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AbstrAct
the treatment of displaced calcaneal fractures 

remains controversial.  Early surgical management 
to restore articular congruence and the structural 
function of the calcaneus is widely accepted as 
the best way to avoid the negative consequences 
of malunion. concerns remain however regarding 
the best approach for reducing and maintain-
ing reduction of these complex fractures, while 
minimizing the risk of surgical complications.  
the potential for serious wound complications 
is a major concern, particularly breakdown of 
the lateral calcaneal skin flap with the extensile 
lateral approach.  Various approaches have been 
developed to try and balance the need for direct 
reduction of the articular surface while minimizing 
the potential for wound complications.  Palmer 
originally described a laterally based approach 
through the sinus tarsi for direct visualization of 
the articular surface for reduction.  He and others 
have found this approach to be useful and reason-
ably safe.  At times, however, it may be necessary 
to extend the limits of a small incision over the 
sinus tarsi to treat adjacent fractures or to aid re-
duction in more complex fractures.  In addition, 
a limited sinus tarsi incision without elevation of 
the lateral calcaneal skin flap does not allow for 
plate fixation, a notable advantage of the extensile 
lateral approach, particularly in gaining reduction 
of the body of the calcaneus.  the authors have 
used an extended sinus tarsi approach to include 

placement of plate percutaneously beneath the 
lateral calcaneal skin flap through a sinus tarsi 
approach, and to treat adjacent fractures and soft 
tissue injuries.   A clinical series of 13 patients 
(including 7 chronic smokers and 1 with diabetes 
and vascular disease) with closed displaced intra-
articular calcaneal fractures (sanders types II and 
III) were treated by open reduction and internal 
fixation via this approach.  Adjacent fractures were 
treated through the same incision.  two patients 
developed wound complications.  No wound com-
plications occurred in smokers.

the vascular anatomy of the lateral calcaneal 
artery related to this approach was also studied 
with 16 cadaver legs. the lateral calcaneal artery 
(LcA) passed within 2 mm of the superior bor-
der of floor of the superior Peroneal retinaculum 
(sPr) at the midline of the peroneal sheath.

by avoiding dissection through the deep por-
tion of the sPr, the lateral calcaneal artery can 
be protected, thus preserving the blood supply to 
the lateral calcaneal skin flap.

INtroductIoN
Calcaneal fractures have long been recognized as a 

source of significant disability and remain one of the 
most difficult articular fractures to treat. There has 
historically been debate over the best approach for 
treating these fractures.1-4 The goal of operative treat-
ment of calcaneal fractures is to obtain the best possible 
reduction of the articular surfaces and restoration of the 
architecture of the non-articular portions of the bone, 
and to hold this reduction with stable internal fixation.5,6 
These goals must be balanced with the need to minimize 
the operative risks, especially the risk of wound healing 
complications. Operative and non-operative management 
have both been suggested for the acute treatment of 
calcaneal fractures, however it is generally accepted that 
in most cases operative treatment of displaced calcaneal 
fractures is warranted in order to avoid the negative 
consequences of malunion.2,6 Operative management 
can consist of reduction through an extensile open inci-
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sion, limited incision or percutaneous techniques.  Both 
lateral and medial approaches have been described, 
but the lateral approach allows direct exposure of the 
articular surface, while the medial approach is limited 
to reduction of the body. Various internal fixation tech-
niques have been described, but a laterally based plate 
is commonly accepted to give the most rigid fixation.7,8  
Since displaced calcaneus fractures present with various 
degrees of comminution and soft tissue trauma, it is 
advantageous for the calcaneal fracture surgeon to have 
a variety of methods of treatment to balance minimizing 
risks of wound complications against obtaining the best 
reduction possible.9 

The widely used lateral approach to the calcaneus, 
described by Letournel2 and popularized by Zwipp,4 
Atkins,10 Benirschke,11 and Sanders,6 has been termed, 
the extensile lateral approach.  This approach provides 
excellent direct exposure of the calcaneal body as with 
the medial approach while also providing direct exposure 
of the articular surface. The wide exposure allows the 
surgeon to place a lateral plate which gives rigid control 
of the body reduction with lag screw fixation through 
the plate into the medial sustentacular fragment.  This 
provides for reduction of the body fragment medially, 
even when extensive comminution of the lateral wall is 
present.2,6 This exposure relies on developing a lateral 
calcaneal flap that is supplied by the LCA which is the 
terminal branch of the peroneal artery.12 One drawback 
of this approach is the potentially catastrophic wound 
complications that can result in the need for a soft tis-
sue flap, or rarely below-the-knee amputation.13 Gupta 
et al. reported a series of patients who underwent open 
reduction and internal fixation of the calcaneus with 
a modification of the Palmer incision.14 This modified 
incision differed from the one that Palmer described 
by being placed more dorsally and oriented more longi-
tudinally like a typical approach to the sinus tarsi. This 
provided good exposure of the posterior facet, and unlike 
Palmer who used structural bone graft to support the 
articular reduction, they used internal fixation, consisting 
of interfragmentary compression screws. The authors 
obtained satisfactory reductions and minimal wound 
complications.

