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Abstract 

Background: The goal of therapy for calcaneal fractures 
is the elimination of pain and restoration of normal foot shape 
and walking ability. The occurrence of wound complications 
is a serious concern in treating calcaneal fractures. 

Aim of Study: The purpose of the present study was to 
describe and evaluate the functional outcome of a modified 
minimally invasive technique for the treatment of intra-
articular fractures of the calcaneus. 

Patients and Methods: A prospective randomized study 
was conducted on 40 patients who had recent calcaneal 
fractures. Twenty patients undergo minimally invasive fixation 
through sinus tarsiby cancellous K wires and twenty patients 
undergo fixation by cancellous screws. The patients were 
operated on and followed-up at Cairo University in the screws 
group and El-Haram Hospital in the K.wire group during the 
period between March 2014 and April 2016. 

Results: In the current study regarding follow-up, the 
duration of follow-up ranged between 6 months and 18 months. 
Functional assessment was done in our series using the scoring 
system of the American Foot and Ankle Society Scale for 
fractures of the calcaneus. This scoring system was recom-
mended by Kitaoka et al. [1], For Pain (40 points), Activity 
(10 points), Range of motion (14 points), walking distance 
(5 points), walking surface (5 points), gait abnormality (8 
points), Ankle stability (8 points), and Alignment (10 points). 
The maximum score was 100 points, the result was rated 
excellent if the score was 90 points or more, good if it was 
80 to 89, fair if it was 65 to 79, and poor if it was 64 or less. 

Conclusion: We concluded that this minimally invasive 
technique permitsre building of the articular surface of the 
posterior facet resulting in decrease drisk of infection and 
hared wear failure. It is an excellent option for the treatment 
of displaced intra-articular calcaneal fractures in selected 
patients despite the frequent need for screw removal following 
fracture-healing with the advantage of the threaded screws 
over smooth wires in the preservation of reduction till union 
as smooth wires biomechanically not designed to distract a 
collapsed bone as screw. 
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Introduction 

THE most often fractured tarsal bone is the cal-
caneus, which accounts for 75% of displaced intra-
articular fractures. The treatment of such fractures 
is still debatable [2]. Previous research has demon-
strated that when treating these fractures, anatomic 
restoration of the calcaneal morphology and joint 
congruity is associated with superior functional 
scores, a reduced incidence of post-traumatic sub-
talar arthritis, and a lower rate of subsequent sub-
talar fusion [3,4]. Soft tissue damage with disruption 
of wound healing and necrosis is a common con-
sequence when undergoing open reduction and 
internal fixation, particularly over when the lateral 
calcaneal wall is exposed during surgery [5,6]. 

The rate of skin necrosis has ranged from 2% 
to 11%, with the soft tissue infection rate ranging 
from 1.3% to 7% after an extended lateral approach, 
with reported wound complications in 25% of 
patients [7,8]. To overcome the soft tissue problems 
in the treatment of complex calcaneus fractures, 
some investigators have proposed minimally re-
duction and fixation [6,9]. Compared with open 
procedures, minimally invasive techniques can 
guarantee good reduction with fewer complications 
[9]. There are four main types of minimally invasive 
such; Kirschner wire (K-wire)/Steinmann pin lev-
erage for percutaneous fragments reduction [10,11], 
external fixators used for distraction [12], and then 
percutaneous procedures are used to stabilize them 
[13], Ligamentotaxis followed by percutaneous 
screw fixation [14], and the sinus tarsi strategy. 
These maneuvers are technically challenging in 
terms of achieving anatomic reduction and stable 
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fixation, and they typically require indirect reduc-
tion using ligamentotaxis and a variety of other 
maneuvers such as pins, periosteal elevators, lam-
inar spreaders, or bone punches to achieve reduction 
under the guidance of an intraoperative image 
intensifier [15-17]. 

The reduction's quality should be validated 
intraoperatively using image intensifier pictures, 
particularly Broden's views to evaluate the articular 
surfaces of the posterior facet, and postoperatively 
with standard radiographs and computed tomogra-
phy (CT) scans [18]. 

