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Assessment of Talar Flattening in Adult Idiopathic Clubfoot
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ABSTRACT

Background: The radius/length (R/L) ratio was developed
to evaluate the convexity of the talar dome in idiopathic
clubfoot. However, the index has not been tested for
its reliability and reproducibility. Methods: The R/L ratio
was determined by three independent observers on the
radiographs of 21 adult patients with idiopathic clubfoot
and 30 adult subjects with normal feet. The reproducibility
and the reliability of the R/L ratio were calculated. Results:
For the normal feet the reproducibility and the reliability of
the R/L ratio was high (correlation coefficient > 0.87). For
the patients with clubfoot, the reliability and reproducibility
depended on the severity of talar flattening. For a radius
of less than 45 mm the mean intraobserver correlation
coefficient was 0.74 (range 0.54 to 0.83) and the mean
interobserver correlation coefficient was 0.58 (range 0.49
to 0.75). For a radius of more than 45 mm no statistically
significant intraobserver and interobserver correlations
were found. Conclusion: The current results indicate that
the R/L ratio of talar flattening is reliable and reproducible
for mild talar deformity but not for severe flattening (radius
of more than 45 mm).

Key Words: Clubfoot; Flat Top Talus; Radius/Length Index;
Radiographic Assessment

INTRODUCTION

The frequency of talar flattening in patients treated
for idiopathic clubfoot has been inconsistent in different
series.1–4,12,14,17–19,21 Some authors did not discuss
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talar flattening.7,8,16,22,24 While others reported occur-
rences ranging from 1.5%14 to 100%4 of patients.
Anatomic studies have shown that deformation of the
talus is common in clubfoot,13,25,26 but the degree of
talar flattening rarely was assessed in a standardized
way. Some authors reported the total frequency of flat-
top talus without any classification.9,17 Others tried to
approximate the surface of the dome to a semicircle.3

Flattening of the talar dome can be graded as none,
mild, moderate, or severe.2,4,21

The radius/length (R/L) ratio, an index of talar flat-
tening, is a well-defined method that provides a numer-
ical value expressing the extent of flattening.10 It is
determined by measuring the radius (R) of the trochlear
curvature of the talar dome and the length (L) of the
talus from its posterior extremity to the distal portion
of the head. It provides a useful measurement for
comparing retrospective studies, i.e. to compare the
efficacy of different methods of treatment.12 However,
to the best of our knowledge, the index has not
been tested for its reliability and reproducibility. A
measurement system should be reproducible from one
observer to the next, as well as by one observer on
separate occasions. An absence of interobserver reli-
ability does not allow a valid comparison of patients
from different centers. Absence of intraobserver repro-
ducibility compromises the results of outcome studies
that were done over a period of time within the same
center or by the same observer or group of observers.29

Evaluations of orthopaedic classification systems have
reported disappointing results for interobserver relia-
bility and intraobserver reproducibility.5,6,20,27–29,31 This
study was done to determine the intrinsic error in the
R/L ratio when the same observer (intraobserver repro-
ducibility) and when different observers (interobserver
reliability) measured the same radiographs. In addi-
tion, the possible sources of error were evaluated. It
was hypothesized that the extent of talar flattening
might influence the reliability of R/L ratio measure-
ments.
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MATERIALS AND METHODS

Three independent observers evaluated the R/L ratio
of the talar dome on the true lateral radiographs3,4

