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Abstract

The objective of the study was to provide morphological data of the distal tibia to offer guidance on the required screw length.
Computed tomography scans of the ankle in 225 patients were reviewed. Then parameters in the three-dimensional reconstruction
images were measured by three independent, qualified observers on 2 separate occasions. The anteroposterior length increases from
medial to lateral margin at the level of the base of the tibiofibular syndesmosis. On both proximal and distal planes of tibiofibular
syndesmosis, the medial-lateral width increases from posterior to anterior margin. Significant differences were observed in all
parameters between male and female and in the minimum width at the level of the roof of the syndesmosis between left and right
limbs (P<0.05). All of the parameters exhibited moderate to excellent intra-class correlation coefficient. The anteroposterior screws
would probably penetrate the far cortex and injure the structures surrounding the distal tibia if longer than 35.35 mm and 32.53 mm
in male and female. The screws should not longer than the maximum diagonals which are 51.29 mm and 46.58 mm on distal plane
and 43.64 mm and 38.24 mm on proximal plane in male and female respectively, or inadvertent distal tibiofibular syndesmosis
penetration may occur.
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1 Introduction implantation may lead to injury to nerves, vessels,
tendons and articular surfaces. Exposed screw tail may
Distal tibia fracture is one of the most common lower  stimulate and injure adjacent anatomic structures.
limb fractures as it is contained in both intra-articular and ~ Therefore, there is little room for error treating distal tibia
extra-articular fractures such as metaphyseal and pilon  fractures and extreme caution should be exercised.
fractures [1-3]. The directions of the screws in distal tibia ~ Knowledge of the distal tibia morphology in all directions
are flexible and should be determined by different types ~ may help to decrease the possibility of key anatomical
of plates and the pattern of fracture lines [4-8].  structure damage and inadvertent tibiofibular
Sometimes length determined by depth gauge is  syndesmosis penetration. However, scarce data are
imprecise in distal tibia, especially when the far cortex is  available concerning the morphology of the distal tibia.
fragmentized in tibiofibular syndesmosis. The screws The objective of the study was to provide
inserted may be too long or too short. Then the screws  morphological data of the distal tibia to offer guidance on
should be replaced and more fluoroscopy is inevitable.  the required screw length in all directions.
The more frequent the fluoroscopy was used, the more
radiation exposure surgeons and patients will receive [9]. 2 Materials and Methods
Therefore, it is important for surgeons to understand the
morphology of the distal tibia in all directions. 2.1 SUBJECTS
As more and more orthopaedic surgeons tried to treat
distal tibia fracture with minimally invasive plate Institutional ethical approval for this study was obtained
osteosynthesis (MIPO) [4-8], complications associated  from the Ethics Committee of our hospital, and conforms
with this technique have been described and included  to the provisions of the Declaration of Helsinki. (East
infection, damage to neurovascular structures and bone  Hospital Ethics Committee, Ethics number 2012-020).
and tendon impingement [10, 11]. Previous studies  The patients were collected from the foot and ankle clinic
demonstrated that key anatomical structures including ~ of our hospital and informed consent was obtained.
neurovascular bundles and tendons are in very close  Patients were excluded if they had a history of distal tibia
proximity to the distal tibia [11, 12]. Furthermore, only a  fracture, pilon fracture, internal or posterior malleolus
small gap exists in the distal tibiofibular syndesmosis [5,  fracture confirmed by radiological examination or
13, 14]. Frequent use of depth gauge, percutaneous  surgery. Patients with congenital or acquired
insertion and replacement of screws, and poor  malformation, osteoarthritis, rheumatoid arthritis or a
history of bone tumour of ankle were also excluded.
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GH) and analysed to obtain the medial-lateral widths and
diagonal distances (Figure 3).

Patients less than 20 years old or older than 65 years were
excluded to avoid skeletal immaturity or degeneration.
Finally, 225 patients were enrolled in this study, with 122
men (with 122 ankle joints) and 103 women (with 103
ankle joints). There were 104 left and 121 right ankle
joints. The average age was 39.5 years (range, 20 to 65
years).

2.2IMAGE ACQUISITION AND POST PROCESSING

The thin-slice CT images (DICOM 3.0 format) of all the
patients scanned by 16-row spiral CT (Light Speed, GE,
USA) were collected. Main CT scanning parameters were
as follows: thickness, 0.625 mm; voltage, 120 kV;
current, 200 mA; image matrix, 512x512.