We aim to evaluate the functional and radiolog-
ical outcome of intraarticular calcaneal fractures 
fixed minimally invasive by either K wires or 
screws. 

Patients and Methods 

A prospective randomized study was conducted 
on 40 patients who had a recent calcaneal fracture. 
Twenty patients undergo minimally invasive fixa-
tion through sinus tarsi by cancellousK wires and 
twenty patients undergo fixation by cancellous 
screws. The patients were operated on and followed 
up at Cairo University in the screws group and El-
Haram Hospital in the K.wire group during the 
period between March 2014 and April 2016. 

The youngest patient was 20 years old and the 
eldest was 50 years, with an average of 35 years. 
Fig. (1) shows the distribution of patients in the 
different age groups in correlation with the sex of 
patients. Out of 40 cases in our series, 24 cases 
(60%) were males and 16 cases (40%) were fe-
males. 

Mechanism of injury: The major cause of injury 
in this series was falls from height in 36 cases 
(90%) followed by motor vehicle accidents in 4 
cases (10%) of cases. 20 patients (50%) had right-
sided fractures, while 16 patients (40%) had left-
sided fractures. Bilateral fracture calcaneus was 
seen in 4 patients (10%). 

- Case 1: Bilateral, left side was operated. 
- Case 4: Bilateral, the right side was operated. 
- Case 20: Bilateral, left side was operated. 
- Case 21: Bilateral, left side was operated. 

Associated injuries: 36 cases (90%) had no 
associated injuries, while 4 cases (10%) had asso-
ciated orthopedic injuries. The associated ortho-
pedic injuries included the following: Fracture 
spine at the level of L1 vertebra, fracture neck  

right femur, fracture spine at the level of L1 verte-
bra, and right Colle's fracture. 

This study will be done on patients with the 
following criteria: (1) Age: Adult patients (average 
age 20-50 years old), (2) Mode of trauma: Falling 
from height and motor vehicle accidents, and (3) 
Fracture: Recent (less than 3 weeks), Intra-articular, 
and Type II & III by Sanders classification. The 
exclusion criteria are: (1) Patient is unfit for surgery, 
(2) Old and malunited fractures, and (3) Highly 
comminuted fractures. 

Pre-operative assessment: 
For every case, the pre-operative clinical data 

were recorded. These included the name-age-sex 
of the patient, the side affected, and the mechanism 
of injury. The foot has to be examined, and the 
skin was inspected for possible ecchymosis and 
abrasions. These patients were initially treated with 
elevation, compressive bandage to avoid the de-
velopment of skin blisters which interferes with 
surgical intervention, waiting for the time of surgery 
delayed to allow soft-tissue swelling to resolve 
enough, until swelling adequately dissipated, as 
indicated by a positive wrinkle test. For every 
patient, the following were done including (1) Pre-
operative X-rays and (2) Pre-operative CT: For 
Sanders classification. 

Operative technique: 
Three patients were operated upon under general 

anesthesia due to associated spine injuries or colle,s 
fracture which was 3 cases, and mostly under spinal 
anesthesia. The patient was placed in the lateral 
decubitus position because it facilitates the lateral 
approach used in our series (the nonoperative down 
limb lies with the knee flexed and the operative 
up limb straight). Protective padding was placed 
beneath the contralateral limb to protect the pero-
nealnerve, a pillow is placed between the legs. The 
c-arm monitor was set opposite the operating sur-
geon. The bony landmark is lateral malleolus and 
base 

4th 
 MTB. The short lateral incision (4-5cm 

long) was made from the tip of the lateral malleolus 
to the level of the calcaneocuboid joint in a line 
strait towards the base of the 

4th  metatarsal. 

Proximally, we expose the interval between the 
peroneal tendons and the sinus fat pad is entered, 
carefully persevering the integrity and the dorsal 
attachments of the fat pad. Distally, the fascia of 
the extensor brevis muscle is incised longitudinally 
in the line with the skin incision, and the muscle 
split in line with its fibers as far as the calcane-
ocuboid joint if necessary. The resulting window 
gives access to the posterior facet, the anterior 



(E) 

Fig. (1): (A): Latral view of calcaneus in a 35yr patient 
intreoprative under image intensfir showing intraarticular fracture 
tonge type. (B): Intraoprative reduction manuver. (C): Lateral 
view of the same patint intraoprative after reduction and fixation 
by K.wires. (D): Latteral view of a 32 yr patient calcaneus 
showing intraarticular fracture of tonge type. (E): Intraopratve 
view of the same patient after fixation by canulated screws. 

