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Abstract 

Surgical management of calcaneal fractures has various complications. In recent years, 

minimally invasive surgeries have been utilized for a wide range of surgical procedures on 

different body parts significantly declining complications. This paper compares surgical 

outcomes of calcaneal fracture management between the open reduction and internal fixation 

technique (ORIF) and the MIS technique. In this randomized clinical trial forty patients with 

calcaneus fractures were randomly assigned to two equal groups; ORIF group and MIS group. 

Patients were followed for 1 year post-operatively. Gissane and Bohler’s angles, AOFAS 

questionnaire, pain intensity, ability to conduct previous activities and various complications 

like wound healing complications and irritation with shoe wear were assessed in the final post-

operative visit. Eventually data obtained from the two groups were compared. All patients 

obtained fracture union. Bohler’s and Gissane angles significantly increased and decreased, 

respectively, after the operation in both groups (p˂0.05), however, no significant difference 

was found between the two research groups. AOFAS scores and pain intensity was similar in 

both groups, however, surgical duration in the MIS group was significantly less than the ORIF 

group (P=0.021). Only one patient from the ORIF group was not able to resume his previous 

occupation. 12 patients from the ORIF group and five patients from the MIS group experienced 

irritation from shoe wear (p=0.025). In the ORIF group, 4 patients suffered from wound 

healing complications, however, none of the patients of the MIS group had wound 

complications (p=0.035). In conclusion, based on the results, it can be concluded that the MIS 

technique demonstrated better functional and radiographic outcomes as well as a more 

favorable complication profile, thus, it is recommended for the management of calcaneus 

fractures. 
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 Calcaneus fracture (CF) is the most common type of 

tarsal area fracture.1 These damages account for 2% of 

all fractures,2,3 and as much as 60% of tarsal fractures.4 

Although there is no clear statistics of this fracture in 

Iran, global figures give us a good view of this issue. 

The reports indicate that as many as 2721 cases of CF 

were recorded in UK in 2010, while this number in the 

same year in the US was 17274.5,6 It is estimated that 

CF is developing much faster among those living in 

developing countries.7,8 Although some calcaneus 

fractures can be viewed as minor damages, severe and 

serious damages are reported in most cases caused by 

high energy trauma.9 These damages are more common 

among the active youth and may have serious negative 

consequences for their daily activities and life 

quality.10,11 The clinical and functional results of CF 

treatment are usually far from being favorable and the 

damages caused to the soft tissue covering bones 

coupled with various fracture patterns make the 

treatment very difficult.11,12,13 What’s more, a relatively 

long rehabilitation period follows the operation which 

may impair patient’s performance.13,14 Due to the 

anatomical and biomechanical complications of foot and 

Thulacalcanal joint, any damage caused to this region 

will turn into a great challenge for orthopedic surgeons. 

Favorable reduction and preserving joint’s congruity 

without causing serious damages to other hindfoot 

structures will be impossible. Improper treatment of 
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these fractures will cause serious problems to gait 

(particularly while walking on uneven surfaces), pain, 

chronic joint stiffness, and subtalar and calcaneocuboid 

joints arthrosis12-14 Calcaneus widening would make it 

really difficult to put on normal shoes and a serious 

cosmetic problem may be caused among ladies12,15 

Further to these problems, calcaneus fractures are also 

associated with significant economic consequences. 

