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ABSTRACT 
Background

Calcaneal fractures are common, but are difficult to manage. Immediate concern 
is soft tissue problems, while long term concern is pain as a sequelae of subtalar 
arthritis. A consensus has not been reached in the management of calcaneal 
fractures.

Objective

This study aims to evaluate clinical and radiological outcomes of the patients 
managed with open reduction and internal fixation with Calcaneal Locking Plates 
for the displaced intra-articular calcaneal fractures presenting in Dhulikhel Hospital, 
Kathmandu University Hospital. 

Method 

This was a prospective study, conducted on displaced intra articular calcaneal 
fractures from January 2014 through December 2016. The patients underwent open 
reduction and internal fixation with Locking Branched Calcaneal Plates through the 
extensile lateral approach. Post-operatively, ankle was mobilized after two weeks. 
Weight bearing was started after 12 weeks. Patients were evaluated clinically with 
Maryland foot score and radiologically with measurements of Boehler’s and Gissane 
angle.

Result

Twenty-two cases of calcaneal fractures managed with open reduction and internal 
fixation with Locking Branched Calcaneal Plates were available for final evaluation. 
Seventeen of the enrolled patients were males in their third decade of life. On 
average, calcaneal fractures were operated on seven days after the injury. Sanders 
Type II were seen in 68.2% of the cases and Sanders Type III were in 31.8%. Mean 
follow-up duration was 21.5 months. The average Maryland foot score was 77.27. 
Seventeen cases (77.13%) had good, four cases (18.2%) had fair, and one case (5.5%) 
had poor outcome score. There was statistically significant improvement in Boehler’s 
and Gissane angle across all enrolled patients.

Conclusion

Displaced intra-articular calcaneal fractures treated operatively with open reduction 
and internal fixation with Locking Branched Calcaneal Plates through the extended 
lateral approach, with proper planning of operation and surgical techniques in soft 
tissue handling, results in good clinical as well as radiological outcomes.
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INTRODUCTION
Calcaneal fractures, which account for 2% of total fractures, 
are one of the most common fractures of the foot.1-7 
There is controversy whether to manage these fractures 
conservatively or open reduction and internal fixation 
(ORIF). ORIF with Locking Branched Calcaneal Plate (LBCP) 
has better radiological and functional outcomes when 
they are reviewed over the long-term.8,9 The drawbacks to 
ORIF with LBCP are the complications related to soft tissue 
damage, such as skin break down, surgical site infection 
and necrosis. However, the risk of soft tissue damage 
can be mitigated with meticulous soft tissue handling 
and strict adherence to surgical principles.10 Conservative 
management reduces the likelihood of soft tissue 
complications but has drawbacks such as: increased risk of 
chronic pain, gait abnormality, prolonged recovery, short 
and wide heel, sub-fibular impingement, disparity in height 
and increased morbidity which can be minimized by ORIF.11 

The available literatures provide insufficient evidence 
regarding best management strategy for these fracture. 
The paucity of literature about the operative management 
from our part of the world has made it difficult to follow 
evidence based practice for our patients. The current study 
evaluates clinical and radiological outcome of patients with 
intra-articular calcaneal fracture managed with ORIF with 
LBCP for calcaneal fractures.

METHODS
A prospective quantitative descriptive cohort study 
was carried out over three years, from January 2014 to 
December 2016, in all consecutive cases of closed displaced 
intra-articular fractures of calcaneum in skeletally mature 
patients that presented to the Department of Orthopaedics 
and Trauma of Dhulikhel Hospital, Kathmandu University 
Hospital, after obtaining ethical clearance from the 
Institutional Review Committee. Out of total 38 cases of 
calcaneal fractures that ware managed during the study 
period, 25 cases were eligible for the study and 22 cases 
were available for final follow up. Open calcaneal fractures, 
patients unwilling for the operative management, skeletally 
immature patients, cases managed conservatively were 

excluded from the study. Written informed consent was 
obtained from all patients to be managed with ORIF with 
LBCP. The data were recorded in proforma including: 
epidemiological information, fracture details from 
X-rays and CT scans, preoperative, perioperative, and 
postoperative details including wound condition. 

