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Abstract

Background
To search for a method of accurate transosseous tunnel drilling for the distal tibio�bular syndesmosis
based on three-dimensional (3D) printing technology to design a guide design and to assess its veracity.

Methods
CT scan and MRI data of 150 patients with distal tibio�bular syndesmosis injury in the A�liated Hospital
of traditional Chinese medicine of Southwest Medical University were selected. Using Mimics software to
reconstruct inferior tibio�bular syndesmosis CT data. Design 2 The non-collinear tunnel is superimposed
on the three-dimensional model, and a virtual drilling is performed between the tibia and the �bula using
a double inner gusset. Then, in the Geomagic Studio software model, an elliptical plane is calculated and
extracted as a guide design for precise drilling. Then put the design and the 3D inferior tibio�bular
syndesmosis model together for 3D printing. 8 parameters were measured, and the effects of the virtual
model and the actual model and the guide rail design were compared.

Results
We compared 8 parameters of the 3D virtual model and actual model successfully. No differences were
signi�cantly found between the real and virtual bone tunnels in measurements. (P > 0.05).

Conclusions
The veracity of transosseous tunnel placement for distal tibio�bular syndesmosis reconstruction
combined with 3D printing guide design technology in the distal tibio�bular syndesmosis is reliable.

Introduction
The distal tibio�bular syndesmosis is a kind of fretting elastic joint, which is composed of distal tibia
,distal �bula and lower tibio�bular ligament complex [1]. It has effect of stabling ankle joint and is one of
the common injuries in orthopedic and sports medicine �eld. The incidence is 1%-11%[2–4] and it is
increasing progressively year by year. we know that anatomical reconstruction and surgical �xation of
inferior tibio�bular syndesmosis are key to achieving the best results, and misdiagnosis or improper
management of combined injuries can lead to lateral instability of the ankle(LIA) accompanied by
persistent ankle pain, early traumatic arthritis, and ultimately changes in ankle arthritis [6–8, 23].
Nowadays, many scholars have been studying and discussing the structure, function and diagnosis and
treatment on it. The research focuses on improving or developing surgical reconstruction method or
internal �xation device which is more suitable for the biomechanical characteristics of it. By many
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literature studies, the best effect of combined reconstruction of the distal tibio�bular syndesmosis is
Endobutton plate �xation technique [9–12, 22]. The distal tibio�bular syndesmosis reconstruction by
Endobutton plate �xation is reported in many articles. The operation is performed at 1 ~ 2 cm of the
ankle, from the posterior to the anterior, through the distal tibio�bular syndesmosis and the ankle
horizontally into 20°~30° angles, drilled through the �bula plate with a 2.0 mm guide needle and elicited
from the medial tibial skin [10]. By Henry DeGroot et al. study[12], the device is easy to use and can allow
load-bearing without fear of implant breakage. Besides,it leaves physiological fretting function without
secondary surgical removal, implant fatigue. However, it is worth noting that although Endobutton plate
�xation technology has solved many problems, there are still some shortcomings, the length of loop
during operation can not be adjusted at will, and complications such as wound infection, local
stimulation, screw loosening or fracture may occur. For solving these problems, many scholars try to use
3 D of print technology Combined treatment of inferior tibio�bular joint.To solve these problems, we tried
to determine the Transosseous Tunnel Placement for Double Endobutton platet in the distal tibio�bular
syndesmosis reconstruction.

Hence in our study, we compare the difference between the actual model and the and 3D virtual model,
reconstruct the dital tibio�bular syndesmosis by using doeble Endobutton plate �xation technique under
the aid of 3 D print-oriented design of Transosseous Tunnel Placement. The aim is to �nd a novel internal
�xation device for the reconstruction of the dital tibio�bular syndesmosis without complications.
furthermore, this study veri�ed the feasibility, safety and accuracy of the 3 D print-guided design of bone
marrow channel navigation module, and provided theoretical support and experimental basis for its
clinical assisted reconstruction of tibio�bular syndesmosis.

Materials And Methods
Ethical statement

All procedures were allowed by the Medical Ethics Review Board of A�liated Traditional Chinese
Medicine Hospital of Southwest Medical University with the following reference number: KY2018043.

Patients

We collected 150 patuents computed tomography (CT) plain scan and the MRI data of lower tibia and
�bula from the radiology department of the a�liated traditional Chinese medicine hospital of Southwest
Medical University. Exclusion criteria included congenital malformations and Fracture of tibia and
�bula.We selected 100 neat and complete inferior tibio�bular syndesmosis (50 on the left and 50 on the
right) from 150 cases for digital imaging and medical communication (DICOM) data.

