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3D simulation of percutaneous sustentaculum ==
tali screw insertion in calcaneal fractures
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Abstract

Background In calcaneal fractures, the percutaneous screw fixation (PSF) is currently considered to be the better
choice, but it is difficult to accurately place the screw into the sustentaculum tali (ST) during the operation. In this
study, the ideal entry point, angle, diameter and length of the screw were calculated by simulating the operation
process.

Methods We retrospectively collected the calcaneus computed tomography (CT) scans of 180 adults, DICOM-
formatted CT-scan images of each patient were imported into Mimics software to establish calcaneus model. Virtual
screws were placed on the lateral of the posterior talar articular surface (PTAS), the lateral edge of the anterior process
of calcaneus (APC), and the calcaneal tuberosity, respectively, the trajectory and size of the screws were calculated.

Results The mean maximum diameter of the PTAS screw was 42.20+3.71 mm. The vertical distance between

the midpoint of the APC optimal screw trajectory and the lowest point of the tarsal sinus was 10.67 + 1.84 mm,

and the distance between the midpoint of the APC optimal screw trajectory and the calcaneocuboid joint was
5mm~19.81+2.08 mm. The mean maximum lengths of APC screws was 44.69+4.81 mm, and the Angle between
the screw and the coronal plane of the calcaneus from proximal to distal was 4.72°+2.15° to 20.52°+3.77°. The optimal
point of the maximum diameter of the calcaneal tuberosity screw was located at the lateral border of the achilles
tendon endpoint. The mean maximum diameters of calcaneal tuberosity screws was 4.46 +0.85 mm, the mean
maximum lengths of screws was 65.31+4.76 mm. We found gender-dependent differences for the mean maximum
diameter and the maximum length of the three screws.

Conclusions The study provides effective positioning for percutaneous screw fixation of calcaneal fractures. For safer
and more efficient screw placement, we suggest individualised preoperative 3D reconstruction simulations. Further
biomechanical studies are needed to verify the function of the screw.
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Introduction

Calcaneal fractures are the most common traumatic inju-
ries of the tarsal bones and approximately 75% of calca-
neal fractures have a displaced intra-articular component
[1]. Surgical treatment of calcaneal fractures can restore
articular congruity and obtain optimal improvement of
patient outcomes [2, 3]. However, the fractures involving
intra-articular are challenging injuries to manage because
of their complex nature, technical challenges, devastating
complications and difficult rehabilitation [4]. Previous
studies have shown that some minimally invasive surgi-
cal methods, such as balloon calcaneplasty, arthroscopi-
cally assisted reduction and fixation, and percutaneous
screw fixation, not only have the same reduction quality
and functional outcome as open reduction and internal
fixation, but also can reduce the incidence of postopera-
tive complications [2, 5]. At the same time, the percuta-
neous screw fixation (PSF) is a better option, which can
not only provide a strong fixation, but also can minimize
damage to the surrounding tissues, subsequently result
in shorter operative time and hospital stay, and reduced
intraoperative blood loss, postoperative pain, and com-
plication rates, specially for Sanders II fractures and a few
Sanders III fractures [3, 6—8]. Placement of the screw into
the sustentaculum tali (ST) from the lateral calcaneus
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Fig. 1 Three screws simulated on the calcaneal specimen and the screws
X-ray perspective. (A1-A3) APC Kirschner wire trajectory. (B1-B3) PTAS
Kirschner wire trajectory. (C1-C3) Kirschner wire trajectory of calcaneal
tuberosity. (D1-D3) Three screws were placed in the calcaneal specimen
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is essential. ST screw fixation can maintain anatomic
reduction, stable fixation, and early range of motion of
the posterior talar articular surface (PTAS) while pre-
venting displacement of the fracture pieces [9, 10].

