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Abstract. Calcaneal fractures are associated with numerous complications and
a poor prognosis with significant long-term quality-of-life issues, regardless of
treatment. Therefore, in-depth research into the underlying mechanism of
calcaneal fracture is still of great interest, with the goal of improving treatment
for patients suffering from this condition. This study aimed to investigate the
relationship between the distribution of calcaneal fracture lines and their
determinants, especially those related to the internal structure of the
calcaneus. This goal was achieved by fracture maps created by copying and
stacking fracture lines as viewed from six surfaces of the calcaneus.

The calcaneus is the largest and most frequently fractured tarsal bone. Intraarticular
fractures account for approximately 75% of calcaneal fractures [1].

Regardless of the treatment, calcaneal fractures are associated with numerous
complications and poor prognosis with significant long-term quality-of-life issues.
Outcomes in patients who have undergone surgery have been shown to be worse than
outcomes in patients with other orthopedic conditions, but the reason remains unclear [1-
3]. Therefore, in-depth research on the mechanism of calcaneal fracture is still of great
interest for improving treatments.

The characteristics of calcaneal fracture fragments and lines are mainly determined by
three aspects: the shapes and positions of the talus and calcaneus, the inner structure of
the calcaneus, and the magnitude and duration of the force [4-7].

The relative position of the calcaneus to the talus determines the development of one of
the two primary fracture lines [3, 7, 8]. The mechanical axes of the talus and calcaneus
are exocentric. As axial loading is applied to the calcaneus through the talus, shear forces
are directed through the posterior facet, resulting in the first sagittal primary fracture line.
This fracture splits the calcaneus into the anteromedial fragment (sustentaculum
fragment) and posterolateral fragment (tuberosity fragment). The fracture line may then
continue anteriorly to break the calcaneocuboid facet.
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The shape of the calcaneus and talus determines the formation of the initial fracture site
and the second primary fracture. Previous research has explained the role of the wedge-
like anterolateral process of the talus and the thick bony strut at the angle of Gissane in
producing a typical original lesion [8—10]. Axial loading then drives the anterolateral
process into the angle of Gissane in an ax-like manner, and the second primary fracture
line appears, running medially and laterally. It may then continue to split the middle facet
and anteromedial fragment [11].

In addition, specific fracture patterns also result from the internal architecture of the
calcaneus, especially from the pattern of the trabeculae [1, 2, 8]. The authors observed a
consistent area of sparse or absent trabeculae in the anterior portion of the calcaneus,
which has been previously referred to as the neutral triangle or Ward’s triangle. The
fracture patterns were visible in the calcaneus, beginning in the neutral triangle, where
the primary fracture site and primary fracture line originate. Sabry and Athavale observed
six different trabecular groups or patterns in the calcaneus and that there are weaker zones
along the interconnections between the lamellae [2, 7]. The primary fracture pattern then
proceeds according to one of the “paths of least resistance” along trabecular weaknesses,
creating the secondary fracture.

The magnitude and duration of the force also contribute to fracture patterns. Mild trauma
only results in primary fracture lines and the simple pattern of fracture mentioned above.
As the force continues, the talus pushes the posterior facet and the underlying thalamic
fragment into the body of the calcaneus. It also pushes the lateral wall outward and causes
fracture and bulging of the lateral wall. Occasionally, the talus may press against the
medial part of the calcaneus, especially when the calcaneus is varus, resulting in fractures
of the sustentaculum or medial column of the calcaneus [1, 11].

Although there is much research on calcaneal fracture patterns and their influential factors
[1-4], thus far, there has been little work demonstrating this relationship visually. With
advances in computed tomography (CT) and 3D reconstruction software, a method
known as fracture mapping has been developed to describe fracture lines in 3D [12—14].
Fracture mapping is utilized in this study to visually present the relationship between
calcaneal fracture patterns and their influencing factors in an integrated manner.
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