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Background: Total knee arthroplasty (TKA) has become the procedure of choice for those suffering from debilitating degenerative
joint disease of the knee; however, new research suggests that functional changes in the rearfoot occur following the procedure to
compensate for gait changes. This pilot study investigates subtalar joint (STJ) changes in cadavers with TKAs.
Methods: Four embalmed cadavers with a unilateral TKA were disarticulated at the STJ and the calcaneal articular facets were
imaged. The length, width, and area of these facets ipsilateral to the joint replacement were measured using image analysis software
and compared to the contralateral side.
Results: All cadavers exhibited evidence of anatomical changes at the STJ. Moreover, a transition to an anatomically unstable STJ
was observed.
Conclusions: This study suggests that biomechanical compensation at the STJ may result in anatomical changes in the joint in which
form of the joint follows function. Though this pathology may have developed prior to such arthroplasty, the unilateral nature of the
facet changes emphasizes the need to further investigate and address gait abnormalities before and after joint replacement to
optimize biomechanics in the arthritic knee.
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INTRODUCTION
he evolution of the total knee arthroplasty
(TKA) has provided patients with joint pain and
decreased mobility due to osteoarthritis (OA) the
opportunity to improve function and comfort.1–3 This
procedure, however, has been shown to cause an
accelerated and nonrandom deterioration of other
joints in the lower extremity.4–6 Current research concerning patients with OA, both before and after a
unilateral TKA, supports a model of progressive

joint deterioration secondary to limb length discrepancies and biomechanical compensatory mechanisms.7,8
Furthermore, kinematic and gait analyses present evidence for such compensatory mechanisms to occur in
the rearfoot.9–12 In accordance with Wolff’s Law, which
states that a bone will adapt to loads it is placed under,
there should be altered anatomy observed in the
rearfoot following compensation for debilitating OA
and the subsequent TKA. It follows that if changes in
bony architecture secondary to abnormal gait biomechanics in the severely arthritic knee occur, such

remodeling would be seen at the subtalar joint (STJ):
the articulation responsible for most of the currently
proposed compensatory mechanisms.9,13–15
There is a paucity of data that connects biomechanical compensation to anatomical changes of the foot
ipsilateral to knees with a total joint replacement. This
pilot study aims to describe anatomical changes present
at the STJ in limbs ipsilateral and contralateral to the
TKA. Though such physiologic changes may occur prior
to implantation of the artificial joint, the purpose of this
project is to investigate if osseous changes occur at the
STJ in joints with and without a TKA, not when such
changes occur. These changes emphasize the need to
further investigate and address gait abnormalities
before and after joint arthroplasty.
Anatomy
The foot consists of three separate regions: the forefoot,
midfoot, and rearfoot as illustrated in Figure 1. The rearfoot
comprises the talus and calcaneus which articulate with
the leg superiorly and the midfoot anteriorly. The talus
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Biomechanics
Historically, the STJ is known to move about an axis that
is located 42 degrees off the transverse plane and
16 degrees medial to the sagittal plane between the
first and second toes.20–22 The STJ maintains motion in
all three planes, or has a triplanar motion.23,24 Such
motion depends on whether the joint is in an open
kinetic chain (OKC) or closed kinetic chain (CKC). In CKC,
as seen in the stance phase of gait when the limb bears
weight, the talus becomes mobile around a stable
forefoot. Triplanar motion in CKC occurs through pronation (calcaneal eversion, tibial internal rotation, knee
flexion, talar plantarflexion, and adduction) and supination (calcaneal inversion, tibial external rotation, knee
extension, talar dorsiflexion and abduction). Pronation
and supination serve as compensation mechanisms for
functional or postural deformities of the lower extremity affecting gait.24 When these compensatory mechanisms become pathologic, a variety of foot orthoses
can be employed to control several aspects of rearfoot
motion. From short-leg walking casts to custom-made
foot orthoses, these conservative therapies have been
shown to relieve pain, reduce rearfoot pronation, and
improve function in patients with orthopedic conditions involving the rearfoot.25

and calcaneus articulation forms the STJ, a synovial
joint.16 One, two, or three osseous facets provide the surface for STJ articulation.17 Each facet is named based on
location: a nterior, medial, and posterior. These convex
facets sit on the superior surface of the calcaneus, and
articulate with complementary, concave facets on the
inferior surface of the talus. Three basic types of calcanei
shown in Fig. (2) have been described based on these
facets.16–18 Furthermore, the configuration of facets has
been implicated in the pathomechanics of gait abnormalities with the two-facet design in the anterior STJ
proposed as the most stable.18,19
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METHODS
This study was granted exempt status by the Barry
University Institutional Review Board under protocol

