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Abstract

Objective—The aim of this study was to characterize the radiographic alignment of thoracic 

and pelvic limbs and evaluate for intervertebral disc disease in cats with feline disproportionate 

dwarfism (FDD).

Study Design—Observational cross-sectional study. Radiographic joint orientation angles were 

measured in 10 thoracic and pelvic limbs from 5 FDD cats and compared with those angles 

measured in 24 thoracic limbs and 100 pelvic limbs from skeletally normal cats. Magnetic 

resonance imaging of the spine was performed in 2 FDD cats for the evaluation of pathology 

of the intervertebral discs or vertebrae.

Results—All limbs from FDD cats possessed deformities. FDD humeri demonstrated 

procurvatum proximally, and recurvatum distally in the sagittal plane, but showed no difference in 

the frontal plane. FDD radii possessed excessive recurvatum proximally, and procurvatum distally 

in the sagittal plane, and varus proximally and valgus distally in the frontal plane. Whereas no 

torsion was discernible in the humeri, all radii had external torsion. In the frontal plane, FDD 

femurs exhibited varus both proximally and distally whereas the tibia possessed proximal valgus 

and distal varus. No torsion in the pelvic limbs was observed. No spinal pathology was detected in 

the FDD cats included in the original study.

Conclusion—Feline disproportionate dwarfism results in significant appendicular deformity in 

all limbs. The incidence of intervertebral disc degeneration in FDD cats is inconclusive.
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Introduction

The term chondrodystrophy was introduced by Hansen to describe dogs with 

both shortening of the limbs and premature degeneration of the intervertebral 

discs.1,2 Chondrodystrophy is now frequently used interchangeably with the descriptor 

disproportionate dwarfism to describe dogs possessing a skeletal dysplasia in which 

the limbs are shortened despite having a proportionately sized cranium and axial 

skeleton. Although disproportionate dwarfism is considered pathologic in humans, similar 

chondrodysplasias are selected for in several domesticated breeds of animals. Canine 

chondrodysplasia, the short-legged phenotype identified in at least 19 dog breeds, is a 

result of an autosomal recessive retrogene, encoding fibroblast growth factor 4 (FGF4), 

which is inserted on either chromosome 12 or 18.3-5 Musculoskeletal ramifications of the 

mutation can include intervertebral disc disease and characteristic limb shortening and 

malalignment.3-6 Additionally, mutations in other genes, including cartilage specific integrin 

α 10, have been identified in some forms of canine disproportionate dwarfism.7

Feline disproportionate dwarfism (FDD) is now under positive selection in breeds of 

cats alternatively referenced as Munchkin, Minuet and Napoleon. This phenotype was 

recognized and approved by The International Cat Association in 1995. Genetic studies 

suggest a form of FDD is caused by a novel autosomal dominant dwarfism gene, 

UDP-glucose 6-dehydrogenase (UGDH).8-10 However, FDD cats appear to be similar 

in phenotype to dogs affected by disproportionate dwarfism with respect to a grossly 

shortened stature (Fig. 1). Because of the different genetic etiopathogenesis, FDD cats may 

demonstrate different skeletal manifestations compared with chondrodystrophic dogs.

Limb alignment is successfully evaluated using the center of rotation of angulation (CORA) 

methodology of radiograph interpretation, first adapted from human medicine and applied 

to dogs in 2006.11 Since that time, the CORA methodology has been used to determine 

a reference library of radiographic normal axes, joint orientation lines (JOL) and joint 

orientation angles (JOA) for the humerus, radius and ulna, femur and tibia in dogs,11-17 

and the femur and tibia in cats.18 This methodology has also been used to characterize 

and classify deformities in both thoracic and pelvic limbs in dogs.19-27 Magnetic resonance 

imaging (MRI) is considered the diagnostic modality of choice for the examination of 

the spinal cord and for early detection of intervertebral disc degeneration, common in 

chondrodysplastic dogs.6,28 Magnetic resonance imaging findings consistent with disc 

degeneration, bulging discs, disc protrusions and extrusions have been well described.29

No descriptions of the specific axial and appendicular skeletal manifestations affecting FDD 

cats are published. The first objective was to characterize the radiographic alignment of 

FDD thoracic and pelvic limbs compared with normal cats using the CORA methodology. 

