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The aim of the present study was to compare the results from measurements of anatomical and me-
chanical angles of the femur and tibia by means of two diagnostic imaging methods – conventional 
radiography and computed tomography in normal dogs and dogs with medial patellar luxation (MPL). 
The study was done with 16 dogs (23 joints) from four small breeds (Mini-Pinscher, Chi-hua-hua, 
Yorkshire Terrier and Pomeranian). The results showed statistically significant differences between 
both imaging techniques in the values of mechanical lateral proximal femoral angle (mLPFA) and 
anteversion angle (AA) in joints with grade II MPL and in the anatomical lateral and medial distal 
femoral angles (aLDFA, aMDFA) and AA in grade III MPL. In healthy dogs, both methods differed 
considerably with regard to values of mechanical medial proximal and mechanical lateral distal femo-
ral angles (mMPFA, mLDFA), the mechanical cranial proximal tibial angle (mCrPTA) and the quad-
riceps angle (Q-angle). 

Key words: anatomical and mechanical bone angles, computed tomography, dogs, patellar 
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INTRODUCTION 

Radiographic examination in mediolateral 
and craniocaudal views is commonly used 
for diagnostics of patellar luxation in dogs 
(Swiderski et al., 2008). However, in dogs 
with serious bone deformities including 
excessive rotation of the femur and the 
tibia, the proper positioning for radiogra-
phy is almost impossible. Thus, in dogs 
with high grade medial patellar luxation 
(MPL), conventional radiography presents 

limitations related to accurate evaluation 
of bone alignment and bone morphology 
(Mostafa et al., 2008; Mortari et al., 2009; 
Soparat et al., 2012). In these cases, a 
more objective evaluation of bone mor-
phology could be achieved by means of 
computed tomography, as resulting 3D 
image would allow for a more accurate 
planning of the surgical intervention 
(Perry et al., 2017). 
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 Radiography is a routine method for 
diagnostics of patellar luxation in dogs. 
The observed radiographic changes com-
prise displacement of the patella out of 
the trochlear groove – laterally or medi-
ally to femoral condyles depending on 
luxation type (lateral or medial), shallow 
trochlear groove, hypoplasia of the medial 
femoral condyle, medial deviation of tu-
berositas tibiae, femoral varus and stifle 
joint osteoarthritis (Hulse, 1981; Mostafa 
et al., 2008).  

Compared to conventional radiograph, 
the computed tomography (CT) image 
provides over one thousand times more 
information (Bardet et al., 1983). This 
method ensures better differentiation of 
soft tissues and bones, and what is more, 
no overlapping of images is seen, which is 
an advantage to radiography (Bardet et 
al., 1983). Modern CT scanners allow 
reconstruction of three-dimensional mo-
dels with various colour of the different 
anatomical structures (Soler et al., 2007; 
Marino & Loughin, 2010). 

In human medicine, CT is used for de-
tection of changes in femoral varus angle 
(FVA), anteversion angle and torsion ab-
normalities accompanying various heredi-
tary diseases (Kettelkamp et al., 1988; 
Myers et al., 2005). In canine medicine, 
these changes are part of the pathogenesis 
of patellar luxation and coxofemoral dys-
plasia (Montavon et al., 1985; Palmer, 
2001). 

Assessment of bone deformities is 
more accurate through CT, which visua-
lises three-dimensional bone morphology 
(Kaiser et al., 2001a,b). It was reported 
that the higher the grade of luxation, the 
stronger the deformation of the distal third 
of the femur (Yasukawa et al., 2016). 
Some of femoral angles, namely anatomi-
cal and mechanical lateral distal femoral 
angles (aLDFA, mLDFA) and FVA, 
measured by means of CT in Mini-Pood-

les with grade II MPL were not consi-
derably different compared to healthy 
dogs from the same breed, whereas values 
obtained in dogs with grade IV MPL were 
significantly increased. The constant ten-
sion in the distal femoral physis resulting 
from the medial displacement of the quad-
riceps muscle following medial patellar 
luxation after birth or at early age, could 
aggravate femoral malalignment (Yasu-
kawa et al., 2016). 

The main purpose of the present study 
was to compare the results from measu-
rements of anatomical and mechanical 
angles of the femur and tibia by means of 
two diagnostic imaging methods – con-
ventional radiography and computed to-
mography in healthy dogs and dogs with 
medial patellar luxation. 

