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Abstract

Introduction Extra-articular calcaneal fractures represent
25-40% of all calcaneal fractures and an even higher per-
centage of up to 60% is seen in children. A disproportion-
ately small part of the literature on calcaneal fractures
involves the extra-articular type. The aim of this study was
to investigate the incidence of extra-articular calcaneal
fractures in a Level 1 trauma centre, define the distribution
of the various types of fractures and compare patient demo-
graphics between extra- and intra-articular calcaneal frac-
tures. In addition the literature was reviewed for the most
common types of extra-articular calcaneal fractures with
regard to incidence, treatment and clinical outcome.
Methods The radiological records between 2003 and
2005 were reviewed for intra- and extra-articular calcaneal
fractures. Patient gender-distribution and age were com-
pared. A literature search was conducted for the treatment
of extra-articular calcaneal fractures.

Results In this 3-year study period a total of 49 patients
with 50 extra-articular calcaneal fractures and 91 patients
with 101 intra-articular fractures were identified. The
median age for the first group was 32.7 years, and for the
second group 40.3 years; P = 0.04. Male predominance was
significantly less pronounced for extra-articular (63%)
compared with intra-articular fractures (79%; P = 0.04).
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Conclusion One-third of all calcaneal fractures are
extra-articular. Significant differences exist between the
intra- and extra-articular groups, in terms of lower age and
male—female ratio. The literature study shows inconsisten-
cies in treatment options, but most extra-articular fractures
are well manageable conservatively.
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Introduction

The proportion of calcaneal fractures without involvement
of the posterior subtalar joint in adults is reported to be
approximately 25% [4, 12, 26]. In children this number is
higher and ranges from 25 to 63%, with increased percent-
ages at lower age [14, 41, 67]. A disproportionately small
part of the literature on calcaneal fractures involves the
extra-articular type [17]. Controversy exists in the treat-
ment of calcaneal fractures in general, but to a lesser extent
in the extra-articular type compared with intra-articular cal-
caneal fractures [47].

Extra-articular fractures of the calcaneus are compres-
sion or avulsion type fractures. According to several classi-
fications, i.e. by Bohler [8], Essex-Lopresti [26] and others
[66, 67, 73], they are historically divided into three different
groups: anterior portion, tuberosity (posterior calcaneal)
and sustentaculum tali fractures (Table 1, Fig. 1). Several
decades later additional calcaneal avulsion fractures of the
calcaneus were identified [13, 55, 58].

The aim of the current study was to assess the incidence
of different types of extra-articular calcaneal fractures in a
Level-1 trauma centre, and comparing patients with an
extra- or intra-articular fracture. In addition, a review of the
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Table 1 Classification of extra-articular calcaneal fractures according to different authors

Anatomical site Fracture type Bohler Essex-Lopresti Warrick-Bremner Rowe Schmidt-Weiner
Tuberosity Avulsion “beak type” la/c? + + 2a 2a
Achilles insertion 1b - - 2b 2b
Vertical-shear 4 - + 3 3
Medial process 2 + - la la
Horizontal - + - - -
Apophysis - - - - la
Bone loss - - — — 6
Sustentaculum tali 3 + + 1b 1b
Anterior Calcaneocuboid — + + — —
Anterior process - + - 1lc 1lc
Inferolateral - - - 1d
Various Avulsion fractures - - - - le

Different fracture types are numbered as stated in the original classification. If the original classification did not use numbers, the presence of a

certain fracture type is presented as — (no) or + (yes)

# Undisplaced (1a) or displaced (1c) “Beak” fracture according to Bohler

1a

1b
4a,b

Fig. 1 Combined classification of extra-articular calcaneal fractures
according to several authors (Table 1). 1 Undisplaced (/a) beak frac-
ture; undisplaced (/b) avulsion fracture at Achilles-tendon insertion
site; displaced (Ic) “beak” avulsion fracture postero-superior aspect
tuberosity; 2 medial (2a) or lateral (2b) process fracture; 3 isolated sus-
tentaculum tali fracture; 4a vertical fracture; 4b, apophysis avulsion
fracture; 5a, anterior superior avulsion or compression fracture; 5b,
calcaneocuboid joint fracture; 5S¢, distal inferolateral portion fracture;
6a, extensor digitorum avulsion fracture; 6b, plantar fascia avulsion
fracture; 6¢, posterior capsular avulsion fracture

literature was conducted concerning the incidence, treatment
and outcome of common extra-articular calcaneal fractures.
Patients and methods

