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Medial patellar luxation is a common orthopedic 
disorder in dogs.1 The relative risk of patellar lux-

ation is greater in small-breed dogs than in large-breed 
dogs.2 Patella alta (patella in a more proximal position 
than normal) has been identified as a risk factor for re-
current patellar luxation in humans.3–5 The patellae of 
medium- to giant-breed dogs that have medial patellar 
luxation are more proximally positioned than are patel-
lae of clinically normal dogs.6,7 Patella infera (baja), in 
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which the patella is more distally positioned than nor-
mal, is associated with lateral patellar luxation in dogs.7 
The term patella infera, rather than patella baja, is pre-
ferred by some authors.8

Studies6,7,9 on measurement of the proximodistal 
patellar position in dogs have focused on the use of the 
IS index, with or without slight modifications. In con-
trast, numerous indices have been described for mea-
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AbbreviAtions 
BP  Blackburne-Peel
CV  Coefficient of variation
dC  de Carvalho
DICOM Digital imaging and communications 
   in medicine
ICC  Intraclass correlation coefficient
ICC

(2,k)
  Case 2 absolute agreement of intraclass  

   correlation coefficient
IS  Insall-Salvati
mIS  Modified Insall-Salvati
PT  Patellotrochlear
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surement of the proximodistal position of the patella in 
humans.10 The IS index, as originally described, is the 
ratio of the lengths of the caudal border of the patellar 
ligament to the longest diagonal measurement of the 
patella.11 The insertion of the caudal border of the patel-
lar ligament on the tibia is identified as a small notch in 
both humans11 and dogs.9 Drawbacks to this technique 
have been described in the literature of human and vet-
erinary subjects and include variations in nonarticular 
patellar length,12 enthesophytosis of the distal patellar 
pole,6,7 masking of the caudal aspect of the patellar liga-
ment by effusion,7 masking of the tibial notch by minor 
axial rotation of the tibia,13 and insertion of the caudal 
border of the patellar ligament proximal to the tibial 
notch.13 Additionally, because this index relies solely 
on measurements of the patella and patellar ligament, 
surgical correction for patella alta does not change the 
index. Consequently, it is not possible to assess the ad-
equacy of surgical correction or identify overcorrection 
(iatrogenic patella infera) by use of this index.

A modification of the IS index that uses measure-
ments of the distance from the distal articular surface of 
the patella to the tibial notch and the articular length of 
the patella has been described in humans.12 This modi-
fication reduces errors in patient classification attribut-
able to variations in patellar shape and enthesophytosis 
at the distal pole of the patella that develop when the 
original IS index calculation is used.

To compare preoperative and postoperative proxi-
modistal patellar position, it is necessary to use indices 
that describe patellar position relative to the femur or 
proximal aspect of the tibia. When 2 such indices (BP 
and Caton-Deschamps indices) are compared with the 
original and modified IS indices in humans, classifica-
tion of patellar position (normal vs abnormal) strongly 
depends on the index that is used.14,15 The BP index, 
which describes the patellar position along a line per-
pendicular to the tangent of the tibial plateau,16 dis-
criminates best among normal, patella alta, and patella 
infera classifications according to both studies.14,15 The 
Caton-Deschamps index in humans is defined as the ra-
tio of the length of the articular surface of the patella to 
the distance from the distal end of the articular surface 
of the patella to the anterosuperior corner of the tibia.17 
A related index, the dC index, describes the position of 
the patella relative to the cranial aspect of the tibial pla-
teau instead of the anteriosuperior corner of the tibia.13 
Advantages of these 3 indices in humans are that index 
values do not change with variations in the shape of the 
patella or morphology near the tibial insertion of the 
patellar ligament but do potentially change because of 
surgical treatment. 

A method of referencing patellar position relative 
to the trochlea of the femur by use of magnetic reso-
nance imaging in humans has been reported.18 In the 
PT index, the articular length of the patella is compared 
with the length of overlap between the articular surface 
of the patella and the proximal trochlea of the femur 
when the knee joint is fully extended. In addition to 
the advantages for the BP, Caton-Deschamps, and dC 
indices, the PT index has the advantage that it indicates 
the relationship between the patella and the trochlea of 
the femur.

Significant interlimb differences in patellar posi-
tion index values have been reported in humans.15 No 
differences in mean interlimb index values were identi-
fied in a study9 of clinically normal large-breed dogs.

