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Abstract

Objective To examine the association between tibial pilon and
calcaneal fracture classification and tendon entrapment or
dislocation.

Materials and methods After institutional review board ap-
proval, we retrospectively reviewed consecutive CT scans
with calcaneal or pilon fractures from 5 years at a level 1
trauma center. We categorized calcaneal fractures according
to the Sanders classification, and pilon fractures according to
the Ruedi and Allgower and the Arbeitsgemeinschaft fiir
Osteosynthesefragen-Orthopaedic Trauma Association (AO-
OTA) classifications. Ankle tendons were assessed for dislo-
cation or entrapment. Fisher’s exact test was used for statisti-
cal analysis with significance at p <0.05.

Results A total of 312 fractures (91 pilon only, 193 calcaneal
only, and 14 ankles with ipsilateral pilon and calcaneal frac-
tures) were identified in 273 patients. Twenty-two pilon, 42
calcaneal, and nine combination fractures were associated
with 99 occurrences of tendon entrapment or superior
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peroneal retinacular injury. Such findings were associated
with multiple fractures (p=0.002). Multifragmentary pilon
fractures were associated with posterior tibial and flexor
digitorum longus tendon entrapment (p<0.0001 and
p=0.0003 for Ruedi/Allgower and AO-OTA, respectively),
and multifragmentary Sanders type 3 or 4 calcaneal fractures
were associated with superior peroneal retinacular injury
(»p=0.0473) compared to simple fracture patterns. Thirty-
nine percent of tendon entrapments or retinacular injuries
were prospectively identified, 85 % by musculoskeletal radi-
ologists (p<0.0001).

Conclusions Approximately 25 % of calcaneal and pilon frac-
tures were retrospectively identified to contain posteromedial
tendon entrapment or superior peroneal retinacular injury.
Radiologists should meticulously search for such injuries, par-
ticularly when analyzing multifragmentary and multiple
fractures.

Keywords Pilon fracture - Calcaneal fracture - Tendon
entrapment - Tendon dislocation - Trauma

Introduction

Fractures of the calcaneus and distal tibia are relatively com-
mon injuries that are often treated with open reduction and
internal fixation to optimize functional recovery [1-5]. It has
been established that subluxation or dislocation of the perone-
al tendons may complicate calcaneal fractures and entrapment
of the posteromedial soft tissue structures including the flexor
tendons may complicate pilon fractures by preventing reduc-
tion or healing, or by causing chronic ankle pain or instability
[1, 3—12]. CT scans are often obtained to evaluate fracture
fragments in more detail and to guide surgical approach, and
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CT may reliably demonstrate soft tissue entrapment within
fractures [3, 5, 8].

While peroneal tendon injuries including entrapment, im-
pingement, or subluxation/dislocation have been documented
in 28-70 % of intraarticular calcaneal fractures, radiologic and
even operative detection of peroneal tendon injury has been
reported to be poor [13, 14]. Toussaint et al. (2014) identified
118 cases of peroneal tendon subluxation or dislocation ac-
companying calcaneal fracture after repeat review of 421 CT
scans. The authors reported that only 10.2 % of these cases
with tendon subluxation/dislocation accompanying calcaneal
fractures were identified radiologically in the original report.
Only 10.8 % of tendon dislocations were treated operatively,
and the authors concluded that the tendon dislocations were
over six times more likely to have been treated if they were
identified preoperatively by the radiologist [15]. Their data
indicate the impact on treatment the radiologist may make if
these injuries are correctly identified preoperatively.

Additionally, entrapment of the posterior tibial tendon or
other posteromedial soft tissue structures may accompany
pilon fractures. Crim et al. (2013) found flexor retinacular
injury with flexor tendon abnormalities in 26 % of pilon frac-
tures [14]. Trreducible fracture-dislocations of the ankle joint
may be due to deltoid ligament or posterior tibial tendon in-
terposition between fracture fragments, or from extensor ten-
dons entrapped within the diastatic distal tibiofibular joint [16,
17]. While the most common soft tissue structure to become
entrapped in pilon fractures is the posterior tibial tendon, any
posteromedial structure including the flexor digitorum longus
tendon or the tibial neurovascular bundle may become
entrapped [1, 16, 18].

We present a retrospective analysis of 5 years of consecu-
tive calcaneal and pilon fractures for concomitant tendon in-
juries including subluxation/dislocation or entrapment identi-
fied on CT scan. We hypothesized that multiple or more com-
plex fractures would be associated with a higher incidence of
associated tendon injuries. We also correlated with the clinical
and surgical observations in an attempt to gauge our accuracy
and sensitivity. Finally, we analyze the radiologists’ detection
rates at our institution with comparison to the published data.