The major challenge of PSF for displaced intra-articular
calcaneus fractures is placing screw that will maintain
reduction by achieving fixation in the center of the ST
without passing through the subtalar joint or the medial
calcaneal cortex or affecting important medial struc-
tures. We simulated the placement of three screws into
the ST on a calcaneal specimen from the lateral edge of
PTAS(4 mm), the lateral edge of the anterior process
of calcaneus (APC)(4 mm), and the calcaneal tuberos-
ity(6 mm) (Fig. 1). There have been previous studies on
ST screws, but some lack of discussion on screw trajec-
tory and size [11-17].

The purpose of the study is to specify the ideal inser-
tion point, the largest secure diameter, length and the
accurate angle of the calcaneal screw through the method
of 3D simulation.

Materials and methods

We retrospectively collected the calcaneus CT scans of
180 adults who had undergone continuous slice CT scan-
ning at the imaging research center of our hospital dur-
ing January 2017 and July 2022, including 80 females and
100 males. Patients were excluded if they had deformity,
fracture, arthritis, or tumor in the foot. This study was
conducted in accordance with the World Medical Asso-
ciation Declaration of Helsinki and approved by the Ethi-
cal Committee of Liaocheng People’s Hospital. Informed
consent was obtained from the patient who participated
in this study. All methods were carried out in accordance
with relevant guidelines. The mean age of the patients
on whom the models were based was 45.08+10.32 years
(range18-88years).

DICOM-formatted CT-scan images of each patient
were imported into Mimics software (21.0;Materialise,
Leuven, Belgium). We removed the soft tissue and other
tarsal bones by the function of image segmentation,
region growth and multiple slice editing of Mimics soft-
ware, respectively. A total of 180 virtual calcaneus mod-
els were created.

We reduced the transparency of the calcaneus mod-
els and the length of the PTAS screw was continuously
adjusted to ensure that the screw did not penetrate the
bone cortex (Fig. 2A-D). The distal curved surface of
the posterior articular surface was selected as the ref-
erence plane and marked as the plane (1) The subtalar
convergence angle between the PTAS screw and plane
1 was measured and recorded as angle o (Fig. 2E). Then
the horizontal plane of the calcaneus was selected and
marked as plane (2) The anteversion angle between the
PTAS screw and plane 2 was measured and recorded
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Fig. 2 The measurement of virtual PTAS screw in the model. (A, B) Ob-
served from the lateral and medial of the opaque 3D modelrespectively.
The screws did not penetrate the cortical bone. (C, D) Adjusted to the
optimal length of the screw from the translucent 3D model. (E) Angle a:
subtalar convergence angle. (F) Angle {3: anteversion angle

as angle [ (Fig. 2F). After that, lateral to the APC, infe-
rior to the distal end of the PTAS, and 5 mm distance
to the articular surface of distal calcaneus, sinuses tarsi
and cuboid articular surface, six ST screws were sequen-
tially placed from distal to proximal (Fig. 3A). The chan-
nel between the screws is safe for the entry track and the
midpoint of the proximal and distal safe channel was
considered the ideal insertion point, because this posi-
tion allowed for the optimal track access to the center of
the ST (Fig. 3B). Meanwhile, the perpendicular distance
from the midpoint to the nadir of the lateral sinuses tarsi
was measured and recorded as L (Fig. 3C). The length of
the calcaneocuboid joint surface to the midpoint of the
farthest insertion trajectory was recorded as L,(Fig. 3D).
The anteversion angle between the APC screw and
plane 2 was measured and recorded as angle y (Fig. 3E).
Then the coronal plane of the calcaneus was selected
and marked as plane 3 and the angle between the APC
screw and plane 3 was measured and recorded as angle §
(Fig. 3F).

Finally, the calcaneus model was adjusted to a semi-
transparent state, and axial fluoroscopy was converted
to observe and measure from ST to different positions
of the calcaneal tuberosity to search for the largest trans-
lucent area (Fig. 4A). We found that the center point of
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the largest translucent area was located at the lateral bor-
der of the achilles tendon endpoint (Fig. 4B). The virtual
screw was placed in the center of the translucent area
and adjusted continuously to find the maximum diam-
eter, which was defined as the maximum diameter when
the screw did not penetrate the bone cortex. Meanwhile,
the length of the screw was constantly adjusted to ensure
that the screw just penetrated the bone cortex. The angle
between the calcaneal tuberosity screw and plane 2 was
measured and recorded as angle 6 (Fig. 4C). The sagittal
plane of the calcaneus was selected and marked as plane
4 and the angle between the screw and plane 4 was mea-
sured and recorded as angle m (Fig. 4D).