MATERIALS AND METHODS 

This study included 16 dogs (23 stifle 
joints) from four small breeds (Mini-
Pinscher, Chi-hua-hua, Yorkshire Terrier 
and Pomeranian). Thirteen dogs (17 
joints) were diagnosed with medial patel-
lar luxation (MPL)  8 joints with MPL 
grade II and 9 joints with MPL grade III 
on the basis of clinical examination, radi-
ography and computed tomography. An-
other 3 small-breed dogs (6 joints) free or 
orthopaedic or neurological diseases were 
used as controls. In them, computed to-
mography was performed during their 
referral to the clinic on the occasion of a 
different procedure (ovariohysterectomy, 
dental tartar removal, othological exam 
etc.) requiring general anaesthesia. 

The grade of MPL was determined by 
the classification of Putnam (1968). Radi-
ography and computed tomography were 
done after anaesthesia according to the 
following protocol: s.c. premedication 
with 0.02 mg/kg atropine sulfate (Atropi-
num sulfuricum, Sopharma, Bulgaria), 
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and i.v. introduction in anaesthesia 15 
minutes later with tiletamine hydrochlo-
ride and zolazepam (Zoletil® 50, Virbac, 
France) at 7.5 mg/kg. Radiographs of 
healthy dogs and dogs with MPL were 
obtained in two perpendicular views: cra-
niocaudal and mediolateral (PHILIPS 
SUPER 50 CP-D, Germany). Anatomical 
and mechanical angles of the femur and 

tibia were measured on digital radio-
graphs by means of DICOM-compatible 
specialised software (iQ-VIEW/PRO v. 
2.7.0 INT EN003R).  

Computed tomography of dogs was 
done with scanner Fidex Animage (USA). 
Anatomical and mechanical femoral and 
tibial angles were measured on 3D images 
positioned in a plane suitable for meas-

  

Fig. 1. Measurement of anatomical and mechanical femoral angles in ventrodorsal view  
on 3D computed tomography and 2D radiographic images. 

  

Fig. 2. Measurement of inclination femoral angle (IFA) and femoral varus angle (FVA)  
in ventrodorsal view on 3D computed tomography and 2D radiographic images. 
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urements by means of Cobra v. 7 soft-
ware. 

All femoral angles were measured as 
described by Hauptman et al. (1985); 

Paley (2003) and Tomlinson et al. (2007) 
(Fig. 1 and 2), аnd mechanical tibial an-
gles – as per Paley (2003) (Fig. 3) and 
Dismukes et al. (2008) (Fig. 4). Quadri-

  
  

Fig. 3. Measurement of mechanical tibial angles in craniocaudal view on 3D computed  
tomography and 2D radiographic images. 

  

Fig. 4. Measurement of cranial and caudal mechanical tibial angles in mediolateral view  
on 3D computed tomography and 2D radiographic images . 
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ceps angle was measured according to 
Kaiser et al. (1997) (Fig. 5), аnd ante-
version angle – as reported by Nunamaker 
et al. (1973) (Fig. 6).  

In order to determine the femoral neck 
anteversion, the Rippstein-Müller axial 
view was used. The patient was posi-

tioned in dorsal recumbency, with both 
femoral bones perpendicular to the cas-
sette and the central X-ray beam: directed 
towards the medullary canal. The trans-
verse section of the latter was visualised 
on the radiograph.  

  

  Fig. 5. Measurement of the quadriceps angle (Q-angle) on 3D computed tomography and  
2D radiographic images. 

  

Fig. 6. Measurement of anteversion angle in axial plane on 3D computed tomography  
and 2D radiographic images. AB – line passing through the centre of femoral head and neck;  

CD – transcondylar axis. 
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Statistical analysis of data was done 
by means of the non-parametrical Mann-
Whitney test. The minimum level of sta-
tistical significance was set at 0.05. 

RESULTS  

The values of aLPFA and aMPFA in 
healthy stifle joints did not differ between 
both imaging techniques, yet statistically 
significant differences were found out for 
mLDFA and mMPFA (Fig. 7). Both an-
gles gave higher values on 3D CT images 
than on radiographs. In healthy joints, 
mMPFA was 76° by CT and 67° by radi-
ography (P=0.0039). The value of 
mLDFA was substantially higher on the 
3D than on 2D image (102° and 100°; 
P=0.0250). It should be noted that 
mLPFA in joints with grade II MPL 
measured by CT was significantly 
(P=0.0019) smaller (99°) than the value 
on radiographs (106°) (Fig. 7).  