Methods
Subjects

After institutional review board approval, we performed a
retrospective review of all CT scans with ICD-9 or CPT codes
indicating calcaneal or pilon fractures from 1/1/2009 to 8/16/
2014 at a level 1 trauma center.

A total of 431 records were identified, and 119 of these
were excluded (see Table 1), leaving 312 fractures in 273
patients (298 ankles) available for inclusion. The most

@ Springer

Table 1  Exclusion criteria

Reason for exclusion Number
of patients

No CT available in the PACS system 35

Miscoded exam, isolated malleolus fracture 23

Miscoded exam, diaphyseal or metaphyseal fracture only 19

Miscoded exam, avulsions of the anterior and 12
posterior inferior tibiofibular ligaments
Miscoded exam, tibial plateau fracture

9
Miscoded exam, triplane fracture 6
Gunshot to tibia and not pilon mechanism 6

4

Status post open reduction and internal fixation,
to evaluate healing
Miscoded exam, Salter-Harris-2 fracture

Miscoded exam, talus fracture 2
Ankle off the field of view

common reason a record was excluded was for a fracture that
was incorrectly coded as a pilon or calcaneal fracture. The
second most common reason for exclusion was unavailability
of CT images on the Picture Archiving and Communication
System (PACS) for review. Subjects were predominantly male
(75.3 %), with a mean age of 40.2 years (range, 19—78 years).
The first CT of the ankle or hindfoot from the time of injury
was included in the analysis.

CT analysis

CT was performed on Siemens Definition and Sensation 64-
slice scanners or Siemens Somatom Definition AS 128-slice
scanner; 3-mm and 1.5-mm axial and 1.5-mm orthogonal sag-
ittal and coronal reformats were provided for all CT scans,
with bone and soft tissue multiplanar reconstruction kernels
available for review for most CT scans.

All cases were retrospectively reviewed by a board-
certified senior musculoskeletal attending radiologist with
29 years of experience and a post-graduate year 6 radiology
resident with antecedent 2 years of orthopedic residency train-
ing. A consensus decision was used to identify the presence or
absence of tendon entrapment or subluxation/dislocation to
identify the presence or absence of avulsion fractures of the
superior peroneal retinaculum causing a “fleck sign,” and to
classify all pilon fractures according to both the Ruedi and
Allgower classification (see Appendix 1) and the AO-OTA
classification (see Appendix 2). Coronal oblique reformats
through the widest portion of the posterior subtalar joint were
created on the Philips PACS system for all calcaneal fractures
in order to classify the calcaneal fractures according to the
Sanders classification (see Appendix 3). For statistical
analysis, fractures were categorized into simple or
multifragmentary subgroups. The simple subgroup
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included Ruedi and Allgower types 1 or 2, AO-OTA types
B1, B2, and C1, and Sanders types 1 and 2, and the
multifragmentary subgroup included Ruedi and Allgower
type 3, AO-OTA types B3, C2, and C3, and Sanders types
3 and 4 (see Appendices 1-4).

In our retrospective review, peroneal tendons were consid-
ered subluxated when the lateral tendon edge protruded from
the margin of the lateral malleolus and dislocated when the
peroneal tendons were located lateral or anterior to the lateral
malleolus (Fig. 1). As subluxation and dislocation as well as a
fleck sign imply injury to the superior peroneal retinaculum
(Fig. 1), we refer to this simply as peroneal retinacular injury.

Fig. 1 Axial CT image (a) of a 55-year-old female who fell from 7 feet
and sustained a Sanders type 3AC calcaneal fracture with dislocation of
her peroneal tendons (solid arrow). A fleck sign is also seen (dotted
arrow), indicating bony avulsion of the superior peroneal retinaculum.
Coronal (b), sagittal (c), axial proton-density (d), and coronal STIR (e)
MRI in a different patient demonstrate the subluxation of the peroneal
tendons (solid arrow) with avulsion injury to the superior peroneal
retinaculum (dotted arrow)

All peroneal retinacular injuries were considered acute due to
overlying soft tissue edema. Posteromedial tendons were con-
sidered entrapped when at least 50 % of the tendon cross-
sectional area was located between major fracture fragments,
which have been defined as anterior, posterior, medial, antero-
lateral, posterolateral, and die-punch fragments (see
Appendix 4 and Fig. 2) [19].

When available, findings at operative intervention were
recorded, including whether the tendon subluxations/
dislocations or entrapment had been identified or treated by
the orthopedic surgeons.

Statistical analysis

Fisher’s exact test was used to perform univariate compar-
isons among fracture type and tendon injury. All statistics
were calculated using Stata 13.1 (StataCorp, College
Station, TX, USA); results were considered significant
for p<0.05.