The collected data were analysed by SPSS 25.0 statis-
tical software. The experimental data are represented as
the mean+SD. T tests were used to compare the data.
Statistical significance was accepted at P <0.05.

Results

The study subjects included 100 males and 80 females
aged between 18 and 88 years old, with a mean age of
45.08%+10.32 years.

The midpoint of the lateral edge of the PTAS was the
optimal entry point, the perpendicular distance from the
midpoint to the posterior articular surface was 10.78 m
[16]. As shown in Fig. 2A, B, virtual screw was inserted
from the PTAS into the ST in the reconstructed calca-
neus model. As shown in Table 1, the mean maximum
lengths of PTAS screws was 42.20+3.71 mm. For the
data captured above, the intersex difference was signifi-
cant (P<0.05). The mean angle a was 14.41°+4.42°and
the angle B was 9.31°+3.07°. Obviously, the results
were not statistically significant between males and
females(P>0.05).

Then as shown in Table 2, the mean maximum
lengths of APC screws was 44.69+4.81 mm and the
mean distance of L, (the perpendicular distance from
the midpoint to the nadir of the lateral sinuses tarsi)
was 10.67+£1.84 mm, L, was 19.81£2.08 mm, the dis-
tance between the midpoint of the APC optimal
screw trajectory and the calcaneocuboid joint was
5 mm~19.81+2.08 mm. For the data captured above, the
intersex difference was significant (P <0.05). As shown in
Table 2, The mean angle y was 14.41°+4.42°and the angle
d from proximal to distal was 4.72°+2.15° to 20.52°+3.77°.
The results were not statistically significant between
males and females(P>0.05).

Through the axial perspective, we found that the cen-
ter point of the largest translucent area was located
at the lateral border of the achilles tendon endpoint
(Fig. 4B). From Table 3, the mean maximum diameters
of calcaneal tuberosity screws was 4.46+0.85 mm, the
mean maximum lengths of screws was 65.31+4.76 mm.
For the data captured above, the intersex difference was
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Fig. 3 The measurement of virtual APC screws in the model. (A) The entry points of six screws were the most proximal and the most distal safe positions.
The red points in the middle of the screws was the ideal entry point. (B) Three screws were placed at the optimal entry point. (C) L,: The perpendicular
distance from the optimal entry point to the lowest point on the lateral margin of the sinuses tarsi. (D) L,: The length of the calcaneocuboid joint surface
to the midpoint of the farthest insertion trajectory. (E) Angle y: anteversion angle between the APC screw and the horizontal plane of the calcaneus. (F)
Angle 6: the angle between the APC screw and the coronal plane of the calcaneus

significant (P<0.05). In addition, the mean angle 6 was
8.03°+3.50°and the mean angle m was 31.94°+4.30°, but

Sagittal plane

A W
Angle 8

Horizontal plane Angle T

C D

Fig. 4 The measurement of virtual calcaneal tuberosity screw in the
model. (A) Adjusted to the optimal lengths and diameters of the screws
from the translucent calcaneus model. (B) The lateral border of calcaneal
tuberosity was the optimal entry point. (C) Angle 6: the angle between the
screw and the horizontal plane of the calcaneus. (D) Angle m: the angle
between the screw and the sagittal plane of the calcaneus

the results were not statistically significant between
males and females(P>0.05).

The safety tracks of PTAS and APC allowed 3.5 and
4 mm screws to be inserted into the ST, and the maxi-
mum safe diameter of the calcaneal tuberosity screw is
4 mm.

