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ABSTRACT

BACKGROUND: Open reduction and internal fixation (ORIF) of calcaneal fractures using an 

extended lateral approach results in soft tissue disruption and theoretically subtalar joint stiffness. 

A minimally invasive sinus tarsi approach for posterior facet exposure and percutaneous screw 

fixation of the calcaneal body has been implemented. This report details the reduction and 

stability of the internal fixation resulting from this approach.

METHODS: Twenty-one consecutive patients (18 male, 3 female, 45 ± 16 years) with 22 calcaneal 

fractures underwent ORIF with minimal exposure through the sinus tarsi for reduction, lateral plate 

fixation, and percutaneous screw fixation. There were nine Sanders type II fractures and 13 type III 

fractures. Sixteen fractures had calcaneocuboid joint involvement. Nineteen patients (19 fractures) 

were available for follow-up (mean, 32 ± 14 months). Two computed tomography scans were 

obtained on each patient, one immediately postoperatively and one after a minimum of 1 year, to 

evaluate reduction and fixation stability, respectively. The posterior facet and calcaneocuboid joint 

were graded excellent, good, fair, or poor, according to articular step, defect, and angulation. Any 

change was considered loss of stability. Similarly, on a conventional two-dimensional radiograph, 

more than 5 degrees of Böhler’s angle difference was defined as loss of calcaneal height.

RESULTS: Postoperative posterior facet and calcaneocuboid joint reduction was good (step < 

1 mm, defect < 5 mm, angulation < 5 degrees) or excellent (no step, defect, angulation) in 14/22 

(64%) and 11/16 fractures, respectively. At follow-up, no loss of reduction at the posterior facet and 

calcaneocuboid joint was noted. More than 5 degrees of Böhler’s angle decrease was found in 

three patients.

CONCLUSION: Even complex calcaneal fractures can be sufficiently exposed by a minimally 

invasive sinus tarsi approach for anatomic reduction and stable fixation. Most patients had good or 

excellent functional results, which may have resulted from minimal soft tissue disruption.

LEVEL OF EVIDENCE: IV, case series

KEY WORDS: Calcaneal fracture; Computed Tomography; mini – open; reduction quality; sinus 

tarsi approach; stability
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INTRODUCTION

Calcaneal fractures are disabling injuries that occur predominantly in young patients, with a 

consequently high socioeconomic impact.4,6,20,39 Calcaneal fractures are typically comminuted, 

intra-articular joint compression injuries with a loss of native hindfoot architecture.26 

Anatomic reduction of the posterior facet of the subtalar joint is critical to successful 

outcomes,5,9,14,17,24,25,31,35 and efforts have been made to restore calcaneal geometry.42 

Despite progress in diagnosis and treatment, long-term outcomes may still be poor.19,39 The 

use of an extensile lateral approach has gained popularity over the past 20 years.5,13,19,30,42 

Despite meticulous fasciocutaneous flap preparation and peroneal tendon retraction, anatomic 

posterior facet reduction may be difficult.5,9,25,30,35 Furthermore, subperiostal flap preparation 

separates the lateral wall fragment from surrounding soft tissues, which may destroy the 

calcaneal vascularization.1,3 This may explain some of the poor outcomes after open reduction 

and internal fixation (ORIF) regardless of the reduction. Stiffness of the subtalar joint13,19 and soft 

tissue discomfort, including dysfunction of peroneal tendons,30 are often the most debilitating. A 

minimally invasive exposure of the calcaneal posterior facet through a limited sinus tarsi approach 

has thus been proposed to visualize and restore the posterior subtalar joint. Various techniques 

have been suggested for fixation, such as the use of a screw and plate for percutaneous, semi- 

and mini-open fixation.7,10−12,17,27,33,34,36,37,41 These techniques have not been evaluated for 

the quality of reduction and stability of internal fixation. Our clinic recently adopted use of the 

mini-open approach through the sinus tarsi with percutaneous screw fixation. The aim of this 

report was; (a) to assess the quality of reduction; (b) to assess whether the stability of fixation can 

withstand physiologic forces until bone healing has occurred; and (c) to evaluate the short-term 

clinical outcome.