The thin-slice CT axial images of all research subjects
were firstly uploaded to picture archiving and
communication system (PACS) of hospital, then these CT
data were imported into the digital orthopaedic clinical
research platform (Superlmage orthopaedics edition 1.0,
Cybermed Ltd, Shanghai, China) via removable storage
devices. On this platform, three-dimensional (3-D)
images of ankle joints were generated by performing
surface shaded display with a bone algorithm at 0.625
mm slice thickness. All component bones of ankle joints
were distinguished by computer in 3-D images. Then
parameters in the 3-D reconstruction images could be
measured and calculated.

2.3MEASUREMENTS AND CALCULATIONS

Design of the parameters in distal tibia closely combined
clinical experiences. The trajectories which were most
commonly used in distal tibia were visualized by
inserting simulated screws (Figure 1, 2). In order to
standardize the measurement process so that other
researchers could replicate the study, we designed the
steps below.

Firstly, on the distal tibia articular surface, the turning
point of posterior malleolus and medial malleolus (point
A), the turning point of medial malleolus and anterior
ankle (point B) and the peak of the lateral margin of the
tibial plafond (point C) were selected to define the cross-
section (plane ABC) which was corresponded to the most
distal slice at the level of the plafond as well as the base
of the distal tibiofibular syndesmosis (Figure 3).

Secondly, on the cross-section ABC, points were
randomly selected in the antero-medial, antero-lateral,
postero-medial and postero-lateral arcs (point E, F, G and
H, respectively). The midpoint of the medial margin
(point D) and the point in the most front of the anterior
margin (point 1) were also selected. The distances
between point G and E, between point A and B and
between point H and | were measured and analysed to
obtain the anteroposterior lengths. The distances between
point D, E, G and point C, F, H were measured
respectively (line DC, DF, DH, EC, EF, EH, GC, GF and
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FIGURE 1 An example illustrates the technique of simulating screw
insertion and clinical application of the anteroposterior length. (a) A
posterior malleolar fracture was simulated in 3-D volume rendering
mode. After reduction of the fracture, two screws were simulated to fix
the fragment. A screw was inserted and the other to be inserted. (b) A
screw was being inserted into the trajectory. (c) After insertion, the
figure revealed that the left screw was appropriate and the other was too
long. (d-f) The same simulation in surface shaded display mode, which
corresponds to Figure 2a-c. (e) The perspective figures revealed the
inner part of the tibia. The red arrow was the trajectory. (f) The distance
between point A and B and between H and | presented the proper length
of the screw. The right screw was too long and penetrated the far cortex.

FIGURE 2 An example of clinical application of the medial-lateral
width of the distal tibia. The distance between point D and H, between
D and F (a) and between D and C (b) presented the proper length of the
screw. (c) The figure revealed that the screw was too long and the far
cortex was penetrated. (d) The tibiofibular syndesmosis penetration of
the screw (marked with red circle) could be observed clearly in volume
rendering mode.

Next, plane J was determined through the most
proximal point of the anterior tubercle of the distal tibia
as the roof of the distal tibiofibular syndesmosis, which is
parallel to the plane ABC (Figure 4).

Finally, on this profile, points were randomly selected
in the antero-medial, antero-lateral, postero-medial and
postero-lateral arcs (point M, N, O and P). The midpoints
of medial and lateral margins (point K and L) were also
selected. The distances between point K, M, O and point
L, N, P were measured respectively (line KL, KN, KP,
ML, MN, MP, OL, ON and OP) and analysed to obtain
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the medial-lateral widths and diagonal distances (Figure
4).

The measurements were performed on 2 separate
occasions by 3 independent, qualified observers. All
observers were blinded to the other’s analysis. The
average was taken as the final data.

FIGURE 3 Measurement of the distal tibia. (a, b) Base of the distal
tibiofibular syndesmosis (plane ABC) was defined by selecting three
anatomical landmarks (point A, B and C). (c) Three lines (line GE, AB
and HI) were measured and analysed to obtain the anteroposterior
lengths. (d) Measuring 9 lines (line DC, DF, DH, EC, EF, EH, GC, GF
and GH) to obtain the medial-lateral widths and the maximum distance.

