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AIM: This study aimed to evaluate the hypothesis that the utilization of percutaneous screw guides enhances the precision of screw
placement in the surgical fixation of talar fractures.

METHODS: Computed tomography (CT) scans of ankle joints were obtained from 40 healthy adults and 10 cadaveric specimens between
April 2019 and August 2020 at Ningbo No. 6 Hospital. The acquired CT data were imported into Materialise Interactive Medical Image
Control System (MIMICS) software for processing. Three-dimensional (3D) digital models of the ankle joints were reconstructed, and
relevant anatomical parameters were measured. A percutaneous screw guide (PSG) was designed and fabricated to facilitate accurate
screw placement in the posterior talar process. Ten eligible cadaveric ankle joints were selected for further analysis and their 3D models
were reconstructed using the MIMICS software. Screw trajectory parameters were then measured and analyzed based on these cadaveric
models, forming the model group for comparative analyses. Ten cadaveric specimens were utilized in this study, equally divided into
two groups: a guider group (n = 5) and a free-hand group (n = 5). In the guider group, talar posterior process screws were inserted
using percutaneous screw guidance. In the free-hand group, screws were inserted into the talar posterior process without guidance. Post-
operative CT scans were performed on all specimens. The following parameters were quantitatively compared between the two groups:
screw trajectories, entry point distances in specimens with preselected screws, entry point distance trajectories in the 3D model, operation
time, frequency of fluoroscopic imaging, and number of drilling attempts.

RESULTS: Following the generation of the 3D models from 10 cadavers, a virtual screw was digitally inserted into each model. In the
model group, the preselected screw trajectory was oriented towards the medial aspect of the talar neck base, with a cephalad inclination
angle (CIA) of 3.1° &= 1.5° in the transverse plane and a medial diverge angle (MDA) of 12.0° & 1.4° in the coronal plane. The CIA
and MDA of the screw trajectory in the guider group were 2.1° + 1.7° and 11.2° £ 1.6°, respectively, whereas the CIA and MDA in the
free-hand group were 6.0° = 2.2° and 18.8° £ 1.6°, respectively. Statistical analysis revealed significant differences in both CIA and
MDA between the two groups (p < 0.05). Furthermore, the guider group yielded superior outcomes in terms of entry point distance,
operation time, fluoroscopic exposure time, and number of drilling attempts compared to the free-hand group (p < 0.05).
CONCLUSIONS: Percutaneous screw guidance can improve the accuracy and safety of the posterior process of the talar screws, which
can be feasible for percutaneous fixation. Further studies are required to confirm the efficacy and clinical outcomes of percutaneous
screw guidance.
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Orthopedic surgeons use open reduction and internal fixa-

tion (ORIF) to treat posterior talar fractures. At the final
Introduction follow-up examination, the patient presented bone union of
the fracture. Similarly, Chen et al. [5] reported that ORIF
utilizing miniscrew fixation can achieve satisfactory clini-
cal outcomes in patients with fractures of the posterior talar
process.

Posterior talar fractures are rare and tend to be misdiag-
nosed on standard radiography [1]. Patients may experi-
ence persistent pain, bone nonunion, and tarsal tunnel syn-
drome due to missed diagnoses or inappropriate treatment
[2, 3]. Moreover, the posterior process of the talar is a piv- )
otal anatomical structure involving both the posterior facet ORIF has been demonstrated to be both fe?a51.ble and safe
of the subtalar and posterior ankle. Consequently, joint mis- [5]. However, the procedure p re.sents significant chal-
alignment and post-traumatic arthritis may occur, even with le'nges d‘?e to the complex anatomical structl%re’ of the re-
minimal displacement of the fracture fragment [4]. gion, which encompasses the ankle subtalar joint a.nd the
flexor hallucis longus tendon. Consequently, ORIF is con-
- , L sidered a technically demanding surgical approach with
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Fig. 1. Flow diagram of this study. 3D, three-dimensional; CT, computed tomography; PSG, percutaneous screw guide.

ORIF, including chronic pain, wound infection, nonunion,
and post-traumatic osteoarthritis [4, 6].