MATERIALS AND METHODS

In this prospective, computed tomography–based analysis of consecutive patients between 

January 2006 and May 2010, 23 displaced intra-articular calcaneal fractures (22 patients) were 

treated with the use of a minimally invasive approach through the sinus tarsi. One patient 

who suffered from a crush injury to the lower leg, resulting in an atypical open talocalcaneal 

subluxation fracture with a fibular fracture, was excluded. In the remaining 21 patients (male, 18; 

female, 3; mean age, 45 ± 16 years; range, 16 to 74), the calcaneal fracture occurred after a fall in 

20 patients and after a motor vehicle accident in one patient. According to Sanders’ computed 

tomography (CT) classification,30 there were nine type II fractures and 13 type III fractures. The 

calcaneocuboid joint (CCJ) was involved in 16 fractures. Sixteen patients had an isolated calcaneal 

fracture, whereas five patients sustained additional injuries: fractures of the spine (two patients, 

both conservatively treated), fracture of the upper extremity (one patient, conservatively treated), 

and fractures of the lower extremity excluding the ipsilateral ankle hindfoot complex (two 

6
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patients, both operatively treated). In total, 19 patients with 19 calcaneal fractures were available 

for follow-up (CCJ involvement occurring in 14 fractures). One patient moved abroad and was 

not available; another patient (bilateral calcaneal fracture) could not be contacted. Mean clinical 

follow-up was 32 ± 14 (range, 12 to 51) months and mean radiological follow-up was 26 ± 14 

(range, 12 to 50) months. Mean time between injury and operation was 8 ± 3 (range, 3 to 15) days.

RADIOLOGICAL EVALUATION

Preoperative evaluation of the calcaneal fracture was done by lateral and anteroposterior 

radiographs and CT (Figure 1A). Postoperatively, and thereafter at regular clinical follow-up, 

standard radiographs were used to assess fracture healing and calcaneal geometry. Axial CT 

(0.4 mm width; 0.85 pitch; radiation source settings, 200 mA and 120 kV) with multiplanar 

reconstruction was performed postoperatively and after a minimum of 1 year (Figure 1C) to assess 

the reduction of the posterior facet and CCJ according to articular step, defect, and angulation17 

(Table 1).

Table 1. CT evaluation of reduction.

Posterior Facet Step (mm) Defect (mm) Angulation (degrees)

Excellent None None None

Good < 1 < 5 < 5

Fair 1 – 3 5 – 10 5 – 15

Poor ≥ 3 ≥ 10 ≥ 15

Calcaneocuboid joint Step (mm) Defect (mm) Angulation (degrees)

Good None None None

Fair < 1 < 5 < 5

Poor ≥ 1 ≥ 5 ≥ 5

To evaluate the CCJ, axial images were taken parallel to the sole of the foot. Coronal images were 

reconstructed at an angle of 60° to optimize the view of the posterior facet. The stability of internal 

fixation was evaluated by comparing the CT data obtained at the follow-up with that obtained 

in the postoperative CT. Any change was defined as secondary loss of reduction. Similarly, lateral 

radiographs were used to measure Böhler’s angle.26 The loss of sagittal reduction (i.e., calcaneal 

height) was defined as a change of more than 5°.41

Finally, the presence of subtalar joint and CCJ osteoarthritis was determined on lateral and 

anteroposterior radiographs as follows: grade 0: normal joint space, no degenerative changes; 

grade 1: normal joint space, subchondral sclerosis osteophytes and/or cysts; grade 2: narrowing 

of joint space, subchondral sclerosis osteophytes and/or cysts; and grade 3: complete loss of joint 

space.15,24 The settings for the radiation source in the lateral and anteroposterior (AP) views were 4 

mA and 60 kV and 3.2 mA and 57 kV, respectively.



