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Abstract 
Background: Closed fractures of the calcaneum are common fractures of the lower limb and which 

usually result from by high velocity axial loading of the calcaneum. Open reduction and internal fixation 

methods have formed the mainstay of their treatment. However the associated wound complications have 

made the management of such injuries more difficult. Percutaneous fixation techniques provide an 

effective method of closed treatment of these fractures and can help avoid wound related complications. 

Methods: Twenty- four patients with fractures of the calcaneum were treated with percutaneous 

reduction with Essex-Lopresti technique and fixation with Steinman pin and K-wires, followed by 

immobilization with a slab. The American orthopaedic foot and ankle score (AOFAS) was calculated at 

the final follow up. Also the heel width (with a vernier caliper) and the heel height (from lateral 

malleolus to the ground surface) were recorded at the final follow up. 

Results: Of the total patients 8 had excellent, 10 had good and 6 had fair results. None of the patients had 

heel widening or loss of calcaneal height of more than 1 cm as compared to the contralateral limb. 

Complications seen were superficial pin tract infections (3) which were treated with early implant 

removal and appropriate antibiotics. The Bohler’s angle at follow up was at a mean 30 degrees.  

Conclusion: The percutaneous reduction of closed fractures of the calcaneum provides good functional 

results as per AOFAS score. It also helps avoid wound related complication seen in open techniques. The 

Essex-Lopresti technique of reduction of such fractures has a short learning curve and can be reproduced 

at most operative setups. Long term follow up studies and bigger sample sizes can help support our 

conclusions. 
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1. Introduction  

Closed fractures of the calcaneum are injuries which commonly result in cases with history of 

a fall from height landing on the foot. These fractures result due to axial loading of the 

calcaneum, that is, fall from height, and therefore, many of these are bilateral or associated 

with pelvic or vertebral fractures [1, 2, 3]. The anatomy of the calcaneum, limited blood supply, 

limited soft tissue cover and the oedema resulting from the injury itself makes the treatment of 

such fractures more demanding. These fractures constitute of about 2 percent of all adult 

fractures and 60 percent of all fractures of the tarsal bones [1, 2]. 

The treatment of such fractures is still debatable where the conservative management has been 

the mainstay of treatment in the past, while the open reduction and internal fixation have been 

suggested by many authors. Inadequate treatment leads to early subtalar arthosis and painful 

ambulation [2, 3]. At the same time, open reduction and internal fixation methods have a very 

high rate of wound complications [4]. The sequelae for calcaneum fractures have a great socio 

economic impact as most of these injuries occur in the young and middle-aged male workers [5, 

6]. 

The use of percutaneous pinning in cases where closed reduction can be achieved has provided 

the benefit of achieving good results with minimal soft tissue complications. The most 

frequently used minimally invasive technique for the tongue type fracture was proposed in 

1935 by Westhues, modified by Gissane, and studied extensively by Essex-Lopresti [7]. Essex- 

Lopresti classified the intrarticular fractures into joint depression- and tongue-type fractures. 
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The joint depression type is when the fracture line exits 

behind the posterior facet and anterior to attachment of 

Achilles tendon. Tongue-type fracture is when there is a 

secondary fracture line which exits distal to Achilles tendon 

attachment, and the articular fragment remains attached to the 

tuberosity fragment [8, 9]. The rates of infection and soft tissue 

complications have also found to be lower as compared to 

open fixations [10-13] the aim of this study is to evaluate the 

functional outcome of such fractures treated with 

percutaneous pinning and below knee cast application. 

 

2. Methods 

A total number of 24 patients with fractures of the calcaneum 

were included in this study. Skeletally mature patients with 

closed displaced calcaneal fracture, with no associated 

neurovascular injuries and with loss of Bohler’s angle 

(Normal between 20-40 degrees) on lateral radiograph were 

included in this study. Patients with compound fractures, 

associated fractures of the ipsilateral lateral limb and 

undisplaced fractures were excluded from the study.  

2.1 Preoperative protocol: All patients were evaluated 

clinically at the time of admission. The clinical presentation 

consisted complaints of pain, swelling, restricted range of 

motion and difficult to weight bear on the affected limb most 

commonly following a history of fall from height on the 

affected foot. The foot was further visualised under AP, 

lateral and Broden views. The foot was immobilized in a 

below knee slab and kept elevated to prevent further swelling. 

The anesthetic fitness was obtained as per general protocol. 

