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Abstract 
 
Background 
Fractures of the calcaneus account for approximately 60% of tarsal injuries and usually 
are the result of fall from a height. More than 70 % of calcaneal fractures are intra-
articular, involving the subtalar joint, with the heel directly hitting the ground. Despite the 
relative prevalence of this injury, definitive management is controversial. The develop-
ment of major wound complications is a serious concern in treating calcaneal fractures by 
open reduction and plate fixation. To avoid the feared soft tissue complications, several 
minimally-invasive and percutaneous approaches have been proposed throughout the 
history of calcaneal fracture treatment and recently gained popularity for selected injury 
patterns. After the first percutaneous operation by the German surgeon Westhues in 1934, 
a considerable number of percutaneous and minimally invasive open techniques have 
been used to treat calcaneal fractures. 
Objectives 
 The aim of this study was to treat calcaneal fracture percutaneously by cannulated 
screws. 
Patients and methods 
 A prospective  study included 20 patients with 23 calcaneal fractures treated by percuta-
neous fixation by cannulated screws in Sheikh Zayed specialized hospital. The results 
were assessed at the end of follow up clinically using Maryland foot score and radio-
graphically by plain radiographs. 
Results 
The maximum age incidence in this study was from 21<30 (45%) and the least age inci-
dence was from 31<40 (25%). The youngest patient in this study was 22 years old and the 
eldest was 46 years old. There were 19 males and only one female showing male pre-
dominance. There 13 on the right side and 4 were affected on the left side. Only 4 patients 
(20) % had associated injuries which included: fracture tibial plateau in 1 patient, fracture 
pelvis and fracture both bones leg in 1 patient, lumber spine fracture in 1 patient and frac-
ture femur in 1 patient. The predominant mechanism of injury was fall from height and 
landing on the heel in 17 patients and road traffic accident in 3 patients. All fractures were 
classified using Sander's Classification. 
Conclusion 
Percutaneous fixation of type II and III intra-articular calcaneal fractures minimizes soft 
tissue complications and post-operative scar formation which improves the functional 
outcome. 
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Introduction 
Fractures of the calcaneus account for approximately 
60% of tarsal injuries and usually are the result of a 
fall from a height. Of those injured, 80% to 90% are 
men in their prime working years .]1[  

More than 70 % of calcaneal fractures are intra-
articular, involving the subtalar joint, mostly caused 
by a fall from a height with the heel directly hitting 
the ground .]2[  

Over 80% of calcaneal fractures involve the posterior 

articular surface (PAS) of the bone resulting in incon-
gruence of the subtalar joint. This leads to arthritis of 
the joint with painful limitation of motion and intoler-
ance of uneven surfaces. Increasing difficulty in dor-
siflexion of the foot impedes gait, leading to a limp. 
Reduction of the height of the calcaneal tuberosity 
leads to impingement of malleoli on the shoe sole and 
disorders of achilles tendon mechanics, while com-
pression of the peroneal tendons causes tendinopathy. 
Widening of the flattened heel increases compression 
and makes fitting standard shoes even more diffi-
cult .]3 -6[  
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Despite the relative prevalence of this injury, defini-
tive management is controversial. Historically the 
closed treatment of these injuries had been unsatisfac-
tory, leading Cotton and Wilson to write in 1916 ,
“The man who breaks his heel bone is done ”.]7[  

Infection rates after using the extended lateral ap-
proach vary between 1.3% and 7% .Carr  ]8[ 
suggested that selected approaches based on the dis-
placed anatomy may play a more important role. Sev-
eral smaller direct approaches to the lateral calcaneal 
wall, resembling the classical Palmer approach, have 
been carried out without significantly reducing the 
soft-tissue problems as they cut through the angio-
some of the lateral calcaneal artery. A direct approach 
over the sinus tarsi requiring retraction of the peroneal 
tendons and sural nerve with minimal internal fixation 
resulted in an infection rate of 8.5% and further 9.2% 
soft-tissue problems like peroneal tendinitis, sinus 
tarsi syndrome, and even compartment syndrome .]8[  