Recent studies have investigated the safe zone for screw
trajectory and minimally invasive fixation techniques for
the posterior process of talus fractures. These techniques
can shorten operation time and reduce surgical complica-
tions [7, 8]. Moreover, percutaneous fixation is a feasi-
ble alternative for patients with multiple comorbidities and
high perioperative risk. However, manual placement of
percutaneous screws requires increased operation time and
intraoperative X-ray examinations. Many findings have
reported that three-dimensional (3D) printing and robot-
assisted navigation systems provide greater accuracy for
preselected screw trajectories [9]. However, some stud-
ies have noted that while navigation systems can facilitate
screw fixation and reduce the failure rate of screw insertion,
the high cost of equipment and complex surgical procedures
limit their widespread clinical adoption [10, 11, 12]. Con-
sequently, the design and application of percutaneous screw
guides for ankle joints remain under development.
Therefore, percutaneous screw guidance, a special tool that
may enhance the accuracy and safety of fixation, is neces-
sary in percutaneous techniques. We developed a percuta-
neous screw guide (PSG) based on the anatomy of the ankle
joint and screw parameters for this fracture type. To eval-
uate the PSG, we performed guider-assisted percutaneous
screw fixation in 10 cadavers and compared the results to
those obtained using a minimally invasive technique de-
scribed in our previous study [8].

Materials and Methods

In this study, computed tomography (CT) data from 40
healthy adults were collected between April 2019 and Au-
gust 2020 at Ningbo No. 6 Hospital. Additionally, 10 eli-
gible cadaveric specimens were obtained from the Medical
School of Ningbo University. Informed consent was ob-
tained from all participants, and their data were stored and
used for research anonymously. This study was approved
by the Institutional Review Board and Ethics Committee
of Ningbo No. 6 Hospital (Ethics Committee Reference
Number: 2024-21(L)). The inclusion criteria were as fol-
lows: (1) age between 20 and 55, (2) participants who con-
sented to enroll in the study. The exclusion criteria were
as follows: (1) age <20 years or >55 years, (2) history of
ankle joint surgery, and (3) presence of trauma, tumor, or
rheumatic arthritis.

Digital Measurement and PSG Design

Following analysis, a cohort of 40 eligible adult participants
was enrolled in this study, comprising 25 males and 15 fe-
males, with an average age of 37.3 4 13.5 years. The study
protocol is illustrated in Fig. 1 (Diagram created using Lark
(version 5.23.1, Lark Technologies Pte. Ltd., Singapore)).
All CT scan data were converted to the Digital Imaging
and Communications in Medicine (DICOM) 3.0 format and
subsequently imported into Materialise Interactive Medical
Image Control System (MIMICS) 19.0 (Materialize, Leu-
ven, Belgium), a commercially available 3D reconstruction
software package. The CT data from all participants suc-
cessfully generated a 3D reconstruction model of the ankle
joint. After generating 3D models of the ankle joints from
40 adults and 10 cadavers using MIMICS 19.0 software, the
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horizontal plain of talus

Fig. 2. The three-dimensional (3D) model of talus. (a,b) Horizontal and vertical planes of the talus were built, and then the cephalad
inclination angle (CIA) and medial diverge angle (MDA) were measured between the screw and two planes. (c—e) After the horizontal
plane (P1), vertical plane (P2) and coronal plane (P3) of the posterior talar process were established, the vertical distance between the
apex of the posterolateral process of talus and medial malleolus (AMVD), the horizontal posterior distance between the apex of the
posterolateral process of talus and medial malleolus (AMHPD), the horizontal medial distance between the apex of the posterolateral
process of talus and medial malleolus (AMHMD), the vertical distance between the apex of the posterolateral process of talus and
lateral malleolus (ALVD), the horizontal posterior distance between the apex of the posterolateral process of talus and lateral malleolus
(ALHPD), and the horizontal medial distance between the apex of the posterolateral process of talus and lateral malleolus (ALHMD)

were measured.
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Rotation joint

Fig. 3. Homemade percutaneous screw guide (PSG). (a) The details of the design of PSG in 3D. (b) Picture of percutaneous screw
guide. The length of Rod 1, 2, and 3 could be adjusted personally, and the rotation joint and slide device can be adjusted based on the
cephalad inclination angle and cephalad inclination angle. (c) Real product photo of the PSG.