Results

Tendon injury associations of the 312 fractures (91 pilon only,
193 calcaneus only, and 14 ankles with ipsilateral both pilon
and calcaneal fractures) are summarized in Table 2. Seventy-
three of the 207 calcaneus fractures were extraarticular, not

4...----'

Fig.2 Axial CT scans of a 61-year-old female who fell from a curb, with
entrapment of the posterior tibial tendon (arrow) within a Ruedi and
Allgower type 3/AO-OTA type B3 pilon fracture (a). The patient was
lost to follow-up, and axial (b) and coronal (¢) CT scan 4 months later
revealed persistent interposition of the posterior tibial tendon (dotted
arrow) between fracture fragments without bony healing, with the flexor
digitorum longus tendon (solid arrow) tracking into the region of
entrapment
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Table 2 Description of included records. Posteromedial tendon
entrapment was associated with pilon fractures, and peroneal tendon
dislocation was associated with calcaneal fractures. The sum of the
number of ankles (CTs) with posteromedial tendon entrapment and

number of ankles (CTs) with peroneal tendon dislocation does not equal
the number of ankles (CTs) with positive soft tissue findings, as there was
overlap with CTs revealing both findings

Fracture pattern No.of  No. of ankles (CTs) No. of ankles (CTs) No. of ankles No. of ankles No. of ankles No. of ankles
fractures ~ with peroneal with posteromedial ~ (CTs) with PT  (CTs) with (CTs) with (CTs) with
retinacular injury tendon entrapment/  tendon injury  FDL tendon =~ FHL tendon  peroneal
OR posteromedial ~ laceration injury injury retinacular
tendon entrapment/ injury
laceration
Pilon only 91 22 (24 %) 20 (22 %) 19 21 %) 8 (9 %) 22 %) 4 (4 %)
Calcaneus only 193 42 (22 %) 10 (5 %) 1 (0.1 %) 1 (0.1 %) 9(5 %) 35 (18 %)
Intra-articular 125 39 8 1 0 7 34
Extra-articular 68 3 2 0 1 2 1
Ipsilateral both pilon and 28 9 (64 %) 4 (29 %) 2 (14 %) 1.(7 %) 1.(7 %) 7 (50 %)
calcaneus
Intra-articular calcaneus 9 6 2 2 1 1 6
Extra-articular calcaneus 5 1 0 0 0 0 1
Total 312 73 (23 %) 34 (11 %) 22 (7 %) 10 (3 %) 12 (4 %) 46 (15 %)

involving the posterior subtalar facet, of which 68
extraarticular fractures were in ankles with only a calcaneus
fracture. Fourteen CT scans revealed ipsilateral both calcaneus
and pilon fractures, in which there were nine posteromedial
tendon entrapments (four posterior tibial, two flexor digitorum
longus, and one flexor hallucis longus) and seven peroneal
tendon subluxation/dislocations, six of which occurred in
combination fractures including an intraarticular calcaneus
fracture and one of which occurred with an extraarticular cal-
caneus fracture. Overall, 73 of these fractures (23 %) revealed
acute tendon subluxation/dislocation or entrapment: 22 of 91
(24 %) pilon only fractures, 42 of 193 (22 %) calcaneal only
fractures, and nine of 14 (64 %) of ipsilateral both calcaneal
and pilon fractures.

In 40 % of cases (n=119/298), the CT was performed after
closed reduction and splinting. Prior to reduction, peroneal
retinacular injury was identified in 28 CT scans and
posteromedial tendon entrapment was identified in 17 CT
scans. After reduction, peroneal retinacular injury was identi-
fied in 18 CT scans and posteromedial tendon entrapment was
identified in 17 CT scans, with no statistically significant dif-
ference between groups (p=0.43).

Posterior tibial tendon dislocation without entrapment was
also retrospectively identified in two additional patients, how-
ever there were no surrounding inflammatory changes or ede-
ma, and these were postulated to be chronic in etiology and
not considered a positive finding for this analysis.

A total of 236 patients (86.4 %) sustained a single fracture,
53 of whom had injury to the peroneal retinaculum or
entrapped posteromedial tendons. Thirty-seven patients
(13.6 %), 18 of whom had such injury, sustained multiple
fractures such as bilateral calcaneal fractures (n=21), bilateral
pilon fractures (n=2), pilon fracture with ipsilateral or
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contralateral calcaneal fracture (n=12), or bilateral calcaneal
fractures with a single pilon fracture (n=2). There was a sta-
tistically significant association between the incidence of ten-
don entrapment or subluxation/dislocation and the presence of
multiple fractures in the same patient (p=0.002).

