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Abstract
Background Calcaneal osteotomy is used to correct hindfoot deformity. Pseudoaneurysms of the lateral plantar artery (LPA) have been reported following
calcaneal osteotomy and are at risk of rupture. The vascular structures in close proximity to the calcaneal osteotomy have variable courses and branching
patterns. However, there is little information on the “safe zone” during calcaneal osteotomy. This study aimed to identify the safe zone that avoids LPA injury
during calcaneal osteotomy.

Methods Enhanced computed tomography scans of 25 fresh cadaveric feet (13 male and 12 female specimens; mean age 79.0 years at time of death) were
assessed. The specimens were injected with barium via the external iliac artery. A landmark line (line A) connecting the posterosuperior aspect of the
calcaneal tuberosity and the origin of the plantar fascia was drawn and the shortest perpendicular distance between the LPA and line A was measured on
sagittal images.

Results The average perpendicular distance between the LPA and line A at its closest point was 15.2 ± 2.9 mm. In 2 feet (8.0%), the perpendicular distance
between the LPA and line A at its closest point was very short (approximately 9 mm). In 18 of the 25 feet (72.0%), the point where the perpendicular distance
from line A to the LPA was closest was the bifurcation of one of the medial calcaneal branches of the LPA, and in 7 feet (28.0%) the shortest perpendicular
distance from line A to the LPA was the trifurcation of the LPA, medial plantar artery, and one of the medial calcaneal branches.

Conclusion Calcaneal osteotomy performed more than 9 mm from line A could damage the LPA by overpenetration on the medial side. Calcaneal osteotomy
on the medial side should be performed with caution to avoid iatrogenic injury to the LPA.

Level of Evidence: IV, cadaveric study

Background
Calcaneal displacement osteotomy has historically been used to correct valgus deformity of the calcaneus seen with �exible pes planovalgus deformity,
rearfoot varus deformity, frontal plane deformity, sagittal plane deformity, and posterior calcaneal fractures.1–3 Calcaneal osteotomy via a lateral or oblique
incision is occasionally associated with neurovascular injury, and complication rates of 5–28% have been reported in the literature.4–7

The anatomic location of the lateral plantar artery (LPA) makes it susceptible to iatrogenic injury during operative procedures involving the foot.8 One of the
complications reported after calcaneal osteotomy is pseudoaneurysm of the LPA.9,10 Progressive enlargement of an untreated LPA pseudoaneurysm can
compromise adjacent nerves and vessels and lead to ulceration and ultimately rupture11 if the laceration has not yet achieved full tensile strength, in addition
to the fact that the area is typically subjected to continued trauma.12

Some reports have described the relationship between neurostructures and the osteotomy line3,13 and the “safe zone” for nerves during calcaneal
osteotomy.13,14 Talusan et al identi�ed a landmark line (line A) extending from the posterosuperior aspect of the calcaneal tuberosity to the origin of the
plantar fascia and de�ned the safe zone for neural structures during calcaneal osteotomy as 11.2 mm anterior to line A.14 However, there has been few fresh
cadaveric studies of the safe zone needed to protect the LPA during calcaneal osteotomy.15

The aims of this study were to assess the shortest distance between the LPA and line A in fresh cadavers on sagittal enhanced computed tomography (CT)
images and to identify a safe zone that could protect against injury to the LPA during calcaneal osteotomy.

Methods
The study was approved by our institutional review board and included 25 feet of 25 fresh cadavers (13 male and 12 female specimens; mean age 79.0 years
at the time of death). Cadavers with a history or signs of ankle trauma or surgery, congenital or developmental deformity, or in�ammatory arthritis were
excluded.

Vessels were �ushed with warm normal saline solution through a plastic catheter placed in the external iliac artery. Next, barium sulfate suspension
(Barytester®, Fushimi Pharmaceutical Co, Inc, Marugame, Japan) was injected into the external iliac artery with �rm manual pressure, as described in our
previous reports.16,17 Enhanced multi-slice CT images (Somatom Emotion 16, Siemens Healthcare, Erlangen, Germany) of the lower extremities were obtained
with the ankle in a neutral position. The sagittal images were reviewed on osseous transparent metal setting. Two specimens were dissected to observe the
running of the LPA and the relationship between the LPA and the traditional Myerson osteotomy line when the osteotomy was performed 1 cm posterior to the
posterior talar process and at a 45° angle to the plantar hindfoot (posterosuperior to anteroinferior).18

The following parameters were measured in the sagittal plane: (1) the average perpendicular distance between the LPA and line A at its closest point; (2) the
average distance from the posterosuperior aspect of the calcaneal tuberosity to the point on line A where LPA comes closest to line A; and (3) the average
distance from the origin of the plantar fascia to the point on line A where LPA comes closest to line A (Fig. 1).

