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[7]. It effectively alleviates pain, improves foot function, 
and enhances the quality of life for patients [8].

There are still some controversies regarding the surgi-
cal treatment of calcaneal fractures, and open reduction 
and internal fixation are considered the gold standard 
for restoring calcaneal morphology and achieving ana-
tomical reduction of the articular surface [9–11]. Many 
researchers have conducted in-depth studies on the 
imaging factors after calcaneal fracture surgery. Research 
has found that the clinical outcomes of Sanders IV cal-
caneal fractures are unrelated to the number of fracture 
fragments but are associated with the severity of injury 
to the Bö hler angle, Gissane angle, and vertical height 
[12]. It also emphasizes that the Bö hler angle is an 
important factor influencing prognosis [13]. However, 

Introduction
Calcaneal fractures account for 2% of all fractures and 
approximately 60% of all tarsal injuries [1, 2]. The most 
common cause is falling from a height. Calcaneal frac-
tures may have a negative impact on an individual’s walk-
ing and daily activities [3, 4], including long-term pain, 
decreased functional activities, and heel deformities [5], 
with severe cases potentially leading to disability [6]. 
Currently, surgical treatment can restore optimal func-
tion and reduce the incidence of post-traumatic arthritis 
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Abstract
Purpose Analyzing the correlation between patients’ basic information, three-dimensional parameters after calcaneal 
fractures, and the prognosis of calcaneal fractures.

Methods A retrospective analysis was conducted on 43 patients with calcaneal fractures who underwent surgical 
treatment in the Foot and Ankle Surgery, Xi’an Honghui Hospital, from September 2019 to August 2022. Patient 
demographics including gender and age were collected, as well as the preoperative posterior articular surface 
collapse area, number of fracture fragments, length, width, height, and volume of the calcaneus obtained from 
preoperative three-dimensional imaging. Patients were followed up for VAS, AOFAS, and SF-36 scores. Correlation 
analysis was performed on the obtained data.

Results All 43 included patients received complete follow-up, including 40 males and 3 females, with an average 
follow-up time of 35.37 ± 10.73 months, and an average age of 43.98 ± 12.08 years. All patients’ VAS, AOFAS, and SF-36 
scores at the last follow-up showed no correlation with patient age, gender, or the area of posterior articular collapse, 
number of fracture fragments, length, width, height, or volume of the calcaneus.

Conclusions The prognosis of calcaneal fractures is unrelated to three-dimensional factors such as patient age, 
gender, length, width, height, volume of the calcaneus, area of the posterior joint, and number of fracture fragments.
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measurements of Bö hler angle, Gissane angle, and cal-
caneal height obtained through X-ray imaging are often 
influenced by the X-ray projection angle and position-
ing of the ankle joint, leading to less accurate data [14]. 
Moreover, fresh calcaneal fractures are acute injuries, 
and the pain and swelling of the foot during the acute 
phase can also affect the quality of X-ray images [15]. 
The advent of computed tomography (CT) and three-
dimensional reconstruction techniques has improved 
the quality of anatomical assessment of calcaneal frac-
tures [16]. Consequently, many researchers have begun 
three-dimensional measurements of the calcaneus [17]. 
Research has shown that the postoperative CT scan find-
ings of calcaneal posterior facet step-off are correlated 
with SF-36 (PCS) scores but not with AOFAS scores [18]. 
Qiang, M conducted measurements of the area and other 
three-dimensional parameters of the calcaneal posterior 
facet and analyzed their correlation with gender [19]. 
However, there are currently no articles specifically ana-
lyzing and reporting on the area of the collapsed portion 
of the calcaneal posterior facet. Meanwhile, researchers 
have conducted three-dimensional measurements and 
correlation analyses of the Bö hler angle, Gissane angle, 
length of the calcaneus, height, and length of the poste-
rior facet in calcaneal fractures [20]. However, during the 
measurement process, some researchers have pointed 
out that due to the irregular shape of the calcaneus, using 
two fixed points to measure its width often leads to cer-
tain errors [19].

