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Abstract

Calcaneal fractures are the most common fracture of the tarsal bones and represent 1% to 2% of all fractures. Roughly
75% of these fractures include intra-articular involvement of the posterior facet of the calcaneus. Intra-articular cal-
caneal fractures are challenging injuries to manage for both patients and surgeons given their association with both
early and late complications. This article aims to review the management, classification systems, surgical approaches,
and care regarding intra-articular calcaneal fractures. A review of the current literature yielded treatment strategies
that aim to reduce complications such as soft tissue injury or loss of articular reduction while maintaining satisfactory
clinical outcomes. The purpose of this article is to review these current concepts in the management of intra-articular
calcaneal fractures.

Level of Evidence: Level V, expert opinion.
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Introduction the cuboid is found distally (Figure 1). Medially, the susten-
taculum tali supports the middle facet and provides a groove
for the flexor hallucis longus tendon inferiorly. The tuber-
osity is found on the posterosuperior surface of the calca-
neus, and the peroneal tubercle is found on the lateral
surface, beneath which the peroneus longus tendon passes.
The anterior process of the calcaneus is located on the most
distal aspect of the calcaneus, and serves as the origin for the
bifurcate ligament, which inserts on both the cuboid and
navicular.??

When viewing the calcaneus on a lateral radiograph, there
are 2 angles of clinical significance that can be used to

Calcaneal fractures are the most common fracture of the
tarsal bones and represent 1%-2% of all fractures.”> Of
these fractures, roughly 75% are intra-articular in the poster-
ior facet of the calcaneus.®® These devastating injuries to the
lower extremity usually occur as a result of high-energy
trauma from falls or motor vehicle accidents causing axial
loading. These fractures are often life-changing, and health
outcomes have been found to be comparable to myocardial
infarction and chronic renal disease.>® Many challenges arise
for surgeons because of early and late complications associ-
ated with intra-articular calcaneal fractures, and the optimal
management of these fractures has been widely debated in
the literature,'+3->19-21:27:39:43.43.32.53.63 The pyrpose of this
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Figure 1. Superior view of a right calcaneus depicting the articular
surfaces that comprise the subtalar joint. AF, anterior facet; MF,
middle facet; PF, posterior facet.

determine the position of the posterior facet. The Bohler, or
tuber, angle is measured by drawing 2 lines: from the highest
point of the anterior process to the highest point of the pos-
terior facet and from the highest point of the posterior facet
through the highest point of the tuberosity. The intersection
of the 2 lines at the superior portion of the posterior facet
creates the angle. A normal Bohler angle is between 25 and
40 degrees, and decreased values are seen with intra-
articular fractures as the posterior facet collapses inferiorly
(Figure 2A).* The Gissane, or “critical,” angle is measured
at the intersection of a line drawn along the posterior sub-
chondral bone of the posterior facet and a line drawn from
the anterior process of the calcaneus down to the inferior
portion of the posterior facet. A normal Gissane angle is
between 120 and 145 degrees, and this angle may be
increased or decreased with intra-articular fractures, depend-
ing on the position of the foot and direction of force at the
time of injury (Figure 2B).>'~* Although interrater reliabil-
ity and utility in diagnosis are excellent using the Bohler
angle, the Gissane angle has been found to lack sufficient
sensitivity, specificity, and interrater reliability to be used
for diagnosis in emergency department settings.>' In addi-
tion to lateral radiographs, the Harris projection is used,
which is an axial heel radiograph tilted 45 degrees caudally
with respect to the long axis of the foot. This view allows for
evaluation of subtalar joint displacement, heel widening, and
varus deformity (Figure 2C).*

Classification

Intra-articular calcaneal fractures involve a primary frac-
ture line running through the posterior facet of the calca-
neus, forming a superomedial fragment and superolateral
fragment. The superomedial fragment is described as the
constant fragment, as it is fixed firmly to the talus by the
deltoid and interosseous talocalcaneal ligaments.’
Although several classification systems exist, these frac-
tures are most often described using the Sanders and
Essex-Lopresti classification systems.*” In the Sanders
classification system, fracture patterns are classified
based on the number of fracture lines through the poster-
ior facet seen on semicoronal CT image at the widest
portion of talus. Type I fractures are nondisplaced frac-
tures, irrespective of the number of fracture lines. Type II
fractures involve 1 fracture line with a 2-part fracture.
Type I fractures have 3 parts with a centrally depressed
articular fragment. Type IV fractures are highly commin-
uted consisting of at least 4 articular segments.***> Frac-
ture lines are described as A through C, with A
representing lateral fracture lines, B representing frac-
tures lines through the middle of the posterior facet, and
C representing medial fracture lines adjacent to the sus-
tentaculum tali. Thus, type II and type III fractures can be
further classified based on the specific combination of
fracture lines (Figure 3). This classification system is
widely used when discussing different treatment strate-
gies and also is of prognostic value. For example, a long-
itudinal series of surgically treated patients including 108
fractures and an average follow-up of 15.2 years found
that patients with type III fractures were 4 times more
likely to require subtalar arthrodesis than type II
fractures.*®

