
2016 to 9th January 2019. All patients presenting to the Orthopaedic 
emergency with displaced calcaneal fractures belonging to either 
gender aged between 20 to 65 years presenting within 1 week of inju-
ry were included. All patients underwent percutaneous reduction and 
fixation under C-arm fluoroscope. Functional outcome at 3-months 
post-operatively was assessed in terms of VAS. Data regarding age, 
gender, mechanism of injury, fractured side, time since injury, type 
of fracture, VAS and any complication was noted and analyzed using 
SPSS version 23.
RESULTS: 50 patients were included in the study. 40 (80%) were 
males and 10 (20%) females. Mean age was 41.3 ± 10.0 years. Av-
erage time to surgery since injury was 5.1 ± 1.1 days. Most of the 
patients had Sanders-II (44%) type of fracture. Most common com-
plication was sub-talar arthritis which was found in 6 (12%) patients. 
Mean VAS score at 3-months post-operatively was 2.5 ± 0.9.
CONCLUSION: The study concludes that percutaneous reduction 
and fixation of calcaneal fractures has good functional outcome.
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INTRODUCTION
Calcaneum is the commonest tarsal bone to be fractured in adults, 
accounting for an estimated 60% of all tarsal bones[1]. The incidence 
is highest in young males[2]. Axial loading resulting from a fall is the 
mechanism of injury in majority of the cases[3]. Calcaneal fractures 
can be classified into intra-articular and extra-articular[4]. Mostly 
these are displaced intra-articular fractures[5]. According to one of the 
study, their incidence is 11.5 per 100,000[6]. Various treatment options 
from conservative to operative have been described over the past sev-
eral decades. The earliest minimally invasive technique of managing 
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ABSTRACT
OBJECTIVES: To determine the functional outcome of percutane-
ous reduction and fixation of calcaneal fractures in terms of visual 
analog pain score (VAS).
METHODS: This descriptive study was done from 10th January 
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these fractures was mentioned by Clark in 1855, who used a pulley 
for reducing the fracture[7]. Bohler in 1920, then managed these with 
traction and screw fixation, if required[8]. Later on, treating these with 
open reduction and internal fixation (ORIF) with a plate became the 
standard[9].
    ORIF is associated with a higher incidence of wound infection, 
up to 27%. These include superficial and deep infections[10]. Cost of 
managing these complications is not only a burden on the patient, but 
on the health care system as well[11]. Patients with co-morbid condi-
tions like Diabetes Mellitus, obesity, immunocompromised, etc have 
a higher chance of getting wound infection[12]. In order to reduce 
these complications, minimally invasive methods of reduction and 
fixation of these fractures were introduced[13]. Initially these were 
employed only for tongue-type calcaneal fractures as they might lead 
to less favorable intra-articular reduction[14]. In 1999, percutaneous 
reduction and fixation with screws was introduced for all types of 
calcaneal fractures[15].
    As there are many treatment options available for managing these 
fractures, there is no consensus regarding the optimal treatment op-
tion. Arastu et al reported excellent results while using minimally in-
vasive technique for displaced intra-articular fractures while jordaan 
et al. found excellent results and lower wound infection rates with 
ORIF[16,17]. So this study was done to determine the outcome of man-
aging calcaneal fractures percutaneously in terms of visual analog 
pain scale (VAS) at 3 months post-operatively.

