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Abstract

Background: This retrospective radiographic study sought to evaluate how calcaneocuboid joint (CCJ)
involvement relates to the pattern and severity of intraarticular calcaneal fractures.

Methods: Preoperative computed tomography scans with axial, coronal and sagittal reformations of 100
displaced intraarticular calcaneal fractures (87 patients) were evaluated for: Bohler’s angle, Sanders, Zwipp and
Eastwood/Atkins classifications, and calcaneocuboid, anterior, or middle subtalar articular involvement. Primary
fracture line location and extension into the CCJ was measured on axial, coronal and sagittal computed tomography
views. Number and orientation of fracture lines were analyzed. A classification of CCJ involvement is proposed.

Results: CCJ involvement was 84%. There were 41.2% Sanders type Il (28.4% IIA, 8.4% IIB, 8.4% 1IC), 37.9%
type Il (21.1% 1IAB, 10.5% IIIAC, 6.3% IIIBC) and 16.8% type IV fractures. The mean Bohler’s angle was 8.9°+19.4°
degrees. The mean primary fracture line extended into the lateral third of the CCJ in 29.3%, to the middle third in
50.9% and into the medial third in 20.8%. A vertical fracture line was observed in 69.5%, an oblique fracture line
(superior-lateral to inferior-medial) in 19.9%, a horizontal fracture line in 2.4% and a multifragmentary situation
in 7.3%. Statistical analysis found significant associations between CCJ involvement and Sanders Classification
(rs=0.274; p<.001) or Bohler’s angle (rs=-0.204; p=0.005), as well as location of the vertical fracture line (rs=0.386;
p<0.005).

Conclusion: These results suggest that calcaneocuboid joint involvement is associated with more severe
calcaneal fractures, and a typical fracture pattern can be expected. A classification of CCJ involvement is proposed.

Keywords: Calcaneal fracture; Calcaneocuboid joint involvement;
Fracture morphology; CT scan; Fracture classification

Level of Evidence

Level I, retrospective cohort study

Introduction

Calcaneocuboid joint (CCJ) involvement has been shown to play
an important role in calcaneal fractures [1-3]. Calcaneal fractures with
CCJ involvement are associated with more severe trauma and worse
outcome [3]. Hence, the calcaneocuboid should attract our interest
during surgery. However, our understanding of CCJ involvement is
still scarce. Only a handful of studies address this issue [3].

This does not only concern treatment and outcome, but also
fracture pathology and classification [4-6]. Biomechanics and fracture
pathology of the posterior facet have been described in detail [7,4].
But if it comes to the anterior apophyseal region even nomenclature
becomes inconsistent. It is referred to as “anterior process” or “head
of calcaneus”. The apophyseal region is separated from the tuberosity
(thalamic region) by Wards’ neutral tringle, and consists of primary
compressive and secondary tensile trabeculae (Figure 1) [8]. Extension
of the primary fracture line into the CCJ has been described by Silhanek
et al. [4]. They portrayed in their retrospective study that calcaneal
fractures exhibiting a medial primary fracture line are associated with
a more severe fracture pattern and an increased incidence of anterior
articular extension. However, they lack to be more specific about CCJ
involvement. A more precise analysis of CCJ involvement was presented
by Ebraheim et al. [1,2]. They could show that CCJ involvement is more
common with joint depression type fractures, and extension of the
fracture line into the CCJ should be suspected in presence of significant

Anterior Apophyse:
Secondary Compr
Trabeculae

Thalamic: Primary
Compressive Trabeculae

Posterior ach
Tendotubero

Inferior Plantar: Primary
Tensile Trabeculae

Trabeculae

Neutral
Triangle

Figure 1: Sagittal view of a central CT section of a healthy calcaneus. Note the
trabecular orientations: The apophyseal region of the calcaneus also referred
to as “head of the calcaneus” consists of secondary compressive and tensile
trabeculae anterior to the neutral triangle [8].

lateral column comminution or lateral talar subluxation. However,
their findings are based mainly on coronal CT scans.
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Therefore, the aim of this study was to describe CCJ involvement
and fracture pathology of the “calcaneal head” more precisely. A
secondary research question was to evaluate the need of a separate
classification of the CCJ injuries.

Methodology

After approval by the internal review board (IRB) 100 CT-data-sets
of 87 consecutive patients were analyzed retrospectively.