Comparisons of various patellar position indices 
would ideally be performed in a population of ani-
mals that are uniform in size and comparable in size to 
small-breed dogs that are typically affected with medial 
patellar luxation. Additionally, limb morphology of the 
animals should be similar to that of domestic dogs; red 
foxes (Vulpes vulpes) meet these criteria.19 The objec-
tives of the study reported here were to compare 5 pa-
tellar position indices (IS, mIS, dC, PT, and BP indices) 
at various stifle joint angles in pelvic limbs of red foxes, 
determine reliability of measurements used in calcula-
tion of these indices, and assess the suitability of these 
indices for clinical use.

Materials and Methods 
Pelvic limbs were obtained from the cadavers of 12 

skeletally mature red foxes (6 sexually intact males and 
6 sexually intact females). Foxes had been raised on a 
commercial farm. The foxes were in good physical con-
dition, and no evidence of musculoskeletal disease was 
observed. Specific approval for this protocol was not 
required as it was performed by use of cadaver material. 

Foxes were euthanized by electrocution (in ac-
cordance with Danish Law20), ensuring immediate loss 
of consciousness. After the foxes were euthanized, ca-
davers were chilled and transported to the Department 
of Small Animal Clinical Sciences. The cadavers were 
frozen for storage. Before use, cadavers were thawed to 
room temperature and limbs were removed by disar-
ticulation of coxofemoral joints and dissection of bones 
free of musculature. In each limb, the stifle joint cap-
sule, collateral ligaments, patellar ligament, and patella 
were left in place. The prepared limbs were wrapped in 
saline (0.9% NaCl) solution–soaked gauze swabs and 
chilled until radiography was performed within 1 to 2 
hours after limbs were prepared. 

In each limb, a 2.0-mm Kirschner wirea was driven 
in a lateral to medial direction through the femoral con-
dyles between the origins of the collateral ligaments and 
cut so that 1 cm of wire protruded on the lateral aspect. 
A 1.0-mm Kirschner wirea was inserted in the lateral 
aspect of the greater trochanter of the femur immedi-
ately lateral to the center of the femoral head. A tunnel 
was drilled in a lateral to medial direction through the 
calcaneus, and a suture was passed through the tunnel 
and tied around the femoral neck. A second tunnel was 
drilled from the trochanteric fossa in a caudal to cranial 
direction through the femur, and sutures were placed 
through this tunnel and through the peripatellar fascia, 
which were used to attach an elastic band along the cra-
nial surface of the femur to ensure the patellar ligament 
remained taut.

A plastic goniometera that was accurate to within 
2° was modified by cutting a 1-mm-wide channel cen-
trally along the long axis of 1 arm; this allowed the go-
niometer to be fitted with the center of rotation over 
the 2.0-mm wire and the cut arm over the 1.0-mm wire. 
The stifle joint angle was measured by centering the free 
arm over the lateral malleolus of the fibula. Adjustment 
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of the suture that passed between the femoral neck and 
calcaneus permitted fixation of the stifle joint at prede-
termined angles (goniometrically set stifle joint angle). 

Digital lateromedial radiographs of each limb were 
obtained with the stifle joint angle set at 30°, 52°, 75°, 96°, 
113°, 130°, and 148°. Radiographs included the full length 
of the femur and tibia and had markers that identified the 
individual fox, limb, and goniometrically set stifle joint 
angle. Images were archived as DICOM files.

Anonymity of the DICOM files was accomplished 
by removing all identification markers and reversing 
the images of the right limbs to obtain mirror images 
by use of commercial software.b The DICOM files were 
randomly ordered by use of freely available softwarec 
such that observers were unaware of the source of each 
image. Two observers (an experienced veterinary radi-
ologist [DHN] and an experienced veterinary surgeon 
[JEM]) evaluated each image 3 times by use of freely 
available software.d Seven linear measurements and 1 
angular measurement were made on each image for de-
termination of the chosen indices (Figure 1). 

Except for the BP index, all indices were modi-
fied from their original descriptions. The IS index 

was modified as described elsewhere,7 such that the 
tibial tuberosity was used as the distal endpoint for 
patellar ligament length, instead of the notch where 
the caudal border of the ligament inserted into the 
tibia. The mIS index was modified similarly for con-
sistency. The dC index was modified by adopting the 
closest tibial cortex as the distal measurement end-
point instead of restricting it to the cranial end of the 
tibial plateau. The PT index was modified to include 
the portion of the trochlea underlying and proximal 
to the patella, rather than including only the portion 
of the trochlea underlying the patella. Whereas the 
knee joint in humans has only a partially engaged 
patella at the required angle of measurement, the pa-
tella of dogs is substantially or completely engaged 
with the trochlea at the selected angles of measure-
ment.9 In addition to indices, stifle joint angle was 
determined from the radiographs (radiographic stifle 
joint angle). The center of a circle centered over the 
femoral condyles served as the vertex of the angle, 
and the arms of the angle passed through the centers 
of circles centered over the femoral head and tibio-
tarsal joint.