FIGURE 4 The dimension of the tibia on the roof of the distal
tibiofibular syndesmosis. (a) Cross-section J was determined through
the most proximal point (point J) of the anterior tubercle of the distal
tibia. (b) Obtain the medial-lateral width and the maximum distance by
measuring 9 lines (line KL, KN, KP, ML, MN, MP, OL, ON and OP).

2.4STATISTICAL ANALYSIS

SPSS 18.0 (SPSS Inc, Chicago, IL, USA) was used for
statistical analysis. The parameters between male and
female, and between left and right limbs were compared
using the two-samples t test. The lengths and widths were
analyzed using the one-way ANOVA. The intra-class
correlation coefficient (ICC) was used to assess
intraobserver and interobserver reliability. P<<0.05 was
considered to be statistically significant.

3 Results

The mean dimensions of the distal tibia were 41.37 +
3.22 mm (line DC, range 35.32-49.47 mm, 95%
confidence interval [Cl]: 40.67-42.11) medial-lateral and
23.83 + 2.12 mm (line AB, range 20.10-30.47 mm, 95%
confidence interval [Cl]: 23.45-24.23) anteroposterior at
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the level of the base of the distal tibiofibular syndesmosis
and 35.49 + 3.29 mm (line KL, range 27.72-45.20 mm,
95% confidence interval [CI]: 34.75-36.24) medial-lateral
at the level of the roof of the syndesmosis.

At the level of the base of the syndesmosis (plane
ABC), the anteroposterior length increases from medial
to lateral margin. The minimum anteroposterior length of
distal tibia was 19.14 + 1.79 mm (line GE, range 15.28-
23.60 mm, 95% confidence interval [CI]: 18.82-19.50)
and the maximum was 34.09 + 2.47 mm (line HI, range
27.57-38.88 mm, 95% confidence interval [CI]: 33.63-
34.57). The medial-lateral width increases from posterior
to anterior margin. The minimum and maximum widths
were 38.29 + 3.39 mm (line GH, range 31.27-46.25 mm,
95% confidence interval [CI]: 37.59-39.04) and 45.36 +
3.66 mm (line EF, range 38.28-54.43 mm, 95%
confidence interval [Cl]: 44.56-46.18), respectively.

At the level of the roof of the syndesmosis (plane J),
the medial-lateral width increases from posterior to
anterior margin. The minimum width was 30.28 + 3.67
mm (line OP, range 22.98-38.78 mm, 95% confidence
interval [CI]: 29.50-31.12), and the maximum was 35.94
+ 3.09 mm (line MN, range 30.20-41.85 mm, 95%
confidence interval [CI]: 35.27-36.66).

The longest distance on both planes were diagonals
from postero-medial to antero-lateral arc which were
49.01 + 3.57 mm (line GF, range 41.43-57.13 mm, 95%
confidence interval [CI]: 48.19-49.82) on plane ABC and
41.04 + 4.25 mm (line ON, range 30.18-49.08 mm, 95%
confidence interval [CI]: 40.06-42.07) on plane J.

Significant differences were observed in all
parameters between male and female (Figure 5), and in
the minimum width on the cross-section J between left
and right limbs (P<0.05) (Figure 6).

Table 1 shows the reliability of all parameters and the
intra-observer reliability between three observers.

4 Discussion

Because of the difficulty in defining coronal, sagittal and
axial planes in a 3-D image, a novel method was
presented in this study to explain the relativity among
different structures in a stereo space. A straight line and a
plane can be defined by two and three points respectively
in a stereo space. Some specific mark points are
recognizable in distal tibia. So this method was also used
in this study. Surface shaded display was applied. It was
the first 3-D rendering technique applied to medical
imaging and was mainly applied in orthopaedics because
of its superiority for bony surface reconstructions [15-
17]. Besides, the distinct surfaces can facilitate clinical
measurements [18]. In addition, it is rather difficult to
collect a large sample of cadaver specimens. The
morphological measurement on 3-D CT post processing
images can be based on a large sample size and thus
provide a more reliable and accurate data set.
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FIGURE 5 Significant differences were observed in all parameters between different genders (P<0.05)
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FIGURE 6 *Significant differences were observed in the minimum width on the level of the roof of the distal tibiofibular syndesmosis between left
and right tibia (P<0.05)

The intra-observer and inter-observer reliability in this
study are relatively high. It demonstrates that the values
produced by three observers using 3-D CT post
processing techniques are accurate and reproducible.