Discussion

In PSF, ST screw can maintain a firm and stable fixa-
tion, but it is difficult for us to accurately place the screw
into the ST [9, 10]. Liao et al. and Phisitkul et al. found
the optimal entry point and Angle of the PTAS screws,
Liao et al. calculated the perpendicular distance from
the PTAS screw to the posterior articular surface was
10.78 m, Phisitkul et al. calculated the subtalar con-
vergence and anteversion angles of the screws [15, 16].
However, the double bended structure of the posterior
articular surface should be considered during screw
placement. Then we re-selected the distal curved surface
of the posterior articular surface as the reference plane to
determine the subtalar convergence angle. In this study,
we did not adjust the PTAS screw to other positions,
because Liao et al. found that the midpoint of the lateral
edge of the PTAS was the optimal entry point, and fixing
the screw at the midpoint had sufficient force to prevent
fracture fragment displacement, and it is easier to deter-
mine the anatomical position during the operation. From
Table 1, the results showed (42.20 mm) that the length of
PTAS screw was 0.77 mm different from that of Liao Liq-
ing’s(42.97 mm) [16]. In our research, the lengths of the
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Table 1 Comparison between different genders: Lengths of
PTAS screws, Angle aand 3

Group LengthY(mm) a(°) B(°)
All(n=180) 42204371 1441+£442 931+3.07
Male(n=100) 44.27+3.29 1435+4.69 943+327
Female(n=280) 39904272 1448+438 9.18+3.02
tvalue” 3.170 -0.065 0.173

P value* 0.006 0.950 0.866

*tand P are the results of gender comparisons

YFor the Lengths, Angle a and B, intersex difference was significant (P<0.05)

PTAS screws were significantly larger in males compared
with females. This may be due to anatomical differences
in the calcaneus between female and male. However, the
mean angle a and  between male and female had no sta-
tistical criteria. From Table 1, a smaller Angle of PTAS
screw can be used to achieve ST.

In addition, Gitajn et al. used axial Harris heel views
and Geerling et al. used 3D imaging techniques to evalu-
ate the accuracy of PTAS screw placement [12]. However,
at the axial view of the calcaneus, it is not possible to
accurately assess whether the screw is in the ST or breaks
through the articular surface(Fig. 5A). Olexa et al. stud-
ied the ST axial view, but were also unable to determine
whether the screw penetrated the ST or PTAS [18]. We
found that when the view was perpendicular to the screw
from the lateral aspect of the calcaneus, it was clear that
the screw was located in the center of the overlap shadow
between the ST and the subarticular bone (Fig. 5B). By
combining axial views, it is sufficient to verify whether
the screw is within the ST or penetrates the bone cortex.
Although 3D imaging technology can better visualize
and identify articular reduction and screw placement, it
requires high infrastructure and operating environment,
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which needs further improvement to make the surgical
process more convenient. Meanwhile, Gras et al. intro-
duced different navigation methods for the ST screw and
demonstrated that the 2D navigation technique was more
reasonable during surgery [13]. Therefore, experienced
surgeons can successfully complete the placement of
PTAS screws under the C-arm fluoroscopy.

APC can involve various fracture types, and its fixa-
tion affects foot function [14]. Most of the previous stud-
ies on APC screw placement were for open reduction
and internal fixation, but few were for ST placement [3,
4, 10, 14]. The study by De Boer et al. showed that the
use of Screw Targeting Clamp may have facilitated screw
placement, but the required length of the screw could not
be determined [19]. Therefore, we calculated the trajec-
tory and required length of the APC screw. During the
operation, the surgeon can make the screw perpendicu-
lar to the fracture surface into ST as much as possible
under the C-arm fluoroscopy, so as to ensure the maxi-
mum force on the fragments of fracture and prevent the
fracture block from displacement. As shown in Table 2,
the lengths of the APC screws, the perpendicular dis-
tance from the midpoint to the nadir of the lateral sinuses
tarsi and the length of the calcaneocuboid joint surface
to the midpoint of the insertion trajectory were signifi-
cantly larger in males compared with females. Accord-
ing to previously published guidelines, to prevent screw
entry into the articular surface or destruction of cortical
bone, the safe insertion point should be more than 5 mm
away from the articular surface or lateral border of the
calcaneus [20]. APC has a wide sufficient safety channel
to allow 3.5 or 4 mm screws to reach the ST. Similarly, we
found that the axial view of the calcaneus combined with
the vertical view of the APC screw could also confirm