To avoid the feared soft tissue complications, several 
minimally-invasive and percutaneous approaches 
have been proposed throughout the history of cal-
caneal fracture treatment and recently gained popular-
ity for selected injury patterns .]9[  

After the first percutaneous operation by the German 
surgeon Westhues in 1934, a considerable number of 
percutaneous and minimally invasive open techniques 
have been used to treat calcaneal fractures .]10[  

Although these techniques can minimize the inci-
dence of soft tissue complications, one disadvantage 
might be the risk of incomplete reduction, especially 
in difficult intra-articular calcaneal fractures. An in-
congruence in the posterior facet of the subtalar joint 
and failure to restore the angle of Bohler have been 
frequently mentioned as important predictors of out-
come after operative treatment of calcaneal frac-
tures .]10[  

Based on several studies with percutaneous tech-
niques ,Rammelt et al .]10[ concluded in 2004 that 
percutaneous fixation of displaced calcaneus fractures 
produces good to excellent results in patients with 
less severe fracture patterns and that the quality of 
joint reduction should be directly visualized to avoid 
problems in subtalar joint motion .]10[  

 

Patients And Methods 

Patients 

Twenty three  cases of calcaneal fracture in 20 pa-
tients  3 cases bilateral ) had been treated by percuta-

neous fixation at sheikh Zayed specialized hospital 
between October 2016 and June 2017. 

The patients were followed for at least 6 months post-
operatively. This study included closed intra-articular 
calcaneal fractures type II and III in adult patients , 
open fracture, extra-articular fractures type I and IV 
fractures were excluded. 

Methods: 
1. Diagnosis: 
• History taking.    
• Clinical examination. 
• Routine preoperative laboratory investigations. 
• X-ray of calcaneus. The protocol of radiological 

evaluation in this study involved measuring 3 an-
gles. The angles measured were: Bohler's angle, 
the crucial angle and the posterior facet inclination 
(Sarrafian) angle (Fig 1-3). 

• Computed Tomography (CT) to assess Sanders 
type of fracture, articular and fracture configura-
tion. 

  

 
Figure 1 :Bohler’s angle used in evaluation of fractures 

 
Figure 2 :Gissane angle (the crucial angle) used in evalua-

tion of fractures 
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Figure 3 :Posterior facet inclination angle used in evalua-
tion of fractures 

2. Treatment: 
The patients were placed in lateral decubitus position 
on a radiolucent operating table, with a firm bump 
underneath the injured foot, which protruded outside 
the table, to support a perfect lateral position (Fig. 4). 

 
 

Figure 4 :Position of the patient on operating table 
 

The surgeon stood posterior to the patient with the C-
arm entering the operative field opposite them from 

the end of the bed. The surgeon ensured that satisfac-
tory lateral, Broden, and Harris views were easily ob-
tained (Fig.5) 

 
 
Figure 5 :The surgeon stood posterior to the patient with 
the C-arm entering the operative field opposite them from 
the end of the bed. 
 
3. Operative details: 
• Reduction of subtalar joint depression: 
•  

 
 

Figure 6 :Elevation of depressed articular surface using 
periosteal elevator 

 

 
Figure 7: Temporary fixation of reduced subtalar joint 
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Figure 8: Fixation of depressed articular fragment using 4 

mm cannulated screw 

 

Figure 9: Temporary fixation of fracture using 
percutaneous k-wires. 

 
Figure 10 :Temporary fixation of fracture using percuta-

neous k-wires. 

 

Figure 11: Measurement of length of screws. 

 
Figure 12:  Fixation of fracture fragments using cannulated 

screws 6.5mm. 

 
Figure 13: Fixation of fracture fragments using crossing 

cannulated screws 6.5mm. 

 
Skin closure: 
The stab wounds were sutured with absorbable su-
tures and padded bandage applied. 

4. Postoperatively: 
• Post-operatively patients received intravenous 
injection ceftriaxone 1 g for two days . 
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• The postoperative protocol employed an immedi-
ate postoperative radiograph (lateral and axial views) 
and measurement of the three angles: Gissane, Boh-
ler’s angle and posterior facet inclination angles . 
• The patients started postoperative ankle mobiliza-
tion with non-weight bearing axillary crutch mobiliza-
tion on postoperative day three. 
• Follow up at outpatient clinic at 12, 24 weeks and 
6 months . 

