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Calcaneus fractures are the most frequently seen tarsal bone fractures. Approximately
75% of all calcaneus fractures are intra-articular fractures.1,2 Displaced intra-articular
calcaneus fractures occur as a result of impaction of the talus, and these are generally
high-energy injuries.3,4 Impaction of the talus causes collapse and fragmentation in the
posterior facet of the calcaneus, which can be seen clearly on computed tomography (CT).
Sanders et al5 classified calcaneus fractures according to the number of fragments in
the posterior facet. This classification has a prognostic importance.6 Sanders Type 3
and 4 fractures have a worse prognosis than other types.
Calcaneus fractures have long been recognized as having various complications
and poor functional results. In comparison with other orthopedic injuries and other
health problems such as myocardial infarct and organ transplant, displaced intraarticular calcaneus fractures have not currently reached the expected level with respect
to function.7 Sanders Type 3 and 4 fractures in particular continue to be a significant
reason for labor force loss and socioeconomic problems.
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Objective: The aim of this study was to determine whether tri-cortical iliac bone autografting
provided extra benefit for the stabilization in Sanders Type 3–4 calcaneal fractures fixed with
locking plate.
Materials and methods: The study included 29 calcaneal fractures (Sanders Type 3/4=15/14).
All fractures were fixed with locking plate using the extended lateral approach. Bone grafts
were used in 16 (Group A; Sanders Type 3/4=7/9) and not used in 13 (Group B; Sanders Type
3/4=8/5) calcaneal fractures. As a grafting material, only tri-cortical iliac crest bone autograft
was used. All operations were performed by the same surgeon. The same locking plate was
used in all fractures. Calcaneal height and angle of Bohler and Gissane were measured in early
postoperative and final control radiographs in both groups. Clinical evaluations were performed
using the American Orthopedic Foot and Ankle Society ankle hind foot scale.
Results: There was no difference between the groups in terms of clinical results. Radiologically, the degree of change in Bohler’s angle, Gissane’s angle, and calcaneal height was not
different between the groups.
Conclusion: Bone grafting does not affect the clinical and radiologic outcomes in Sanders
Type 3–4 calcaneal fractures fixed with locking plate, and they provide no extra benefit to the
stabilization. We think that fixation using locking plate is adequate and there is no need for
bone grafting.
Keywords: calcaneal fractures, Sanders Type 3–4, locking plate, bone autograft
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Surgical treatment is usually recommended for displaced
intra-articular calcaneal fractures.8,9 One of the main aims
of surgical treatment is anatomic reduction of the posterior
facet. Spongeous bone defects occur following reduction of
collapse in the posterior facet. Grafting is a method frequently
applied to the defects that form. In the literature, there are
different views on the subject of the necessity for and the
efficacy of these grafts used.9–12
The aim of this study was to investigate whether
tri-cortical iliac crest bone autograft made an additional
contribution to protecting the stability of Sanders Type 3
and 4 fractures fixed using a locking plate. The clinical and
radiological results of tri-cortical iliac crest bone autograft
were also evaluated.

Materials and methods
This retrospective study was approved by the Institutional
Review Board of our hospital (Izmir Katip Celebi University
Non-interventional Clinical Studies Institutional Review
Board; IRB: 177). Due to the retrospective nature of the
study, informed consent by patients and providers was not
required. Patient consent to review medical records was not
required, as all data were deidentified. All methods were
conducted in accordance with the approved guidelines.
This study was made on Sanders Type 3 and 4 displaced
intra-articular calcaneus fractures, which were fixed using
locking plate with an extended lateral approach between 2013
and 2016. Patients were excluded if they were aged ,18 years

or the follow-up period was ,6 months. This retrospective study included 29 fractures of 27 patients comprising
4 females and 23 males, with a mean age of 41.48±11.33
(range, 22–59) years, with Sanders Type 3 (n=15) and Type 4
(n=14) fractures (posterior articular facet step-off .2 mm,
loss of calcaneus height, and decreased Bohler’s angle).
Bilateral calcaneus fracture was determined in 2 patients.
All the fractures were operated on by the same surgeon,
and the same type of locking plate (Lowprofile Calcaneus
Interlocking Plate, TST, Istanbul, Turkey) was used in all
cases (Figure 1). Graft was used in 16 calcaneus fractures
(Sanders Type 3/4=7/9) and not used in 13 fractures (Sanders
Type 3/4=8/5). As grafting material, only tri-cortical iliac
crest bone autograft was used. No donor site complications
were observed in any case. The fractures where graft was
used were called as Group A and those without graft as
Group B.
All the patients were followed up according to the standard postoperative follow-up protocol established in our
clinic for calcaneus fracture surgery. In accordance with this,
all patients were immobilized for 2 weeks postoperatively
with a short-leg brace. After the brace was removed, active
and passive ankle joint range of movement exercises were
started. Mobilization was started with partial weight-bearing
in the 6th week, and in the 12th week, full weight-bearing
was permitted.
No necrosis was observed in the flap of any patient.
Superficial infection developed in 1 case (1/29=3.5%),