The Essex-Lopresti classification system uses the planes
of the primary and secondary fracture lines in order to clas-
sify fracture patterns. The primary fracture line always
occurs through the posterior facet, creating 2 fragments. The
secondary fracture line either occurs in the axial plane or
behind the posterior facet, creating 2 unique fracture pat-
terns. The first, the joint-depression type fracture, occurs
when the secondary fracture line extends across the body
of the calcaneus to exit just behind the posterior facet. As
a result, a free fragment involving the posterior facet is
formed and is depressed (Figure 4).”'* Classic radiographic
findings of the joint-depression type fracture include
decreased Bohler angle, decreased Gissane angle, calcaneal
shortening, calcaneal widening, and varus deformity.*® The
second fracture pattern, the tongue-type fracture, occurs less
commonly and is described as a secondary fracture line run-
ning posteriorly underneath the facet to the tuberosity in the
axial plane (Figure 4).'* These fractures are associated with
posterosuperior displacement of the tuberosity due in part to
the pull of the Achilles tendon. As a result, these fractures
may lead to skin tenting of the posterior heel with risk of
subsequent pressure necrosis, and thus can require urgent
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Figure 2. (A) Left foot lateral radiograph of a 41-year-old male demonstrating a calcaneus fracture with posterior facet involvement. Note
the Bohler angle of negative 8 degrees and (B) the Gissane angle of 106 degrees, both indicating collapse of the posterior facet. (C) Left
Harris axial radiograph of a 4|-year-old male with a calcaneus fracture demonstrating 17 degrees of varus deformity.

operative management.'®>*% Serial physical examinations
should be performed in patients with tongue-type fractures
to identify blanching and other signs of skin breakdown over
the fracture site.>®

Operative vs Nonoperative Management

There is some debate between conservative vs sur-
gical management of intra-articular calcaneal fractures,
because of variable results between the 2 management
strategies.'-37321:26:27:39.33.63 Reoardless of management
strategy, all patients presenting with calcaneus fractures
should be evaluated for associated injuries, including verteb-
ral and contralateral calcaneal fractures, which occur nearly
10% of the time.**>” This may require radiographs or
advanced imaging modalities, and should be performed on
a case-by-case basis. Complications associated with calca-
neal fractures include compartment syndrome, fracture blis-
ters, skin tenting with wound necrosis, sural nerve
pathology, tarsal tunnel syndrome, peroneal tendon subluxa-
tion, subtalar and calcaneocuboid arthritis, and
malunion.'*>°

Nonoperative Management and Indications

Nonoperative management typically involves immobiliza-
tion in a very well-padded fiberglass or plaster splint in
neutral ankle position, followed by conversion to a well-

padded cast in neutral ankle position once swelling has sub-
sided. Patients are kept nonweightbearing for 10-12 weeks,
or until fracture union is confirmed on radiography.>? The
authors recommend cast exchanges frequently if there is any
concern for soft tissue compromise.

An unequivocal indication for nonoperative management
is a nondisplaced (<2-mm) Sanders type I intra-articular
calcaneal fracture.'#>13:21:27:39:53.63 patients with operative
fracture patterns but who have comorbid conditions such as a
smoking history, poorly controlled diabetes, severe periph-
eral vascular disease, or low functional status may also be
managed nonoperatively.’* Additionally, patients with life-
threatening injuries, poor soft tissue envelopes secondary to
fracture blisters, trauma, and edema may be considered for
initial nonoperative management with follow-up manage-
ment of fracture malunion/subtalar arthritis, if needed.®>?
Although advanced age may be another relative contraindi-
cation for all types of surgery, acceptable outcomes after
surgical treatment of intra-articular calcaneal fractures have
been demonstrated in patients older than 65 years, and a
retrospective review of 175 patients treated surgically found
no difference in clinical outcomes based on age group.'’*

The potential disadvantages of nonoperative management
include the inability to anatomically reduce the posterior
facet, decreased functional recovery, increased rates of sub-
talar and calcaneocuboid arthritis, risk for malunion, and
increased rates of subtalar arthrodesis.'*%-"3¢->3
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Figure 3. Superior view of right calcaneus depicting Sanders Type Il, Type Ill, and Type IV fractures. “A” represents lateral fracture lines,
“B” represents middle fracture lines, and “C” represents medial fracture lines adjacent to the sustentaculum tali. Drawings courtesy of

Morgan Rogers, MA.

Operative Management Indications

Operative management is generally indicated with open
fractures, tongue-type fractures that put the soft tissue at risk
for breakdown, and displaced (>2-mm) intra-articular calca-
neal fractures where anatomic joint restoration is possible in
a proper surgical candidate. Again, the overlying soft tissue
will dictate much of the surgical decision making, and the
authors recommend that surgery be postponed until the soft
tissue envelope demonstrates wrinkling, resolution of frac-
ture blisters and swelling, and other signs that portend good
wound healing. The optimal surgical approach for displaced
intra-articular fractures, including Sanders type II, III, and
IV fractures, the joint-depression type fracture, and tongue-
type fractures, depends on the surgeon’s comfort with the
different methods, the patient’s comorbidities, and fracture/
soft tissue characteristics.