Figure 1. Anatomic relationship of the (a) calcaneus and (b)
talus in the (green) forefoot, (blue) midfoot, and (red) rearfoot.
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Figure 2. Types of calcanei. (a) Type A calcaneus with three distinct facets. (b) Type B calcaneus with confluent anterior and medial
facets and distinct posterior facet. (c) Type C calcaneus with one confluent facet.
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number 170601. The four embalmed cadavers used in
this study were obtained from the Anatomical Board of
the State of Florida. The cadavers selected exhibited a
unilateral TKA and no signs of surgery to either limb
from the hip distally. Each foot was disarticulated at
the STJ, then imaged using a Canon Power Shot SX40
HS perpendicular to the superior surface of the calcaneus as illustrated in Fig. (3a). The anterior, medial, and
posterior calcaneal facets were outlined by one medical
student and one pharmacy student with no knowledge
of which bone belonged to which leg. The outlines were
then averaged to create the geometric shape of each
facet and analyzed using ImageJ, an image processing
program.26 The length, width, and area of these facets
were then measured as shown in Fig. (3b).
RESULTS
Of the four pairs of calcanei included in the study, three
pairs were of the Type A variation (Fig. 4: Pairs 1–3) and
one pair was of the Type B variation (Fig. 4: Pair 4).
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Posterior Facet
Three out of the four pairs of calcanei exhibited posterior facets in terms of area, length, and width in the TKA
limb than the same facets in the opposite non-TKA limb
as reported in Table 1.
Pair 4

Medial Facet
All Type A medial facets on the TKA leg exhibited a larger
area than the medial facets belonging to the non-TKA
leg. Two out of three medial facet pairs on the TKA leg
reported in Table 2 were longer and with a smaller width
than the non-TKA leg.

Figure 4. Imaged calcaneal facets: type A Calcaneus-Pair 1. (a)
Non TKA; (b) TKA side, pair 2; (c) TKA; (d) Non TKA side, Pair 3;
(e) Non TKA; (f ) TKA side. Type B Calcanei – Pair 4 (g) Non TKA;
(h) TKA side.

Table 1. Posterior facet data.

a

b

Figure 3. Data collection, (a) Calcaneus imaged perpendicular
to each articular facet from the dorsal surface. (b) Dorsal view of
selected area (1), major (2), and minor (3) axes of left calcaneus.

Pair

Area (mm2)

Length (mm)

Width (mm)

1L
1R*
2L*
2R
3L
3R*
4L
4R*

611.2
569.7
772.5
647.6
663.0
456.5
606.2
559.1

32.9
32.2
34.9
33.1
33.8
29.3
32.3
30.8

23.6
22.5
28.2
24.9
25.0
19.9
23.9
23.1

*Denotes side ipsilateral to TKA.


MSRJ 2019 VOL: 07. Issue: Spring
epub Month 2019; www.msrj.org

Medical Student Research Journal

019

Dominick J. Casciato et al.

Subtalar Joint Changes

Table 2. Medial facet data.
Pair

Area (mm2)

Length (mm)

Width (mm)

1L
1R*
2L*
2R
3L
3R*

191.8
195.5
161.1
157.4
123.7
153.2

18.9
23.4
15.5
17.0
16.4
15.6

12.9
10.6
13.2
11.8
9.6
12.5

*Denotes side ipsilateral to TKA.

Table 3. Anterior facet data.
Pair

Area (mm2)

Length (mm)

Width (mm)

1L

57.9

12.1

6.1

1R*

59.4

13.5

5.6

2L*

85.5

14.0

7.8

2R

73.3

12.6

7.4

3L

78.6

13.2

7.6

3R*

67.0

11.8

7.2

4L

240.1

30.9

9.9

289.8

34.2

10.8

†

4R*

†

*Denotes side ipsilateral to TKA.
†
Denotes combined anterior and medial facets.