Patients

All radiological records between January 1, 2003 and

December 31, 2005 were electronically reviewed for the
combination “calcaneus” AND “fracture” (in Dutch) at a
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Level 1 Trauma centre, with ~24,000 patients presenting at
the ED annually. The starting point of this search coincided
with the introduction of digital radiographs [Picture Archiv-
ing and Communication System PACS]. These records were
reviewed manually and when a fracture of the calcaneus was
suspected, the original radiographs were re-examined by
two reviewers (TS, AG). Patient who had radiographs taken
on more than one occasion, were included only once.

Fractures of the calcaneus were classified as extra- or
intra-articular, with involvement of the posterior talocalca-
neal joint in the latter. The extra-articular fractures were
further divided into anterior calcaneal portion fractures
(anterior process, calcaneocuboid joint fractures), susten-
taculum tali fractures (mid calcaneal portion) posterior cal-
caneal portion fractures (tuberosity avulsion, vertical,
lateral and medial process fractures) and a group consisting
of various avulsion fractures.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 12.0
(SPSS, Chicago, IL, USA). The median age between
groups was compared with the non-parametric Mann—
Whitney U test. The difference in gender distribution and
number of bilateral fractures between groups was analysed
using the Chi-square test. Correlations were considered sta-
tistically significant with a P value of <0.05.

Literature search

The literature was reviewed for the various types of extra-
articular calcaneal fractures; their incidence, treatment and
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outcome. This search was conducted in the electronic dat-
abases of Embase, Cochrane Library and Pubmed using the
following search-terms and Boolean operators: (‘“calca-
neus” or “os calcis” or “calcaneum” OR “calcaneal”) and
“fracture(s)” and/or “avulsion” and/or “extra-articular” up
to July 2007. In addition a hand search of reference lists of
eligible manuscripts and review articles was conducted to
identify additional studies.

Results
Patients

A total of 540 patients with the terms “calcaneus” AND
“fracture” mentioned in their radiological records were
retrieved in the three year study period. In 140 cases a frac-
ture of the calcaneus was encountered and in an additional
97 patients a calcaneal fracture was sustained prior to the
investigatory period; meaning these were control radio-
graphs to assess healing or in cases with persisting physical
complaints. These patients were excluded from further
analysis.

Out of the 140 patients with a calcaneal fracture, 49
patients sustained 50 extra-articular fractures. The different
types of extra-articular calcaneal fractures and their fre-
quency of appearance are shown in Table 2. The most com-
monly encountered extra-articular calcaneal fractures were
the anterior process (n = 19), the extensor digitorum brevis
avulsion (n=8) and tuberosity medial process fractures
(n=28).

Patients with an intra-articular fracture had a median age
of 40.3 years, compared with those with an extra-articular

Table 2 Extra-articular calcaneal fractures (n=50) seen between
2003 and 2005 in 49 patients

Fracture type Numeric Fractures (n)
Tuberosity avulsion la 1
Medial tuberosity process 2a 8
Lateral tuberosity process 2b 1
Sustentaculum tali fracture 3 1
Sustentaculum avulsion 3 2
Vertical tuberosity 4a 2
Anterior superior process 5a 19
Calcaneocuboid joint 5b 1
Distal inferolateral 5c 3
Extensor digitorum brevis 6a 8
Posterior capsular 6b 1
Plantar fascia 6¢ 3

Distribution of different extra-articular fracture types (see Fig. 1) and
the number of times they were encountered

fracture 32.7 (P =0.04). The proportion of male patients
was 79% in the first group, and in 63% the latter. This
difference was statistically significant (P = 0.04). A total of
ten patients with an intra-articular fracture sustained a bilat-
eral fracture (11%), in the extra-articular group one patient
(2%) sustained a bilateral fracture (P = 0.06).