Inclusion criteria

Displaced intraarticular calcaneal fractures (at least one articular
surface of the calcaneus had to be involved), age equal or above 18
years. Bilateral fractures, concomitant injuries or multiple injuries were
not considered as exclusion criteria.

Exclusion criteria
Insufficient CT-data-set, e.g. missing reformations.

Standard CT scans were obtained using spiral-CT (“Sensation 167,
Siemens, Germany) with table feed of 3 mm/s, slice collimation of 0.75
mm, pitch factor of 0.65 and slice thickness of 2 mm. Axial, sagittal and
coronal reformations were obtained of each fracture. Axial views were
reconstructed parallel to the sole of the foot, sagittal views orthograde
to the ankle joint and the coro-nal views parallel to the calcaneocuboid
joint (CCJ).

Demographic data of the patients were obtained from the clinical
database (age, gender, injury mechanism, side of injury).

CT scans were analyzed systematically including the criteria
displayed in Table 1 with a specific focus on CCJ involvement. These
included: Analysis of number of fracture lines (using axial, sagittal
and coronal views), localization of sagittal fracture line (on axial
view), extension of primary fracture line into the CCJ, and orientation
of fracture lines (vertical, horizontal oblique, multi-fragmentary;
primarily on coronal views (Figure 2).

In addition, we tried to classify the CCJ injury (adapted from
Sanders’ Classification of calcaneal fractures). Non-displaced fractures
irrespective on the number of fracture lines were classified as type I.
Two and three-part fracture as type II and III respectively, and multi-
fragmentary fractures as type IV. The location of the fracture line was
noted A=Lateral to C=Medial (Table 2).

Statistical analysis

Data are reported either as mean and standard deviation (SD)
or median and range. Statistical analysis was performed using SPSS
25.0. Parametric and non-parametric statistical tests (Pearson and
Spearman’s Rank Correlation Coefficient and Pearson’s Chi-square)
were used to determine a meaningful association or difference between
the parameters and groups where indicated. Statistical significance was
assumed with p<0.05.

Analysis of CT Scans
Bohler’s angle (on central sagittal view)
Estimated shortening of the calcaneus (on axial view)
no shortening
mild shortening, up to 10%
moderate shortening up to 30%

severe shortening >30%

Axial deformation (varus or valgus): longitudinal axis [°]
Size of central defect (axial views)
no defect

small defect < 3 cm?

medium size defect >3 cm?< 6 cm?

large defect >6 cm?

Fracture and displacement of the articular surfaces: posterior, medial and anterior facet of the subtalar joint and the calcaneocuboid joint

no displacement
<2mm
>2and <5
=5 mm

Fracture classification

Essex-Lopresti

Sanders
Eastwood/Atkins
Zwipp
Evaluation of calcaneocuboid joint
No of fracture lines

Orientation and localization of fracture lines (axial, coronal and sagittal views)

Analysis of primary fracture line (axial view, in [%] from lateral to medial)

Classification of CCJ fracture (provisionally)

Type I: non-displaced fracture
Type llI: displaced two-part fracture
Type IIA-C
Type lllI: displaced three-part fracture
Type IIIAB-BC
Type IV: multifragmentary

Table 1: Analysis of CT scans (Axial, Coronal and Sagittal views).
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Figure 2: Coronal views of the apophyseal region of the calcaneus, showing
(A) A horizontal fracture line, (B) An oblique fracture line, and (C) A multi-
fragmentary situation.

Type Axial view

A

IAB

Table 2: Proposed classification of CCJ involvement in calcaneal fractures,
adapted from Sanders Classification system. Axial views of the spiral-CT scans
were used to evaluate the CCJ.

Results

Epidemiological data

A total of 87 patients were included into the study. 13 patients
(15%) had bilateral calcaneal fractures. The left side was involved

in 51 cases and in 49 cases the right side. Only 13 of the 87 patients
were female (15%). The mean age was 43.75 + 13.36 years. The most
common injury mechanism was a fall from height (n=70; 79%), 8%
(n=7) occurred during a motor vehicle accident and 13% (n=11) of the
fractures were caused by other mechanisms (e.g. Distortion of the foot
and ankle, direct trauma due to a heavy load (crush injury).

Fracture morphology

Mean Bohler’s angle was 8.9° (+ 19.4°). Fracture morphology
is displayed in Table 3a. The most common fracture type involved 3
joints with a medium size central defect and a moderate shortening of
the heel. The posterior facet was severely displaced in 55.7%, whereas
displacement of the medial and anterior facet was generally only slight.
The CCJ was involved in 84% with moderate (35.7%) or severe (38.1%)
displacement.

