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A B S T R A C T

Introduction: Calcaneal pitch angle and Meary’s angle are commonly used to assess longitudinal foot arches on
lateral-view radiographs. However, the methods used to obtain the talar, first metatarsal, calcaneal, and plantar
axes differ across multiple reports, and no study has evaluated the reproducibility of these approaches. The aim
of this study was to determine the most reproducible methods for radiographically evaluating longitudinal axes.
Methods: Standing radiographic images of 40 feet from 21 consecutive outpatients were obtained to measure
longitudinal axes of the talus, first metatarsal, calcaneus and plantar surface, which were defined using six, five,
four and three different methods, respectively, selected from previous reports. Intraobserver and interobserver
correlation coefficients were calculated.
Results: The best intraobserver and interobserver correlation coefficients for the talar, first metatarsal, and
calcaneal axes were obtained using methods involving a line bisecting the angle formed by the lines tangential to
the superior and inferior margins of the talus, a line connecting the centre of the first metatarsal head and the
midpoint of the visualized base of the first metatarsal, and a line drawn tangential to the inferior surface of the
calcaneus, respectively. For the plantar axis, a method that used the horizontal plane (as a reference axis) was
regarded as the best approach, although intraobserver and interobserver correlation coefficients could not be
calculated because all values were zero.
Conclusions: The aforementioned methods were considered to be optimal for the radiographic assessment of
longitudinal foot arches. This study could contribute to more accurate assessments of foot deformities.

1. Introduction

Various methods have been established to morphologically assess
deformed feet, such as pedography [1], radiography [2–15], computed
tomography (CT) [16], and magnetic resonance imaging (MRI) [17].
Although radiography involves exposure to radiation, it is compara-
tively inexpensive, minimally invasive, and simple, and it reflects bone
alignment well. In assessing a deformed foot, the weight applied while
standing best reflects the clinical condition [14]. Therefore, radio-
graphy is the most utilized assessment method during weightbearing. In
assessing foot arches, radiographic images are of particular importance
during weightbearing. In 1955, Davis and Hatt assessed congenital club

feet to measure the angle formed by the lines through the inferior
cortex of the calcaneus and the inferior cortex of the fifth metatarsal
using lateral radiographic images [4]. In a 1975 textbook, Gamble and
Yale described the calcaneal pitch angle formed by the weight-sup-
porting plane and a line drawn from this plane through the ante-
roplantar margin of the calcaneal tuberosity to the plantar margin of
the anterior portion of the calcaneus on lateral-view radiographs [6].
Since then, the calcaneal pitch angle has been commonly used to assess
foot deformities. Moreover, in 1967, Meary assessed cavus feet by
measuring the talar-first metatarsal angle (Meary’s angle), which is the
angle between the lines of the longitudinal axes of the talus and the first
metatarsal in a lateral radiographic view during weightbearing [9].
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Compared with other radiographic assessment parameters, calcaneal
pitch and Meary’s angles have been reported to be more effective for
assessing flatfoot and yield higher intraobserver and interobserver
correlation coefficients [11,15]. Presently, these two angles are com-
monly used to assess longitudinal foot arches. However, it is difficult to
determine these two angles in cases of severely deformed (i.e., flat or
cavus) feet in which the tarsal bones rotate excessively. Moreover,
different methods are used in the literature to establish the talar, first
metatarsal, calcaneal, and plantar axes, and no study has evaluated the
reproducibility of these methods. There is even confusion regarding the
definitions of positive and negative Meary’s angles [7,14].

The purpose of this study was to identify a radiographic method for
measuring the longitudinal tarsal axes that offers the best intraobserver
and interobserver correlation coefficients and to establish an ideal as-
sessment method for deformed feet, using consecutive outpatients as
subjects.

2. Materials and methods

This study was approved by the institutional review board at our
hospital, which waived the requirement for informed consent (ERB-C-
870). Twenty-one consecutive patients were enrolled; a total of 40 feet
(10 feet from 6 men and 30 feet from 15 women; mean age, 60.4 years
[SD 16.1 years]) were examined at the Department of Foot Surgery
outpatient facility of this hospital in December 2016. Young patients
with apparent epiphyseal lines and patients with evident wounds, au-
toimmune diseases such as rheumatoid arthritis, hormonal abnormal-
ities, haemophilia, neurological disorders, and congenital abnormalities
were excluded. Obviously deformed feet, including severely flat or
cavus feet, were also excluded. The senior author (KI), a foot and ankle
surgeon with 20 years of experience, detected foot deformities by in-
spection. The sample size was determined according to a previous study
[11].