Buckley et al showed that 20% of these people can not 

go back to their previous jobs even one year after the 

damage10,11,16 Various therapeutic methods have been 

proposed for CF. Surgical treatments have been shown 

to be associated with more favorable consequences that 

non-surgical methods10,13,15,17,18 In type IV fractures 

based upon Sander’s classification, early Arthrodesis is 

recommended.19,20 Open reduction internal fixation 

(ORIF) is the most common surgical method used to 

treat calcaneus fractures conducted with a lateral 

approach. In spite of its favorable consequences, there is 

great concern about the complications following soft 

tissue operation such as infection and wound 

dehiscence. Wound dehiscence have been reported 

among 17 to 20 percent of patients,21-24 and the 

frequency rate of 2.5% has also been reported for 

Osteomyelitis.25-28 To reduce the surgical complications, 

various percutaneous and minimally invasive methods 

have been proposed to treat CF which yielded favorable 

results. Various studies have pointed to the fact that 

such methods are associated with the considerable 

reduction in the post-calcaneus operation.4,29-31 These 

methods are based upon causing less damage to the soft 

tissue and achieving more favorable results and less 

complications. Of course, these methods are not without 

their problems. Compared to open surgery, achieving 

anatomical reduction and maintaining it is much more 

difficult and this problem shows itself more prominently 

in percutaneous methods. As a result, finding a method 

which can yield more favorable results in spite of these 

limitations is very important.27,31-33 The present research 

has sought to compare the clinical and functional 

outcomes and the occurrence rate of CF treatment in 

ORIF and MIS methods. The MIS technique utilized 

included the initial posterior facet placement using C-

ARM guided pin followed by filling the empty space of 

Cancellous tissue in the lower surface of the facet using 

Bone Substitute (similar to Ballon Kyphoplasty 

technique) in order to prevent depression of joint 

surface. 

Materials and Methods 

This is a randomized clinical trial (RCT). Patients with 

calcaneus fracture resorting to Vali Asr Hospital of 

Arak who were qualified for inclusion were studied. 

Inclusion criteria 

Type II and III fractures based upon Sanders 

classification.  

Exclusion criteria 

Further fractures particularly on the same side, bilateral 

calcaneus fracture, multiple injury, open fracture, 

diabetes, Rheumatoid Arthritis, aging less than 15 years 

and fractures dating back to more than three weeks 

earlier. Based upon previous studies, the sample size in 

each group was set to at least 20 patients. The 

demographic and primary information including age, 

gender, length between fracture to operation, history of 

smoking cigarettes, and background diseases were all 

recorded.  

Clinica Imaging 

Ankle radiography was conducted in mortise, 

anteroposterior, lateral, Axial Harris View and lateral 

hind Foot angles. The Bohler and Gissen angles in the 

engaged side were also recorded. Lateral side 

radiography was conducted to measure the angles on the 

healthy side.  

Randomization 

Using the randomized numbers table, the patients were 

placed in two groups.  

Surgery 

Minimally invasive surgery group (MIS): the night 

following the operation, prep was performed for all 

patients in sterilized champ emphasizing the space 

between toes. The surgery was conducted under general 

or spinal anesthesia after receiving a dose of 

prophylactic antibiotics and closing the tourniquet in 

lateral position. The front lower limbs were placed on 

fluoroscopy bed in a scissor-like configuration. To 

prevent possible transmission of infection from the 

space between toes, the anterior part of the foot was 

separated from the field of operation using a rubber 

band or a size 8 glove. To reconstruct the height of 

calcaneus bone, size 3 or 4 pin on the external part of 

calcaneus was used to put pressure on medial from 

lateral. As a matter of fact, pressure was put towards the 

lower part of the posterior facet from the Tuberosity 

area of calcaneus under the control of a C-ARM. Next, 

the fracture was placed and Bohler and Gissane angles 

were recovered as much as possible. A 1 to 1.5 cm 

incision is made in 1.5 cm distal and 1 cm posterior 

distance to the tip of external malleolus so that the 

external wall of calcaneus can be observed. If the lateral 

wall in that region has no fractures, a valve with the 

same size will be made with osteotome so that we can 

enter the space between bones. If the posterior faust and 

the subtalar joint required further placement, the full 

placement would be conducted through the same space 

with pin and curt controlled by C-ARM. Then, 5 to 10 

cc bone chips were put inside the bone and pressed 

towards the lower part of posterior faust. In most cases, 

we can continue the previous pin to calcaneocuboid  
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joint and stabilize it in the same place as an auxiliary 

scaffold to preserve the reduction. Finally, reduction 

status was controlled using C-ARM. After rinsing, the 

wound was sutured and Jones bandage was performed. 

