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Assessment of subtalar joint neutral position: a cadaveric study
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Background Subtalar joint (STJ) neutral position is the position typically used by clinicians to obtain a cast
representation of a patient's foot before fabrication of biomechanical functional orthosis. But no method for measuring
STJ neutral position has been proven accurate and reproducible by different testers. This study was conducted to
investigate the STJ neutral position in normal feet in cadavers.

Methods Twelve fresh-frozen specimens of amputated lower legs were used. Pressure-sensitive films were inserted
into the anterior and posterior articulation of STJ. The contact areas for various foot positions and under axial loads of
600 N were determined based on the gray level of the digitized film. The STJ neutral positions were determined as the
ankle-foot position where the maximum contact atea was achieved, because the neutral position of a joint was defined as
the position where the concave and convex surfaces were completely congruous.

Results In ankle-foot neutral position, the contact area of STJ was (2.79x0.24) cm? In the range of motion of
adduction-abduction (ADD-ABD)}, the maximum contact area was (3.000.26) cm? when the foot was positioned 10° of ABD
(F=221.361, P <0.05). In the range of motion of dorsiflexion-plantarflexion (DF-PF), the maximum contact area was
(3.61+0.25) cm? when the foot was positioned 20° of DF (F=121.067, P <0.05). In the range of motion of inversion-eversion
(INV-EV), the maximum contact area was (3.14+0.26) cm? when the foot was positioned 10° of EV (F=256.252, P <0.05).
Conclusions Joints, such as STJ, therefore, are not necessarily in neutral position when the ankle-foot is placed in the
traditional concept of neutral position. The results demonstrate that the most approximate STJ neutral position was in the
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foot position of 10° of abduction, 20° of dorsiflexion and 10° of eversion.

he subtalar joint (STJ) is one of the most complex

weight-bearing joints. Minor biomechanical or
anatomical details may often have considerable clinical
significance. The STJ is responsible for the conversion of
the rotatory forces of the lower extremities and dictates
the movements of the midtarsal joints and the forefoot.'
Subtalar neutral is the position typically used by
clinicians to obtain a cast representation of a patient’s
foot before fabrication of biomechanical functional
orthosis. However, no one method for measuring STJ
neutral has been proven accurate and reproducible by
different testers.

The neutral position of a joint can be defined as the
position where the concave and convex surfaces are
completely congruous. This definition has been changed
and modified by various researchers when referring to the
STJ neutral position, In addition, there are different
opinions in the literature as to the true definition of the
STJ neutral 3position and the best methods for its

8 . L
measurement.”~ These various opinions have created a
controversy about STJ neutral position.

This in vitro study was designed primarily to evaluate the
STJ neutral position by measurement of contact areas in
the subtalar joint under axial loads and in different foot
positions.

METHODS

Materials
Twelve fresh-frozen cadaver feet, from eight males and
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four females, that had been amputated above the ankle
along with a section of leg were studied. Specimens had
no evidence of previous injury, operations, osteoarthritis
or severe deformity by visual inspection and X-ray. Five
were left and seven were right feet. The mean age at the
time of death was 32 years (range, 1845 years). The tibia
and fibula were amputated at the junction of the middle
and distal thirds. The skin, subcutaneous tissues and
muscle were dissected from the most proximal portion.
The interosseous and ligaments of the foot and ankle
were kept intact. Specimens were stored frozen at —80°C
before the experiment and thawed to room temperature at
the beginning of the experiment.

Transducer preparation

The super low pressure-sensitive film with a measurement
range of 0.5-2.5 MPa (Fuji Film Company, Tokyo, Japan)
was used in this study. The film, measuring 0.2 mm in
thickness, was sealed with watertight packaging tape to
avoid soaking by tissue fluid. Before each test, the
pressure-sensitive film was cut to the shape of the
articular surface and inserted into the anterior and
posterior subtalar articulations. In some cases, a laminar
spreader was used to help open the STJ for insertion of a
film. Reference markers were placed on the film
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Figure 1. An example of foot supported by a wedge shape foot-specimen positioning jig with angle 10°. A: 10° of dorsiflexion; B: 10° of

plantarflexion; C: 10° of eversion; P: 10° of inversion.

according to the landmarks chosen on the talus and
calcaneus to label the relative position of articular
surface.