horizontal and vertical planes of the talus were built accord-
ing to the methodology proposed by Gutekunst ef al. [13].
The horizontal plane (P;), vertical plane (P5), and coronal
plane (P3) of the posterior talar process were also estab-
lished. Subsequently, all anatomical parameters (the verti-

cal distance between the apex of the posterolateral process
of talus and medial malleolus (AMVD), the horizontal pos-
terior distance between the apex of the posterolateral pro-
cess of talus and medial malleolus (AMHPD), the horizon-
tal medial distance between the apex of the posterolateral
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Fig. 4. Specimen simulation. (a,b) The operation procedures of percutaneous fixation with PSG in a cadaveric specimen. (c) The typical
computed tomography (CT) data of the PSG group. (d,e) The operation procedures of percutaneous fixation by free hand in a cadaveric

specimen. (f) The typical CT data of the free-hand group.

process of talus and medial malleolus (AMHMD)), the ver-
tical distance between the apex of the posterolateral process
of talus and lateral malleolus (ALVD), the horizontal poste-
rior distance between the apex of the posterolateral process
of talus and lateral malleolus (ALHPD), and the horizontal
medial distance between the apex of the posterolateral pro-
cess of talus and lateral malleolus (ALHMD)) and prese-
lected trajectory measurements [cephalad inclination angle
(CIA) and medial diverge angle (MDA)] were obtained us-
ing MIMICS 19.0 (Fig. 2). Based on these anatomical pa-
rameters and preselected trajectory, PSG was designed for
percutaneous screw fixation of the posterior talar process
(Fig. 3). The accuracy and safety of PSG were evaluated
through cadaveric simulation studies.
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Table 1. The parameters of anatomy and preselected
trajectory in 3D models.

Parameters 3D models
Models number 50

AMVD (mm) 11.2+0.8
AMHPD (mm) 194+14
AMHMD (mm) 27.8 +1.1
ALVD (mm) 37+£04
ALHPD (mm) 153+13
ALHMD (mm)  30.1 1.4

Specimen Simulation

In the guider group, percutaneous screw fixation assisted
by PSG was performed on five dry cadavers. The details of
the operation were as follows: first, a minimal incision was
made between the medial malleolus and the Achilles ten-
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Table 2. Comparison of operation outcomes between the guider group and the free-hand group.

Parameters Guider group  Free hand group p-value
Ankle number 5

Entry point distance (mm) 0.7+£0.3 1.7£0.5 0.01
Operation time (min) 240+52 39.2+58 0.03
Operation fluoroscopy (times) 38+£13 72+£13 0.03
Drilling attempts (times) 2.8+ 0.8 5.6£05 <0.001

Entry point distance, the length between the screw entry point and the apex of the

posterior talus process.

Table 3. Comparison of screw trajectory among the guider, free-hand and model groups.

Guider group  Free-hand group  Model group  pi-value  pa-value  ps-value
Ankle number 5 5 10
CIA (°) 2.1°+1.7° 6.0° £+ 2.2° 3.1°+1.5° 0.25 0.01 0.005
MDA (°) 11.2° £ 1.6° 18.8° £ 1.6° 12.0° &+ 1.4° 0.32 <0.001 <0.001

1, Independent T- compared between the guider and model groups; p2, Independent T- compared

between the free-hand group and the model group; p3, Independent T- compare between the Guider

and Free hand groups; CIA, cephalad inclination angle; MDA, medial diverge angle.

don, exposing and protecting the posterior tibial artery and
nerve. The posterior process of the talus was then exposed.
Subsequently, the posterior articular guide (PAG) was ad-
justed according to anatomical parameters, CIA, and MDA.
Specifically, two Rod 1s were attached at the surfaces of the
medial and lateral malleolus and adjusted according to the
AMHMD and ALHMD, respectively. Subsequently, two
Rod 2s were adjusted according to AMVD and ALVD, re-
spectively. Following this, two Rod 3s were adjusted ac-
cording to AMHPD and ALHPD. Finally, the rotation joint
and slide device were adjusted based on the cephalad incli-
nation angle. Next, K-wires were inserted into the proces-
sus posterior of the talus via the slide device, and a bone
cannula was drilled using an electric drill. The PSG was
then removed, and the correct placement of the wires was
verified using C-arm fluoroscopy. Finally, a 3.0 mm cannu-
lated screw (20173466187, Synthes Inc., Shanghai, China)
was inserted over the K-wires (Fig. 4).