MATERIAL AND METHODS
This descriptive study was done from 10th January 2016 to 9th Janu-
ary 2019 at the Department of Orthopaedics, Benazir Bhutto Hospital 
and Holy Family hospital, Rawalpindi, Pakistan. The inclusion cri-
teria were patients aged between 20 to 65 years with displaced cal-
caneal fractures belonging to either gender presenting within 1 week 
of injury. The exclusion criteria were open fractures, poly trauma, 
bilateral calcaneal fractures, intraarticular commination, congenital 
anomalies of the foot and leg, previous surgery of foot, Neurological 
& psychiatric illnesses, fracture more than 1 week old. All patients 
presenting to the emergency department and fulfilling the inclusion 
criteria were made a part of the study using non-probability conve-
nient sampling. Fractures were classified using radiographs - antero-
posterior and lateral views and CT scan of the foot.
    All patients underwent percutaneous reduction and fixation under 
C-arm fluoroscope by the same consultant Orthopaedic surgeon. The 
technique involved placing the patient in lateral position, with the 
fracture side facing upwards above the normal foot. Under aseptic 
measures, tourniquet applied but not inflated. Fluoroscope was in-
verted so that the foot rest on the receiver site in a true lateral view. 
A line drawn on the posterior border of lateral malleolus about one-
thumb breadth below the tip of lateral malleolus, a stiemann pin 3-4 
mm was introduced between the fragments to a depth of at least 1 
inch (Figure 1). Force was generated towards the heal side to dis-
impact the fragments. As sufficient force was required and k-wires 
would bend, hence stiemann pin used for disimpaction and its tip was 
directed towards the impacted segment, which was pushed superiorly 
so that our sub-talar angle was regained. A 2 mm k-wire was placed 
on the skin to determine the position under C-arm fluoroscope, where 
this elevated fragment can be held. Then this k-wire was inserted 
from the lateral aspect of tendoachilles in the same direction that 
we determined (Figure 2). This wire held the fragment and it was 
advanced distally up to the normal tarsal bone. Another k-wire was 
passed parallel to it at the same level to hold the same fragment. A 
third k-wire was inserted to hold the extra-articular fragment under 
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Figure 1 Our technique of percutaneous reduction and fixation of calcaneal 
fractures.

Figure 2 Our technique of percutaneous reduction and fixation of calcaneal 
fractures.

Figure 3 Our technique of percutaneous reduction and fixation of calcaneal 
fractures.

C-arm fluoroscope (Figure 3).
    K-wires were bent posteriorly and padded. Below knee backslab 
was applied with ample cotton. Patient was discharged the next day. 
Each patient was given a single dose 1st generation Cephalosporin 
15 minutes before the start of surgical procedure and two doses post-
operatively.
    The rehabilitation protocol involved keeping the patient non-
weight bearing for at least 6 weeks. Range of motion exercises started 
at knee, and toe movements allowed. First follow-up at 2 weeks post-
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Table 1 Characteristics of children with BA.

Characteristics BA children (n = 64)

Age at KPE procedure, mean ± SD (days) 105.28 ± 39.28

Gender, n (%)

Male 34 (53)

Female 30 (47)

Gestational age, n (%)

Full-term 57 (89)

Premature 7 (11)

Birth weight, n (%)

Normal 55 (86)

Low 9 (14)

Type of biliary atresia, n (%)

Type 1 2 (3)

Type 2 33 (52)

Type 3 29 (45)

Cholangitis, n (%)

Yes 38 (59)

No 26 (41)

Recurrent cholangitis, n (%)

Yes 10 (26)

No 28 (74)

Note: KPE, Kasai hepatoportoenterostomy.

Table 2 Bivariate and multivariate analyses of predictors of cholangitis after KPE procedure in children with BA.

Predictors
Cholangitis Bivariate analyses Multivariate analyses

Yes [n=...(%)] No [n=...(%)] RR (95% CI) p value Adjusted OR (95% CI) p value

Age at surgery

>60 days 34 (60) 23 (40) 1.04 (0.53 to 2.05) 1.00f

  ≤60 days 4 (57) 3 (43)

Gender

  Male 16 (47) 18 (53) 0.64 (0.42 to 0.97) 0.03 0.17 (0.04 to 0.87) 0.03

  Female 22 (73) 8 (27)

Nutritional status at surgery

  Malnourished 20 (69) 9 (31) 1.34 (0.89 to 2.01) 0.15 5.97  (0.86 to41.45) 0.07

  Well-nourished 18 (51) 17 (49)

Direct bilirubin levels before surgery

>10mg/dL 8 (40) 12 (60) 0.59 (0.33 to 1.04) 0.03 0.15 (0.02 to 0.97) 0.04

  ≤10mg/dL 30 (68) 14 (32)

Liver fibrosis

  Yes 31 (63) 18 (37) 1.36 (0.76 to 2.43) 0.25

  No 7 (47) 8 (53)

Liver cirrhosis

  Yes 20 (74) 7 (26) 1.52 (1.02 to 2.27) 0.04 9.11(1.31 to 63.23) 0.02

  No 18 (49) 19 (51)

Note: CI, Confidence Interval; OR, Odds Ratio; RR, Relative Risk.

operatively to remove the backslab and wound inspected and then 
below knee POP was applied. Touch down weight-bearing on toes 
was allowed at this stage, which was continued till 6 weeks. Second 
follow-up at 6 weeks post-operatively, to remove the k-wires in order 
to avoid infection and touch down weight-bearing of toes continued. 
Reduction of fracture fragments confirmed using radiographs of 
foot - anteroposterior and lateral view with Bohler’s angle and mean 
length. Third follow-up at 12 weeks, to assess the outcome in terms 
of VAS and complications using radiographs of foot. Full weight-
bearing started at this stage. VAS had a scale of 0 to 10, where 0 indi-
cated no pain and 10 for maximum pain[18].