Figure 1 (A) Preoperative X-ray of a patient with Sanders Type 4 calcaneal fracture, (B and C) preoperative coronal and sagittal CT images of the same patient, (D) early
postoperative X-ray of the patient.
Abbreviation: CT, computed tomography.
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which completely recovered with oral antibiotic therapy.
Deep infection developed in 1 case (1/29=3.5%) and as
there was no improvement with antibiotic therapy, the plate
was removed in the postoperative 10th month. As there was
bone union of this fracture, no additional fixation was made
after the plate was removed. The 2 patients who developed
infections were both in the group where graft had been used
(2/16=12.5%).
In all patients, measurements were taken of Bohler’s
angle, the crucial angle of Gissane, and calcaneal height
in early postoperative radiographs (postop day 0 or 1) and
at the final follow-up examination (at the earliest 3 months
after the start of full weight-bearing, $6 months). By comparing these 2 values, any change in the angles and height values
after the start of full weight-bearing were recorded, if present.
By comparing the amount of loss in the final measurement
values of the 2 groups, it was determined whether the use of
tri-cortical iliac crest bone autografts made any additional
contribution to the protection of the stability of Sanders
Type 3 and 4 calcaneus fractures fixed with locking plate.
The clinical evaluations at the final follow-up examinations were done using the American Orthopedic Foot and
Ankle Society (AOFAS) ankle hind foot scale. In this 100
point AOFAS scoring system, a score of $90 points is evaluated as excellent, 80–89 points as good, 70–79 points as fair,
and a score of #69 points as poor.13,14
All the radiological measurements were made by an independent radiology specialist, and all the clinical evaluations
by an independent orthopedics specialist.

Statistical analysis
Data analyses were performed using IBM SPSS Statistics
Version 24.0 software (IBM Corporation, Armonk, NY,
USA). According to the groups, age distribution was analyzed
with the Mann–Whitney U-test, infection rate and gender
distribution by the Fisher’s Exact test, affected side (right/
left) and Sanders fracture type by Pearson χ2 analysis, and
the clinical results according to the AOFAS score by χ2 trend
analysis. The early- and late-stage radiological measurement results of the groups, AOFAS scores, and postoperative follow-up time were compared using Mann–Whitney
U analysis. A value of p,0.05 was accepted as statistically
significant.

Results
No statistically significant difference was determined
between the groups with respect to age, gender, side (right/
left), and Sanders fracture type (p.0.05) (Tables 1–3) were
observed.
Therapeutics and Clinical Risk Management 2018:14
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Table 1 Age distribution of the groups
Age, years
Group A
Group B
Total

p-value

Mean ± SD

Range

40.69±11.48
42.33±11.61
41.48±11.33

22–59
24–56
22–59

0.806

Notes: Mann–Whitney U analysis. Group A, fractures where graft was used;
Group B, fractures without graft.

The postoperative follow-up period was determined as
12.25±4.58 months in Group A and 11.38±5.47 months in
Group B, with no statistically significant difference between
the groups (p.0.05) (Table 4).
According to the AOFAS scores, excellent and good
results were obtained in 62.5% (10/16) of the graft group and
in 69.3% (9/13) of the nongraft group. The mean AOFAS
score was 83.63±10.26 in Group A and 87.54±10.6 in
Group B, with no statistically significant difference between
the groups (p.0.05) (Tables 3 and 4).
No difference was found in early and late Bohler’s angle
and calcaneal height values of the groups (p.0.05). The early
and late stage Gissane’s angle values of the Group A were
lower than that of the Group B (p,0.05) (Table 4).
When the amount of change in the Bohler’s angle,
Gissane’s angle, and calcaneal height values at the final
follow-up examination were examined, the loss of Bohler’s
angle had a mean of 1.54°±1.48° (range, 0°–6.5°) in Group A
and 1.38°±1.02° (range, 0°–4.1°) in Group B, the change in
the Gissane angle had mean of 1.86°±1.4° (range, 0°–6.8°)
in Group A and 1.79°±0.85° (range, 1.2°–4.2°) in Group B,
and the loss of calcaneal height had a mean of 0.98±0.92
(range, 0.03–3.6) mm in Group A and 0.81±0.63 (range,
0–2.2) mm in Group B. No statistically significant difference
was determined between the groups at the final follow-up
examination with respect to the amount of change in the
angles and height values (p.0.05) (Table 4).
Infection was developed in 2 cases (2/16=12.5%) in
Group A, and there was no infection case in Group B. This
difference was not statistically significant (p.0.05).