of 51 patients (59 feet). Twenty-one patients with 29
idiopathic clubfoot deformities and 30 patients without
any foot-related disease were included in the study. The
patients with clubfoot had operative treatment of their
feet more than 20 years before the radiographs were
taken. A true lateral radiograph was obtained by putting
the foot on a level surface and rotating it medially to
superimpose the medial and lateral malleoli to project
the talus in the true lateral projection. Because it has
been suggested that the expertise of the observers
can affect interobserver agreement,15,23 only observers
who had similar training and clinical experience were
asked to participate the study. The observers were
experienced in evaluating radiographs of patients with
clubfoot deformities. All observers had training to
become familiar with the measurement devices, all were
provided with an illustration and a description of the R/L
ratio (Figure 1), and all were given similar instructions
about how the R/L ratio should be measured. The R/L
index is the ratio of the radius of the curvature of the talar
dome to the length of the talar bone from its posterior
extremity to the distal portion of the head (Figure 1). After
the first review had started, no questions or discussions
were allowed during or after testing. The observers
were given as much time as they needed to review each
radiograph. The radiographs were classified by each
observer on three separate occasions, 1 month apart.
In the interim, the radiographs were not available to
any of the observers and no feedback was provided.
All identifying data on the radiographs were obscured,
and the radiographs were numbered randomly. Each
examiner recorded his measurements of the radius of
the talar trochlea, the length of the talus, and the R/L
ratio without knowledge of the measurements that he
had made 1 month previously. All measurements were
done with the original digital radiographs stored in an
electronic database to avoid the loss of quality that can
result from duplication. The radius of trochlear curvature
and the length of the talus were determined by electronic
graphical measuring devices that allowed creation of
circles to measure the curvature of the trochlea of the
talus and straight lines to measure the length of the
talus. The position of the circles and lines and the
radius of the circles could be continuously adjusted
to achieve an appropriate fit. Once the observer was
satisfied with the positioning, the radius of the circle and
the length of the line were computed automatically, and
the observer noted the measurements in a protocol. The
flatter the talar dome and the shorter the overall length
of the talus, the higher is the R/L ratio. The normal range

Fig. 1: The radius/length (R/L) ratio, an index of talar flattening, was
determined by measuring the radius (R) of trochlear curvature of the
talar dome and the length (L) of the talus from its posterior extremity
to the distal portion of the head.

for the R/L ratio was reported to be 0.365 mm with a
standard deviation of 0.045 mm.10,11

Statistical Analysis
A comprehensive, nonparametric correlation analysis

was performed on R (radius) and L (length) values.
For assessment of intraobserver reproducibility and
interobserver reliability pairwise Kendall-Tau correlation
coefficients were calculated. Multiple comparisons
where made using Bonferroni correction. Correlations
concerning R values were calculated independently for
measurements with a radius of less than 45 mm and
more than 45 mm. Statistical analysis was performed
using SPSS 9.0 software package (SPSS for Windows,
Version 9.0; SPSS, Chicago, Illinois), with statistical
significance defined as p < 0.05.

RESULTS

Group Comparisons
No statistically significant clinical differences were

noted between the patients with clubfoot and the
controls with respect to age, gender, or the involved
side (p < 0.05 each). The patients with clubfoot had
a shorter talar length but a longer radius of the talar
trochlea and, therefore, a reduced R/L ratio compared
to the control group (Tables 1 and 2).
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Table 1: Mean values of three reviews for observer 1, 2, and 3 (control group)

Length (mm) Radius (mm) Radius/Length Ratio

Observer 1
Mean +/− Standard deviation 67+/−12 25+/−5 0.37+/−0.04
Maximum 84 35 0.5
Minimum 43 14 0.3

Observer 2
Mean +/− Standard deviation 69+/−12 24+/−4 0.35+/−0.03
Maximum 84 31 0.4
Minimum 43 14 0.3

Observer 3
Mean +/− Standard deviation 69+/−12 27+/−5 0.39+/−0.05
Maximum 84 36 0.5
Minimum 41 16 0.3

Total
Mean 69+/−12 25+/−5 0.37+/−0.04
Maximum 84 34 0.5
Minimum 42 15 0.3

Table 2: Mean values of three reviews for observer 1, 2, and 3 (patients with clubfeet)