The second objective was to evaluate for the presence or absence of intervertebral disc 
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disease in FDD cats using MRI. There were two hypotheses. First, FDD cats would 

demonstrate characteristic constellations of appendicular skeletal malalignment compared 

with unaffected cats discernible by significant differences in measured JOA. Second, FDD 

cats would not be predisposed to early intervertebral disc degeneration as evidenced by 

signal hyperintensity on T2-weighted images.

Materials and Methods

Sample Population

All procedures were performed with an approved University of Missouri Institutional 

Animal Care and Use Committee protocol (ACUC protocol # 9642) following institutional 

guidelines. Skeletally mature domestic short hair cats (n = 12) from a University of Missouri 

research colony served as a normal population of thoracic limbs. The cats had mixed breed 

origins, including contributions from Persian, Bengal, Burmese, American curl, Toyger 

and Japanese bobtail. Exclusion criteria included cats that were skeletally immature, had 

a history of lameness or trauma or demonstrated evidence of orthopaedic or neurologic 

disease. Six privately owned FDD cats confirmed to have the UGDH structural variant via 

genetic analysis represented the affected group whose owners provided informed consent for 

the completion of examinations, radiography and/or MRI (Table 1).

Normal Thoracic Limb Assessment

Cats were sedated with dexmedetomidine (Dexdomitor, Zoetis, Parsippany, New Jersey, 

United States) at 5 μg/kg intravenous (IV) once. Frontal plane (craniocaudal) and sagittal 

plane (mediolateral) digital radiographs were obtained for each forelimb extending from 

the distal scapula through the phalanges. Limb position was standardized by prioritizing 

a straight view of the elbow in both frontal and sagittal planes. Elbow position was 

standardized in the frontal plane by assessing the elbow rotational position.12 In the sagittal 

plane, radiographic positioning was standardized by drawing best fit circles over medial 

and lateral parts of the humeral condyle and aligning the humerus so that the circles 

were concentric and not intersecting.13 Limb alignment was assessed using commercially 

available software (eFilm Workstation, IBM Watson Health, Armonk, New York, United 

States).

The mechanical axis was used in conjunction with the JOL for both shoulder and elbow 

to assess the humerus in the frontal and sagittal planes.13 Briefly, for the frontal plane, the 

center of a best-fit oval over the humeral head and mid-point of the articular surface of 

the humeral condyle along the elbow JOL served as proximal and distal landmarks. In the 

sagittal plane, the center of the best-fit oval over the humeral head and best-fit circle drawn 

over the lateral humeral condyle served as landmarks (Fig. 2).

Anatomic axes and JOL for both elbow and carpus were used to assess alignment of the 

radius in the frontal and sagittal planes.30 In the frontal plane, a best fit line bisecting the 

radius at the proximal and distal metaphysis represented the anatomic axis. In the sagittal 

plane, two anatomic axes exist due to the natural procurvatum and were represented by two 

best fit lines bisecting the proximal and distal radius (Fig. 3).30
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The intersecting angles between respective anatomic (radius) or mechanical (humerus) axes 

and JOL were measured and recorded as a set of JOA (Table 2), including the mean, 

standard deviation and 95% confidence interval. All measurements were performed in 

triplicate by a single investigator (KLC).

Normal Pelvic Limb Assessment

Swanson and colleagues18 previously applied the CORA methodology to assess and 

determine the normal pelvic limb JOA in the frontal plane of skeletally mature mixed breed 

cats.14,15 Briefly, a line from the center of the femoral head bisecting the proximal aspect 

of the intercondylar fossa served as the mechanical axis of the femur. The mechanical axis 

of the tibia was defined by a line from the proximal aspect of the femoral intercondylar 

fossa through the distal point of the intermediate tibial ridge. Intersecting angles between 

respective axes and JOL were used to establish mean JOA values (Table 3; Fig. 4). The 

dataset from the Swanson and colleagues18 study (n = 100 limbs) was retrieved and used as 

reference standards for statistical comparison with our FDD dataset. The study included 50 

skeletally mature domestic short hair cats (26 male, 24 female).

Appendicular Skeletal Deformity Classification in Feline Disproportionate Dwarfism Cats

Privately owned cats identified by a breeder as demonstrating FDD (n = 5) were 

radiographically evaluated. Full limb radiographs were taken for each FDD cat. Upon 

physical examination, a torsional deformity of the antebrachium was present in all cats. 