Randomized Controlled Trials

Multiple randomized prospective clinical trials have been
performed evaluating the outcomes of operative vs nono-
perative management of displaced intra-articular calcaneal

fractures, with quite variable results."**'2%% Thordarson
and Krieger®® published the first randomized clinical trial
in 1996 evaluating operative vs nonoperative management
of intra-articular calcaneal fractures. In this study of
30 patients with either Sanders type II or type III fractures,
patients were randomized to either a nonoperative group or
operative group using the L-shaped extensile lateral
approach. The authors were able to demonstrate a significant
difference in the American Orthopaedic Foot & Ankle Soci-
ety (AOFAS) ankle-hindfoot functional outcome scale for
operatively treated patients (86.7) compared to nonoperative
management (55.0) (P < .0001).>® The study was limited by
small sample size and short-term follow-up between the
2 groups (average of 14 months and 17 months for the non-
operative and operative groups, respectively).”® Neverthe-
less, the authors advocated for surgical management of
intra-articular calcaneal fractures.

In a larger multicenter prospective randomized clinical
trial, Buckley et al analyzed 309 patients with displaced
intra-articular calcaneus fractures managed operatively and
nonoperatively with 2- to 8-year follow-up.* An L-shaped
extensile lateral approach was used on all patients in the
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Figure 4. Lateral view of right foot depicting Essex-Lopresti (A)
joint-depression and (B) tongue-type fractures. Axial load through
subtalar joint leads to depression of posterior facet. Tension from
Achilles tendon leads to posterosuperior displacement of the
tuberosity, especially in tongue-type fractures. Drawings courtesy
of Morgan Rogers, MA.

operative group. This study concluded that without group
stratification, there was no difference in operative vs non-
operative management. However, subgroup analysis demon-
strated statistically significant improvements in SF-36
scores with surgery in women, patients not receiving work-
ers’ compensation, younger patients, and patients with
highly displaced fractures.* This study also determined that
patients managed nonoperatively were 5.5 times more likely
to require secondary subtalar arthrodesis than their opera-
tively managed counterparts, a finding that has been repro-
duced in recent literature.**® They also found that patients
with Sanders type II fractures were 2.74 times more likely to
score above the mean on SF-36 scores when treated opera-
tively vs nonoperatively.* A follow-up study on this patient
cohort found that patients with Sanders type IV fractures
were 5.5 times more likely to require secondary subtalar
fusion than those with a Sanders type Il fracture, and that
patients with Bohler angle <0 degrees at presentation were
10 times more likely to require fusion than those with an
angle >15 degrees.’

Another multicenter randomized clinical trial with an 8-
to 12-year follow-up found no difference in outcomes
between operative vs nonoperative management at 1-year
or 8- to 12-year follow-up.' Like previous studies, an exten-
sile lateral approach was used for all operative patients.
Patients were non—weight bearing for at least 6 weeks in
both cohorts, and ankle range of motion exercises were
encouraged in both groups. Although clinical outcomes were
not significantly different at final follow-up perhaps because
of insufficient cohort size of 42 operative and 40

nonoperative patients, data trended toward improved out-
comes with surgical management. Additionally, radiogra-
phically evident subtalar arthritis was reduced by 41% in
surgically treated patients.' An important limitation of the
study was the relatively higher proportion (36%) of patients
in the operative arm with residual subtalar displacement (>2
mm) when compared to operative arms in previous stud-
ies.'”** Although not consistently reproduced, studies have
shown that radiographic restoration of the Bohler angle may
correlate with improved functional outcomes.*>"*® The
increased proportion of residual subtalar displacement may
explain this study’s failure to reach statistical significance.

A recently published randomized clinical study evaluated
2-year outcomes among operative vs nonoperative manage-
ment of intra-articular calcaneal fractures, also using an
extensile lateral approach for the operative group. This study
included 151 patients and found no difference in treatments
at 2 years over an array of outcome measures including the
Kerr-Atkins functional score, 36-Item Short Form Health
Survey (SF-36) score, AOFAS score, return to work percent-
age, clinical measurements, and gait measurements.”’ The
authors also found no difference in the primary outcome of
Kerr-Atkins scores between treatment arms during subgroup
analysis of Sanders type II fractures, Sanders type III/IV
fractures, males, or females. The authors concluded that
there is no justification for surgical treatment of displaced
intra-articular calcaneal fractures.?' This most recent study
contradicts the prior positive outcomes and indicators for
surgical treatment of displaced intra-articular calcaneal frac-
tures seen in previous studies.

Meta-analyses

Despite the multiple randomized controlled trials performed,
the optimal treatment for displaced intra-articular calcaneal
fractures has not yet been elucidated. Various meta-analyses
have been published in an attempt to clarify mixed results
from key randomized controlled studies. These studies found
a trend toward improved clinical outcomes with surgical
management of calcaneal fractures; however, they lacked
statistical significance in most cases.?’**** The studies
additionally identified an increased risk of complications
with surgical management.?”-%*

The first meta-analysis, performed by Randle et al, ana-
lyzed 6 articles that evaluated operative vs nonoperative
management of intra-articular calcaneal fractures with at
least 12 months’ follow-up. The meta-analysis failed to
show statistically significant differences in clinical out-
comes. The authors believed this may have been due to the
small number of subjects that ultimately were eligible for
statistical analysis, inclusion of nonrandomized studies, and
the lack of consistent documentation of pain and functional
outcomes across the studies.>”

A second meta-analysis performed by Jiang et al included
10 clinical trials evaluating operative vs nonoperative man-
agement of intra-articular calcaneus fractures with a total of
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Figure 5. Clinical photographs demonstrating planned incision for (A) an L-shaped extensile lateral approach and (B) a limited-incision

sinus tarsi approach.

