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Characteristics of anterior inferior calcaneal cortex
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A B S T R A C T

Background: Minimal invasive surgery of calcaneal fracture provided satisfactory outcomes. In tongue
type calcaneal fracture, percutaneous screw usually purchases in anterior inferior calcaneal cortex.
However, there was no detail about the cortex of anterior inferior calcaneus so the surface anatomy and
cortical thickness of this area were studied.
Methods: 88 calcaneus from embalmed cadavers were enrolled. Anterior part of the inferior cortex was
identified. Surface anatomy was examined. Length, anterior and posterior widths were measured.
Anterior inferior calcaneal cortex was divided into anterior, middle and posterior segments. The cortical
thickness at middle, medial most and lateral most of 3 segments were measured.
Results: Anterior inferior calcaneal cortex was a long trapezoidal shape with well-defined borders as a
dense and thick cortical bone, convex relief from medial and lateral walls. Mean(SD) length was 33.40
(3.46) millimeters (mm). Median(min,max) of anterior and posterior width were 10.50(8.21,19.26) mm
and 14.00(10.05,20.42) mm, respectively. Mean(SD) of middle cortical thickness of anterior and middle
segment were 3.12(0.76) and 3.72(0.74). Median(min,max) middle cortical thickness of posterior
segment was 3.13(1.62,6.51) mm. Whereas, of the medial most were 1.31(0.78,3.11), 1.31(0.90,2.57) and
1.26(0.85,2.61) mm and of the lateral most were 1.17(0.67,2.64), 1.38(0.80,2.55) and 1.31(0.84,2.61) mm,
respectively. Inter-intraobserver reliabilities of the measurements were >0.79. The statistical analysis
showed the middle cortex is significantly the thickest (P < 0.001) and posterior width is significant wider
than the anterior (P < 0.001).
Conclusions: Anterior inferior calcaneal cortex has special characteristics in term of surface anatomy,
width and thickness. For the percutaneous screw insertion from posterosuperior to anterior inferior
calcaneus in tongue type calcaneal fracture, we recommend that screw should purchase in middle cortex
due to maximal cortical thickness as well as its cortical width could accept 6.5 or 7.0 mm screw without
screw extrusion.
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1. Introduction

The current trend of the surgical treatment of the calcaneal
fractures has become toward the minimal invasive surgery. Earlier
reports [1–5] revealed the benefit of minimal invasive surgery
included less wound complications with comparable quality of
reduction to the conventional open reduction and internal fixation
technique, via lateral extensile exposure. Various surgical techni-
ques of minimal invasive surgery were reported with satisfactory
results [1–5]. The favorable minimal invasive surgery of the
calcaneal fractures was mini open approach to reduce and fix the
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posterior facet fragment via “sinus tarsi approach” combined with
percutaneous screw fixation of calcaneal body.

There are various screw insertion techniques for fixation of
calcaneus. In calcaneal osteotomies and subtalar arthrodesis,
screw is usually introduced from posterior inferior calcaneal
tuberosity as an entry point [6–8]. In minimal invasive percutane-
ous screw fixation of calcaneal fracture, there are many screw
trajectory methods depended on fracture configurations [9].
However, for tongue type calcaneal fracture, one of the common
method is the screw trajectory from posterosuperior calcaneus
purchasing in anterior inferior calcaneal cortex or the cancellous
part of anterior calcaneus [10–14].

Previous biomechanics studies described a role of cancellous
bone in generation of screw holding power, emphasized that there
was a better strength of fixation if the end of the screw was in the
cortical bone than in the cancellous bone [15,16]. So, in the
percutaneous screw fixation of tongue type calcaneal fracture, the
screw ended in the cortex of anterior inferior calcaneus could give
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better screw holding power and better stability of the fracture
fixation than ended in the cancellous part of anterior calcaneus. Up
to the current knowledge, there was no study about cortical
characteristics of the anterior part of inferior calcaneus. This
knowledge might had benefit for the application for improving
efficacy of the percutaneous screw fixation of tongue type
calcaneal fracture.

Our objective is to study the characteristics of the anterior
inferior calcaneal cortex included surface anatomy and cortical
thickness.

2. Patients and methods

The study was approved by the Institutional Review Board. We
obtained 88 feet from 44 embalmed cadavers, consisted of 26
males and 18 females, which were allocated from department of
anatomy of our institute. The mean age was 52 (37–75) years old.
We excluded the cadavers with the deformity or any pathologic
bony lesion of the calcaneus.

Each cadavers were prepared in the same manners. All soft
tissues around the calcaneus were removed. The boundaries of
anterior inferior calcaneal cortex were identified in term of
anterior and posterior ends included medial and lateral borders.
Anterior end was identified as a line of calcaneal capsular
attachment to the calcaneocuboid joint. Posterior end was
identified as an ending point of cortex of anterior inferior calcaneus
which directly attached to the inferior aspect of the calcaneal
tuberosity. Medial and lateral borders were identified as a meeting
point of medial and lateral aspects of cortex of anterior inferior
calcaneus with the medial and lateral calcaneal walls.