(A) (B) 

(C) (D) 

Yasser A. Radwan, et al. 1821 

process, and the calcaneocuboid joint. Then we 
remove the lateral wall piece with an osteotome 
and clean the fracture site. In addition, we mobilize 
the intra-articular piece and reduce the tuberosity 
and then the posterior facet. 

For fixation, we use 4mm cancellous screws to 
fix the fracture through the subchondral bone. Then 
we place the screw into the sustentaculumtali. Two 
parallel screws are directed upwards to end with 
their tips in the posteromedial and the posterolateral 
joint fragment about 5mm short of the joint. Two 
additional parallel screws are directed into the  

dorsal portion of the anterior process of the calca-
neum. Minimal invasive fixation by k.wire. 

First, perform preparation & positioning of the 
patient as described previously. A lateral incision 
of 2cm was made as an accessible entry point for 
insertion of the periosteal elevator by which the 
articular fragment was elevated into anatomic 
configuration. K wire was inserted from the same 
direction of the major axis of calcaneus parallel to 
the reduced posterior facet into the cuboid the 
same procedure is used to insert the second wire 
in the same direction and parallel to the first. 
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Additional elevation of the posterior facet can 
be done using the 2 wires as an elevator with the 
cuboid as a fulcrum. The reduction of the posterior 
facet should be checked in Broden views. Acting 
on the lateral wall 2 K-wires was introduced until 
sustentaculumtali which usually not have been 
dislocated in most calcaneal fractures because of 
intact ligaments. If there is a depression other 
fragments can be elevated and fixed by another 
wire which is preferred to be arranged conically. 

During the closure, we remove the temporarily 
fixing K-wires and the 3 K-wires which are used 
for exposure. Also, we consider a deep small vac-
uum drain that exits in a safe internervous zone in 
the sinus tarsi. The wound is closed by careful re-
approximation of the divided fascia and interval. 

The whole number of patients was recalled for 
assessment of the final results of the operation. X-
rays were done on the 3rd, 6th, and 12th post-
operative months. Standard views (lateral and axial 
views) were sufficient to follow-up the patients. 
In the current study regarding follow-up, the dura-
tion of follow-up ranged between 3 months and 
18 months. Functional assessment was done in our 
series for 40 cases using the scoring system of the 
American foot and ankle society scale for fractures 
of the calcaneus. This scoring system was recom-
mended by Kitaoka et al., [1]. The maximum score 
was 100 points, the result was rated excellent if 
the score was 90 points or more, good if it was 80 
to 89, fair if it was 65 to 79, and poor if it was 64 
or less. The duration of follow-up ranged between 
6 months and 18 months. 

Data analysis: 
Data were coded and entered using the statistical 

package SPSS (Statistical Package for the Social 
Sciences) version 24. Data were summarized using 
mean, standard deviation, median, minimum and 
maximum in quantitative data and using frequency 
(count) and relative frequency (percentage) for 
categorical data. Comparisons between quantitative 
variables were done using the non-parametric 
Mann-Whitney test. For comparison of serial meas-
urements within each patient, the non-parametric 
Wilcoxon signed-rank test was used (Chan, 2003a). 
For comparing categorical data, Chi-square (I

2
) 

test was performed. The exact test was used instead 
when the expected frequency is less than 5 (Chan, 
2003b). p-values less than 0.05 were considered 
statistically significant [19]. 