Foot radiography was performed at a source-to-image distance of
approximately 100 cm with the patient in a standing position on both
legs with the knees in full extension. The patients were radiographed
barefoot with their feet straight and in a neutral position. The cassette
was positioned vertically with respect to the floor. The medial border of
the foot was placed on the cassette.

2.1. Definition of each measurement method

The declination angles of the talus and first metatarsal and the in-
clination angles of the calcaneus and plantar surface in relation to the

horizontal axis were measured using six, five, four and three different
methods, respectively, obtained from previous reports (Figs. 1–4)
[2,3,5–13,18,19]. In cases in which there was a clear definition in the
literature, that definition was used. If there was no clear definition,
related articles about the measurements were discussed with the senior
authors, and the definition of the measurement was clarified.

Talar axis (Fig. 1): in Method A [7], a dot is placed at the back of the
articular margin of the talus (point a), another dot is placed at the
middle of the nose of the talus (point d), and a line is then drawn be-
tween these dots and continued distally through the foot (textual
quotation, partially rephrased); in Method B [12], the axis of the talar
neck can be drawn as the line bisecting the angle formed by the lines
tangential to the superior and inferior margins of the talus (textual
quotation); in Method C [3], the axis is created by connecting the
midpoints of lines bc (the margins of the articular surface of the talus)
and ef (the margins of the neck of the talus) (textual quotation, partially
rephrased); in Method D [13], the long axis of the talus is defined by
connecting the midpoints of lines bc and hi (the margin of the top of the
talus and the intersection point of a line perpendicular to this line and
the inferior cortex of the talus); in Method E [18], the long axis of the
talus is drawn from the midpoint of the height of the talar body through
the mid-diameter of the talonavicular joint (textual quotation); and in
Method F [2], the axis is drawn using two points equidistant from the
cephalad and caudad margins of the body and the neck of the talus
(textual quotation, partially rephrased). First metatarsal axis (Fig. 2): in
Method G [3], the long axis of the first metatarsal is created by con-
necting the midpoints of lines bc (distal dorsal and plantar margins of
the diaphysis of the first metatarsal) and de (proximal dorsal and
plantar margins of the diaphysis of the first metatarsal) (textual quo-
tation); in Method H [12], the mid-shaft axis of the first metatarsal is
drawn as the line parallel to its superior cortical margin and extended
through the centre of the metatarsal head (textual quotation); in
Method I [10], the longitudinal axis of the first metatarsal is defined as
a line connecting the centre of the proximal articular surface with the
centre of the distal end of the diaphysis (textual quotation); in Method J
[7], a dot is placed distally at the middle of the first metatarsal head,
and a second dot is placed at the midpoint of the visualized base of the
first metatarsal (textual quotation); and in Method K [18], the long axis
of the first metatarsal is obtained by finding the diaphyseal centres at
both the proximal and distal shaft levels (textual quotation). Calcaneal
axis (Fig. 3): in Method L [12], the longitudinal axis of the calcaneus is
drawn tangentially to the inferior surface of the calcaneus (textual
quotation); in Method M [3], the line cd is used, where point c is the
plantar prominence of the calcaneus proximal to the calcaneocuboid

Fig. 1. Talar axes. A: point a is the back of the articular
margin. Point d is the middle of the nose. B: line bisecting the
angle formed by lines tangential to the superior and inferior
margins. C: axis connecting midpoints of lines bc and ef. D:
axis connecting midpoints of lines bc and hi. E: axis con-
necting midpoint of the height of the body through the mid-
diameter of the talonavicular joint. F: axis connecting two
points equidistant from the cephalad and caudad margins of
the body and neck.
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articular surface and point d is the plantar aspect of the calcaneal
apophysis or the most plantar prominence of the tuberosity of the
calcaneus (textual quotation, partially rephrased); in Method N [8], a
line is drawn from the most anterior plantar point of the calcaneal tu-
bercle to the most anterior plantar point of the calcaneus at the calca-
neocuboid joint (textual quotation); and in Method O [2], a line is
drawn along the longitudinal axis through midpoint k at the posterior
tuberosity and midpoint h at the sustentaculum (textual quotation,
partially rephrased). Plantar axis (Fig. 4): in Method P [3,8,10–12,19],
a line is drawn from the plantar surface of the foot or the floor (textual
quotation); in Method Q [5], a line is drawn from the plantar surface of
the calcaneus to the inferior surface of the fifth metatarsal head (textual
quotation); and in Method R [20], a line is drawn between the plan-
tarmost points of the heel and the metatarsal heads (textual quotation).

