
Turkish Journal of Trauma & Emergency Surgery

Original Article Klinik Çalışma

Ulus Travma Acil Cerrahi Derg 2013;19 (2):145-151

Mid-term results of calcaneal plating for displaced 
intraarticular calcaneus fractures
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BACKGROUND
The radiological and functional results of surgical treat-
ment in intraarticular calcaneal fractures are presented in 
this study.

METHODS
27 feet of 26 patients with displaced intraarticular fractures 
were treated surgically in our clinic between November 2003 
and May 2009. Twenty-one patients were male (81%), and 5 
were female (19%). The average age was 29.2 (range, 18-61 
years) at the time of the surgical treatment. Open reduction 
internal fixation was performed by using a calcaneal plate. 

RESULTS
The results were evaluated according to the Maryland foot 
scores and Creighton-Nebraska scores. The mean follow-up 
period was 34.4 months (range, 19-85 months). The radio-
logical evaluation was made according to the mean value 
changes of Böhler and Gissane angles after injury and at the 
last follow-up. Except for 3 patients with Sanders type 4 frac-
tures, good results were obtained with surgical treatment.

CONCLUSION
We conclude that open reduction and internal fixation 
methods yield a reasonable outcome, even in patients with 
Sanders type 4 intraarticular fractures of the calcaneus. 
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AMAÇ
Kalkaneus kırıklarında cerrahi tedavi sonuçlarımız radyo-
lojik ve fonksiyonel açıdan değerlendirildi.

GEREÇ VE YÖNTEM
Kasım 2003 - Mayıs 2009 tarihleri arasında kliniğimizde 
deplase intraartiküler kırığı olan 26 hastanın 27 ayağı çalış-
maya alındı. Hastaların 21’i erkek (%81), 5’i kadın (%19) 
ve ameliyat olduklarında ortalama yaşları 29,2 (18-61) idi. 
Kalkaneus plağı kullanılarak açık redüksiyon ve internal 
tespit kullanıldı.

BULGULAR
Hastalar Maryland ve Creighton-Nebraska ayak değerlen-
dirme skorlarına göre değerlendirildi. Radyolojik değerlen-
dirme Böhler ve Gissane açılarındaki değişikliklere göre 
yapıldı. Hastalar ortalama 34,4 ay (dağılım, 6-79 ay) takip 
edildi. Üç hasta dışında diğer hastalarda iyi ve çok iyi sonuç 
elde edildi.

SONUÇ
Sanders tip 4 kırığı olan hastalarda tatmin edici sonuçlar 
elde ettiğimiz için, bu tip kırıklarda bile açık redüksiyon 
internal tespit uygulamasının makul bir seçenek olduğu ka-
nısındayız.

Anahtar Sözcükler: Kalkaneus plakları; kalkaneus kırıkları; 
eklemiçi kırıklar; Sanders sınıflaması.
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Calcaneus fractures occur due to high-energy trau-
mas such as falls from height and traffic accidents. 
These fractures are very important in socioeconomic 
terms as well, as they deprive 20% of the patients from 
returning to their jobs completely for up to three to 
five years following injury.[1-3]

Calcaneus fractures comprise 2% of all the frac-
tures, and they are the most common fractures among 
the tarsal bone fractures. Intraarticular calcaneus frac-
tures comprise 75% of all the calcaneus fractures.[3,4] 
Another important point to note is that the forces that 
cause the calcaneus fracture also injure the surround-
ing tissues to some extent.

While some authors suggest that the best results 
are obtained by surgical methods (open reduction and 
internal fixation, subtalar arthrodesis or percutaneous 
screw fixation), others advocate a conservative treat-
ment method.[2,5-9] In this study, we present the mid-
term results of open reduction internal fixation for the 
treatment of intraarticular calcaneal fracture. Our aim 
is to determine the success rate of our open reduction 
and internal fixation for intraarticular calcaneus frac-
tures according to Maryland and Creighton-Nebraska 
foot scores.[10] 

MATERIALS AND METHODS
Twenty-six patients with 38 displaced fractures 

were surgically treated between November 2003 and 
May 2009. Ten were excluded due to lack of follow-
up, which left the study group of 26 patients with 27 
displaced intraarticular calcaneus fractures. Twenty-
one patients were male (81%), and five patients were 
female (19%), and their average age was 29.2 years 
(18-61 years) when they were operated. Nineteen pa-
tients had isolated left, six patients had isolated right, 
and one patient had bilateral intraarticular calcaneus 
fractures. The reason for injury was fall from height 
in all patients.

