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Abstract Absorbable implants have been widely used in
bone osteosynthesis, but biomechanics of its application to
calcaneal fracture fixation remains unclear. This study in-
vestigates the primary stability of absorbable screws used
to fix calcaneal fractures with the finite element method.
A Sanders type III calcaneal fracture was modeled ac-
cording to X-ray and computed tomography images of a
representative patient. Fixation with four crossing ab-
sorbable screws was simulated using a finite element
software package according to clinical operation. The
stance phase of gait was simulated to calculate stress and
displacement distributions of the calcaneus and screws.
The stress concentration of screws was located at the
connections between screws and fracture surfaces. For the
two transverse screws, the peak von Mises stress of the
inferior screw was almost twice that of the superior one.
For the two longitudinal screws, the medial screw had a
64 % larger von Mises stress than that of the lateral one.
The peak displacement of the calcaneus was located on the
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medial fragment. No notable relative displacement was
seen between different fragments. The displacements of the
two transverse screws were similar, and larger than those of
the longitudinal screws. The displacement of the medial
longitudinal screw was slightly greater than that of the
lateral one. Based on the computational stress distribution,
a screw with a large diameter should be recommended to
fix the anterior part of the posterior facet and the medial
tuberosity of the calcaneus. Fixation with crossing ab-
sorbable screws is safe and should be recommended for
Sanders type III intra-articular calcaneal fractures with
good bone quality. Early ambulation and rehabilitational
activities should be encouraged after operation.

Keywords Calcaneal fractures - Finite element method -
Absorbable implant - Screw fixation - Biomechanics

1 Introduction

The incidence of calcaneal fractures comprises around 2 %
of all fractures presenting to emergency departments and
the proportion of intra-articular calcaneal fractures with
involvement of the posterior subtalar joint is approximately
75 % [1]. Open reduction and plating fixation with plates
and screws is widely used for intra-articular calcaneal
fractures. However, the high incidence of wound infections
has prejudiced surgeons against operative treatment [2, 3].
In order to minimize wound complications while providing
relatively rigid fixation for calcaneal fractures, percutaneus
screw fixation is adopted by many surgeons due to its
simple operation, rigid fixation, and few complications
[4, 5].

Absorbable poly-L-lactide acid (PLLA), an orthopedic
implant material, has a mechanical strength similar to that
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of cortical bone [6, 7]. In the past 40 years, absorbable
implants have been widely used in many types of bone
osteosynthesis, including calcaneal fractures [8—10]. The
application of absorbable implants can avoid the subse-
quent removal of implants. Bone fractures fixed with ab-
sorbable implants can be more clearly observed in X-rays
due to the lack of interference from metallic components.
Min et al. [10] introduced a technique that uses absorbable
pin fixation to maintain an anatomic reduction of the pos-
terior facet in displaced intra-articular calcaneal fractures.
They found this technique to be advantageous for multiple
reasons, such as simplifying manipulation and reposition-
ing during final fixation, obviating the use of K-wires
during provisional fixation, minimizing the problems as-
sociated with “screw traffic”, and minimizing the mor-
bidity and failure rates associated with bioabsorbable
implants [10]. However, the biomechanical stability of
calcaneal fractures fixed with absorbable screws has not
been studied. Surgeons have little knowledge to instruct
patients about rehabilitation training after operation.

Finite element analysis (FEA) is a powerful and reliable
biomechanical tool. It can be used to calculate the stress
and displacement distribution of a model in each detail
[11-14]. For example, Lee and Lee [12] constructed a finite
element (FE) model that included the talus and calcaneus
to assess the optimal configuration of double-screw fixation
for subtalar arthrodesis. However, there has been no FEA
report concerning the primary stability of calcaneal frac-
tures fixed with absorbable screws.

Therefore, the aim of this study was to construct an FE
model of calcaneal fractures fixed with bioabsorbable
screws and to evaluate the primary stability of such fixation
during the stance phase of gait. Based on previous expe-
riences in clinics and mechanics, it was hypothesized that
the stress concentration would occur at the connection
between the screws and bone tissue and that the peak
values would not be larger than the strengths of both
screws and bone.

2 Materials and Methods

Between July 2008 and December 2012, nine patients with
intra-articular calcaneal fractures were treated with percu-
taneous reduction and absorbable screw fixation (Grand
Fix, Gunze Co., Ltd., Tokyo, Japan) in the Department of
Orthopedics, Pudong New Area People’s Hospital, China.
All patients underwent X-ray and computed tomography
(CT) scanning examinations. According to the Sanders
scale based on the CT images, three of the fractures were
classified as type II and the remaining six were classified as
type III. The common characteristics of the nine fractures
according to X-ray and CT images were a V-shaped

compression of the calcaneal body and two or three partial
fractures of the poster subtalar articular without obvious
bone defects (Fig. 1). PLLA absorbable screws were used.
All fractures were reduced postoperatively and healed and
patients were able to resume their jobs.