891 patients with no operational contraindications or pre-
existing foot abnormalities.?’” Their analysis revealed several
positive findings of statistical significance associated with
operative management. The authors found that in compari-
son to nonoperative management, surgical management
demonstrated superior restoration of the Bohler angle
(P<.001), reduction of calcaneal height loss (P<.001), and
reduction of calcaneal widening (P<.001). Surgically
treated patients were less likely to require increased shoe
size (P <.001) and more likely to be able to resume preinjury
work (P =.004) than the nonsurgical patients. However, sur-
gical patients also experienced a higher total rate of compli-
cations when compared to their nonsurgical counterparts
(22.8% vs 16.2%, P = .008).’

A third meta-analysis performed by Zhang et al demon-
strated similar surgical outcomes, including improved ana-
tomic joint restoration and increased complication rates
relative to nonoperative management. The authors also sub-
stantiated additional positive outcomes of reduced pain
with walking (P <.01) and increased comfort with shoe wear
(P < .01) in the operative group.®® These findings were
attributed to improvement in anatomical alignment obtained
with surgical treatment. >

Surgical Approaches

Although there will likely continue to be debate surrounding
operative vs nonoperative management of these fractures,
novel surgical approaches and techniques have been devel-
oped over the last few decades in an attempt to better avoid
soft tissue complications and more accurately restore the
posterior facet. Open reduction and internal fixation (ORIF)
of the calcaneus has traditionally been performed through an
extensile lateral approach using plate and screw constructs.
A range of minimally invasive approaches have been under
development, however, with the aim to reduce wound and
infectious complications. These newer approaches have low-
ered complication rates and maintained comparable clinical
and radiologic outcomes.''?%-30-31:34:38:62 The minimally

invasive approaches include limited-incision sinus tarsi
approach, percutaneous fixation, and arthroscopic-assisted
fracture reduction. Clinicians are still in the process of deter-
mining which specific fracture patterns are most suitable for
these approaches, but generally speaking, they may be ben-
eficial in patients with soft tissue compromise, increased
wound healing risk factors, and minimal comminution.*’

Extensile Lateral Approach

The L-shaped extensile lateral approach (ELA) with subse-
quent ORIF has been the workhorse operative approach for
displaced intra-articular calcaneal fractures. The horizontal
limb of the incision is in line with the fifth metatarsal, whereas
the vertical limb extends between the Achilles tendon and
posterior margin of the lateral malleolus (Figure 5).12:20.32
The sural nerve and some of the lateral calcaneal branches
of the peroneal artery are elevated anteriorly, and further
dissection allows elevation of the peroneal tendons within
this thick soft tissue flap as well.'* A clear view of the
subtalar joint allows for easy manipulation and operative
fixation of the fracture fragments and the thick soft tissue
flap allows for decreased risk of sural nerve injury and
peroneal tendon subluxation.>

This approach allows for excellent visualization of the
posterior facet, which is required when trying to repair mul-
tiple displaced and impacted articular fracture segments or
when performing a primary subtalar arthrodesis. Of impor-
tance, the ELA is generally not performed within 2 weeks of
the injury due to extensive skin edema which may cause
wound healing/closure complications. The “wrinkle sign,”
or reappearance of wrinkles on the lateral hindfoot after
swelling has subsided, may be interpreted as adequate
improvement of edema and is often used as an indicator that
the patient is ready for surgery.>>**>2

Although this approach provides direct visualization and
fixation of the fracture, there are a range of complications
that may occur. It has been associated with significant
wound and infectious complications up to 37% and 20%,
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respectively.>*>** Wound dehiscence may occur, most fre-
quently at the angle of the incision.” It has been postulated
that disruption of the lateral calcaneal branches of the per-
oneal artery may cause local tissue ischemia, leading to
wound healing complications.>* Additional complications
include peroneal tendon injury/irritation, neuritis/neuroma
of the sural nerve, and injury to the flexor hallucis longus
tendon when placing screws through the constant fragment
from a laterally based incision that does not allow for visua-
lization of the flexor hallucis longus as it courses beneath the
sustentaculum tali.*?

Medial Approach

A medial approach has historically been used, with a 5-cm
incision parallel to the sole of the foot made just posterior to
the neurovascular bundle.® The proposed benefits of this
approach were decreased wound and infectious complica-
tions and decreased time non—weight bearing.®'>*! This
approach has fallen out of favor, however, in part because
direct visualization of the subtalar joint is not provided.
Moreover, 2 prospective studies attempting to achieve fixa-
tion through a medial approach ultimately used an additional
lateral incision in 23% and 57% of cases, respectively.®*!

Limited-Incision Sinus Tarsi Approach

The limited-incision sinus tarsi approach (STA) employs a 2-
to4-cm incision from the tip of the lateral malleolus toward the
base of the fourth metatarsal and allows for visualization and
reduction of articular fragments while minimizing soft tissue
dissection (Figure 5).>>* Plate and screw constructs are most
often used in combination with this approach. There are mul-
tiple theoretical benefits of this approach. First, decreased
manipulation of soft tissue should result in decreased wound
and infectious complication rates. Second, this approach
reduces the need for peroneal dissection and likely resultant
irritation and/or subluxation. Last, the approach allows for easy
conversion to traditional ELA should there be a need intrao-
peratively or in future scenarios.?