Nine patients displayed accompanying injuries: 
Thoracic vertebral compression fractures in two pa-
tients, and radial head, glenoid, cuboid, second meta-
tarsal, pilon tibia, lumbar burst, occipital, subtro-
chanteric, tibial plateau, sacrum, lateral mallolar, and 
pubic rami fracture in one patient each. Additionally, 
six patients exhibited contralateral calcaneal fractures 
without articular displacement, which were treated 
conservatively.

Anteroposterior, lateral, and tangential radio-
graphs and computed tomography were obtained in all 
patients prior to surgical treatment. Decision-making 
and planning of the surgical treatment of the patients 
were undertaken according to the Sanders classifica-
tion during evaluation of the computed tomography 
(Table 1).

The time interval from trauma to surgery was eight 
days on average (4-22 days). One patient, who was 
operated late on the 22nd day, had been followed up 
by the brain surgery clinic for 17 days due to head 
trauma and was then referred to our clinic. A plaster 
brace and immobilization and elevation were applied 
until the operation date.

Twenty-seven calcanei of 26 patients were oper-
ated, and extended lateral incision was used in all pa-
tients. Sherman reconstruction plates were used in 18 
patients and Sanders anatomic calcaneus plates in 9 
calcanei. Bone grafting was performed in all patients 
(autogenous iliac bone grafts in 18 and allografts in 
8) (Table 1).

Surgical technique
The patient was placed on a radiolucent table in the 

lateral decubitis position so that the fractured extrem-
ity would face upwards. In patients who consented to 
autogenous iliac grafting, the ipsilateral iliac wing was 
also prepared sterile. The extended lateral incision was 
used in all patients. The fractured lateral wall was lifted 
with the help of an osteotome, followed by reduction of 
the sustencalum calcanei, anterior process, tuberosity 
and then the posterior facet. Once the correction was 
checked with the c-arm and found to be accurate, bone 
grafting was utilized into the defect in the calcaneal 
body and then internal fixation was performed using 
a plate (Figs. 1a to d, Figs. 2a to c). Active ankle and 
foot range-of-motion exercises were initiated on day 2. 
The same day, patients were mobilized with crutches if 
not contraindicated due to an associated injury, without 
weight-bearing. At 15 days postoperatively, the sutures 
were removed and the posterior splint was discharged. 
The patients were allowed to bear weight by an aver-
age of 10.4 weeks (9-13 weeks) after the surgical treat-
ment. All patients were evaluated according to the 
Maryland foot score and Creighton-Nebraska score on 
their last follow-up day.

RESULTS
The average follow-up time was 34.4 months 

(19-85 months). Twelve fractures were Sanders type 
2 (44.5%), 10 were type 3 (37%) and 5 were type 4 
(18.5%). According to Maryland foot score, very good 
results were obtained in 6 patients (22.2%) and good 
results in 4 patients (14.9%) in Sanders type 2 frac-
tures; good results were obtained in 9 patients (33.3%) 
and average results in 3 feet of 2 patients (11.1%) in 
Sanders type 3 fractures; good results were obtained 
in 2 patients (7.4%) and average results in 3 patients 
(11.1%) in Sanders type 4 fractures. The patients’ 
scores were obtained at the last follow-up. 

According to the Creighton-Nebraska score, very 
good results were obtained in 7 patients (26%) and 
good results in 3 patients (11%) in Sanders type 2 
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fractures; good results were obtained in 7 patients 
(26%) and average results in 5 feet of 4 patients (18%) 
in Sanders type 3 fractures; average results were ob-
tained in 4 patients (15%) and poor results in 1 patient 
(4%) in Sanders type 4 fractures (Table 1).