Therefore, this study improves measurement methods 
to accurately measure the length, width, and height of the 
calcaneus by applying distance measurements between 
surfaces. Simultaneously, we use three-dimensional 
imaging techniques to measure the area of posterior facet 
collapse, number of fracture fragments, and volume of 
the calcaneus. We analyze the most relevant indicators 
for the prognosis of calcaneal fractures, providing a new 
perspective for selecting and optimizing clinical treat-
ment plans and assisting clinicians in devising the best 
surgical approach.

Materials and methods
General information
This study obtained approval from the Ethics Review 
Committee of Xi’an Honghui Hospital. (No: 202401027). 
It retrospectively analyzed the clinical and radiological 
data of patients with calcaneal fractures who underwent 
surgical treatment in the Foot and Ankle Surgery Depart-
ment of Honghui Hospital, from September 2019 to 
August 2022. The collection of follow-up data was con-
ducted with the informed consent of the patients.

Inclusion criteria: (1) Fresh calcaneal fractures with 
closed epiphyseal lines; (2) Calcaneal fractures treated 
surgically; (3) SandersII and above unilateral closed 

calcaneal fractures. Exclusion criteria: (1) Multiple frac-
tures of the foot; (2) Patients with rheumatoid arthritis, 
talonavicular arthritis, hypertension, diabetes, and other 
internal medical conditions affecting surgical prognosis; 
(3) Severe neurovascular injuries in the affected lower 
limb. All surgeries were performed by the same group of 
experienced orthopedic surgeons.

Surgical treatment options
Under general anesthesia, a lateral “L”-shaped surgical 
incision was made on the outer side of the calcaneus, 
starting from the posterior aspect of the lateral malleolus 
and extending downward over the base of the fifth meta-
tarsal. The skin and subcutaneous tissue were sequen-
tially incised, the calcaneofibular ligament was dissected, 
and a whole lateral calcaneal flap was raised, exposing 
the lateral wall of the calcaneus, the distal tibiofibular 
joint, and the calcaneocuboid joint. Evidence of posterior 
facet collapse and comminution was observed. Hema-
toma, impinged soft tissues, and detached loose cartilage 
at the fracture ends were cleared, followed by irriga-
tion with saline solution. The subtalar joint surface was 
reduced under direct visualization, showing a smooth 
articular surface. Intraoperatively, based on the extent of 
bone defect, the decision was made whether to implant 
allograft bone. Intraoperatively, C-arm fluoroscopy was 
used to obtain lateral and axial views of the calcaneus to 
assess the reduction of the calcaneus. If satisfactory, the 
calcaneus was fixed using locking plates and screws. The 
joint cavity was irrigated, and the surgical incision was 
closed layer by layer. Sterile gauze and bandages were 
applied with compression to minimize the occurrence of 
postoperative complications such as joint swelling and 
infection.

Information and data collection
The basic information of the patients (age, gender) was 
collected, and during the last follow-up, the Visual Ana-
logue Scale (VAS) [21], American Orthopedic Foot and 
Ankle Society, (AOFAS) score [22], and the SF-36 Quality 
of Life Questionnaire were used [23]. Correlation analy-
sis was performed between these variables. We imported 
the obtained CT imaging data (CT model: Siemens 
SOMATOM Definition Flash second-generation dual-
source CT, slice thickness of 1  mm) into mimics 21.0 
software (Materialise’s Mimics Medical 21.0 version), 
3-Matic(Materialise’s 3-Matic Medical 13.0 version) for 
three-dimensional reconstruction. Subsequently, we 
measured the number of fractured fragments on the 
articular surface of the calcaneus after calcaneal fracture. 
Considering the variations in the size of each patient’s 
calcaneus, which consequently affects the area, volume, 
length, width, and height of the posterior articular sur-
face, we employed a ratio-based method for more precise 
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measurements. Therefore, we measured the area of pos-
terior calcaneal articular surface collapse/total area of 
posterior calcaneal articular surface, calcaneal volume/
talus volume, calcaneal length/talus length, calcaneal 
width/talus width, calcaneal height/talus height to obtain 
complete data.

