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Objectives—To evaluate the accuracy of 2 radi-
ographic methods used to assess tibial plateau slope
(TPS) in dogs and evaluate effects of film digitization
and radiographic beam placement on TPS measure-
ments.

Sample Population—16 hind limbs from dog cadav-
ers weighing > 20 kg.

Procedures—Radiographs of tibiae were made with
the radiographic beam centered over the stifle joint
and midshaft of the tibia. Tibiae were collected, the
femorotibial contact area was determined, and slope
of the medial tibial condyle in relation to the tibial
shaft was measured. Radiographs were digitized.
Slope of the medial tibial condyle was measured on
printed and digitized radiographs read in random order
by 6 examiners unaware of anatomic measurements.
Three examiners used a conventional measuring tech-
nique, and 3 examiners used an alternative measuring
technique.

Results—Anatomic measurements were significantly
higher than radiographic measurements made by use
of the conventional interpretation method but did not
differ from radiographic measurements made by use of
the alternate method. Measurements from printed radi-
ographs were lower than measurements from digitized
radiographs for the 4 most experienced examiners.

Conclusions and Clinical Relevance—\Measurements
made by use of a line tangential to the cranial, linear por-
tion of the medial tibial condyle at the femorotibial con-
tact point were accurate measurements of the anatom-
ic TPS. Measurements made by use of the conventional
TPS measurement method underestimated the anatom-
ic TPS. Measurements made on digitized radiographs
were typically more accurate than measurements made
on printed radiographs. (Am J Vet Res 2003;64:586-589)

ranial cruciate ligament injuries are among the
most common orthopedic problems in dogs."
Multiple intra- and extra-articular surgical methods
have been described’ to stabilize cranial cruciate-defi-
cient stifle joints. The tibial plateau leveling osteoto-
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my (TPLO) is among the most popular methods used
to treat cranial cruciate ligament injuries in dogs of
large and giant breeds.*” Measurement of the tibial
plateau slope (TPS) in relation to the tibial shaft is
critical to the planning of a TPLO procedure. The con-
ventional TPS measurement method, including patient
positioning, radiographic view, and radiographic inter-
pretation, have been described' and used in several
studies.” In 2 reports,”” interobserver variability of this
TPS measurement method was 4 and 5°, and intraob-
server variability was 3°. With the conventional TPS
measurement method, orientation of the medial tibial
condyle is determined by tracing a line joining the
small, discreet cranial margin of the tibial plateau and
the point of insertion of the caudal cruciate ligament.
However, that method has not been validated by com-
paring radiographic measurements to measurements
made on bone, and rationale for the choice of these
landmarks has not been provided. In our experience,
gained from planning the treatment of angular tibial
deformities with circular external fixators, our subjec-
tive impression is that the conventional radiographic
method underestimates the slope of the plateau. On
the basis of our findings, the actual slope of the cranial
linear portion of the medial tibial condyle at the
femorotibial contact point consistently appears steeper
than the line defined by use of conventional land-
marks. Therefore, we believe that landmarks for the
conventional TPS measurement method do not define
the plane of the contact surface between the femur and
tibia. Rather, we believe that orientation of the proxi-
mal portion of the tibia would be better defined by
tracing a line tangential to the cranial linear portion of
the medial tibial condyle at the femorotibial contact
point. That line could be used for an alternative TPS
measurement method. Use of a TPS measurement
method that would accurately determine the true ori-
entation of the medial tibial condyle at the femorotib-
ial contact point is logical and warranted, because the
TPS is a measure of the shape of the main proximal
articulating surface of the tibia and not a measure of
the shape of nonarticulating portions of the tibia. Also,
a method relying on the articulating surface of the
bone would likely be less subjective and therefore,
could have less interobserver and intraobserver vari-
ability than a method relying on nonarticulating land-
marks.

The TPS measurement may be challenging because
of the small size of the structures measured and
because of suboptimal radiographic exposure.
Radiograph digitization and software manipulation
could be used to improve accuracy of TPS measure-
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ment through magnification, enhanced radiographic
exposure, and use of digital goniometry. Digital radio-
graphy and digitized radiographs have been used in
veterinary radiology.’ Digital radiography was found to
be less accurate than conventional radiography for
diagnosis of orthopedic problems in humans in certain
instances but not in others.'""* To our knowledge, spe-
cific use of digital radiography or digitized radiographs
to assess orthopedic problems in dogs has not been
reported.