In joints with grade III MPL, aLDFA 
was smaller on 3D CT image than on ra-
diographs (94° vs 107°) (P=0.0422). The 

opposite was true for aMDFA that was 
insignificantly higher as measured by CT 
(86°) compared to radiography (73°; 
P=0.0517) – Fig.  8. 

Q-angle (Fig. 9) of healthy joints was 
statistically significantly lower on CT 
images than on radiographs: 9° and 14.5° 
respectively (P=0.0039). A substantial 
difference was found out for anteversion 
angle in joints with grade II MPL 
(P=0.0267)  34° by CT and 28° by radi-
ography. Anteversion angle (AA) in joints 
with grade III MPL was considerably 
(P=0.0003)  higher  on the 3D image than 
on the 2D conventional radiograph (30° 
and 23°  respectively). For this luxation 
grade, the values of the other measured 
anatomical and mechanical angles were 
comparable with both techniques. 

The measurement of tibial angles 
showed similar values with the two ima-
ging methods except for the mechanical 
cranial proximal tibial angle (mCrPTA) in 
healthy joints, which was higher (116°) 
by radiography than by CT (107°; 
P=0.0129). 
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Fig. 7. Mechanical lateral proximal and mechanical lateral distal femoral angles (mLPFA, mLDFA) 
and mechanical medial proximal femoral angle (mMPFA) in healthy stifle joints and joints with 

MPL grade II and III in dogs measured by radiography(Ro) and computed tomography (CT).  
Values are presented as median (minimum-maximum). 
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DISCUSSION 

For decades, radiography has been the 
primary diagnostic imaging method for 
diseases affecting the stifle joint. A large 
part of bone morphology could be evalu-
ated on radiographs. However, in some 
bone deformities accompanying medial 
patellar luxation combined with impossi-

bility for proper positioning of patients, 
interpretation of images could be errone-
ous or subjective (Aiken & Barnes, 2014). 
That is why, in cases with severe bone 
deformities, computed tomography is su-
perior to conventional radiography. 

According to Dudley et al. (2006), 
there is no relevant difference between 
CT and radiography when used for meas-
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Fig. 8. Anatomical lateral and medial distal femoral angles (aLDFA, aMDFA) in healthy stifle  
joints and joints with MPL grade II and III in dogs measured by radiography(Ro) and  
computed tomography (CT). Values are presented as median (minimum-maximum). 
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Fig. 9. Quadriceps angle (Q-angle) and anteversion angle in healthy stifle joints and  
joints with MPL grade II and III in dogs measured by radiography(Ro) and computed  

tomography (CT). Values are presented as median (minimum-maximum). 
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urement of anatomical and mechanical 
femoral and tibial angles in healthy dogs. 
Only the anteversion angle measured on 
radiographs could differ from values ob-
tained by means of CT or magnetic reso-
nance imaging – gold standard in human 
medicine. The difference is attributed to 
difficult achievement of proper position 
of pelvic limbs (femurs in particular) in a 
transverse plane. The results of our study 
however disagreed with the cited research  
as we have found out statistically signifi-
cant differences in three of measured an-
gles – mLDFA, Q-angle and mCrPTA. 

The contracture of m. quadriceps 
femoris should be furthermore considered 
as an important factor that could influence 
the results from interpretation of radio-
graphs (Aghapour et al., 2019). In our 
study, all radiographic procedures were 
performed under general anaesthesia to 
reduce to minimum possible improper 
body positioning. 

Out of the proximal angles, statisti-
cally significant difference was found 
only in values of the mechanical lateral 
proximal femoral angle in dogs with 
grade II MPL. This difference could not 
be attributed to bone deformity presence, 
because such difference between imaging 
techniques was not seen in healthy joints 
and those with grade III MPL, so incor-
rect measurements on radiographs are a 
possible explanation. Bone deformity was 
also excluded as a probable cause because 
the values of aLPFA measured by either 
CT or radiography were not different. 
Thus, our results supported the hypothesis 
that bone deformities in the distal femur 
were more important for the occurrence of 
medial patellar luxation in dogs. 