The dimensions of distal tibia offer guidance on the
required screw length. As we all know, the length of
implanted screws in the plane of distal tibia should be
sufficient but no more than the maximum. Or exposed
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screw tail may stimulate and injure adjacent anatomic
structures. If screws inserted were too long or too short,
replacement and more fluoroscopy are inevitable.
Frequent use of depth gauge, percutaneous insertion and
replacement of screws, and poor implantation may lead to
injury to nerves, vessels, tendons and articular surfaces.
Many important anatomical structures are very close to
distal tibia cortex. The anterior tibial compartment
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contains tibialis anterior tendon, deep peroneal nerve,
anterior tibial neurovascular bundle, the posterior
includes tibialis posterior tendon, posterior tibial

TABLE 1 Intra-observer and inter-observer reliability of all parameters

Zhang Kun, Chen Yanxi, Qiang Minfei
neurovascular bundle, and the lateral has tibiofibular
syndesmosis [19]. Ali et al. [12] reported that the anterior
neurovascular bundle was 3 mm from the anterior tibial

Observer 1 Observer 2 Observer 3 ICC1L ICC2 ICC3 ICCl2 ICC13 ICC23
Ldmean (mm) 23.77+2.19 23.96 +2.12 23.76 £ 2.11 0.98 0.98 0.97 0.97 0.98 0.98
Ldmin (mm) 19.08 +1.80 19.20+1.85 19.15+1.78 0.90 0.93 0.91 0.95 0.97 0.96
Ldmax (mm) 34.05+2.61 34.26 +2.49 33.96 + 2.56 0.91 0.92 0.92 0.91 0.91 0.90
Wdmean (mm) 41.72 +3.29 41.22 + 3.59 41.26 +2.98 0.96 0.72 0.95 0.83 0.81 0.84
Wdmin (mm) 38.67 +3.38 38.18 +3.43 38.29 + 3.30 0.92 0.95 0.95 0.90 0.82 0.93
Wdmax (mm) 45.73+3.58 45.25+3.73 44.90 + 3.67 0.92 0.95 0.87 091 0.89 0.90
Ddmax (mm) 49.56 + 3.61 48.98 + 3.70 49.05 + 3.34 0.90 0.93 0.95 0.93 0.87 0.91
Wpmean (mm) 35.87 +3.43 35.55+3.42 35.07+3.21 0.95 0.97 0.94 0.96 0.93 0.95
Wpmin (mm) 30.46 +4.13 30.04 +3.75 30.34+3.44 0.93 0.95 0.96 0.92 0.89 0.94
Wpmax (mm) 35.71+2.95 36.19 + 3.36 35.94 + 3.27 0.77 0.94 0.94 0.88 0.87 0.95
Dpmax (mm) 41.29 +4.63 40.99 + 4.38 40.85+4.14 0.72 0.97 0.97 0.89 0.87 0.96

Ldmean: mean anteroposterior length on the distal plane (base of the distal tibiofibular syndesmosis), Ldmin: minimum length on the distal plane,
Ldmax: maximum length on the distal plane, Wdmean: mean medial-lateral width on the distal plane, Wdmin: minimum width on the distal plane,
Wdmax: maximum width on the distal plane, Ddmax: maximum diagonal on the distal plane, Wpmean: mean width on the proximal plane (roof of
the distal tibiofibular syndesmosis), Wpmin: minimum width on the proximal plane, Wpmax: maximum width on the proximal plane, Dpmax:

maximum diagonal on the proximal plane

ICC1, ICC2, ICC3: intraclass correlation coefficient for the first, second and third observer, ICC12, ICC13, ICC23: interclass correlation coefficient
between the first and second, between the first and third and between the second and third observer, respectively