2.2. Calculation of intraobserver and interobserver reliabilities

Intraobserver and interobserver reliabilities were calculated for the

different methods using intraclass correlation coefficients (ICCs). The
measurement values were obtained using the various measurement
methods for each axis. Moreover, applying the optimum measurement
methods, the values for calcaneal pitch and Meary’s angles were cal-
culated. All radiographic measurements were performed using picture
archiving and communication system (PACS) software (IntelliSpace
PACS Enterprise R4.4, Amsterdam, Netherlands). Horizontal axes were
fixed and set as the reference axis (0°) in each case using the same
digital goniometer. Flexion was considered positive for the assessment
of the axis of the talus and first metatarsal, while dorsiflexion was
considered positive for the assessment of the axis of the plantar surface,
calcaneal base and calcaneus. Bony spurs were omitted for the assess-
ments. The calcaneal pitch angle was defined as positive degrees for the
dorsal angle and negative degrees for the plantar angle, according to
the Shereff measurement [12]. Meary’s angle was defined as positive
degrees for the dorsal angle and negative degrees for the plantar angle,
according to the Gould measurement [7].

The measurements were performed by 2 orthopaedic surgeons (SO

Fig. 2. First metatarsal axes. G: axis connecting midpoints of
lines ab and de. H: line parallel to the superior cortical margin
and extended through the centre of the head. I: line con-
necting the centre of the proximal articular surface with the
centre of the distal end of the diaphysis. J: point g is the
middle of the head. Point j is midpoint of the visualized base.
K: axis connecting the diaphyseal centres at both the proximal
and distal shaft levels.

Fig. 3. Calcaneal axes. L: axis tangential to the inferior sur-
face. M: point c is plantar prominence of the calcaneocuboid
articular surface. Point d is most plantar prominence of tu-
berosity. N: axis drawn from the most anterior plantar point of
the tubercle to the most anterior plantar point at the calca-
neocuboid joint. O: axis drawn through midpoint k at the
posterior tuberosity and midpoint h at the sustentaculum.
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and MK) who specialized in foot and ankle surgery and 1 orthopaedic
surgery resident (TH), with 20, 12, and 7 years of experience, respec-
tively. Each observer attended a lecture about the definitions and was
presented with the related articles to read prior to participating in the
study. Measurements of blinded radiographic images were performed in
a random order using the same type of personal computer monitors
(size: 21.5 inches, resolution: 1920× 1080) and the same digital go-
niometer. The measurements were repeated 3 times at intervals of at
least 1 week. Intraobserver and interobserver correlation coefficients
were calculated and compared. For the statistical analysis, R was used
(R Core Team (2016). R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria).
Based on the report by Altman, an ICC of 0.81–1 was considered very
good, 0.61–0.8 good, and 0.41–0.6 moderate [21]. Post hoc power
analysis under testing the null hypothesis of ICC= 0.6 was also esti-
mated using R, and the level of significance (p value) was set at 0.0083
in the talar axis, 0.01 in the first metatarsal axis and 0.0125 in the
calcaneal axis. The results are expressed as means ± SD.

3. Results

The intraobserver and interobserver reliabilities for each measure-
ment method and the post hoc power for interobserver reliability are
shown in Tables 1–3. Regarding the talar axis, Method B yielded the
best intraobserver and interobserver correlation coefficients (≥0.81)
and showed satisfactory post hoc power. Regarding the first metatarsal
axis, Method J yielded the best intraobserver and interobserver corre-
lation coefficients (≥0.94), and Methods G, H and I showed very good
results as well. Regarding the calcaneal axis, all the measurement
methods showed very good results, but Method L provided the best

intraobserver and interobserver correlation coefficients (≥0.95). Re-
garding the plantar axis, Method P, which used the horizontal plane
(reference axis), was considered optimal; however, the intraobserver
and interobserver correlation coefficients could not be calculated be-
cause all the values were zero. Regardless, Methods Q and R showed
very good results for the plantar axis (data not shown).

Fig. 5 illustrates the measurement values obtained using the various
measurement methods for each axis. The optimum measurement
methods mentioned above generated the value of 21.5 ± 5.4° for the
talar axis (Method B), 18.3 ± 3.9° for the first metatarsal axis (Method
J), and 18.8 ± 5.2° for the calcaneal axis (Method L).

