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ABSTRACT
Objective: This study aimed to compare between accompanying skeletal injuries and isolated fractures in terms of the functional and radiological 
results of treating intra-articular displaced calcaneus fractures with calcaneal locking compression plate.

Methods: Thirty-three patients with displaced intra-articular fracture of the calcaneus were included in the study. All patients were operated on using 
the lateral extensile approach with open reduction and internal fixation technique with a follow-up of more than four years. Böhler angle and crucial 
angle of Gissane were documented on preoperative and post-operative radiographs. The American Orthopaedic Foot and Ankle Society (AOFAS) 
hindfoot scores were evaluated.

Results: There was no significant difference between patients with and without accompanying injuries in terms of the duration of follow-up (p=0.646), 
complication rate (p=0.797) and final outcome distribution (p=0.309). In patients with no additional injuries, AOFAS scores (p=0.036) and post-
operative Böhler angle (p=0.007) were significantly higher. The post-operative Gissane angle did not significantly differ between the two groups 
(p=0.241).

Conclusion: In our study, we concluded that the accompanying injuries in the calcaneus will adversely affect the radiological results and functional 
outcomes. During the management of calcaneus fractures, the accompanying injuries and their negative effects on the healing process should be 
taken into consideration.
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INTRODUCTION

The calcaneus is the most commonly fractured tarsal bone, 

representing 60% of all tarsal fractures and nearly 2% of all 

fractures (1). The subtalar joint is often involved at a rate of 

approximately 75%. In the young adult population, most intra-

articular calcaneus fractures caused by axial loading result 

from traffic accidents or falls from a height and often have 

associated damages. An axial load power affects the posterior 

facet of the calcaneus through the talus, and shear powers are 

focused through the posterior facet toward the medial wall of 

the calcaneus (2).

The computerised tomography scans describe comminution and 

displacement of the posterior facet. Sanders classification is used 

to assess intra-articular calcaneus fractures, owing to its precision 

regarding the location and number of fracture lines through the 

posterior facet (3).
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Calcaneal fractures are a considerable challenge for orthopedists 
because the displays of the fracture are various, and complications 
commonly occur. Anatomical reduction with stable fixation is the 
treatment of choice for displaced intra-articular fractures (4). The 
lateral approach is commonly used for open reduction and internal 
fixation (ORIF) of complex calcaneus fractures. This exposure 
provides anatomical reduction of the subtalar joint, restoration 
of the calcaneal morphology and stable locking compression 
plate fixation; therefore, early range of motion is encouraged. 
Anatomical reduction and stable fixation to avoid complications 
improve the functional outcomes, decrease morbidity and shorten 
recovery time (5).

Calcaneus fractures are severe high-energy injuries with the 
potential for considerable morbidity. Accompanying injuries and 
bilateral calcaneal fractures should be considered in the diagnosis 
and treatment process. The socioeconomic burden of calcaneus 
fractures is significant.

This study aimed to compare between accompanying skeletal 
injuries and isolated fractures in terms of the functional and 
radiological results of the treatment of intra-articular displaced 
calcaneus fractures with calcaneal locking compression plate. Our 
hypothesis was that ORIF of displaced intra-articular calcaneal 
fractures in patients without additional injuries would result in 
better outcomes.

METHODS
This study was approved by the Clinical Research Ethics 
Committee of İstanbul Training and Research Hospital (decision 
no: 886, date: 25.11.2016), and informed consent was obtained 
from the patients.

All patients admitted from January 2011 to November 2015 with 
a diagnosis of unilateral or bilateral displaced intra-articular 
fractures of the calcaneus were considered for inclusion. A 
consecutive series of 33 patients with displaced intra-articular 
fractures were treated by open reduction through an extended 
lateral approach and internal fixation with a locking compression 
plate and followed for more than four years post-operatively.

The study included three (9.1%) females and 30 (90.9%) males. The 
average age of the patients at the time of surgery was 38.5±10.6 
years (range: 20-56). Both calcanei were injured in eight male 
patients (three of them had accompanying injuries, and five of 
them had isolated bilateral calcaneus fractures).

The exclusion criteria were patients who were treated 
conservatively and the lack of surgical conditions. Patients with 
no intra-articular calcaneus fractures, those with open fractures, 
those who had a previous foot or ankle surgery, accompanying 
neural or vascular pathology, neuropathic foot, and pathologic 
fractures of the calcaneus, those younger than 18 years and those 
unable to come for follow-ups were excluded from this study.