   Data regarding age, gender, mechanism of injury, fractured side, 
time since injury, type of fracture, visual analog pain scale (VAS) and 
any complication was noted on proformas. Data was analyzed using 
SPSS version 23. Qualitative variables including gender, fractured 
side and mechanism of injury were measured in terms of frequency 
and percentage. Quantitative variables including age and VAS were 
measured in terms of means and standard deviations (SD). A p-value 
< 0.05 was considered statistically significant.

RESULTS
A total of 50 patients were included in the study. Majority (80%) 
were males. Average BMI was 23.5 ± 2.1 Kg/m2. Demographic de-
tails are shown in table-1.
    Most common complication was sub-talar arthritis which was 
found in 6 (12%) of patients. Mean VAS score was 2.5 ± 0.9 (Table 
2). None of the patient had loss of reduction at 6 and 12 weeks post-
operatively.

DISCUSSION
Percutaneous reduction and fixation of displaced calcaneal fractures 
has gained popularity in recent times as it is a minimally invasive 
technique. In our study, the mean age was 41.3 ± 10.0 years which 
was comparable to a study done by Vasukutty et al. in which mean 
age was 49 years[19]. Majority of the patients in our study were males 
(n = 40, 80%). Gender statistics were in accordance with a study 
undertaken by Haapasalo et al. which comprised of 76% males[20]. 
Mean BMI of patients was 23.5 ± 2.1 Kg/m2 in our study which was 
comparable to a study done by Jun et al. in China, in which it was 
22.5 ± 3.6 Kg/m2 [21]. In majority of the cases there was a fracture of 
right calcaneum (n = 35, 70%) in our study. This side of involvement 
statistics were similar to a study by Tantavisut et al. which had 56.8% 
patients with right sided fracture[22]. 44% patients had Sanders-II frac-
ture type in our study. These fracture statistics were in accordance to 
a study undertaken by Arastu et al. in which 38.7% had Sanders-II, 
29% had Sanders-III and 32.2% with Tongue-type fracture[16].
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    Various functional outcome measures have been employed by dif-
ferent researchers like foot and ankle scoring, SF-36, VAS, etc. In 
our study VAS was determined at 3-months post-operatively which 
showed excellent results. The mean VAS was 2.5 ± 0.9. This was 
similar to a study done by Park et al. in South Korea[23]. Most com-
mon post-operative complication was sub-talar arthritis found in 
12% of patients. 4% had superficial pin tract infection while 4% had 
wire irritation. These statistics were in accordance with the study by 
Tantavisut et al. which had 9.3% screw irritation, 6.5% sub-talar ar-
thritis and 0.9% deep infection as complication[22]. In our technique, 
k-wire was introduced from posterior to the anterior side. At least 2 
k-wires were passed to make a platform and prevent fragment from 
collapsing, which becomes likely if k-wires are inserted from heel to 
fragment, as according to us is not sufficient to prevent collapse[16]. 
We did not employ screws in our cases rather k-wires were used. K-
wires have the advantage of early and easy removal percutaneously, 
and mostly patients were laborers in our study, so for them affording 
a revision surgery would have been difficult.
    The results of our study are in favor of percutaneous minimally 
invasive reduction and fixation of calcaneal fractures. Our study 
had certain limitation as well. Firstly, it was done on a small sample 
size. Large sample and long duration studies with a extended follow-
up can be done. Secondly, this was a descriptive study. Studies can 
be done comparing the open reduction internal fixation of calcaneal 
fractures in terms of functional outcome to determine the gold stan-
dard management technique. Future implications regarding calcaneal 
fractures can be use of a specific trocar-cannula system for disimpac-
tion and application of synthetic graft for filling of gap between the 
fragments. For this arthroscopic cannula system should not be used 
as a lot of forces are required, which is likely to deform it.

CONCLUSION
The study concludes that percutaneous reduction and fixation of 
calcaneal fractures has good functional outcome.
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