and proximal, middle and distal phalanx, without
evidence of joints, was observed, suggestive of an ectopic digit-like structure. It was charac-
terized by the outline of the hypoplasic fifth metacarpal bone and the proximal, medial and
distal phalanges of the fifth digit. The dorsopalmar view of the manus showed no ulnar
carpal bone, accessory bone and distal line of carpal bones. The radial carpal bone, two
complete digits and a hypoplasic metacarpal bone without its phalanges, were noted. A
180° rotation on the axial plane of the lateral distal phalange was observed. The remaining
digits and soft tissue were within the normal limits. Clinical and radiographic findings
showed a postaxial terminal longitudinal ulnar hemimelia with absence mid and distal
ulna, ulnar and accessory carpal bone, distal carpal bone IV and an ectopic fifth digital ray.

No treatment was performed for managing the congenital deformity because the dog
had no evidence of discomfort.

2.4. Case 2

An 11-month-old female dog was referred for a nonfunctional right forelimb without
pain at palpation. The clinical examination showed a lobster’s claw involving the paw,
carpus and antebrachium. The skin and soft tissues of the distal limb were split between
radius and ulna up to the proximal third of the antebrachium. The ulnar carpal bone,
metacarpal bone and phalanges showed a 180° rotation on the axial plane. The ulnar carpal
joint was in acute cranial flexion, with a mediocaudal rotation of the manus moving medial
to the radio. The radial carpal joint was also in acute flexion (Figure 4).

Figure 4. Case 2. Medial (A) and lateral (B) views of the right forelimb.

The radiographic examination consisted of mediolateral and dorsocaudal views of the
right forelimb section (Figures 5 and 6), where a malformation of the elbow with proximal
dorsal radial luxation was observed.
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Figure 5. Case 2. Craniocaudal radiograph (A) and drawing scheme (B) of the right forelimb
malformation. R: Radius; U: Ulna; H: Humerus; RC: Radial Carpal Bone; UC: Ulnar Carpal Bone;
AC: Accessory Bone; MC: Metacarpal Bone; PP: Proximal Phalange; DP: Distal Phalange; DS: Dorsal
Sesamoid. Note the “stubby bone” (arrows) resulting by the fusion of the two proximal phalanges.

Figure 6. Case 2. Mediolateral radiograph (A) and drawing scheme (B) of the right forelimb
malformation. R: Radius; U: Ulna; H: Humerus; RC: Radial Carpal Bone; UC: Ulnar Carpal Bone;
AC: Accessory Bone; CB: Carpal Bone; MC: Metacarpal Bone; PP: Proximal Phalange; MP: Middle
Phalange; DP: Distal Phalange; DS: Dorsal Sesamoid. Arrows indicate the “stubby bone” resulting by
the fusion of the two proximal phalanges.

A severe hypoplasia of the proximal epiphysis of the radius was observed, the ra-
dial head showed a severe deformation with the flattening of both medial and lateral
epicondyles and an increased dimension of the radial fossa was noted. The olecranon was
lengthened and flattened.

A soft tissue separation between radius and ulna along the interosseous ligament and
a severe increase of the intraosseus distance were observed. The ulna was shorter than
radius. The radius-carpal joint was normal with a short bone compatible with the radial
carpal bone, which in turn was articulated with a carpal bone of the second line. The carpal
joint was in acute flexion. One metacarpal bone, dorsal and ventral sesamoids and two
phalanges of the first digits (proximal and distal phalanges) were noted.
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The distal epiphysis of the ulna was articulated with the ulnar carpal bone and
accessory bone. This joint was in acute cranial flexion showing a 180° rotation on the
axial plane, with a mediocaudal rotation of the manus moving medial to the radio. One
metacarpal bone and one dorsal sesamoid were noticed; we assumed a fusion of the two
proximal phalanges resulting in one “stubby bone”. Two medial and distal phalanges
were articulated with the stubby bone. Clinical and radiographic findings were consistent
with ectrodactyly.

No treatment was considered at time for managing the congenital deformity.

2.5. Case 3

A 10 months-old male dog was referred for an abnormal aspect of both front paws, not
associated with lameness. Physical examination of the involved limb revealed a deformity
of the paw characterized by a cutaneous absence of normal separation between II-1II digits
and IV-V digits. The right paw showed one metacarpal pad and three digital pads, whereas
the left paw showed one metacarpal pad and two digital pads (Figure 7). The radiographic
examination consisted of dorsopalmar view of the manus (Figure 8).

In the left manus, a complete bony fusion between proximal phalanges of the fourth
and fifth digit was noted.

Clinical and radiographic findings were a simple complete uncomplicated syndactyly
of the right limb and a complex incomplete uncomplicated syndactyly of the left limb.