Tomlinson et al. (2007) affirmed that 
there was a substantial difference in the 
shape of trochanter major and femoral 
head among dogs of various large breeds. 
In this study, only small-breed dogs were 

included and that is why no differences 
were found out in the shape of the greater 
trochanter or in the femoral head. Any 
existing difference in our opinion would 
be probably related to genetic predisposi-
tion to aseptic necrosis of the femoral 
head and neck (Legg-Calvé-Perthes dis-
ease).  

In the present study, FVA tended to be 
higher in stifle joints with grade II and III 
MPL compared to healthy joints as mea-
sured by both imaging techniques, 
whereas aLDFA values in grade III MPL 
already differed significantly, probably 
due to difficulty obtaining a proper posi-
tioning of patients. Similar results on 
aLDFA, mLDFA and FVA were also re-
ported in previous studies (Dudley et al., 
2006; Yasukawa et al., 2016).  

In this study, a special attention was 
paid on the anteversion angle, due to its 
importance in patellar luxation and dis-
putable values (Campbell & Pond, 1972; 
Olmstead, 1981; Kaiser et al., 2001a,b; 
Yasukawa et al., 2016). Before the intro-
duction of the novel diagnostic imaging 
methods, it has been measured directly on 
axial radiographs (Nunamaker et al., 
1973). One of the main advantages of CT 
is the three-dimensional reconstruction of 
images and possibility for positioning of 
the image in a plane appropriate for meas-
urement of anatomical and mechanical 
angles (Dudley et al., 2006) in cases of 
advanced MPL. The statistically signifi-
cant differences in values of the antever-
sion angle obtained by either 3D CT or 
radiography could be attributed to the 
possibility to rotate the image in position, 
suitable for its measurement. The devia-
tions in AA measured by radiography are 
supposedly due to the external rotation of 
the distal third of the femur and hypopla-
sia of the medial condyle, confirmed by 
the high FVA values in joints with grade 
II and III MPL. Similar results have been 
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reported also by other research teams 
(Kowaleski, 2006; Roch & Gemmill, 
2008), allowing assuming the results from 
CT as more reliable. 

An important precondition for axial 
radiographic projection is the visualisa-
tion of femoral medullary canal in trans-
verse section (Nunamaker et al., 1973). In 
this study, this projection was done with 
difficulty in grade III MPL due to varus 
deformity of the distal femur, as con-
firmed by high values of aLDFA and 
FVA. The values of these angles in the 
present study were higher than those 
found out by Žilinčík et al. (2018) and 
Aghapour et al. (2019), yet comparable to 
values reported by Soparat et al. (2012).  

When the anteversion angle assumes 
values higher than normal, femoral head 
and neck are directed cranially and on the 
contrary, if AA is lower than normal, 
femoral head and neck are directed  more 
caudally than normal (Bardet et al., 
1983). Lately, in dogs with MPL, this 
angle is evaluated by MRI or CT (Kaiser 
et al., 2001a; Towle et al., 2005). In 
healthy dogs from small breeds (York-
shire terrier, Shi Tzu, Maltese, Poodle) 
the AA values range within 23.4°27.4° 
(Kim et al., 2016), which are comparable 
to our values in normal stifle joints. In 
joints affected with grade II and III MPL, 
AA was statistically significantly higher 
which disagrees with the results of Zilin-
cik et al. (2018), but is in line with the 
results of Newman & Voss (2017)  both 
reports were done only on radiographs. In 
our opinion, the values measured on 3D 
images are more reliable due to the possi-
bility for rotation of the image in a more 
suitable plane. 

Kaiser et al. (2001a) established that 
in dogs weighing 10–20 kg, AA values 
were lower than those in dogs weighing < 
10 kg and > 20 kg. All dogs included in 
the present study weighed less than 10 kg 

and thus, measured anteversion angles 
were greater. 

Varus deformity of the distal third of 
the femur is known to occur in high grade 
MPL (Hulse, 1981; Schulz, 2002; Vas-
seur, 2003; Piermattei et al., 2006). Va-
lues of aLDFA, mLDFA and FVA deter-
mined on 3D CT images in Toy Poodles 
with grade II MPL did not differ consi-
derably from those in healthy dogs from 
the same breed (Yasukawa et al., 2016). 
Our results in joints affected by grade II 
MPL confirmed this statement as aLDFA 
and mLDFA were concerned. As to FVA 
in joints with grade II MPL, it was greater 
as compared to normal joints similarly to 
other reports (Mortari et al., 2009). 

