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Abstract
Objective Using digitally reconstructed radiographs (DRRs), we determined how changes in the projection angle influenced the
assessment of the subtalar joint.
Materials and methods Weightbearing computed tomography (CT) scans were acquired in 27 healthy individuals. CT scans
were segmented and processed to create DRRs of the hindfoot. DRRs were obtained to represent 25 different perspectives to
simulate internal rotation of the ankle with and without caudal angulation of the X-ray beam. Subtalar joint morphology was
quantified by determining the joint space curvature, subtalar inclination angle (SIA), calcaneal slope (CS), and projection of the
subtalar joint line on three-dimensional (3-D) reconstructions of the calcaneus.
Results The curvature of the projected joint space was altered substantially over the different DRR projections. Simulated caudal
angulation of the X-ray beam with respect to the ankle decreased the SIA and CS significantly. Internal rotation also had a
significant impact on the SIA and CS if the X-ray beam was in neutral or in 10° of caudal angulation. An antero-posterior (AP)
view of the ankle showed the posterior area of the posterior facet, whereas a more anterior area was visible with internal rotation
of the foot and caudal angulation of the X-ray beam.
Conclusion Internal rotation of the foot of 20° is recommended to assess the posterior aspect of the posterior facet, whereas a
combined 20° internal rotation of the foot and 40° caudal angulation of the X-ray beam is best to assess the anterior aspect of the
posterior facet of the subtalar joint.

Keywords Subtalar joint .WeightbearingCT . Imaging . Anatomy

Introduction

A thorough understanding of the subtalar joint morphology is
needed to diagnose pathological conditions of the hindfoot, to
develop pre-operative plans for reconstructive surgeries, and to

evaluate the success of treatment [1–5]. Recent studies suggested
that the posterior facet of the subtalar joint has a significant asso-
ciation in the evolution of hindfoot disorders, including
planovalgus deformities and ankle osteoarthritis [2, 3, 5–8]. In
addition, the literature has shown that appropriate reduction and
fixation of dislocated intra-articular calcaneal and talar fractures
are important for a favorable clinical outcome [9]. Thus, there is a
clinical need to evaluate the appearance of the posterior facet and
the orientation of the subtalar joint relative to other anatomical
landmarks of the hindfoot [1, 4, 10]. Radiographicmeasurements
of the subtalar inclinationangle (SIA)andcalcaneal slope (CS)are
often evaluated, in addition to describing the joint space curvature
of the posterior facet as being concave, flat, or convex [1, 10, 11].
The SIA is used to interpret inframalleolar compensations
resultingfromsupramalleolardeformities; theCSprovidesasense
for the subtalar joint orientation in relation to the ground [7,
10–12].
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Recently, the general appearance of the posterior facet
in addition to the SIA and CS measurements were
assessed on weightbearing CT scans [3, 10, 11].
Generally speaking, the SIA and CS were measured in
three coronal slices of weightbearing CT scans within
the anterior, middle, or posterior regions of the posterior
facet [10, 11]. Although weightbearing CT scans have
become common for assessment of foot and ankle disor-
ders in recent years, conventional radiographs are still
standard for imaging the hindfoot [4]. A formal consensus
regarding normative values for these measurements on
radiographs has not yet been reached, which has thwarted
progress toward standardizing diagnoses based on the
evaluation of radiographs.

It has been shown that measurements of the tibio-talar joint,
such as the medial distal tibial articular surface angle (TAS),
are sensitive to how the foot and X-ray beam are oriented
when the film is acquired [13]. Furthermore, current radio-
graphic measurement methods are shown to be sensitive to
intra- and inter-observer agreement [14, 15]. The subtalar joint
is arguably more complex in shape than the tibio-talar joint,
and thus, even subtle changes in the position of the foot, ankle,
and X-ray beam are likely to alter the general appearance of
this structure and affect measurements of the SIA and CS.
However, studies have not assessed how the foot position
and orientation of the X-ray beam affect measurements of
the subtalar joint in a systematic manner.