Table 2 Comparison between different genders: Average lengths of APC screws, L,, L,, Angle y and &

Group LengthY(mm) L,Y(mm) L,Y(mm) y(©) &-proximal(®) &-distal(®)
All(n=180) 44.69+4.81 10.67+1.84 19.81+2.08 19.59+4.06 472+2.15 20.52+3.77
Male(n=100) 47.31+4.12 11.49+1.51 20.82+1.56 2043+£3.83 473+£2.10 20.54+3.77
Female(n=80) 41.19+3.86 9.76+1.80 18.30+£1.92 18.66+£4.34 4.70+£2.37 20.49+£3.99
tvalue” 3.016 2.288 -2.807 0.938 0.036 0.025

P value® 0.008 0.035 0.015 0.362 0972 0.951

*tand P are the results of gender comparisons

YFor the Lengths and the distance of L, L,, intersex difference was significant (P <0.05)

Table 3 Comparison between different genders: Diameters of screws, Lengths of screws, Angle 6 and 11

Group Diameter(mm) LengthY(mm) 0(°) n(°)
All(n=180) 4.46+0.85 65.31+£4.76 8.03+3.50 31.94+4.30
Male(n=100) 4.72+0.77 67.78+3.38 791+3.73 32.62+4.72
Female(n=80) 406+0.82 61.61+£4.21 520+3.46 3091+3.73
tvalue* 2.735 3.146 -0.150 0.743

P value® 0.009 0.008 0.883 0470

*t and P are the results of gender comparisons

YFor the Diameters, Lengths, Angle 6 and m, intersex difference was significant (P <0.05)
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Fig. 5 Axial views of the calcaneus and vertical views of the screws. (A) Axial view of the calcaneus. (B) Vertical view of the PTAS screw. (C) Vertical view
of the APC screw. (D) Axial view of the calcaneus shows the screw breaking through the medial bone cortex. (E, F) The screw penetrates the bone cortex

in the calcaneal specime

whether the screw was in the ST or penetrating the bone
cortex (Fig. 5C). This allows the surgeon to place the
screws more accurately in the ST with the assistance of
Screw Targeting Clamp.

Long et al. provided a reliable and reproducible pro-
tocol for PSF treatment of displaced intra-articular
calcaneal fractures, but calcaneal tuberosity screws posi-
tioning and dimensions were not studied [17]. We found
the maximum diameter of the screw in the translucent
region of the axial view, and also identified the lateral
border of the achilles tendon endpoint as the optimal
insertion point. From Table 3, the diameter and length
of the calcaneal tuberosity screw were significantly larger
in males compared with females. From the axial view of
the calcaneus, we could easily tell whether the screw is
within the ST or penetrated the medial calcaneus bone
cortex (Fig. 5D). When we placed a 6-mm screw in the
calcaneal specimen, it was not difficult to see in the axial
view that the screw penetrated the medial calcaneal cor-
tical bone (Fig. 5D-F). According to the data, the maxi-
mum safe diameter of calcaneal tuberosity screw is 4 mm
in both male and female. Of course, under C-arm fluoros-
copy, the surgeon can also choose a larger diameter screw
without passing through the subtalar joint or medial cal-
caneal cortex according to individual differences. Calca-
neal tuberosity screws are longer relative to PTAS and
APC screws, and the experience of the surgeon may be
more demanding.

After screw placement, multi-directional perspec-
tive is required to ensure that the screw is as close to the

articular surface as possible without penetrating. If screw
penetrates the articular surface, the insertion point and
appropriate Angle need to be re-selected. If there is a
navigation system, the effect is better, and it is closer to
the articular surface to obtain optimal holding force, so
as to prevent the fracture fragment from shifting.