Although the STA highlights advances in calcaneal frac-
ture care, minimally invasive approaches are not without
complications. Infection rates are vastly reduced relative to
the ELA, and one meta-analysis of minimally invasive surgi-
cal approaches for intra-articular calcaneus fractures revealed
a total infection rate of 2.1%. Nevertheless, infections still
occur after these procedures and must be watched for, and
individual studies evaluating the STA have shown superficial
infection rates of up to 14% in their cohorts.**** Additionally,
these techniques may not allow for adequate fracture visuali-
zation and manipulation.?® This may ultimately lead to subpar
fracture reduction with subsequent subtalar arthritis and poor
clinical outcomes. latrogenic injury to the sural nerve may
also occur because unlike open extensile approaches to the
calcaneus, the sural nerve is not directly visualized in percu-
taneous/minimally invasive approaches.”> Surgical timing is

also an important consideration when using these innovative
techniques, as fractures older than 3 weeks become more
difficult to manipulate through conservative incisions because
of callus formation.”>** Surgeons treating calcaneal fractures
via minimally invasive techniques should be prepared to con-
vert their incisions to open extensile ones if fracture care is at
all compromised.

Percutaneous Fixation

Percutaneous fixation can be achieved through a range of meth-
ods, including external fixators, K-wires, cannulated screws,
and interlocking calcaneal nails (Figure 6).%'0-18-25-28-37:47.35.64
These methods have been applied to multiple fracture patterns
with signs of improved anatomical and functional outcomes,
but specific fracture patterns may be more amenable to the
percutaneous approach than others. One study noted that only
52% of patients who underwent distraction and percutaneous
fixation for joint depression—type fractures had good to excel-
lent outcomes, whereas 100% of tongue-type fractures treated
with this technique had good to excellent outcomes.'® An addi-
tional study involving 36 Sanders type IIC fractures and 5 San-
ders type IIB fractures managed with percutaneous K-wire
fixation showed good to excellent functional outcomes on the
Maryland foot scale in 85% of patients, with slightly better
results in the type IIC cohort.>” These favorable outcomes with
Sanders type II fractures have been replicated in multiple stud-
ies, but the outcomes in more comminuted patterns are less
clear and more research is required.>**>’

Percutaneous fixation of calcaneal fractures is advanta-
geous because of the utilization of smaller incisions and has
been associated with decreased postoperative wound healing
complications and infection rates, with infectious complica-
tion rates ranging from 2.4% to 14.8% across several stud-
ies.'*?%47 A study using a minimally invasive posterolateral
incision followed by percutaneous screw fixation demon-
strated decreased wound infection rates (6.7% vs 37.1%)
as well as significantly shorter lengths of stay (9.7 +
2.8 days vs 11.7 + 2.6 days) when compared to open reduc-
tion and plate fixation.”® Percutaneous fixation is also
advantageous because it can be used in patients with soft
tissue compromise. '

A novel approach to percutaneous fixation has been the
use of interlocking calcaneal nails.>'>'84%:4 The methodol-
ogy involves a minimally invasive posterior approach with
intrafocal reduction of the fracture followed by internal fixa-
tion with a locking intramedullary nail. A study performed
by Simon et al demonstrated a mean AOFAS score of 87 in
Sanders type II patients and 84 in Sanders type III patients,
with a 0% infection rate among the 69 fractures.'®** A study
using an identical operative approach showed a mean
AOQOFAS score of 88 in all Sanders type II and III patients
also with a 0% infection rate.'> Amlang et al* examined a
different strategy, which involved initial reduction and fixa-
tion through a sinus tarsi incision followed by an additional
posterior incision below the Achilles tendon insertion and
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Figure 6. (A) Preoperative fluoroscopic lateral view of displaced intra-articular calcaneus fracture. Intraoperative fluoroscopic (B) Harris
and (C) lateral views of calcaneus fracture after percutaneous fixation. Used with permission from Anish Kadakla, MD.

placement of an intramedullary nail with locking screws. Of
the 103 patients who underwent surgery, the authors
reported an excellent mean AOFAS score of 92.6 at
12 months, and a wound infection rate of 2.9%. These stud-
ies also reported a reduction in operative time when com-
pared to other operative approaches, with a procedure time
less than 60 minutes in the vast majority of cases.'”'®48
Although the data are still limited on the use of interlocking
calcaneal nails, there seems to be merit regarding its usage.

Disadvantages of percutaneous fixation include increased
risk for residual subtalar displacement, potentially less rigid
fixation when using screws or K-wires as compared to plate
fixation, and inability to manage significant posterior facet
depression or fractures more than 7-10 days old.*” One study
found that nearly 15% of patients managed with percuta-
neous screw fixation experienced osteoarthritis with residual
pain after 1 year and were indicated for secondary subtalar
arthrodesis.*’

Arthroscopic-Assisted Reduction and Internal Fixation

Arthroscopy has been implemented in the treatment of
intra-articular calcaneal fractures, and allows for direct

visualization of fracture reduction, direct assessment of
chondral defects, and removal of intra-articular loose
bodies.>>*° Standard anterolateral and posterolateral por-
tals are used for viewing and alternatively can be used for
the introduction of shavers and other arthroscopic instru-
ments. Although appealing, this adjunct in the surgical
management of intra-articular calcaneal fractures
increases surgical time, has a steep learning curve, can
exacerbate soft tissue swelling via fluid introduction, and
creates a more complicated operative setup for the
surgeon.*’