The purpose of this study was to determine how changes in
the X-ray beam projection angle from horizontal (angulation)
and axial rotation of the foot influenced subtalar joint mea-
surements. A second objective was to report SIA and CS
measurements in a healthy population to provide a normative
dataset for these clinical measurements based on digitally re-
constructed radiographs (DRRs). In addition, the subtalar joint
line was projected on three-dimensional (3-D) models of the
calcaneus to investigate whether the visible area of the poste-
rior facet changes across different foot positions. We hypoth-
esized that the position of the foot and X-ray beam affects
accurate evaluation of the subtalar joint on radiographs.

Materials and methods

Participants and data source

Institutional review Board (IRB) approval was obtained to
conduct this study. A total of 27 healthy volunteers provided
informed consent to participate (Table 1). Inclusion criteria
were individuals aged 40–70 years with no history of foot or
ankle injury or surgery. Participants with a planovalgus or
cavovarus deformity, as observed on radiographs, were ex-
cluded. Inclusion and exclusion criteria for each participant

were reviewed by a board-certified orthopedic surgeon who
was otherwise not involved in the project.

Computed tomography acquisition and image
processing

Each participant underwent a weightbearing CT scan
(Planmed Verity; Planmed Oy, Helsinki, Finland; 0.2-mm
slice thickness, 1-mm slice interval) of their foot and ankle
with their calcaneus aligned in reference to the second meta-
tarsal for a parallel alignment relative to the scanner’s antero-
posterior axis. One limb was imaged for each participant to
avoid potential issues with statistical testing of nested data.
The CT images were segmented to generate 3-D surfaces
representing the tibia, fibula, talus, and calcaneus bones
(Amira, v6.0.1; Visage Imaging, San Diego, CA, USA).
Surfaces were smoothed to reduce segmentation artifact.
Next, DRRs of each bone surface were generated by
projecting the CT image data to a plane representing the de-
sired view. A total of 25DRRs were created to represent views
with different positions of the foot and radiographic projection
angles. Here, we began with an antero-posterior view, defined
by no rotation of the foot and no simulated (e.g., the angula-
tion of the DRRs have been changed but not the X-ray equip-
ment) caudal angulation of the X-ray beam (Fig. 1). Iterative
combinations of internal rotation of the foot and simulated
caudal angulation of the X-ray beam ranging from 0 to 40°
(10° increments) yielded the 25 possible permutations; this
amounted to a total of 675 DRRs for the cohort (Fig. 2).
External rotation of the foot and cranial angulation of the X-
ray beam was not assessed because the articular surface of the
posterior facet was not clearly visible on those views [4].

General appearance of the posterior facet

For each DRR, the joint space curvature of the subtalar joint
posterior facet was classified as convex, flat or concave, as
referenced from the calcaneal surface [10]. To do this, DRRs
were visualized and calibrated inMATLAB (Version R2017b;
MathWorks, Natick, MA, USA) based on a 100-mm line seg-
ment output by Amira at the time the DRR was generated.

Table 1 Baseline characteristics

Characteristics Mean (SD; range)

Age (years) 50 (7.3; 40–66)

Gender (male:female; %) 26:74

Side (lef:right; %) 48:52

Height (cm) 169.4 (6.4; 157–180)

Weight (kg) 72.8 (12.4; 57–102)

BMI (kg/m2) 25.3 (3.8; 18.9–30.4)

BMI body mass index, SD standard deviation
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Following calibration, a 120-mm diameter circle was generat-
ed within MATLAB to replicate the previously implemented
methods of Colin et al. [10]. The user then repositioned the
circle over the subtalar joint line visible on the DRR. The
curvature of the circle was used as a standardized method to
clinically categorize the morphology as convex, flat or con-
cave based on whether the joint line exceeded the curvature of
the circle (Fig. 3). The curvature classification was measured
at two different times, separated by 2 weeks to assess intra-
observer agreement. Measurements obtained by a physician
(NK) were compared with those made by a scientist with
1 year of image analysis experience (AL) to establish an esti-
mate of inter-observer agreement.