Surfaceanatomyof thecortexofanteriorpartof inferiorcalcaneus
was studied. The measurements of all variables were done using
digital vernia caliper. Length was measured as a maximum distance
between the anterior and posterior ends (OP) (Fig. 1). Anterior and
Fig.1. The boundary of anterior inferior calcaneal cortex. OP, AB and CD represented
length, anterior and posterior widths respectively. OX, XY and YP were anterior,
middle and posterior segments, respectively. Dotted line was an area of performing
transverse osteotomy.
posterior width were measured at the anterior and posterior ends, as
distances between medial and lateral borders, perpendicular to the
length of anterior inferior calcaneal cortex, respectively (AB and CD)
(Fig. 1). Length of anterior inferior calcaneal cortex was divided
equally into anterior, middle andposteriorsegments at X andY. Then,
transverse osteotomies were done at the middle of each segments
(Dotted lines) (Fig. 1). On cut surface of each segment, medial and
lateral most aspects of anterior inferior calcaneal cortex were
identified as meeting points of medial and lateral ends with medial
and lateral calcaneal walls, as R and M, respectively. The middle of
anterior inferior calcaneal cortex was identified as mid-distance
betweenRandM,asK(Fig.2).Thecorticalthicknesswasmeasuredas
a distance from K, perpendicular to outer cortical surface to the inner
cortex at L, as KL. In the same manner, cortical thickness at medial
most and lateral most aspects of anterior inferior calcaneus were
measured as RS and MN, respectively (Fig. 2).

Each measurements were performed by 2 foot and ankle
surgeons at 2-week interval for inter- and intra observer reliability
assessment. A “Kolmogorov–Smirnov Test” was used to test the
normality of the distribution of each variables. The data was
reported as mean and standard deviation (SD) for normal
distributed data and median, minimum and maximum (min,
max) for non-normal distributed data. The reliability of the
measurements were assessed with intra-class correlation coef-
ficients. The data was statistically analyzed by Kruskall–Wallis Test
and Mann–Whitney U Test and considered significant difference
with P < 0.05.

3. Results

Surface anatomy of the anterior inferior calcaneal cortex was a
dense, thick, convex relief and arranged itself as a long trapezoidal
shape and well-defined borders along the long axis of calcaneus
(Fig. 3).

The data showed non-normal distribution of most variables.
Whereas, length and middle thickness of the anterior and middle
segments showed normal distribution. Mean(SD) length of
anterior inferior calcaneal cortex was 33.40(3.46) millimeters
(mm). Median(min,max) anterior and posterior widths were 10.50
(8.21,19.26) and 14.00(10.05,20.42) mm, respectively (Table 1).
Mean(SD) middle cortical thickness of anterior and middle
segments were 3.12(0.76) and 3.72(0.74). Median(min,max)
middle cortical thickness of posterior segment was 3.13
(1.62,6.51) mm. Whereas, of medial most were 1.31(0.78,3.11),
1.31(0.90,2.57) and 1.26(0.85,2.61) mm and of lateral most were
Fig. 2. Cut surface of middle segment of anterior inferior calcaneal cortex showed
the cortical thickness at the middle, medial most and lateral most aspects as KL, RS
and MN, respectively.



Fig. 3. Surface anatomy of anterior inferior calcaneal cortex showed a long
trapezoidal shape with a dense bone and convex relief from medial and lateral
walls.
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1.17(0.67,2.64), 1.38(0.80,2.55) and 1.31(0.84,2.61) mm, respective-
ly (Table 2).

The inter-intraobserver reliabilities were more than 0.79
(Tables 1 and 2). The statistical analysis demonstrated that the
middle cortex of anterior inferior calcaneal cortex was the thickest
compared to medial most and lateral most aspects (P < 0.001).
Among the 3 segments, middle cortex of the middle segment was
the thickest (P < 0.001). Additionally, posterior width was signifi-
cant wider than the anterior (P < 0.001).
Table 1
Anterior and posterior width including length of anterior inferior calcaneal cortex (mm

Variables Mean(SD) Inter
95%CI
Median(min,max) (n = 88)

Width
Anterior 10.98(1.90) 0.80 

10.58–11.38
10.50(8.21,19.26)

Posterior 14.03(1.84) 0.76 

13.64–14.42
14.00(10.05,20.42)

P-value <0.001

Length 33.40(3.46) 0.79 

32.67–34.13
33.13(27.12,46.92)
4. Discussion

The results of our study demonstrated that the cortex of
anterior part of inferior calcaneus was a well-defined border
structure and had a dense, thick, convex relief. On the cross section
of the osteotomy showed that the cortex at the middle of anterior
part of inferior calcaneus was the thickest compared with even,
medial most or lateral most aspects. Among 3 segments, cortex of
the middle segment was the thickest. As well as, the study revealed
that the posterior width of anterior inferior calcaneal cortex was
significantly wider than the anterior.