The purpose of the study reported here was to
assess the accuracy of conventional and alternative TPS
measurement methods and evaluate effects of radi-
ograph digitization and beam position on TPS mea-
surement in dogs. We hypothesized that the alternative
TPS measurement method would be more accurate
than the conventional TPS measurement method. We
also hypothesized that TPS measurements made man-
ually on printed radiographs would differ from TPS
measurements made on digitized radiographs by use of
image analysis software, and that radiographic beam
position would influence TPS measurements.

Materials and Methods

Animals—Sixteen adult dogs weighing > 20 kg that had
been euthanatized for reasons independent from this study
were included in the study. Sample size was determined
before the study by conducting a statistical power analysis
(projected difference between groups, 20%; type 1 error,
0.05; type 2 error, 0.8) to determine the minimal number of
limbs necessary to conduct statistical comparisons between
study groups. Immediately after euthanasia, the stifle joints
were palpated. Presence and amount of cranial drawer move-
ment, crepitus, joint effusion, periarticular fibrosis, or patel-
lar luxation were recorded. Range of motion of stifle joints in
flexion and extension were each measured 3 times.” Dogs
were excluded from the study if radiography revealed skele-
tal immaturity.

Radiographic methods—One hind limb per dog was
randomly chosen. The stifle and tarsal joints were placed at
90° angles. The greater trochanter, lateral condyle, and later-
al malleolus were placed in contact with the table. The oppo-
site limb was slightly displaced cranially to avoid overlap of
the stifle joints. Tabletop mediolateral radiographs were
taken with an intensity ranging from 5 to 10 mA and pene-
trability ranging from 49 to 51 kilovolt (peak, kV[p]). A radi-
ograph of the tibia was taken with the beam centered over the
stifle joint (Fig 1). Radiographs were excluded from analysis
if the femoral condyles were separated caudally, distally, or
cranially by = 2 mm. Dogs were kept in the same position,
and a second radiograph was taken with the radiographic
beam centered over the midshaft of the tibia.

Radiographic interpretation—Radiographs were dig-
itized with a radiographic scanner.® Six examiners inde-
pendently read the printed and digitized radiographs in
random order."* Examiners were unaware of dog number,
position of the radiographic beam, and anatomic measure-
ments. Three examiners used the conventional TPS mea-
surement method." One examiner was a resident in
surgery with > 10 years of experience reading radiographs,
and 2 examiners were residents in radiology with < 10
years of experience reading radiographs. These examiners
compared the orientation of a line joining the small, dis-
creet cranial margin of the tibial plateau and the point of
insertion of the caudal cruciate ligament to a line joining
the intercondylar eminence and a point equidistant to the

cranial and caudal aspects of the trochlea of the talus
(Fig 1).° Three examiners, all board-certified surgeons
with > 10 years of experience reading radiographs, read
radiographs by use of the alternative method. For the
alternative method, TPS was measured by comparing the
orientation of a line tangential to the linear portion seen
on the cranial portion of the medial tibial condyle to the
line joining the intercondylar eminence and a point
equidistant to the cranial and caudal aspects of the
trochlea of the talus (Fig 1). The 3 examiners who used
the conventional method were familiar with the guidelines
used for that method and unaware of the alternative
method. The 3 examiners who used the alternative
method had not been trained to use the conventional
method. Examiners used a single method, because if they
had used both methods, experience gathered by use of the
first method may have influenced their findings during
use of the second method.

For printed films, examiners superimposed transparent
acetate sheets on radiographs, outlined the functional axis of
the tibia and TPS, and made goniometric measurements with
a transparent, plastic goniometer® that had 1° gradations. For
digitized films, axes were drawn and measured to the nearest
0.1° by use of image analysis software.© The duration neces-
sary to measure TPS on printed and digitized radiographs
was recorded.

Anatomic measurements—Limbs were disarticulated,
and skin and muscles were removed. Stifle joints were
opened, and degenerative joint disease (DJD), cranial cruci-
ate ligament, and meniscal damage were recorded. Limbs
were disarticulated at the stifle joint. The distal portion of the
limbs was mounted on a stand with the tarsus fixed at a 90°
angle. Markers were used to highlight cranial and caudal
aspects of the trochlea of the talus and the intercondylar emi-