The parameters of the three screws may provide the
surgeon with appropriate information on safe screw
placement for PSF treatment of calcaneal fractures, so as
to complete the operation more quickly and effectively.
The large standard deviation of our results indicates
great differences among individuals. As a result, preop-
erative planning should be implemented in detail for each
patient. 3D reconstruction and simulated screw place-
ment techniques with digital software before surgery are
valuable.

There are still some limitations to this study. We only
analyzed the data based on genders, not different age,
body size and type of fracture groups. These factors may
also affect screw placement and fracture block stability.
We only studied the calcaneus of Chinese people, who
have different skeletal shapes with American and Euro-
pean populations. In addition, the study was performed
on intact calcaneus, but the normal anatomy is dis-
torted in the case of calcaneal fractures. It is necessary to
improve the quality of fracture reduction by preoperative
3D reconstruction and intraoperative use of reduction
forceps. Thus, the effect of ST screw and other calca-
neal screws needs to be verified by more biomechanical
research and related clinical research.
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Conclusion

We provided guidelines for PSF of calcaneal fractures
in a 3D simulation. In the 3D model, we positioned and
measured the dimensions of the three screws. Data from
simulated screws need to be combined with clinical expe-
rience for safer placement of screws into the ST. Further
biomechanical tests and clinical studies are needed to
verify its effects.
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3-D Three-dimensional

cT Computed tomography

DICOM  Digital Imaging and Communication in Medicine
Mimics  Materialise’s Interactive Medical Image Control System
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SD Standard deviation

PSF The percutaneous screw fixation

ST The sustentaculum tali

PTAS The posterior talar articular surface

APC The anterior process of calcaneus

Acknowledgements
This study was supported by the National Natural Science Foundation of
ShanDong province (No. ZR202102280280).

Authors’ contributions

XL, JY and LRH performed the study, analysed the data and drafted the
manuscript. XKW, LKY, CZ and MMZ contributed to discussion of data, writing
and editing of the article. XL, JY and LRH contributed to conception and study
design and editing of the article. All authors have seen the manuscript and
approved to submit to your journal.

Funding
This study was supported by the National Natural Science Foundation of
ShanDong province (No. ZR202102280280).

Data Availability
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The experiment was conducted in accordance with the Declaration of Helsinki
(World Medical Association). Informed consent was obtained from the patient
who participated in this study. This research was approved by the Ethical
Committee of Liaocheng People’s Hospital.

Consent to publish
Not applicable.

Competing interests

Xian Li, Xiao-ke Wang, Lian-kui Yu, Chao-Zhang, Ming-ming Zhao, Jun Yan,
Li-ren Han declare there is no conflicts of interest regarding the publication of
this paper.

Received: 13 February 2023 / Accepted: 24 July 2023
Published online: 08 August 2023

References

1. Jiang N, Lin QR, Diao XC, Wu L, Yu B. Surgical versus nonsurgical treatment
of displaced intra-articular calcaneal fracture: a meta-analysis of current
evidence base. Int Orthop. 2012;36(8):1615-22.

Page 7 of 7

2. Kayali C,Ozan F, Altay T, Karahan HG, Yamak K, Ozdemir S. Efficacy of calcium
phosphate cementing in the surgical treatment of Sanders Type Il and Il cal-
caneal fractures using screw fixation with sinus tarsi approach. Acta Orthop
Traumatol Turc. 2021;55(3):265-70.

3. WangQ LiX SunY,Yan L, Xiong C, Wang J. Comparison of the Outcomes
of two operational methods used for the fixation of calcaneal fracture. Cell
Biochem Biophys. 2015;72(1):191-6.

4. Pitts CC, Almaguer A, Wilson JT, Quade JH, Johnson MD. Radiographic and
postoperative outcomes of plate Versus Screw Constructs in Open reduction
and internal fixation of Calcaneus Fractures via the Sinus Tarsi. Foot Ankle Int.
2019;40(8):929-35.