Anterior Facet
Two out of three anterior facet pairs on the TKA side
exhibited a larger facet area compared to the contralateral non-TKA leg. Two out of three anterior facet
pairs ipsilateral to the TKA limb were longer and less
wide than the contralateral non-TKA leg as indicated in
Table 3.
Combined Medial and Anterior Facet
The Type B calcaneal facet pair exhibited a larger facet
area on the TKA leg than the non-TKA leg. The length
and width were also greater in the TKA leg than the
non-TKA leg as shown in Table 3.
DISCUSSION
The advent of TKA has allowed those suffering from
debilitating OA to ambulate with less pain.3 This pathology and subsequent joint replacing procedure,
however, has been shown to alter hindfoot mechanics.27–29 The purpose of our study is to identify anatomical changes associated with these altered mechanics.

In our study, all of the Type A calcanei ipsilateral to the
TKA began to show confluence between the anterior
and medial facets – described as a ‘transitional twofacet’ variation.18 This change can most easily be seen in
Fig. (4c). The transition from a three-facet to a two-facet
configuration suggests a structural compensation
toward a more biomechanically unstable variation.18,30
This compensation is due to the medial facet limiting
medial rotation of the talus during heel strike in the
three-facet configuration.30 In contrast, the two-facet
variation does not limit medial rotation of the talus
during heel strike. This uninhibited movement creates
laxity at the plantar calcaneonavicular ligament that
connects the calcaneus to the navicular. This ligamentous laxity is responsible for a biomechanically unstable foot.31
In all pairs of feet, the STJ ipsilateral to the TKA exhibited a larger medial or confluent anterior/medial facet.
A similar trend was also observed in two out of three
anterior facets ipsilateral to the TKA. These increases in
area support the original hypothesis that TKA leads to
structural changes in the STJ.
The increase in width and length of medial and anterior facets respectively of Type A calcanei ipsilateral to
the TKA may contribute to the transition toward a more
unstable two-facet variation. An increase in both the
length and width of the Type B calcanei shows continued structural changes even in the more unstable
variation.
As this study demonstrates, structural evidence of
functional changes at the STJ exists in a limb necessitating unilateral TKA. A possible explanation of the
results reported in this study includes greater CKC
loading as well as pronation and supination ipsilateral
to the pathologic limb during gait. More specifically, an
increase in talar plantarflexion and adduction at the
STJ would cause the anterior and medial facets, and
ultimately the plantar calcaneonavicular ligament, to
bear a greater load than normal. Following Wolff’s
Law, these facets would adapt and remodel themselves
to resist the load increase, predisposing the joint to
conditions favorable to arthritis. Remodeling of these
facets, even if arthritic, secondary to compensatory
gait would explain the structural changes observed in
this study.
Our results further support the current use of orthotics
to control STJ and rearfoot motion following OA.32–35 Such
orthoses and braces would aim to control this abnormal
motion in patients who are experiencing pain during
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ambulation. Through the management of the arthritic
knee and subsequent corrective surgery with functional
orthoses or bracing, compensatory structural or arthritic
changes may be alleviated, potentially limiting articular
facet remodeling in the STJ. A future direction of
research may include studying patients who undergo
TKA, and compare long-term foot and ankle pain scores
between groups who use orthoses or bracing following
the TKA to those who do not use such devices.
There were a few limitations with this study that can
be addressed with future research. Since only four
cadavers were available for use in this study, the sample
size was small; however, preliminary results support
the initial hypothesis. Another limitation encountered
was the inability to measure an accurate limb length.
Moreover, embalming made it difficult to accurately
measure hindfoot varus or valgus, important values that
could be addressed in vivo.
CONCLUSION
In conclusion, STJ changes were observed in limbs that
have undergone a TKA. These changes reflect altered
biomechanics existing both before and after the joint
replacement. This form follows function model and
supports the use of bracing or orthotic devices to functionally control STJ and rearfoot motion in patients
necessitating a unilateral TKA. These findings emphasize the importance of a preoperative gait evaluation
to preemptively address postoperative compensatory
gait abnormalities and illustrate the need for further
research regarding biomechanical changes before and
after joint arthroplasty.
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