Reliability is excellent if ICC is greater than or equal to 0.75, moderate if between 0.4and 0.74, poor if less than or equal to 0.4

cortex and the posterior cortex was 1 mm from the tibialis
posterior tendon and 3 mm to the posterior neurovascular
bundle. latrogenic injury may occur during surgical
manoeuvres for insertion of the screws including incision,
blunt dissection down to the plate, drilling screw holes
and finally the insertion itself [11]. Deangelis et al. [20]
found the superficial peroneal nerve to be at significant
risk during percutaneous screw placement in distal tibia.
Bono et al. [10] found a relatively high incidence of
about 63% of at least one structure damage after
anteroposterior locking bolts inserted into the distal
metaphyseal tibia. According to our results, from medial
to lateral margin, the anteroposterior length increase from
19.65 mm and 18.52 mm to 35.35 mm and 32.53 mm in
male and female at the level of the base of the tibiofibular
syndesmosis respectively. The screws would probably
penetrate the far cortex and injure the structures
surrounding the distal tibia if longer than 35.35 mm and
32.53 mm in male and female (Figures 1 and 2). The
results of this study present a possibility for surgeons to
estimate the length of screws before operation.

Special attention needs to be paid to avoid any
disruption of the ankle syndesmosis, which is a joint
between the distal tibia and fibula [21, 22]. The distal
fibula can be rotated externally and translated postero-
medially by an external rotation force [23]. And with
ankle dorsiflexion, the distal fibula moves proximally,
posteriorly and rotates externally [22]. There is a small
area where the tibia and fibula are in direct contact at the
base of the syndesmosis [14, 24]. Moreover, the width of
the distal tibiofibular syndesmosis 9-12 mm proximal to
the tibial plafond was 2-4 mm [13]. Therefore, only a
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small gap exists in the distal tibiofibular syndesmosis [5,
13, 14]. On both proximal and distal planes of tibiofibular
syndesmosis, the medial-lateral width increases from
posterior to anterior margin. On distal plane, from
posterior to anterior margin, the mean medial-lateral
widths increase from 40.03 mm and 36.33 mm to 47.29
mm and 44.22 mm in male and female respectively.
Similarly, on distal plane, the widths increase from 31.80
mm and 28.64 mm to 37.82 mm and 33.92 mm. The
screws should not longer than the maximum diagonals
which are 51.29 mm and 46.58 mm on distal plane and
43.64 mm and 38.24 mm on proximal plane in male and
female respectively, or inadvertent distal tibiofibular
syndesmosis penetration may occur (Figure 2).

However, the extent of distal tibiofibular syndesmosis
is not clearly defined [14]. Kelikian et al. [21] postulated
that the distal tibiofibular syndesmosis begins at the level
of origin of the tibiofibular ligaments from the tibia and
ends where these ligaments insert into the fibular
malleolus. The anterior tibiofibular ligament originates
close above the anterior tubercle of the distal tibia and the
posterior ligament extends from the posterior tibial
malleolus [14, 24]. The anterior tubercle is larger than the
posterior tubercle [14]. In addition, it is sometimes
difficult to distinguish between the proximal margin of
the posterior tibiofibular ligament and the interosseous
tibiofibular [24]. Therefore, the proximal margin of the
anterior tubercle of the tibia was defined as the roof of the
tibiofibular syndesmosis.

We acknowledge there are some limitations of the
study. The cross-sections in this study were defined by
several points. Therefore, the measured values may be
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inconsistent with those measured by two-dimensional
MRI scans and CT scans. Moreover, there is no clear
statement about the exact extent of the tibiofibular
syndesmosis [14]. In this study, the plane through the
most proximal point of the anterior tubercle was defined
as the most proximal extent of the joint, which worthy of
continuous further study and improvement. Further
clinical results are needed to test the findings of the
study.

5 Conclusion

The study provides 3-D CT post processing techniques-
based detailed values of distal tibia. The dimensions of
distal tibia offer guidance on the required screw length.
The anteroposterior length increases from medial to
lateral margin at the level of the base of the tibiofibular
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Minfei Qiang, born on September 15, 1989, Shanghai, China

Current position, grades: Resident Doctor

University studies: Tongji Unversity, Shanghai, China

Scientific interest: Traumatic orthopaedics, foot and ankle surgery, computer-assisted orthopaedic surgery

Publications: 2 papers were indexed by SCI

Experience: Graduated from Tongji Unversity School of Medicine, has 3-year clinical experience in the field of traumatic orthopaedics, foot and
ankle surgery and computer-assisted orthopaedic surgery.
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