The dog had no evidence of discomfort, so that no treatment was performed.

Figure 7. Case 3. Dorsal and Palmar views of both forelimbs. Right manus (A,C) and left manus (B,D).
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Figure 8. Case 3. Dorsopalmar radiograph (A) and drawing scheme (B) of the both forelimbs
malformation. R: Radius; U: Ulna; RC: Radial Carpal Bone; UC: Ulnar Carpal Bone; CB: Carpal Bone;
1-4: Distal Carpal Bones; MC: Metacarpal Bone; PP: Proximal Phalange; MP: Middle Phalange; DP:
Distal Phalange; DS: Dorsal Sesamoid; S: Sesamoid Bone.

2.6. Case 4

A one-year-old male dog was referred for right forelimb lameness. Physical examina-
tion revealed a deformity of the paw characterized by the presence of only two digits and a
“cleft hand aspect”. Two digital pads in each paw and one carpal pad in the palmar view
were observed (Figure 9). The radiographic examination consisted of the dorsopalmar
view of the right manus. (Figure 10).

Figure 9. Case 4. Dorsal (A) and palmar (B) views of the right forelimb. Note the deformity of the
paw with only two digits and a “cleft hand aspect”.
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Figure 10. Case 4. Dorsopalmar radiograph (A) and drawing scheme (B) of the right forelimbs
malformation. R: Radius; U: Ulna; RC: Radial Carpal Bone; UCB: ulnar Carpal Bone; AC: Accessory
Bone; SB: Sesamoid Bone; CB: Carpal Bone; MC: Metacarpal Bone; PP: Proximal Phalange; MP:
Middle Phalange; DP: Distal Phalange; DS: Dorsal sesamoid; PSB: Proximal Sesamoid Bone.

On X-ray, normal radius and ulna bones, deformed radial and ulnar carpal bones,
small and deformed carpal bones and the presence of only two complete digits articulated
with carpal bones of the distal line, were noticed. A digit showed one supernumerary
footpad, instead the other finger a hypoplasic footpad. Clinical and radiographic find-
ings were consistent with ectrodactyly. No treatment was performed for managing the
bone deformity.

3. Discussion

In veterinary medicine, Nomina Embryologica Veterinaria (NEV) (2017) is the only
classification system recognized that allows classifying many congenital limb malforma-
tions. However, it needs to be expanded in order to improve and facilitate communication
about the specific characteristics of congenital anomalies in animals [3,19-21]. It only lists
malformations, without defining and describing them, and some deformities are listed
more than once under different names. The NEV is not canine specific. This is one reason
why manuscripts such as the current work are important.

In this study we reported the clinical and radiological patterns of four appendicular
skeletal dysostosis in canine species. Clinical observation is only the first step in the
diagnosis of bone malformations, so that radiographic evaluations are essential to evaluate
the extent of deficits.

In case 1, a malformation involving the antebrachium and carpal bones and paw of
the right thoracic limb was reported. An additional feature was the presence of a floating
digit-like structure without any bony attachment to the elbow joint. This congenital defect
was identify as postaxial terminal longitudinal ulnar hemimelia.

To the authors’ best knowledge, no similar deformities have been reported in dogs,
other animal species or humans, although a variable degree of ulna and digit deficiency has
been observed in the latter [22,23]. This can make description difficult. The dog showed
unilateral ulnar defect associated with other congenital alterations involving the carpus,
both medial and lateral digital rays and the elbow joint. It was consistent with previous
reports of human ulnar longitudinal deficiency [21,24].

In case n.2 and 4, a diagnosis of ectrodactyly was performed, according to clinical cases
of limb malformations previously described [9,25]. In both cases, radiography permitted
detection of the absence or hypoplasia of phalangeal bones, metacarpal bones, carpal bones
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and the hard tissues fusion or separation [26-29]. Splitting of the skin and soft tissues
between radius and ulna to the level of the proximal third of the antebrachium was the
prominent feature in case 2. The absence of three digits associated with a deep, v-shaped,
excessive interdigital space between the remainders was the main finding in case 4.

In case 3, a diagnosis of syndactyly of the pectoral limbs was performed. To our
knowledge, no report of simple complete uncomplicated syndactyly of the right forelimb
and complex incomplete uncomplicated syndactyly of the left forelimb exists, as described
in this report.

Over time, the term “hemimelia” has been adopted for better specifying congenital
deficits of limbs, where one or more bones were totally or partially missing [2,17].

In veterinary medicine, different patterns of this malformation were classified as
hemimelia terminal, when all or parts of the middle and distal bones were absent and
hemimelia intercalary when segments of the middle portion of the limb were lacking,
while the located proximally and distally structures developed normally [30]. Each of
these latter varieties, in turn, is also qualified as transverse or longitudinal, depending on
whether bones are missing across the limb’s width or along the preaxial /postaxial side of
the limb [31].