Radiographic measurements of the subtalar joint

The SIAwas measured on each DRR, and was defined as the
angle between the surface of the talus and the posterior facet of
the calcaneus [1]. The CS was also calculated, and was de-
fined as the angle between a line from the medial to the lateral
border of the posterior facet of the calcaneus to a vertical line
(Fig. 4) [11]. A custom MATLAB script (Version R2017b;
MathWorks, Natick, MA, USA) loaded DRR views individu-
ally and guided the reader through measurements of the SIA
and CS, automatically calculating angles based on the user
input drawn line defining the joint lines. The SIA and CSwere
measured at two different times, separated by 2 weeks to as-
sess intra-observer agreement. Measurements obtained by a
physician (NK) were compared with those made by a scientist
(AL) with 1 year of image analysis experience to establish an
estimate for inter-observer reliability.

Fig. 1 Illustration of the rotation
of the foot and simulated caudal
angulation of the X-ray beam. a
Internal rotation of the foot. b
Simulated caudal angulation of
the X-ray beam

Fig. 2 Starting from an antero-posterior (AP) view of the ankle, the dig-
itally reconstructed radiograph (DRR) of the hindfoot was internally ro-
tated to a maximum of 40º (10º increments). Simulated caudal angulation
of the X-ray beam was additionally performed
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Projection of the posterior facet relative to the joint
line

The joint line visualized on the DRR views was projected
onto the posterior facet and was evaluated by defining
virtual anatomical landmarks around the perimeter of the
articular surface (Fig. 5). First, six anatomical landmarks
of the posterior facet of the subtalar joint (calcaneal side)
were defined in the CT image data as virtual beads and
included the antero-medial, medial, posterior, superior,
lateral, and antero-lateral points. The position of these
virtual beads was defined mathematically. First, the
boundary of the ridge representing the articular surface
of the posterior facet was defined by visualizing the sec-
ond principle of curvature on the segmented 3-D bone
reconstructions representing the calcaneus (PostView,
v2.1.0; FEBio, Salt Lake City, UT, USA). Each calcaneus
was aligned in reference to the second metatarsal before
the virtual beads were placed. The six anatomical bead
locations were mathematically placed based on second
principle curvature for the nodal locations within the
bone’s reconstruction identified by the ridge of the artic-
ular surface; this ensured consistency in the placement of
the virtual beads. Placement of the virtual beads was
checked by a physician (NK) to ensure that placement
was clinically and anatomically accurate. Once the bead
locations were established, their placement was used to
quantify the direction and magnitude of anatomical bead
locations surrounding the posterior facet relative to the
visualized joint line in each of the 25 DRR views. A
rotation sequence for the appropriate internal rotation
and simulated caudal angulation of the X-ray equipment
was applied to each 3-D calcaneus model containing the
defined anatomical beads. The 3-D model was then cal-
culated as a projection onto the plane of an equivalent 2-D
DRR view in which a physician (NK) selected the points

defining the joint line formerly identified for the CS cal-
culation. The custom MATLAB script used the points to
perform a curve fit of the joint line in that projection view
and sequentially calculated the direction and magnitude of
the six anatomical beads from the joint line within the
calcaneal articular surface based on nodes within the 3-
D surface model.

Statistical analysis

Inter- and intra-observer agreement for joint space curva-
ture classification were assessed using unweighted
Cohen’s kappa for categorical variables across observers
and weighted Cohen’s kappa statistics for within an

Fig. 3 DRRs from three individual participants in the same DRR
projection (20° internal rotation with 10° caudal angulation of the
simulated X-ray beam) showing the calibration 100-mm line and a 120-

mm diameter half-circle (dashed) that was used to clinically categorize
the morphology of the posterior facet as being concave (left), flat (center),
or convex (right)