Thus, positioning was standardized in the thoracic limb by achieving both an elbow straight 

view and a carpal straight view in the frontal and sagittal planes to mitigate the radiographic 

artifacts associated with torsional deformities.30,31 Pelvic limb positioning was standardized 

by achieving a stifle-straight view in the frontal plane.18

The JOA for the humerus and radius in both the frontal and sagittal planes were measured 

using the CORA methodology described above. For the radius, an elbow-straight view was 

used for the determination of the proximal JOA, and a carpal straight view was used to 

define the distal JOA. Similarly, the JOA were determined for the femur and tibia in the 

frontal plane using the method described by Swanson and colleagues18 All measurements 

were performed in triplicate by a single investigator (LMA). The dataset for each JOA was 

used to calculate the mean, standard deviation and 95% confidence interval, then compared 

with respective normal JOA. Differences were characterized descriptively as either varus 

or valgus deformities in the frontal plane, and procurvatum or recurvatum deformities in 

the sagittal plane. Torsional deformities were labelled as being absent or having external or 

internal torsion based on physical examination.

Intervertebral Disc Assessment

Two skeletally mature FDD cats were sedated with dexmedetomidine (Dexdomitor, Zoetis, 

Parsippany, New Jersey, United States) at 5 μg/kg IV and anesthetized by propofol 

(Propofol, Pfizer, New York, New York, United States) at 4 mg/kg IV; anaesthesia was 

maintained with isoflurane (Isoflurane USP, Piramal Healthcare, Bethlehem, Pennsylvania, 

United States) at 2%. The cats were positioned in sternal recumbency. Magnetic resonance 

imaging of the cervical, thoracic, lumbar and sacral spinal regions (T3 through sacrum) 
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was performed with a 3-Tesla unit (Toshiba/Canon 3T MR scanner). Pulse sequences were 

selected to obtain T2-weighted sequences in three planes. The images were evaluated 

by a board-certified veterinary neurologist (JRC). Cats were classified as having disc 

degeneration if structurally inhomogeneous nucleus pulposus, inhomogeneous, grey or 

black intervertebral disc space, loss of distinction between the annulus fibrosis and nucleus 

pulposus and/or decreased width of the disc space were noted.29

Statistical Analysis

Analyses were performed using statistical software (GraphPad Prism version 8.3.1 for 

MacOS, GraphPad Software, San Diego, California, United States, www.graphpad.com). 

Descriptive statistics were compiled for each variable and means ± standard deviation and 

95% confidence intervals were determined. Normality was determined with the D’Agostino 

and Pearson test. A paired-t test was used to determine differences in the individual normal 

cat outcome variables between right and left limbs. If no significant differences were found, 

the data from the right and left limbs were combined for statistical comparison. This 

was repeated for the FDD dataset. Comparisons between normal and FDD variables was 

performed with an unpaired-t test with Welch’s correction. Significance for all comparisons 

was set at p ≤ 0.05.

Results

Normal Thoracic Limb Assessment

Twenty-four thoracic limbs from 12 skeletally mature domestic short hair cats were 

analysed. The mixed breed cats were considered moderate for body and limb type. No 

difference was found between the triplicate measurements (p = 0.90) or between the left and 

right limb measurements (p = 0.07). The 24 measurements were pooled and the mechanical 

JOA for the humerus and anatomic JOA for the radius (Table 4) are summarized.

Feline Disproportionate Dwarfism Cats

Six FDD cats were included in the study, including four males and two females. Genetic 

analysis confirmed that all cats possessed the UGDH variant. The signalment of the FDD 

cats is summarized in Table 1.

Feline Disproportionate Dwarfism Thoracic Limb Assessment

Ten thoracic limbs from five skeletally mature FDD cats were analysed both grossly and 

radiographically. No significant differences were found between the right and left limb 

measurement. The JOA for the humerus and radius and the statistical comparison to normal 

JOA angles are summarized in Table 4. In the sagittal plane, the humerus exhibited proximal 

procurvatum (mCdPHA = 46 degrees [p < 0.001]) and distal recurvatum (mCrDHA = 

83 degrees [p = 0.041]) resulting in an exaggerated sigmoidal shape in the sagittal plane 

compared with normal cats (Fig. 5). No differences were found in the frontal plane 

alignment of the humerus between normal and FDD cats (mLDHA = 84 degrees [p = 

0.08]). Based on visual examination of the cats and radiographic evaluation of the elbow and 

shoulder joint, no torsional deformities were present in the FDD humeri.
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Data from two frontal plane antebrachia could not be collected due to excessive antebrachial 

torsion and an inability to capture straight-elbow positioned radiographs according to the 

predetermined elbow rotational position standardization.12 In the frontal plane, the FDD 

radius possessed partially compensatory changes characterized by proximal radial varus 

(aMPRA = 75 degrees [p = 0.009]) and distal radial valgus (aLDRA = 82 degrees [p 
< 0.001]) (Fig. 6). In the sagittal plane, excessive recurvatum proximally (aCrPRA = 63 

degrees [p < 0.001]) and procurvatum distally (aCdDRA = 87 degrees [p < 0.001]) was 

detected (Fig. 6). Further, external torsion of the antebrachium was present in all limbs 

evaluated.