The right foot of a normal Chinese male (age: 30 years;
body weight: 70 kg; height: 173 cm) was CT scanned in
the neutral position by a CT scanner (Brilliance 64 CT,
Philips Electronics, The Netherlands). The slice thickness
of CT scanning was 0.630 mm. 339 slices were obtained.
The CT images were imported into image processing
software MIMICS 15.0 (Materialise, Leuven, Belgium), in
which the bone contour was obtained. Then, a solid model
of the calcaneus was constructed in Unigraphics NX 8.5
(Siemens, Germany). A Sanders type III calcaneal fracture
was modeled according to the common characteristics of
the nine fractures. As shown in Fig. 2, fixation with four
absorbable screws was simulated according to clinical
operation. The diameter and length were 3.5 and 45 mm
for the transverse screws and 7.0 and 80 mm for the

Restrained in
A-P direction

MRestrained in all DOFs

Fig. 2 Three-dimensional reconstruction model and boundary and
loading conditions (DOF degree of freedom, A—P anterior—posterior)
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longitudinal screws, respectively. The pitch of all screws
was 1.25 mm.

The model of the calcaneal fractures fixed by absorbable
screws was imported into and assembled in the FE analysis
package ANSYS 13.0 (Swanson Analysis, Houston, PA).
The contact between screws and the calcaneus was defined
as bonded in this model. Niu and Ding [17] previously
compared three methods used in FE modeling of the cal-
caneus. They conducted a convergence test and found that
137 k degrees of freedom ensured steady computations of
the displacement and von Mises stress. In the present study,
the model had several contact surfaces between different
fragments and between bone and implants. A fine mesh
(320,341 nodes and 210,237 quadratic tetrahedral ele-
ments) was constructed to simulate the surgery. A con-
vergence test showed that further mesh refinement resulted
in computations differing by less than 2 %. The cortical
and cancellous bones and the implants were idealized as
homogenous, isotropic, and linearly elastic. The thick of
cortical bone was set as 0.5 mm.

The mechanical properties of the bones and absorbable
screws were selected from previous published reports [15—
17]. They are listed in Table 1. Young’s modulus is a
fundamental measure of the stiffness of an elastic material,
and a necessary input parameter for FE simulation.
Although the material property of calcaneal bone is
anisotropic and nonlinear, it can be simplified as isotropic
linear elastic in FEA while maintaining good accuracy [11,
17]. The coefficient of friction between fragments was set
as 0.2.

The loading and boundary conditions are detailed in
Fig. 2. Based on previous experiments, the force on the
Achilles tendon was 780 N at 70 % of the stance phase
[18] and the ground reaction force on the heel was about
220 N during unipedal standing [19, 20]. Therefore, to
maintain equilibrium in the vertical direction, a loading of
1000 N was applied on the subtalar articular surfaces of the
calcaneus, while the posteroinferior calcaneal tuberosity
was limited to 6 degrees of freedom. To simplify the
loading and boundary conditions, the calcaneocuboid and
talocalcaneonavicular joints were also restrained in the
anterior-posterior direction. The peak von Mises stress was
calculated for each part of this model. The von Mises stress

Table 1 Mechanical properties of cortical and cancellous bones and
absorbable screws [15-17]

Material Young’s modulus (MPa) Poisson’s ratio
Cortical bone 10,000 0.3
Cancellous bone 1450 0.2
Absorbable implants 1400 0.2

is based on the von Mises yield criterion, which assumes
that the material yielding begins when the second de-
viatoric stress invariant reaches a critical value. Its peak
value is often used in biomechanics to evaluate and predict
tissue injuries [11, 13, 17].

3 Results

The von Mises stress peaks of all screws are listed in
Table 2, and the stress distributions are shown in Fig. 3.
The stress concentration of screws was located at the
connections between screws and fracture surfaces. For the
two transverse screws, the peak von Mises stress of the
inferior screw was 133 MPa, almost twice that of the su-
perior one (68 MPa). For the two longitudinal screws, the
medial screw (117 MPa) had a 64 % larger von Mises
stress than that of the lateral one (71 MPa).

The peak displacements of the calcaneus and all screws
are listed in Table 3. The peak displacement of the calca-
neus was located on the medial fragment. No notable
relative displacement was seen between different frag-
ments. As shown in Fig. 4, the displacements of the two
transverse screws were similar, and larger than those of the
longitudinal screws. The displacement of the medial lon-
gitudinal screw was slightly greater than that of the lateral
one.

4 Discussion

In foot and ankle surgery, absorbable implants are used in
trauma and bone operations [10, 21, 22]. The modulus of
elasticity of absorbable implants is close to that of cortical
bone, which makes them safe for internal ankle or cal-
caneal fractures. Because absorbable implants are weaker
than metallic ones, patients with calcaneal fractures fixed
by absorbable implants have their rehabilitation restricted
early on to avoid implant breakage and bone refractures
[22].