109

Sinus tarsi approach

Figure 1. a Preoperative CT of a 16-year-old male showing a Sanders type III calcaneal fracture sustained after a 
fall from 5 m. b Intraoperative fluoroscopy of same patient as a showing a small step at the posterior facet (arrow). 
c CT imaging of the same patient as in a and b. Postoperative CT (left) shows adequate fracture reduction. A small 
step (< 1 mm) was seen at the posterior part of the posterior facet (arrow). CT after 1 year (right) shows stability of 
the internal fixation. The remaining posterior facet was reduced anatomically (arrow). Three years following sur-
gery, this patient scored the maximum AOFAS hindfoot score and was highly satisfied with the operative results.

a

c

b

6
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In the lateral view, the beam was centered on the medial malleolus; in the AP view, it was 

centered on the medial cuneiform bone. The beam was parallel to the floor in the lateral view and 

inclined 15° caudocranial in the AP view. The film focus distance in both was 120 cm. Follow-up 

radiographs were taken in a weight-bearing stance, with the affected feet bearing approximately 

50% of the total weight. All radiographs and CT scans were performed by specialized technicians 

certified for musculoskeletal imaging to ensure the standardized technique. Radiological 

evaluations were performed by a board-certified, independent radiologist who was not involved 

in patient care and blinded from other clinical results.

CLINICAL EVALUATION

The American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot score was used for 

evaluation of function.16 Results were graded excellent for > 90 points, good for > 80, fair for > 

70, and poor when ≤ 70.41 Range of motion at the subtalar joint was assessed by comparing the 

injured foot to the contralateral side. Pain was assessed using a visual analog scale (VAS), ranging 

from 0 (no pain) to 10 (maximum pain). Additionally, a careful physical examination was performed 

to identify any local sensitivity, such as scar irritation, sensory neurological deficit, and tenderness.

Figure 2. Intraoperative view, showing the lateral plate and the posterior facet of the subtalar joint, facilitated 
by joint distraction.
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OPERATIVE PROCEDURE

Surgery was performed under general or spinal anesthesia and under antibiotic prophylaxis. The 

patient was placed in a lateral position with a tourniquet at the thigh. The calcaneal fracture was 

approached through a 3- to 5-cm incision over the sinus tarsi (Figure 2). After evacuation of any 

hematoma, the fracture at the articular surface site was inspected and the lateral rim was carefully 

exposed. A special distractor (Integra, Plainsboro, NJ) over 2.5-mm K-wires, one inserted in the 

lateral talar body and another in the tuberosity fragment, was used to restore the appropriate 

length and height of the fractured calcaneus (Figure 2). The position of the distractor was adjusted 

to the fracture pattern and displacement. In general, the distractor was placed approximately 45° 

to the longitudinal axis of the tibia.

If necessary, a medial fragment could be directly reduced through the incision. The impacted 

and subsided posterior facet fragment was then disimpacted, elevated, and temporarily fixed 

with a K-wire against the medial fragment, using the undersurface of the talus as a template. 

Any intermediate fragments were reduced first. A standard 2.4-mm plate (Synthes, Oberdorf, 

Switzerland) was used for stabilization along the lateral articular rim (Figure 3a). Attention was then 

turned to the reduction of the angle of Gisanne, the anterior process, and the CCJ. In general, the 

reduction did not vary between joint depression and tongue-type fractures. Horizontal tongue-

type fracture lines were reduced simultaneously with the reduction of the posterior facet, and 

thereafter fixed with percutaneously placed screws. The calcaneal body and tuberosity fragment 

were typically reduced by following the principles of ligamentotaxis.32 If not, percutaneous 

manipulation, via insertion of a 5-mm Schanz screw in the tuberosity fragment, was used to 

reduce this fragment and to correct any varus deformity.

Finally, two fully threaded 5.5-mm screws (Qwix, Integra, Plainsboro, NJ) were inserted 

percutaneously from the posterior part of the heel to the anterior process to maintain length and 

height of the calcaneus. Depending on the specific fracture type, one or two more screws were 

directed cranially toward the posteromedial and posterolateral fragments, fixing these to the 

tuberosity fragment and serving as additional support for the posterior facet (Figure 3b and 3c).2 

No bone graft was used in any patient.