Specimen loading

Specimens were then mounted onto the load frame of a
material testing machine (CSS-44010, Changchun, China)
with the foot in a platform or foot-specimen positioning
jig. These jigs were designed to hold the specimens in
four different anatomical positions with various angles:
dorsiflexion, plantarflexion, inversion and eversion
(Figure 1). The loading platform and jigs had a high
friction surface to prevent anterior-posterior or
medial-lateral sliding of the foot. This high-friction
surface also gave rise to the generation of shear forces in
the system, but the load-cell of the test apparatus did not
measure these forces.” The tibia was maintained
perpendicular to the ground surface and a preset vertical
load imposed on the proximal tibia to compress the
pressure-sensitive film inserted in the STJ. Each foot was
tested under a 600 N load in a neutral position and in
different foot positions (serial changes in 5°, 10°, 15° of
adduction, abduction, inversion, eversion, plantarflexion
and in 5°, 10°, 15°, 20°, 25° and 30° of dorsiflexion).
After insertion of the film between the surfaces of the
joint, the load on the joint was increased from zero to
maximum within 30 seconds. This load was maintained
for 15 seconds, after which the load was released and the
transducer removed. In the mean time, we verified the
loading process according to the preset program and
monitored the displacement of the shaft of the tibia
through software evaluation (CSS-44010 software
version 3.6.16, Figure 2).

Transducer analyses

The pressure-sensitive films were imaged within
twenty-four hours of testing, along with a set of
calibration prints, using a flatbed scanner (Scanjet Plus,
Hewlett-Packard, San Jose, USA) at a resolution of
1200%2400 dots per inch (dpi) and 256 gray levels. The
coloration area was calculated with image-analysis
software (Sigma Scan Pro 5.0, Systat, USA). The total
contact area was estimated for the area on which the local
pressure was greater than 0.5 MPa.

Statistical analysis
All data were entered into an Excel files, read in SPSS
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Figure 2. An example of a load-deformation curve (Display of
CSS-44010 software version 3.6.16): the 600 N load on the STJ
was increased from zero to maximum within 30 seconds. This
load was maintained for 15 seconds. The curve was not wave. It
illustrated that the displacement of shaft of tibia was tiny.

12.0, and repeated measures analysis of variance (ANOVA)
with simple contracts was performed. Results were
expressed as mean * standard deviation (SD) in each
group. For all analyses, statistical significance was set at
the 0.05 level.

RESULTS

The displacement of the shaft of tibia was less than 2 mm.
The contact areas of the anterior and posterior subtalar
articular surface diversified according to regular pattern
with the foot in various positions (Figure 3). In the
ankle-foot neutral position, the contact area of STJ was
(2.790.24) cm”. In the motion range of ADD-ABD, the
difference of contact areas in different positions were
statistically significant (F=221.361, P <0.05, repeated
measures ANOVA) and the maximum contact area was
(3.00+0.26) cm® when the foot was positioned 10° of
ABD (Figure 4). In the range of motion of DF-PF, the
diversity of the contact areas in different positions had
statistical significance (F=121.067, P <0.05, repeated
measures ANOVA) and the maximum contact area was
(3.61+0.25) cm® when foot was positioned 20° of DF
(Figure 5). In the range of motion of inversion-eversion
(INV-EV), the diversity of contact areas in different
position had statistical significance (F=256.252, P <0.05,
repeated measures ANOVA) and the maximum contact
area was (3.14+0.26) cm? when the foot was positioned
10° of EV (Figure 6).
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Figure 3. An example of the contact area of STJ in different
anatomical positions with various angles: adduction/abduction,
dorsiflexion/plantarflexion, inversion/eversion, and foot-ankle
neutral. NE: neutral; AD: adduction; AB: abduction; D:
dorsiflexion; P: plantarflexion; I: inversion; E: eversion; L:
lateral; M: medial; Ant: anterior; Post: posterior.
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Figure 4. Variation of the STJ contact area with the foot-ankle
in various adduction/abduction. Differences in various
adduction/abduction were statistically significant (F=221.361, P
<0.05, repeated measures ANOVA). Data are plotted as mean +
SD. The maximum contact area showed in AB10° ((3.00+0.26)
cmz). NE: neutral; AD: adduction; AB: abduction.