Literature review
Calcaneal tuberosity fractures

Hippocrates already described tuberosity fractures of the
calcaneus, resulting in gangrene and death if treated
wrongly [25]. These fractures can be divided into avulsion
(“beak” and Achilles avulsion) and shear-compression
(vertical, lateral and medial process) fractures, although
combinations have been described [68]. Tuberosity frac-
tures, mainly shear-compression, comprise 12—40% of all
calcaneal fractures encountered [9, 26, 73].

Fractures of the tuberosity result mainly from a fall from
height or striking the heel on a ledge (Fig. 2a, b) [9]. Medial
process fractures are thought to be the first stage of com-
plex fractures [68], but can occur as avulsion fractures of
the medial plantar fascia insertion [26] or abductor hallucis
muscle insertion at the medial process [58]. Lateral process
fractures and trochlear process fractures are rare [53].

The avulsion fractures of the postero-superior portion of
the tuberosity (“beak” fractures) are caused by contraction
of the calf-muscles while landing on the forefoot [20, 70].
Instead of rupturing the Achilles-tendon a fragment of
approximately 2-3 cm is avulsed of the calcaneus (“Boyer
fracture™) [6, 16, 26, 70]. Fractures alike type la are proba-
bly caused by deeper fibres of the soleus muscle, tilting the
fragment upwards or by a more proximal insertion of the
Achilles-tendon, as the Achilles-tendon usually inserts at
level 1b (Fig. 1) [48, 62]. These avulsion fractures are more
common in elderly women, in which osteoporosis plays an
important role [6, 24, 44, 48, 57, 62, 65, 68, 70]. Other
trauma mechanisms for the avulsion fracture are isolated
muscle contractions, as seen in an athlete starting a run, or
by direct trauma to the heel [32].

Two additional distinct avulsion fracture types of the
tuberosity exist, namely the neuropathic Charcot-like frac-
tures in diabetics and avulsion fractures of the apophysis of
the calcaneus [2, 6, 35, 43, 50, 52]. The type 1 “Iowa frac-
ture” according to Hedlund et al. [35] is an extra-articular
tuberosity avulsion fracture near the insertion of the Achil-
les-tendon, occurring in patients with a history of diabetes.

The epiphysiolysis, a Salter-Harris type III fracture,
occurs in children [2, 7, 40, 52]. It can be mistaken for Sev-
ers’ disease (apophysitis by repeated stress) if the fracture
is not displaced [7].
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Fig. 2 Examples of several
subtypes of extra-articular
calcaneal fractures. a Medial
process fracture, b vertical
tuberosity fracture, ¢ anterior
process (Degan type I) fracture,
d avulsion fracture at the
insertion site of the extensor
digitorum brevis muscle

Tuberosity avulsion fractures treated inadequately lead
to stiffness, pain en swelling at the insertion site of the
Achilles-tendon. Residual complaints after conservative
treatment are muscle weakness especially in plantar flexion,
resulting in difficulty in climbing stairs or while walking on
toes [6, 62]. Most displaced tuberosity avulsion fractures
are treated by open reduction and internal fixation (ORIF)
with (tension-)wiring or screw fixation and an after-treat-
ment in a above or below-knee cast for 4 or more weeks
with the foot in plantar flexion (Table 3). Patients with low
physical demands or fractures with minimally displaced
fractures are manageable with conservative treatment [62,
65]. Medial process and minimally displaced vertical tuber-
osity fractures are managed conservatively with satisfac-
tory outcome [53, 68].

Sustentaculum tali fractures

One of the earliest descriptions of sustentacular fractures
was by Abel in 1878, who described three cases by direct
force [25]. Isolated fractures of the sustentaculum tali are
rare. Their incidence ranges from 0.3 to 4% [9, 26, 67, 73].