For the precise assessment of intra-articular calcaneus 
fractures, preoperative conventional radiographs and 
computerised tomography with three-dimensional analysis 

were used. Sanders classification is used to assess intra-
articular calcaneus fractures, owing to its precision regarding 
the location and number of fracture lines through the 
posterior facet. Fractures were categorised according to 
Sanders classification as follows. Type I fractures include all 
minimally displaced (≤2 mm) articular fractures, regardless 
of the number of fracture lines and fragments present. Type 
II fractures are displaced two-part fractures of the posterior 
facet with one primary fracture line that can be accompanied 
by one or more accessory fracture lines that do not involve 
the posterior articular facet. Type III fractures include three-
part fractures of the posterior facet from two primary fracture 
lines commonly accompanied by a central area of depression. 
Type IV fractures involve three or more primary fracture lines, 
resulting in four or more articular fragments with severe 
comminution (3).

Surgery was carried out after the swelling diminished and skin 
wrinkles emerged. The average duration between the injury and 
surgery was five days (range: 2-11 days). Antibiotic prophylaxis 
was administered. The operations were performed under spinal 
anaesthesia with the patient in the lateral decubitus position, and 
a tourniquet was applied.

The surgery was performed using the lateral extensile approach 
(Figure 1). The full-thickness skin flap was retracted using one 
K-wire in the fibula and two in the talus. Anatomical reduction was 
achieved, and the Böhler and Gissane angles were restored. A 
calcaneal plate (TST® locking calcaneus plate) was used (Figure 2). 
To maintain the height of the posterior facet, calcium phosphate 
cement (NeoCement®) and allograft cancellous chips (Gencure®) 
were supplemented according to the surgeon’s preference in the 
presence of bone defects. The skin was closed using Ethilon 3.0. 
A wound drainage was used. A pressure bandage was applied for 
a few days.

Sutures were removed three weeks after the operation. Motion 
exercises were avoided during that time to lessen the shear 
forces under the flap. Protection was supplied using a removable 
posterior splint. Then, active range of motion of the ankle and 
subtalar joint was started. No weight-bearing was approved for 
the initial six to eight weeks, and then, gradual weight-bearing 
was introduced. Full weight-bearing was allowed after 12 weeks.

Patients were divided into two groups according to the presence 
of accompanying skeletal injuries.

Patients were asked to complete a questionnaire to calculate the 
outcome score, the disease-specific American Orthopaedic Foot 
and Ankle Society (AOFAS) hindfoot score for patient satisfaction, 
at the last follow-up (6). Based on the AOFAS hindfoot score, 
a total score ranging from 90 to 100 points was considered 
‘excellent’, a range from 75 to 89 points was considered ‘good’, a 
range from 50 to 74 points was considered ‘fair’ and a score below 
49 points was considered ‘poor’.

Böhler angle and crucial angle of Gissane were documented on 
preoperative and post-operative radiographs at the last follow-
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up. The comparison views were used for surgical guidance in 

restoring normal anatomy in the contralateral foot in the unilateral 

cases.

Statistical Analysis

For the descriptive statistics of the data, mean, standard 

deviation, frequency, median lowest and highest values and ratio 

values were used. The distribution of the variables was measured 

using the Kolmogorov-Smirnov test. The Mann-Whitney U test 

was used for the analysis of quantitative independent data. 

The Wilcoxon test was used for the analysis of the quantitative-

dependent data. The chi-square test was used for the analysis 

of the qualitative independent data. Fisher’s Exact test was used 

when the chi-square test conditions were not provided. The data 

were analysed using the Statistical Package for Social Sciences 

(SPSS) version 22.0 (SPSS Inc. Chicago, IL). A p value less than 0.05 

was considered statistically significant.

RESULTS
The mechanism of trauma is summarised in Table 1. The mean 
follow-up after surgery was 66.7±16.7 months (range: 48-96 
months). According to Sanders classification, 17 fractures (41.5%) 
were Sanders II, 14 fractures (34.1%) were Sanders III and 10 
fractures (24.4%) were Sanders IV.