70% were joint depression type of injuries, whereas 30% were
classified as tongue type according to the Essex-Lopresti classification
system. Sanders and Zwipp Classifications are displayed in Table
3b. Mean Zwipp Scale was 9.5 points (range, 4-12 points). Using the
Eastwood/Atkins Classification system 16.8% classified as type I, 47.4%
as type II, and 35.8% as type III.

Calcaneocuboid joint involvement

51.2% of the 84 fractures with CCJ involvement showed one
fracture line, 40.5% two, and 1.2% three. In 7.1% a multifragmentary
situation was present. Displacement of the fragments was <2 mm in
20.2%, >2 and <5 mm in 35.7% and >5 mm in 38.1%.

In the majority of the cases (69.5%) a vertical fracture line was
present (based on the coronal view, followed by an oblique fracture line
extending from superior-lateral to inferno-medial. Horizontal fracture
lines were present in 2.4% and in 1.2% the fracture line extended from
supe-rior-medial to inferno-lateral (Figure 3).

Based on the axial reformations the primary fracture line extended
into lateral third of the CCJ in the in 28.2%, into the middle third in
50.9%, and in 20.8% into the medial third.

Evaluation of meaningful associations between the param-
eters

Table 4 displays a correlation matrix of the most important
parameters analyzed. Significant corelations were found between
CCJ involvement and general severity of the fracture, i.e. number of
facets involved (rs=0.446, p<0.001), or size of central defect (rs=0.454,
p<0.001).

Table 5 displays a contingency table showing the association
between the extension of the primary fracture line into the CCJ and the
number of facets involved, Zwipp and Sanders classifications. Overall
fracture classification was found to be more severe (e.g. 9-12 points on
the Zwipp scale) the more medial the primary fracture line extended
into the CCJ (Spearman Rank Correla-tion Coefficient rs=0.386,
p=0.004)

No clear association, however, was found between the orientation
of the fracture line and fracture classification (Zwipp scale; Spearman
Rank Correlation Coeflicient rs=0.122, p=0.233)

Finally, a classification of the CC]J involvement is proposed. Figure
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Bohler’s angle >20° 11°-20° 0°-10° <0’
(n=99) 31 37 21 10
Shortening Non Mild/small Moderate/medium Large
(n=100) 2 31 49 18
Central defect size Non Mild/small Moderate/medium Large
(n=100) 8 21 37 34
Facets involved 1 2 3 4
(n=100) 8 32 42 18
. . . Displacement Displacement
0,
Facet involved [%] No displacement Displacement <2 mm >2 mm <5 mm >5 mm
Posterior (97%) 21 8.2 34 55.7
Medial (61%) 12.9 53.2 21 12.9
Anterior (28%) 17.9 46.4 17.9 17.9
CCJ (84%) 6 20.2 35.7 38.1
No. of fracture lines CCJ 1 2 3 Multifragmentary
[%], n=84 51.2 40.5 1.2 71
Extension of prim. fx line into CCJ Lateral 1/3 Middle 1/3 Medial 1/3
[%], n=53 28.2 50.9 20.8 -
Orientation of CCJ fracture line Vertical 0b||c!ue s'upenor.lateral- . Ol?hq'ue . Horizontal
inferiormedial superiormedial-inferiorlateral
[%], n=98 69.5 19.5 1.2 24
Table 3a: Fracture morphology.
Sanders Classification
Fracture Type (n=95) A 1B lic IIAB INAC nBC
[%] 28.4 8.4 8.4 21.1 10.5 6.3
Zwipp Classification
Points (n=100) 4 6 7 8 9 10 12 n
n 4 3 13 30 26 10 100

Table 3b: Sanders and Zwipp classifications.

Figure 3: 3D-CT (Volume rendering technology, VRT) of the “head of the
calcaneus”, displaying the orientation of the primary fracture line extending into
the CCJ.

4 shows the distribution of the fractures according to this system. We
found a significant correlation of the CCJ fracture classification and
Sanders, or Zwipp Classifications (Table 4).