Fig. 4 Subtalar joint alignment assessment. a DRR showing the hindfoot
at 40° internal rotation (without simulated caudal angulation of the X-ray
beam). The subtalar inclination angle (SIA) was defined as the angle
between the talar surface and the surface of the posterior facet of the
subtalar joint. b DRR showing neutral rotation of the hindfoot with 40°
caudal angulation. The calcaneal slope (CS) was defined as the angle
between the posterior facet of the subtalar joint to a line vertical to the
ground
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observer’s ratings [16]. Agreement was considered to be
almost perfect for a K > 0.81; substantial agreement with a
K = 0.61–0.80; moderate agreement with a K = 0.41–0.60;
fair agreement with a K = 0.21–0.40; and slight agreement
with a K < 0.20 [16]. Inter- and intra-observer agreement
were assessed using the two-way random intraclass corre-
lation coefficient (ICC) and presented with a 95% confi-
dence interval (95% CI) for SIA and CS measurements.
Agreement was considered to be very good for an ICC >
0.80; good with an ICC = 0.61–0.80; moderate with an
ICC = 0.41–0.60; fair with an ICC = 0.21–0.4; and poor
with an ICC < 0.20 [17]. To test for differences in the
SIA and CS between the baseline AP view, represented
as (0.0°) to define 0° of internal rotation and 0° of simu-
lated caudal angulation of the X-ray equipment, and either
the influence of internal rotation or caudal angulation sep-
arately in 10° increments, Student’s t tests were used.
Statistical significance was set as p < 0.05. MATLAB
and IBM SPSS Statistics Version 25.0 (Armonk, NY,
USA) was used for statistical analyses.

Results

General appearance of the posterior facet

The joint space curvature of the subtalar joint posterior facet of
the calcaneus changed between different viewing perspec-
tives. On the AP view of the foot and ankle, the posterior facet
appeared convex on each DRR (Fig. 6). With further internal
rotation of the foot, the percentage of flat-shaped posterior
facets increased, reaching the highest portion with 77.8% at
internal rotation of 30°. At 30 and 40° internal rotation, con-
cave posterior facets were additionally evident (18.5% at 30
and 40.7% at 40° of internal rotation). None of the posterior
facets showed a convex shape at 40° internal rotation. 11.1%
of the posterior facets showed a flat morphology when the X-
ray equipment was angulated 10° caudally without internal
rotation (Fig. 6). With further caudal angulation, the percent-
age of feet showing a flat posterior facet increased, reaching
63.0% at 40°. None of the posterior facets were convex at a
caudal angulation of 40° (neutral rotation), but 37.0% showed

Fig. 5 Flow chart outlining the
computational process for placing
virtual beads and projecting the
joint line onto the articular surface
of the posterior facet. a Six virtual
bead locations were placed
around the perimeter of the
posterior facet. b DRR projection
(30º of ankle internal rotation and
40° of simulated caudal
angulation of the X-ray beam)
with six virtual beads. c
MATLAB figure of calcaneus ro-
tated into the 30/40° position; the
black joint line was defined as a
curve fit, with the red stars
representing the six virtual bead
locations

Fig. 6 Impact of internal rotation of the foot and simulated X-ray beam
angulation on the joint space curvature morphology of the subtalar joint. a
The morphology was dependent on the rotation alone and b isolated
simulated caudal angulation of the X-ray beam with respect to the foot.

c A combination of equal rotation and caudal angulation of the X-ray
equipment shifted the visualization from convex- to more concave-
dominated visualization
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a concave morphology. A similar trend was evident for other
positions of the foot and X-ray beam (e.g., when the foot was
10° internally rotated and the X-ray beam 10° caudally
angulated, etc.): combination of equal rotation and caudal an-
gulation shifted the visualization from convex- to more
concave-dominated visualization. Inter- and intra-observer
agreement for classifying joint space curvature differed across
the DRR views. Four DRR perspectives (0/0, 0/10, 20/0, and
40/0; internal rotation/caudal angulation) had a K range of
0.61–1, indicating substantial to almost perfect agreement
for both inter- and intra-observer reliability. Overall for inter-
observer Kappa values, the reliability ranged from 0.198 to 1.
Intra-observer agreement across viewing perspectives ranged
from 0.275 to 1.