6



112

Chapter 6

Figure 3. Fracture fixation. a Calcaneal model (lateral view), showing plate fixation, contoured along the poste-
rior facet. b Calcaneal model (posteromedial view), showing the (percutaneously) placed tuberosity screws and 
lateral plate screws. The latter ones exit medially at the level of the sustentaculum tali (arrow). c Final outcome 
on postoperative lateral weight-bearing radiography.

a

b

c
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In the case of a comminuted anterior process fracture, fixation with an additional small plate 

or screws was considered. In severely comminuted Sanders type III fractures of the calcaneal 

body, a second plate was inserted through the existing exposure in a direction perpendicular 

to the first plate and then fixed distally by percutaneous screws. Fluoroscopy was used for the 

entire procedure (Figure 1b). The wound was closed with interrupted sutures and a splint was 

applied. Postoperatively (within 2 days) a venous pump system was used to apply compression 

and continuous passive motion for dorsiflexion and plantarflexion and pronation and supination. 

During the first 8 weeks, the foot was protected by a walking boot (Vacoped, Cham, Switzerland) 

and partial weight-bearing (up to 15 kg) was allowed. When not using the walking boot, a splint 

was applied to keep the foot in a plantigrade position (90°). Thereafter, loading was increased until 

full weight-bearing was tolerated, usually 10 to 12 weeks postoperatively. Clinical and radiological 

assessments were done at 8 weeks, 4 months, and 1 year.

STATISTICAL ANALYSIS

Statistical data analysis was performed with SPSS 17.0 (SPSS Inc., Chicago, IL). For categorical data, 

frequencies were reported. In the case of normal distribution, comparison of preoperative and 

postoperative data was performed with the two-tailed Student t-test. The level of significance was 

set at p ≤ .05.

RESULTS

RADIOLOGICAL RESULTS

Postoperatively, reduction of the posterior facet was graded excellent in 5/22 (23%), good in 9/22 

(41%), fair in 6/22 (27%), and poor in 2/22 (9%). CCJ reduction was graded good in 11/16, fair in 

2/16, and poor in 3/16. On CT evaluation, loss of reduction at the posterior facet or CCJ between 

postoperative and follow-up control was not found in any case (Figure 4). In the follow-up CT, 

bony filling of osseous defects that postoperatively extended up to the articular surface was seen 

in four patients. This resulted in improvement of posterior facet reduction in two patients (once 

from fair to good and once from good to excellent) and CCJ reduction in two patients (both from 

fair to good) (Figure 5).

6
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Figure 4. From left to right: preoperative, postoperative, and follow-up coronal CT reconstructions showing 
quality of reduction and stability of internal fixation in three patients (a–c).

a

b

c



115

Sinus tarsi approach

Figure 5. Postoperative and follow-up CT imaging showing bony filling of osseous defects extending up to the 
articular surface (arrows) of the posterior facet (a, b) and calcaneocuboid joint (c, d).

At follow-up, 12 patients showed no signs of osteoarthritis at the posterior facet (grade 0), whereas 

two patients showed grade 1 and four patients showed grade 2. At the CCJ, 13 patients showed 

no signs of osteoarthritis (grade 0) and one patient showed grade 2. In total, seven out of eight 

fractures with poor or fair reduction were classified as Sanders type III. Böhler’s angle was restored 

from 15° ± 9° (range, 0° to 30°) preoperatively to 29° ± 8° (range, 21° to 50°) postoperatively (p = 

.000). Loss of more than 5° of Böhler’s angle between postoperative and follow-up was found 

in three patients (Figure 6). In the first patient, who also suffered from diabetes, loss of calcaneal 

height was detected at the 4-month radiograph. In the remaining two patients, the subtalar joint 

subsided at its posterior site along a vertical tuberosity fracture. Loss of calcaneal height was 

detected at 1-year control in both.

a b

dc
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Figure 6. Loss of calcaneal height (i.e., Böhler’s angle decrease of >5°) on follow-up (weight-bearing). a following 
a breach (arrow). b following a non-addressed vertical tuberosity fracture, resulting in talar impression into the 
tuber (arrow). c following intraoperative longitudinal screw removal because of anterior process displacement, 
resulting in posterior facet subsidence along a vertical fracture line (arrow).