Canine defects of the medial and central rays of the limb bud have been previously
described and named as radial hemimelia and ectrodactyly [14,17,26]. Moreover, both
ulnar ray abnormalities confined to the paw and ulnar ray defects as partial symptoms of
other malformations have been also reported in canine species [9,26,32].

In canine medicine, the term hemimelia has previously proved useful to identify which
segments of the limb were misshapen or missing [17]. However, the term postaxial terminal
longitudinal ulnar hemimelia is not sufficient to provide a complete description of the
range of abnormalities occurred in the paw, forearm and elbow in the present case. When
describing the present dysmorphology, particular attention should be taken in reporting
not only ulnar-side defects, but also the absence of metacarpal bone and phalanges of the
first digit.

In humans, some studies permitted detection and classification of complex forms of
ulnar longitudinal deficiencies, such as those characterized by the presence of radial-side
abnormalities of the manus [33]. Moreover, amongst the manus abnormalities, thumb and
first web deficiencies are noted frequently in congenital defects of bony and soft tissue
elements of the forearm ulnar border. In these cases, thumb defects are recognized as a
surgical priority because of the importance of restoring the opposition function [33]. In
dogs, the first digit is not part of the weightbearing surface of the limb and does not exert
the function of grasping items. Dogs bear weight on digits II to V, with main weight bearing
occurring on digits III and IV, so that it may be possible to bear body weight without the
fourth digit [34].

The term “ectrodactyly” means one or more digits are missing or not fully developed,
even though in veterinary medicine this term was also used to indicate a median distal
cleft of the limb [9,12,14,35]. This condition is very heterogeneous, due to the different mor-
phological features. Clinical diversity occurs not only between animals, but also between
legs of the same subject. The deformity is usually unilateral and may be associated with
soft tissue contractures, limited range of motion in the carpus and elbow luxation [26,36];
it is also associated with concurrent vertebral malformation [9].

Some authors reported that soft tissue separation involves the metacarpus, whilst
distal cleft of the limb extended up the carpus joint occurs sporadically in dogs [36].
Few cases of complete parasagittal plane separation of the antebrachium between medial
and lateral segments have been previously described [26,37]. Surgical therapy should be
performed to relieve pain, guaranteeing aesthetic and functional recovery and preventing
progressive limb deformities [14,26,38].

For this kind of malformation, the use of the generic term ectrodactyly does not
aid in planning of treatment because it is used to identify different anomalies, such as
oligodactyly and cleft of the foot, paw or limb [14]. Schistomelia is another term listed in
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Nomina Embryologica Veterinaria [20] that refers to the split of the limb. However, this
definition has never been mentioned in previous reports. Other terms such as brachydactyly
and aphalangia have been used to describe malformations of the distal limb in veterinary
medicine [3,10,17].

In case 3, the diagnosis of syndactyly of the pectoral limbs was based on the human
nomenclature, already widely accepted in veterinary medicine. A simple syndactyly occurs
when adjacent digits are merged only by skin and soft tissue. A complex syndactyly
is characterized by the lack of separation of hard tissues, in addition to skin and soft
tissue abnormalities. Syndactyly may further be qualified as complete, when digits are
interconnected throughout their entire length, and uncomplete when total connection
of adjacent digits does not occur. If other anomalies are associated with syndactyly, the
term complicated syndactyly may be adopted, whereas the definition of uncomplicated
syndactyly should be used otherwise [39—-41]. Previous reports treated several patterns of
this congenital defect in dog [3,17,35,39,42,43].

Although little is known about the basic mechanisms of congenital limb deformities,
several aetiological factors have been identified [44]. Causes of very similar anomalies
to those described in the present case reports include genetic defects, administration of
chemotherapeutics, malnutrition (lack of riboflavin), intake of drugs such as thalidomide
or corticosteroids (in chick embryos), transplacental virus infections and X-rays [45—47].
Other causes of distal limb absence in young animals include strangulation by restrictive
bands, in utero accidents and postnatal trauma [48].

In our cases, there was no information concerning traumatic events, inbreeding
and/or environmental or genetic factors, so that the aetiology of these abnormalities
remains unknown.

4. Conclusions

This report improves the literature about congenital limb deformities, describing the
patterns of rarely reported lesions and discussing how difficult it is to know the correct
identification and classification.

A well-defined classification scheme of congenital dysmorphologies of the forelimb is
advisable. Novel nomenclature should take into consideration both the genetic basis and
the wide spectrum of morphological features of limb dysostosis.

Extrapolation from the human literature has been considered of limited value [14] but
in our opinion it may serve some important cues.

Likely, the real prevalence of these conditions in companion animals is little known;
therefore, further reports are required.
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