Length (mm) Radius (mm) Radius/Length Ratio

Observer 1
Mean +/− Standard deviation 52+/−7 35+/−23 0.7+/−0.5
Maximum 70 99 2.3
Minimum 38 14 0.3

Observer 2
Mean +/− Standard deviation 52+/−4 27+/−14 0.5+/−0.3
Maximum 62 83 1.4
Minimum 40 11 0.3

Observer 3
Mean +/− Standard deviation 52+/−6 43+/−36 0.9+/−0.8
Maximum 65 144 3.2
Minimum 31 11 0.3

Total
Mean 52+/−6 35+/−24 0.7+/−0.5
Maximum 66 108 2.3
Minimum 36 12 0.3

Reproducibility and Reliability of the R/L Ratio for the
Control Group

The mean intraobserver reproducibility correlation
coefficient for the length of the talus was 0.98 (range,
0.94 to 1), and the mean interobserver reliability corre-
lation coefficient was 0.96 (range, 0.92 to 0.98). The
mean intraobserver reproducibility correlation coeffi-
cient for the radius was 0.94 (range 0.82 to 0.99), and
the mean interobserver reliability correlation coefficient
was 0.87 (range 0.77 to 0.93). The plot graphically

shows the correlation of the three reviews of observer
1 (Figure 2) and the correlation of the three observers
of the first review for the measurements of the radius
(Figure 3).

Reliability and Reproducibility of the R/L Ratio for the
Patients with Idiopathic Clubfoot

The mean intraobserver reproducibility correlation
coefficient for the length of the talus was 0.96 (range
0.92 to 0.98), and the mean interobserver reliability
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Fig. 2: Measurement of the radius of the trochlea in the controls: plot of the individual measurements of the three reviews of observer 1. The
mean correlation coefficient was 0.94. The mean and the 95% confidence interval are indicated.
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Fig. 3: Measurements of the radius of the trochlea in the controls: plot of the individual measurements of the three observers for the first review.
The mean correlation coefficient was 0.89. The mean and the 95% confidence interval are indicated.

correlation coefficient was 0.88 (range 0.83 to 0.96).
Plots of data points of the individual radius measure-
ments of the three observers showed an increase of
scatter with a limiting value of 45 mm for the radius
of the trochlea of the talus (Figure 4 and 5). This was
confirmed by the statistical analysis. In subjects with a
radius of less than 45 mm the mean intraobserver repro-
ducibility correlation coefficient was 0.74 (range 0.54 to
0.83), and the mean interobserver reliability correlation
coefficient was 0.58 (range, 0.49 to 0.75). In subjects
with a radius of more than 45 mm, no significant intraob-
server or interobserver correlation coefficient was found
(p > 0.05, each). The results of the individual measure-
ments of the three observers and the three reviews are
shown in Tables 3 and 4.

DISCUSSION

The results indicate that the R/L index is a reliable
and reproducible measurement to assess the curvature
of the trochlea of the talus in normal feet. In patients
with clubfoot it was shown that the index was reliable
if the radius of the trochlea of the talus was less
than 45 mm. Severe degrees of talar flattening were
not reliably and reproducibly measured by the R/L
index, suggesting that the R/L index should not be
used if the radius of the trochlea of the talus exceeds
45 mm.

Radiographic technique is important for an appro-
priate assessment of the R/L index. In a clubfoot the
talus is externally rotated in relation to the forefoot and
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Fig. 4: Measurement of the radius of the trochlea of the talus in patients with clubfoot: plot of the individual measurements of the three reviews of
observer 1. For radial measurements of more than 45 mm the plot increases and the correlation between the measurements was not statistically
significant (p > 0.05). The mean and the 95% confidence interval are indicated.
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Fig. 5: Measurements of the radius of the trochlea of the talus in patients with clubfoot: plot of the individual measurements of the three observers
for the first review. For measurements of more than 45 mm the plot increases and the correlation between the measurements was not statistically
significant (p > 0.05). The mean and the 95% confidence interval are indicated.