Evaluation: 
1. Clinical evaluation: 
The patients were evaluated by Maryland foot score 6 
months after fixation. 
2. Radiological evaluation: 
Anteroposterior, lateral and axial axial views were 
obtained for all patients immediately after surgery. X-
rays were done for all patients at 6 weeks and 6 
months. Additional X-rays were also done at any time 
following the operation if the patient had pain. Loss 
of reduction was defined as the appearance of   ≤2 mm 
of displacement of the joint or the body of the cal-
caneus. 
 
Statistical analysis: 
Data were collected, tabulated and statistically ana-
lyzed by an IBM compatible personal computer with 
SPSS statistical package version 20 . 

Two types of statistics were done: 
(1 Descriptive statistics : 
A. Qualitative data : number (No), percent .(%)  
B . Quantitative data : Mean(x-), standard deviation 
(SD), median and range . 
(2 Analytic statistics : 
A. Qualitative data :Chi-square test (X 2. ) 
B. Quantitative data :Mann Whitney and student t-
test. 
P-value of (>0.05) was considered statistically insig-
nificant. P-value of ) ≥0.05 ( was considered statisti-
cally significant. P-value of ) ≥0.001 ( was considered 
statistically highly significant   .  
 

 

Results 
Twenty three displaced intra-articular fractures were 
treated percutaneously by cannulated screws. The 
mean time from injury to operation was 5 (  ±2 range 2 
-10 days). 

The  mean age 34 years ranged from 22 to 46 years 
old, 19 patients were males and only one female pa-
tient showing male predominance. M: F =19:1. 

Thirteen  on the right side and 4 on the left side. 
Three patients bilateral involvement. 

Four patients (20) % had associated injuries which 
included: fracture tibial plateau in one patient, frac-
ture pelvis and fracture both bones leg in one patient, 
lumber spine fracture in one patient and fracture fe-
mur in one patient. 

The predominant mechanism of injury was fall from 
height and landing on the heel 17 patients. The other 
mechanism was the road traffic accident in 3 patients . 

All fractures were classified using Sander's Classifi-
cation. Of the 23 calcaneal fractures 18 were Type II 
and 5 were Type III . 

The mean pre-operative Böhler’s angle was 15.7 ± 
3.50) range 8 -22  0 ( and the mean post-operative 

Böhler’s angle was 26.5 0± 3.9) range 20  – 35 0.( The 
result was found to be highly significant (p-value : 
<0.001). This means improvement of Böhler’s angle 
after fixation . Restoration of Bohler angle was 
achieved in 15 patients (65.2%) and not achieved in 8 
patients (34.8%). 

The mean pre-operative Gissane angle was 154 0 ± 7.9 
0 and the mean post-operative Gissane angle was 

139.3 0 8.1 0 . The result was found to be highly 
significant (p-value : <0.001). This means im-
provement of Gissane angle after fixation . Restoration 
of Gissane angle was achieved in 12 patients (52.2%) 
and not achieved in 11 patients (47.8%). 

The mean pre-operative Sarrafian angle was 42 and 
the mean post-operative Sarrafian angle was 55.3 
.The result was found to be highly significant. This 
means improvement of Sarrafian angle after fixation . 
Restoration of Sarrafian angle was achieved in 10 
patients (43.5%) and not achieved in 13 patients 
(56.5%). 

Restoration of normal angles post-operative was 
achieved in 13 patients for one angle, in 5 patients for 
two angles and in 5 patients for the three angles. The 
result was statistically insignificant. 

The final results at the end of this study were 
satisfactory in 91.3% of patients and unsatisfactory in 
8.7% of patients. 

