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Objective: To evaluate the result of treating displaced intra-articular fracture of 
calcaneus using minimal open reduction and percutaneous screw fixation. 
 
Setting: Orthopedic Department, Salmaniya Medical Complex (SMC). 
 
Design: Retrospective study.  
 
Method: A review of 50 patients who had percutaneous screw fixation for displaced intra-
articular fracture of calcaneus was done. Soeur and Remy modification of Essex Lopresti 
for the assessment of the degree of comminution was used. Forty-four patients were 
evaluated for an average 2.5 years (1 to 4 year) after surgery. The outcome was assessed 
using the functional hind foot score described by Paley et al and their radiological 
criteria. 
 
Result: Satisfactory results were obtained in 79% of displaced intra-articular fracture of 
calcaneus, grade mild to moderate comminution. Only two patients with superficial 
infection were encountered. 
 
Conclusion: In this study, operable cases of displaced intra-articular fracture of 
calcaneus, mild to moderate comminution were treated adequately and effectively using 
percutaneous screw fixation. Percutaneous screw fixation of the displaced intra-articular 
fracture of the calcaneus is an effective, safe, and reproducible method of treatment.  
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Fracture of the calcaneus constitutes approximately 60% of all tarsal injuries, and represents 
2% of body fractures1. The disabling nature of severe calcaneus fracture and its huge economic 
burden has long been known and it remains so today2,3. In 2000, Sanders noted, “Although 
modern operative intervention has improved the outcome in many patients, there still is no real 
consensus on classification, treatment, operative technique, or postoperative management”4. 
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Since the advance of computer tomography, a better understanding of the comminution of the 
joint surface and several classifications has been evolved and applied1,5,6. The treatment 
options vary from non-operative to operative using wide exposure, plate fixation and bone 
graft. The non-operative treatment has many complications; it includes inability to maintain 
reduction. Consequently, there will be broadening of heel, muscle imbalance, loss of motion, 
peroneal impingement, impaired gait, intractable pain, and early development of subtalar 
arthritis7,8. The operative option improves the results in many fractures; however, it has its own 
risks. Wide exposure carries the risks of high incidence of wound dehiscence, deep infection, 
and possible subsequent complications. Plate fixation increases the risk of peroneal 
impingement, no advantage for early weight bearing. Using bone graft to support the thalamic 
area has now become questionable and has fallen into disfavor9,10,11.  
 
Following this line of reasoning, limited open reduction and percutaneous screw fixation could 
be the ideal option for operable displaced intra-articular fracture of calcaneus. 
    
The aim of this study is to evaluate the treatment of displaced intra-articular fracture using 
limited open reduction and percutaneous screw fixation.  

    
METHOD 
 
A retrospective review of 50 patients who had minimal open reduction and percutaneous screw 
fixation for displaced intra-articular fracture of calcaneus between January 2006 and May 2009 
was done. Six patients were excluded as they failed to complete the minimal follow up period 
of six months. Therefore, 44 patients with 48 displaced intra-articular fracture of calcaneus, 
four patients had bilateral fracture calcaneus, were included in the study.  
 
The patients were assessed with plain radiography. The standard three views for calcaneus 
were performed, lateral, axial, and Broden’s views. In addition, antero-posterior view of the 
foot and the ankle were done to exclude associated fractures. Only displaced intra-articular 
fracture of the calcaneus was included in the study. The fractures were evaluated for Bohler’ 
angle, Gissane’s angle, shape, malalignment, congruity of articular surface and the possibility 
of incarcerated fragment. The fractures were classified according to Soeur and Remy 
modification of Essex Lopresti for the assessment of the degree of comminution, which 
depends on the number of secondary fracture lines that extend anteriorly and posteriorly from 
the primary fracture line, see figure 112,13.  

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 



Figure 1(a-d)12,13: a: Two-Part Shear Fracture Type 
b1 and c1: Mild Comminution  
b2 and c2: Moderate Comminution  
d: Severely Comminuted  
 
 
Accordingly, the tongue type and central depression type are subdivided into different groups. 
It is considered mild comminution when there is one anterior and one posterior secondary 
fracture lines, moderate when there are more than one anterior and posterior secondary fracture 
lines, and severely comminuted when there are numerous fragments and major displacement. 
The average interval between admission and operation was three days (1-5 days).  
 