Statistical analysis—For each obser-
vation, data for calculation of the 5 indices 
and values of measured radiographic stifle 
joint angle were collected, along with the 
goniometrically set stifle joint angle, limb, 
observer, observation number, sex of fox, 
and fox. Indices for each observation by 
each observer, mean indices for each ob-
server, and mean indices for both observ-
ers combined were calculated. Data were 
reported as mean ± SD unless otherwise 
stated. Values were considered significant 
at P < 0.05.

Statistical analysis was performed by 
use of statistical software.e Data were de-
termined to be normally distributed by 
use of quantile-quantile plots, residual 
plots, and the Shapiro-Wilk test, and vari-
ances were compared visually by use of 
box plots. The ICC(2,k) and associated 95% 
confidence limits for the intraobserver  

Figure 1—Illustration depicting calculation of the patellar position indices (IS, mIS, 
dC, PT, and BP) in stifle joints obtained from cadavers of 12 red foxes (Vulpes 
vulpes). aP = Patellar articular surface length. aPL = Distance from the distal patel-
lar articular surface to the tibial tuberosity. B = Shortest distance from the distal 
patellar articular surface to a line passing through the cranial and caudal edges of the 
tibial plateau. D = Distance from the distal patellar articular surface to the closest 
tibial cortex. P = Patellar length. PL = Patellar ligament length from the distal patellar 
pole to the tibial tuberosity. T = Distance from the proximal articular surface of the 
patella to the proximal trochlea. θ = Angle between the line of the patellar articular 
surface and a line extending from the proximal articular surface of the patella to the 
proximal femoral trochlea.

Variable IS mIS dC PT BP

Joint angle (°)*     
  30 1.8–2.4 2.9–3.9 0.7–1.3 1.8–2.5 1.1–1.7
  52 1.9–2.5† 2.9–4.1† 0.9–1.7 2.1–2.8† 1.2–2.0
  75 1.9–2.5† 2.9–4.1† 1.2–2.0 2.1–2.8† 1.4–2.2†
  96 1.9–2.5† 2.9–4.1† 1.4–2.3 2.1–2.8† 1.4–2.2†
  113 1.9–2.5† 2.9–4.1† 1.6–2.4 1.7–2.5 1.4–2.2†
  130 1.9–2.5† 2.9–4.1† 1.8–2.6 1.4–2.2 1.4–2.1
  148 1.9–2.6 2.9–4.1† 1.9–2.8 1.0–1.8 1.3–2.1
Regression (0.00095•θ) + 2.1 (0.0013•θ) + 3.4 (0.011•θ) + 0.71 (0.024•θ) – (0.00017•θ2) + 1.6     (0.011•θ) – (0.00005•θ2) + 1.2
P value 0.003 0.046 , 0.001 , 0.001 , 0.001
R 2 0.051 0.024 0.840 0.790 0.190
95% confidence interval     
  Linear regression 0.00032 to 0.00157 0.00002 to 0.00256 0.01027 to 0.01172 0.01988 to 0.02732 0.00949 to 0.01280
  Polynomial regression —  — — –0.00015 to –0.00019 –0.00004 to –0.00006

*Values reported are 95% reference intervals. †Within an index, values did not differ significantly (P $ 0.05) between adjacent joint angles.
— = Not calculated.

Table 1—Calculated reference intervals and regression variables for each goniometrically set joint angle (θ) for 5 patellar position indices 
determined in stifle joints obtained from cadavers of 12 red foxes (Vulpes vulpes). 
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(k = 3) and interobserver (k = 2) comparisons were cal-
culated21 and interpreted22 as previously described. Be-
cause interobserver and intraobserver comparisons for 
the IS index in dogs have good agreement,7,9 the other 
selected indices were compared for feasibility and in-
traobserver and interobserver reliability by use of the 
IS index as a standard. Coefficients of variation were 
calculated for comparison of index reliability23 because 
2 indices (mIS and dC) had evidence of heteroscedas-
ticity on evaluation of plots of SD against the mean and 
by use of a White test.