Regarding complications, only one patient developed 
superficial wound infection treated by daily dressing 
and antibiotics for one week. Only two patients de-
veloped calcaneo-cuboid arthritis relieved by selec-
tive steroid injection. Only one patient developed tar-
sal tunnel syndrome and she refused surgical release. 
Two patients developed subtalar joint pain relieved by 
xylocaine injection. 
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Discussion 
The treatment of displaced calcaneum fractures has 
been a subject of intense discussion and controversy 
for the last century with supporters of both operative 
and non-operative methods .]11[  

To avoid soft tissue complications, several less inva-
sive procedures have been introduced. The most fre-
quently used minimally invasive technique is closed 
reduction of fracture and percutaneous screws fixa-
tion .]12[  

The goal of the treatment of intra-articular displaced 
fractures is to focus on the anatomical reduction of 
the articular surface, avoid complications, and correct 
the length, width and angulation of the tuberosity. 
The open reduction and internal fixation technique 
allows the operator to view the articular surface di-
rectly during the reduction and fixation process but 
the high rate of wound breakdown and infection (15-
40%) is a concern .]13[  

Calcaneal fractures occur most common in middle 
aged males and this explains its economic importance. 
They occur much most common due to falling from 
height and this explains predominance in males due to 
nature of work. 

The mean age was 34.8 years (range from 22-46) in 
this study, 42 years (range from 22-76) in Rammelt S 
study ) 14( ,36  years [range from 18  – 54[ in Gamal O 
study  ]15[ and 49 years (range from 17-73 years) in 
University Hospital Southampton study  ]16[ . There 
was no significant relationship between age and the 
final results of this study and also no significant rela-
tionship encountered in Rammelt S study nor Gamal 
O study ]15[  neither University Hospital 
Southampton study ]16[.  

The mean time from injury to time of operation was 5 
days (range from 2-10 days) in this study and 7.2 days 
(range from 1  – 21 days) in Gamal O study  ]15[ .
There was no significant relationship between time 
from injury to operation and the final results of these 
studies   . 

The mean pre-operative Böhler’s angle was 15.7 0 ±
3.5) range 8 -22  0 ( and the mean post-operative 

Böhler’s angle was 26.5 0 ±3.9) range 20  – 35 0 .(
Restoration of Bohler angle was achieved in 15 cases 
(65.2%) and not achieved in 8 cases (34.8%).The re-
sult was found to be highly significant (p-value : 
<0.001). This means improvement of Böhler’s angle 
after fixation. In Abdelgaid S study )17 .( The average 
preoperative Böhler’s angle was 9 0) 0–300( ,
compared with an average of 28 0) 18–200 ( on 
postoperative evaluation. Preoperative Böhler’s angle 
was reversed in 3 cases. In Rammelt S study  ]14[ ,
öhler’s angle improved from 12 0) range  0 –220 (

angle improved from 12 0) range  0 –220 (
preoperatively to 25 0) range  16 –350 ( postoperatively 
compared to 28 0) range, 22 –340 ( on the uninjured 
side. In Gamal O  ]15[ , the mean Bohler’s angle 
improved from 6 °preoperatively to 26 °
postoperatively. In Gamal O  ]15[ , the mean Bohler’s 
angle was 28.18 0) range 20 –350 ( post-operatively 
compared with 16.4 0) range 10-30 0 ( pre-operatively. 
All these studies showed improvement of Bohler’s 
angle to pre-operative values after fixation. 

The mean pre-operative Gissane angle was 154 0 ±
7.90 and the mean post-operative Gissane angle was 

139.3 0 ±8.10 .  Restoration of Gissane angle was 
achieved in 12 cases (52.2%) and not achieved in 11 
cases (47.8%). The result was found to be highly sig-
nificant (p-value : <0.001). This means improvement 
of Gissane angle after fixation. In Abdelgaid S 
study ]17[ , The average preoperative Gissane angle 
was 1130 (range 110 –1550( , compared with an 
average of 118 0) range 100 –1380 ( on postoperative 
evaluation. In Gamal O study  ]15[ , the mean Gissane 
angle was 132.27 0) range 120-140 0 ( post-operatively 
compared with 138.64 0) range 100-160 0 ( pre-
operatively. All these studies showed improvement of 
Gissane angle to pre-operative values. 