There remains promise, however, regarding this novel
adjunct to surgical treatment. Early studies have shown that
the use of arthroscopic assistance can improve SF-36
scores, AOFAS scores, and restoration of the Bohler
angle.?>**¢! One study involving percutaneous fixation
of Sanders type IIA and IIB fractures noted an excellent
mean AOFAS score of 92 with 0% wound dehiscence and
infection rate when reductions were confirmed with subtalar
arthroscopy.®’ As the technology of ankle arthroscopy contin-
ues to improve, the application of arthroscopy in fracture care
may become more accessible for surgeons planning to use
these techniques.
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Summary

Intra-articular calcaneal fractures are morbid injuries with
well-documented complications associated with both opera-
tive and nonoperative management strategies. There appears
to be some agreement that Sanders type I fractures are best
managed nonoperatively, and that Sanders type IV fractures
should be managed operatively with ORIF or primary subtalar
fusion in the appropriate patient. Any open fracture or fracture
pattern that places the soft tissue envelope at risk for necrosis,
like the tongue-type fracture, should also undergo urgent sur-
gical management. The optimal management of other fracture
patterns within the Sanders and Essex-Lopresti classification
schemes, however, remains a topic of debate.

Operative management appears to be beneficial in
patients where anatomic restoration is possible, and recent
literature has focused on minimally invasive approaches and
trended toward improved outcomes with surgical manage-
ment in comparison to nonoperative treatment. These surgi-
cal advancements in approaches have allowed for decreased
wound and infectious complications in operative treatment
of intra-articular calcaneal fractures without compromise of
patient outcomes. At this time, however, further studies are
needed to clarify specific operative indications and to deter-
mine the ideal surgical approach for displaced intra-articular
calcaneal fractures when operative management is indicated.

Ethics Approval

Ethical approval was not sought for the present study as no patients
or cadaveric specimen were involved in this review article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.
ICMIE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Paul R. Allegra, MD,  https://orcid.org/0000-0003-3329-7050
Sohil S. Desai, BA, ( https://orcid.org/0000-0001-8225-5100
Christopher Edward Gross, MD, https://orcid.org/0000-0002-
4740-3902

References

1. Agren PH, Wretenberg P, Sayed-Noor AS. Operative versus
nonoperative treatment of displaced intra-articular calcaneal
fractures: a prospective, randomized, controlled multicenter
trial. J Bone Joint Surg Am. 2013;95(15):1351-1357.

2. Amlang M, Zwipp H, Pompach M, Rammelt S. Interlocking
nail fixation for the treatment of displaced intra-articular cal-
caneal fractures. JBJS Essent Surg Tech. 2017;7(4): e33.

3. Basile A. Operative versus nonoperative treatment of displaced
intra-articular calcaneal fractures in elderly patients. J Foot
Ankle Surg. 2010;49(1):25-32.

11.

13.

14.

15.

16.

17.

18.

20.

21.

. Buckley R, Tough S, McCormack R, et al. Operative compared

with nonoperative treatment of displaced intra-articular calca-
neal fractures: a prospective, randomized, controlled multicen-
ter trial. J Bone Joint Surg Am. 2002;84(10):1733-1744.

. Buckley RE, Tough S. Displaced intra-articular calcaneal frac-

tures. J Am Acad Orthop Surg. 2004;12(3):172-178.

. Burdeaux BD Jr. Fractures of the calcaneus: open reduction

and internal fixation from the medial side a 21-year prospec-
tive study. Foot Ankle Int. 1997;18(11):685-692.

. Carr JB. Mechanism and pathoanatomy of the intraarticular

calcaneal fracture. Clin Orthop Relat Res. 1993;290:36-40.

. Clare MP, Lee WE 3rd, Sanders RW. Intermediate to long-

term results of a treatment protocol for calcaneal fracture mal-
unions. J Bone Joint Surg Am. 2005;87(5):963-973.

. Csizy M, Buckley R, Tough S, et al. Displaced intra-articular

calcaneal fractures: variables predicting late subtalar fusion.
J Orthop Trauma. 2003;17(2):106-112.

. de Vroome SW, van der Linden FM. Cohort study on the

percutaneous treatment of displaced intra-articular fractures
of the calcaneus. Foot Ankle Int. 2014;35(2):156-162.
DeWall M, Henderson CE, McKinley TO, et al. Percutaneous
reduction and fixation of displaced intra-articular calcaneus
fractures. J Orthop Trauma. 2010;24(8):466-472.

. Eastwood DM, Langkamer VG, Atkins RM. Intra-articular

fractures of the calcaneum. Part II: Open reduction and internal
fixation by the extended lateral transcalcaneal approach.
J Bone Joint Surg Br. 1993;75(2):189-195.

Epstein N, Chandran S, Chou L. Current concepts review:
intra-articular fractures of the calcaneus. Foot Ankle Int.
2012;33(1):79-86.

Essex-Lopresti P. The mechanism, reduction technique, and
results in fractures of the os calcis, 1951-52. Clin Orthop Relat
Res. 1993(290):3-16.

Fascione F, Di Mauro M, Guelfi M, et al. Surgical treatment of
displaced intraarticular calcaneal fractures by a minimally
invasive technique using a locking nail: a preliminary study.
Foot Ankle Surg. 2019;25(5):679-683.