All patients were operated under spinal anesthesia. A regular 

fluoroscopy machine was made available and forms an 

important part of the surgery. The patient was explained the 

procedure and a general hand written consent was taken. 

2.2 Intra-operative protocol: The patient was placed in 

lateral decubitus position with affected limb on top. Under all 

aseptic precautions, scrubbing, painting and draping of the 

limb was performed. Under guided fluoroscopy, a 4.5 mm 

Steinman pin was introduced from the calcaneal tuberosity. 

(Figure 1) Keeping the foot planterflexed, the Essex-Lopresti 

maneuver was performed aiming to restore the Bohler’s 

angle.(Figure 2) The steinman pin was then passed in to the 

distal fragment [7, 11, 12]. The reduction was then confirmed 

under fluoroscopy and an additional pin of about 3.5 mm was 

placed parallel to the first to further secure reduction. The 

pins were then cut and the ends covered with guaze soaked 

betadine dressing. A regular below knee slab was applied. 

 

 
 

Fig 1: Demonstrating step one of Essex-Lopresti maneuvre. 

 
 

Fig 2: Demonstrating step two of Essex-Lopresti maneuvre. 

 

 
 

Fig 3: Intraoperative fluroscopic images 

 

2.3 Postooperative protocol: Postoperatively, the affected 

limb is placed under elevation. Analgesics and other 

supportive treatment is started. No prophylactic antibiotics 

were given as part of this study. Toe movements are 

encouraged and the patient is allowed mobilization with a 

walker. The follow up is done at every week at which the 

dressing is changed, pin ends cleaned and the slab is reapplied 

under supervision. After two weeks, as the pin tracts appear 

healthy the slab is change to a below knee cast. After eight 

weeks the radiographs are repeated, and the external pins 

removed. Partial weight bearing is then started with a walker 

and the patient is shifted to full weight bearing as bearable 

over the following weeks. At 3,6 and 12 months follow-up 

radiographs were obtained to check for loss of the Bohler and 

Gissane angles. The American orthopedic foot and ankle 

score (AOFAS) was calculated at the final follow up [14]. Also 

the heel width (with a vernier caliper) and the heel height 

(from lateral malleolus to the ground surface) were recorded 

at the final follow-up. 

 

2.4 Illustrative case 

A case of twenty-four year old male with trauma to the right 

foot following a history of fall at place of work. The patient 

was operated on day 2 following injury. The following images 

illustrate his radiology. 
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Fig 4: Preoperative image 

 

 
 

Fig 5: Postoperative image 

 

 
 

Fig 6: Preoperative Bohler’s angle 

 

 
 

Fig 7: Postperative Bohler’s angle 

 

 
 

Fig 8: Preoperative Gissane angle 

 

 
 

Fig 9: Postperative Gissane angle 
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3. Results 

In this series of 24 patients, 22 were male and 2 were female 

with average age of 36.2 years old (range 20 to 58). The 

injury was most common in the third, fourth decades of life 

with decrease in fifth and sixth decades of life. (Table 1) The 

most common mechanism of injury was fall from height in 19 

patients and 5 patients of vehicular accidents. The average 

time of admission was from 2- 3 days (range 1-5 days). The 

average time full weight bearing was at 12 weeks (range from 

8 weeks to 13 weeks). 

The AOFAS was collected at the one year follow-up 

following the injury. Of the total patients 8 had excellent, 10 

had good and 6 had fair results. None of the patients had heel 

widening or loss of calcaneal height of more than 1 cm as 

compared to the contralateral limb. Of the 24 patients, 3 had 

superficial pin tract infections which were treated with early 

implant removal, appropriate antibiotics and continued 

immobilization for an additional two weeks. 3 patients had 

loss of reduction on follow-up as compared to the immediate 

postoperative x-rays. The Bohler’s angle at follow up was at a 

mean 30 degrees. All patients achieved union and progressed 

to full weight bearing. 

 

 
 

Table 1: Incidence of calcaneal fractures in life Decades. 

 

   

Table 2: Indicating male predominance in fractures of the 

calcaneum. 

 

 
 

Table 3: Depicting results of the AOFAS score 

4. Discussion 

The fractures of the calcaneus are high velocity injuries 

mostly resulting from fall from a height most commonly seen 

in the third and fourth decades of life. Being high velocity 

injuries there may be related injuries to the spine. Various 

authors report this fact occurring in percentages ranging from 

8 to 46% of patients [15]. This is probably due to the 

transmission of forces of impact through the spine. Various 

studies have reported the same, Buckley (15 percent) and 

Nambiar et al. (21 percent) [5, 16]. In our study 3 out of 24 

patients had such associated injuries. 