After opening the tourniquet, the foot was placed inside 

a short splint. The pin was removed 4 weeks later and 

partial weight bearing was allowed. The full weight 

bearing was allowed by the end of the second month. 

Open reduction internal fixation (ORIF): an L-shaped 

incision was made in the lateral surface of calcaneus. 

Peroneal tendons and Calcaneofibular ligament were 

retracted so that the fractures could be observed. The 

posterior faust was elevated and joint reduction became 

directly visible. The fracture was primarily fixed using 

K-wire, then screw and plaque were utilized for final 

fixation. In cases where done defect was considerable, 

iliac bone graft was used to fill the defect. Following 

their discharge, the patients resorted on the second, 

fourth weeks and then on a monthly basis until union 

was observed based upon radiography and examination. 

By the end of the fourth month following the operation, 

CT scan was conducted to accurately study the subtalar 

joint and final union of parts. All patients were asked to 

resort to the hospital again one year following the 

operation. In the final visit, Bohler and Gissane angles 

were measured once again. AOFAS questionnaire was 

completed for all patients in order to examine the results 

of treatment. Visual analogue scale (VAS) was used to 

measure pain level. Patients were asked questions about 

their return to their previous jobs.  

Statistical Analyses 

Ultimately, the resulting data were statistically analyzed 

using SPSS v. 19 and Kolmogorov-Smirnov test was 

used to test data distribution normality. Wilcoxon test or 

Paired t-test were used to compare the data before and 

after treatment. 

Results and Discussion 

As many as 40 patients forming two groups each 

consisting of 20 participants were studied. The results of 

comparing background and demographic information 

are presented in Table 1. No significant differences 

were observed between the two groups. Radiographic 

assessments also showed that Bohler and Gissane angles 

on the healthy side were statistically similar in both 

groups (Table 1). Union was achieved in all patients. A 

comparison of pre-operation and post-operation values 

of these angles showed a significant increase in Bohler’s 

angle and a significant decrease in Gissane angle (P < 

0.05). The differences between the two groups were not 

statistically significant (Tables 2, 3). A comparison of 

Bohler and Gissane angles one year following operation 

with the values correlated with healthy side angles 

showed that although surgery had helped to improve 

radiological outcomes in both groups, the operated foot 

in both groups exhibited a significant difference in its 

angle. We compared the Bohler and Gissane angle 

changes in the operated and healthy sides. It is clear that 

the changes in both groups are statistically the same 

(Table 4, 5). Table 6 presents the results of AOFAS 

score comparison, pain scale and the length of 

operation. The AOFAS score and the pain scale of the 

patients in both groups are similar but the length of 

operation in MIS group was significantly less than 

ORIF group (P = 0.021). With the exception of only one 

patients in ORIF group, all patients regained the ability 

to resume their previous job and activities. As expected, 

9 patients in ORIF group and 7 in MIS group were 

complaining of pain in heavy activities (VAS ranging 

from 3 to 6) and required painkillers for their pain, but 

the difference between the two groups was not 

significant (P = 0.519). 12 patients in ORIF and 5 in 

MIS group had difficulty putting on shoes. The 

difference between the two groups in this respect was 

significant (P = 0.025). No cases of ulcer complications 

were observed in MIS group, while 2 cases of wound 

dehiscence, one case of surface infection and one case 

of deep infection were reported in ORIF group. Patients 

suffering from deep infection were treated using rinsing 

and debridement and venous antibiotics. The difference 

between the two groups was significant (P = 0.035). The 

most important finding of the present research was that 

in treating calcaneus fractures, the outcomes of MIS 

operation can be compared to those achieved through 

ORIF method with the clinically relevant difference of 

Table 1. Demographic and background information 

 