Accompanying injuries were present in 14 patients (42.4%): Four 
patients had ipsilateral lower leg fracture; one patient, vertebra 
fracture (the patient with bilateral calcaneus fracture); three 
patients, vertebra and ipsilateral lower leg fracture (two of these 
patients with bilateral calcaneus fracture); one patient, upper 
extremity and lower leg fracture; five patients, isolated bilateral 
calcaneus fractures (without other injuries).

A total of 11 patients (33.3%) had complications in this study. Six 
patients (18.2%) had Sudeck’s atrophy. Four patients (12.1%) had 
superficial wound infection and delayed healing. One patient 
(3.0%) had screw cut-out. The screw was removed, and acceptable 
functional improvement was achieved. The patient’s complaints 
regressed.

Sudeck’s atrophy developed six to fifteen weeks after the operation 
in six patients. Physical therapy exercises were increased. Hot and 
cold pack applications, nonsteroidal anti-inflammatory drugs, 
administration of calcium and vitamin D were initiated. After the 
treatment, all patients recovered fully.

Post-operative superficial wound infection and delayed healing 
were present in four patients. They were treated with local wound 
care, debridement, changing dressing daily with povidone iodine 
and administration of intravenous antibiotics (first generation 
cephalosporin) for two weeks according to the bacterial culture 
results. One patient developed skin flap necrosis at the corner of 
the lateral L-shaped incision. Debridement of the necrotic tissue 
yielded a good result.

Thirteen patients (39.4%) recovered normally; eleven patients 
(33.4%) recovered with subtalar arthrosis; nine (27.3%) patients 
recovered with mild subtalar arthrosis.

There were no significant differences between those who had 
accompanies injuries and those who did not in terms of age (p=0.345), 
sex (p=0.539), duration of follow-up (p=0.646), complication rate 
(p=0.797) and final outcome distribution (p=0.309).

The median AOFAS hindfoot score was 84.4±9.0 points (range: 
68-97) at the last follow-up. According to this score, 13 patients 
(39.4%) had excellent scores, 11 patients (33.3%) had good results 
and nine patients (27.3%) had fair results.

Figure 1. Lateral extensile approach

Figure 2. Placement of the low-profile locking anatomic plates 
with grafting

Table 1. The mechanism of trauma

Motor vehicle injury 1 (3%)

Fall from height 28 (84.8)

Work accident 2 (6.1%)

Suicide (fall from height) 2 (6.1%)
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The AOFAS scores were significantly different between patients 
who had accompanying injuries and those who did not. In patients 
who did not have accompanying injuries, AOFAS scores were 
significantly higher (p=0.036). The demographic, functional and 
clinical detailed evaluations of the two groups are summarised in 
Table 2.

The mean preoperative and post-operative Böhler angles were 
7.9±9.1 (range: -15-30) and 25.1±9, respectively. The mean 
preoperative and post-operative Gissane angles were 143.1±13.1 
(range: 110-170) and 120±11.2 (range: 104-145), respectively.

The preoperative Böhler angle was not significantly 
different between the groups (p=0.772). In patients with no 
accompanying injuries, the post-operative Böhler angle was 
significantly higher than in those with accompanying injuries 
(p=0.007). In both groups, the post-operative Böhler angle 
increased significantly compared with the preoperative 
outcomes (p<0.000). The preoperative (p=0.630) and post-
operative (p=0.241) Gissane angles did not differ significantly 
between the groups. The post-operative Gissane angle 
decreased significantly compared with the preoperative 
score in both groups (p<0.000). The radiological results of the 
patients are summarised in Table 3.

DISCUSSION
Displaced intra-articular calcaneus fractures are common injuries. 
However, their surgical treatment remains challenging. Anatomical 
reduction is the crucial approach for successful management of 
calcaneal fractures (4). Surgical treatment with the anatomical 
reduction of the calcaneal facets and restoration of overall calcaneal 
anatomy offer better clinical and functional results (7). The main 
goal of managing these fractures is to restore the congruity of the 
posterior calcaneal facet. Calcaneus height and width, varus-valgus 
alignment and calcaneocuboid involvement should be evaluated 
at the same time. Precise reduction of the subtalar joint may permit 
earlier mobilisation of the ankle. Additionally, the restoration of 
the calcaneal structure preserves the Achilles tendon lever arm 
and midfoot biomechanics (4). In this study, stable fixation with 
complete anatomical reduction was preferred.