Results 

In the current study regarding follow-up, the 
duration of follow-up ranged between 6 months  

and 18 months. Functional assessment was done 
in our series using the scoring system of the Amer-
ican Foot and Ankle Society Scale for fractures of 
the calcaneus [1]. This scoring system was recom-
mended by Kitaoka et al., [20], For Pain (40 points), 
Activity (10 points), Range of motion (14 points), 
walking distance (5 points), walking surface (5 
points), gait abnormality (8 points), Ankle stability 
(8 points), and Alignment (10 points). The maxi-
mum score was 100 points, the result was rated 
excellent if the score was 90 points or more, good 
if it was 80 to 89, fair if it was 65 to 79, and poor 
if it was 64 or less. 

According to the American Foot and Ankle 
Society Sale for fractures of the calcaneus [1], the 
result in Group A was in the first measurement 
after 6 months: Good in 4 cases (20%), fair in 10 
cases (50%), and poor in 6 cases (30%). The second 
measurement at 12 months was: Excellent in 2 
cases (10%), good in 4 cases (20%), fair in 12 
cases (60%), and poor in 2 cases (10%). In the 
third measurement: Excellent in 3 cases (15%), 
good in 9 cases (45%), fair in 7 cases (35%), and 
poor in one case (5%). The results of Group B 
were the first measurement after 6 months good 
in 2 cases (10%), fair in 14 cases (70%), and poor 
in 4 cases (20%). After 12 months, results were 
excellent in one case (5%), good in 9 cases (45%), 
fair in 9 cases (45%), and poor in one case (5%). 
After 18 months the results were excellent in 3 
cases (15%), good in 15 cases (75%), fair in one 
case (5%), and poor in one case (5%). 

The duration of delay until surgery ranged from 
1 day to 16 days with an average of (8.5 days). 
The time of weight bearing in our study ranged 
from 12th to 16th postoperative weeks. 

In the current study according to statistical 
studies after about 18 months of follow-up mean 
of hindfoot pain was 30.50 points in group A and 
31.50 points in group B. Mean of activity in group 
A 8.80 and 9.55 in group B. Mean of walking 
distance in group A 4.15 and 4.10 in group B. 
Mean of walking surface in group A 3.80 and 4.10 
in group B. Mean of Gait abnormality in group A 
8.00 and 8.00 in group B. Mean of motion in group 
A 11.20 and 12.95 in group B. Mean of stability 
in group A 8.00 and 7.80 in group B. Mean of 
alignment in group A 8.30 and 8.30 in group B. 
There was a statistically significant in group A 
through follow-up from 6 to 18 months in Gait 
abnormality, walking surface, walking distance, 
activity, pain, and results of clinical assessment. 
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Complications: 
There are 2 cases in group A complaining of 

osteodystrophy, one case complicated with super-
ficial infection, two cases developed mild to mod-
erate subtalar arthritis, and one case has complicated 
hindfoot flatteningvalgus heel, and persistent pain 
ended by subtalar arthrodesis. 

In group B there are two cases complicated 
with peroneal tendon impingement and one case 
complicated with manifest subtalar OA ended by 
subtalar arthrodesis. 

Radiological assessment: 
In group A: The average percentage of correc-

tion of Bohler's angle was excellent (100%) in 13 
cases, good (85%) in 3 cases, and fair (75%) in 4 
cases. 

In group B: The average percentage of correc-
tion of Bohler's angle was excellent (100%) in12 
cases, good (85%) in 4 cases, and fair (75%) in 4 
cases. 

After 6, 12, and 18 months of follow-up the 
results of both groups were statistically analyzed 
and tabulated showing statically insignificant dif-
ferences between the two groups as shown in Tables 
(1-3). Results of clinical assessment according to  

American Foot and Ankle Society Scale in our 
series after three consecutive measurements every 
6 months to the last visit were tabulated showing 
statically insignificant differences between groups 
as shown in Table (4). By comparison between 
results after 6 months and after 18 months in group 
A shows statical significance in gait, walking 
surface, distance,pain, and activity as shown in 
Table (5). By comparison between results after 6 
months and after 18 months in group B shows 
statical significance in motion, gait, walking surface 
and distance,pain activity, andclinical assessment 
in such group as shown in Table (6). The relation 
between changes in alignment scores, stability, 
gait, and walking on the uneven ground of the two 
groups during follow-up was exhibited in a diagram 
showing statically insignificant differences as 
shown in Fig. (2). 