DISCUSSION

The management of biomechanical misalignment of the
lower extremity and the associated pathologic symptoms
often involves the use of foot orthotic therapy. Orthotic
prescriptions are aimed at placing the foot in such a
position as to encourage as near normal foot alignment
and function as possible. Plaster casts of the foot are the
most frequent method used to prepare positive casts or
models of the foot that the orthosis are molded on. Most

of the foot orthotic therapy used today involves the foot
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Figure 5. Variation of the STJ contact area with the foot-ankle
in various dorsiflexion/plantarfiexion. Differences in various
dorsiflexion/plantarflexion ~ were  statistically  significant
(F=121.067, P <0.05, repeated measures ANOVA). Data are
plotted as mean+SD. The maximum contact area showed in
D20° ((3.6120.25) cm®). NE: neutral; D: dorsiflexion; P:
plantarflexion.
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Figure 6. Variation of the STJ contact area with the foot-ankle
in various inversion/eversion. Differences in various
inversion/eversion were statistically significant (F=256.252, P
<0.05, repeated measures ANOVA). Data are plotted as
meantSD. The maximum contact area showed in E10°
((3.1420.26) cm?). NE: neutral; I: inversion; E: eversion.

being casted in a nonweightbearing position, with the STJ
held in its neutral position and the midtarsal joint in its
maximally pronated position. 10-12

The foot has two major functions: support and propulsion.
It behaves as a flexible structure to allow stability on
uneven surfaces during the central part of the stance
phase and as a rigid structure to support the body in
standing or to allow the forefoot to act as a lever in
propelling, particularly at toe-off. The STJ plays a key
role in converting the foot from one function to the other
and a fundamental role in the transmission of loads
between the leg and the foot."* It has been modeled as a
mitered hinge, screw-like, or a multiaxial joint. The
rotation of the foot about the longitudinal axis is
transmitted to the tibia, imposing rotation on it about its
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long axis. Various running injuries could be from lack of
coordination between subtalar and knee joint actions.™

The STJ neutral is the position typically used by
clinicians to obtain a cast representation of a patient’s
foot before fabrication of biomechanical functional
orthosis. But no one method for measuring STJ neutral
has been proven accurate and reproducible by different
testers. In 1977, Root et al published a textbook
containing a theory about the STJ neutral position. Root
described subtalar joint neutral as the position in which
the forefoot is locked on the rearfoot when the midtarsal
joint is maximally pronated. Root’s theories on
biomechanics had been the gold standard for many years.
His theories had been used by physicians as the basis for
treatment of lower extremity biomechanical problems.15
Blake et al'® reported a 78% improvement according to
patients using orthosis fabricated from STJ neutral
position casts. Moraros et al'’ conducted a prospective
study which found that 83% of patients were satisfied
with their STJ-neutral-cast orthosis and 95% reported at
least partial resolution of their original problem. However,
subsequent research has failed to reproduce his original
results. Therefore, many current researchers are
discarding these ideas and developing new theories about
subtalar joint neutral and the biomechanics of the foot
during gait. Several different methods exist for taking
subtalar joint measurements. Elveru et al'® reported that
STJ neutral is the position the foot will be in when patient
is lying in the prone position. The forefoot is 9passively
pronated and the ankle is dorsiflexed. Sell et al" reported
that the use of an inclinometer, or angle finder, could be
used to determine STJ neutral in a weightbearing (closed
kinetic chain) position. McPoil et al® described a standing
method of locating STJ neutral. The medial and lateral
aspects of the talar head are palpated for congruence with
the navicular. Regardless of these findings, no one
accepted method for the measurement of STJ neutral has
been proven both accurate and reproducible by different
testers. In addition, no researcher has shown why orthosis
fabricated from a neutral position cast based on Root’s
theories can alleviate patient symptoms, given that
thousands of patients have claimed relief from what has
been a universally accepted practice among podiatric and
other physicians.

