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Agreement between anatomic and ultrasound measurements of femoral trochlear depth

How does ultrasound measure up?
James Miles, Ulrik Westrup, Thomas Eriksen
University Hospital for Companion Animals

Conclusions and clinical relevance

Abstract

Inftroduction heading in 56pt Arial

Assessments of trochlear depth for patients with medial patellar luxation have traditionally been estimated from skyline
radiographs or visually during surgery. Ultrasound offers a non-invasive evaluation method which could avoid the need for
arthrotomy. We compared anatomic, radiographic and ultrasonographic measurements of trochlear depth using the red fox hind
limb as a canine surrogate, dividing the trochlea into five regions from the origin of the caudal cruciate ligament to the proximal
aspect of the trochlea.

• Ultrasonographic measurements have clinically acceptable repeatability
• Ultrasonographic repeatability is slight less than for radiography
• Agreement between anatomy and ultrasound seems poor - potential causes:
• Probe positioning errors
• Image resolution
• Difficulties matching locations

We found reasonable agreement between anatomic and ultrasonographic measurements as assessed by Bland-Altman
difference charting and limits of agreement (approximately ±0.7mm). Differences may be accounted for by ultrasound probe
positioning errors, which should be taken into consideration during clinical investigations. Skyline views were difficult to
standardise to a distinct position in the trochlea but appeared to centre around the middle of the trochlea: the proximal section of
the trochlea has been suggested to be most critical in medial patellar luxation, and thus the usefulness of this view is
questionable.
Trochlear depth in this study population was approximately 30% of patellar depth over the five regions examined.

• A means of reliably locating the measurement area is needed in order to use this
technique clinically

Measurement reliability for the ultrasonographic examinations was markedly less that for the skyline views (repeatability
coefficient of 0.5mm vs 0.25mm), but still adequate for clinical use. A likely reason is the relative amount of detail recorded in the
respective DICOM files which restricts ultrasonographic landmark resolution. Further work on quantifying interobserver variation
and repeat measurement variation is required to ensure confidence in this technique.

Methods

Introduction and objectives
Patients with medial patellar luxation frequently present with a relatively shallow trochlea, along
with other anatomical abnormalities.1
Femoral trochlear depth can be estimated with skyline2 or lateral3 radiographs or visually at
surgery, for comparison with the patella. A trochlear:patellar depth ratio (TPDR) of 50% is often
recommended for patellar stability following surgery.1
None of these approaches is without problems. Skyline radiographs limit depth assessment to a
single position along the trochlea. Lateral radiographs require precise positioning, and visual
assessment is subjective.
Ultrasonographic measurement is non-invasive, objective and might avoid the need for
arthrotomy. Ultrasonographic trochlear depth measurement is feasible in dogs.4
Study questions:
Can ultrasonographic measurements be made repeatably?

We used the Red fox (Vulpes vulpes) as an surrogate for the
dog, due to their close anatomical similarities. Availability of fox
cadavers in relatively uniform sizes made this substitution
attractive.
Skyline radiographs of the trochlea2 and ultrasound images at 5
locations along the trochlea were obtained (n=24). Locations
were determined by reference to the distal patellar pole and
goniometrically set stifle flexion angles. Lateral radiographs at
these angles were used to find the necessary locations on the
anatomical preparations.
After removal of soft tissues, the distal femora were sectioned as
in (Fig. 1A) and photographed against a reference background.
Images were straightened (Fig. 1B) in ImageJ before measuring
depth at 5 locations intended to match the ultrasound scans (Fig.
1C) using an acetate overlay and calibration against the
background. Lateral and medial condylar depths were averaged.

How do they measure up to the underlying anatomy?
Ultrasound images were measured to find depth 'd' (Fig. 1D).
Skyline radiographs were evaluated similarly.

How do they compare with skyline radiographs?
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Results were analysed using a mixed model ANOVA in SAS 9.2,
Bland-Altman charting,5 and repeatability coefficients.

The objectives of this study were to answer these questions.

Figure 1: Measurement steps
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Repeatability coefficients indicated that 95% of paired measurements with the anatomic,
radiographic and ultrasonographic methods were within 0.23mm, 0.25mm and 0.32mm of each
other, respectively.
The TPDR was about 30% in these animals, similar to a report in dogs.2
Skyline depths were roughly matched with location 4.
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Figure 3: Bland-Altman chart
comparing paired anatomic
(A) and ultrasonographic (U)
measurements (open circles).
The differences are plotted
against the means for each
pair. The black line is the bias
or average difference between
the two methods. The red
lines are 95% limits of
agreement, indicating the
range that results might fall
within clinically.
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Mean ultrasonographic and anatomic depths were broadly similar graphically (Fig. 2) - but
statistically significant differences (*) were found at positions 1,2 and 4 (P<.05). Error bars are one
standard deviation.
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Figure 2: Anatomic vs
ultrasonographic depth
along the trochlea. The
error bars are one
standard deviation.
Asterisks mark
differences between
measurement groups
(P<.05).
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Direct comparison of paired measurements using a Bland-Altman chart shows this apparent
similarity is overstated, even though the bias between the methods is nearly zero (i.e.:
results are, on average, equivalent).
The range described by the limits of agreement shows that for a measurement with one
method, the value for the other method will likely be within ±0.7mm. Clinically, this is likely to
be significant based on the mean trochlear depths found in this study and previously.3,4
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