Gardner MJ, Nork SE, Barei DP, et al. Secondary soft tissue
compromise in tongue-type calcaneus fractures. J Orthop
Trauma. 2008;22(7):439-445.

Gaskill T, Schweitzer K, Nunley J. Comparison of surgical
outcomes of intra-articular calcaneal fractures by age. J Bone
Joint Surg Am. 2010;92(18):2884-2889.

Goldzak M, Mittlmeier T, Simon P. Locked nailing for the
treatment of displaced articular fractures of the calcaneus:
description of a new procedure with Calcanail((R)). Eur J
Orthop Surg Traumatol. 2012;22(4):345-349.

. Gougoulias N, Khanna A, McBride DJ, Maffulli N. Manage-

ment of calcaneal fractures: systematic review of randomized
trials. Br Med Bull. 2009;92:153-167.

Gould N. Lateral approach to the os calcis. Foot Ankle. 1984;
4(4):218-220.

Griffin D, Parsons N, Shaw E, et al. Operative versus non-
operative treatment for closed, displaced, intra-articular frac-
tures of the calcaneus: randomised controlled trial. BMJ. 2014;
349: g4483.


https://orcid.org/0000-0003-3329-7050
https://orcid.org/0000-0003-3329-7050
https://orcid.org/0000-0003-3329-7050
https://orcid.org/0000-0001-8225-5100
https://orcid.org/0000-0001-8225-5100
https://orcid.org/0000-0001-8225-5100
https://orcid.org/0000-0002-4740-3902
https://orcid.org/0000-0002-4740-3902
https://orcid.org/0000-0002-4740-3902
https://orcid.org/0000-0002-4740-3902

Foot & Ankle Orthopaedics

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hansen JT, Netter FH. Netter’s clinical anatomy. 4th ed. Phi-
ladelphia, PA: Elsevier; 2014.

Harris RI, Beath T. Etiology of peroneal spastic flat foot.
J Bone Joint Surg Br. 1948;30B(4):624-634.

Herscovici D Jr, Widmaier J, Scaduto JM, Sanders RW, Wall-
ing A. Operative treatment of calcaneal fractures in elderly
patients. J Bone Joint Surg Am. 2005;87(6):1260-1264.

Hsu AR, Anderson RB, Cohen BE. Advances in surgical man-
agement of intra-articular calcaneus fractures. J Am Acad
Orthop Surg. 2015;23(7):399-407.

Ibrahim T, Rowsell M, Rennie W, et al. Displaced intra-
articular calcaneal fractures: 15-year follow-up of a rando-
mised controlled trial of conservative versus operative
treatment. Injury. 2007;38(7):848-855.

Jiang N, Lin QR, Diao XC, Wu L, Yu B. Surgical versus
nonsurgical treatment of displaced intra-articular calcaneal
fracture: a meta-analysis of current evidence base. Int Orthop.
2012;36(8):1615-1622.

Jin C, Weng D, Yang W, et al. Minimally invasive percuta-
neous osteosynthesis versus ORIF for Sanders type II and III
calcaneal fractures: a prospective, randomized intervention
trial. J Orthop Surg Res. 2017;12(1):10.

Kikuchi C, Charlton TP, Thordarson DB. Limited sinus tarsi
approach for intra-articular calcaneus fractures. Foot Ankle Int.
2013;34(12):1689-1694.

Kline AJ, Anderson RB, Davis WH, Jones CP, Cohen BE.
Minimally invasive technique versus an extensile lateral
approach for intra-articular calcaneal fractures. Foot Ankle Int.
2013;34(6):773-780.

Knight JR, Gross EA, Bradley GH, Bay C, LoVecchio F.
Boehler’s angle and the critical angle of Gissane are of limited
use in diagnosing calcaneus fractures in the ED. Am J Emerg
Med. 2006;24(4):423-427.

Mehta CR, An VVG, Phan K, et al. Extensile lateral versus
sinus tarsi approach for displaced, intra-articular calcaneal
fractures: a meta-analysis. J Orthop Surg Res. 2018;13(1):
243.

Miller MD, Thompson SR. Miller’s Review of Orthopaedics.
8th ed. Philadelphia, PA: Elsevier; 2019.

Nosewicz T, Knupp M, Barg A, et al. Mini-open sinus tarsi
approach with percutaneous screw fixation of displaced calca-
neal fractures: a prospective computed tomography-based
study. Foot Ankle Int. 2012;33(11):925-933.

Potter MQ, Nunley JA. Long-term functional outcomes after
operative treatment for intra-articular fractures of the calca-
neus. J Bone Joint Surg Am. 2009;91(8):1854-1860.

Radnay CS, Clare MP, Sanders RW. Subtalar fusion after
displaced intra-articular calcaneal fractures: does initial
operative treatment matter? J Bone Joint Surg Am. 2009;
91(3):541-546.

Rammelt S, Amlang M, Barthel S, Gavlik JM, Zwipp H. Per-
cutaneous treatment of less severe intraarticular calcaneal frac-
tures. Clin Orthop Relat Res. 2010;468(4):983-990.

Rammelt S, Gavlik JM, Barthel S, Zwipp H. The value of
subtalar arthroscopy in the management of intra-articular cal-
caneus fractures. Foot Ankle Int. 2002;23(10):906-916.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Randle JA, Kreder HJ, Stephen D, et al. Should calcaneal
fractures be treated surgically? A meta-analysis. Clin Orthop
Relat Res. 2000(377):217-227.