Description of the operation steps in Mimics software
Firstly, import the complete CT imaging data (in DICOM 
format) of the included patients one by one into the 
Mimics 21.0 software. Perform “Advanced Segmenta-
tion” by selecting the desired calcaneus and talus, adjust 
the threshold range to an appropriate level, and obtain 
complete 3D bone images of the calcaneus and talus (as 
shown in Fig. 3). Then, export the obtained models of the 
calcaneus and talus to the 3-Matic 13.0 software and uti-
lize functions such as “Mark”, “Design”, and “Measure” for 
relevant measurements (as shown in Figs. 4, 5, 6, 7 and 
8).

Outcome indicators
Collect basic patient data (age, gender) and radiographic 
information. Evaluate functional outcomes using VAS, 
AOFAS, and SF-36 scores at the last follow-up after 
surgery. Perform correlation analysis to assess the prog-
nostic significance. Visual Analog Scale (VAS) is used to 
measure pain, with 0 indicating no pain and 100 indicat-
ing severe pain. The AOFAS (American Orthopedic Foot 
and Ankle Society) ankle-hindfoot scoring system has a 
total score of 100 and includes subjective and objective 
criteria for evaluating clinical parameters. The score allo-
cation is as follows: pain 40 points, function 50 points, 
alignment 10 points. The SF-36 Health Survey scores are 
divided into two major dimensions for statistical analysis: 
Physical Component Summary (PCS) and Mental Com-
ponent Summary (MCS).

Statistical methods
SPSS25.0 (IBM, New York, United States) statistical soft-
ware was used to analyze the data, all data were normally 
distributed, expressed by mean ± standard deviation 
(x ± s), and the prognosis was analyzed by t-test, analysis 

Fig. 2 Preoperative and postoperative CT imaging data of the patient. a Preoperative CT imaging data of the patient shows a lack of smoothness of the 
subtalar joint surface, with small displaced fracture fragments in the calcaneus, significant height compression of the calcaneus, lateral bulging of the 
calcaneal outer wall, and increased width of the calcaneus. b Postoperative CT imaging data of the patient shows that the calcaneus is well-reduced and 
aligned with the subtalar joint surface, with a good match and satisfactory recovery of the calcaneal width

 

Fig. 1 Preoperative and postoperative X-ray imaging data of the patient. a Preoperative X-ray imaging data of the patient shows evident fracture lines 
and mild varus deformity. b Postoperative X-ray imaging data of the patient shows good fracture reduction, stable internal fixation, and proper alignment 
of the calcaneal axis
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of variance and Pearson correlation coefficient. P < 0.05 
was statistically significant.

Results
General condition of the patient
A total of 43 patients were followed up, all of whom 
completed the follow-up. Among them, there were 
40 males and 3 females. The average follow-up time 

was 35.37 ± 10.73 months, and the average age was 
43.97 ± 12.08 years. Outcome measures at the last follow-
up for the patients are presented in Table  1. Measure-
ment indicators for the patients are presented in Table 2.

Analysis of various evaluation indicators
This study found that there were no significant correla-
tions (p > 0.05) between the VAS, AOFAS, and SF-36 

Fig. 5 Measurement of the collapsed area and total area of the articular surface. a In 3-Matic 13.0, utilize “Mark” and “Brush Mark” to render the area of the 
collapsed articular surface after fracture. b Utilize “Mark” and “Brush Mark” to render the total area of the articular surface after fracture

 

Fig. 4 Importing the established model into 3-Matic 13.0 software. a View the volume of the calcaneus in the calcaneus properties of 3-Matic 13.0. b 
View the volume of the talus in the talus properties of 3-Matic 13.0. c Rotate the calcaneus to the appropriate position to observe the number of fracture 
fragments on the articular surface after calcaneal fracture

 

Fig. 3 Three-dimensional modeling of the calcaneus and talus depicted
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scores at the final follow-up after calcaneal fractures and 
the patients’ age, gender, as well as the area of collapse 
of the posterior joint surface, the number of fracture 
fragments on the posterior joint surface, and the length, 
width, height, and volume of the calcaneus. (Refer to 
Table 3.)