According to Essex-Lopresti the sustentaculum tali frac-
ture is an intra-articular one, whereas all other classifica-
tions group the sustentacular fractures as extra-articular
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[26, 66, 67]. Treatment of isolated sustentaculum tali frac-
tures is usually conservative with satisfactory results, as the
sustentaculum tali remains in position by strong fixation to
the talus by the deltoid ligament and the interosseous liga-
ment [8, 15, 17, 31, 37, 72].

Anterior process fractures

The anterior process is a bony prominance situated at the
anterior-superior front of the os calcis and goes by several
names [30, 33]. It is connected to both the cuboid and the
navicular bone through the bifurcate ligamant [21]. Ante-
rior process, or anterior-superior promontory, fractures
(Fig. 2c) are overlooked or misdiagnosed as ankle-sprains
in up to 40% of the cases in the Emergency Department [5,
21,27, 28, 30, 42, 46, 71]. Anterior process fractures repre-
sent 8—13% of all calcaneal fractures [26, 73]. Approxi-
mately 5% of patients with the history of an ankle-sprain
has an anterior processus fracture, with a predominance in
women [1, 10, 18, 27, 28, 54, 56].

Almost simultaneously Drachtler and Christopher
reported this type of fracture for the first time in 1931 [18,
28, 64]. Different trauma mechanisms were postulated:
forcible plantar-flexion (inversion-adduction, equinovarus,
supination) of the foot [5, 10, 18, 21, 28, 30] and, less
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3::;?03; t:gzs;gf;;szig;t_ Author (year) Treatment Outcome
fractures in the literature N Description N Description
Partridge (1852) [57] 1 Plaster leg cast 1 Satisfactory
Coote (1867) [20] 1 Iron splint 1 Satisfactory
Thomson (1900) [70] 1 ORIF wiring 1 Satisfactory
Eisendrath (1905) [24] 2 ORIF suturing 2 Satisfactory
Cahill (1917) [16] 1 ORIF suturing 1 Satisfactory
Mooney (1935) [52] 12 ORIF suturing 1 Satisfactory
Rothberg (1939) [65] 1 ORIF suturing 1 Satisfactory
Struppler (1939) [69] 1 Pin and plaster 1 Satisfactory
Dieterle (1940) [22] 1 ORIF suturing 1 Satisfactory
Arner (1959) [3] 3 ORIF NS
Protheroe (1969) [62] 2 Conservative 1 Satisfactory
3 ORIF 3 Satisfactory
Lowy (1969) [48] 1 Conservative 0 Satisfactory
3 ORIF 3 Satisfactory
Lyngstadaas (1971) [49] 2 ORIF screws NS
Alvarez F (1989) [2] 1? ORIF screws 1 Satisfactory
Kathol (1991) [43] 14° NS NS
Biehl (1993) [6] 3b Conservative 3 Satisfactory
1 ORIF 1 Complicated
Birtwistle (1995) [7] 1? ORIF screws 1 Satisfactory
Cole (1995) [19] 1 Conservative 1 Satisfactory
3 ORIF 3 Satisfactory
Levi (1997) [44] ORIF wiring 1 Satisfactory
LTF lost to follow-up, N number Hedlund (1998) [35] 12° NS, 4/12 LTF 7 Satisfactory
i’;ﬁgi‘(‘its treated, NS not Squires (2001) [68] 2 Conservative 0 Satisfactory®
% Avulsion fracture of the ORIF ! Satisfactory
apophysis (epiphysiolysis) Glanzmann (2005) [32] 1 ORIF (Mitek-Anchor) 1 Satisfactory
tuberosity of the calcaneus Imai (2007) [40] 1? ORIF 1 Satisfactory
® Neuropathic avulsion Overall 11 Conservative 7 Satisfactory
Zr;‘f}:‘:::ls;ilsS‘“"C“’Si‘y 29 ORIF 23 Satisfactory
26 NS 31 NS

¢ Due to comorbidity

common, dorsiflexion—eversion trauma or forcefull abduc-
tion of the forefoot with the heel fixed to the ground [21,
27, 61]. The first mechanism results in a avulsion fracture,
the latter in a compression fracture [21]. Concomitant occu-
rance of additonal injuries (talar, navicular, cuboid and cal-
caneal fracture or ligamental injuries) or calcaneo-navicular
coalition are seen frequently [56, 59].