Pilon fractures were more frequently associated with over-
all posteromedial tendon entrapment than calcaneal fractures
(22.0 vs. 5 %, p<0.0001). In particular, entrapments of the
posterior tibial and flexor digitorum longus were more com-
mon in pilon fractures than in calcaneal fractures (21 vs. 0.1 %
and 9 vs. 0.1 %, p<0.0001 and p=0.0006, respectively).
Calcaneal fractures were more frequently associated with pe-
roneal retinacular injury than pilon fractures (18 vs. 4 %,
p=0.0014). Additionally, entrapment of the flexor hallucis
longus was more common in calcaneus fractures than in pilon
fractures (4 vs. 2 %), and 82 % of the flexor hallucis longus
entrapments retrospectively identified occurred in calcaneus
fractures, however this did not reach statistical significance
(p=0.3). 3 (21 %) posterior tibial or flexor digitorum longus
and 1 (7 %) flexor hallucis longus entrapments occurred in
patients who sustained ipsilateral calcaneus and pilon
fractures.

Pilon fractures classified in a multifragmentary subgroup,
including Ruedi and Allgower type III or AO-OTA types B3,
C2, and C3 were much more likely to be associated with
posteromedial tendon entrapment compared to simple fracture
patterns (p<0.0001 and p=0.0005, respectively) (Table 3).
Only one patient with a Ruedi and Allgower type 1 and AO-
OTA type C1 fracture had an entrapped posterior tibial tendon,
and this patient also had an ipsilateral calcaneal fracture with
peroneal tendon dislocation. Pilon fractures classified in a
multifragmentary subgroup were not statistically significantly
associated with peroneal retinacular injury (p=0.24).
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Table3 Ruedi and Allgower classification and AO-OTA classification
of pilon fractures, and Sanders classification for calcaneal fractures. Pilon
fracture classification in a multifragmentary subgroup was significantly
associated with posteromedial tendon entrapment. Calcaneal fracture

Sanders classification in a multifragmentary subgroup (groups 3 or 4)
was significantly associated with peroneal retinacular injury; 73 extra-
articular calcaneal fractures were not included in this sub-analysis

Ruedi and Allgower No. of pilon fractures No. of pilon fractures
classification with entrapped with entrapped PT
posteromedial tendons
Types 1 or 2 0 0
Type 3 22 19

Fisher’s exact p <0.0001

AO-OTA classification ~ No. of pilon fractures

with entrapped
posteromedial tendons

Types B1, B2, C1 0 0
Types B3, C2, C3 22 19
Fisher’s exact p=0.0003

Sanders classification No. of calcaneal fractures with injured

peroneal tendons
Types 1 and 2 19

Types 3 and 4 15
Fisher’s exact p=0.0473

No. of pilon fractures
with entrapped PT

No. of pilon No. of pilon No. of pilon fractures
fractures with fractures with with normal
entrapped FDL entrapped FHL posteromedial tendons

0 35

8 2 34

No. of pilon No. of pilon No. of pilon fractures
fractures with fractures with with normal
entrapped FDL entrapped FHL posteromedial tendons

26

8 2 43

No. of calcaneal fractures with normal peroneal tendons

67
24

Intraarticular calcaneal fractures classified in a
multifragmentary subgroup, including Sanders type III or
IV, were more likely to be associated with peroneal
retinacular injury (38 vs. 22 %, p=0.0473), as seen in Table
3, but not with posteromedial tendon entrapment (10 vs. 5 %,
p=0.16). The vast majority of peroneal retinacular injuries
were tendon subluxations and dislocations. However, one
peroneal tendon was entrapped in a Sanders type 3AB frac-
ture in a patient with a contralateral extraarticular calcaneal
body fracture and Ruedi and Allgower type 2 and AO-OTA
type B2 pilon fracture (Fig. 3). One of the Sanders type IV
fractures was positive for entrapment of the posterior
tibial, flexor digitorum longus, and flexor hallucis longus
tendons.

There were 73 extraarticular calcaneal fractures not in-
volving the posterior subtalar joint, involving only the an-
terior process, body, or posterior tubercle, five of which
were in patients who sustained an ipsilateral pilon fracture.
These were not included in the Sanders classification data
analysis. Only four of these patients with extraarticular
calcaneal fractures (5 %) were positive, indicating that
tendon injury in extraarticular calcaneal fractures is
unusual.