The extended lateral approach has been considered the standard 
approach for performing ORIF of displaced intra-articular 
calcaneus fractures (8). Long et al. (9) revealed that locking plate 
provides good stability for calcaneal fracture even in elderly 
patients with osteoporotic fractures, which allows weight-
bearing at an early stage without exerting any adverse effect on 
stabilisation. Despite the advantages of the standard technique, 
a less invasive technique, sinus tarsi approach, was popularised 
in the last decade (10). Schepers et al. (10) revealed that the sinus 
tarsi approach reduces the rate of wound complication and has 
a shorter operative time. However, this approach cannot provide 
joint height and axial alignment. Additionally, percutaneous 
arthroscopic calcaneal osteosynthesis seems to be a good 
option for displaced intra-articular calcaneal fractures as it has a 
low complication rate. Long-term randomised controlled studies 
are needed to prove the effectiveness of this technique (11). We 
prefer lateral extensile approach and locking compressive plate 
to ensure anatomical calcaneus reduction and rigid fixation. 
Therefore, we provided early mobilisation, and we did not have 

Table 2. Demographic features, functional scores and clinical 
results of the patients according to accompanying injury

Mean ± standard deviation/(%)

Group without 
accompanying 
injury

Group with 
accompanying 
injury p

Age (years) 39.6±9.9 36.0±12.2 0.345m

Sex
Female 3 (15.8%) 0 (0.0%) 0.539x2

Male 16 (84.2) 14 (100.0%) -

Follow-up 
(months)

66.4±17.6 68.2±21.0 0.646m

AOFAS 87.4±9.8 80.5±6.3 0.036m

Complication
No 13 (68.4%) 9 (64.3%) 0.797x2

Yes 6 (31.6%) 5 (35.7%) -

Sudeck 
atrophy

3 (15.8%) 3 (21.4%) -

Screw pull-out 1 (5.3%) 0 (0.0%) -

Delayed 
wound 
healing

2 (10.5%) 2 (14.3%) -

Healing - - -

Normal 9 (47.4%) 4 (28.6%) 0.309x2

Mild subtalar 
arthrosis

5 (26.3%) 4 (28.6%) -

Subtalar 
arthrosis

5 (26.3%) 6 (42.9%) -

mMann-Whitney U test, x2chi-square test (Fisher’s Exact test), AOFAS: The 
American Orthopaedic Foot & Ankle Society

Table 3. Radiological evaluation of the patients with and 
without accompanying injury

Group without 
accompanying 
injury

Group with 
accompanying 
injury

Group 
difference 
p value

Böhler angle (point)

Preoperative 8.0±10.2 7.5±6.1 0.772m

Post-operative 26.9±9.4 21.0±7.1 0.007m

Preoperative/
post-operative 
difference p value

0.000w 0.000w -

Gissane angle (point)

Preoperative 141.6±14.5 146.5±8.9 0.63m

Post-operative 118.6±10.8 123.3±12.0 0.241m

Preoperative/
post-operative 
difference p value

0.000w 0.000w -

mMann-Whitney U test, wWilcoxon test
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any wound healing problems, which could be a serious problem 
in the mid-term follow-up.

Intra-articular calcaneus fractures are severe, high-energy 
injuries with the potential for considerable morbidity, given 
the high rate of concomitant orthopaedic injuries. These high-
energy fractures are accompanied by a significant disability and 
notable socioeconomic burden (12). In accordance with other 
series (13), most of our patients were males in their thirties with 
a history of falling from a height as the most common type of 
injury. Simultaneously, the presence of injuries accompanied by 
these high-energy injuries and bilateral fractures are among the 
important factors affecting the treatment and follow-up period. 
Agren et al. (14) stated that the patient’s demographics should 
be considered when choosing the treatment option. Patients with 
disadvantageous prognostic factors should be presented, and 
realistic expectations were revealed. These fractures mostly affect 
young active male patients; for this reason, the socioeconomic 
importance should not be overlooked. The patient should return 
to the preinjury condition as soon as possible.