In 2002, International Society of Biomechanics (ISB)
reported definition of the neutral configuration of the
ankle joint complex. It is zero degrees between the long
axis of the tibia/fibula and the line perpendicular to the
plantar aspect of the foot projected onto the sagittal plane
of the tibia/fibula, zero degrees between the long axis of
the tibia/fibula and the line perpendicular to the plantar
aspect of the foot and zero degrees between the line
perpendicular to the frontal plane of the tibia/fibula and
the long axis of the second metatarsal, projected onto the
transverse plane of the tibia/fibula.®® But single joint
neutral can be defined as the position where the concave
and convex surfaces are completely congruous. Joints

such as STJ, therefore, are not necessarily in neutral
position when the foot is placed in the traditional concept
of neutral position.

An optimal ankle model and an appropriate
biomechanical loading method are of vital importance in
the basic researches of ankle surgery. There are three
classical anatomic foot axes, i.e. coronal axis, vertical
axis and sagittal axis, according to which we defined six
elementary motions as DF, PF, ADD, ABD, INV and EV.
Physiologically these motions are often combinations of
two or three motions. For example, ADD, INV, and PF
are combined to produce pronation; on the other hand,
combining ABD, EV and DF are referred to as supination.
The foot is so special in its motions and complicated in
anatomy that it has always been difficult to build a
biomechanical model with maximum physiological
similarity to a cadaveric foot specimen. In our study, the
contact areas of the STJ were assayed by dynamic axial
loading and monitoring of a tibia shaft in the neutral
position and other elementary directions in closed kinetic
chain movements, during which no displacement of more
than 2 mm were permitted for tibia shaft, foot or ankle.
Each motion was graded by a 5° increase toward the
directions of foot movements. In the early days of our
study, data showed that the STJ contact area increased in
DF, ABD and EV but decreased in PF, ADD and INV.*'
We also found that the contact area began to decrease and
became less than its counterpart in the neutral position
when the foot was positioned 25° of DF, 15° of ABD and
15° of EV. Based on these findings, we selectively
measured the contact area in different foot positions of
these angles. Our data exhibited that the maximum STJ
contact areas, which were all larger than those measured
in the classical neutral position, were achieved in 10° of
ABD during foot ADD-ABD, 20° of DF during foot
DF-PF and 10° of EV during foot INV-EV, respectively.
According to definition of single joint neutral, that the
maximum STJ contact areas were achieved when the STJ
neutral position was obtained, we assumed that the most
approximate STJ neutral position was in the foot position
of 10° of ABD, 20° of DF and 10° of EV. As combined
ABD, DF and EV were referred to as extorsion or
pronation, this concept of the STJ neutral position was
quite similar to that reported by Root theories.'”

Currently, there are many published reports about
minimally invasive surgery. It is therefore important for
clinicians to note noninvasive procedures. For example,
plaster casting is much more widely used in orthopedics
than surgical procedures. Even after perfect surgical
procedures, the plaster castings are still often used to help
recovery. The plaster castings of lower extremities with
fabrication of approximation physiological functions can
not only help a patient’s early recovery, but also can
reduce complications. Regarding the current debate on
STJ neutral, the author hopes this study can provide some
reference value to obtain a more optimal plaster casting
before fabrication of biomechanical functional orthosis by
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clinicians. A clinical research project following this study
will be carried out in our future study.

REFERENCES

1.  Wang CL, Cheng CK, Chen CW, Lu CM, Hang YS, Liu TK.
Contact areas and pressure distributions in the subtalar joint. J
Biomech 1995; 28: 269-279.

2. Sobel E, Levitz SJ. Reappraisal of the negative impression
cast and subtalar joint neutral position. J Am Podiatr Med
Assoc 1997, 87: 32-33.

3. Bailey DS, Perillo JT, Forman M. Subtalar joint neutral. A
study using tomography. J Am Podiatr Med Assoc 1984; 74:
59-64.

4. Cook A, Gorman I, Morris J. Evaluation of the neutral
position of the subtalar joint. J Am Podiatr Med Assoc 1988;
78: 449-451.

5. Picciano AM, Rowlands MS, Worrell T. Reliability of open
and closed kinetic chain subtalar joint neutral positions and
navicular drop test. J Orthop Sports Phys Ther 1993; 18:
553-558.