Radiographic measurements of the subtalar joint

Across the 25 DRR viewing perspectives, SIA measurements
ranged on average from 3.8 to 20.9° (Table 2) and CS mea-
surements ranged on average from 54.8 to 105.8° (Table 3).
Simulated caudal angulation of the X-ray beam decreased the
mean SIA significantly, except for one DRR view with 10°
caudal angulation at neutral rotation (p = 0.132, Table 2). For

CS measurements, caudal angulation significantly influenced
all measurements compared with a baseline internal foot rota-
tion (p ≤ 0.03, Table 3). The mean SIA and CS also changed
when the foot was internally rotated compared with a constant
simulated beam angulation (Table 4). Specifically, a signifi-
cant decrease (compared with the antero-posterior view) was
evident at 10–40° internal rotation for neutral and 10° simu-
lated caudal angulation (Table 4). Internal rotation of the foot
did not have a significant impact on the SIA and CS measure-
ments if the simulated X-ray beam angulation was 20–40°
caudally. Inter- and intra-observer agreement for measuring
the SIA and CS differed across the various DRR views. The
lowest values were evident at the antero-posterior view of the
foot without any caudal angulation (SIA inter-observer agree-
ment 0.368 and intra-observer agreement 0.806, CS inter-
observer agreement 0.184 and intra-observer agreement
0.833). For the other views, the reliability ranged from 0.416
to 0.967 (SIA) and from 0.586 to 0.996 (CS).

Projection of the joint line onto the posterior facet

The visible area where the joint line was projected onto the
posterior facet changed between the different viewing

Table 2 Impact of the simulated X-ray beam angulation on the subtalar inclination angle (SIA) radiographic measurement of the posterior facet of the
subtalar joint

SIA Internal rotation

0° 10° 20° 30° 40°

Mean (SD) p value Mean (SD) p value Mean (SD) p value Mean (SD) p value Mean (SD) p value

Caudal angulation 0° 12.0 (6.1) – 14.0 (6.3) – 18.2 (5.6) – 20.5 (5.5) – 20.9 (5.3) –

10° 9.9 (5.9) 0.132 12.4 (6.0) 0.028* 14.4 (5.1) <0.001* 15.3 (4.7) <0.001* 15.2 (4.9) <0.001*

20° 8.7 (5.3) 0.009* 9.0 (5.8) <0.001* 9.2 (5.1) <0.001* 9.5 (4.8) <0.001* 9.9 (5.3) <0.001*

30° 4.4 (2.7) <0.001* 4.5 (3.3) <0.001* 4.4 (3.1) <0.001* 5.0 (3.4) <0.001* 5.5 (4.7) <0.001*

40° 3.8 (3.4) <0.001* 3.6 (2.8) <0.001* 3.8 (3.1) <0.001* 4.4 (3.5) <0.001* 4.3 (3.3) <0.001*

*Indicates statistical significance (p < 0.05) between 0° caudal angulation and 10, 20, 30, and 40° caudal angulation

Table 3 Impact of the simulated X-ray beam angulation on the calcaneal slope (CS) radiographic measurement of the posterior facet of the subtalar
joint posterior facet

CS Internal rotation

0° 10° 20° 30° 40°

Mean (SD) p value Mean (SD) p value Mean (SD) p value Mean (SD) p value Mean (SD) p value

Caudal angulation 0° 98.4 (6.2) – 100.5 (6.3) – 104.3 (5.7) – 106.1 (4.8) – 105.8 (4.7) –

10° 95.4 (6.3) 0.030 97.9 (6.4) <0.001* 99.9 (5.5) <0.001* 100.6 (4.2) <0.001* 99.6 (4.5) <0.001*

20° 93.8 (6.3) 0.001 94.4 (6.4) <0.001* 84.3 (5.6) <0.001* 84.3 (4.8) <0.001* 94.1 (5.3) <0.001*

30° 88.1 (5.7) <0.001* 87.9 (5.7) <0.001* 88.4 (5.2) <0.001* 88.2 (5.7) <0.001* 89.1 (5.7) <0.001*

40° 84.5 (5.3) <0.001* 84.5 (5.5) <0.001* 84.0 (5.1) <0.001* 84.2 (5.1) <0.001* 54.8 (6.0) <0.001*

*Indicates statistical significance (p < 0.05) between 0° caudal angulation and 10, 20, 30, and 40° caudal angulation
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perspectives (Fig. 7). Although on an AP view of the foot
and ankle the posterior area of the posterior facet was vis-
ible, a slightly more anterior area was visible when the foot
was internally rotated. Simulated caudal angulation of the
X-ray beam also changed the visible area of the posterior
facet from posterior (without caudal angulation) to more
anterior (40° caudal angulation). Internal rotation of the
foot only had a minimal effect on the distance from the
posterior-most point marked on the posterior facet (3-D
models) to the projected subtalar joint line on DRRs
(Fig. 8). An increase in the distance was evident with in-
ternal rotation of the foot combined with a 20° caudal an-
gulation. A similar pattern was evident for the antero-
medial-most point (Fig. 8) with the difference that those
points were located anterior to the joint line in most views.