Feline Disproportionate Dwarfism Pelvic Limb Assessment

Ten pelvic limbs from five skeletally mature FDD cats were analysed. No significant 

differences were found between the right and left limb measurements. The mechanical JOA 

for the femur and tibia and the comparison to normal JOA are summarized in Table 5. 

Significantly different proximal (p < 0.001) and distal (p = 0.009) JOA revealed a reduction 

in the femoral inclination angle, or coxa vara, proximally (mLPFA = 106 degrees) and 

femoral varus distally (mLDFA = 103.5 degrees) (Fig. 7). Further, significant differences in 

both proximal (p < 0.001) and distal (p < 0.001) JOA of the FDD tibia resulting in proximal 

tibial valgus (mMPTA = 97 degrees) and distal tibial varus (mMDTA = 96 degrees) were 

observed. No torsional deformities were present in either the femur or tibia.

Evaluation of the Intervertebral Discs

One female spayed 4-year-old FDD cat and 1 male castrated 9-year-old FDD cat underwent 

spinal MRI. All intervertebral discs were T2-weighted hyperintense and in normal anatomic 

position (Fig. 8A).

Discussion

This study reported the morphologic changes in the axial and appendicular skeletons of 

cats associated with disproportionate dwarfism attributable to the structural UGDH variant. 

Further, reference values for JOA in normal feline thoracic limb using standardized methods 

are presented. The alterations in limb alignment associated with FDD cats compared with 

normal populations were characterized using the CORA methodology. The FDD cats had 

complex antebrachial malalignment consisting of proximal radial varus, distal radial valgus 

and external torsion similar to chondrodystrophic dogs.19 Additional deformities in the 

sagittal plane of the thoracic limb were evidenced by the presence of exaggerated sigmoidal 

shapes of both the humerus and radius. The pelvic limbs also demonstrated significant 

differences from previously established normal parameters, including femoral coxa vara, 

distal femoral varus, proximal tibial valgus and distal tibial varus.

Humeral malalignment of FDD cats was limited to the sagittal plane. Smith and colleagues32 

previously compared the sagittal alignment of the humerus in non-chondrodystrophic dogs 

to chondrodystrophic dogs and found no significant differences, highlighting a difference 

between chondrodystrophic dogs and FDD cats. The clinical relevance of subtle angular 

changes in the sagittal plane of the humerus is not known but is suspected to be minimal as 
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quadrupeds are able to compensate for such malalignment through alteration of the standing 

angle of both the shoulder and elbow.

The antebrachia of FDD cats demonstrated characteristic malalignment similar to 

chondrodystrophic dogs—biapical partially compensated deformities.19 These deformities 

have been associated with gait abnormalities and concurrent joint disease of the elbow 

and carpus in dogs.30 Chondrody-strophic dogs are 3.5 times more likely to have elbow 

disease than non-chondrodystrophic breeds including elbow osteoarthritis and lateral radial 

head subluxation.19,21,30 Due to the prevalence of joint disease in dogs with malalignment, 

the malalignment in the frontal plane of FDD cats may increase the likelihood for 

the development of secondary osteoarthritis. While no gross radiographic evidence of 

osteoarthritis existed in this population of FDD cats, it would be presumptuous to conclude 

what effects FDD-related malalignment might have on joint health over the life of an 

affected cat based on radiography alone in such a small population of relatively young 

animals.

The pelvic limbs of FDD cats possess a constellation of specific malalignment changes, 

that when present in dogs, can be associated with medial patellar luxation.33 Specifically, 

dogs with high grade patellar luxation are increasingly identified as possessing femorotibial 

malalignment. Pelvic limb alignment has not been evaluated in cases of feline congenital 

patellar luxation. However, the clinical ramifications of the identified differences in 

alignment are unknown in the FDD cat.

All cats in the FDD cohort were determined to possess the UGDH genetic variant. 