The effect of the goniometrically set stifle joint an-
gle on index value was investigated by use of a mixed-
model ANOVA that had goniometrically set stifle joint 
angle, limb, and sex as fixed effects and fox as a random 
effect. A Bonferroni correction for multiple compari-

sons was applied. Parametric 95% reference intervals 
were determined for the longest contiguous sets of non-
significantly different index values as assessed by use of 
pairwise comparisons for IS, mIS, PT, and BP indices. 
Reference intervals were determined for all evaluated 
goniometrically set stifle joint angles for the dC index 
and for goniometrically set stifle joint angles outside the 
contiguous sets for the other indices. Linear regression 
analysis of index value on the goniometrically set stifle 
joint angle was performed for IS, mIS, and dC indices, 
and polynomial regression analysis was performed for 
PT and BP indices.

Radiographic stifle joint angle was assessed by use 
of a mixed-model ANOVA that had limb (left vs right) 
and sex of fox as fixed effects and fox as a random ef-
fect; results were grouped by the goniometrically set 
stifle joint angle. Radiographic stifle joint angles and 
goniometrically set stifle joint angles were further com-
pared by use of linear regression analysis and a Bland-
Altman plot.24 

Results

The values of all patellar position indices changed 
significantly (P < 0.001) with joint angle, although 
the smallest changes were seen in IS and mIS indices  

Figure 2—Box-and-whisker plots for the 5 patellar position indices 
(IS [A], mIS [B], dC [C], PT [D], and BP [E]) at each of 7 stifle joint 
angles. The box represents the interquartile range, the horizontal 
line in each box represents the median, and the whiskers repre-
sent a maximum of 1.5 times the interquartile range. Mean (cross-
es) and outliers (open circles) are indicated. a–gValues with different 
letters differ significantly (P < 0.05).
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(Figure 2). For the dC index, all adjacent pairs of angles 
had significantly different mean index values, whereas 
for the other indices, sets of at least 3 adjacent angles 
could be identified for which the mean index values 
were not significantly different from each other. Calcu-
lated reference intervals and regression variables were 
summarized (Table 1).

A significant effect of limb was observed for IS (P = 
0.006) and dC (P = 0.009) index values but not for mIS 
(P = 0.21), PT (P = 0.86), or BP (P = 0.29) index values. 
Index values obtained for the right limb were slightly 
greater than those for the left limb for all indices at all 
goniometrically set stifle joint angles, except for the mIS 
index at 52°; PT index at 75°, 113°, 130°, and 148°; and 
BP index at 113° and 130°. Ratios for the largest index 
values between the limbs (left stifle joint-to-right stifle 
joint) for IS, mIS, dC, PT, and BP indices were 32:52, 
38:46, 31:53, 35:49, and 33:51, respectively. In all in-
stances, the mean interlimb differences in index values 
were small, although absolute differences (regardless of 
whether the sign of the difference was positive or nega-
tive) between the limbs were larger. Mean differences, 
mean absolute differences, and percentage differences 
of the index values were summarized (Table 2).

Linear regression analysis revealed that the radio-
graphic stifle joint angle was significantly (P < 0.001) 
related to the goniometrically set stifle joint angle, with 
a mean ± SE gradient of 1.026 ± 0.0057 (R2, 0.995). 
Radiographic and goniometrically set stifle joint angles 
were also compared by use of linear regression analysis 
and a Bland-Altman plot (Figure 3). The radiographic 
stifle joint angle had a bias of 0.4° to 4.3°, compared 
with the goniometrically set stifle joint angle, with lim-
its of agreement increasing from –2° to 3° (range, 5°) to 
–5° to 13° (range, 18°).

The radiographic stifle joint angle was significant-
ly greater in radiographs of the right limb than the left 
limb for goniometrically set stifle joint angles of 96° 
(P = 0.049), 113° (P = 0.001), and 130° (P = 0.034). 
At all angles evaluated, the radiographic stifle joint 
angle of the right limb was slightly greater than that 
of the left limb, but these differences were small (1.7 
± 1.0°). Index values were predicted for all indices 
and angles for left and right limbs by use of regression 
analysis data, and the mean differences and mean ab-
solute differences of index values between limbs were 
calculated. Differences in index values between left 
versus right stifle joints were smaller for predicted in-

Figure 3—Bland-Altman plot comparing the radiographic stifle 
joint angle with the goniometrically set stifle joint angle. Dif-
ferences between the 2 angles (radiographic stifle joint angle 
– goniometrically set stifle angle) are plotted against the mean 
of the 2 angles. Each circle represents the difference between 
the 2 angles for 1 stifle joint. The mean difference or bias (solid 
line) and the 95% limits of agreement (dotted lines) are indi-
cated.