The change in Böhler and Gissane angles is shown 
in Table 1. At the last follow-up, the mean Böhler 
angle was improved 15.9° with Sanders plate, 19.05° 
with Sherman plates and Gissane angle was improved 
23.65° with Sanders plate, 23.27° with Sherman plates 
in Sanders type 2 fractures; Böhler angle was improved 
14.9° with Sanders plate, 16.7° with Sherman plates, 
and Gissane angle was improved 28.63° with Sand-
ers plate, 30.13° with Sherman plates in Sanders type 
3 fractures; Böhler angle was improved 10.6° with 
Sanders plate, 12.5° with Sherman plates, and Gissane 
angle was improved 30.6° with Sanders plate, 31.93° 
with Sherman plates in Sanders type 4 fractures.

Four patients developed superficial soft tissue in-
fection during the postoperative period, which re-
sponded to oral antibiotic treatment and wound care. 
Small skin necrosis was encountered in two patients, 
which resolved completely with local wound care 
without the need for a reconstructive procedure. 

DISCUSSION
Calcaneus fractures comprise 2% of all fractures, 

and 60-75% of these fractures are intraarticular. Ten 
percent of the patients with calcaneus fractures have 
accompanying spine fractures and other extremity in-
juries. Similar proportions were found in our study as 
well. Ninety percent of the calcaneus fractures occur 
in males employed in industry aged between 21 and 
45 years, which demonstrates that these fractures have 
important economic impacts.[11] Calcaneus fractures 
are generally due to high-energy traumas such as a fall 
from height and traffic accidents. 

We used Sanders classification based on computed 
tomography for our patients; however, no classifica-
tion system has proved adequate.[12] Twelve of the 27 
calcaneus fractures comprising our task group were 
found to be type 2, 10 were type 3, and 5 were type 4.

The options for treating intraarticular calcaneus 
fractures may be evaluated in four groups[1,13,14] as: 
Conservative treatment, closed reduction percutane-
ous fixation, open reduction internal fixation and pri-
mary subtalar arthrodesis, and mini open approaches 
with percutaneous fixation.[15-17]

Table 1. Patients characteristics
 No Fracture Graft Maryland Creighton-Nebraska Böhler Böhler last Gissane Gissane last Plate
  type type score score injury follow-up injury follow-up type

 1 2A CA Very good Very good 11.32 28.6 130.32 104.2 Sanders
 2 2A CA Very good Very good 6.2 29.4 129.25 103.4 Scherman
 3 2A CA Very good Very good 11.13 27.2 128.42 104.1 Scherman
 4 2A CA Very good Very good 15 30 131 105 Sanders
 5 2A CA Very good Very good 10.22 29.4 126.12 103.1 Scherman
 6 2A CA Very good Very good 10.07 29.2 124.4 102.2 Scherman
 7 2B CA Good Good 6.7 18 120.22 100.1 Sanders
 8 2B CA Good Very good 10.1 28.7 127.8 99.2 Scherman
 9 2B IC Good Good 9.2 27 119 99.4 Scherman
 10 2C IC Good Good 8 28 121.48 99.1 Sanders
 11 2C IC Intermediate  Good 5 26.54 120 99 Scherman
 12 2C IC Intermediate  Good 10.1 27 125.35 101.72 Scherman
 13 3AB ICC Good Good 9.2 24.4 125.6 99 Scherman
 14 3AB ICC Good Good 8.4 23.8 131 103.2 Sanders
 15 3AB ICC Good Good 9.2 24.2 133 98 Scherman
 16 3AB ICC Good Good 10 24.2 132.5 99.2 Scherman
 17 3AC ICC Good Good 6.8 27 125 110 Scherman
 18 3AC ICC Good Good 7.4 23.3 134.2 102.5 Scherman
 19 3BC ICC Good Good 8.2 24.8 133.4 99.1 Sanders
 20 3BC ICC Good Intermediate 3 22 140 102.6 Scherman
 21 3BC ICC Good Intermediate 7.1 24.3 131.3 99 Scherman
 22 3BC ICC Intermediate Intermediate 6.3 19 129.7 105.9 Sanders
 23 4 ICC Good Intermediate 4 14 141.2 116 Scherman
 24 4 ICC Good Intermediate 3.7 19 140.6 97 Scherman
 25 4 ICC Intermediate Intermediate 2.3 12 140.2 111 Sanders
 26 4 ICC Intermediate Intermediate 1.5 13 138 106 Sanders
 27 4 ICC Intermediate Bad 0 12 145 118 Scherman

CA: Cancalleous allograft; IC: Iliaca cancalleous; ICC: Ilaca corticocancalleous. 