The current trend of the surgical treatment for the calcaneal
fracture is in favor of “minimal invasive surgery” in order to reduce
the complication correlating to the wound problems such as
infectionordehiscence.Earlierstudies[1–5]showed the comparable
results of minimal invasive surgery to the conventional open
reduction and internal fixation. The components of minimal invasive
surgery were composed of first, posterior calcaneal facet reduction
and fixation via sinus tarsi or it’s modified approaches and fixation
with screw or the mini-calcaneal locking plate. The second
component was a reduction of calcaneal body fracture to restore
the calcaneal height, Bohler’s and Gissane’s angle via percutaneous
reduction and screw fixation. In tongue type calcaneal fracture, one
of the common method for percutaneous screw fixation is the screw
trajectory from posterosuperior calcaneus as an entry point
purchasing the anterior inferior calcaneal cortex [10–14]. In order
to provide the best strength of screw holding power and stability of
the fixation, the end of the screw purchased in the cortical bone was
better than the cancellous [15,16]. Correlating to our study, we
suggested that the percutaneous screw should be aimed and ended
in the middle of cortex of anterior part of inferior calcaneus,
especially at the middle segment. Because this area had the thickest
cortex among medial most and lateral most aspects, as well as, the
middle cortex of anterior or posterior segments. Consideration on
the average 11 mm width of the cortex of anterior part of inferior
calcaneus, we could safely use large diameter screws, as 6.5 or
7.0 mm screw without the concern of the problem of implant
extrusion out of the cortex.

This research provided a new knowledge about surface
anatomy and cortical characteristics of anterior inferior calcaneus
in term of shape, length, width and cortical thickness which have
not been studied before. The benefit of this knowledge could be
applied to the screw fixation of tongue type calcaneal fracture in
order to improve stability of the fixation. Moreover, the knowledge
about the width of the anterior part of inferior calcaneal cortex
reflected that the large diameter screw, as 6.5 or 7.0 mm could be
accepted to purchase without implant extrusion off the cortex of
the anterior part of inferior calcaneus.
).

observer reliability (n = 88) Intraobserver reliability (n = 88)

0.87

0.81

0.89



Table 2
Thickness at middle, medial most and lateral most of anterior, middle and posterior segment of anterior inferior calcaneal cortex.

Segment Cortical thickness (mm) P-value Inter-intraobserver reliability (n = 88)
Mean(SD)
95% CI
Median(min,max) (n = 88)

Middle Medial most Lateral most Middle Medial most Lateral most

Anterior 3.12(0.76) 1.47(0.48) 1.28(0.38) 0.81, 0.88 0.83, 0.88 0.84, 0.90
2.96–3.28 1.37–1.57 1.20–1.36
3.01(1.87,5.47) 1.31(0.78–3.11) 1.17(0.67–2.64) <0.001

Middle 3.72(0.74) 1.41(0.39) 1.48(0.40) 0.85, 0.90 0.80, 0.88 0.88, 0.89
3.57–3.88 1.33–1.49 1.40–1.57
3.77(1.44–5.55) 1.31(0.90–2.57) 1.38(0.80–2.55) <0.001

Posterior 3.27(0.85) 1.40(0.41) 1.44(0.42) 0.78, 0.85 0.76, 0.80 0.82, 0.85
3.09–3.45 1.31–1.48 1.35–1.52
3.13(1.62,6.51) 1.26(0.85,2.61) 1.31(0.84–2.61) <0.001

P-value <0.001 0.504 <0.001
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The limitations of our study were firstly, the age of specimens
that we used in the study were rather old. They might not wholely
represent the cortical characteristics of the anterior inferior
calcaneus in younger patients which were the common age for
the calcaneal fracture. Second, in the real clinical setting,
sometimes, the fracture line entered the cortex of the inferior
calcaneus so the consideration of using proper screw diameter for
fixation could be differ to this cadaveric study which had no
fracture extended to this area. And third, our study did not include
the posterior cortical part of inferior calcaneal tuberosity. This area
had clinical importance as it was a common entry point of the
screw fixation in calcaneal osteotomy or subtalar arthrodesis. It
was also a common location of screw purchasing in the fixation of
posterior calcaneal tuberosity avulsion fracture. Further anatomi-
cal study in this area is recommended as this knowledge could
provide additional clinical benefit to our study.

5. Conclusions

Anterior inferior calcaneal cortex has special characteristics in
term of surface anatomy, length, width and thickness. As the
results of study, we suggest that screw fixation for tongue type
calcaneal fracture to the anterior inferior calcaneal cortex should
purchase in the middle cortex in order to achieve maximal cortical
thickness of screw purchase. Moreover, the cortical width of
anterior inferior calcaneus could accepted 6.5 or 7.0 mm screw
without extrusion out of the cortex.
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