Figure 4—Interobserver (IO) and intraobserver reliability of mea-
surements for 2 observers (1 and 2) and 5 indices (IS, mIS, dC, 
PT, and BP) of the stifle joint. Results reported are the ICCs (bars) 
and the CVs (circles). Error bars represent the 95% confidence 
intervals. The cutoff point for substantial ICC agreement as de-
fined elsewhere21 is indicated (dotted line). 

Variable IS mIS dC PT BP

Mean ILD 0.03 6 0.10 0.03 6 0.23 0.04 6 0.12 0.004 6 0.21 0.01 6 0.09
ILD (%) 1.2 0.9 2.3 0.2 0.7
Mean absolute ILD  0.08 6 0.06 0.18 6 0.14 0.10 6 0.08 0.16 6 0.13 0.08 6 0.05
Absolute ILD (%) 3.8 5.0 5.8 7.3 4.5
Predicted mean ILD 0.002 6 0.003 0.002 6 0.004 0.019 6 0.035 0.002 6 0.003 0.001 6 0.011
Predicted mean absolute ILD 0.003 6 0.002 0.004 6 0.003 0.032 6 0.024 0.003 6 0.002 0.008 6 0.008

The ILD was calculated as the mean of the index value for the right limb minus the index value for the left limb for each of the 12 foxes. Absolute 
ILD was calculated without regard to the sign (positive or negative) of the difference. Percentage values are relative to the overall index mean. 
Predicted mean ILD and absolute ILD values were generated by use of the regression equations for each index and radiographic stifle joint angle 
values for each limb.

Table 2—Mean ± SD interlimb differences (ILD) for 5 patellar position indices determined in stifle joints obtained from cadavers of 12 
red foxes.
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dex values than for index values that were calculated 
from measurement of radiographs (Table 2). When 
the interlimb differences were corrected for the cal-
culated differences (because of the influence of the 
radiographic stifle joint angle), the original pattern 
of ratios for the index values was maintained with 
corrected index value ratios (left stifle joint-to-right 
stifle joint) of 38:46, 37:47, 37:47, 35:49, and 35:49 
for IS, mIS, dC, PT, and BP indices, respectively.

Sex of fox did not significantly affect IS (P = 0.51), 
mIS (P = 0.42), dC (P = 0.88), PT (P = 0.81), and BP (P 
= 0.68) indices. Intraobserver and interobserver agree-
ments were substantial as assessed by use of ICC

(2,k)
 val-

ues, which indicated that the measurement techniques 
were both repeatable and reproducible (Figure 4). 
Significant differences were detected between various 
indices for both observers, but these differences were 
considered minor because all values were greater than 
the previously defined threshold of 0.8.21 The ICC(2,k) 
values for the interobserver comparison were similar 
to but had greater variability than the intraobserver 
values. Values for both the mIS and PT indices were 
significantly lower than those for the BP index, but no 
other significant differences between interobserver ICC 
values were detected. The interobserver CVs for IS in-
dex were significantly (P < 0.001) lower than the in-
terobserver ICs for the other 4 indices, which indicated 
better precision for the IS index than for indices that 
referenced the articular surface (mIS, dC, PT, and BP 
indices). Values for mIS and BP indices did not differ 
significantly, but values for both indices were signifi-
cantly lower than values for the dC and PT indices. 

Discussion

Key findings in the study reported here were the 
relative insensitivity to stifle joint angle of IS and mIS 
indices and the linear (dC index) and polynomial (PT 
and BP indices) relationships of the other indices to 
stifle joint angle. All indices had substantial agreement 
within and between observers.

The indices evaluated were selected because they 
had been previously used in dogs (IS index) or because 
we believed they were of potential value and could be 
readily applied in clinical veterinary practice. Four of 
the indices were modified slightly from their original 
descriptions to simplify their use and application in 
clinical veterinary practice.

Goniometrically set stifle joint angles were chosen 
on the basis of stifle joint angles found during walking 
and trotting in clinically normal dogs.9 We extended 
the range of angles for flexion of the stifle joint to in-
clude angles that might be found during the transition 
from standing to sitting in dogs.

Pelvic limbs of red foxes were used in the present 
study because red foxes are similar in size to small-
breed dogs that are typically affected with medial patel-
lar luxation, their limb morphology is similar to that 
of domestic dogs,19 and there is little difference in size 
among individual animals (which reduced interindivid-
ual variation in measurements). Furthermore, the read-
ily available cadaver specimens made red foxes ideal for 
this study. 