The measurement of the inclination 
femoral angle (IFA) by means of CT in 
Toy Poodles with grade II and IV MPL 
did not show any significant differences 
(Yasukawa et al., 2016) suggesting that 
coxa vara was not associated to the occur-
rence of the disease as affirmed in earlier 
studies based on radiography (Bound et 
al., 2009; Mortari et al., 2009; Soparat et 
al., 2012). Similar results were reported 
also in English bulldogs, where IFA 
measured by CT did not differ substan-
tially between healthy dogs and dogs with 
MPL, hence, coxa vara in this breed was 
not associated to patellar luxation too. In 
the present study, IFA values of healthy 
joints tended to be lower than values ob-
tained for grade II and III MPL on both 
2D and 3D images. IFA values in both 
MPL grades were greater as compared to 
reference values provided for dogs from 
small breeds (Kim et al., 2016). On the 
basis of results it could be suggested that 
IFA was involved in the etiology and 
pathogenesis of patellar luxation. 

Among the studied femoral angles, 
statistically significant differences bet-
ween values obtained by the both imaging 
techniques were found out for  mLDFA, 
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mMPFA and the Q-angle, whereas in 
joints with medial patellar luxation: for 
mLPFA, aLDFA, aMDFA and the ante-
version angle.   

According to Piras et al. (2012), tibial 
malalignment is rarely involved in the 
etiopathogenesis of patellar luxation. Cra-
nial and caudal tibial angles (mCrPTA, 
mCdPTA, mCrDTA and mCdDTA), de-
termined in mediolateral view, have been 
used for detection of procurvatum or re-
curvatum deformity of the tibia (Fuller et 
al., 2014). In dogs from small breeds, 
caudal deformity of the proximal tibia 
leading to increased risk from rupture of 
the cranial cruciate ligament was found 
out (Macias et al., 2002). However, it is 
unclear whether the higher mCdPTA va-
lues in dogs from small breeds are associ-
ated with the prevalence of patellar luxa-
tion (Olimpo et al., 2016). 

In this study, statistically significant 
differences in mCrPTA between both 
imaging techniques were found out only 
in healthy stifles, in line with results re-
ported by Yasukawa et al. (2016) and 
Lusetti et al. (2017), but not with those of 
Olimpo et al. (2016). In joints with grade 
II and III MPL the values of mCdPTA 
angle were similar to those in normal 
joints. In our opinion, among mechanical 
tibial angles, mMPTA is more important. 
In our study, this angle tended to decrease 
as the MPL grade increased, due to the 
force exerted on m.quadriceps femoris on 
crista tibiae in medial direction, leading 
to a medial deviation clearly seen by both 
diagnostic imaging methods. 

An interesting finding was that in both 
grade II and III MPL, measured tibial 
angles were similar to those of normal 
joints, except for mCdPTA in joints with 
grade II MPL (Yasukawa et al., 2015; 
Kim et al., 2016; Lusetti et al., 2017). 
Consequently, we could affirm that tibial 
deformities are less important in the 

etiopathogenesis of grade II and III patel-
lar luxation. Furthermore, the increase in 
mCdPTA could predispose to rupture of 
the cranial cruciate ligament. 

CONCLUSION 

The presented results allowed concluding 
that angle measurements by conventional 
radiography vs computed tomography 
resulted in different values for mLPFA 
and anteversion angle (in joints with 
grade II MPL) and in aLDFA, aMDFA 
and anteversion angle (in joints with 
grade III MPL). In healthy dogs, values of 
mMPFA, mLDFA, mCrPTA and Q-angle 
demonstrated significant differences asso-
ciated with used imaging technique. Con-
ventional radiography is appropriate for 
measurement of the following anatomical 
and mechanical angles of the femur and 
the tibia –  aMPFA, aMDFA, mMDFA, 
FVA, IFA, mMPTA, mLPTA, mMDTA, 
mLDTA, mCrDTA, mCdPTA and 
mCdDTA. As the evaluation of antever-
sion angle, aLDFA, aMDFA, mLDFA, 
mMPFA, mLPFA, Q-angle and mCrPTA 
was concerned, computed tomography is 
recommended due to the substantial sub-
jectivism in patient’s positioning, the 
more detailed visualisation of bones and 
the possibility for positioning in the most 
suitable plane. 