Procedure details

The operation was carried out with the patient in lateral 
decubitus position with the affected side up and using 
extensile lateral incision with elevation of single full 
thickness skin flap up from the bone. Instead of using 
tooth forceps, tissue was reflected with a penfield and 
held with the use of three 2 mm Kirschner wires at the 
lateral surface of the talus. On the bulged lateral wall of the 
fractured calcaneum, a window was opened by elevating 
the bone flap, through which the depressed fragment was 
elevated, anatomically reducing the articular surface of 
the calcaneum. (Figure 1a-c) The reduction was confirmed 
by visualization through talo-calcaneal joint and also 
by lateral view of calcaneum in C arm. (Figure 1d,e) The 
bone flap was then turned down, to closed the window. 
The reduction was temporarily held in place with a K wire 
that was passed from heel through the calcaneum to the 
talus. An appropriate sized branched calcaneum locking 
plate was placed on the lateral wall of the calcaneum and 
initially fixed with non-locking cortical screws, in order to 
generate good lag effect allowing proper buttressing of the 
plate onto the lateral wall of calcaneum. Then, the non-
locking cortical screws were replaced by the locking ones 
ensuring the stable fixation of the plate. (Figure 1f) The 
wound was then irrigated and closed in two layers: three 
to four polygalactin sutures for subcutaneous tissues and 
tension free polypropylene sutures for skin over an eight 
French closed suction drain. The ankle and foot were 
padded well and splinted with Short Leg Back Slab (SLBS) 
in neutral position. 

Post-operatively ankle was elevated over a pillow, 
intravenous cefuroxime 750mg q8h was given for 48 
hours followed by oral cefuroxime for five days. Wound 
was inspected and drain was removed on the second 
postoperative day. Five to seven days post-operatively, 
once the wrinkle sing appeared, ankle range of motion 

Figure 1a Extensile lateral approach showing 
proposed the skin incision marking

Figure 1b Full thickness skin flap raised and 
hold by 3 K wires, visualizing the lateral 
surface of calcaneum, “opening a window”

Figure 1c Reduction done through the 
“window”
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Figure 1d K wires used for provisional 
reduction

Figure 1e Reduction is verified 
radiologically under C arm

Figure 1f LBCP is used to buttress the lateral 
surface of calcaneum

Figure 2. Clinical outcome at 2 year follow up (squatting and crossed leg sitting)

exercises were begun. The patients were discharged with 
advice of suture removal on fourteenth postoperative 
day. Patients were advised to continue SLBS for total of six 
weeks post-operation with intermittent range of motion 
exercises. Weight bearing was started on 12th weeks post 
operation. At the final follow up, the functional outcome 
was assessed with Maryland foot score by an orthopaedic 
surgeon or a physiotherapist and the radiological outcome 
by Boehler’s Tuber and Gissane angles on lateral view of 
ankle X-ray. (Annex 1)

Data were analysed using Wilcoxon paired test and 
statistical significance was set at 0.05.

RESULTS
Twenty-two cases of calcaneal fractures managed with 
ORIF and LBCP were available for final evaluation. Clinical 
outcome, as measured using the Maryland foot score, 
showed majority of the patients had a good outcome. 
(Figure 2) (Table 1) Radiological assessment comparing pre-
operative to post-operative improvement in Boehler’s and 
Critical angle of Gissane showed significant improvement 
after ORIF with LBCP. (Figure 3) (Table 2) 

Figure 3. Post operative X-rays at 2 year follow up

Table 1. Clinical Outcome  

Functional Outcome Number (%)

Maryland foot score (Mean ± SD) 77.27 ± 8.04

Excellent (90–100) 0

Good (75–89) 17 (77.3)

Fair (50–74) 4 (18.2)

Poor (<50) 1 (5.5)

Overall 22 (100)
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The average age of cohort members in this study was 36 
years. Male preponderance was observed with male to 
female ratio of 3.4:1. (Table 3) The majority  of the cases 
presented with isolated injuries however, some fractures 
occurred in patients along with multiple traumatic injuries 
(spine injuries being most common) that were managed 
appropriately. (Table 4) After arrival in the Emergency 
Department or Orthopedic Outpatient Department, each 
patient underwent an X-ray and a CT scan of the calcaneus. 
(Figure 4) Fifteen patients had Sanders Type II fractures and 
seven patients had Sanders Type III fractures. However, 
there were no Sanders I and IV type fractures in the current 
study. (Table 5) In average, the final follow-up was 21.52 
months post-operation with a range of 11 to 39 months. 