The patient is placed in lateral decubitus position with the affected leg upward, medial 
reduction to realign other fragments7,14. The tuberosity deformity is corrected by 4 mm shanz 
screw or 1.8 mm Steinmann pin. The anterior process deformity is corrected with planter 
flexion of the foot. Short lateral approach to the posterior subtalar joint is implemented. 
Disimpaction of the medial part and elevation of the lateral part of the facet is achieved using a 
large hemostat or small bone lever, see figure 2 and 3. The fragment is fixed temporarily by 
cannulated 3.5 mm screws (figure 4, 5). 

 
           Figure 2(A)                                        Figure 2(B) 
                                                                                     

Figure 2 (A, B)7,14: Deformities in Intra-Articular Fracture of Calcaneum 
 

 
           

    Figure 3(A)                              Figure 3(B)                                      Figure 3 (C) 
 
Figure 3 (A-C)15: Medial Reduction and Realignment of the Other Fragments 
A: Reduction of the Tuberosity Using Schanz screw     
B: Reduction of the Tuberosity to the Anteromedial Fragment 
C: Elevation of the Lateral Part of the Posterior Facet  
  
 



 
Figure 4(A)                       Figure 4(B)                         Figure 4(C) 
 
Figure 4 (A-C): A: Tongue Type (b2) B and C: Fixed Percutaneously 
 
 

 
Figure 5(A)                             Figure 5(B)                              Figure 5(C) 
                                          
Figure 5 (A-C): A and B: Joint Depression Type (c2), C: Fixed Percutaneously 
 
Reduction is considered accepted when there is adequate medial alignment seen in axial view, 
Bohler’s angle is 30o + 5o in lateral view, regaining convex surface in Broden’s view. 
 
The patients included in this study had been operated and followed up for at least six months.  
They were evaluated using functional hind foot score described by Paley et al12. This protocol 
was based on subjective criteria, including pain, daily activities and work, sports and 
recreational activities, difficulty with walking on various surfaces, walking distance, and use of 
walking aids, and objective criteria, including the range of motion of the subtalar joint and 
ankle and the presence of a limp, see table 1. A score was assigned to each criterion. The 
subjective criteria were weighted as 70 percent and the objective criteria, as 30 percent. A 
score of 90 to 100 was considered excellent, 72 to 89 good, 41 to 71 fair, and 1 to 40 poor. 
Patients with excellent and good scores were satisfied. According to Paley et al, the 
radiological criteria which affect the clinical outcome are the height, width of calcaneus and 
Bohler’s angle. Lateral and axial views were performed to evaluate these criteria and loss of 
reduction12. 
 
 
 
 
 
 
 



Table 1: Evaluation Protocol and Scoring System for Pain and Function of the Hindfoot12 

 
Criteria    Score (Points) 
Subjective 
Pain                                                                                                                       

No pain                                                                                                                           
Occasional, mild pain 
Moderated pain, necessitating occasional use of medication  
Severe pain, necessitating regular use of medication  
Pain at rest 

 
 

20 
18 
10 
5 
0 

Activities of daily living and occupation 
No change 
Modified, without difficulty  
Same or modified, with difficulty  
Disabled: cannot work or perform activities of daily living  

 
20 
15 
10 
0 

Sports and recreational activities 
No change  
Modified, without difficulty  
Same or modified, with difficulty  
Disabled: cannot participate in sports or recreational activities  

 
10 
8 
5 
0 

Walking surfaces                                                                                
Normal walking on any surface  

Difficulty or discomfort or uneven ground, stairs, ladder, and inclines 
Slight  
Moderate  
Severe 

 
10 

 
5 
2 
0 

Walking distance 
Same  
Less than before, but more than 6 blocks  
Less than 6 blocks 
Around the house only  

 
5 
4 
2 
0 

Walking aids  
No new walking aid or shoe insert or modification since the time of the injury  
Insoles, heel cushions, wedges, inserts, or special shoes since the time of the injury 
Cane, crutches, walker, or wheelchair since the time of the injury                                 
Both of the two previous categories 

