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Assessment of Subtalar Joint Neutral Position:
Study of Image Processing for Rear Foot Image

C. H. Lin, C. C. Yeh, and Z. H. Qiu

Abstract—The subtalar joint is in neutral when it is neither
pronated nor supinated, which the posterior midline of the
calcaneus is vertically aligned with the calf and perpendicular
to the forefoot. The incorrect foot position causing excessive and
prolonged pronation during standing phase with biomechanical
abnormalities would be believed to increase the risk of overuse
injuries. It is important to understand as it forms the key
reference point for much of the assessment and fabrication for
foot orthoses. In this paper, the assessment of the subtalar joint
neutral position was applied by building eversionable foot
platforms and capturing the rearfoot images for image
processing analysis. Finally, the subtalar joint neutral position
was determined for the various the tilt angles of the foot
platforms.

Index Terms—Foot, subtalar joint, neutral position, image
processing

[. INTRODUCTION

HE foot and ankle have been supported the weight of the

human body and overcome the reaction force from the
ground. For the bones of the foot as shown in Fig. 1, the
subtalar joint (STJ) is located between the talus and
calcaneus, and the ankle joint is located between the tibia and
talus. When the STJ is in a neutral position, the joint is
neither pronated nor supinated, and the longitudinal midlines
of the leg and calcaneus are in alignment [1]. The maximum
contact between calcaneal and tibial facets for transmitting
ground reaction forces through STJ. The STJ is very
important as it influences the rotational forces of the tibia and
the superstructures [2]. If the STJ is pronated, the anatomy of
the tibia and the talus will cause the tibia to rotate internally,
moving the knee medial to the foot, and hip and knee joints
will flex [3,4]. Therefore, STJ neutral position is significant
and widely used position for clinical practice. Several
methods for locating and measuring STJ neutrality have been
described by Root et al. [5], Bailey et al. [6], Wernick and
Langer [7], James et al. [8], Sell et al. [9], and Najjarine [10].
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Fig. 1. Anatomy of left rearfoot: (a) pronation, (b) neutral, and (c)

supination.

In general, markers are painted on the patient’s lower leg and
calcaneus, and then a goniometer is used to measure the angle
between the midlines of the calcaneus and leg. Pronation
refers to an inward roll of the foot during normal motion and
occurs as the outer edge of the heel strikes the ground and the
foot rolls inward and flattens out. Supination is the opposite
process and refers to the outward roll of the foot during
normal motion. However, the clinician in assessing subtalar
joint neutral position has poor repeatability, which is
dependent on the clinician’s experience and subjective
judgment. In this paper, the assessment of STJ neutral
position was applied by building eversionable foot platforms
and capturing the rearfoot images for image processing
analysis. The left- and right-foot of the subject stood on the
eversionable left- and right- foot platforms, respectively, then
the foot platforms were rotated the angle. The rearfoot
images were enhanced with edge detection by image
processing, providing an objective and automatic method of
calculating the midlines of the tibia and calcaneus. The
rotating angle of the foot platforms denoted the STJ neutral
position when the slopes of the midlines of the calcaneus and
tibia were closer.

II. METHODOLOGY

A. Subjects

The subject was a man of healthy individual with no
previous foot problems. He was 22 years old and his weight
and height were 62 kg and 179 cm, respectively. The subject
was assessed STJ neutral position by the image processing.

B. Eversionable Foot Platforms

To assess STJ neutral position, the eversionable foot
platforms was necessary for measurement as shown in Fig. 2.
The frame of platforms were made of aluminum extrusion,
and the top of left and right platforms was able to be tilted
independently to invert the left and right foots, respectively.
The foot platform was tilted by the rise and fall of the linear
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Fig. 2. Eversionable foot platforms design.

actuator, where the linear actuator consisted of DC motor,
gears, and screw that provides the maximum thrust of 1800 N,
the maximum pulling force of 1200 N, the maximum stroke
of 100 mm, the input voltage of 24 V, and the maximum
current of 3 A. The linear actuator was driven by the dual
H-bridge DC motor drive chip of L298N, which is controlled
by an Arduino Uno to achieve the actuator rising or falling.
Arduino Uno is a microcontroller board based on the
ATmega328P, which has 14 digital input/output pins (of
which 6 can be used as PWM outputs), 6 analog inputs, and a
USB connection. The L298N drove two DC motors at the
same time, which has a bridge circuit composed of four
transistors as the switch. The connection between Arduino
Uno, linear actuator, and L298N was shown in Fig. 3. To
feedback the tilt angle of the foot platform by the linear
actuator rising or falling, an accelerometer was placed under
the foot platform. The accelerometer was a Freescale
MMA7455 with three-axis digital output capacitive
micromachined sensor for high-performance and low power.

C. Image Processing

This paper investigates the application of digital image
processing using rearfoot images for assessing the STJ
neutral position. The foot image capturing system was
consisted of black box, foot platform, webcams, and shelf
lights as shown in Fig. 4. To avoid the light reflection, the
black flannel was covered on the foot platform. The black
flannel was also stuck inner of the black box. To determine
the midlines of the calcaneus and the tibia, a foot image
processing program was developed in MATLAB for the
rearfoot images operating image acquisition, grayscale, edge
detection, enhancement, and binary image to calculate and
mark the midlines of the calcaneus and tibia. For the binary
image, the rearfoot image was separated two regions: the
upper region represented the profile of the lower leg for
determining the midline of the tibia, and the lower region
represented the profile of the Achilles tendon for determining
the midline of the calcaneus. For instance, the positions of the
lower leg profiles were detected pixel by pixel from both
sides of the binary image inward in the upper region. The
positions of the lower leg were found where the pixels had a
typical white intensity value of 1. For dividing the region into
four equal segments, ten points were marked, namely five
positions on each side of the lower leg, then five midpoint
coordinates were calculated and marked in the image. For the
five midpoints of the tibia, the leg angle between the tibial
midline and the horizontal line was be calculated by a
numerical linear regression. The analytic method for the
lower region was similar to that for the upper region.
Nevertheless, the tendon profiles were situated at the
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Fig. 4. The foot image capturing system.

inside of the lower leg profiles. Therefore, the images was
inspected pixel by pixel from both sides inward until
detecting intensity of 1. The first captured position indicated
part of the lower leg profile, and the second captured position
identified part of the tendon profile. Similarly, the foot angle
between the calcaneal midline and the horizontal line was be
calculated by a numerical linear regression for the five
midpoints of the calcaneus. The STJ neutral position
occurred at the tilt angle of the foot platform when the foot
and leg angles are the closest.