There have been several biomechanical studies on the
stability of calcaneal fractures fixed with various implants
[23-26]. Wang et al. [23] compared the strength of two

Table 2 Von Mises stress peaks of all screws (MPa)

Screw Stress
Inferior transverse 133
Superior transverse 68
Medial longitudinal 117
Lateral longitudinal 71
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Type: Equivalent (von Mises) Stress (a)
Unit: MPa
133.39 Max
118.57
103.75
88.93
74.109
59.287
44.465
29.644
14.822
0.00071285 Min

(b)

Fig. 3 Distribution of von Mises stress of all screws. a Anterior-medial view and b superior screw

Table 3 Peak displacements of calcaneus and screws (mm)

Location Displacement
Calcaneus 0.40
Inferior transverse 0.36
Superior transverse 0.38
Medial longitudinal 0.17
Lateral longitudinal 0.13

Type: Total Deformation
Unit: mm

0.3776 Max

0.33567 m
0.29374
0.25181
0.20988
0.16796
0.12603
0.084098
0.042169

Fig. 4 Distribution of resultant displacement of all screws

types of fixation method for calcaneal fractures. Redfen
et al. [24] compared the mechanical integrity of locking
plate and traditional non-locking plate fixation for cal-
caneal fractures. Nelson et al. [25] evaluated the stability of
a new headless screw technique for calcaneal fractures.
Richter et al. [26] compared the stability of a calcaneal
plate with polyaxially locked screws with 3 plates fixed
with uniaxially locked screws. All these studies used ca-
daveric or physical models to reconstruct the fractures and
fixation. However, few parameters can be measured

through mechanical experiments and experimental cost is
very high. Many important parameters, such as displace-
ment, stress, and strain at any location, are difficult to
measure using current techniques.

In this study, a three-dimensional FE model was used to
analyze the primary stability of absorbable screw fixation
for intra-articular calcaneal fractures. The stress and dis-
placement distributions of the screws and calcaneus frag-
ments during the stance phase of walking gait were
obtained. The FEA computation showed that the stress
concentration of screws was located at the connections
between screws and fracture surfaces. The screws were
thus the main support structures for the bodyweight
loading.

In FE calculation, the stress at the connections of dif-
ferent materials has a larger computational error than that
for homogeneous materials. Although the computational
error often results in higher stress, comparisons of stress
between screws in a given model can produce useful re-
sults. The stress distribution of screws in each group was
similar, but the maximum stress was different. In the
transverse group, the maximum stress of the inferior screw
was much higher than that of the superior one. This result
is consistent with those from biomechanical experiments
[23, 27]. Wang et al. [27] showed that the peak stress
sustained in the subtalar joint is concentrated at the anterior
part of the posterior facet, which was the position of the
inferior screw. The medial longitudinal screw had a larger
von Mises stress than that of the lateral one. A screw with a
large diameter should be recommended to fix the anterior
part of the posterior facet and the medial tuberosity of the
calcaneus.

The maximum von Mises stress of screws was 133 MPa.
Although this value might be overestimated due to com-
putational error, it is less than the bending strength
(176-215 MPa) [7] and shear strength (143.6 MPa) of
PLLA [6]. The results show that absorbable screws are safe
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for calcaneal fracture fixation. Patients with calcaneal
fractures fixed with absorbable screws should be encour-
aged to begin rehabilitation soon after operation. However,
high-impact activities such as running should be avoided as
the loading on the calcaneus would be several times the
level while standing [28].

The displacements of the medial parts of both the
calcaneus and screws were greater than those of the
lateral parts. The pressure distribution of the subtalar
joint was inhomogeneous, and the pressure in the medial
parts was higher than that in the lateral parts [29]. The
pressure distribution had a great influence on the dis-
placements of the calcaneus and screws. The higher
pressure and displacements of the medial calcaneus
showed that the medial part of the calcaneus should be
restored as much as possible in the operation. A bone
graft should be performed for calcaneal fractures with
obvious bone defects.

There were several limitations in this study. Firstly, only
the Sanders type III intra-articular calcaneal fracture was
simulated in the FEA. More biomechanical and clinical
research should be carried out on other types of fracture in
the future. Secondly, the material properties of the cal-
caneal bone were determined according to the average of a
population. For special patients, such as those with osteo-
porosis, fixation with absorbable screws will have higher
risks because of its lower strength compared to that of
traditional metallic implants. Finally, soft tissues and other
neighboring structures were not included in the model
because of the difficulty in modeling and analysis. Nev-
ertheless, the simplified model used here provided useful
results. These limitations will be considered in future
studies.

5 Conclusion

An FE model was used to analyze the primary stabiliza-
tion of absorbable screw fixation for intra-articular cal-
caneal fractures. Based on the computational stress
distribution, a screw with a large diameter should be
recommended to fix the anterior part of the posterior facet
and the medial tuberosity of the calcaneus. Fixation with
crossing absorbable screws is safe for patients with good
bone quality and should be recommended for Sanders
type III intra-articular calcaneal fractures. Early ambula-
tion and rehabilitational activities are encouraged after
operation.
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