The IS index value is generally considered to be in-
dependent of joint angle in humans, which has the ad-
vantage that radiography does not need to be performed 
at a defined joint angle.12 Results of studies indicating 
both independence9 and curvilinear dependence7 of IS 
index values and stifle joint angle in dogs have been 
reported. In contrast to results of those studies,7,9 re-
sults of the present study indicated a weak linear effect 
of stifle joint angle on the IS index value; these results 
can be interpreted as supportive of the findings of stifle 
joint angle independence9 (because the IS index value 
was not affected to a clinically important degree by 
clinically relevant stifle joint angles since the regression 
gradient was minimally different from zero). Examina-
tion of radiographs of fox stifle joints in the present 
study indicated that the patellar ligament increasingly 
wrapped around the cranioproximal aspect of the tibia 
as stifle flexion was increased. Because patellar liga-
ment length (Figure 1) was measured directly between 
the distal pole of the patella and the tibial tuberosity, 
the influence of stifle joint angle was expected in this 
index. This influence of stifle joint angle appeared more 
pronounced with the mIS index but (similar to its par-
ent IS index), the regression line gradient was small, 
and index values were almost unaffected by stifle joint 
angle. Variability in data distribution for the mIS index 
was greater and reference ranges wider than for the 
other indices evaluated, and it therefore seems unlikely 
that use of the mIS index would have substantial advan-
tages over use of the IS index, at least in dogs that do 
not have patellar abnormalities.

The dC index had a strong positive linear relation-
ship with stifle joint angle, and there were significant 
differences between mean dC index values at all stifle 
joint angles in the present study. For use in a clinical 
setting, radiographs would have to be obtained at a set 
angle for which the reference interval had already been 
defined or the reference interval would have to be pre-
dicted for the angle at which the radiograph was ob-
tained. In each case, a means of determining the stifle 
joint angle from a lateral radiograph would be required 
to confirm the accuracy of the set stifle joint angle or to 
calculate the reference interval. Although a technique 
for determination of the joint angle from lateral radio-
graphs of the stifle joint has been described in dogs,7 it 
is uncertain how angles measured by use of those cri-
teria relate to the angle-setting technique we used or to 
the radiographic stifle joint angle we measured in the 
present study. Similar caveats apply to PT index values, 
which had a more complex polynomial relationship 
with stifle joint angle but were least variable between 
stifle joint angles from 52° to 96°. Although the rela-
tionship of BP index values to stifle joint angles was 
also polynomial, variation in BP index values because 
of changes in joint angle was much less than for dC or 
PT index values. This finding suggests potentially in-
creased clinical usefulness of the BP index because ac-
curacy of determination of the stifle joint angle would 
be less important for this index, at least within a dis-
tinct range of stifle joint angles (75° to 113°) used in the 
present study. Use of angles in this range would have 
the secondary advantage of increasing the likelihood 
that the patellar tendon would remain taut in clinical 
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patients, which is a prerequisite for accurate calculation 
of all 5 indices.

Mean ± SD values of the IS index in clinically nor-
mal large-breed dogs (1.68 ± 0.13; 95% reference inter-
val, 1.33 to 2.03)9 and a mixed population of clinically 
normal dogs (2.02 ± 0.2; 95% reference interval, 1.62 to 
2.42)7 have been reported. The IS index values obtained 
in the present study (1.9 to 2.5) compare favorably with 
those of the previous study7 on which our measurement 
criteria were based; these findings suggest a diagnosis 
of patella alta would be made at IS index values > 2.5 
and patella infera at IS index values < 1.9. Differences 
between the IS values reported in the 2 previous stud-
ies7,9 can in part be explained by the definition used for 
the index measurements. We found that use of the tibial 
notch rather than the tibial tuberosity as the distal land-
mark for patellar ligament length reduced IS index val-
ues by approximately 13% (data not shown). We do not 
believe that this fully explains the difference between 
our results and those of another study.9 The remainder 
of the difference may be attributable to differences in 
species or body size.

The cause of the observed differences in stifle joint 
angle between the left and right limbs in the present 
study was unclear. Radiographic images were reversed 
to provide mirror images to remove observer bias dur-
ing measurement. Therefore, possible causes included 
a true anatomic difference in femoral form or ligament 
insertion, a limb bias during placement of the marker 
Kirschner wires before radiography, or a bias in the go-
niometer used for establishing limb angle during radi-
ography. The mean angular difference was within the 
limits of accuracy for the goniometer.