Discussion

Epidemiological data on calcaneocuboid joint involvement
in intraarticular calcaneal fractures is scarce. This retrospective
radiographic evaluation sought to describe calcaneocuboid joint
involvement in more detail than previous studies, including our own
[3]. CCJ involvement was 84 % in this study. In a prior study, we
reported 68% [3]. Other studies reported alower incidence ranging from
33% to 76% [1,9-14,4]. The higher incidence in comparison to other
studies might be explained by the fact, that only intraarticular calcaneal
fractures were included into this study. In contrast to other studies we
included all fractures involving the CC]J, even if non-displaced (also
in contrast to own our previous study [3]). Furthermore, the reported
incidences are based on different diagnostic algorithms. Not all studies
included routinely CT-scans with multiplanar reformations to evaluate
calcaneal fractures. Most studies lack to define CCJ involvement
exactly. Last but not least, there were more Sanders type III and IV
fractures in our cohort compared to other studies [4,15].

Up to now fracture anatomy of the anterior apophyseal region of
the calcaneus and the calcaneocuboid joint is only partially understood
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Extension of primary fracture line into CCJ / No facets . . . . . Spearman Correlation
involved. Zwipp and Sanders’ Classifications Lateral Third Middle Third Medial Third Coefficient [r (p)]
. 0.3
Facets involved
(<0.05)
1 0 0 0
2 6 10 1
3 8 14 7
4 1 3 3
0.426
Zwipp Classification
-0.01
0-5 points 0 0
6-9 points 10 13 2
10-12 points 5 14
0.396
Sanders’ Clacssification
-0.01
Typ | 0 0 0
Typ Il 10 14 2
Typ Il 11 6
Typ IV 2 1 2

CCl Fracture Classification [%
28,92
30,00
25,00 21,69
20,00
14,46
15,00 12,05
8,43
1000 gop 60D
e ' l -
Typel Typell& Typ B Type i Type Type Type  Type W
AR A BC
Figure 4: CCJ fracture classification.

and most classification systems disregard CCJ involvement. Therefore,
we provided a detailed analysis of fracture morphology.

As we could show CCJ involvement was associated to more severe
trauma, resulting in a significant higher Zwipp or Sanders classification.
This has partially been shown previously [3,16].

Ebraheim et al. described the correlation between joint depression
type fracture and calcaneocuboid involvement [1]. Our data confirmed
also this finding.

These (more severe) fractures were also more likely to be displaced
(Spearman rank correlation coefficient, rs=0.512, p<0.001) and
presented either with a vertical fracture line, an oblique fracture line
extending from super-lateral to inferior-medial, or a multifragmentary
situations. These typical extension of fracture lines into the CCJ may
be explained by the proposed typical patho mechanisms with the
talus acting as an “axe” during the vertical impact and producing a
more or less vertical fracture line, that runs more medially with more
varus position of the foot during impact [17,18]. We could also show
that a more severe fracture, defined by a higher Sanders of Zwipp

Table 5: Contingency table: association between the extension of the primary fracture line into the CCJ and the no. of facets involved, Zwipp and Sanders classifications

classification, was associated with a more medial extension of the
primary fracture line into the CCJ. This compares to the findings of
Silhanec et al. [4].

Sanders classification itself, however, is inapplicable to classify CC]J
involvement, since only subtalar joint involvement is assessed [19].

We therefore proposed a classification system for CCJ involvement,
based on our descriptive data. During analysis, we could show a
reasonable correlation between our own CCJ classification and
Sander’s Classification for calcaneal fractures. Significant correlations
were also seen for Bohler’s angel, number of facet involved, degree of
displacement, Zwipp classification and size of the central defect (Table 3).

Future studies must show, if the proposed classification system
has any impact on the treatment and outcome of calcaneal fractures.
Moreover, intra and interobserver reliability have to be tested. Last
but not least, this additional classification system has to show, if it is
applicable in daily routine.

In the light of outcome measurements, we concluded in a prior
study, that CCJ involvement should be given more credit during surgery
and in our research efforts [3]. Therefore, an accurate radiological
analysis is indispensable.

Limitations of this study include a not always optimal imaging,
which is especially true for the coronal reformations, resulting in
images that could not be included for analysis. Even if trained on a
regular basis, secondary reformations of the original data-set were not
always satisfactory.

Moreover, we have to take into account a low inter- and intra-
observer reliability. Roll et al. could show that the extension into the
CCJ was evaluated correctly only in 49% [20].

Conclusion

Our results suggest that calcaneocuboid joint involvement is more
common than previously published and associated with more severe
calcaneal fractures, as shown by Sanders and Zwipp classifications.
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Typical fracture patters can be expected, facilitating planning for
surgical reduction and fixation. A classification of CCJ involvement
may support our efforts towards a better understanding of fracture
pathology.
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