REFERENCES 

Aghapour, M., B. Bockstahler, S. Kneissl, A. 
Tichy & B. Vidoni, 2019. Femoral and 
tibial alignments in Chihuahuas with patel-
lar luxation by radiograph: Angular values 
and intra- and inter-observer agreement of 
measurements. Plos One, 14, e0214579. 

Aiken, M. & D. Barnes, 2014. Are the fabellae 
bisected by the femoral cortices in a true 
craniocaudal pelvic limb radiograph? 



R. Garnoeva  & М. Paskalev  

BJVM, ××, No × 11 

Journal of Small Animal Practice, 55, 
465–470. 

Apelt, D., M. P. Kowaleski & J. Dyce, 2005. 
Comparison of computed tomographic and 
standard radiographic determination of 
tibial torsion in the dog. Veterinary Sur-
gery, 34, 457–462. 

Bardet, J. F., R. L. Rudy & R. B. Hohn, 1983. 
Measurement of femoral torsion in dogs 
using a biplanar method. Veterinary Sur-
gery, 12, 1–6. 

Barnes, D. M., A. A. Anderson, C. Frost & J. 
Barnes, 2015. Repeatability and repro-
ducibility of measurements of femoral and 
tibial alignment using computed tomogra-
phy multiplanar reconstructions. Veteri-
nary Surgery, 44, 85–93. 

Bound, N., D. Zakai, S. J. Butterworth & M. 
Pead, 2009. The prevalence of canine pa-
tellar luxation in three centres. Clinical 
features and radiographic evidence of limb 
deviation. Veterinary and Comparative 
Orthopaedics and Traumatology, 1, 32–
37. 

Campbell, J. R. & M. J. Pond, 1972. The ca-
nine stifle joint. II. Medial luxation of the 
patella: An assessment of lateral capsular 
overlap and more radical surgery. Journal 
of Small Animal Practice, 13, 11–18. 

Dismukes,  D. I., J. L. Tomlinson, D. B. Fox, 
J. L. Cook & T. H. Witsberger, 2008. Ra-
diographic measurement of canine tibial 
angles in the sagittal plane. Veterinary 
Surgery, 37, 300–305. 

Dudley, R. M., M. P. Kowaleski & W. T. 
Drost, 2006. Radiographic and computed 
tomographic determination of femoral va-
rus and torsion in the dog. Veterinary Ra-
diology and Ultrasound, 47, 546–552. 

Fuller, M. C., A. S. Kapatkin, K. A. Bruecker, 
I. G. Holsworth, P. H. Kass & K. Hayashi, 
2014. Comparison of the tibial mechanical 
joint orientation angles in dogs with cra-
nial cruciate ligament rupture. The Cana-
dian Veterinary Journal, 55, 757765. 

Hauptman, J., G. H. Cardinet, J. P. Morgan, 
M. M. Guffy & L. J. Wallace, 1985. An-
gles of inclination and anteversion in hip 

dysplasia in the dog. American  Journal of 
Veterinary Research, 46, 20332036. 

Hulse, D. A., 1981. Pathophysiology and man-
agement of medial patellar luxation in the 
dog. Veterinary Medicine: Small Animal 
Clinician, 76, 4351. 

Kaiser, S., H. Waibl & L. Brunnberg, 1997. 
The quadriceps-angle in radiography and 
magnetic resonance tomography  a pa-
rameter to objectify soft tissue and bone 
deformities associated with the congenital 
dislocation of the patella. Kleintierpraxis, 
42, 953964. 

Kaiser, S., D. Cornely, W. Golder, M. T. Gar-
ner, K. J. Wolf, H. Waibl & L. Brunnberg, 
2001a. The correlation of canine patellar 
luxation and the anteversion angle as 
measured using magnetic resonance im-
ages. Veterinary Radiology  and  Ultra-
sound, 42, 113118. 

Kaiser, S., D. Cornely, W. Golder, M. T. Gar-
ner, H. Waibl & L. Brunnberg, 2001b 
Magnetic resonance measurements of the 
deviation of the angle of force generated 
by contraction of the quadriceps muscle in 
dogs with congenital patellar luxation. 
Veterinary Surgery, 30, 552– 558. 

Kettelkamp, D. B., B. M. Hillberry, D. E. 
Murrish & D. A. Heck, 1988. Degenera-
tive arthritis of the knee secondary to frac-
ture malunion. Clinical Orthopaedics, 234, 
159–169. 