Calcaneal fractures, if inadequately treated, do lead to 

considerable morbidity to the patient [2, 3]. Conservative or 

Operative treatment leading to poor calcaneal morphology 

and development of subtalar arthritis, may lead to persistent 

functional impairment requiring further treatment, such as 

subtalar arthrodesis [17]. Accurate intra-articular reduction of 

the subtalar joint and internal fixation with plate and screws 

has been advocated and well documented treatment modality 

of such fractures. A prospective, randomized, controlled multi 

centre trial of eighty-two patients comparing operative with 

non-operative treatments of displaced intra-articular calcaneal 

fractures was carried out. It showed the despite the increased 

risk of complications in operative treatment, it appeared to 

have some benefits at eight to twelve years, including a trend 

towards increased patient-reported primary visual analogue 

scale (VAS) scores for pain and function and a reduced 

prevalence of posttraumatic arthritis evident on follow-up 

radiographs [18]. 

However it also has been well established that such fractures 

of calcaneum being high velocity injuries have significant soft 

tissue trauma. It has been suggested that operative treatment 

be within three weeks after the injury prior to early 

consolidation of the fracture [19]. In our study the average time 

to surgery was 2-3 days which is similar to other such studies. 

The early percutaneous manipulation helps better closed 

reduction and also reduction of swelling and related 

complications. It also offers an alternative approach in 

patients who have significant medical co-morbidities 

(smokers, diabetics, and patients with peripheral vascular 

disease or intolerance to prolonged surgery), in whom open 

reduction would be hazardous and non-operative treatment 

would be inadequate [20]. 

At the same time, the associated wound complications such as 

plate exposure, skin edge necrosis and deep infections still 

remain high in open reduction techniques [21]. Stulik et al. 

reported the risk of deep infection and potential limb-

threatening complications following open reduction and 

internal fixation of calcaneal fractures was significant [22]. 

DeWall et al. described a deep infection rate of 14.3% and a 

minor wound complication rate of 21.4% in 41 patients 

treated with open reduction via an extensile lateral approach, 

with no deep infections and a 6% minor wound complication 

rate in 79 patients who underwent percutaneous treatment [23]. 

Despite the presence of advanced surgical techniques and 

more favourable designs and implant materials, the 

prevalence of wound complications remains high in open 

reduction [5]. Tornetta succefully performed percutaneous 

reduction maneuver suggested by Essex-Lopresti in 41 

patients with tongue type IIC calcaneal fractures [11]. 

Thermann et al. advised minimally-invasive fixation for cases 

with severe soft-tissue contusion, compound and Sanders 

type-IV fractures, and in multiply-injured patients [24]. The 

AOFAS score collected showed that 8 had excellent, 10 had 

good and 6 had fair results. None of the patients had heel 
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widening or loss of calcaneal height of more than 1 cm as 

compared to the contralateral limb. Early complications noted 

were superficial infections in 3 patients and late complications 

were loss of reduction in 3 patients. However none of them 

required revision surgeries. Levine and Helfet, in their series 

of intra-articular fractures of the calcaneum treated with a 

minimally-invasive technique, were surprised that subtalar 

movement was almost completely preserved despite the 

articular surface reconstruction described as 'nearly 

anatomical [25]. 

Paley concluded that a Bohler’s angle of 20 degrees and 

above co-related with good functional outcomes [26]. Buckley 

evaluated that the Bohler's angle improved with surgical 

treatment and as well the functional status. Treatment 

improved angle graduation as well as the functional status [5]. 

In this study, variations between 10 and 40 degree were 

found. The value of this angle showed a correlation with the 

quality of outcome. The mean Bohler’s angle in our study was 

at 30 degrees and had good corelation with the functional 

outcomes of the patient. 

 

5. Conclusions 

Open reduction and internal fixation of the fractures of 

calcaneum require considerable expertise, have associated 

wound complications and the learning curve is rather steep. 

Percutaneous reduction and fixation to achieve essential 

radiological parameters such as Bohler’s angle and Gissane 

angle helps achieve good functional results. However in 

patients where adequate fracture and articular reduction could 

not be achieved and maintained by closed methods, open 

reduction is warranted. 
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