5. Maccagnano G, Noia G, Cassano GD, Sarni AL, Quitadamo R, Stigliani C, Liuzza
F, Vitiello R, Pesce V. Quality of life and clinical evaluation of Calcaneoplasty
with a balloon system for calcaneal fracture at 5 years of Follow-Up. Adv
Orthop. 2021,2021:5530620.

6. Driessen M, Edwards M, Biert J, Hermans E. Long-term results of displaced
intra-articular calcaneal fractures treated with minimal invasive surgery using
percutaneous screw fixation. Injury. 2021;52(4):1054-9.

7. LiM,Lian X, Yang W, Ding K, Jin L, Jiao Z, Ma L, Chen W. Percutaneous reduc-
tion and hollow screw fixation Versus Open reduction and internal fixation
for treating displaced intra-articular calcaneal fractures. Med Sci Monit.
2020;26:926833.

8. Weng QH, Dai GL, Tu QM, Liu Y, Lutchooman V, Hong JJ, Yu Y. Comparison
between percutaneous screw fixation and plate fixation via Sinus Tarsi
Approach for Calcaneal Fractures: an 8-10-Year follow-up study. Orthop Surg.
2020;12(1):124-32.

9. Bussewitz BW, Hyer CF. Screw placement relative to the calcaneal fracture
constant fragment: an anatomic study. J Foot Ankle Surg. 2015;54(3):392-4.

10.  Pang QJ, Yu X, Guo ZH. The sustentaculum tali screw fixation for the treat-
ment of Sanders type Il calcaneal fracture: a finite element analysis. Pak J Med
Sci. 2014;30(5):1099-103.

11. Geerling J, Kendoff D, Citak M, Zech S, Gardner MJ, Hufner T, Krettek C, Richter
M. Intraoperative 3D imaging in calcaneal fracture care-clinical implications
and decision making. J Trauma. 2009;,66(3):768-73.

12. Gitajn IL, Toussaint RJ, Kwon JY. Assessing accuracy of sustentaculum screw
placement during calcaneal fixation. Foot Ankle Int. 2013;34(2):282-6.

13. Gras F, Marintschev |, Wilharm A, Lindner R, Klos K, Muckley T, Hofmann
GO. [Sustentaculum tali screw placement for calcaneus fractures—different
navigation procedures compared to the conventional techniquel. Z Orthop
Unfall. 2010;148(3):309-18.

14.  Lin PP,Roe S, Kay M, Abrams CF, Jones A. Placement of screws in the
sustentaculum tali. A calcaneal fracture model. Clin Orthop Relat Res
1998(352):194-201.

15. Phisitkul P, Sullivan JP, Goetz JE, Marsh JL. Maximizing safety in screw place-
ment for posterior facet fixation in calcaneus fractures: a cadaveric radio-
anatomical study. Foot Ankle Int. 2013;34(9):1279-85.

16. Liao LQ, Feng ZY, Li YK. Anatomical parameters of sustentaculum Tali screw
placement in the asian population: a retrospective radio-anatomical study. J
Orthop Surg (Hong Kong). 2022;30(1):10225536221082343.

17. Long C, Li K, Zhu J, Liu H, Zhu Y. Three-step closed reduction and percu-
taneous screw fixation: a reliable and reproducible protocol in managing
displaced intra-articular calcaneal fractures. Injury 2022.

18. Olexa TA, Ebraheim NA, Haman SP. The sustentaculum tali: anatomic, radio-
graphic, and surgical considerations. Foot Ankle Int. 2000;21(5):400-3.

19. De Boer AS, Van Lieshout EMM, Vellekoop L, Knops SP, Kleinrensink GJ, Verhof-
stad MHJ. 2D and 3D assessment of sustentaculum tali screw fixation with or
without Screw Targeting Clamp. Injury. 2017;48(12):2864-71.

20. Soeur R, Remy R. Fractures of the calcaneus with displacement of the tha-
lamic portion. J Bone Joint Surg Br. 1975,57(4):413-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿3D simulation of percutaneous sustentaculum tali screw insertion in calcaneal fractures
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