The relation between changes in walking dis-
tance, activity, clinical assessment, and pain of the 
two groups during follow-up was exhibited in a 
diagram showing statically insignificant differences 
as shown in Fig. (3). The relationship between 
changes in the motion of the two groups during 
follow-up was exhibited in a diagram showing 
statical significant differences in the result of group 
B patients as shown in Fig. (4,5). 

Table (1): Statical comparative study between the two groups after 6 months of follow-up. 

Group A Group B p-
value 

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum 

- Alignment 
(after 6 months) 

8.40 .82 8.00 8.00 10.00 8.00 .00 8.00 8.00 8.00 .289 

- Stability 
(after 6 months) 

8.00 .00 8.00 8.00 8.00 8.00 .00 8.00 8.00 8.00 1.000 

- Motion 
(after 6 months) 

9.45 3.43 7.00 7.00 14.00 7.70 2.15 7.00 7.00 14.00 .183 

- Gait abnormality 
(after 6 months) 

5.60 2.01 4.00 4.00 8.00 6.60 1.96 8.00 4.00 8.00 .183 

- Walking surface 
(after 6 months) 

3.00 .00 3.00 3.00 3.00 3.00 .00 3.00 3.00 3.00 1.000 

- Walking distance 
(after 6 months) 

3.50 .89 4.00 2.00 4.00 3.20 1.01 4.00 2.00 4.00 .429 

- Activity 
(after 6 months) 

7.15 1.53 7.00 4.00 10.00 7.30 .92 7.00 7.00 10.00 .841 

- Pain 
(after 6 months) 

25.00 5.13 25.00 20.00 30.00 27.50 4.44 30.00 20.00 30.00 .183 

- Results of clinical 
assessement 
(after 6 months) 

70.15 9.21 69.00 56.00 87.00 71.30 6.66 72.00 59.00 82.00 .565 
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Table (2): Statical comparative study between groups after 12 months. 

Group A Group B p-
value 

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum 

- Alignment 
(after 12 months) 

8.20 .62 8.00 8.00 10.00 8.10 .45 8.00 8.00 10.00 .799 

- Stability 
(after 12 months) 

8.00 .00 8.00 8.00 8.00 8.00 .00 8.00 8.00 8.00 1.000 

- Motion 
(after 12 months) 

9.10 3.29 7.00 7.00 14.00 10.15 3.57 7.00 7.00 14.00 .429 

- Gait abnormality 
(after 12 months) 

7.20 1.64 8.00 4.00 8.00 7.80 .89 8.00 4.00 8.00 .429 

- Walking surface 
(after 12 months) 

3.40 .82 3.00 3.00 5.00 3.70 .98 3.00 3.00 5.00 .429 

- Walking distance 
(after 12 months) 

3.80 .83 4.00 2.00 5.00 3.95 .51 4.00 2.00 5.00 .799 

- Activity 
(after 12 months) 

8.20 1.51 7.00 7.00 10.00 8.35 1.53 7.00 7.00 10.00 .799 

- Pain 
(after 12 months) 

28.50 3.66 30.00 20.00 30.00 29.50 2.24 30.00 20.00 30.00 .602 

- Results of clinical 
assessement 
(after 12 months) 

76.40 8.34 75.00 61.00 90.00 79.55 6.44 79.00 61.00 90.00 .134 

Table (3): Statical comparative study between groups after 18 months. 

Group A Group B 
p-

value 
Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum 

- Alignment 
(after 18 months) 

8.30 .73 8.00 8.00 10.00 8.30 .73 8.00 8.00 10.00 1.000 

- Stability 
(after 18 months) 

8.00 .00 8.00 8.00 8.00 7.80 .89 8.00 4.00 8.00 .799 

- Motion 
(after 18 months) 

11.20 3.52 14.00 7.00 14.00 12.95 2.56 14.00 7.00 14.00 .183 

- Gait abnormality 
(after 18 months) 

8.00 .00 8.00 8.00 8.00 8.00 .00 8.00 8.00 8.00 1.000 

- Walking surface 
(after 18 months) 