Cilt - Vol. 19  Sayı - No. 2 147

Mid-term results of calcaneal plating for displaced intraarticular calcaneus fractures



For patients who are to undergo surgical treatment, 
the timing of the operation is very important. While 
many authors suggest that the surgical intervention 
take place after the excessive edema in the foot has re-
gressed, there are also authors suggesting it take place 
within the first 24 hours. Surgical intervention should 
preferably take place after regression of the excessive 
edema and should not be delayed beyond two weeks, 
as it will be difficult to provide anatomic reduction.
[1,20,21] The period between injury and operation was 
eight days on average in our cases. One patient was 
operated on day 22, as the patient was admitted and 
followed up by the brain surgery clinic. We agree that 
the surgical intervention should take place once the 
edema in the foot has regressed.

Many of the studies published recently about the 
surgical treatment of calcaneus fractures use the lateral 
approach, in which the reduction of the calcaneus body 

Kitoaka et al.[8] reviewed the results of the walking 
analyses of 16 of 27 patients, who were not subject-
ed to reduction and were treated with plaster. Many 
patients in their study showed differences in walking 
especially on uneven grounds, which showed that con-
servative treatment of displaced calcaneus fractures 
results in permanent functional disorders, at least to 
some extent.

O’Farrel et al.[18] treated 12 patients with surgical 
methods and 12 patients with conservative methods. 
They concluded that the surgical treatment was supe-
rior. Similarly, Leung et al.[19] compared 44 patients 
treated by surgical methods with 19 patients treated 
conservatively according to the results of three-year 
follow-up on average. Comparing pain, ease of move-
ment, return to job, and swallowed back of the foot, 
they found that the results of the group treated surgi-
cally were significantly better. 

Fig. 1. (a) Right foot lateral radiography shows a displaced intraarticular calcaneal fracture in a 34-year-old man injured in a fall. 
(b) Preoperative CT scan shows Sanders type 3AB fracture. (c) Reduction obtained through lateral extended incision. 
(d) Postoperative lateral radiography at 1-year follow-up.

(a)

(c)

(b)

(d)
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and calcaneus height, length and width can be regained 
regardless of the disintegration level.[12,22] Extended lat-
eral incision was used for 26 ankles out of 27 operated 
(96%), and medial incision was used for 1 (4%). When 
the literature is reviewed, good and perfect results 
were obtained only for displaced intraarticular calca-
neus fractures for which the lateral approach was used.
[12,22-25] It is preferred by many surgeons at present, as it 
provides wide lateral incision, and whole lateral wall, 
subtalar joint and calcaneocuboid joint visualization, 
and leads to nearly no peroneal tendon or sural nerve 
damage, but poses high skin necrosis risk.[26] Extended 
lateral incision was used for all our patients. 

The osteosynthesis material should be selected to 
provide a stable fixation and should allow early move-
ment of the ankle and subtalar joint.[25,27] We used 
Sherman plates in 18 patients and Sanders calcaneus 
plate in 9 patients. Sherman plates were preferred at 
first, and Sanders plates later. We did not observe any 
reduction loss in the early or late period due to os-
teosynthesis material. Therefore, it is our opinion that 
osteosynthesis by plate screw is very important in re-
ceiving good functional results by both protecting the 
anatomic reduction and enabling early movement. 

Use of bone grafting remains controversial for the 
treatment of calcaneus fractures. While many authors 
suggest that the calcaneus with cancellous structure 
will recover fast and there is thus no need to use bone 
grafting, there are also authors suggesting that bone 
grafting should absolutely be used in order to protect 
joint reduction, and also that the bone graft can add 
mechanical strength and stimulate fracture healing.
[1,28-30] We used autografting in 18 cases and allograft-
ing in 8 cases in order to preserve calcaneus integrity 
and to support subtalar joint reduction due to bone de-
fects. We did not face any problems with these patients 
and indeed obtained good results. It is our opinion that 
it is beneficial to use bone grafting in order to preserve 
joint reduction for displaced intraarticular calcaneus 
fractures as bone defect develops following reduction.