Razik A, Harris M, Trompeter A. Calcaneal fractures: Where
are we now? Strategies Trauma Limb Reconstr. 2018;13(1):
1-11.

Romash MM. Calcaneal fractures: three-dimensional treat-
ment. Foot Ankle. 1988;8(4):180-197.

Rubino R, Valderrabano V, Sutter PM, Regazzoni P. Prognos-
tic value of four classifications of calcaneal fractures. Foot
Ankle Int. 2009;30(3):229-238.

Sanders R. Displaced intra-articular fractures of the calcaneus.
J Bone Joint Surg Am. 2000;82(2):225-250.

Sanders R. Intra-articular fractures of the calcaneus: present
state of the art. J Orthop Trauma. 1992;6(2):252-265.
Sanders R, Fortin P, DiPasquale T, Walling A. Operative
treatment in 120 displaced intraarticular calcaneal frac-
tures. Results using a prognostic computed tomography
scan classification. Clin Orthop Relat Res. 1993(290):
87-95.

Sanders R, Vaupel ZM, Erdogan M, Downes K. Operative
treatment of displaced intraarticular calcaneal fractures:
long-term (10-20 Years) results in 108 fractures using a prog-
nostic CT classification. J Orthop Trauma. 2014;28(10):
551-563.

Schepers T, Vogels LM, Schipper 1B, Patka P. Percutaneous
reduction and fixation of intraarticular calcaneal fractures.
Oper Orthop Traumatol. 2008;20(2):168-175.

Simon P, Goldzak M, Eschler A, Mittlmeier T. Reduction and
internal fixation of displaced intra-articular calcaneal fractures
with a locking nail: a prospective study of sixty nine cases. Int
Orthop. 2015;39(10):2061-2067.

Sivakumar BS, Wong P, Dick CG, Steer RA, Tetsworth K.
Arthroscopic reduction and percutaneous fixation of selected
calcaneus fractures: surgical technique and early results.
J Orthop Trauma. 2014;28(10):569-576.

Snoap T, Jaykel M, Williams C, Roberts J. Calcaneus frac-
tures: a possible musculoskeletal emergency. J Emerg Med.
2017;52(1):28-33.

Song JH, Kang C, Hwang DS, Kang DH, Park JW. Extended
sinus tarsi approach for treatment of displaced intraarticular
calcaneal fractures compared to extended lateral approach.
Foot Ankle Int. 2019;40(2):167-177.

Swanson SA, Clare MP, Sanders RW. Management of intra-
articular fractures of the calcaneus. Foot Ankle Clin. 2008;
13(4):659-678.

Thordarson DB, Krieger LE. Operative vs. nonoperative treat-
ment of intra-articular fractures of the calcaneus: a prospective
randomized trial. Foot Ankle Int. 1996;17(1):2-9.

Tomesen T, Biert J, Frolke JP. Treatment of displaced intra-
articular calcaneal fractures with closed reduction and percu-
taneous screw fixation. J Bone Joint Surg Am. 2011;93(10):
920-928.

Tornetta P 3rd. Percutaneous treatment of calcaneal fractures.
Clin Orthop Relat Res. 2000(375):91-96.



Allegra et al

56.

57.

58.

59.

60.

van Tetering EA, Buckley RE. Functional outcome (SF-
36) of patients with displaced calcaneal fractures compared
to SF-36 normative data. Foot Ankle Int. 2004;25(10):
733-738.

Walters JL, Gangopadhyay P, Malay DS. Association of cal-
caneal and spinal fractures. J Foot Ankle Surg. 2014;53(3):
279-281.

Wang Q, Chen W, Su Y, et al. Minimally invasive treatment of
calcaneal fracture by percutaneous leverage, anatomical plate,
and compression bolts—the clinical evaluation of cohort of
156 patients. J Trauma. 2010;69(6):1515-1522.

Watson TS. Soft tissue complications following calcaneal frac-
tures. Foot Ankle Clin. 2007;12(1):107-123.

Wei N, Zhou Y, Chang W, Zhang Y, Chen W. Displaced intra-
articular calcaneal fractures: classification and treatment.
Orthopedics. 2017;40(6): €921-929.

61.

62.

63.

64.

Woon CY, Chong KW, Yeo W, Eng-Meng Yeo N, Wong MK.
Subtalar arthroscopy and fluorosocopy in percutaneous fixa-
tion of intra-articular calcaneal fractures: the best of both
worlds. J Trauma. 2011;71(4):917-925.

Wu Z, Su Y, Chen W, et al. Functional outcome of displaced
intra-articular calcaneal fractures: a comparison between open
reduction/internal fixation and a minimally invasive approach
featured an anatomical plate and compression bolts. J Trauma
Acute Care Surg. 2012;73(3):743-751.

Zhang W, Lin F, Chen E, Xue D, Pan Z. Operative versus
nonoperative treatment of displaced intra-articular calcaneal
fractures: a meta-analysis of randomized controlled trials.
J Orthop Trauma. 2016; 30(3): €75-81.

Zwipp H, Pasa L, Zilka L, et al. Introduction of a new locking
nail for treatment of intraarticular calcaneal fractures. J Orthop
Trauma. 2016;30(3): €88-92.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