CLINICAL RESULTS

The AOFAS hindfoot score at follow-up was 86 ± 12 (range, 57 to 100) points (Table 2), including 

the arthrodesis patient (total of 84 points). Excellent results were found in 9/19 patients, good in 

7/19, fair in 1/19, and poor in 2/19. At follow-up, according to the AOFAS hindfoot score, normal or 

slight restriction of subtalar joint range of motion (i.e., more than 75%) was found in 5/18 patients 

when compared with the contralateral side. Moderate restriction (25% to 50%) was found in 8/18 

patients and marked restriction (less than 25%) in 5/18 (excluding the patient with arthrodesis).

a

b

c
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Mean baseline VAS pain was 0.8 ± 1.1 (range, 0 to 4), and mean VAS pain at stress was 3.5 ± 2.7 

(range, 0 to 9). At final follow-up, no sensory or neurological deficits, scar problems, or tenderness 

were noted. Seventeen patients were highly satisfied and two patients were satisfied.

Table 2. Clinical outcome according to the American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot 
score.

AOFAS Mean ± SD Range

Pain 34.7 ± 7.0 20 – 40

Function 43.6 ± 6.0 27 – 50

Alignment 8.4 ± 2.9 0 – 10

Total 86.2 ± 12.1 57 – 100

Note: Best possible scores for pain, function, alignment, and total score are 40, 50, 10, and 100, respectively.

Postoperatively, 3/21 patients (14%) developed a superficial wound infection. Treatment was 

performed with intravenous antibiotics in all three, and additional open debridement was 

performed in two patients. All three patients healed uneventfully within 2 weeks. One patient 

developed tarsal tunnel syndrome 1 week postoperatively, which was treated with tarsal tunnel 

release. One patient with a fair postoperative reduction of the posterior facet needed subtalar 

arthrodesis within 1 year. Hardware removal was performed in 11/22 fractures (50%) at a mean of 

13 ± 7 (range, 4 to 24) months postoperatively (in six patients because of plate complaints and in 

five because of prominent heel screws).

DISCUSSION

Despite limited exposure, the mini-open technique enabled good or excellent posterior facet 

reduction (i.e., < 1 mm of articular step, < 5 mm of articular defect, and < 5° of angulation) in 

14/22 fractures (64%). Reliable fracture reduction was obtained with a combined mini-open 

and percutaneous technique as supported by Gupta et al.,11 who found adequate anatomic 

posterior facet reduction on postoperative CT in a majority of patients. In contrast to Gupta et al. 

(19%),11 the present study included more Sanders type III fractures (13/22, 59%), which, as stated 

previously,29,30 were more difficult to reduce anatomically than type II fractures.

One reason for the better reduction and restoration of geometry may be the use of 

ligamentotaxis, because of the minimal stripping of periosteum and intact soft tissues. This 

allowed restoration of calcaneal geometry by applying distraction force to the ligaments attached 

to the fragments, directed in opposition to the initial fracture force.32 Furthermore, the minimal 

fracture exposure provided sufficient visual control to directly disimpact and reduce the articular 

fragments of the posterior facet. This may explain the favorable results as compared with solely 

percutaneous reduction methods.32 After posterior facet reduction and plate fixation, additional 

6
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percutaneous screw fixation, depending on the fracture type, was used to stabilize the calcaneal 

body.