Clinical presentation includes: immediate pain at the
dorsolateral side of the foot, losing the ability to bear
weight after a few hours, swelling and later discoloration
[10]. Tenderness is usually found by placing the thumb on
the lateral malleolus and the third digit on the base of the
fifth metatarsal, with the index finger pointing out the area
of maximum pain (“Gellman grip”) [28].

Radiographic investigation involves a lateral view of the
calcaneus and a 45° inverted oblique view or a 10°-15°

cephalad, 10°-15° posterior view [27, 61]. Other views are
less sensitive [63]. If there is high suspectancy magnetic
resonance imaging can be considered [56, 64]. The anterior
process fracture must be distuinguised from a calcaneus
secundarius, which can be found in 2-5% on autopsy [36,
38, 39, 51]. Others consider the secondary ossicle to be a
non-united anterior process fracture [64]. The fractures can
be divided into three types according to Degan: Type I; an
undisplaced fracture of only the tip of the anterior process,
type II; displaced fracture of the anterior process not
involving the calcaneocuboid joint, type III; large displaced
fracture involving the calcaneocuboid joint [21]. Type I and
II are sprain-fractures caused by inversion trauma, and type
III is a compression fracture [61].

A successful treatment of anterior process fractures relies
almost completely on the early detection of the fracture [10].
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If not treated well this injury can cause persistent complaints
for up to 18 months [46]. Conservative treatment, usually
with a short leg cast for 4 weeks and increased weight-bear-
ing, results in satisfactory outcome in most cases (Table 4)
[10, 21, 36, 64]. In Degan type III fractures ORIF can be con-
sidered [39, 71]. The two most prognostic features of out-
come are the type of injury and whether the fracture unites
[21]. Overall outcome is satisfactory, but non-union rates
range from zero to 40%, depending on adequately made
diagnosis and treatment [21, 28, 64]. “It is such injuries that
very probably lead to the well-known expression that a bad
sprain is worse than a fracture” [63].

Anterior avulsion fractures
The extensor digitorum brevis originates from the dorsolat-

eral portion of the anterior portion of the calcaneus, and
inserts at the lateral sides of the extensor digitorum longus

tendons of the second to fourth toe, extending them with
the foot in dorsal flexion.

If the foot is subjected to forceful inversion an avulsion
fracture of the insertion of the extensor muscle may occur
(Fig. 2d). Clinically it is difficult to distinguish between an
anterior process (avulsion) fracture and an extensor digito-
rum brevis insertion avulsion fracture [34]. The haema-
toma, the point of maximum swelling and the point of
maximum tenderness are situated in the same area as in
anterior process fractures [55].

Norfray et al. [55] found 10 cases in a series of 100 con-
secutive patients suspected for an ankle fracture. The avul-
sion fracture was best seen at the dorsoplantar view of the
foot and on the anteroposterior view of the ankle. An addi-
tional view recommended is the reversed oblique view of the
foot, with the foot in approximately 35°—40° exorotation, e.g.
supination [13, 29]. Brijs identified 62 avulsions of the antero-
lateral aspect of the calcaneus, situated more peripherally