All measurements were made in triplicate by two orthopedic surgeons working independently and blinded to the purpose of the study. The values were
averaged and are shown as the mean ± standard deviation.

Results
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A summary of the results is shown in Table 1, with additional details provided in Supplemental Table 1. The posterior tibial artery (PTA), LPA, and medial
plantar artery (MPA) were con�rmed in all specimens. In all cases, at least one of the medial calcaneal branches (arteries) crossed line A.

The average perpendicular distance between the LPA and line A at its closest point (1) was 15.2 ± 2.9 (range, 9.1-20.5) mm. In 18 of the 25 feet (72.0%), the
point where the perpendicular distance from line A to the LPA was shortest was the bifurcation of one of the medial calcaneal branches from the LPA (Figure
2); in 7 feet (28.0%), the point where the perpendicular distance from line A to the LPA was shortest was the trifurcation of the LPA, MPA, and one of the medial
calcaneal branches (Figure 3). In 2 feet (8.0%), the perpendicular distance between the LPA and line A at its closest point was approximately 9 mm (Figure 4).
The average distance from the posterosuperior aspect of the calcaneal tuberosity to the point on line A where the LPA came closest to line A (2) was 26.9 ± 5.1
(range, 14.1-36.5) mm, and 59.3% (range, 31.5%-80.0%) when the closest point along line A was expressed as a percentage of the total length of line A from
the posterosuperior aspect of the calcaneal tuberosity. The average distance from the origin of the plantar fascia to the point on line A where the LPA came
closest to line A (3) was 18.6 ± 5.6 (range, 8.2-30.6) mm, and 40.7% (range, 20.0%-68.5%) when the closest point along line A was expressed as a percentage
of the total length of line A from the posterosuperior aspect of the origin of the plantar fascia.

Discussion
The PTA is located posterior to the medial malleolus and bifurcates into the MPA and LPA. All bifurcation points of the PTA are located within the tarsal
tunnel,19 while the LPA passes laterally under the proximal abductor hallucis and �exor digitorum brevis muscles, coursing along the lateral margin of the
�exor digitorum brevis, where it is located super�cially below the plantar fascia. The anatomic relationship of the LPA renders it vulnerable to injury during
calcaneal osteotomy.

To our knowledge, this is the �rst cadaveric report demonstrating the distance from the LPA and line A as measured on enhanced sagittal CT images. We
found that in 72.0% of cases, the point where the perpendicular distance from line A to the LPA was shortest was the bifurcation of one of the medial
calcaneal branches from the LPA, and that in 28.0% of cases the point where this distance was shortest was the trifurcation of the LPA, MPA, and one of the
medial calcaneal branches.

In this study, the average perpendicular distance between the LPA and line A at its closest point was 15.2 mm, and in 2 of the 25 feet (8.0%), the perpendicular
distance between the LPA and line A at its closest point was approximately 9 mm. Greene et al reported that the PTA crossed the Myerson osteotomy line in 2
of their 22 cases (9.1%) when the perpendicular distance between the LPA and line A at its closest point was very short,15 as in 2 cases in our series. Therefore,
there is a risk of injury to the LPA when a Myerson calcaneal osteotomy (see Fig. 5) is performed more than 9 mm anterior to line A and overpenetrates on the
medial side of the calcaneus. Our �ndings also indicate that an anteriorly oriented osteotomy places the artery in greater proximity to the osteotomy line than
would be the case with an osteotomy that is directed posteriorly, which is consistent with a report by Bruce et al.20

Consistent with �ndings reported by both DiDomenico et al and Greene et al that both the LPA and PTA and their branches could cross the Myerson osteotomy
line,3,15 we found that at least one of the medial calcaneal branches crossed line A in all cases. These observations indicate that the medial calcaneal
branches (arteries) are at risk during calcaneal osteotomy. Therefore, medial calcaneal arteries could be present even within this apparent safe zone for LPA.
Like Doty et al and Greene et al, we suggest that calcaneal osteotomy should be completed through the medial calcaneal cortex in a carefully controlled
manner because of the proximity of vascular structures.9,15

In this study, the average closest point between line A and the LPA was 59.3% when expressed as a percentage of the total distance of line A from the
posterosuperior aspect of the calcaneal tuberosity. Greene et al reported that the average closest perpendicular point to the PTA or its branches along the
Myerson osteotomy line was 57% of the total distance from the posterosuperior aspect of the calcaneal tuberosity.15 Our �ndings was consistent with those
of Greene et al, despite the fact that we examined enhanced CT images along line A in whole fresh cadavers while they examined the Myerson osteotomy line
in dissected fresh cadavers.