Avulsion fractures of the superior peroneal retinaculum,
causing a “fleck sign,” (Fig. 1) were seen in eight calcaneal
fractures. The fleck sign was present in four of 35 (11 %)
calcaneal fractures with peroneal tendon subluxation/disloca-
tion, and in four of 158 (3 %) calcaneal fractures without
peroneal tendon subluxation/dislocation (p=0.047, Fisher’s
exact). One pilon fracture demonstrated a positive fleck sign
without peroneal tendon subluxation/dislocation. Whether or

not associated with peroneal tendon subluxation/dislocation,
the fleck sign was considered a sign of injury to the peroneal
retinaculum.

Fig.3 Axial (a), coronal (b), and sagittal (¢) CT images of a 46-year-old
male who fell from 6 feet, showing entrapment of the peroneus longus
tendon (arrow) within a Sanders type 3AB calcaneal fracture
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The tibial neurovascular bundle was entrapped in one
multifragmentary pilon fracture with concomitant entrapment
of the posterior tibial, flexor digitorum longus, and flexor
hallucis longus tendons. The deep peroneal nerve was
entrapped in one multifragmentary pilon fracture (Fig. 4).
One multifragmentary pilon fracture lacerated both the poste-
rior tibial tendon and the flexor digitorum longus tendon in a
patient with a contralateral calcaneal fracture, and one
multifragmentary pilon fracture lacerated only the posterior
tibial tendon in a patient with an ipsilateral calcaneal fracture
(Fig. 5).

There were 121 of 312 fractures that underwent open
reduction and internal fixation, all of which had available
operative notes in the electronic medical record. Intra-
operative findings of soft tissue entrapments or disloca-
tions were documented in three patients, none of which
were identified in the initial radiology CT report. One pa-
tient’s superficial peroneal nerve was entrapped in a
multifragmentary pilon fracture, but this was not identifi-
able even on retrospective imaging review. In another pa-
tient, the tibial nerve and flexor hallucis longus were noted
during surgery to be entrapped in a multifragmentary pilon
fracture and were subsequently mobilized. Upon retrospec-
tive review of that CT scan, both the posterior tibial and

Fig. 4 A 29-year-old male with pain and swelling after jumping a fence
and falling 3 days prior to imaging who sustained a Ruedi and Allgower
type 3/AO-OTA type C3 pilon fracture. Sequential axial CT images
reveal entrapment of the deep peroneal nerve (arrow) between fracture
fragments
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Fig. 5 Axial CT image of a 40-year-old male who was involved in a
motorcycle collision who sustained a Ruedi and Allgower type 2/A0-
OTA type C2 pilon fracture as well as ipsilateral extraarticular calcaneal
fracture with laceration of the posterior tibial tendon. Superior image (a)
reveals an intact posterior tibial tendon (arrow). Image at the level of the
metaphyseal comminution (b) reveals a gap corresponding to the
lacerated tendon (arrow). Image inferiorly at the tibial plafond (c) reveals
the presence of the distal posterior tibial tendon (arrow). CT coronal
reformat (d) depicts the lacerated tendon edges. Relatively low
attenuation of the posterior tibial tendon likely correlates to intrasubstance
edema

flexor digitorum longus tendons were entrapped, but the
tibial nerve and flexor hallucis longus did not appear
entrapped. The multifragmentary pilon fracture of the third
patient lacerated the posterior tibial and flexor digitorum
tendons. The tendon lacerations were identified retrospec-
tively on CT scan but were not repaired due to the extent of
the patient’s soft tissue injuries.

A total of 99 posteromedial tendon entrapments or
lacerations or injuries to the superior peroneal retinacu-
lum were retrospectively identified. Among all radiolo-
gists at our institution, 39 (39 %) of these injuries were
prospectively identified, 85 % of which were identified
by musculoskeletal radiologists. Musculoskeletal radiolo-
gists originally identified 33 of 48 (69 %) tendon entrap-
ments or retinacular injuries, and radiologists with alter-
native sub-specialization originally identified six of 51
(12 %)(p<0.0001, Table 4). Seven patients with a total
of eight fractures underwent repeat CT scans, which were
interpreted by musculoskeletal radiologists. Nine of ten
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Table 4  Prospective detection of posteromedial tendon entrapment/
laceration or injury to the superior peroneal retinaculum, comparing
radiologists with musculoskeletal specialization versus those with alter-
native subspecialization

CT initially read by Total
MSK trained Non-MSK trained
attending attending
Number of findings initially 33 6 39
identified
Number of findings initially 15 45 60
missed
Total 48 51 99
Fisher’s exact p <0.0001

positive findings, including four peroneal tendon disloca-
tions and five entrapped posteromedial tendons, were
subsequently identified, however were not included in
the statistical analysis, as only the patient’s first CT
was considered in the statistical analysis.