3.80 1.01 3.00 3.00 5.00 4.10 1.02 5.00 3.00 5.00 .429 

- Walking distance 
(after 18 months) 

4.15 .67 4.00 2.00 5.00 4.10 .64 4.00 2.00 5.00 .799 

- Activity 
(after 18 months) 

8.80 1.51 10.00 7.00 10.00 9.55 1.10 10.00 7.00 10.00 .183 

- Pain 
(after 18 months) 

30.50 3.94 30.00 20.00 40.00 31.50 3.66 30.00 30.00 40.00 .620 

- Results of clinical 
assessement 
(after 18 months) 

82.75 8.78 83.50 63.00 100.00 86.00 7.57 87.00 63.00 100.00 .157 



After 6 months After 18 months 
Group A 

SD 

p-
value SD Maximum Maximum Minimum Minimum Median Median Mean Mean 

- Alignment 

- Stability 

- Motion 

- Gait abnormality 

- Walking surface 

- Walking distance 

- Activity 

- Pain 

- Results of clinical 
assessement 

8.00 

8.00 

7.70 

6.60 

3.00 

3.20 

7.30 

27.50 

71.30 

.00 

.00 

2.15 

1.96 

.00 

1.01 

.92 

4.44 

6.66 

8.00 

8.00 

7.00 

8.00 

3.00 

4.00 

7.00 

30.00 

72.00 

8.00 

8.00 

7.00 

4.00 

3.00 

2.00 

7.00 

20.00 

59.00 

8.00 

8.00 

14.00 

8.00 

3.00 

4.00 

10.00 

30.00 

82.00 

8.30 

7.80 

12.95 

8.00 

4.10 

4.10 

9.55 

31.50 

86.00 

.73 

.89 

2.56 

.00 

1.02 

.64 

1.10 

3.66 

7.57 

8.00 

8.00 

14.00 

8.00 

5.00 

4.00 

10.00 

30.00 

87.00 

8.00 

4.00 

7.00 

8.00 

3.00 

2.00 

7.00 

30.00 

63.00 

10.00 

8.00 

14.00 

8.00 

5.00 

5.00 

10.00 

40.00 

100.00 

0.083 

0.317 

<0.001 

0.008 

0.001 

0.01 

<0.001 

0.005 

<0.001 

After 6 months After 18 months 
Group B 

SD 

p-
value SD Maximum Maximum Minimum Minimum Median Median Mean Mean 
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Table (4): Statical comparative study in end results of clinical assessment of the two groups. 

Group A Group B p- 
value 

Results of clinical assessement 
(after 6 months): 

Poor 6 30.0 4 20.0 0.489 
Fair 10 50.0 14 70.0 
Good 4 20.0 2 10.0 
Excellent 0 0.0 0 0.0 

Results of clinical assessement 
(after 12 months): 

Poor 2 10.0 1 5.0 0.505 
Fair 12 60.0 9 45.0 
Good 4 20.0 9 45.0 
Excellent 2 10.0 1 5.0 

Results of clinical assessement 
(after 18 months): 

Poor 1 5.0 1 5.0 0.071 
Fair 7 35.0 1 5.0 
Good 9 45.0 15 75.0 
Excellent 3 15.0 3 15.0 

Table (5): Statical analysis of parameter changes during follow-up in group A. 

Count % Count % 

- Alignment 8.40 .82 8.00 8.00 10.00 8.30 .73 8.00 8.00 10.00 0.655 

- Stability 8.00 .00 8.00 8.00 8.00 8.00 .00 8.00 8.00 8.00 1 

- Motion 9.45 3.43 7.00 7.00 14.00 11.20 3.52 14.00 7.00 14.00 0.059 

- Gait abnormality 5.60 2.01 4.00 4.00 8.00 8.00 .00 8.00 8.00 8.00 0.001 

- Walking surface 3.00 .00 3.00 3.00 3.00 3.80 1.01 3.00 3.00 5.00 0.005 

- Walking distance 3.50 .89 4.00 2.00 4.00 4.15 .67 4.00 2.00 5.00 0.025 

- Activity 7.15 1.53 7.00 4.00 10.00 8.80 1.51 10.00 7.00 10.00 0.001 

- Pain 25.00 5.13 25.00 20.00 30.00 30.50 3.94 30.00 20.00 40.00 0.001 

- Results of clinical 70.15 9.21 69.00 56.00 87.00 82.75 8.78 83.50 63.00 100.00 <0.001 
assessement 