Table 3. Demographic information

Demographic Information

Distribution Kavre : 8 ( 36.4%)
Sindhupalchowk : 6 (27.3%)
Bhaktapur : 4 (18.2%)
Others : 4 (18.2%)

Age Mean : 36 years ± 12 years 
Range ( 17 to 60 years)

Gender Male : Female = 17:5 
(Male : 3.4 times more)

Laterality Right : Left = 11:9

Injury to Operation duration Mean : 7 days ± 4.8 days
Range : (1 to 20) days

Operation to Discharge duration Mean : 5.6 days ± 2.5 days
Range : (2 to 12) days

Original Article

Figure 4. Pre operative x rays and CT scans

Table 4. Associated Injuries along with calcaneum fractures.  

Type of Injury Number Management

Spine Fractures 3 2: Posterior stabilization with 
Pedical screw fixation
1: Conservative management

Contralateral Calcaneum 
Fracture

2 Both managed conservatively 
with short leg cast

Ipisilateral distal Femur 
Fracture

1 Distal Femur Locking Plate

Contralateral distal tibia 
Fracture

1 Distal tibial locking plate

Metatarsals Fracture 1 Closed Reduction Percutane-
ous Pining

Shoulder Dislocation 1 Conservative management

None (isolated injury) 13

Table 2. Radiological outcome and relation of Boehler’s and 
Gissane angle with functional outcome 

Maryland foot score P value

Boehler’s 
Angle

Good Fair and 
Poor

Over all

Pre-OP 0.3 1 0.45 p < 0.0001
Wilcoxon matched 
pairs test

Post-Op 29.3 21 27.4

Gissane Angle

Pre-Op 147.7 148.6 147.6 P < 0.0001 
Wilcoxon matched 
pairs test

Post-Op 116.1 136 121

Table 5. Fracture patten 

Sanders Classification of Calcaneum

Type II

2A 6

15 (68.2%)2B 8

2C 1

Type III

3 AB 4

7 (31.8%)3 AC 2

3 BC 1

Four patients developed local complications. Two patients 
had superficial wound infections with sero-sanguineous 
discharge, but negative culture. The infections improved 
with repeated dressing and local wound care. (Figure: 5) 
One patient had superficial skin necrosis which was treated 
with debridement. Another patient at six months post-
operation had painful subluxation of the peronei tendon 
which limited his day to day activities and quality of life. 
This patient was managed with re-exploration and repair 
of the retinaculum, after which his symptoms improved. 
Seven patients had longer hospital stays (more than five 
days): three of those patients had local complications; 
other three had associated fractures such as tibia, femur, 
or spine from which they were recovering and one patient 
had no significant medical problems, but stayed longer 
despite advice of discharge.
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DISCUSSION
Recent trend shift from conservative to operative 
management of displaced calcaneal fractures has been 
observed.12-14 In our department, until early 2014, we were 
managing these cases predominantly with closed reduction 
with pins and plaster casts or screws. With availability of 
equipment such as locking plates and improvements in 
technical skill, especially in the handling of the soft tissue, 
we have seen a gradual shift to operative management in 
recent years.

The majority of the patients in this study were males 
in third decade of life and spine injuries were the most 
common associated injuries. This trend was reported by 
other similar studies.15,16 Most males in this age group are 
engaged in agricultural or industrial work and are at risk for 
these types of injuries.

Timing of the surgery is crucial because surgery performed 
too early, when there is swelling and blister, may be 
associated with increased perioperative risk of skin break 
down and infection. Surgery performed too late risks an 
increased difficulty in reduction. Our time frame from 
injury to surgery was comparable with other literatures. In 
our study, the mean injury to operation time was 7 days 
with a range of 1 to 19 days. Our operation timing was 
primarily determined by the soft tissue status which was 
determined by reduction of swelling and appearance of 
the wrinkle sign. Importantly, the workload and priority 
of trauma victims had an impact on time to surgery since 
the majority of the cases in this study were the earthquake 
victims of the earthquake that took place in Nepal in the 
year 2015. Zwipp et al from Germany had an average injury 
to surgery interval of 8.8 days with a range of 0 to 23 days. 
Lakhey et al. from Nepal had an average time to operation 
of 11.8 days with a range of 10 to 15 days. Another study 
by Jain et al. and Joshi et al. from India, operation was 
performed within mean 9.2 days with a range of 2 to 19 

days and a mean of 6.5 days with the range of 2 to 14 days 
respectively.15-18

The patients enrolled in this study predominantly had 
Sanders type II and few had Sander III calcaneal fractures. 
Kumar et al cited a Sanders type II as the most common 
fracture type with 47% of cases. However, Joshi et al. 
had majority (41.93%) of fractures, of Sander III. Sanders 
classification, a CT based classification, is a little bit 
cumbersome however it has the advantage of assisting in 
formulation of a surgical plan.16,19,20