Figure 1—Mediolateral radiographic view (A), illustrations (B, C,
D), and photograph (E) of a tibia and stifle joint in a dog. Femoral
condyles are superimposed. Tibial plateau slope (TPS) is con-
ventionally measured by comparing orientation of the functional
axis of the tibia defined as the line joining the intercondylar emi-
nence and a point equidistant to the cranial and caudal aspects
of the trochlea of the talus (B) and the axis of the medial tibial
condyle defined as the line joining the small, discreet cranial
margin of the tibial plateau and the point of insertion of the cau-
dal cruciate ligament (C). Alternatively, the axis of the medial tib-
ial condyle may be defined as a line tangential to the cranial lin-
ear portion of the medial tibial condyle at the femorotibial con-
tact point (D). The latter measurement more closely approxi-
mates the anatomic slope of the medial tibial condyle (E).
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nence. The point of contact between the femur and tibia was
determined from radiographs. A marker for orientation of the
tibial plateau was placed at that point (Fig 1). Bones were
digitally photographed with the center of the photograph
placed at the level of the proximal portion of the tibia. The
angle formed by the medial tibial condyle in relation to the
line joining the intercondylar eminence and a point equidis-
tant to the cranial and caudal aspects of the trochlea of the
talus was measured by use of image analysis software.® This
measurement was repeated 5 times. The median value of
these 5 measurements was used for statistical analysis.

Statistical analyses—Friedman ANOVA was used to
determine differences between the median value of the 5
anatomic measurements and TPS measurements made on
digitized radiographs for the 2 groups of examiners.
Wilcoxon signed rank tests were used to determine differ-
ences between the TPS measurements on printed and digi-
tized radiographs for each examiner." Wilcoxon signed rank
tests were used to compare TPS measurements made on radi-
ographs with the radiographic beam centered over the stifle
joint or midshaft of the tibia for each examiner. The mean
interobserver variance and mean absolute deviation from the
mean were calculated for printed and digitized radiographs
read by use of the conventional and alternative TPS mea-
surement methods. The duration spent reading printed radi-
ographs was compared with the duration spent reading digi-
tized radiographs by use of a paired Student t test. Differences
were considered significant at P < 0.05.

Results

Sixteen dogs with weight ranging from 20 to 44 kg
(median, 27 kg) were included in the study. One dog
had DJD secondary to cranial cruciate ligament rup-
ture. Mean =+ SD range of motion of the 15 stifle joints
without DJD was 34° = 3° of flexion to 161° + 2° of
extension.

The SD of the 5 anatomic measurements for all tib-
iae ranged from 0 to 2° (mean, 1°). Mean = SD (medi-
an) anatomic TPS measurements were 27° + 3° (26°).
Mean + SD (median) radiographic measurements made
by the 3 examiners on printed and digitized radi-
ographs taken with the beam centered over the stifle
joint or midshaft of the tibia by use of the alternative
TPS measurement method ranged from 22° + 5° (21°)
to 27° + 5° (27°) and did not differ significantly from
anatomic measurements. Mean interobserver variance
and mean absolute deviation from the mean for the
alternative TPS measurement method were 8.6° and
2.0°, respectively, for printed films centered over the sti-
fle joint, and 6.8° and 1.5°, respectively, for digitized
films centered over the stifle joint. Mean + SD (median)
radiographic measurements made by the 3 examiners
on printed and digitized radiographs taken with the
beam centered over the stifle joint or the midshaft of the
tibia by use of the conventional TPS measurement
method ranged from 16° + 4° (15°) to 24° + 4° (24°)
and were significantly (P < 0.001) lower than anatomic
measurements. Mean interobserver variance and mean
absolute deviation from the mean for the conventional
TPS measurement method were 16.5° and 2.7°, respec-
tively, for printed films centered over the stifle joint,
and 12.9° and 2.2°, respectively, for digitized films cen-
tered over the stifle joint. The TPS measurements from
printed radiographs taken with the beam centered over
the stifle joint differed from TPS measurements from

digitized radiographs taken with the beam centered
over the stifle joint for the 4 most experienced examin-
ers (3 examiners for the alternative TPS measurement
method [P = 0.001 to 0.034] and 1 examiner for the
conventional TPS measurement method [P = 0.008])
but not for the 2 least experienced examiners. The
duration necessary to read printed radiographs (mean +
SD, 3.0 + 0.4 min/radiograph) did not differ from the
duration necessary to read digitized radiographs (mean
+ SD, 4.2 + 2.1 min/radiograph).