We describe an extensile sinus tarsi based approach, 
for open reduction of displaced calcaneal fractures that 
the senior author (J.F.) began using in 1999 based on 
the technique described by Gupta et al. for higher risk 
patients or those with concomitant fractures that could 
be addressed simultaneously.  It affords placement 
of a lateral plate subcutaneously by using retrograde 
subperiosteal elevation of the lateral calcaneal skin flap.  
Screw fixation into the body of the calcaneus is gained 

by percutaneous screw placement posteriorly.  In this 
way, direct reduction and rigid plate fixation is achieved 
as with the typical extensile lateral approach.  The 
advantage of this approach is that it can be easily and 
safely extended to address other injuries.  Proximally, 
the approach can be extended to include a directly lat-
eral approach to the distal tibia, fibula and syndesmosis, 
which we have previously described.15  Distally the talus, 
calcaneocuboid joint and cuboid are easily accessed, 
without undue risk to the sural or superficial peroneal 
nerve.  The protection of the lateral calcaneal artery is 
important to the success of the approach, as with the 
extensile lateral incision, and we also present a cadaver 
study to highlight the anatomy of the LCA relative to 
this surgical approach.

cLINIcAL cAsE sErIEs
We retrospectively reviewed thirteen patients who 

had undergone open reduction and lateral plate fixation 
without bone graft of closed displaced intraarticular 
calcaneus fractures using an extensile sinus tarsi ap-
proach. This approach was chosen at the discretion of 
the senior author (J.F.) in cases of patients at higher 
risk for wound complications such as smokers or those 
with concomitant injuries that could be treated from a 
lateral approach.  The surgeries were all performed by 
the senior author (J.F.) between February 1999 and June 
2002.  During the same time period, the senior author 
used the extensile lateral approach for isolated calcaneal 
fractures in other patients not deemed as high risk for 
wound complications.

Preoperative computed tomography scans were ob-
tained in all patients.  Fractures were classified according 
to the classification system described by Sanders.6 Six 
patients had type II-A fractures, three patients had type 
II-B fractures, three patients had type III-AB fractures, 
one patient had a type III-AC fracture.

There were 12 males and one female with an average 
age of 45.1 years (range from 26-71 years). The mecha-
nism of injury was a fall from a height in eight patients, 
motor vehicle accidents in three patients and snowmobile 
accidents in two patients. Seven patients were chronic 
smokers (average 1.5 packs per day). All were counseled 
to stop smoking. One patient had diabetes and vascular 
disease, with lateral calcaneal fracture dislocation im-
pacted into the lateral ankle gutter.  

Fixation was obtained using the following plates with 
screws: An Ace/Depuy titanium calcaneal perimeter plate 
in six patients, a Synthes calcaneal or cervical H-plate 
in five patients, and a Synthes 2.7 mm reconstruction 
plate in one patient. One patient had a calcaneal anterior 
process fracture with calcaneal-cuboid subluxation fused 
with a large staple.
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operative technique
For exposure of an isolated calcaneal fracture, the 

patient is positioned either in full lateral or semi-lateral 
position with a hip bump.  A skin incision is made lon-
gitudinally beginning 3cm above the tip of the lateral 
malleolus along the posterior border of the distal fibula.  
At the tip of the fibula, the incision is directed toward the 
base of the fourth metatarsal. This is carried distally to 
the level of the calcaneal-cuboid joint. The incision lies 
in a plane between the superficial peroneal nerve and 
the sural nerve. In this manner, both nerves can be left 
untouched within the subcutaneous fat. The dorsal com-
municating branch of the sural nerve may cross the field 
distally but is usually small in size and easily retracted. 
In some circumstances, the branch might be more 
proximal in the field and if necessary, it can be sharply 
transected near the point at which it branched from the 
sural nerve. The incision is deepened by mobilizing the 
sinus tarsi fat pad dorsally. The intermediate root of the 
inferior extensor retinaculum (IER) can be released 
too to gain better exposure of the fracture line passing 
obliquely through the angle of Gissane. The extensor 
digitorum brevis (EDB) muscle is sharply elevated off 
of the anterior process with the lateral root of the IER, 
and reflected dorsally and distally. 