Table 2 Gender distribution of the groups

Gender
Male
Female
Total

Group A

Group B

Total

n

%

n

%

n

%

12
2
14

86
14
52

11
2
13

83
17
48

23
4
27

85
15
100

p-value

Notes: Fisher’s exact test. Group A, fractures where graft was used; Group B,
fractures without graft.
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Table 3 Distribution of side, Sanders type, and clinical results
according to AOFAS between the groups

Side
Right
Left
Sanders type
Sanders 3
Sanders 4
AOFAS
Poor
Fair
Good
Excellent
Infection
Yes
No

Group A

Group B

Total

n

%

n

%

n

%

9
7

56.2
43.8

4
9

30.8
69.2

13
16

44.8
55.2

7
9

43.8
56.2

8
5

61.5
38.5

15
14

51.7
48.3

2
4
5
5

12.5
25.0
31.25
31.25

1
3
4
5

7.7
23.0
30.8
38.5

3
7
9
10

10.4
24.1
31.0
34.5

2
14

12.5
87.5

0
13

0
100

2
27

6.9
93.1

p-value
0.170*

0.340*

0.620**

0.488***

Notes: *Pearson χ2, **χ2 trend analysis, ***Fisher’s exact test. Group A, fractures
where graft was used; Group B, fractures without graft.
Abbreviation: AOFAS, American Orthopedic Foot and Ankle Society.

Discussion
There is no full consensus in literature on the treatment of
displaced intra-articular calcaneus fractures.11,15–17 The search
for a new treatment, which may be an alternative, is still
continuing.18,19 Open reduction and internal fixation (ORIF) is
currently accepted by many authors as the primary treatment
for displaced intra-articular calcaneus fractures.8,20 Although
which technique should be used for ORIF is debatable,
the basic aim of all the methods is the anatomic reduction
of the posterior facet and the anatomic restoration of the
height, width, and length of the calcaneus. In the literature,
the advantages and effectiveness of locking plates are very
clear.21–23 However, the necessity for and effectiveness of
grafting is still a controversial issue.9–12

In addition to the effects of filling defects, grafting also
has the effect of providing mechanical support and promoting
bone healing. Therefore, while some authors have advocated
the necessity of frequent use of grafting, others have stated
that the use is always necessary.24–27 In some recent studies,
grafting has been reported to have no positive effects on
functional and radiological results.8,12,28
Duymus et al9 investigated the need for cancellous allogenic bone graft in calcaneus fracture surgery, and Singh
and Viney10 reported on the need for cancellous iliac bone
autograft. In these 2 studies, comparisons were made of the
clinical and radiological results of patients with and without
graft for Sanders Type 2–4 displaced intra-articular calcaneus fractures. No difference was determined between the
groups with respect to functional results in either study, but
more satisfactory radiological results were obtained with
grafting. Therefore, Duymus et al9 reported that the use of
bone grafts could be recommended and Singh and Viney10
reported that grafting of large cavities formed after reduction
should be considered among the treatment options. Longino
and Buckley12 investigated the effect on reduction quality of
autologous bone supplementation. In that study, both Sanders
Type 2 and Sanders Type 3 and 4 displaced intra-articular
calcaneus fractures were evaluated, and it was reported
that no objective radiological or functional benefit could be
determined from bone graft supplementation.12 In contrast
to these more recent studies, Leung et al24,25 stated that ORIF
applied using bone graft was the treatment method that should
be the primary preference for calcaneus fractures. While in
the older studies the use of graft was keenly recommended,
in the recent studies the efficiency and necessity of grafts
in calcaneal fractures became controversial. We think that
this contrasting view may occur as a result of the currently

Table 4 Distribution of Bohler’s and Gissane’s angles, height, AOFAS score, and follow-up time between the groups
Group A
Early Bohler
Final Bohler
Bohler’s angle loss
Early Gissane
Final Gissane
Gissane’s angle change
Early height (mm)
Final height (mm)
Height loss (mm)
AOFAS
Follow-up time (months)