In the free-hand group, the surgical technique was modified
as follows: a minimal incision was made in the interval be-
tween the medial malleolus and the Achilles tendon. Using
the free-hand technique, a K-wire was inserted in a post-
anterior direction from the apical part of the posterolateral
process of the talus. The position of the K-wire was then
verified with fluoroscopy. Subsequently, a 3.0 mm cannu-
lated screw was inserted over the K-wire.

All specimens were scanned with CT preoperatively and
postoperatively.

QOutcome Measurement

After generating 3D models from preoperative and postop-
erative CT scans of the specimens, CIA and MDA were
measured using the aforementioned method. Additionally,
the entry point distance, defined as the length between the
screw entry point and the apex of the posterior talar pro-

cess, was quantified. Intraoperative data, including opera-
tion duration, fluoroscopy exposure time, and the number
of drilling attempts, were recorded during each operation.

Statistical Analysis

All results were presented as mean + standard deviation
(SD). The cephalad inclination angle and medial diverge an-
gle of the two groups with 3D models were analyzed using
an independent samples #-test in SPSS version 21.0 (IBM
Corp., Chicago, IL, USA). Independent samples ¢-test was
also used to compare cephalad inclination angle, medial di-
verge angle, entry point distance, operation times, operation
fluoroscopy time, and drilling attempts between the guider
and free-hand groups. Statistical significance was set at p
< 0.05 for all analyses.

Results

The CT images of 40 healthy adults and 10 cadavers were
successfully converted into 3D models, enabling the mea-
surement of anatomical parameters (Table 1). The AMVD,
AMHPD, AMHMD, ALVD, ALHPD, and ALHMD of the
ankle joint were 11.2 + 0.8 mm, 19.4 + 1.4 mm, 27.8 £ 1.1
mm, 3.7 + 0.4 mm, 15.3 £ 1.3 mm, and 30.1 £+ 1.4 mm,
respectively. The preselected screw trajectory was oriented
towards the medial aspect of the talar neck base, with a CIA
of 3.1° £ 1.5° in the transverse plane and an MDA of 12.0°
=+ 1.4° in the coronal plane. Subsequently, a percutaneous
screw guide was designed with rods that can be adjusted ac-
cording to AMVD, AMHPD, AMHMD, ALVD, ALHPD,
and ALHMD. The rotation joint and slide device were de-
signed to be adjustable based on the CIA and MDA.

In the cadaver simulation, the guider group demonstrated
significantly better outcomes compared to the free-hand
group in terms of entry point distance (0.7 + 0.3 vs 1.7 &
0.5 mm), operation time (24.0 & 5.2 vs 39.2 4+ 5.8 min), flu-
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oroscopy time (3.8 & 1.3 vs 7.2 & 1.3 times), and drilling
attempts (2.8 + 0.8 vs 5.6 £ 0.5 times) (p < 0.05 for all
comparisons) (Table 2). No statistically significant differ-
ences were observed between the guider and model groups
regarding CIA and MDA (2.1° £ 1.7° and 11.2° £+ 1.6°
vs 3.1° £ 1.5° and 12.0° + 1.4°, respectively) (p > 0.05).
However, significant differences were found between the
free-hand and model groups in CIA and MDA (6.0° 4 2.2°
and 18.8° + 1.6° vs 3.1° £ 1.5° and 12.0° + 1.4°, respec-
tively) (p < 0.05). The screw trajectory outcomes are pre-
sented in Table 3.

Discussion

Cedell [14] first described a series of posteromedial process
fractures of the talus, proposing that these fractures were
caused by talotibal ligament avulsion. Fractures of the pos-
terior talar process are rare and frequently misdiagnosed,
potentially leading to persistent pain, bone nonunion, and
osteoarthritis without appropriate treatment [15]. Standard
anteroposterior, ankle mortise and lateral X-ray radiogra-
phy are often insufficient for accurate diagnosis. While
Ebraheim et al. [16] reported that oblique view (45° and 70°
of external rotation) may improve diagnostic accuracy com-
pared to conventional radiography, CT scans remain supe-
rior for evaluating fragment size, measuring displacement,
and guiding treatment decisions [17].