Discussion
The calcaneus, the largest tarsal bone in the human body, 
plays a crucial role in weight-bearing [24]. An increas-
ing number of researchers have reported on the analy-
sis of the therapeutic efficacy and prognosis correlation 
of calcaneal fractures. Some researchers have explored 
the influencing factors of calcaneal fracture prognosis 
starting from patients’ basic information such as gender 
and age [17, 25, 26], while others have analyzed the cor-
relation factors of calcaneal fracture prognosis from the 
perspective of imaging modalities such as X-ray and CT 
[20, 27, 28]. We conducted our research analysis based on 
patients’ basic information and three-dimensional data.

There are reports stating that the functional outcomes 
after calcaneal fractures are unrelated to the patient’s age 
or gender [25]. In this study, a total of 43 patients were 
included, and the analysis comparing the prognosis of 

patients with age and gender also showed no correlation. 
Patrick and Rammelt, along with others, also pointed out 
in their articles that increasing patient age does not have 
a negative impact on the prognosis of calcaneal fractures 
[17, 29], which remains consistent with our research 
findings.

This study found that the length, width, height, and 
volume of the calcaneus were not associated with the 
VAS, AOFAS, and SF-36 scores at the final follow-up. We 
believe that since calcaneal fractures are high-energy ver-
tical axial injuries [30], the length of the calcaneus should 
not significantly change before and after the injury, which 
is why the length of the calcaneus does not have a signifi-
cant impact on the prognosis of the fracture. In our study 
of the width, height, and volume of the calcaneus, we also 
found no significant correlation with the prognosis of 
calcaneal fractures. There are very few global reports on 
research regarding the three-dimensional measurements 
of the width, height, and volume of the calcaneus. How-
ever, some studies have indicated that the recovery of 
calcaneal morphology can effectively improve the prog-
nosis of calcaneal fractures [31]. During the surgical pro-
cedure, we strive to restore the morphology and volume 
of the calcaneus as much as possible. Additionally, based 

Fig. 6 Measurement of the lengths of the calcaneus and talus. a Select three points at the most anterior part of the calcaneal articular surface, use 
3-Matic 13.0 to establish a section at the most anterior part of the calcaneal articular surface, then select a point at the most posterior end of the calcaneal 
tuberosity to establish a plane parallel to the section at the most anterior part of the calcaneal articular surface. bMeasure the distance between the 
two sections in Figure A as the length of the calcaneus. c The three most convex points were selected in the talus part of the talus articular surface, and 
the section plane of the talus head was established by using 3-Matic 13.0, and then the point at the end of the posterior process of the talus bone was 
selected to establish a plane parallel to the section plane of the talus bone. d Measure the distance between the two planes established in Figure C as 
the length of the talus
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on the extent of bone defects, we decide intraoperatively 
whether to implant allogeneic bone to ensure complete 
restoration of the volume and morphology of the calca-
neus. Therefore, we believe that the length, width, height, 
and volume of the calcaneus may not have a significant 
impact on the prognosis of the fracture.

Our research results indicate that there is no signifi-
cant correlation between VAS, AOFAS, and SF-36 scores 
and the number of fracture fragments on the posterior 
articular surface of the calcaneus, as well as the area of 
posterior articular surface collapse. Kim also mentioned 
in the report that the clinical outcomes of SandersIV cal-
caneal fractures are not related to the number of fracture 
fragments [12]. Currently, there is no literature report-
ing on the impact of the area of posterior articular sur-
face collapse on the prognosis of calcaneal fractures. 
However, Chaniotakis et al. reported that the quality of 
reduction and articular congruence after calcaneal frac-
ture surgery directly influence the prognosis of calcaneal 
fractures [32, 33]. Since all the patients included in our 
study underwent surgery performed by the same experi-
enced surgeon, efforts were made during the operation to 
restore the smoothness of the articular surface as much 
as possible, ensuring congruence with the subtalar joint. 
Therefore, we have reason to believe that the size of the 

area of posterior articular surface collapse may not affect 
the prognosis of calcaneal fractures.

This study has certain limitations: (1) The sample size 
included in this study is limited, but it fully meets the 
statistical requirements; (2) During the data measure-
ment process, we still cannot fully accurately reflect the 
true length, width, and height of the calcaneus. How-
ever, compared to previous literature, there has been sig-
nificant improvement. We no longer use point-to-point 
measurement methods but instead utilize surface-to-
surface measurement methods, which more accurately 
reflect the length, width, and height of the calcaneus; (3) 
Due to the many other factors affecting the prognosis of 
calcaneal fractures, such as smoking, diabetes, anxiety, 
depression, etc., we will conduct a detailed analysis in our 
upcoming studies.