6. McPoil T, Cornwall MW. Relationship between neutral
subtalar joint position and pattern of rearfoot motion during
walking. Foot Ankle Int 1994; 15: 141-145.

7. Pierrynowski MR, Smith SB. Rear foot inversion/eversion
during gait relative to the subtalar joint neutral position. Foot
Ankle Int 1996; 17: 406-412.

8. Holmes CF, Wilcox D, Fletcher JP. Effect of a modified,
low-dye medial longitudinal arch taping procedure on the
subtalar joint neutral position before and after light exercise. J
Orthop Sports Phys Ther 2002; 32: 194-201.

9. Lakin RC, DeGnore LT, Pienkowski D. Contact mechanics of
normal tarsometatarsal joints. J Bone Joint Surg (Am) 2001;
83: 520-528.

10. Wright DG, Desai SM, Henderson WH. Action of the subtalar
and ankle-joint complex during the stance phase of walking. J
Bone Joint Surg (Am) 1964, 46: 361-382.

11. Ball KA, Afheldt MJ. Evolution of foot orthotics—part 2:

RIGHTS L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

research reshapes long-standing theory. J Manipulative
Physiol Ther 2002; 25: 125-134.

Chuter V, Payne C, Miller K. Variability of neutral-position
casting of the foot. J Am Podiatr Med Assoc 2003; 93: 1-5.
Stagni R, Leardini A, O'Connor JJ, Giannini S. Role of passive
structures in the mobility and stability of the human subtalar
joint: a literature review. Foot Ankle Int 2003; 24: 402-409.
Stergiou N, Bates BT, James SL. Asynchrony between
subtalar and knee joint function during running. Med Sci
Sports Exerc 1999; 31: 1645-1655.

Root ML. Reappraisal of the negative impression cast and the
subtalar joint neutral position revisited. J Am Podiatr Med
Assocc 1997; 87: 192-195.

Blake RI, Denton JA. Functional foot orthoses for athletic
injuries: a retrospective study. J Am Podiatr Med Assoc 1985;
75: 359-362.

Moraros J, Hodge W. Orthotic survey. preliminary results. J
Am Podiatr Med Assoc 1993 ; 83: 139-148.

Elveru RA, Rothstein JM, Lamb RL, Riddle DL. Methods for
taking subtalar joint measurements. A clinical report. Phys
Ther 1988; 68: 678-682.

Sell KE, Verity TM, Worrell TW, Pease BJ, Wigglesworth J.
Two measurement techniques for assessing subtalar joint
position: a reliability study. J Orthop Sports Phys Ther 1994,
19: 162-167.

Wu G, Siegler S, Allard P, Kirtley C, Leardini A, Rosenbaum
D, et al. ISB recommendation on definitions of joint
coordinate system of various joints for the reporting of human
joint motion—Part I: ankle, hip, and spine. International
Society of Biomechanics. J Biomech 2002; 35: 543-548.

Chen YX, Yu GR, Ding ZQ, Zhou JQ, Zhu H, Yang YF, et al.
Effect of the calcaneocuboid arthrodesis on the weight loading
area of subtalar joint and Its clinical significance. Chin J
Trauma (Chin) 2006; 22: 438-442.

(Received May 12, 2007)
Edited by HAO Xiu-yuan

© Chinese Medica Association Publishing House

Downloaded from mednexus.org on [February 04, 2025]. For personal use only.


https://mednexus.org/servlet/linkout?type=rightslink&url=startPage%3D735%26pageCount%3D5%26copyright%3D%26author%3DYan-xi%2BCHEN%252C%2BGuang-rong%2BYU%252C%2BJiong%2BMEI%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DChinese%2BMedical%2BAssociation%2BPublishing%2BHouse%26volumeNum%3D121%26issueNum%3D08%26contentID%3D10.5555%252Fcmj.0366-6999.121.08.p735.01%26title%3DAssessment%2Bof%2Bsubtalar%2Bjoint%2Bneutral%2Bposition%253Aa%2Bcadaveric%2Bstudy%26numPages%3D5%26pa%3D%26issn%3D0366-6999%26publisherName%3Dnone%26publication%3Dcmj%26rpt%3Dn%26endPage%3D739%26publicationDate%3D04%252F20%252F2008