At follow-up, no loss of posterior facet reduction was observed, indicating that the fixation 

technique provided adequate stability until fracture healing had occurred. Kurozumi et al.,17 also 

using a sinus tarsi approach, found satisfactory reduction in 88% of patients on follow-up CT, 

which, in agreement with the present study, suggests stability of internal fixation. Similar to Gupta 

et al.,11 few fractures were classified as Sanders type III (24%).17

Despite less hardware use in comparison with extended open techniques,5,30,42 the internal 

fixation was able to withstand physiologic forces during bone healing. The authors believe that 

bone healing in the area of the posterior facet and lateral wall fragment would be faster than that 

following subperiosteal flap preparation after an extended lateral approach, thus requiring less 

hardware. Nevertheless, patients should be preoperatively informed that in the case of hardware 

discomfort, removal may be necessary.

Stable, anatomic posterior facet reduction is important, because malreduction of more than 1 

mm is associated with significantly altered subtalar joint load distribution.21,31 This may lead to 

joint deterioration and posttraumatic osteoarthritis.29 In the present study, most patients showed 

no signs of subtalar or CCJ osteoarthritis at short-term follow-up. Although no oblique view was 

performed, no problems in evaluating CCJ osteoarthritis were encountered. An additional oblique 

view may therefore not have yielded different results with respect to CCJ osteoarthritis.

In a biomechanical study,22 superior reduction stability was achieved with an intramedullary 

screw fixation technique when compared with traditional calcaneal plating, possibly because of 

the superior anchorage of intramedullary hardware in areas of higher calcaneal bone density.22,28 

To enhance stability, additional lateral plate fixation, contoured along the posterior facet, was used 

in the present study.18

The significant improvement in Böhler’s angle in the present study indicated that percutaneous 

reduction via the sinus tarsi approach allowed for adequate restoration of calcaneal height. This 

has been associated with improved clinical outcome.5,14,17,19 Loss of calcaneal height (> 5° change 

in Böhler’s angle) occurred in three patients and was attributable to inadequate percutaneous 

screw fixation (use of short screws in only one patient, not addressing a vertical tuberosity fracture, 

and intraoperative removal of the longitudinal screws because of displacement of a heavily 

comminuted anterior process fracture). Loss of reduction following percutaneous reduction and 

K-wire fixation in a previous study38 contrasted others22,40 that found superior construct stability 

when using longitudinal intramedullary screw fixation. The use of intramedullary screws, with 

careful analysis of the preoperative CT scans to recognize atypical fractures, may contribute to 

positive outcomes when considering percutaneous screw fixation. Finally, although at present 

it is unclear whether CCJ involvement influences outcome,8,15 the present results suggest that 

the minimally invasive sinus tarsi approach allowed for adequate and stable CCJ reduction and 

fixation.  

The good or excellent functional results in the present study support previous reports on good 
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clinical outcome in the minimal invasive sinus tarsi approach.7,10 –12,17,33,34,36, 37,41 Furthermore, at 

follow-up, in four patients posterior facet and CCJ improvement (through bony filling of osseous 

defects) had occurred. The minimal soft tissue and osseous damage in the mini-open sinus tarsi 

approach may have resulted in better biological healing. Stability of internal fixation also allowed 

direct postoperative subtalar joint rehabilitation by means of continuous passive motion, possibly 

stimulating bone remodeling while reducing arthrofibrosis.23 Some degree of subtalar joint 

stiffness was found in the majority of patients. In the context of the minimally invasive technique, 

this may underscore the crucial role of irreversible cartilage injury at the time of fracture.2,29

There were limitations to this study. First, no Sanders type IV fractures30 were encountered; 

therefore, the results may not be applicable to this grade. Second, the follow-up time was relatively 

short. However, bony healing was complete in all follow-up CT scans. Third, a comparative 

randomized group was not available, yet this may not have yielded different results with respect to 

the resultant reduction and stability utilizing the mini-open technique.

CONCLUSION

Complex calcaneal fractures were sufficiently exposed by a minimal invasive sinus tarsi approach 

for anatomic reduction and stable fixation. Most patients had good or excellent functional results, 

which may be attributable to minimal soft tissue disruption. Despite a limited number of patients, 

this study suggests that the quality of reduction and stability of internal fixation are satisfactory, 

supporting the continued use of this technique.
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