 
5 
3 
1 
0 

Objective 
 Range of motion*, Ankle 

 

66 to 100 per cent: 50 to 75 degrees  
33 to 65 per cent: 25 to 49 degrees  
0 to 32 per cent: 0 to 24 degrees   

10 
5 
0 

Subtalar joint 
66 to 100 per cent: 31 to 45 degrees      
33 to 65 per cent: 16 to 30 degrees  
5 to 32 per cent: 3 to 15 degrees  
0 to 4 per cent: 0 to 2 degrees   

 
15 
10 
5 
0 

Limb                                                                                                                                
None  
Slight  
Moderate or sever 

 
5 
2 
0 
 

*The percentage refers to the percentage of normal or of a standard value 
 
 
 
 
 
 



RESULT 
 
The mean age was 37 years, 38 males (86%) and 6 females (14%). All patients sustained a fall 
from a height. Six patients had associated lumbar spine fracture which was treated 
conservatively. According to Soeur and Remy modification of Essex Lopresti, there were 
seven tongue type with mild comminution (b1), four tongue type with moderate comminution 
(b2), sixteen Joint depression type with mild comminution (c1), thirteen joint depression type 
with moderate comminution (c2), and eight severely comminuted fractures (d),  see figure 613. 
This means there were 23 (48%) fractures with mild comminution, 17 (35%) fractures with 
moderate comminution, and 8 (17%) severely comminuted, see figure 7.  
 
 

 
 
 Figure 6: Incidence of Different Types of Calcaneus Fracture in Our Study   
 
 

 
 
Figure 7: Incidence of Severity of Different Types of Fracture Calcaneus in Our Study 
According to Sour and Remy Classification  
 
Based on the combined assessment the result were excellent in13 (27%) fractures, good in 25 
(52%), fair in 7 (15%) and poor in 3 (6%). Accordingly, satisfactory results were obtained in 
79% of fractures and unsatisfactory in 21% of fractures, see figure 8. 
 



 
 
Figure 8: Overall Result of This Study 
 
The excellent results were mainly obtained in tongue type, 11 (85%) fractures out of 13 had 
excellent results. Because of the small number, this is not statistically significant; however, the 
fracture geometry of the tongue type facilitates adequate closed reduction. This is because the 
calcaneal tuberosity is still attached to the lateral part of the posterior articular facet. 
 
Two cases of superficial infection encountered and treated with antibiotics. There was no loss 
of achieved reduction. 
 
DISCUSSION 
 
The balance between the percentage of anatomical reduction and the amount of soft tissue 
damage should be carefully weighted in the management of fracture calcaneus especially the 
severely comminuted type. The choice lies between trail of full reduction with extensive soft 
tissue damage or reasonable reduction with minimal soft tissue insult.  

 
   Diabetics, smokers, patients with vascular impairment, compound fractures or fractures with 

extensive blisters and persistent swelling are not the best choice of extensile open 
reduction7,8,15. Moreover, the extensile approach should be carried only when swelling 
subsides16-18.  

 
Weber et al treated fifty displaced intra-articular calcaneal fractures using different methods of 
fixation, which resulted into higher incidence of deep infection and devascularization of the 
lateral wall of the calcaneus in extensile approach19. In our series, there were two cases of 
superficial infection, which is significantly lower than in most series of extensile open 
reduction are. There was no deep infection or necessity to remove the implants.   

 
Stulik et al in their large series of 287 displaced intra-articular calcaneal fractures reported 
86.2% satisfactory result using mini invasive technique15. This is similar to our study, where 
satisfactory results were obtained in 79% of cases. Our excellent results were mainly in tongue 
type of mild to moderate comminution (b1 and b2). Similar conclusion was reported by Tonetta 
in his series of 46 patients treated with percutaneous fixation20,21.  

 
 
 
 
 



CONCLUSION 
 
In this study, operable cases of displaced intra-articular fracture of calcaneus, mild to 
moderate comminution were treated adequately and effectively using percutaneous screw 
fixation. 
 
Minimally invasive techniques compared with the result of other methods of treatment of 
displaced intra-articular of calcaneus, offer the prospect of fewer complications and 
better outcome.  
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