The peroneal tendons are retracted laterally between 
the superior peroneal retinaculum and IPR and the in-
ferior peroneal retinaculum is released off of the bone 
to expose the lateral calcaneal wall down to the anterior 
process.  The subcutaneous tissues overlying the pero-
neal tendons are left untouched which also preserves 
the sural nerve. With the anterior calcaneus and sinus 
tarsi exposed, the peroneal tendons below the SPR are 
retracted with a freer elevator placed along the lateral 
wall of the calcaneus and sharp dissection is used to 
perform retrograde subperiosteal elevation of the soft 
tissues off of the lateral calcaneus and proceeding to the 
tuberosity.  Insertion of a broad elevator can enhance 
the retraction by placing the soft tissues under tension 
thus facilitating sharp elevation off of the lateral wall 
of the calcaneus.  Care is taken to make sure that the 
elevator is not placed into the fracture, but lateral to the 
lateral wall fragment.  The CFL can be transected initially 
when oriented more vertically.  When the calcaneal in-
sertion is elevated with the entire lateral calcaneal soft 
tissue flap, it remains in its anatomic relationship to the 
surrounding soft tissues and later reduces back to the 
calcaneus.  It can later be re-approximated with a single 
stitch if desired.  We have not done this uniformly.  The 
SPR is opened if it requires repair or if inspection of the 
peroneal tendons warrants this.  An anatomic repair can 
be performed.  Care is taken to avoid any dissection of 

the floor of the SPR.  Our cadaveric study shows that 
this inherently protects the LCA, which passes deep to 
and just along the proximal border of the SPR. 

At this point, excellent direct visualization of the artic-
ular surface of the posterior facet is possible. Tilting the 
bed into Trendelenberg position and allowing the foot to 
invert over a cloth bump aids in visualizing the subtalar 
joint. The interosseous talo-calcaneal ligament (ITCL) 
could be transected, which allows the medial articular 
fragment to be better visualized by tipping into varus.  
This can aid visualization of the articular surface, but we 
avoid this in most cases because of the importance of this 
ligament as a primary stabilizer of the subtalar joint. It is 
possible that joint instability may result and could add to 
the chance of post-traumatic arthritis.  A 4.5mm Shantz 
pin or a half ring with crossed tensioned olive wires can 
be used for traction and control of the tuberosity. The 
fracture is mobilized, comminution and interposed soft 
tissues are debrided and provisional reduction of the 
articular surface and body is held with K-wires. The 
fracture is typically reduced from anterior to posterior.  
The anterior process is reduced to the sustentaculum 
fragment, the lateral articular fragment(s) are reduced 
and pinned and the tuberosity is loosely reduced and 
provisionally pinned from posteriorly with pins into the 
sustentaculum or anterior process.  An initial lag screw 
is placed across the posterior facet fracture lagging 
the joint fragments. Satisfactory articular reduction is 
gained and confirmed clinically and fluoroscopically 
with lateral, axial heel and Broden’s views. Next a lateral 
plate is placed beneath the internally elevated soft tissue 
flap, and directly fixed to the anterior calcaneus and the 
articular fragments. The plate is not contoured and the 
lateral wall fragment typically reduces into the body 
of the calcaneus with lagging of the plate to the stable 
medial fragment.  This creates a smooth lateral surface 
which is less likely to create impingement on the pero-
neal tendons.  The screws for fixation to the tuberosity 
are placed percutaneously. Fluoroscopy can be utilized, 
but a small right angle hemostat can also be used to 
localize the holes for the percutaneous screws by visu-
alizing the holes in the plate directly with retraction of 
the lateral soft tissues. Once the fixation is complete and 
final fluoroscopic or x-ray images obtained, the wound 
is thoroughly irrigated and the EDB and sinus tarsi fat 
pad reduced and sutured with absorbable sutures. The 
CFL can be repaired if desired. The skin is closed in two 
layers with 3-0 or 4-0 absorbable sutures and the skin 
with Nurolon. A gauze dressing is placed with a bolster, 
and a dressing of ABD pads is placed over the foot and 
ankle with an A-O style splint16 using modest molding 
over the lateral wall to augment compression. The heel 
portion of the foot plate is left long to suspend the heel.
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After the second case in the series, which was com-
plicated by a wound hematoma, a small closed suction 
drain was placed into the wound and brought out dis-
tally. The drain in our series was removed 24-48 hours 
postoperatively and wounds were examined on the 
second postoperative day. We currently do not suture 
the drains and we remove them at 24 hours through 
the dressing.  Exposure and reductions are performed 
under tourniquet control.