Group Open (n= 20) MIS (n= 20) P-value 

Age (years) 38.11 ± 5.7 35.11 ± 7.6 0.452 

Gender Male 16 15 0.705 

Female 4 5 

Fracture type Extra-articular 3 6 0.256 

Intra-articular 17 14 

Sander’s 

classification 

Type II 8 11 0.342 

Type III 12 9 

Bohler’s angle on the healthy side 28.2 ± 6.6 27.2 ± 5.1 0.157 

Gissane angle on the healthy side 119.4 ± 7.3 116.5 ± 9.2 0.091 
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less risk of complications in patients treated with MIS 

technique. Although surgical treatments yield good 

results, the type and occurrence rata of post-operation 

complications is a great concern of surgeons. Various 

problems may prolong treatment and hospitalization 

periods and impose considerable physical and spiritual 

costs to the patient, his family and treatment team. 

Finding the ways to reduce these complications is a 

great concern for many researchers. The idea of 

minimally invasive and percutaneous operations has 

recently been proposed and a lot of attention has been 

paid to that. Calcaneus fracture has always been a great 

challenge due to many reasons. Recovering the joint 

surface in some fractures can be really difficult leading 

to further complications. What’s more, the occurrence 

rate of ulcer complications and infection among these 

patients is a major concern.21,22,25,34 As a result, several 

minimally invasive and percutaneous methods were 

introduced and used for the managements of this 

fractures.4,27,33,34 Considering the results achieved in 

many researches, using them to treat calcaneus fractures 

sounds rational and appropriate as these techniques seek 

to minimize soft tissue iatrogenic injuries and 

disruptions of blood circulation in bones. As the results 

of previous researches can be really paradoxical and, 

even, different and they can’t be used to decide about 

using or not using minimally invasive techniques to 

treat calcaneus fracture, we decided to make a 

Table 2. Bohler’s angle before and after operation in each group and between groups 

 

Group Open (n = 20) MIS (n= 20) P-value 

Before operation 3 ± 9.5 7.3 ± 6.1 0.193 

One year following the 

operation 

25.2 ± 7.3 24.3 ± 3.3 0.121 

P-value < 0.001 < 0.001  

 

Table 3. Gissane angle before and after operation in each group and between groups 

 

Group Open (n = 20) MIS (n= 20) P-value 

Before operation 141.3 ± 2.9 142.3 ± 9.6 0.165 

One year following the 

operation 

123.4 ± 1.3 121.4 ± 5.1 0.277 

P-value < 0.001 < 0.001  

 

Table 4. Bohler’s angle in the healthy and damaged sides in the final visit 

 

Group Open (n = 20) MIS (n = 20) P-value 

Healthy side 28.2 ± 6.6 27.2 ± 5.1  

Damaged side 25.2 ± 7.3 24.3 ± 3.3  

P-value 0.002 0.001  

Difference between sides 2.3 ± 9 3.4 ± 2 0.968 

 

Table 5. Gissane angle in the healthy and damaged sides in the final visit 

 

Group Open (n = 20) MIS (n = 20) P-value 

Healthy side 119.4 ± 7.3 116.5 ± 9.2  

Damaged side 123.4 ± 1.3 121.4 ± 5.1  

P-value 0.028 0.003  

Difference between sides 3.1 ± 5.3 4.3 ± 6 0.383 

 

Table 6. AOFAS score, pain scale, and the length of operation across the two groups 

 

Group Open (n = 20) MIS (n = 20) P-value 

AOFAS 77.10 ± 4.2 79.13 ± 6.3 0.112 

Pain scale 2.1 ± 6.7 2.1 ± 2.4 0.362 

Length of operation 72.8 ± 3.3 65.6 ± 6 0.021 
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comparison between these two methods in the present 

research. Two relatively similar groups of patients were 

studied in our research. As the results indicate, the 

important angles indicating calcaneus axis (Gissane and 

Bohler’s) were favorably recovered. Of course, the final 

angles in both groups exhibited a significant difference 

with what was observed on the healthy side. Although 

this difference was not numerically significant, the 

complicated biomechanics of foot and ankle show that 

even these limited values may make the individual 

prone to further and long-term problems such as heel 

pain. The results achieved in our research also showed 

that a considerable percentage of patients felt pain in 

heavy physical activities. Although the bone is exposed 

in ORIF and direct observation plays a major role in 

increasing the capability of operation in recovering the 

joint surface and in improving calcaneus axis, MIS 

technique also yielded results similar to those achieved 

by ORIF. This finding points to the fact that MIS is a 

very good and effective technique compared to ORIF. 