Moreover, when the optimum measurement methods mentioned
above were applied, the value for the calcaneal pitch angle was
18.8 ± 5.2° when measured using Method L and Method P. The value
for Meary’s angle was calculated as −2.6 ± 6.6° when measured using
Method B and Method J.

4. Discussion

This study revealed that a combination of the Shereff (Method L)
[12] and horizontal plane (Method P) methods had the best reprodu-
cibility for measuring the calcaneal pitch angle, and a combination of
the Shereff (Method B) [12] and Gould (Method J) [7] methods had the
best reproducibility for measuring Meary’s angle in the consecutive
cases.

Regarding the talar axis, Method B yielded the best results for both
the intraobserver and interobserver correlation coefficients. Compared
to Method B, Method A had a similar interobserver correlation coeffi-
cient but a lower intraobserver correlation coefficient. The latter coef-
ficient could be influenced by the observer’s experience. The other

Fig. 4. Plantar axes. P: axis drawn from the plantar surface of the foot or the floor. Q: axis drawn from the plantar surface of the calcaneus to the inferior surface of
the fifth metatarsal head. R: axis drawn between the most plantar points of the heel and the metatarsal heads.

Table 1
Intraobserver and interobserver reliabilities of the talar axis, and post hoc power for interobserver reliability. The 95% confidence intervals are shown in parentheses.

Method A Method B Method C Method D Method E Method F

Intraobserver
Observer 1 0.93 (0.88–0.96) 0.86 (0.78–0.92) 0.57 (0.40–0.73) 0.50 (0.32–0.67) 0.86 (0.78–0.92) 0.41 (0.22–0.60)
Observer 2 0.72 (0.58–0.83) 0.85 (0.76–0.91) 0.44 (0.25–0.63) 0.70 (0.56–0.82) 0.72 (0.57–0.83) 0.37 (0.17–0.57)
Observer 3 0.69 (0.54–0.81) 0.81 (0.70–0.89) 0.67 (0.52–0.79) 0.20 (0.0093–0.41) 0.73 (0.59–0.83) 0.65 (0.50–0.78)

Interobserver 0.81 (0.70–0.88) 0.83 (0.74–0.90) 0.34 (0.056–0.46) 0.30 (0.031–0.43) 0.75 (0.62–0.85) 0.52 (0.31–0.67)
Post hoc power 0.7504 0.8711 0 0 0.3146 0.0002
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methods (Methods C–F) yielded poor interobserver correlation coeffi-
cients. These results strongly suggest that the talar axis is most accu-
rately and reliably determined using the lines tangent to the upper and
lower surfaces (Method B), and all other definition methods are subject
to low accuracy and poor reproducibility because of the difficulty of
identifying the head, neck, and lateral process of the talus. Regarding
the first metatarsal axis, Methods G–J displayed good correlation
coefficients and post hoc analysis values, while Method K yielded the
worst result. Method J is considered the preferable choice because it set
the base of the first metatarsal and the centre of its head as landmarks
and thus provided the best result, whereas the other methods used the
diaphyseal end, which readily changes depending on its rotation.
Regarding the calcaneal axis, Method L had the best intraobserver and
interobserver correlation coefficients. Although Methods M, N, and O
also had good correlation coefficients, Method L was considered most
suitable because of the simplicity and reliability of determining the
axis, as the tangent of the lower surface of the calcaneus, whereas the
results of all other methods could potentially be impacted by de-
formations, such as bony spurs.

The values for each axis obtained using the optimal methods men-
tioned above were as follows: 21.5° for the declination of the talus,
which was within the reported range of 14–36° using the Steel method
[13] and coincided with the value of 21° reported by Weissman [22];
18.3° for the declination of the first metatarsal, which was within the
range of 16–30° reported using the Steel method; and 18.8° for the
calcaneal base angle, which was within the ranges of 11–38° reported
using the Steel method [13], 18–22° reported by Weissman [22], and
10–20° reported for healthy volunteers using the Gamble method [23].

All three of these axes were within reported standards, so they could be
applied universally for consecutive cases. The values of the calcaneal
pitch and Meary’s angles obtained using the optimal methods men-
tioned above were as follows: 18.8° for the calcaneal pitch angle, which
was slightly lower than the reported moderate range of 20–30° found
with the Shereff method [12]; and −2.6° for the Meary’s angle, which
was within the range of −4 to 4° reported for neutral feet using the
Gould method [7]. Both values tended to be slightly low, which could
be attributed to the patient cohort comprising 75% women and a mean
age of as high as 60.