Group B

p-value

Mean ± SD

Range

Mean ± SD

Range

27.33±5.92
25.79±6.17
1.54±1.48
107.33±7.09
109.19±6.71
1.86±1.4
51.49±3.61
50.51±3.66
0.98±0.92
83.63±10.26
12.25±4.58

14.6–35
13.3–34.7
0–6.5
92.2–118.2
93.8–120
0–6.8
45.89–56.89
45–56.44
0.03–3.63
67–100
6–23

28.15±5.02
26.78±4.92
1.38±1.02
113.68±5.98
115.48±5.66
1.79±0.85
49.33±3.75
48.52±4.19
0.81±0.63
87.54±10.6
11.38±5.47

15.2–33.6
14.2–31.4
0–4.1
103.8–121.8
107.3–124.3
1.2–4.2
42.41–55.03
41.3–54.78
0–2.2
67–100
6–22

0.759
0.497
0.692
0.015
0.007
0.310
0.160
0.203
0.742
0.319
0.467

Notes: Mann–Whitney U analysis. Group A, fractures where graft was used; Group B, fractures without graft. Bold text indicates statistical significance.
Abbreviation: AOFAS, American Orthopedic Foot and Ankle Society.
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more widespread use of perioperative imaging methods,
established surgical principles, and developed implant
technologies. There is also a need for further studies to be
made on calcaneus fractures with more homogenized groups.
Sanders Type 2 and 4 fractures should not be included in the
same cohort. The ideal evaluation method would be to make
comparisons within the group for each type of fracture.
In the current study, only Sanders Type 3 and Type 4
displaced intra-articular calcaneus fractures were evaluated.
By providing mechanical support with tri-cortical iliac crest
bone autograft, it was investigated whether or not there was
any additional contribution to stability. No difference was
found between the groups in terms of clinical results. Radiologically, the degree of change in Bohler’s angle, Gissane’s
angle and calcaneal height was not significantly different
between the groups. These results indicate that graft does
not provide additional stability. Although, no difference was
found in early and late Bohler’s angle and calcaneal height
values of the groups, only the early and late Gissane’s angle
values of the Group A were lower than that of the Group B.
We think that this finding is not relevant with our hypothesis
but indicates the quality of the fracture reduction so does not
affect the conclusions of our study. If these grafts made additional contributions to a level that would affect the clinical
and radiological results, the loss of Bohler angle and height
in the nongraft group after full weight-bearing should have
been at a higher significant level. However, the results of
this study showed no difference between patients where graft
was and was not used with respect to the rates of loss in the
final measurement values. This can be interpreted as the tricortical iliac crest bone autografts having made no additional
contribution to the protection of stability in Sanders Type 3
and 4 calcaneus fractures fixed with locking plate. Thus it can
be considered that following appropriate reduction, fixation
made using a locking plate is sufficient.
There have been studies in the literature where grafts have
been associated with higher infection rates.29–31 Benirschke
and Kramer32 declared a 1.8% and Sanders et al5 declared a
2% deep infection rate after ORIF. Duymus et al9 reported
a 12.5% superficial infection rate after ORIF. Superficial
infection developed in 1 case (1/29=3.5%) and deep infection developed in 1 case (1/29=3.5%) in our study. The
2 cases which developed infections were both in the group
where graft had been used (2/16=12.5%). Although there
was no statistically significant difference, the infection rate
was greater in the group with graft. If we had had a bigger
sample size, this difference might have become clear. The
procedure of bone autograft harvesting may increase the
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operative time in calcaneal fractures, and thus this situation
may increase the infection rate.
The strengths of this study are that all the operations
were performed by the same surgeon, the same type of
locking plate was used for all fractures, only tri-cortical iliac
bone autograft was used, and evaluation of the clinical and
radiological results was made by an independent observer.
However the weak points of this study were that it was
made on a cohort which could be considered to be extremely
homogenous, it was retrospective and so there was no specific
randomization method for the decision of performing a bone
graft, the number of patients was low, and the follow-up
period was relatively short. We think that there is a need for
further studies which have more extensive and homogenous
series (only Sanders Type 3, only Sanders Type 4).

Conclusion
As there was no additional positive contribution to the clinical and radiological results, thus iliac bone autografts should
not be considered necessary in calcaneus fracture surgery.
Fixation applied with locking plate is sufficient. When the
potential complications have been considered, we think that
autografts are not essential.
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