Another study9 in which researchers investigated 
use of the IS index in dogs did not identify any differ-
ences in mean index values between left and right stifle 
joints. Significant differences in the mean IS index val-
ues between left and right stifle joints that were identi-
fied in the present study were clinically unimportant. In 
contrast, the absolute interlimb differences were much 
larger. This disparity between the mean differences and 
absolute differences implies that comparison of mean 
values for interlimb differences may be simplistic and 
could yield misleading results. The interlimb differ-
ences cannot be explained simply by the differences in 
radiographic stifle joint angle versus goniometrically 
set stifle joint angle between the left and right limbs 
because this had only a minor effect on index value. It 
is unclear how these differences would affect clinical 
interpretation, although it seems more likely that each 
of a patient’s limbs could be classified in a different di-
agnostic category (normal, alta, or infera) with mIS or 
PT indices than with IS, dC, or BP indices.

All 5 indices had a frequency bias toward right 
limbs having a greater index value than left limbs, 
which may indicate an influence of limb dominance in 
stifle joint anatomy of red foxes. This apparent domi-
nance effect persisted even after correction of the data 
for the observed differences in stifle joint angle. It has 
been suggested that most clinically normal dogs could 
be classified as right-limb dominant.25

The radiographic stifle joint angle, as defined in the 
study reported here, had a mean value that was 1° great-

er than the goniometrically set stifle joint angle at angles 
up to approximately 100°, but values diverged more at 
higher angles. This difference reflects the choice of the 
vertices used in the 2 methods performed to set or deter-
mine stifle joint angle. A Kirschner wire driven through 
the origins of the collateral ligaments was used as the 
vertex of the goniometrically set stifle joint angle, and 
the center of a circle centered over the femoral condyles 
was used as the vertex for calculation of the radiographic 
stifle joint angle. We chose to measure the radiographic 
stifle joint angle as defined here rather than measuring 
between the Kirschner wires because although the wires 
were accurately located on the lateral aspect of the limb, 
the location of the wire on the medial aspect of the bone 
was different in some limbs. This resulted in an oblique 
projection of Kirschner wires on these radiographs, 
and compensation during angle measurement was not  
possible.

Evaluation of the ICC values indicated that intra-
observer and interobserver agreements were substantial 
for all 5 indices examined. Agreement was not affected 
by experience of the radiographers. Intraobserver ICCs 
differed among indices, but these differences were clini-
cally unimportant because all values were greater than 
the previously defined cutoff value of 0.80.22 The slight-
ly lower interobserver agreement values suggested that 
the 2 observers consistently selected slightly different 
endpoints for most measurements. Although we ex-
pected the IS index to have superior ICC values, this 
was not the case. The ICC relates between-subject vari-
ability and within-subject variability in such a way that 
if between-subject variability decreases, then the with-
in-subject variability (or error component) becomes 
mathematically more important.26 Because values of the 
dC, PT, and BP indices varied more than did values of 
the IS and mIS indices with changes in stifle joint angle, 
the error components of the ICC were less important 
for the dC, PT, and BP indices than for the IS and mIS 
indices.

Evaluation of the CV, an alternate method of as-
sessing measurement precision, clearly revealed that 
the IS index was significantly more precise than were 
the indices referencing articular surfaces. This is prob-
ably attributable to the low subjectivity involved in 
measuring the index components of patellar length and 
patellar ligament length from the distal patellar pole to 
the tibial tuberosity. Notably, measurement of articular 
length was more subjective. Although most limbs had 
a single concave articular facet, several were identified 
that had a biconcave facet, which made it more dif-
ficult to precisely identify the distal extent of a joint 
surface. In these cases, the observers relied on changes 
in bone density to identify the presumed extent of the 
patellar articular surface. Misidentification of the true 
distal endpoint of the patellar articular surface has im-
plications in the determination of the distance from the 
distal articular surface to the tibial tuberosity and the 
distance from the distal articular surface to the clos-
est tibial cortex. Mathematically, this interdependence 
in determination of values tends to be proportionately 
more important when the denominator and numerator 
of the fraction are of similar magnitude. Thus, small 
disagreements between observers in patellar articular 
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surface length would be expected to have a greater in-
fluence on the CV for the dC index than for the mIS 
index, as was indicated by our results. It was the ob-
servers’ impression that determination of the PT index 
was extremely subjective relative to the other measured 
indices because of difficulties in precisely identifying 
the endpoint of the proximal trochlea of the femur; 
however, this impression was not supported by the 
ICCs or CVs. This unexpected reliability of the PT 
index may in part be attributable to the fact that the 
proximal end of the patellar articular surface was more 
clearly defined than was the distal end, which avoided 
an interdependence problem between length of the pa-
tellar articular surface and distance from the proximal 
articular surface of the patella to the proximal trochlea 
of the femur. Intraobserver CVs for the BP index dif-
fered markedly. Studies27,28 have consistently identified 
observer variation in determination of the tibial plateau 
angle in dogs. At stifle joint angles > 75°, the intersec-
tion of the shortest line from the distal articular surface 
to a line passing through the cranial and caudal edges 
of the tibial plateau and the line of the tibial plateau was 
cranial to the tibial plateau itself; therefore, errors in the 
identification of landmarks could have greater impact 
at higher stifle joint angles. Assessment of the effect of 
tibial plateau landmark identification on BP index reli-
ability in dogs needs to be determined.