Regarding the treatment of these fractures, orthopedic sur-
geons opt for surgical intervention in patients with poste-
rior talar fractures. Surgery can enhance ankle functional
recovery, improve the quality of daily life, and reduce the
risk of complications. Swords et al. [18] reported that
10 patients with posterior medial talar fractures underwent
open reduction and internal fixation (ORIF), and none ex-
perienced symptoms related to the flexor hallucis longus or
bone nonunion. Currently, ORIF is the most commonly em-
ployed surgical method due to its ability to facilitate the re-
duction of bone fragments. However, ORIF may require
extended operative time and involve significant blood loss,
making it less suitable for patients with higher periopera-
tive risk. Even though our group reported the design of the
screw trajectory using a 3D model preoperatively and used a
minimally invasive approach, intraoperative adjustment of
the K-wire direction is still unavoidable. Recent advance-
ments in robotic and computer-assisted navigation systems
have garnered significant interest, with studies demonstrat-
ing their capacity to achieve higher entry point accuracy and
optimal screw distribution. However, the clinical practice
of these technologies is constrained by several limitations,
including increased radiation exposure, complicated instal-
lation, and high costs [19]. Consequently, there is a need for
the development of a screw guide to enhance the accuracy
of screw placement.

This study investigated the anatomical parameters of the an-
kle joint and designed a special percutaneous screw guide
(PSG) with adjustable functional elements. A total of 10
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cadaveric ankle joint specimens were utilized, with or with-
out PSG application. The efficacy of PSG was evalu-
ated in terms of screw placement accuracy, operation time,
and fluoroscopy duration. The guider group exhibited sig-
nificantly improved CIA and MDA of screw trajectories
compared to the free-hand group. No statistically signifi-
cant differences in CIA and MDA were observed between
the guider and model groups, whereas the free-hand group
showed inferior outcomes in these measures. Similarly, the
guider group exhibited shorter fluoroscopy times and re-
quired fewer drilling attempts compared to the free-hand
group. Additionally, the entry point distance was signif-
icantly reduced with the use of PSG. This improvement is
attributed to the precision of PSG, which allows for the pro-
jection of screw insertion for each individual based on pre-
operative radiological outcomes. The accuracy of the en-
try point and screw direction was enhanced through modi-
fications to the PSG design. Specifically, the scale of rods,
rotation joint, and slide device were implemented to pre-
cisely determine the entry point, CIA, and MDA, respec-
tively. Zhu et al. [20] developed a screw guide for femoral
neck sections and compared radiological outcomes between
guider-assisted and conventional techniques using 10 ca-
daveric specimens. Their findings demonstrated improved
accuracy in optimal screw positioning and enhanced op-
erative outcomes with the utilization of the screw guider
[20]. Luo et al. [21] reported similar results for pedicle
screw placement assisted by the pedicle guide technique.
The accuracy rate of pedicle screw insertion and surgical
outcomes, including mean time per screw placement and
screw-related complications, were significantly improved
in the pedicle group compared to the control group [21].
This study presents several limitations. First, the investiga-
tion was constrained by a limited sample size of cadaveric
specimens, which may impact the generalizability of the
findings. Second, the research protocol did not include the
generation of models for the posterior tibial artery, flexor
hallucis longus tendon, or plantar nerve around the talus.
Therefore, the positions of these pivotal anatomical struc-
tures were not considered in the analysis. However, this
may not significantly influence the results, as these struc-
tures are mostly located medially. Third, we used an intact
talus to simulate the anatomic reduction of talar posterolat-
eral process fractures. Percutaneous fixation may be un-
suitable for comminuted or unstable fractures, as open re-
duction is often necessary to prevent bone union. Studies
including more cadaveric samples and prospective clinical
cases with increased patient cohorts, are necessary to vali-
date the precision and safety of percutaneous fixation with
PSG.
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Conclusions

Fractures of the posterior process of the talus are uncom-
mon and often misdiagnosed or diagnosed late in clinical
practice. Minimally invasive techniques allow for easier
access to fracture fragment reduction and require less oper-
ative time compared to ORIF. However, these minimally
invasive methods may not ensure the accuracy of screw
trajectory, often necessitating repeated intraoperative fluo-
roscopy and multiple drilling attempts. This study provides
preliminary data on the use of percutaneous fixation with
PSG for posterior talar fractures. PSG can enhance the ac-
curacy and safety of percutanecous fixation, presenting an
alternative method for robot- and computer-assisted navi-
gation systems.
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