Conclusion
The patient’s gender, age, as well as the length, width, 
height, volume of the calcaneus, and the degree of com-
minution of the posterior joint do not have an impact on 
the prognosis of calcaneal fractures.

Fig. 7 Measurement of the width of the calcaneus and talus. a Select three points at the medial aspect of the sustentaculum tali of the calcaneus, use 
3-Matic 13.0 to establish a section at the innermost aspect of the sustentaculum tali of the calcaneus, then select a point at the most prominent location 
of the lateral wall of the calcaneus to establish a plane parallel to the inner section. b Measure the distance between the two planes in Figure A as the 
width of the calcaneus. c Select three points at the medial tuberosity of the talus, use 3-Matic 13.0 to establish a section at the medial tuberosity of the 
talus, then use the most lateral point of the lateral tuberosity of the talus to establish a plane parallel to the section at the medial tuberosity of the talus. 
d Measure the distance between the two planes in Figure C as the width of the talus
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Table 1 Outcome measures at the last follow-up for the patients
Evaluation indicators value
VAS 18.70 ± 9.91
AOFAS 84.77 ± 10.41
SF-36(PCS) 324.65 ± 31.78
SF-36(MCS) 322.23 ± 26.65

Table 2 Measurement indicators for the patients
Measurement items value
Calcaneal length 7.99 ± 0.41
Calcaneal width 5.39 ± 0.53
Calcaneal height 4.59 ± 0.31
Calcaneal volume 69.74 ± 13.87
Total area of the posterior joint surface 8.51 ± 1.33
Area of posterior joint surface collapse 2.08 ± 0.77
Number of posterior joint surface fracture fragments 3.14 ± 1.10
calcaneal length/talus length 1.44 ± 0.10
calcaneal width/talus width 1.32 ± 0.14
calcaneal height/talus height 1.39 ± 0.08
calcaneal volume/talus volume 1.90 ± 0.29
calcaneal articular surface collapse/total area of posterior 
calcaneal articular surface

0.25 ± 0.11

Table 3 Statistical analysis results
Evaluation indicators VAS AOFAS SF-36(PCS) SF-

36(MCS)
Age r value 0.27 -0.11 -0.18 -0.18

P value 0.08 0.49 0.24 0.26
Gender t value 0.48 -0.55 0.12 -0.52

P value 0.63 0.58 0.91 0.60
Number of 
posterior ar-
ticular surface 
bone fractures

F value 0.30 0.37 0.04 0.38
P value 0.83 0.78 0.99 0.77

Length r value -0.02 -0.01 -0.24 -0.06
P value 0.91 0.94 0.13 0.69

Width r value -0.17 0.17 0.16 0.03
P value 0.27 0.29 0.31 0.86

Height r value 0.03 0.11 -0.08 0.07
P value 0.86 0.49 0.60 0.64

Area r value -0.08 0.07 0.01 0.22
P value 0.59 0.64 0.95 0.15

Volume r value -0.02 0.03 -0.07 -0.16
P value 0.88 0.86 0.64 0.30

Fig. 8 Measurement of the height of the calcaneus and talus. a Select two points on the inner and outer sides at the lowest point of the posterior half of 
the calcaneus, and select one point at the lowest point of the anterior half of the calcaneus. Use 3-Matic 13.0 to establish a section at the lowest end of 
the calcaneus, and then select the highest point of the calcaneus to establish a plane parallel to the section at the lowest end of the calcaneus. bMeasure 
the distance between the two planes established in Figure A as the height of the calcaneus. c Two points were selected at the lowest part of the talus 
and one point at the lowest part of the anterior part of the talus, and one point was selected at the lowest point of the anterior half of the talus, and the 
section plane at the lowest part of the talus was established by using 3-Matic 13.0, and then the highest point of the talus trochlea was selected by using 
3-Matic 13.0 to establish a plane parallel to the section plane at the lowest part of the talus. d Measure the distance between the two planes established 
in Figure C as the height of the talus
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