The UGDH gene encodes an oxidoreductase enzyme that converts UDP-glucose to UDP-

glucuronic acid.34 UDP-glucuronic acid is an essential sugar nucleotide which serves 

as a precursor and regulator of several sulphated glycosaminoglycans.35 Proteoglycans 

comprised of such glycosaminoglycans are critical to the regulation of many types of 

growth factors including those in the FGF family.36 As such, mutation of the UGDH gene 

in embryonic mice has been shown to block normal FGF signaling.36 FGF is involved in 

embryonal development and is critical for normal limb formation across species.37 Related, 

canine chondrodystrophy results from aberrant FGF production, although the source of 

excess production is via FGF retrogene insertions.6 While it remains unknown if FDD 

cats demonstrate abnormal limb development secondary to UGDH-based dysregulation 

of proteoglycan-FGF signaling,10 the potential connection between UGDH variants and 

FGF deserves further examination. Musculoskeletal sequela of loss-of-function UGDH in 

humans does not appear to result in similar limb dysgenesis, but can result in mild facial 

dysmorphism, axial hypotonia and neurologic signs attributable to encephalopathy.38

In general, the incidence of feline thoracolumbar intervertebral disc disease is rare 

compared with dogs with an incidence of 0.24% in a report evaluating 12,900 cats.39 

Chondrodystrophic dogs are at a particularly high risk for intervertebral disc degeneration 

due to chondroid metaplasia leading to mineralization and premature degeneration.6 

Chondroid metaplasia is strongly associated with the FGF4 retrogene insertion in 

chondrodystrophic dogs.6 It is unknown what effect the UDGH variant has on the health 

of intervertebral discs in affected cats. Based on the results of MRI analysis of two FDD 
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cats, the initial supposition of this study was that this particular UDGH variant did not 

result in premature intervertebral disc degeneration. However, in the time since completion 

of the study, a clinical case of a 6-year-old female spayed FDD cat presented to our hospital 

with an acute history of paraparesis. The cat was subsequently diagnosed with multifocal 

intervertebral disc degeneration and a single site of disc herniation between the 4th and 

5th lumbar vertebral bodies identified on MRI (Fig. 8B). Based on this occurrence, it 

cannot be ruled out that the UDGH variant responsible for the described skeletal dysplasia 

might also affect the health of intervertebral discs. This further emphasizes the need for 

comprehensive longitudinal studies to be performed documenting the progression of both 

joint and intervertebral disc health over the life of FDD cats.

The current study possessed several limitations. Most importantly, only six FDD cats were 

evaluated. This small population size may explain the relatively large confidence interval 

for FDD JOA. However, the breeder was asked to present the shortest and longest legged 

cats from her cattery. The wide range may also be secondary to phenotypic variation of 

the UGDH variant responsible for this type of feline dwarfism. Cats with the same DNA 

variant can have highly variable presentation; thus, genetic and environmental modifiers are 

suspected to affect the degree of deformities. With the small population evaluated, it was 

not possible to draw correlations between the degrees of limb shortening to the severity of 

malalignment.

A segmental orthogonal radiographic technique was employed to mitigate radiographic 

artifact that has been associated with torsion–angulation deformities for the FDD 

antebrachia. While this method has been validated, miscalculations of the alignment when 

torsional angulation exceeds 15 degrees have been shown.30 Related, there was difficulty 

obtaining elbow-straight views of two FDD antebrachia due to severe external torsion and 

the small size of the animals. These two elbows were not considered straight in the frontal 

plane when radiographs were critiqued using the elbow rotational position methodology12 

and were necessarily excluded from the analysis. To more accurately assess deformities in 

the transverse plane and minimize miscalculations in frontal and sagittal plane radiographs 

associated with torsion–angulation deformities, future studies may benefit from computed 

tomographic evaluations.12

Despite these limitations, this work serves as the first to define the skeletal manifestations 

of FDD cats and distinguish them from canine chondrodystrophy. Significant appendicular 

skeletal alignment differences exist compared with normal cats. Although not evaluated 

here, such malalignment likely alters biomechanical loading across the respective joints 

which may affect joint health over the lifetime of affected cats. Importantly, there is some 

evidence suggesting FDD may affect the axial skeleton. Future studies should evaluate larger 

numbers of affected cats of varying age ranges and phenotypic expression to further define 

potential FDD related skeletal changes.
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Fig. 1. 
Feline disproportionate dwarfism (FDD). FDD cat demonstrating a disproportionally short 

stature associated with the phenotype of the feline dwarf breed.
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Fig. 2. 
Normal cat humerus. Best fit ovals and circles (dotted white oval and circle) placed over 