the tibia, so that a routine lateral radiograph of the
foot has an oblique projection of the talus. The two
dome-shaped sides of the trochlea of the talus may
project separately and give the appearance of flattening
that is not real, or the actual loss of convexity of the
trochlea may be exaggerated. Radiographs of a clubfoot
made with the foot sufficiently medially rotated depicts
the talus in a true lateral projection.30 The true lateral
anatomy of the talus is best demonstrated with the foot
medially rotated sufficiently to superimpose the medial
and lateral malleoli.3,4

Because the R/L index was unreliable if the radius
exceeded 45 mm, the radiographs of patients with this

criterion were reviewed to identify possible reasons for
the intrinsic error. It was found that in most patients
with severe flattening of the dome, growth disturbances
had affected different parts of the talus and therefore
flattening was not the same in all parts of the dome,
making it difficult to measure the curvature with one
single radius. Additionally, in some patients with severe
flattening a radius of up to 11 cm was measured. These
radiographs had to be scaled down to allow appropriate
measurements. The evaluation of the curvature on
the smaller picture might have contributed to the
high variations in the intraobserver and interobserver
measurements.
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Table 3: Intraobserver and interobserver correlation for a radius
of the trochlea of the talus less than 45 mm (patients with
clubfeet)

Radius

1st review
versus

2nd review

1st review
versus

3rd review

2nd review
versus

3rd review

pairwise Kendall-Tau correlation coefficient

Observer 1 0.79 0.73 0.79
Observer 2 0.76 0.83 0.78
Observer 3 0.73 0.54 0.73

Observer 1
versus

Observer 2

Observer 1
versus

Observer 3

Observer 2
versus

Observer 3

pairwise Kendall-Tau correlation coefficient

1st review 0.41 0.61 ns
2nd review 0.49 0.67 0.68
3rd review 0.57 0.75 0.47

Table 4: Intraobserver and interobserver correlation for the
length of the talus (patients with clubfeet)

Length

1st review
versus

2nd review

1st review
versus

3rd review

2nd review
versus

3rd review

pairwise Kendall-Tau correlation coefficient

Observer 1 0.96 0.97 0.97
Observer 2 0.96 0.94 0.98
Observer 3 0.92 0.94 0.98

Observer 1
versus

Observer 2

Observer 1
versus

Observer 3

Observer 2
versus

Observer 3

pairwise Kendall-Tau correlation coefficient

1st review 0.89 0.96 0.90
2nd review 0.86 0.91 0.85
3rd review 0.83 0.92 0.84

We tried to find a geometrical method to approximate
severe flattening but found no system that could be
recommended for clinical practice. Others also failed
to devise a geometrical method of evaluating and
assigning a numerical value to the curvature because
of the gross irregularity and variability of the curve in
severe cases.4 One factor that must be considered
when evaluating the data is that all examiners were
aware of the purpose of their measurements, and some

may have tried to improve their precision. In this sense,
the study does not simulate a real– life situation, and
it is likely that the results in clinical practice are less
precise. It is also important to emphasize that this study
quantitated only intrinsic error. In a clinical setting, two
radiographs made at different times are measured. This
allows for the introduction of extrinsic error, for which
the main sources are the position of the patient and the
position of the radiographic tube.
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It also should be considered that the R/L index is not
independent from the shape of the talar head and neck.
A short talar neck decreases the length of the talus and
a flattened talar head increases the radius, which would
increase the R/L index and give an apparent flattening
that is not real.

The current results indicate that the R/L ratio of
talar flattening is reliable and reproducible for mild talar
deformity. In patients with clubfoot it was shown that the
index was reliable if the radius of the trochlea of the talus
was less than 45 mm. Severe degrees of talar flattening
could not be reliably and reproducibly measured by the
R/L index, and it should not be used if the radius of the
trochlea of the talus exceeds 45 mm.
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