Discussion

Peroneal retinacular injury has been reported in 28-92 % of
calcaneal fractures, and includes lateral subluxation, dislo-
cation, and entrapment [13, 15]. Although CT scan may be
obtained for surgical planning, these soft tissue injuries
may go undetected and potentially lead to chronic or
stenosing tenosynovitis and subsequent pain and instability
[3, 13, 15]. The peroneus longus and brevis muscles pri-
marily pronate and evert the foot, contributing to stability
during ambulation. Their tendons reside in the fibular
groove posteriorly and course distally along the lateral wall
of the calcaneus, held in place by the superior and inferior
peroneal retinacula [13]. While the subluxated or
dislocated tendons may reduce upon calcaneal fracture re-
duction, other times the retinaculum must be repaired to
maintain the peroneal tendons in their anatomic location
[6]. Historically, contrast-enhanced tenography was per-
formed in patients who experienced persistent lateral ankle
pain and instability after sustaining calcaneal fractures
[20], however current CT techniques provide the necessary
contrast and spatial resolution to prospectively identify pe-
roneal retinacular injuries concomitantly with fracture de-
scription and classification [3, 13, 15].

Ho et al. (2001) described a method to determine wheth-
er the peroneal tendons are dislocated by finding their nor-
mal position within a triangle bounded by the lateral
malleolus, the superior peroneal retinaculum, and the
calcaneofibular ligament [3]. We refer to peroneal
retinacular injury as disruption of the superior peroneal

retinaculum causing subluxation/dislocation of the perone-
al tendon, which we defined as the lateral margin of the
peroneal tendons protruding from the lateral edge of the
lateral malleolus. Additionally, we retrospectively found
one case of peroneal tendon entrapment, which has been
described in cases of lateral wall blowout which increases
the calcaneal width, which we also combined into our pe-
roneal retinacular injury category [5, 6, 10, 13, 15].

At our institution, 35 (18 %) peroneal retinacular injuries
were retrospectively identified in 193 calcaneal fractures,
66 % of which were identified in the original radiology report,
87 % by musculoskeletal radiologists. This is significantly
higher than that reported by Toussaint et al. (2014), who noted
only 10.2 % of which were correctly prospectively identified
[15].

A small fibular bony avulsion of the superior peroneal
retinaculum, the “fleck sign,” has also been described to be
associated with peroneal tendon pathology [8, 15]. We ret-
rospectively identified eight positive fleck signs including
seven in intraarticular calcaneal fractures and one in a type
B extraarticular calcaneal fracture, out of a total of 207
calcaneal fractures. This rate is lower than Toussaint et
al. (2014), who identified the fleck sign in 10.5 % of their
calcaneal fractures. They also found that the “fleck sign”
was strongly associated with peroneal retinacular injury
(»<0.001) [15]. Only four of the fleck signs identified in
our study were associated with peroneal tendon subluxa-
tion or dislocation, however it is certainly possible that the
peroneal tendons could subluxate or dislocate upon dy-
namic maneuvers in those patients with a positive fleck
sign whose peroneal tendons are anatomically positioned
at rest during the static CT scan.

Intraarticular fractures of the tibial plafond are typically
high-energy injuries whose outcomes are directly related to
anatomic joint reconstruction and stabilization, and Ruedi
and Allgower type III fractures have been documented to
have worse clinical outcomes than type I or type II [21].
Additionally, the inability to achieve an anatomic reduction
may lead to chondral damage, and bony spicules may
cause damage to the skin or tendons [22]. Many authors
have described possible causes of the inability to reduce
pilon fractures. Tendons including the posterior tibial may
interpose between the medial edge of the Volkmann
(posterolateral) major fracture fragment and the posterior
edge of the medial malleolar fragment [1, 23]. The poste-
rior tibial tendon has also been described to displace
posterolaterally and then anteriorly through the disrupted
syndesmosis, ultimately residing in the tibiotalar joint
space (Fig. 6) [22].

At our institution, posteromedial tendon injuries were ret-
rospectively identified in 20 of 91 (22 %) of pilon fractures.
Twenty-seven percent of posteromedial tendon injuries were
identified in the original radiology report, 81 % of which were
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Fig. 6 A 32-year-old male who slipped and fell from standing, and was
involved in a motor vehicle collision on the way to the hospital, sustained
a Ruedi and Allgower type 3/AO-OTA type C3 pilon fracture. Axial CT
images at the level of the fracture (a) reveal entrapment of the posterior
tibial tendon (solid arrow) and the flexor digitorum longus tendon (dotted
arrow) within bony fragments. Axial CT image inferiorly (b) reveals the
posterior tibial tendon to reside within the tibiotalar joint (solid arrow).
Coronal reformat (¢) demonstrates the entrapped tendons (solid arrow),
with better resolution on sagittal reformats (d, e, f) of the posterior tibial
(solid arrow) and flexor digitorum longus tendons (dotted arrow)

identified by musculoskeletal radiologists. This is compatible
with the retrospective review of 420 CT scans with pilon frac-
tures by Eastman et al. (2013), who noted 20 % of
posteromedial soft tissue entrapments were correctly prospec-
tively identified [1].