Discussion

The influence of various DRR projection views with different
internal rotations of the foot and simulated caudal angulation
of X-ray equipment on the visualization of the subtalar joint
was assessed. Our hypothesis was confirmed, the position of
the foot affects the radiographic appearance and visible area of
the posterior facet on DRRs. The three major findings were:

1. Increasing internal rotation of the ankle or increasing cau-
dal angulation of the X-ray beam shifted the projected
subtalar joint morphology from primarily convex to flat;
however, simultaneously increasing both internal rotation
and caudal tilt shifted the projected joint morphology
from primarily convex to concave.

2. Measurements describing the alignment of the subtalar
joint (SIA and CS) changed between different viewing

perspectives with internal rotation not having an influence
after 20° of caudal angulation of the X-ray beam.

3. Changes in the DRR projection visualized a joint line on
different aspects of the articulating surface of the posterior
facet.

Understanding the radiographic appearance of the posterior
facet in healthy individuals on DRRs is important to identify
pathological changes among symptomatic, diseased ankles.

Table 4 Impact of internal rotation of the foot on the SIA and CS

Internal rotation foot

10° 20° 30° 40°
P value

Caudal angulation X-ray beam SIA 0° 0.085 *<0.001 *<0.001 *<0.001

10° 0.080 *<0.001 *<0.001 *<0.001

20° 0.745 0.564 0.300 0.158

30° 0.870 0.897 0.259 0.217

40° 0.538 0.909 0.113 0.427

CS 0° 0.068 *<0.001 *<0.001 *<0.001

10° 0.060 *<0.001 *<0.001 *<0.001

20° 0.604 0.630 0.584 0.729

30° 0.567 0.532 0.778 0.123

40° 0.755 0.200 0.410 0.497

*Indicates statistical significance (p < 0.05) of 0° internal rotation (foot) vs 10/20/30/40° internal rotation (foot)

Fig. 7 Projection of the posterior facet on 3-D models of the calcaneus.
Points 1–6 show the anatomical landmarks of the posterior facet. a
Internal rotation (without caudal angulation of the X-ray beam) demon-
strates a curved joint line projected onto the posterior facet, the visualized
joint line begins posteriorly and moves anteriorly. b Simulated caudal
angulation (at 40° internal rotation) of the X-ray beam shows a more
anterior aspect of the posterior facet of the subtalar joint
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Studies using weightbearing CT scans have shown that the
configuration of the posterior facet may have an impact on
the evolution of ankle osteoarthritis (e.g., slower or faster pro-
gression of the degenerative changes) [7, 11]. Other studies
using weightbearing CT scans showed that the slope of the
posterior facet is more valgus for patients suffering from flat-
foot deformities compared with healthy ankles [7, 11].
However, well-controlled DRRs generated from the gold stan-
dard of weightbearing CT scans had not been assessed to
evaluate how changes in the alignment of the X-ray beam
could affect visualization of the subtalar joint, which provided
the impetus for this study.

A thorough understanding of the radiographic appearance
of the posterior facet is important for correct interpretation of
intra-operative fluoroscopy and post-operative radiographs
following reconstructive surgery of the hindfoot (e.g., after
fixation of intra-articular calcaneal or talus fractures). For ex-
ample, overlooking malreduction at the level of the posterior
facet leads to rapid degeneration of the subtalar joint [9].
Additional surgeries such as a calcaneal osteotomy or correc-
tive subtalar fusion may be necessary in those patients. A
more accurate assessment of the posterior facet is possible if
the radiographic appearance is understood in depth, which is
provided in this study.