Kim, J., H. Suyoung, N. Jiyoung, K. Namsoo, 
K. Minsu, J. Seongmok & L. HaeBeom, 
2016. Determination of femoral and tibial 
joint reference angles in small-breed dogs. 
Journal of Veterinary Clinics, 33, 
340345. 

Kowaleski, M. P., 2006. Radiographic and 
Computed Tomographic Planning. Cum-
mings School of Veterinary Medicine, 
Tufts University.  

Lusetti, F., A. Bonardi, C. Eid, A. B. De 
Bellesini & M. F. Martini, 2017. Pelvic 
limb alignment measured by computed 
tomography in purebred English Bulldogs 
with medial patellar luxation. Veterinary 
and Comparative Orthopaedics and 
Traumatology, 30, 200–208. 



Evaluation of pelvic limb angles in dogs with medial patellar luxation: Comparison of radiography …  

BJVM, ××, No × 12 

Macias, C., W. M. McKee & C. May, 2002. 
Caudal proximal tibial deformity and cra-
nial cruciate ligament rupture in small-
breed dogs. Journal of Small Animal Prac-
tice, 43, 433–438. 

Marino, D. J. & C. A. Loughin, 2010. Diag-
nostic imaging of the canine stifle: A re-
view. Veterinary Surgery, 39, 284–295. 

Montavon, P. M., R. B. Hohn, M. L. Olmstead 
& R. L. Rudy, 1985. Inclination and ante-
version angles of the femoral head and 
neck in the dog. Veterinary Surgery, 14, 
277–282. 

Mortari, A. C., S. C. Rahal, L. C. Vulcano, V. 
Colombi da Silva & R. S. Volpi, 2009. 
Use of radiographic measurements in the 
evaluation of dogs with medial patellar 
luxation. Canadian Veterinary Journal, 
50, 10641068. 

Mostafa, A. A., D. J. Griffon, M. W. Thomas 
& P. D. Constable, 2008. Proximodistal 
alignment of the canine patella: Radio-
graphic evaluation and association with 
medial and lateral patellar luxation. Vet-
erinary Surgery, 31, 201–211. 

Myers, T. G., M. K. Fishman, J. J. McCarthy, 
R. S. Davidson & J. Gaughan, 2005. Inci-
dence of distal femoral and distal tibial de-
formities in infantile and adolescent 
Blount disease. Journal of Pediatric Or-
thopaedics, 25, 215–218. 

Newman, M. & K. Voss, 2017. Computed 
tomographic evaluation of femoral and 
tibial conformation in English Stafford-
shire Bull Terriers with and without con-
genital medial patellar luxation. Veterinary 
and Comparative Orthopaedics and 
Traumatology, 30, 191199. 

Nunamaker, D. M., D. N. Beiry & C. D. New-
ton, 1973. Femoral neck anteversion in the 
dog: Its radiographic measurement. Jour-
nal of the American Veterinary Radiology 
Society, 4, 45–48. 

Olimpo, M., L. A. Piras & B. Peirone, 2016. 
Pelvic limb alignment in small breed dogs: 
A comparison between affected and free 
subjects from medial patellar luxation. 
Veterinaria Italiana, 52, 4550. 

Olmstead,  M. L., 1981. Lateral luxation of the 
patella. In: Disease Mechanisms in Small 
Animal Surgery, eds M. J. Bojrab, D. D. 
Smeak & M. S. Bloomberg, Lea & Fe-
biger, Philadelphia, pp. 818820. 

Paley, D., 2003. Osteotomy concepts and fron-
tal plane realignment. In: Principles of De-
formity Correction, 1st edn, ed J. E. Her-
zenberg,  Springer-Verlag, Berlin, pp. 
99154. 

Palmer,  R. H., 2001. Patellar luxation: Femo-
ral osteotomy and other therapeutic op-
tions in large breed dogs. In: Proceedings 
of the 12th Annual Veterinary Symposium, 
American College of Veterinary Surgeons, 
San Diego, CA, pp. 4145. 

Perry, K. L., R. J. Adams, S. J. Andrews, C. 
Tewson & M. Bruce, 2017. Impact of 
femoral varus on complications and out-
come associated with corrective surgery 
for medial patellar luxation. Veterinary 
and Comparative Orthopaedics and 
Traumatology, 30, 288298. 