The performance results in terms of AOFAS, pain scale, 

and the rate of resuming previous activities were similar 

in all groups which can be another confirmation of our 

claim. As far as we are concerned, few researches have 

sought to compare ORIF and minimally invasive 

methods in treating calcaneus fractures. The importance 

of minimally invasive methods in reducing the risk of 

complications such as wound recovery issues, and 

surgical infections was also highlighted. In the present 

research, the occurrence rate of complications such as 

infection, dehiscence and the problems associated with 

putting on shoes in the MIS group was significantly less 

than what was observed in ORIF group. Considering the 

fact that these two complications are the most common 

therapeutic problems in surgical treatment of calcaneus 

fractures, this results can be really inspiring and 

favorable. Few comparative studies have been 

conducted on treating calcaneus fractures using ORIF 

and MIS methods (various techniques) many of which 

are retrospective. In one of these studies, Kline et al 

conducted a retrospective research to compare the 

results of treating the fractures inside calcaneus joint 

using ORIF and MIS methods. Similar to the present 

research, the researchers concluded that the clinical 

results were similar across the two groups, but the 

ulcer’s complication and need for secondary operations 

in MIS group was significantly less.35 In another 

retrospective research, Wu et al realized that ulcer’s 

complications (1.9% vs. 11.8%) and the time when 

weight bearing began (5.6 vs. 9.4 days) in MIS group 

were significantly less, while AOFAS in both groups 

were the same. According to Wu et al., MIS reduces 

complications, shortens the weight bearing time and is 

as effective as ORIF.34 Also Yeo et al compared the 

results of treating fractures inside calcaneus joint 

through ORIF with lateral extensile approach and sinus 

tarsi approach (mini incision). The researchers arrived at 

the conclusion that no significant difference can be 

observed between the two groups in terms of the clinical 

and radiological outcomes, but significantly greater 

levels of ulcer complications were reported in lateral 

extensile approach.36 On the other hand, other 

researches have not confirmed the reduction of 

complications using MIS methods. For instance, 

Takasaka et al compared three ORIF methods using 

plaque, external fixation, and MIS using nuts and wire 

arriving at the conclusion that there are no differences 

between these three methods.37 

On the other hand, we should keep in mind that none of 

these studies have utilized the reduction methods 

described in the present research and they can’t be used 

properly in studying the results of the present research. 

Feng et al., 2017 compared the results of treating 

fractures inside the calcaneus joint through MIS method 

using sinus tarsi approach utilizing plaque and fixation 

with percutaneous screwing along with calcium 

phosphate cement. These researchers finally arrived at 

the conclusion that both MIS methods were associated 

with comparable results, although the time of operation 

and the complications of the ulcer in screwing group 

was less and the subtalar joint exhibited more motion. 

On the other hand, in sinus tarsi group, calcaneus width 

was recovered better and more accurate reduction of the 

joint surface was possible.38 In conclusion, our results 

show that treating calcaneus fractures following MIS 

method using percutaneous screwing and cement 

injection may yield functional, clinical and radiographic 

results comparable to ORIF method, but the occurrence 

of ulcer complications and of the problems associated to 

shoes decreased significantly. 

List of acronyms 

AOFAS -American orthopaedic foot and ankle society 

C-arm - is a term for a scanner imaging intensifier 

CF - calcaneus fracture 

ORIF - open reduction internal fixation 

MIS - minimally invasive surgery 

RCT - randomized clinical trial 

VAS - visual analogue scale 
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