Table 4 presents a summary of reports to date regarding the relia-
bility of measurements assessing the calcaneal pitch angle and Meary’s
angle [11,15,20,24,25]. Regarding the method to set the talar axis,
Younger et al. [15] referred to the report by Schon et al. [20]. Schon
et al. [20] referred to the method of Gould (Method A); however, this
method appears similar to Method D, as shown in the reported figure.
The intraobserver and interobserver correlation coefficients have
shown increasing trends in recent reports, which have used the angles
between two axes to determine both the calcaneal pitch and Meary’s
angle. Comparatively high intraobserver and interobserver correlation
coefficients were obtained in our measurements. However, our defini-
tion of Meary’s angle differed from that in the literature, and the results
could not be easily compared with those in the literature. In this study,
the angle between the horizontal axis, which has a fixed value, and the
single bone axis was utilized. The axes were well defined, and digital
measurements were used, which ensured highly accurate values. Digital
measurements have been reported to be more accurate than print
measurements in radiographic measurements of feet [23]. The simple

Table 2
Intraobserver and interobserver reliabilities of the first metatarsal axis, and post hoc power for interobserver reliability. The 95% confidence intervals are shown in
parentheses.

Method G Method H Method I Method J Method K

Intraobserver
Observer 1 0.93 (0.88–0.96) 0.94 (0.90–0.96) 0.93 (0.89–0.96) 0.94 (0.91–0.97) 0.90 (0.84–0.94)
Observer 2 0.95 (0.92–0.97) 0.97 (0.96–0.99) 0.96 (0.94–0.98) 0.96 (0.93–0.98) 0.89 (0.82–0.93)
Observer 3 0.88 (0.80–0.93) 0.88 (0.82–0.93) 0.90 (0.84–0.94) 0.94 (0.90–0.97) 0.59 (0.42–0.74)

Interobserver 0.87 (0.80–0.93) 0.88 (0.81–0.93) 0.95 (0.91–0.97) 0.95 (0.92–0.97) 0.74 (0.59–0.83)
Post hoc power 0.9883 0.9951 1 1 0.2774

Table 3
Intraobserver and interobserver reliabilities of the calcaneal axis, and post hoc power for interobserver reliability. The 95% confidence intervals are shown in
parentheses.

Method L Method M Method N Method O

Intraobserver
Observer 1 0.99 (0.98–0.99) 0.99 (0.99–1) 0.87 (0.79–0.92) 0.85 (0.77–0.91)
Observer 2 0.99 (0.99–1) 0.98 (0.97–0.99) 0.99 (0.98–0.99) 0.95 (0.92–0.97)
Observer 3 0.98 (0.97–0.99) 0.98 (0.97–0.99) 0.98 (0.96–0.99) 0.87 (0.79–0.92)

Interobserver 0.95 (0.91–0.97) 0.95 (0.92–0.97) 0.98 (0.97–0.99) 0.91 (0.87–0.96)
Post hoc power 1 1 1 0.9999

Fig. 5. Values obtained using various measurement methods for each axis.
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manipulation for expansion, contraction and drawing of circles enables
accurate measurement of the centre points and the horizontal line,
which might be the reason for the high values obtained in this study.
The measured values have been described by Younger et al. [15], Ellis
et al. [24] and Arunakul et al. [25]. Although our method of axis es-
tablishment for calcaneal pitch angle was only consistent with that of
Arunakul, the value of the calcaneal pitch angle was similar to those in
the literature. Regarding Meary’s angle, we referred to the Gould
method, which originally defined measurements as negative values for
the plantar angle [7], whereas all three previously mentioned reports
recorded positive degrees for the plantar angle, as defined by Tem-
pleton et al. [14]. Standardization of the definitions will likely be ne-
cessary in the future. Additionally, our values of Meary’s angle were
also similar to those of Arunakul, even though their methods were
different, and their interobserver reliability was low.

There are two limitations of this study. First, the validity of foot
radiography is limited to some extent [26]. It has been reported that
radiographic findings change substantially depending on the position of
the hindfoot [5]. In actual clinical practice, it is important to compre-
hensively assess patients by physical examination and diagnostic ima-
ging. Second, the present research only used the lateral radiographic
images for evaluation. However, the lateral view has been reported to
reflect clinical symptoms of flatfoot deformity better than the ante-
roposterior view on plain radiographs [20]. It has also been suggested
that flatfoot symptoms are related to Meary’s angle and the calcaneal
pitch angle [15,27].

The present study elucidates the best reproducible measurements
for radiographically assessing longitudinal tarsal axes in consecutive
cases. This study can contribute to the standardization of assessing foot
deformities.
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