Piermattei, D. L., G. L. Flo & C. E. DeCamp, 
2006. The stifle joint. In: Brinker, Pier-
matei and Flo’s Handbook of Small Ani-
mal Orthopaedics and Fracture Repair, 4th 
edn, Saunders, Philadelphia, pp. 562581. 

Piras, L. A., B. Peirone & D. Fox, 2012. Ef-
fects of antebrachial torsion on the meas-
urement of angulation in the frontal plane: 
A cadaveric radiographic analysis. Veteri-
nary and Comparative Orthopaedics and 
Traumatology, 25, 89–94. 

Putnam, R. W., 1968. Patellar Luxation in the 
Dog. Master’s thesis, University of 
Guelph. 

Riser, W. H. & J. F. Shirer, 1966. Hip dyspla-
sia: Coxofemoral abnormalities in neonatal 
German shepherd dogs. Journal of Small 
Animal Practice, 7, 712. 

Roch, S. P. & T. J. Gemmill, 2008. Treatment 
of medial patellar luxation by femoral 
closing wedge ostectomy using a distal 
femoral plate in four dogs. Journal 
of Small Animal Practice, 49, 152–158. 



R. Garnoeva  & М. Paskalev  

BJVM, ××, No × 13 

Schneider, M., 1963. The effect of growth on 
femoral torsion. Journal of Bone and Joint 
Surgery, 45, 14391449. 

Schulz, K., 2002. Diseases of the joints. In: 
Small Animal Surgery, 3rd edn, ed T. W. 
Fossum, Mosby Elsevier, St Louis, pp. 
1143–1315. 

Soler, M.,  J. Murciano, R. Latorre, E. 
Belda, M. J. Rodríguez & A. Agut, 2007. 
Ultrasonographic, computed tomographic 
and magnetic resonance imaging anatomy 
of the normal canine stifle joint. The Vet-
erinary Journal, 174, 351–361. 

Soparat, C., C. Wangdee, S. Chuthatep & M. 
Kalpravidh, 2012. Radiographic measure-
ment for femoral varus in Pomeranian 
dogs with and without medial patellar 
luxation. Veterinary and Comparative Or-
thopaedics and Traumatology, 25, 
197201. 

Swiderski, J. K., S. V. Radecki, R. D. Park & 
R. H. Palmer, 2008. Comparison of radio-
graphic and anatomic femoral varus angle 
measurements in normal dogs. Veterinary 
Surgery, 37, 4348. 

Tomlinson, J., D. Fox, J. L. Cook & G. G. 
Keller, 2007. Measurement of femoral an-
gles in four dog breeds. Veterinary Sur-
gery, 36, 593–598. 

Towle, H. A., D. J. Griffon, M. W. Thomas, A. 
M. Siegel, D. Dunning & A. Johnson, 
2005. Pre- and postoperative radiographic 
and computed tomographic evaluation of 
dogs with medial patellar luxation. Veteri-
nary Surgery, 34, 265–272. 

Vasseur, P. B., 2003. Stifle joint. In: In: Text-
book of Small Animal Surgery, ed D. H. 
Slatter, Saunders Philadelphia, pp. 
20902133. 

Yasukawa, S., K. Edamura, K. Tanegashima, 
M. Seki, K. Teshima, K. Asano, T. Naka-
yama & K. Hayashi, 2016. Evaluation of 
bone deformities of the femur, tibia, and 
patella in Toy Poodles with medial patellar 
luxation using computed tomography. Vet-
erinary and Comparative Orthopaedics 
and Traumatology, 1, 2938. 

Žilinčík, M., M. Hluchý, L. Takáč & V. Le-
decký, 2018. Comparison of radiographic 
measurements of the femur in Yorkshire 
Terriers with and without medial patellar 
luxation. Veterinary and Comparative Or-
thopaedics and Traumatology, 31, 17–22. 

 

 

 

 

Paper received 07.12.2020; accepted for 
publication 09.02.2021 

 

Correspondence:  
 
Radka Garnoeva, DVM, PhD 
Department of Veterinary Surgery,  
Faculty of Veterinary Medicine,  
Trakia University,  
6000 Stara Zagora, Bulgaria, 
e-mail: dr.garnoeva@abv.bg 

 

 
 


	MATERIALS AND METHODS