We observed 14 patients with ipsilateral both calcaneal and
pilon fractures. These patients were considered as a third
group since it is unclear to which fracture a tendon entrapment
or peroneal retinacular injury should be attributed. Seven of
these patients had injury to the peroneal retinaculum, and four
sustained entrapment or laceration of the posteromedial ten-
dons. No association of a specific injury to ipsilateral calcane-
al and pilon was identified, however these patients with
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multiple fractures were associated with overall tendon entrap-
ment or peroneal retinacular injury.

We hypothesized that multifragmentary injuries tend to
be of higher energy, which would be associated with a
greater frequency of tendon entrapments. Accordingly,
we combined Ruedi and Allgower types I and II into one
category (n=35) and type III into the multifragmentary
category (n=56). Likewise, we combined the AO-OTA
types B1, B2, and C1 into one category (n=26) and types
B3, C2, and C3 into the multifragmentary category
(n=065). The subject number discrepancy between the
Ruedi and Allgower and the AO-OTA categorizations
arises since the AO-OTA type C2 (currently categorized
as multifragmentary due to the characteristic metaphyseal
comminution) shares the Ruedi and Allgower type 2 clas-
sification characteristic of a displaced articular surface
without articular comminution. Multifragmentary classifi-
cation was significantly associated with entrapment or lac-
eration of the posteromedial tendons and neurovascular
structures, for both the Ruedi and Allgower as well as the
AO-OTA classifications (p<0.0001 and p=0.0003, re-
spectively). Pilon fractures classified in a multifragmentary
subgroup, including Ruedi and Allgower type III or AO-
OTA types B3, C2, and C3 were not statistically signifi-
cantly associated with peroneal retinacular injury.
Similarly, multifragmentary intraarticular Sanders types
IIT and IV were associated with injury to the superficial
peroneal retinaculum with or without peroneal tendon
subluxation/dislocation (p=0.0473), however these frac-
tures were not associated with posteromedial tendon
injuries.

Only one patient with a Ruedi and Allgower type 1 and
AO-OTA type Cl1 fracture had an entrapped posterior tibial
tendon, and this patient also had an ipsilateral calcaneal frac-
ture with a peroneal tendon dislocation. Despite the non-
multifragmentary category, this remains compatible with our
statistically significant association between the incidence of
tendon injury and the presence of multiple fractures in the
same patient (p=0.002), which is presumably due to a higher
energy injury.

We also identified a statistically significant trend among
the three posteromedial tendons. Posterior tibial and flexor
digitorum longus injuries were associated with pilon frac-
tures. There was a trend of flexor hallucis longus injuries
with calcaneal fractures. When the anatomic course of the
flexor hallucis longus beneath the sustentaculum tali is
considered, it is not surprising that this posteromedial ten-
don could be most associated with calcaneal fractures, al-
though statistical significance was not achieved in our
study. One patient with a calcaneal fracture and entrapment
of the flexor hallucis longus tendon was treated non-oper-
atively, and follow-up radiograph demonstrated lack of
bony healing (Fig. 7).
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Fig.7 A 58-year-old male sustained a Sanders type 2C calcaneal fracture
from a fall into a shallow hole. Axial (a), sagittal (b), and coronal (¢) CT
images reveal entrapment of the flexor hallucis longus tendon (arrow)
between bony fragments. One year later, lateral plain radiograph of the
foot (d) reveals nonunion of the calcaneal fracture (arrow)

Entrapments of the posteromedial tendons and peroneal
retinacular injuries may be clinically missed due to the
presence of extensive soft tissue edema and inability to
evaluate the integrity of the tendons on physical exam
due to pain [15]. It is essential for the radiologist to pre-
operatively identify such an injury, as it may require a
modified surgical approach to treat both the fracture and
a potential soft tissue injury [1]. Toussaint et al. (2014)
commented that tendon injuries were more than six times
more likely to have been treated if they were prospectively
identified in the original CT report [15]. In our experience,
only three patients were clinically documented to have ten-
don or neurovascular injuries intraoperatively, none of
which were identified in the initial radiology CT report,
and one of which was not retrospectively identified either.
Unfortunately, this does introduce a significant limitation
into our study. Ideally, we would consider surgical

identification as the gold standard by which we would
gauge our radiological accuracy. However, orthopedic sur-
gical operative reports are not standardized and it is unclear
if these retrospectively identified tendon entrapments and
dislocations were truly not identified intraoperatively or if
they were identified but not documented. We did not find a
statistically significant association between the presence of
tendon injuries and whether closed reduction and splinting
had been performed prior to CT scan. Nevertheless, it is
possible that the dislocated or entrapped tendons reduced
after the CT scan and prior to operative intervention. Crim
et al. (2013) speculated that their one tendon false negative
CT interpretation was likely due to displacement of the
tendon between the time of CT and surgery [14], and it is
feasible that the contrary is true, that instead reduction may
occur in the interim.