Mean + SD tibial length was 204 mm + 21 mm.
The TPS measurements from radiographs taken with
the beam centered over the stifle joint differed from
measurements taken with the beam centered over the
midshaft of the tibia for 1 examiner reading printed
films (P = 0.034) and another examiner reading digi-
tized films (P = 0.044) but did not differ for the other
measurements.

Discussion

The purpose of this study was to compare radi-
ographic TPS measurements with anatomic TPS mea-
surements of the portion of the tibia that articulates
with the femur. Two TPS measurement methods were
used. Because not all examiners read radiographs by
use of both methods, no direct statistical comparisons
of these methods were made. Rather, we compared
results of 2 groups of reader-TPS measurement combi-
nations methods with anatomic measurements.

The TPS measurements made by 3 examiners by
use of the alternative method did not differ significant-
ly from anatomic measurements. These findings are
not unexpected, because that method uses landmarks
identical to landmarks used for anatomic measure-
ments. Mean interobserver absolute deviation from the
mean of the alternative method was low (1.5° for digi-
tized films and 2.0° for printed films). Intraobserver
variability of the alternative method remains to be
determined to fully assess its diagnostic value. When
measuring TPS of dogs with stifle joint subluxation
secondary to cranial tibial displacement caused by rup-
ture of the cranial cruciate ligament, the femorotibial
contact point may be altered. Whether the anatomic
orientation of the cranial linear portion of the medial
tibial condyle may be accurately determined in these
subluxated stifle joints has not been investigated.

The TPS measurements made by 3 examiners by
use of the conventional TPS measurement method
were underestimations of the anatomic TPS as defined
in this study. This suggests that measurements made by
use of the conventional TPS measurement method do
not accurately represent measurements of the proximal
articulating surface of the tibia. Because the conven-
tional radiographic method has been widely used to
plan and assess TPLO procedures, the slope of the
medial tibial condyles after these procedures may also
have been underestimated. Mean difference between
measurements made by the 2 methods in this study
was 7°. The importance of a 7° underestimation of the
orientation of the proximal tibial articulating surface is
not known, but that underestimation may be of impor-
tance both clinically and when conducting biomechan-
ical or biomodeling research.
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Experience in reading radiographs appeared to
influence radiographic TPS measurements. Differences
between measurements made on printed and digitized
films and differences between radiographs taken with
the beam centered over the stifle joint and the midshaft
of the tibia were detected for the 4 most experienced
examiners, but not for the 2 least experienced examin-
ers. This may have been the result of greater variability
of TPS measurements made by less experienced exam-
iners, compared with TPS measurements made by more
experienced examiners. Experience also appeared to
influence TPS measurements in another study.’

The TPS measurements made on digitized films
were typically larger and closer to anatomic measure-
ments than TPS measurements made on printed radi-
ographs for the 4 most experienced examiners. Digital
measurements may have been more precise than mea-
surements from printed radiographs because of the
ability to magnify the proximal portion of the tibia and
adjust radiographic exposure. These adjustments may
have facilitated identification of specific anatomic
landmarks during TPS measurements. Results of this
study suggest that routine digitization and analysis of
digitized radiographs of tibiae would enhance the
accuracy of TPS measurements in dogs.

When taking radiographs for TPS measurement, a
midshaft radiographic beam placement may allow clos-
er collimation and reduce radiation scatter compared
with a stifle radiographic beam placement. Midshaft
beam placement was used in a study comparing TPS in
dogs with and without cranial cruciate ligament
injuries.” Midshaft beam placement did not appear to
influence radiographic canine TPS measurements,
compared with beam placement over the stifle joint in
another report.” In our study, however, TPS measure-
ments from radiographs taken with the beam centered
over the stifle joint differed from TPS measurements
from radiographs taken with the beam centered over
the midshalft of the tibia for 2 examiners. Difference in
beam position between radiographs taken with the
beam centered over the stifle joint and radiographs
taken with the beam centered over the midshaft of the
tibia was approximately half of the length of the tibia
and therefore, ranged from 9 to 12 cm for tibiae used
in this study. Changing beam position from the stifle
joint to the midshaft of the tibia may have more influ-
ence on measurements made on long tibiae than on
measurements made on shorter tibiae; however, this
was not specifically tested in our study. Distal displace-
ment of the radiographic beam from the elbow joint to
the midshaft of the radius was found to influence the
evaluation of the shape of the proximal portion of the

ulna in dogs."” Whether displacement of the radi-
ographic beam from the stifle joint to the midshaft of
the tibia decreases the accuracy of TPS measurements
for clinical patients remains equivocal.
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