Table (6): Statical comparative study of results during follow-up in group B. 
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Fig. (3-A): Alignment during the three visits of follow-up in 
the two groups. 
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Fig. (3-B): Stability of the two groups during follow-up. 
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Fig. (3-C): Operative change in gait during the three visits of 
follow-up. 
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Fig. (3-D): Postoperative ability of walking on uneven ground 
in our series 
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6 months 12 months 18 months 

Fig. (4-A): Postoperative distance could be walked by our 
patients 

6 months 12 months 18 months 

Fig. (4-B): Postoperative return to daily activities in our series 
during follow. 

Pain Results of clinical assessement 

6 months 12 months 18 months 

Fig. (4-C): Postoperative pain improvement in our series 
during follow-up. 

6 months 12 months 18 months 

Fig. (4-C): Postoperative pain improvement in our series 
during follow-up. 

Discussion 

Surgery for calcaneal fractures aims to restore 
fractures and articular congruity, offer stable fixa-
tion, and restore mobility as soon as possible after 
surgery [21-23]. For the internal fixation of calcaneal 
fractures, a variety of implants, including plate-
screw system (PSS), Kirschner wires (K-wires), 
cannulated screws (CS), and absorbable screws 
(AS), have been utilized effectively [24,25]. Despite 
the fact that the stability of the fixation plays a 
crucial role in preserving the reduction's position, 
plate selection and implant type were the major 
topics of prior biomechanical investigations [26,27]. 

In our study, we presented minimally invasive 
techniques for the management of intraarticular, 
dislocated calcaneus fractures and were able to 
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produce results comparable to open techniques 
with a lower incidence of complications. We found 
that after 6, 12, and 18 months of follow up the 
results of both groups showed statically insignifi-
cant variation between both groups. Results of 
clinical assessment according to American Foot 
and Ankle Society Scale after three consecutive 
measurements every 6 months to the last visit 
showed statically insignificant differences between 
groups. By comparison between results after 6 
months and after 18 months in group A and group 
B show statical significance in gait, walking sur-
face, distance, pain, and activity. The relation 
between changes in alignment scores, stability, 
gait, walking distance, activity, clinical assessment, 
pain, and walking on the uneven ground of the two 
groups during follow-up was exhibited in a diagram 
showing statically insignificant differences. The 
relationship between changes in the motion of the 
two groups during follow-up was exhibited in a 
diagram showing statistically significant differences 
in the result of group B patients. 

A technique similar to ours was done between 
June 2007 and August 2012 in a previous prospec-
tive cohort study by Gomaa et al., [28]. They in-
cluded 52 patients with a total of 61 closed intra-
articular calcaneal fractures. Patients were treated 
with minimally invasive techniques. They used a 
visual analogue scale (VAS) to evaluate the pain 
intensity. They finally compared their results to 
other (ORIF) lateral extensile approach studies 
and concluded that minimally invasive techniques 
substantially reduced wound complication rates 
without compromising the clinical outcome as 
Böhler s angle and geometry of the calcaneus were 
returned to the normal anatomical proportions. 
Furthermore, future screws removal would be 
performed easily through small incisions without 
major soft tissue damage and with less surgical 
procedure time that may be conducted under local 
anesthesia. Thus it seems that the described mini-
mally invasive technique is a valuable alternative 
option for the management of intraarticular calca-
neal fractures. Differences between their study and 
our trial were the exclusion of Sanders type VI in 
our study, range of age which was any adult patient, 
and mode of trauma which was fall from height in 
all cases. 