There is no consensus regarding surgical mainte-
nance and rehabilitation of the intraarticular fractures, 
just as there is no such consensus about their treatment.
[31,32] There are those who prefer fixation by plaster for 
two to three weeks following surgery, while others 
have the patient start on early active movements on 
day 2.[14] We had our patients start active ankle and 
foot movements after receiving the drain on day 2. 
We introduced the patients to partial weight-bearing 
in weeks 7-8 and introduced full weight-bearing in 
weeks 9-12. We recommend starting active motion 
during the early period, on day 2, if stable osteosyn-
thesis is ensured.

The key to success in the surgical treatment of in-
traarticular calcaneus fractures is ensuring reduction. 

In cases with no ensured anatomic reduction, heel and 
calcaneofibular impingement pain is common during 
the early period, while arthritic complaints are com-
mon in the late period. In 4 (80%) of our 5 patients 
operated due to Sanders type 4 fracture and 2 (16.6%) 
of our 12 patients operated due to Sanders type 3 frac-
ture, we determined subtalar arthritic changes. We sug-
gested shoe modifications and made some other sug-
gestions to these patients in the late follow-up period. 
The modificatation of the shoes were as follows: the 
posterior heel of the shoes is designed in the equinus 
posture with soft sole plate to decrease the pressure at 
the subtalar joint. After the modification of the shoes, 

Fig. 2.  (a) Right foot lateral radiography shows a displaced 
intraarticular calcaneal fracture in a 61-year-old man 
injured in a fall. (b) Preoperative CT scan shows 
Sanders type 2 fracture. (c) Postoperative lateral radi-
ography at the 6-month follow-up.

(a)

(b)

(c)
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our patients were pleased, but there was no significant 
recovery in their Maryland and Creighton-Nebraska 
foot scores; they are all scheduled for an arthrodesis 
procedure in the future. The inversion and evertion 
motion of these patients were decreased.

In our study, we obtained very good results in 6 
patients and good results in 15 patients according to 
the Maryland foot score, which yields a proportion of 
77% for good and very good results. Anatomic reduc-
tion and stable osteosynthesis are very important to 
achieve good functional results in the early period and 
to enable the patients to return to their former jobs. 
Twenty-four of our patients returned to their former 
employment in an average period of 6.3 months. Some 
authors suggest trying anatomic reduction for type 4 
fractures, while others suggest subtalar arthrodesis 
directly.[1,2,21] It is our opinion that efforts should be 
made to enable reconstruction of the subtalar joint. In 
our study, 4 of 5 patients with type 4 fractures were 
working. Three of these patients (75%) returned to 
their jobs in 10 months on average. We did not apply 
subtalar arthrodesis to our patients.

The most common complication faced following 
calcaneus fracture is related to wound healing.[26,33,34] 
Risk factors for wound problems include smoking, di-
abetes, open fractures, high body mass index, and en-
closing the skin in a single layer. Most of the scars heal 
eventually. In case of a wound problem, movement 
exercises are delayed in order to prevent any further 
disintegration. Plaster may be applied on the extrem-
ity by leaving a window over the scar and wet-to-dry 
dressing changes, or other granulation-stimulant scar 
agents may be started.[12,15] In our study, 4 patients had 
a superficial wound infection that responded to oral 
antibiotics according to culture and sensitivity. The or-
ganism was Staphyloccocus epidermidis in all and it 
was sensitive to Bactrim.

Two patients (8%) with skin necrosis were treated 
with daily wound care with no need for secondary in-
tervention. The implants of one patient were removed 
due to plate irritation one year after the surgery. 

The most common neurological complication fol-
lowing the treatment of calcaneal fractures is iatrogen-
ic nerve injuries. The sural nerve is the nerve most af-
fected, due to frequent use of lateral incision, and may 
be observed in up to 15% of the cases. In our study, 
temporary sural nerve hypoesthesia was observed in 
only one patient in the early period.

In light of both the knowledge available in the liter-
ature and our own experience, we conclude that open 
reduction and a stable fixation method yield more 
satisfactory results when compared to the conserva-
tive treatment methods in the treatment of displaced 
intraarticular calcaneus fractures.[34]

None of the authors received any kind of support 
related to this study.
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