The design of 3D printing guide design

The scanning data CT tibia and �bula and all the data were imported into the image processing software
(Mimics19.0), and the virtual 3D models wre constructed. Besides,the tibia and �bula to test and drill



Page 5/15

accurately had been preserved. Based on the anatomical measurements of the CT , the optimal drilling
points on the tibia and �bula were measured, followed by the use of 2 noncollinear hollow cylinders (inner
radius 2 mm and upper half diameter 4 mm). The superposition on the 3D model represented the virtual
drilling between the tibia and �bula . At the same time, the 3D model were imported into the software
(Geomagic Studio2013. 0) to get the oval model was calculated and extracted along the plane around the
clavicle ori�ce (thickness 2.5 mm, direction upward) as a guiding design for accurate borehole
reconstruction of inferior tibio�bular joint during surgery. combining design and 3D models in
Mimics17.0. Maker Bot printing software was used to convert the combined data into the printer Z18
printer printing �le (printing parameters: printing mode, balance; layer height 0.2 mm; wall thickness 2
times) nozzle thickness; nozzle moving speed ,150 mm/s; nozzle temperature ,215 nozzle wire diameter
,1.77 mm; platform Withdrawal height 0.5 mm; bottom thickness 0.8 mm, top thickness 0.804 mm;
minimum support angle 68 degrees, support density 16%, printing material: biodegradable plastic
polylactic acid). 

The parameters of 3D printing guide design

At 1 ~ 2cm above the �bular ankle joint space, from the back to the front and in, 20°~ 30° to the articular
surface. The bone tunnel was established obliquely through the inferior tibio�bular syndesmosis.
Reference point a: the center of tibial tunnel. Reference point b: the center of the sural tunnel. 

The virtual tunnel can be measured recorded with an accuracy of up to 0.1 mm in Mimics 19.0. To avoid
observer variation, an investigator with over 3 years of experience in 3D printing work to measure and
record 8 parameters carefully 3 times,and then take the average. (Fig1,2,3,4)

1. ac: The distance from the center of tibial tunnel to the proximal end of medial malleolus. 

2. ad: The distance from the center of the lateral tibial tunnel to the anterior tibia. 

3. ae: The distance from the center of the tibial tunnel to the posterior tibia. 

4. bf: The distance from the center of �bular tunnel to the proximal end of lateral malleolus. 

5. bg: The distance from the center of the lateral �bular tunnel to the anterior �bula. 

�. bh: The distance from the center of the lateral �bular tunnel to the posterior �bula. 

7. L: Length of bone marrow canal. 

�. α Angle between bone marrow canal and horizontal plane. 

Statistical analysis

Measurement data were expressed as mean ± standard deviation (±s) in mm. A paired two-tailed t-test
was performed to identify differences between measurements in 3D virtual model and actual model if the
data were normally distributed. Statistical analysis was performed using the SPSS26.0 (IBM Corp.,
Armonk, NY, USA); P<0.05 was considered statistically significant. (Table 1)

Results
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We have printed 150 human inferior tibio�bular syndesmosis successfully. Then 8 parameters of the 3D
virtual model and actual model with the guide design were measured and compared in Figure 1,2. We
found that there was no difference between the actual and virtual bone tunnels in ac, ad, ae, bf, bg, bh, L,
α, β (P>0.05). All data were represented as±s in Table 1. 

Discussion
The distal tibio�bular syndesmosis is an important joint to stabilize the ankle.  Alao it is a common
clinical injury, accounting for 5-10% of ankle sprain and 23% of ankle fracture [1,3,4]. In the most cases, it
is accompanied by other ankle injuries, which can easily cause lateral instability of the ankle(LIA)
with long-term chronic pain and traumatic osteoarthritis, which seriously affects the quality of life and
work of patients. At present, the treatment of the distal tibio�bular syndesmosis injury is a hot topic in our
research. The main method of conservative treatment is to recover by functional exercise after 6-8 weeks
�xed with gypsum or support, but for unstable lower tibia and �bula combined injury, surgical treatment
is generally recommended. Nowdays , the widely applicable clinical surgical treatment includes rigid
�xation (mainly cortical screw �xation) and elastic �xation (mainly Endobutton system)[9-10]. A few
scholars have found that the incidence of broken nails is high due to its rigid �xation in the cortical screw
�xation , patients can not early weight-bearing exercise, prone to ossi�cation, ankle stiffness and
traumatic arthritis, and often need secondary surgical removal, which increased the patient's mental
trauma and �nancial burden, the risk of recurrence is high extremely [10,14,16], Mehdi et al .[15]
experiments have proved that Signi�cant screw bending occurred in severe patients with heavy weight
after operation. taking these risks into account, some scholars have attempted to treat inferior tibio�bular
joint injury by Endobutton plate �xation[8-10,16,18]. The Endobutton device is a novel inferior tibio�bular
�xation device with a �xation strength close to the screw, and the semi-rigid biomechanical properties of
the device allow physiological fretting between the lower tibia and �bula, thus accelerating ligament
healing; no secondary surgery is required to reduce trauma [3,19,21]. Experiments show that there is no
risk of screw breakage, no need for routine removal after surgery by Endobutton,and it can better restore
ankle function, reduce related complications and other advantages, less trauma [ 16,20].