Other limitations of our study include a retrospective de-
sign, for which 8.1 % of records were excluded due to lack of
available CT images. It is unknown how the distribution of
fracture classification and presence of tendon injuries in these
cases could have altered our results. Furthermore, while we
standardized and quantified our definitions of tendon entrap-
ment and subluxation/dislocation, these remain subjective
findings. An analysis of interobserver variability was not per-
formed, as the classification and identification of positive soft
tissue findings was by consensus agreement. Although there is
a large discrepancy in experience between readers, both
expressed confidence in the data without the need for an
arbitrator.

It is clear that multifragmentary calcaneal fractures are
associated with peroneal retinacular injury and that
multifragmentary pilon fractures are associated with
posteromedial soft tissue injury, most of which remain pro-
spectively undetected even at a high-volume level 1 trauma
center. Further research is necessary to determine if aware-
ness of these associated injuries increases detection pre-
operatively and improves patient outcomes.

Conclusions

Multifragmentary pilon and calcaneal fractures are often asso-
ciated with posteromedial tendon and peroneal retinacular in-
juries, respectively. While musculoskeletal sub-specialty was
associated with increased recognition, all radiologists should
be especially aware of the possibility for tendon injury in
patients with ankle fractures sustained due to a high-energy
axial load mechanism.
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Appendix 1

Fig. 8 Ruedi and Allgower
classification of pilon fractures.
Type 1 (leff) are cleavage
fractures without displacement at
the articular surface. Type 2
(middle) are fractures displaced at
the articular surface without
comminution. Type 3 (right) are
impacted and comminuted
fractures involving the articular
surface. (Reproduced with
permission from Ruedi, T.P., and
Allgower, M. (1979). “The
operative treatment of intra-
articular fractures of the lower end
of the tibia.” Clinical Orthpaedics
and Related Research, 138, pg
105-110.)

Appendix 2

[
=y 59

43-A1 43-A2 [

43-A extraarticular fracture
43-A1 simple
43-A2 wedge
43-A3 complex

Fig. 9 AO/OTA Fracture and Dislocation Classification. 43 is the
anatomic category for the distal tibia. Type A (leff) are extraarticular.
Type B (middle) demonstrate continuity of the metaphysis with the
articular surface with pure split (B1), split-depression (B2), and
multifragmentary depression (B3). Type C (right) are characterized by
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43-A3 43-B1 43-B2

43-B partial articular fracture
43-B1 pure split

43-B2 split-depression

43-B3 multifragmentary depression

43-B3

43-C

43-C1
43-C2
43-C3

I 43-C2 I

complete articular fracture

articular simple, metaphyseal simple

articular simple, metaphyseal multifragmentary
articular multifragmentary

fracture lines which completely separate the metaphysis from the articular
surface, with simple articular and metaphyseal components (C1), simple
articular component but multifragmentary metaphyseal component (C2),
and multifragmentary articular components (C3). (Reproduced with
permission, copyright by AO Foundation, Switzerland.)
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Appendix 3

Type 3AB

Fig. 10 Sanders classification of intraarticular calcaneal fractures. The
coronal oblique reconstruction through the widest portion of the posterior
subtalar joint is utilized. Type 1 is nondisplaced. Type 2 has a single
fracture line with at least 2 mm of displacement, with “2A,” “2B”, and
“2C” subdivisions according to the fracture line position at the subtalar

Appendix 4

Type 3AC Type 3BC

facet from lateral to medial. Type 3 has two fracture lines with at least
2 mm of displacement, with “3AB,” “3AC,” and “3BC” subdivisions
according to the fracture line positions. Type 4 has three or more fracture
lines displaced by at least 2 mm through the posterior subtalar facet. (Case
courtesy of Dr. Matt Skalski, adapted with permission, Radiopaedia.org)

Fig. 11 Pilon major fracture fragments. CT scans of pilon fractures showing
the major fracture fragments: anterior (A), posterior (P), medial (M),
anterolateral (AL), posterolateral (PL), and die-punch (DP). (Reproduced
with permission and copyright © of the British Editorial Society of Bone
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