III. RESULTS

A. Eversionable Foot Platforms

The eversionable foot platforms were accomplished as
shown in Fig. 5. The linear actuators were driven by
SIMULINK for position control as shown in Fig. 6. For the
accelerometer feedback signal, the accuracy of the platform
in tilt angle is 2 degrees, and the maximum tilt angle of the
platform was about 18 degrees.

B. Image Processing

For MATLAB programing, the image processing
sequence was shown in Fig. 7. Firstly, the right and left
rearfoot images were captured by the two webcams.
Secondly, the RGB image was converted to a grayscale
intensity image. Thirdly, the image was converted to
characteristic edges of the lower leg and the Achilles tendon
clearly by the Sobel operator of the edge detection. Fourthly,
the profiles of the lower leg and Achilles tendon were
appeared clearer by a normalization process for enhancing
contrast. Fifthly, the profiles of the
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Fig. 6. Simulink model diagram of eversionable foot platforms.

lower leg and Achilles tendon were displayed with the white
intensity value of 255, and the background was displayed
with the black intensity value of 0 by the threshold method to
convert the grayscale image into a binary image. Sixthly, the
binary image was decreased noise by the low-pass filter
operator. Seventhly, the points were marked on the edge
profiles of the lower leg and Achilles tendon, which were
detected pixel by pixel from both sides inward. Finally, the
tibial and calcaneal midlines were calculated and displayed
on the original capturing image. Consequently, the midline
angle was calculated by the slope of midline.

C. STJ neutral position

In experimental process, the left- and right-foot of the
subject stood on the eversionable left- and right- foot
platforms, respectively, then the foot platforms were rotated
the angle and the rearfoot images were captured and saved by
the webcams. The eversionable left- and right-foot platforms
were tilted the angles of 0, 5, 10, and 15 degrees, respectively.
The left- and right-rearfoot images were shown in Fig. 8 and
Fig. 9, respectively. The midlines of the tibia and calcaneus
were determined by marking the points at the edges of the T N
lower leg and the Achilles tendon for the image processing. (& ()]

In the upper region of the rearfoot image, the leg angle was Fig. 7. Image processing sequence for MATLAB programing: (a) capturing
equal to the slope of the tibial midline which was calculated  image, (b) grayscale image, (c) edge detection, (c) contrast enhancement, (d)

by a numerical linear regression for the five midpoints of the ~ binary image, (f) low-pass filter, () noise reduction, (g) mark points on the
edge profiles and (h) midlines calculation.
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tibia. Correspondingly, in the lower region of the rearfoot
image, the foot angle was equal to the slope of the calcaneal
midline which was calculated by a numerical linear
regression for the five midpoints of the calcaneus. The
relationships between the tilt angle of the foot platform and
the midlines were shown in Fig. 10. The angles of the
midlines of the right foot had a significant effect on the tilt
angle of the foot platform. The closest of angle difference
between the tibial and calcaneal midlines was about 0 degree
when the tilt angle of the foot platform was 10 degrees. As a
result, the STJ neutral position was 10 degrees for the right
foot. However, the angles of the midlines of the left foot had
not significant effect on the tilt angle of the foot platform. All
angles difference between the tibial and calcaneal were about
5 degrees when the foot platform was tilted 0, 5, 10, and 15
degrees. The closest of angle difference between the tibial
and calcaneal midlines was about 4.5 degree when the tilt
angle of the foot platform was 5 degrees. Consequently, the
STJ neutral position was 5 degrees for the left foot. The left-
and right-midline angles were different tendency, because the
positions of the left- and right-foot were not symmetry or the
location of the webcam was not placed proper position. For
the tilt foot platform, the greater tilt angle is, the foot more
easily slide down because it is not easy to stand on the
platform. In future, the outer side of the foot platform would
require a supported plate that provides the outside of the foot

to support.
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Fig. 8. Left rearfoot images at the tilted angles: (a) 0, (b) grayscale image, (c)
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Fig. 9. Right foot: (a) capturing image, (b) grayscale image, (c) edge Fig. 10. Relationships between the tilt angle of the foot platform and the
detection, (c) contrast enhancement, and (d) binary image. midlines: (a) left foot and (b) right foot.
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IV. CONCLUSION

In humans, the foot and ankle are one of the most complex
musculoskeletal structures of the human body to serve as the
primary interface between the ground and the body. The
incorrect foot position causing excessive and prolonged
pronation during standing phase with biomechanical
abnormalities would be believed to increase the risk of
overuse injuries. Using image processing the rearfoot image
has dealt with edge detection can calculate objectively
midlines of the calcaneus and the tibia. The eversionable foot
platforms have been designed and accomplished to assess
STJ neutral position. For the various the tilt angles of the foot
platform, the STJ neutral position is able to be determined.
The tilt angle of the foot platform denotes the STJ neutral
position when the slopes of the midlines of the calcaneus and
tibia are closer.
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