Although Endobutton plate �xation solves many clinical problems, some studies have reported that it
also has some shortcomings. Lou YL et al .[10] research shows that the number of clinical surgical cases
is too small at present, it is necessary to accumulate experience through the department operation
practice, combined with relevant reports at home and abroad, and we can not guarantee the accuracy of
the operation because of the problems of the angle of the needle entry, the position of the �xed device
and the quantity of the device placed. As can be seen that double Endobutton the di�culty of   double
Endobutton plate �xation is the establishment of  an ideal and safe and accurate transosseous tunnels .
The length of the loop can not be adjusted at will in the operation. We must accurately determine the drill
points on the tibia and �bula and the angle and size of the tunnel. in order to identify the ideal
transosseous tunnels and coracoid process, many studies have investigated the anatomical features of
the dital tibio�bular syndesmosis.But in fact, the location and method of drilling a transosseous tunnels
in the tibia and �bula vary depending on the operator and the patient's skeletal structure can be
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affected.In that case, we combined the anatomical basis of the dital tibio�bular syndesmosis to study
and design a personalized 3D printing guide design, placed on the exposed dital tibio�bular syndesmosis,
to help �nd the precise anatomical location of the cross-bone tunnel borehole during surgery, and we
experimentally compared the virtual 3 D model with the double Endobutton plate �xation using the 3 D
navigation module to build the transosseous tunnels. From our experimental measurements, we found
that there was almost no difference between the real model and the virtual model of Endobutton plate
�xation. It can be seen that this method can improve the accuracy of transosseous tunnels and reduce
the drilling accuracy risk of complications. So transosseous tunnels module based on the 3D printing
guide design of the distal tibio�bular syndesmosis reconstruction of the is reliable and can be carried out.

Limitations

However, the following shortcomings also existed in our study :(1) this study only collected CT and MRI
data from a hospital in southwest china, did not contain population data from multiple regions and
between different races, and the subjects of the experiment were also patients in this hospital, which was
not widely representative. (2) This study is an in vitro study and its rationality and availability are to be
con�rmed by further studies in clinical trials.

Our study has some weaknesses. First, the samples and individualized 3D printed guide design are
imitated in this study. These prospective CT scans without considering whether the AC joint itself affect
the building of the 3D guide design, which may lead to some observational errors. Finally, this study is
an in vitro research, and its rationality and availability need to be con�rmed by further studiess in clinical
trials. 

Conclusion
In conclusion, there is no difference between the 3D virtual model reconstructed by inferior tibio�bular
syndesmosis and the actual model. The individualized 3D guide design for inferior tibio�bular
syndesmosis can improve the accuracy of transosseous tunnels and decrease the risk of the
complications. The accuracy of Inferior tibio�bular syndesmosis combined with 3D printing guidance
design technology in the transosseous tunnel of distal tibio�bular syndesmosis reconstruction is reliable.
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Table 1: 8 parameters of the 3D virtual model and actual model with the guide design.
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  Group Longs(cm)  

ac actual model 3.350 P>0.05

3D virtual model 3.278

ad actual model 1.568 P>0.05

3D virtual model 1.574

ae actual model 1.612 P>0.05

3D virtual model 1.620

bf actual model 3.788 P>0.05

3D virtual model 3.772

bg actual model 0.717 P>0.05

3D virtual model 0.722

bh actual model 0.746 P>0.05

3D virtual model 0.745

L actual model 4.940 P>0.05

3D virtual model 5.025

α actual model 27.9 P>0.05

3D virtual model 27.9

ac: The distance from the center of tibial tunnel to the proximal end of medial malleolus. 

ad: The distance from the center of the lateral tibial tunnel to the anterior tibia. 

ae: The distance from the center of the tibial tunnel to the posterior tibia. 

bf: The distance from the center of �bular tunnel to the proximal end of lateral malleolus. 

bg: The distance from the center of the lateral �bular tunnel to the anterior �bula. 

bh: The distance from the center of the lateral �bular tunnel to the posterior �bula. 

L: Length of bone marrow canal. 

α Angle between bone marrow canal and horizontal plane.

Figures
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Figure 1

3D virtual model.
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Figure 2

Pattern of tibio�bular surface.
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Figure 3

The positive position of actual model.
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Figure 4

Lateral malleolus position of actual model.