Recent studies using single coronal CT images under
weightbearing conditions showed that the morphology and
configuration of the posterior facet varies between healthy
individuals [10]. A convex morphology (calcaneal side) was

evident in 88%, whereas 12% showed a flat morphology [10].
In addition, the configuration of the posterior facet changed
from anterior (neutral orientation) to posterior (varus orienta-
tion) [10]. Using DRRs, the morphology of the posterior facet
was dependent on the viewing perspective. On the AP view,
the morphology was convex in each DRR, whereas with in-
ternal rotation or simulated caudal angulation of the X-ray
beam, the percentage of a flat or convex morphology in-
creased. Therefore, it seems likely that inter-individual differ-
ences in the appearance of the posterior facet on CT is based
on the rotation of the foot. Findings of the configuration of the
posterior facet on DRRs are comparable with the results on
weightbearing CTs: caudal angulation (showing the anterior
aspect of the posterior facet) of the foot was associated with a
more neutral orientation of the posterior facet in the coronal
plane, whereas the orientation was more varus when the foot
was in a plantigrade position (showing the posterior aspect of
the posterior facet) [7]. Of note, the configuration of the pos-
terior facet assessed on DRRs was dependent on the viewing
perspective (e.g., internal rotation of the foot and simulated
caudal angulation of the X-ray beam had an impact on the
joint configuration).

Each viewing perspective differed in terms of the projected
joint curvature, alignment (SIA and CS), and visible area of
the posterior facet. Previous research has shown that the joint
axis of the posterior facet of the calcaneus is slightly externally
rotated [18, 19]. Therefore, a slight internal rotation of the foot
while radiographs are acquired provides a more perpendicular
view of the posterior facet. Of note, our radiographic measure-
ments (SIA and CS) describing the configuration of the pos-
terior facet showed a poor reliability on the antero-posterior
view, but increased when the foot was internally rotated. The
subtalar joint is barely visible in an antero-posterior view,
maybe explaining the insufficient reliability of this view.
Consequently, a 20° internal rotation of the foot is recom-
mended to assess the posterior aspect of the posterior facet,
whereas a combined 20° internal rotation (foot) and 40° cau-
dal angulation of the X-ray beam is ideal for assessment of the
anterior aspect of the posterior facet. If the foot is internally
rotated 20°, the projected subtalar joint morphology (e.g., con-
vex vs flat vs concave) can additionally be reliably assessed.
This is important as the identification of the subtalar joint
morphology is not reliable for most other views. Multiple
radiographs can easily be acquired intra-operatively using
fluoroscopy. Using standard X-ray equipment, this approach
may be not suitable. Use of DRRs that are derived from
weightbearing CT images is advantageous, as it allows for
computer-controlled projections to be constructed, thus
preventing errors that would be present if standard X-ray
equipment had been used for this study.

This studyhas several limitations. First,DRRswereused for
assessment of the posterior facet. Although previous research
has shown that measurements on DRRs assessing the

Fig. 8 Distance between a the antero-medial-most and b posterior-most
points of the posterior facet to the projected subtalar joint line on DRRs
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alignment of the ankle joint are comparablewithmeasurements
on radiographs [20]. However, measurements performed at the
level of the subtalar joint may differ between DRRs and radio-
graphs. Second, intraoperative assessment of the subtalar joint
during reconstructive surgery is donewith the patient supine or
prone, not in a weightbearing condition, as was the case for the
CTimages utilized.Application of loadmay have an impact on
the appearance of the posterior facet. Third, only healthy indi-
viduals were included in this study. The posterior facet in dis-
eased ankles may show a different radiographic appearance.

To conclude, the position of the foot has an impact on the
radiographic appearance and the visible area of the posterior
facet on DRRs. Twenty degrees of internal rotation of the foot
is recommended to assess the posterior aspect of the posterior
facet, whereas a combined 20° internal rotation of the foot and
40° caudal angulation of the X-ray beam is best to assess the
anterior aspect of the posterior facet of the subtalar joint. A
thorough understanding of the projection of the subtalar joint
in different positions of the foot is important for a meaningful
interpretation of the hindfoot on conventional radiographs.
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