Table 4 Treatment and
outcome of anterior process
fractures in the literature

LTF lost to follow-up, N number

Author (year) Treatment Outcome
N Description N Description
Drachtler (1931) [23] 26 4 weeks cast and NWB 26 Satisfactory
Christopher (1931) [18] 2 Cast or taping 2 Satisfactory
1 No immobilisation 0 Satisfactory
Gellman (1951) [28] 6 Short leg cast 6 Satisfactory
Bradford (1951) [10] 26 Plaster 4-6 weeks 25 Satisfactory
1 Non-union
Backman (1953) [5] 20 Tape or short leg cast 20 Satisfactory
Piatt (1956) [60] 10 NS 1 Satisfactory
2 Non-union
Garvin (1957) [27] 12 8 weeks short leg cast 12 Satisfactory
Levine (1959) [45] 1 None 1 Non-union
Hellpap (1962) [36] 47 4 weeks cast and NWB 47 NS
Carey (1965) [17] 47 Short leg cast 5 weeks 16 NS
30 Satisfactory
Hunt (1970) [39] 1 ORIF 1 Satisfactory
Degan (1982) [21] 25 Short leg cast 5-6 weeks 23 Satisfactory
7 excisions (5 non-union)
Renfrew (1985) [63] 7 Cast or taping 4 NS
3 Satisfactory
Trnka (1998) [71] 1 Excision of non-union 1 Satisfactory
Robbins (1999) [64] 3 Immobilisation 3 Satisfactory
2 Delayed treatment 2 Non-union
Hodge (1999) [38] 1 None 1 Non-union
Pillai (2005) [61] 1 ORIF 1 Satisfactory
Ouellette (2006) [56] 14 NS 14 NS
Petrover (2007) [59] 15 NS 15 NS
Overall 224 Conservative 146 Satisfactory
2 ORIF 2 Satisfactory
42 NS 130 NS

of patients treated, NS not speci-
fied, NWB non-weight-bearing
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than fractures caused by avulsion of the extensor digitorum
brevis. Brijs [13] suggested that these small fractures are
caused by avulsions at the insertion site of the bifurcate liga-
ment. Usually the avulsion is an isolated fracture and avulsed
fragments resolved within a few months [11, 13, 29, 55].
Treatment is usually conservatively consisting of 2 weeks
non-weight bearing, bandaging and early active motion exer-
cises, and outcome is favourable in all patients [13, 29, 55].

Discussion

Thirty-five percent of all calcaneal fractures in the current
study occurred outside the posterior subtalar joint. This per-
centage is slightly higher than previous incidences pre-
sented in the literature [4, 12, 26]. These percentages were
calculated before the description of various types of avul-
sion fractures and might have been underscoring the num-
ber of extra-articular calcaneal fractures [13, 55].

Patients with an extra-articular calcaneal fractures were
significantly younger, male predominance was less pro-
nounced and the occurrence of a bilateral extra-articular
calcaneal fractures is lower. This is explained largely by the
difference in trauma-mechanism. The intra-articular calca-
neal fractures occur frequently as work-related high-energy
accidents and the extra-articular mainly as distortion inju-
ries [5, 10, 18, 21, 28, 30, 55].

A total of 66 tuberosity avulsion fractures were retrieved
from the literature, including four epiphysiolyses. Patients
treated conservatively reached a satisfactory result in 64%
compared with 88% of patients treated operatively. Patients
return to their daily activities earlier after operative treat-
ment. No randomised trials exist on the subject and half of
the patients were not available for follow-up. Nevertheless
the tendency nowadays is to operate these avulsion frac-
tures.

Some 268 cases with an anterior process fractures were
identified, with 90% of the patients reaching satisfactory
result after conservative treatment. As fragments are usu-
ally too small to fixate, operative treatment is not treatment
of choice. Important in obtaining best outcome is an early
detection of the injury and adequate immobilisation.

The 78 anterior avulsion fractures from the insertion of
the extensor digitorum brevis muscle or bifurcate ligament
described in the literature did well in 100% after conserva-
tive treatment, and only one large fragment was corrected
operatively.

Conclusion

One-third of the calcaneal fractures are extra-articular.
Statistically significant differences exist in patient

characteristics, age and gender, between the intra- and extra-
articular fractures. Evidence-based treatment options of
extra-articular calcaneal fractures do not exist. Due to the
low incidence of this type of fractures only retrospective
case series and one prospective study regarding treatment
options were found in the literature. Most extra-articular
calcaneal fractures can be treated conservatively with over-
all satisfactory results. Displaced posterior superior avul-
sion fractures, displaced medial process and vertical
fractures of the tuberosity and large anterior process frac-
tures are best treated by ORIF according to the available
literature.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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