All patients begin motion once the incision is well 
healed and the sutures are removed, which is usually  
2 ½  - 3 weeks postoperatively.  They remain non-weight 
bearing for 10-12 weeks.

rEsuLts
clinical case series

Four patients underwent ORIF with concurrent 
primary subtalar arthrodesis. Three were smokers and 
had fractures types III-AB, III-AC. In these cases, the 
articular surface damage was deemed to be too severe 
to warrant ORIF alone.  Six patients underwent concur-
rent peroneal sheath and/or tendon reconstruction, six 
patients underwent concomitant lateral ankle ligament 
reconstruction, two patients underwent concurrent open 
reduction and internal fixation (ORIF) of a talar neck and 
head fracture respectively, and two patients underwent 
concurrent ORIF of fibular fractures. 

The average length of follow-up time was 19 (range 
from 2-41) months, excluding one patient who under-
went subsequent below-knee amputation six weeks 
post-operatively. Of those patients who did not undergo 
primary subtalar arthrodesis, postoperative radiographs 
with Broden’s views revealed articular reduction within 
two millimeters. Postoperative measurement of Bohler’s 
angle averaged 29 (range 25-36) degrees and Gissane’s 
angle averaged 131 (range 122-150) degrees (Figure 1). 
These angles were in the ranges of normal population.17,18

Eleven patients healed their soft tissues uneventfully 
by three weeks. One patient had peripheral vascular 
disease and diabetes with a severely displaced lateral 
calcaneal fracture-dislocation into the lateral gutter of 
the ankle joint with significant fibular comminution. 
The patient had normal pain sensation and was given 
the option of surgery due to the severe injury to both 
the ankle and subtalar joints. This patient’s postopera-
tive course was complicated by wound dehiscence and 
infection, which was salvaged with a below-knee amputa-
tion. One patient sustained a lateral wound dehiscence 
due to a hematoma. It healed uneventfully after surgical 
debridement, closure and subsequent local care. After 
this episode, a medium hemovac drain was placed intra-
operatively in all remaining patients with no subsequent 
wound healing complications.  

figure 1. Post-operative lateral and hindfoot alignment views demonstrating restoration of the calcaneus. (A) 1; crucial angle of Gissane (b) 
2; calcaneal width 3; tibio-calcaneal angle.
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cadaveric study of the Lateral calcaneal Artery in 
relation to the Modified sinus tarsi Approach

Sixteen lower extremity cadaver specimens were 
obtained through the University of Michigan Medical 
School Anatomic Donations program. The popliteal 
artery was cannulated with intravenous tubing and the 
arterial system was manually injected with silicone-
based dye solution after cleansing with saline solution.  
Specimens were frozen overnight after allowing the dye 
to disseminate and consolidate.

After allowing the specimens to thaw, the extensile 
sinus tarsi approach was performed.  The superficial 
portion of the SPR was divided, but the deep portion 
was preserved.  The anterior flap was mobilized to the 
ankle to facilitate the photographic demonstration of the 
anatomy.  After transection and removal of the peroneal 
tendons within the tendon sheath, the superior border of 
the deep fibers of the superior peroneal retinaculum was 

identified (Figure 2). The floor of the peroneal tendon 
sheath above the superficial peroneal retinaculum was 
transected longitudinally and the underlying posterior 
peroneal artery branch, or lateral calcaneal artery (LCA) 
was identified (Figure 3).  

Three measurements were made to define the loca-
tion and orientation of the LCA relative to the superior 
border of the deep portion of the SPR. The first was the 
distance from the superior margin of the floor of the 
SPR, at the fibular attachment, to the point where the 
LCA emerged from the posterior margin of the fibula. 
The second measurement was made at the midline of 
the floor of the SPR. The third measurement was taken 
where the LCA crossed the posterolateral margin of 
the SPR.  