This study has several limitations, �rst is the small number of specimens used, which is inevitable due to the restricted availability of fresh-frozen cadavers in
Japan. The second limitation was our acquisition of images in the neutral ankle position, considering that vascular structures vary in location with movement
of the ankle. The third was a limitation in terms of the relationship between the arteries and nerves, since calcaneal osteotomy can also cause damage to
nerves.

Conclusions
This study demonstrated the shortest perpendicular distance from the LPA to line A on sagittal enhanced CT images. This is the �rst study in which enhanced
CT has been used to identify the safe zone for the LPA during calcaneal osteotomy in fresh cadaveric feet. Calcaneal osteotomy approximately more than
9 mm anterior to line A could injure the LPA if there is overpenetration of the medial cortex. Calcaneal osteotomy should thus be performed cautiously and
with great care.
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Table 1
Table 1. Measurements obtained for the study parameters in the cadaveric specimens.

Specimens,
n

Sex Side Mean age
at death
(years)

 (1) Mean perpendicular distance between the LPA
and line A at its closest point (mm)

(2) Mean distance
from the posterosuperior aspect of the calcaneal
tuberosity to the point on line A where the LPA
comes closest to line A (mm; expressed as a
percentage of the total length of line A)

(3) Mean distance
from the origin of
the plantar fascia
to the point on
line A
where the LPA
comes closest to
line A
(mm; expressed
as a percentage
of the total length
of line A)

Point
where the perpendicula
distance from line A
to the LPA is closest

n = 25  Male, 13; female, 12 Right, 13; left, 12 79.0 ±
12.0

15.2 ± 2.9 26.9 ± 5.1 (59.3) 18.6 ± 5.6 (40.7) Bifurcation of one
of the medial calcaneal
branches
from the LPA, n =
18; trifurcation
of the LPA,
MPA, and one
of the medial calcaneal
branches, n = 7 

LPA, lateral plantar artery; MPA, medial plantar artery

 

Figures

Figure 1

Enhanced computed tomography image showing the following three parameters: (1) the average perpendicular distance between the lateral plantar artery and
line A* at its closest point; (2) the average distance from the posterosuperior aspect of the calcaneal tuberosity to the point on line A where the lateral plantar
artery comes closest to line A; and (3) the average distance from the origin of the plantar fascia to the point on line A where the lateral plantar artery comes
closest to line A. The white arrowhead, black arrow, and white arrow indicate the lateral plantar artery, medial calcaneal branches (arteries), and medial plantar
artery, respectively. *Line A is the landmark line extending from the posterosuperior aspect of the calcaneal tuberosity to the origin of the plantar fascia.
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Figure 3

Photograph showing the dissected posterior tibial artery, lateral plantar artery, and medial plantar artery from the medial aspect. The tibial nerve, medial
plantar nerve, lateral plantar nerve, and medial calcaneal branches (nerves) were dissected. The photograph shows that the point where the perpendicular
distance from line A to the lateral plantar artery is shortest is the bifurcation of one of the medial calcaneal branches from the lateral plantar artery. The black
arrowhead, white arrowhead, black arrow, and white arrow indicate the posterior tibial artery, lateral plantar artery, medial calcaneal branches (arteries), and
medial plantar artery, respectively.
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Figure 5

Enhanced computed tomography image showing that the point where the perpendicular distance from line A to the lateral plantar artery is closest is the
trifurcation of the lateral plantar artery, medial plantar artery, and one of the medial calcaneal branches. The black arrowhead, white arrowhead, black arrow,
and white arrow indicate the posterior tibial artery, lateral plantar artery, medial calcaneal branches (arteries), and medial plantar artery, respectively.

Figure 7

Enhanced computed tomography image showing a case in which the closest perpendicular distance from the lateral plantar artery to line A was small. The
black arrowhead, white arrowhead, black arrow, and white arrow indicate the posterior tibial artery, lateral plantar artery, medial calcaneal branches (arteries),
and medial plantar artery, respectively.
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Figure 9

Photograph showing the dissected posterior tibial artery, lateral plantar artery, and medial plantar artery from the medial aspect. The tibial nerve, medial
plantar nerve, lateral plantar nerve, and medial calcaneal nerve branches were dissected. The photograph shows a case in which the closest perpendicular
distance from the lateral plantar artery to line A was small after Myerson osteotomy. The Myerson osteotomy line crossed the lateral plantar artery. The dotted
arrowhead, black arrowhead, white arrowhead, black arrow, and white arrow indicate the Myerson osteotomy line, posterior tibial artery, lateral plantar artery,
medial calcaneal branches (arteries), and medial plantar artery, respectively.
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