Wang et al., [29] conducted a systematic review 
and meta-analysis in the Chinese literature com-
paring percutaneous poking reduction and ORIF. 
Their results regarding the percutaneous group 
showed a statistically significant reduction in 
postoperative wound complications when compared 
to ORIF. Furthermore, they found no difference  

between both groups in the angle of Gissane, 
Bohler's angle, or functional outcomes. Biz et al., 
[2] conducted consecutive series of 104 calcaneal 
fractures treated with either percutaneous fixation 
with screws or Kirschner wires or ORIF. They 
included 37 (42.5%) Sanders II, 31 (35.7%) Sanders 
III, and 19 (21.8%) Sanders IV. The overall results 
favored the ORIF group regarding Bohler's angle, 
VAS score, Maryl and Foot Scale (MSF), American 
Orthopaedic Foot and Ankle Society hindfoot scale 
(AOFAS), and Short-Form 36 (PCF). Concerning 
the percutaneous group, they found that fixation 
with screws is superior to fixation with wires. 

Shams et al., [30] performed a retrospective 
comparative study that included seventy patients 
with displaced intraarticular calcaneal fractures. 
They found that with minimally invasive reduction 
and fixation techniques, it is possible to treat 
displaced intraarticular calcaneal fractures with 
excellent functional and radiographic results and 
high patient satisfaction. K-wires have the benefit 
of requiring less time during surgery than cannu-
lated screws. 

When the calcaneal fractures were treated with 
K-wires, cannulated screws, and plate-screw sys-
tem, the overall stiffness remained constant. The 
quality of the bone has a significant impact on the 
stability of the absorbable screws fixation in both 
the vertical and anterior-posterior planes. Greater 
strength and pull-out resistance should be incorpo-
rated into the design of AS for fracture fixing [31]. 

Contrary to our study, a retrospective study 
conducted by Ying et al., [7] included a total of 
162 patients (176 feet) with calcaneal fractures. 
The overall complications that occurred in operative 
fixation of calcaneal fractures were 47 (26.704%). 
Surgical site infection (SSI) occurred in seven 
fractures (3.977%), while deep infections and 
superficial infection occurred in three (1.704%) 
and four (2.273%) fractures, respectively. Necrosis 
was noted in all those twelve fractures (6.8%). 
They reported that the pain was the most commonly 
faced complication. They reported that malunion 
was found in five fractures (2.841%), fixation loss 
in four fractures (2.272%), and nonunion in two 
fractures (1.136%). 

Another retrospective cohort study conducted 
from January 2014 to June 2017 by Wang et al., 
[32] included 681 patients with calcaneus fractures 
who were treated by ORIF. The fractures occurred 
due to different causes including high-energy trau-
ma, vehicle collisions, falls from height, and sports 
injuries. The overall SSI was found in 66 out of 
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681 patients (9.7%). The incidence of deep and 
superficial infections was 2.9% and 6.8%, respec-
tively. Moreover, they demonstrated that intra-
operative hypothermia, ASA classification higher 
than 3, and open fractures were associated with 
more incidence of wound complications. SSI may 
occur at any time after the operation from 3 days 
up to 107 days. The mean time for its occurrence 
was 5 days. The most commonly found organism 
was Staphylococcus aureus. 

Results in this series are comparable to several 
recent large studies concerning infection, wound 
problems, and secondary subtalararthrodeses. Bezes 
et al., [33] reported an infection rate of 2.7% in 257 
intra-articular fractures of the calcaneous fixed 
with third tubular plate and screws. Ten percent 
had superficial necrosis of the skin. Six patients 
(2.7%) required secondary arthrodesis of the sub-
talar joint. In 157 intra-articular fractures treated 
by Colburn et al., [34] the most common complica-
tion was wound edge necrosis in (8.3%). Infection 
occurred in 1.9% and four patients (3.3%) required 
subtalar arthrodesis. 

We concluded that the minimally invasive tech-
nique helps in rebuilding the articular surface of 
the posterior facet causing decreased risk of infec-
tion and hared wear failure. It is considered an 
excellent option for the management of displaced 
intra-articular calcaneal fractures. But the frequent 
need for screw removal after the healing of the 
fracture with the advantage of threaded screws 
over smooth wires in the preservation of reduction 
till union as smooth wires biomechanically not 
designed to distract a collapsed bone as screws. 
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