The LCA was seen to consistently emerge from the 
posterior lateral edge of the fibula proximally and course 
distally behind the deep portion of the peroneal tendon 

figure 2. Lateral ankle and hindfoot with incision markings for extensile sinus tarsi approach (A).  Lateral Malleolus (LM) is dashed line. 
Lateral ankle ligaments and subtalar joint with peroneal tendons reflected.  (b).

figure 3. (A) deep dissection of lateral ankle and hindfoot. Posterior facet of calcaneus is exposed after release of the cfL. Markers denote 
proximal border of superior peroneal retinaculum. Note wire passed subcutaneously indicating extent of subperiosteal elevation that can be 
performed for lateral plate fixation. (b) Identification of lateral calcaneal artery deep to deep fibers of superior peroneal retinaculum.  A marker 
is positioned at the posterior border of distal fibula indicating the surperior margin of the floor of the sPr.
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sheath superior to the SPR. Three orientations of the 
LCA were noted as it passed distally: vertical, oblique 
and horizontal.

The LCA was found to emerge from the posterior 
fibular border an average of 10.6 (range from 2 to 23) 
millimeters proximal to the superior border of the deep 
fibers of the SPR. At the midline of the peroneal sheath, 
the average distance from the LCA to the SPR was 2.0 
(range from 0 to 4) millimeters.  In all specimens, the 
LCA traversed directly posterior to the lateral border of 
the deep portion of the SPR.

dIscussIoN
Various other open approaches have been described 

in treating calcaneus fractures.  They include the ex-
tensile lateral approach, medial approach,19 combined 
lateral and medial approach,20 sinus tarsi approach21 and 
limited posterolateral approach.22 Palmer in 1948 initially 
described his lateral sinus tarsi approach with structural 
bone grafting beneath the depressed articular fragment.3 
Essex-Lopresti in 1952 used a small sinus tarsi incision 
to elevate depressed joint fragments with Steinman pin 
fixation.1 These authors highlighted the value of direct 
access to the articular fracture for reduction.   

The essential principles of reduction have endured.  
The goal of treatment is to achieve anatomic reduction of 
the articular surface of the subtalar joint and reduction 
of the tuberosity.  With improvements in implants over 
time, rigid fixation with plates and screws has replaced 
bone grafting and percutaneous pinning as the usual 
method of maintaining reduction, with many authors 
favoring a lateral plate fixation.

Good to excellent clinical results have been published 
in patients undergoing open reduction and internal 
fixation with the extensile lateral approach, however 
high wound complication rates are reported.13,23,24 They 
include superficial epithelial necrosis, full-thickness skin 
sloughing, deep purulent infections and osteomyelitis. 
In a retrospective study by Abidi and Conti et al., risk 
factors included single layered closure, high body mass 
index, extended time between injury and surgery, and 
smoking.23 Folk et al. found that smoking, diabetes, and 
open fractures all increase the risk of significant wound 
complications and are cumulative.13

Past anatomic studies supported the conclusion that 
division of the LCA can lead to ischemia of the lateral 
calcaneal skin flap.  It extended distally curving around 
the lateral malleolus and anteriorly supplying the poste-
rior and inferior portions of the fasciocutaneous flap of 
the extensile lateral approach.  Freeman et al. described 
in a study that the LCA passed at a mean of 31 mm. 
posterior to the lateral malleolus on a line from it to the 
insertion of the calcaneal tendon, at an average of 15 
mm. anterior to the tendon.25 Borrelli et al. studied the 
vascularity of the lateral calcaneal flap and concluded that 
the lateral calcaneal artery was found to be responsible 
for the majority of the blood supply to the corner of the 
flap.12 They found that it emerged from the deep fascia 
of the leg 15 mm proximal to the tip of the lateral mal-
leolus and 33 mm posterior to the posterior edge of the 
fibula and 11.5 mm anterior to the anterior edge of the 
Achilles tendon. They stated that the posterior vertical 
portion of the typical extensile lateral incision placed 
the LCA at risk to injury, which could lead to possible 
wound complications.

In a similar fashion we found the LCA to be at risk 
with this extended sinus tarsi approach if at the proxi-
mal edge of the floor of the SPR. The description of the 
relationship of the LCA to the SPR provides an identifi-
able landmark for this extended sinus tarsi approach.  
By avoiding dissection through the deep portion of the 
SPR, the LCA can be protected, thus preserving the 
blood supply to the lateral calcaneal skin flap. We have 
found that it is not clinically necessary to extend the 
deep dissection this far proximally as the exposure of the 
posterior subtalar articular surface is excellent with divi-
sion of the CFL alone. It could be tempting, however, to 
carry the deep dissection farther proximally as it would 
provide even wider access to this area.

In conclusion, the extended sinus tarsi approach 
provides good exposure to the calcaneus for reduction 
and fixation and also provides exposure for concomitant 
treatment of injuries to the lateral ankle and talus. The 
incision can be extended to allow access to the distal 
tibia and fibula, talus and the lateral column of the foot.
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