Mitchell et al. (15) discussed the mechanism of injury and 
associated injuries of calcaneus fractures. They found that more 
than 70% of fractures had resulted from falling from a height. 
Myerson and Quill (16) also discussed the injury mechanism, and 
they revealed that fractures resulted from a fall from a height in 33 
(77%) patients and a motor vehicle accident in 6 (14%) patients. 
Similarly, in our study, falling from a height is the predominant 
cause. We think that open fractures are more common in motor 
vehicle injuries. Since we included closed fractures in this study, 
we think that falling from a height may be the reason why it is 
frequently included in the aetiology. We presented accompanying 
injuries in 14 patients (42.4%). In our study, more than 80% of the 
aetiology was falling from a height. We think that accompanying 
injuries are frequently encountered due to the aetiology of such a 
high-energy injury.

Böhler angle is the most important prognostic radiological 
parameter, which shows the compression and deformity after 
trauma. Restoration of Böhler angle is associated with better 
outcomes (17). Researchers have revealed that the restoration of 
Böhler angle and quality of the subtalar joint reduction predict the 
outcome for treating displaced intra-articular calcaneal fractures, 
regardless of the treatment modality (18,19). Gotha and Zide 
(7) revealed that restoration of Böhler angle at the operation, 
regardless of the angle at presentation, may be the better predictor 
of results over the time. When the radiological parameters were 
evaluated, in patients with isolated fractures, Böhler angle was 
higher than in patients with bilateral fractures and those with 
additional in the last follow-up in our study. This was thought to be 
due to axial loading during mobilisation. We recommend avoiding 
early axial loading and bone graft support in patients with bilateral 
fractures and those who have accompanying injuries.

In this study, of the 33 patients, 24 achieved good-to-excellent 
results according to AOFAS scores. The finding was comparable 
to the results of previous studies (20). In the group with no 

accompanying injuries, the AOFAS score was higher than in the 
group with accompanying injuries. This result is related to the 
rehabilitation process in the post-operative period. We concluded 
that, in the presence of accompanying injuries, the rehabilitation 
process is prolonged and this leads to negative effects on the 
functional outcomes.

Yu et al. (21) revealed that the timing of the surgery, preference of 
the surgical exposure, reduction of the fracture and perioperative 
management should be planned carefully, so that the complication 
rates could be reduced, which is in agreement with our results. 
The patients were operated on within five days on average, which 
is consistent with other series (13). In our study, complications 
were observed in 11 patients (33.3%), including Sudeck’s atrophy, 
superficial wound infection and delayed healing and screw cut-
out. Researchers revealed that wound healing problems occurred 
in 25-32% of the patients in whom lateral exposure was preferred 
(22,23). Therefore, a higher incidence of wound problems arises 
due to this technique. These wound problems do not affect the 
mild-term functional clinical outcomes.

Bone grafting is a common procedure in calcaneus fracture 
restoration (24). Bone graft or bone graft substitute can be 
placed in the defects to provide additional stability for elevating 
the articular segment and prevent late collapse. The choice of 
graft material can include autogenous bone graft, allograft 
cancellous chips, bone graft substitutes (Pro-Osteon, DBX bone 
matrix, Norian SRS) or injectable calcium phosphate cement 
(25). Bone graft substitutes have been popularised to prevent 
complications associated with autogenous bone harvest. 
Bone grafts provide structural support for calcaneus anatomic 
restoration and may allow earlier weight-bearing. Malreduction 
could be prevented by incorporating into the bone substitutive 
of the posterior calcaneal facet. We used bone graft substitutes 
in all of the bilateral calcaneus fractures. We also used bone graft 
substitutes in unilateral cases when it was necessary. Schildhauer 
et al. (26) treated 32 patients with ORIF supplemented by calcium 
phosphate cement. Patients showed no loss of reduction. In 
accordance with the literature, we did not experience a loss 
of reduction in our patients. Patients with bilateral calcaneus 
fractures could be supported with a graft to sustain anatomical 
reduction and additional stability.

Study Limitations

The study has a limited number of patients. Radiological parameters 
in early post-operative and final follow-up were not compared. The 
relatively short follow-up period and unavailability of quality-of-life 
assessment constitute the weak points of the study.

CONCLUSION
Accompanying injuries in the calcaneus will adversely affect 
the radiological results and functional outcomes. During the 
management of calcaneus fractures, the accompanying injuries 
and their negative effects on the healing process should be taken 
into consideration.
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