It is difficult to perform absolute comparisons of 
our interobserver and intraobserver reliability findings 
with those in studies14,15 on humans because different 
measures of reliability (Spearman rank correlation co-
efficient and SE calculation) were used in the human 
studies. In general, the IS index was better than the mIS 
index and the Caton-Deschamps index (the index most 
similar to the dC index used in the present study) was 
better than the IS index in one study15 and worse in the 
other study.14 In both of the aforementioned studies,14,15 
use of the BP index yielded results that had the best 
intraobserver and interobserver agreement, compared 
with results for the other indices.

To our knowledge, there are no preexisting studies 
on values for the mIS, dC, PT, or BP indices in the vet-
erinary literature. Each of the patellar position indices 
had strengths and weaknesses. Although the IS and mIS 
indices were largely independent of the effect of stifle 
joint angle and therefore required no particular precau-
tions when obtaining or interpreting radiographs, both 
would be insensitive to surgical movement of the tibial 
tuberosity. The mIS index was slightly less reliable than 
the IS index but would be less likely to be affected by 
degenerative joint changes that can accompany patel-
lar luxation. In contrast, values of the dC, PT, and BP 
indices were dependent on stifle joint angle. Therefore, 
preoperative and postoperative radiographic compari-
sons must be performed with care to avoid shifting the 
reference interval because of changes in the stifle joint 
angle. However, all 3 indices can be used to compare 
patellar height after surgical movement of the tibial tu-
berosity. Whereas a study15 in humans indicated that 
degenerative joint changes enhance reliability for iden-
tification of the patellar articular surface, which might 
aid in the use dC and BP indices, there is a risk that de-
generative changes along the proximal trochlear ridges 

of the femur may obscure landmarks for correct assess-
ment of the PT index. In addition, determination of the 
PT index was not necessarily straightforward because 
measurement of both linear distance and angulation 
was required for calculating the length of the trochlea 
that was in contact with and proximal to the articular 
surface of the patella. Although the BP index was less 
affected by stifle joint angle than were the dC or PT in-
dices and interobserver reliability for the BP index was 
good in the present study, variations in tibial plateau 
angles among dog breeds29,30 may cause difficulties in 
establishing reference intervals for the BP index.

Further research is needed to determine reliability 
of patellar position indices, effect of stifle joint angle 
on measurements made for calculation of indices, and 
effects of variations in tibial plateau angle before diag-
nostic reliability of use of the indices in dogs can be 
assessed. It seems appropriate to focus future studies of 
patellar position index on joint angles < 100° because 
there is good agreement between the 2 methods of de-
termining stifle joint angle used in the study reported 
here (goniometrically set and radiographic stifle joint 
angle) and the patellar tendon is more likely to remain 
taut at these angles.

Of the 5 indices examined in the present study, val-
ues of 2 indices (IS and mIS) were largely independent 
of joint angle and values of 3 indices (dC, PT, and BP) 
were not. For clinicians, the choice of an appropriate 
index for ascertaining proximodistal patellar position 
represents a dilemma. In this study, we detected sub-
stantial intraobserver and interobserver reliability for all 
measurements. In terms of suitability for postoperative 
use, the dC, PT, and BP indices appeared to be superior 
to the IS and mIS indices but had lower intraobserver 
and interobserver reliability of measurement, compared 
with those for the IS index. For clinical use, a reliable 
technique for determination of stifle joint angle is re-
quired for dC, PT, and BP indices, although the latter 
had the least variation with changes in the joint angle. 
Consequently, despite slightly lower precision of the BP 
index, compared with precision of the IS index, the BP 
index would probably be the simplest method to apply 
in clinical practice for preoperative and postoperative 
assessment of patellar position.
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