Though some studies suggest there is no significant 
difference in clinical outcome of operative versus 
conservative management, there are some recent 
literatures which suggest that the outcomes are more 
favorable with operative management.21 Joshi et al. had 
an average Maryland foot score of 83.68 in their study 
of surgically treated calcaneal fractures and 61.76% had 
good results.16 In another study evaluating functional out 
come by the same scoring system for calcaneal fractures 
and managed with locking plates, Kumar et al. showed 
gradual improvement of the score over the time from the 
first follow-up visit at 6 weeks post-operation with 93% 
of cases graded fair and 7% graded poor, to the final the 
final follow-up visit at one year with 97% of cases graded 
as excellent.20 Similarly, Zwipp et al., Lakhey et al., and Jain 
et al. had shown excellent to good results with operative 
management, though they used different scoring system 
for the functional outcome measurement, namely, Merle 
d’Aubigne score, Modified Rowe’s Score, and American 
Orthopaedics Foot and Ankle score respectively.15,17,18 In 
this study, Maryland foot score was used and the average 
score in the final follow up was 72.7 with a range of 60 to 
80. We did not have any patients with an excellent result 
and one patient had poor result, however there were 
significant number of good results (77.3 %). Our findings 
are consistent with the literatures showing better results 
with operative management.15-18 We expect that with time, 
the average Maryland foot score is expected to improve 
further with continuous physiotherapy.

We have observed a statistically significant overall 
improvement in the preoperative versus postoperative 
Boehler’s angle as well as in Gissane angle. We have 
observed a positive correlation between the amount of 
restoration of Boehler’s and Gissane angles in relation to 
better functional outcome score. Patients with Good clinical 
outcome had better restored Boehler’s and Gissane angles 
compared to the patients with Fair and Poor outcome. A 
similar trend is found in a study by Kulkarni et al. and Makki 
et al. however direct comparison of those findings to ours 
is challenging since they used the Creighton-Nebraska 
score for assessing the functional outcome.22,23 Meena et 
al. in a meta-analysis of randomized controlled trials of 
operative versus non-operative treatment for calcaneal 
fractures, favors operative management and concludes 
that functional outcome is better and pain is less when 

Figure 5. Post operative superficial wound infection, After the 
wound is healed, 2 year follow up.
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post-operative Boehler’s angle is restored and anatomic 
reduction is achieved.8

Despite many advantages, operative management is not 
without some risks. The main complications those appear 
in the literature are wound dehiscence, necrosis and 
infections. We had three patients (13.6% of our cohort) 
with wound problems but with conservative management 
their wounds’ condition improved. Joshi et al. had 8.8% of 
their cohort with wound issues, Zwipp et al. had 13.2%, Jain 
et al. had 19.2% and Lakhey et al. had 25% of the cases with 
wound related problems.15-18 Other notable complications 
that the literature mentions are broadening and varus 
of heel, subtalar impingement, and subtalar arthritis. 
We encountered only a single case of peroneal tendon 
subluxation that needed re-exploration with retinacular 
repair, otherwise no major complications occurred. This 
may be because we had smaller cohort size and relatively 
shorter time for final follow-up, in average 21 months. 
Complication rates as high as 54% have been reported in 
patients with operative management, hence the literature 
suggests proper patient selection is important. Patients with 
comorbidities like peripheral vascular disease, diabetes 
mellitus, and tobacco smoking are not good candidates for 
operative management.

The measurement tool for functional outcome (Maryland 
foot score) has not been translated and validated in the 

local language and context. This could have had an impact 
in our observations. Other limitations in our study were 
relatively shorter average final follow-up time and single 
centre study of single cohort only.

CONCLUSION
Open reduction and internal fixation with locking branched 
calcaneal plates through the extended lateral approach 
results in a good clinical and radiological outcome in 
the management of displaced intra-articular calcaneal 
fractures. Proper patient selection, planning of operation, 
and proper surgical techniques, especially in regard to soft 
tissue handling are necessary in order to avoid wound 
complications and ensure the better outcomes for the 
patients.
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Figure 6a. Post operative superficial wound

infection

6b. After the wound is healed, 2 year follow

up.