the humeral head and the lateral humeral condyle respectively to determine the center of 

the humeral head and lateral condyle respectively. Joint orientation lines (solid white lines) 

and the mechanical axis (solid black lines) with associated joint orientation angles used 

to evaluate the humerus in the frontal and sagittal planes. mCdPHA, mechanical caudal 

proximal humeral angle; mCrDHA, mechanical cranial distal humeral angle; mLDHA, 

mechanical lateral distal humeral angle.
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Fig. 3. 
Normal cat radius. Joint orientation lines (solid white lines) and the anatomic axes (solid 

black lines) with associated joint orientation angles used to evaluate the radius in the frontal 

and sagittal planes. aCdDRA, anatomic caudal distal radial angle; aCrPRA, anatomic cranial 

proximal radial angle; aLDRA, anatomic lateral distal radial angle; aMPRA, anatomic 

medial proximal radial angle.
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Fig. 4. 
Normal cat femur and tibia. The best fit circle over the femoral head (dotted white circle) is 

used to determine the center of the femoral head. Joint orientation lines (solid white lines) 

and the mechanical axis (solid black lines) with associated joint orientation angles used to 

evaluate the femur and tibia in the frontal plane. mLDFA, mechanical lateral distal femoral 

angle; mLPFA, mechanical lateral proximal femoral angle; mMDTA, mechanical medial 

distal tibial angle; mMPTA, mechanical medial proximal tibial angle.
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Fig. 5. 
Feline disproportionate dwarfism cat humerus. Best fit ovals (dotted white oval) placed 

over the humeral head and the lateral humeral condyle to determine the center of the 

head and lateral condyle. Joint orientation lines (solid white lines) and the mechanical axis 

(solid black line) with associated joint orientation angles used to evaluate the humerus in 

the sagittal plane. The humerus has a significantly smaller mCdPHA and larger mCrDHA 

compared with normal cats resulting in an exaggerated sigmoid shape in the sagittal plane 

characterized by proximal procurvatum and distal recurvatum. mCdPHA, mechanical caudal 

proximal humeral angle; mCrDHA, mechanical cranial distal humeral angle.
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Fig. 6. 
Feline disproportionate dwarfism cat radius. Joint orientation lines (solid white lines) and 

the anatomic axes (solid black lines) with associated joint orientation angles used to evaluate 

the radius in the frontal and sagittal planes. The radius is characterized by a smaller 

aMPRA described as proximal radial varus (A), a smaller aLDRA described as distal radial 

valgus (B), smaller aCrPRA described as excessive proximal recurvatum (C) and larger 

aCdDRA described as distal excessive distal procurvatum (D) compared with normal cats. 

aCdDRA, anatomic caudal distal radial angle; aCrPRA, anatomic cranial proximal radial 

angle; aLDRA, anatomic lateral distal radial angle; aMPRA, anatomic medial proximal 

radial angle.
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Fig. 7. 
Feline disproportionate dwarfism (FDD) cat femur and tibia. The best fit circle over the 

femoral head (dotted white circle) is used to determine the center of the femoral head. 

Joint orientation lines (solid white lines) and the mechanical axis (solid black lines) with 

associated joint orientation angles used to evaluate the femur and tibia in the frontal 

plane. The femur is characterized by a larger mLPFA resulting in coxo vara, and distal 

femoral varus as a result of a larger mLDFA compared with normal cats. The FDD tibia is 

characterized by proximal tibial valgus as seen by a larger mMPTA and distal tibial varus as 

seen by a smaller mMDTA compared with normal cats. mLDFA, mechanical lateral distal 

femoral angle; mLPFA, mechanical lateral proximal femoral angle; mMDTA, mechanical 

medial distal tibial angle; mMPTA, mechanical medial proximal tibial angle.
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Fig. 8. 
(A) A 9-year-old female, feline disproportionate dwarfism cat thoracolumbar magnetic 

resonance imaging (MRI). Representative T2-weighted spinal MRI extending from T13 

through the sacrum; note the T2 hyperintensity of the nucleus pulposus in normal 

anatomical positions. (B) A 6-year-old female spayed, feline disproportionate dwarfism 

cat thoracolumbar MRI. Representative T2-weighted spinal MRI. Note the variable T2 

hypointensity of the nuclei pulposi and the dorsally herniated nucleus pulposus between the 

4th and 5th lumbar vertebral bodies (white arrow) causing spinal cord compression.
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