The mean pre-operative Sarrafian angle was 42 0 and 
the mean post-operative Sarrafian angle was 55.3 0 
.The result was found to be highly significant. This 
means improvement of Sarrafian angle after fixation. 
In Abdelgaid S study  ]15[ , the mean preoperative 
Sarrafian angle was 27 0 , with a range of (14 –500( ,
with mean postoperative angle 59 0) range 44 –740 .(
All these studies showed improvement of Sarrafian 
angle to pre-operative values after fixation. 

Only one patient developed superficial wound infec-
tion treated by daily dressing and antibiotics for one 
week. Only two patients developed calcaneo-cuboid 
arthritis relieved by selective steroid injection. Only 
one patient developed tarsal tunnel syndrome and re-
fused surgical release. Two patients developed subta-
lar joint pain relieved by xylocaine injection. In Ab-
delgaid S study ]17[ , Secondary collapse of fragments 
was seen in three cases. Peroneal tendon subluxation 
was seen in one case. Intra-articular screw placement 
was seen in one case. No patients developed wound 
complications or infections. In Rammelt S study  ]14[ ,
no patients were observed with postoperative wound 
edge necrosis, hematoma, or infection. No postopera-
tive complications related to surgery were seen, most 
notably compartment syndrome or any other compli-
cations attributable to subtalar arthroscopy such as 
fluid extravasation. In University Hospital Southamp-
ton  ]15[ study, There was one patient with wound 
breakdown, which healed with non-operative meas-
ures. There was one case where the screw was promi-
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nent in the subtalar joint) necessitating a repeat pro-
cedure) and one patient had sural nerve injury. There 
were 12 patients with symptomatic subtalar joint ar-
thritis. Four of these had subtalar arthrodesis. In Ga-
mal O study  ]15[ , six patients (9.4%) developed 
superficial pin tract infection that responded to local 
care and parenteral antibiotics therapy and completely 
resolved with Kirschner wire removal. Only one pa-
tient (1.56%) developed widening of the heel. These 
studies revealed less wound complications with per-
cutaneous techniques. 

Regarding weight bearing, in this study, most patients 
[20] (87%) started weight bearing at 12 weeks while 
three patients (13%) started weight bearing at 16 
weeks. In Stefan Rammelt study  ]14[ , Patients re-
turned to work at an average of 11 week. In Univer-
sity Hospital Southampton  ]15[ study, the mean time 
for return to previous vocation was 5.5 months. In 
Gamal O study  ]15[ , full weight bearing was achieved 
within 13(range 12-16) weeks post-operative. The 
mean time to return to full activity was 4.23(range 3-
6) months. This proved that percutaneous screw fixa-
tion allow early full weight bearing and return to 
work. 

 The functional outcome in this study was evaluated 
using Maryland Foot Score and there were 16 cases 
(69.6%) excellent, 5 cases (21.7%) good and two 
cases (8.7%) fair results. In Sherif Mohamed Abdel-
gaid study ]17[ ,38.3 % of all cases (22 cases) had 
excellent results, 41% good (25 cases), fair results in 
15% (9 cases), and poor results in 5% (4 cases). The 
overall satisfactory results (excellent and good) were 
79.3%. In Stefan Rammelt study  ]14[ , the AOFAS 
mean ankle-hindfoot scale in the 24 patients was 92. 
In Menofia university hospital study  ]15[ , the clinical 
results using the Maryland foot score revealed 
52(81%) with satisfactory (27 excellent and 25 good) 
and 12 (19%) with unsatisfactory (10 fair and 2 poor). 

 

Conclusion 
Percutaneous fixation of type II and III intra-articular 
calcaneal fractures minimizes soft tissue complica-
tions and post-operative scar formation which im-
proves the functional outcome. 

Further studies on this method of fixation should be 
conducted. The studies should include only the pa-

tients with isolated unilateral fractures of the cal-
caneus to eliminate any confounders that can affect 
the Maryland foot score. Other studies should include 
Sanders ’type IV patients to assess effect of the use of 
the concept of percutaneous fixation on the prognosis 
of these fracture . 
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