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Abstract: Introduction: The anatomy of the distal tibio-fibular joint (DTF]) has been demonstrated
to influence the outcome of reduction with syndesmotic screw fixation. The objective of this study
was to describe the anatomy of the DTF] and to analyse the effect of incisura anatomy on
syndesmotic stabilisation with suture button systems (SBS), also in the context of their “flexible
nature of fixation”. Materials and Methods: Forty-four (21 females, 23 males) consecutive
postoperative bilateral computed tomography scans after stabilisation of the DTF] by SBS were
retrospectively analysed. The anatomy of the DTF] was evaluated by examining the following
parameters: depth of the tibial incisura (DI), rotation of the incisura (ROI), Nault talar dome angle
(NTDA), Leporjarvi clear space (LCS), anterior tibio-fibular distance (antTFD) and fibula
engagement (FE). The side-to-side (A) of LCS, NTDA and antTFD, which analysed the reduction
result, were correlated with DI, FE, ROI, NTDA as well as the transverse offset (TO), reflecting the
“flexible nature of fixation”. Results: Patients with slight over-tightened (ALCS > -1 mm) showed a
fibula that protruded less into the incisura on the native side (smaller FE) compared to symmetrical
reduced patients and to patients with slight diastasis (p < 0.05). There was no relationship between
the parameters describing the anatomy of the incisura and parameters assessing the parameter of
the “flexible nature of fixation” (rs < 0.300). Regarding the anatomical parameters, it was observed
that there were inter-individual differences of more than 4 mm (p>0.05). Conclusion: The
considerable inter-individual anatomical variability of the DTF] was confirmed. The morphological
configuration of the incisura has no impact on the immediate reduction result after dynamic
stabilisation of the DTFG, as determined by CT. The extent of “flexible nature of fixation” is also not
affected by the morphology of the incisura. Stabilisation of the DTF] can be performed regardless of
the anatomical configuration.

Keywords: distal tibio-fibular joint; suture button; syndesmosis; tight rope- dynamic stabilization

Introduction

There is a general consensus that anatomical reduction and stabilization of the distal tibiofibular
joint (DTFJ) is necessary. Incongruity after stabilization is associated with increased pressure on the
talus and a poorer outcome, which may result in long-term complications [1,2]. It has been
demonstraed that malreduction, particularly in the sagittal plane, occurs in up to 40% of cases [3,4].
Therefore, it is crucial to identify and address all risk factors for malreduction before and during
surgical treatment.

The anatomical configuration of the DTEF] exhibits large inter-individual, gender and age
variability [5-7]. It is therefore recommended that bilateral computed tomography (CT) be performed
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to ensure adequate intra- or post-operative control following surgical stabilization [3,6]. Despite more
recent examinations of the DTFG using three-dimensional, sometimes automated procedures, CT
diagnostic and control remains the general standard. In most studies, the analysis is performed 10
mm above the joint line [8]. Moreover, certain anatomical configurations have been demonstrated to
increase the risk of malreduction following syndesmotic screw (SYS) stabilization [9]. A syndesmosis
with a deep tibial incisura (incisura) and a fibula that does not engage the tibial incisura is at an
increased risk of overtightening. An anteverted incisura poses a risk of anterior fibular translation,
while a retroverted incisura poses a risk of posterior fibular translation [10,11]. The need for
preoperative bilateral CT to improve individualised therapy is therefore being discussed, but remains
controversial [12]. In addition to the syndesmosis screw, stabilisation with a suture button system
(SBS) has become established [3,13,14]. In contrast to SYS, which offers static stabilisation, SBS
stabilisation has been proven to possess a dynamic component that can be described as a “flexible
nature of fixation” (FNF) [4,12,15-17]. This flexible property may contribute to a reduction in the rate
of sagittal malreduction [4,17]. It is currently unclear whether the observed effect of FNF is influenced
by the anatomy of the incisura. The objective of this study was to assess the impact of the incisura
anatomy on the dynamic stabilisation of the DTF], with particular focus on its ‘flexible nature of
fixation’. It was hypothesised that stabilisation via suture button systems can be performed
regardless of anatomical variations.

Materials and Methods

The local institutional review board gave approval for the study beforehand (AZ 488/19-ek).

This retrospective study included 44 consecutive adult patients who underwent surgical
stabilisation of the DTF] in the course of ankle fractures by suture button system and met the inclusion
criteria (Table 1, Flowchart). The identified patients were stored in an electronic database using SPSS
(version 24, Chicago, IL, USA), with their data pseudonymised. The patients were, on average, 39
years old (range 18 to 68 years; SD 14 years). There was no difference between sexes (female N = 21
mean age 41 years, SD 15 years; male N = 23 mean age 39 years, SD 14 years; *p = 0.686).

Table 1. Inclusion and exclusion criteria, AO “Arbeitsgruppe fiir Osteosynthesefragen”, DTF] distal
tibio-fibular joint; CT computed tomography, SBS suture button system.

Inclusion criteria Exclusion criteria
. AO 44 B or 44 C fracture with
instability of the DTFJ
. Stabilization of DTF] by suture button
system
. post-operative bilateral CT control

. slice thickness of < 1mm in CT

unilateral stabilization of the syndesmosise age < 18 years

with SBS J bilateral ankle and/or syndesmosis
. anatomical reduction of the fractures lesion

. anatomical configuration of the distale pathologies of the uninjured ankle
anterior (Tillaux-Chaput) and posteriore non-anatomic  reduction of the
(Volkmann) tibial tubercle fractures with bone steps > 2 mm.

. anatomical configuration ofe intraoperative CT control
anteromedial distal fibula (Wagstaffe-Lee preoperative known osteoporosis
Fort)

. fractured ankle joint without history of

pre-treatment

. a non-fractured contralateral ankle

without signs of previous pathologies in

postoperative bilateral CT control
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All fractures were classified and treated in accordance with the “Arbeitsgruppe fiir
Osteosynthesefragen” (AO) classification at a trauma level I center [18,19]. In patients with no
evidence of instability of the distal tibiofibular joint (DTF]) on preoperative imaging and fracture
pattern, an intraoperative assessment of instability was conducted after stabilising the fracture. This
was done using standard fluoroscopy (lateral and mortise view) with the hook test, while the joint
was held in a neutral, dorsally flexed position [18,20,21]. Once the instability had been verified,
reduction and preliminary K-wire fixation of the syndesmosis was carried out under visualisation
via the chosen approach. Following verification of the reduction using fluoroscopy, final stabilisation
was performed with a suture-button device (TightRope®, Arthrex, Naples, FL, USA) [22].

All bilateral CT scans were obtained during the in-patient period without the administration of
intravenous contrast medium as part of the standard care to assess syndesmotic reduction. Patients
were positioned supine and feet first with the ankle in a neutral position. Images were acquired using
a multidetector CT scanner (iCT 256, Philips, Netherlands) and were reconstructed in slice thickness
of 0.67 mm to 1 mm in axial, sagittal and coronal orientation.

The following parameters were selected to describe the anatomy of the tibial incisura. These
included the depth of the incisura (DI), the fibula engagement (FE), the Leporjarvi clear space (LCS),
the Nault talar dome angle (NTDA), the anterior tibio-fibular distance (antTFD), and the rotation of
the incisura (ROI) of the native side. These were measured 10 mm proximal to the plafond as
previously described (Figure 1) [5,9,23]. All parameters have been proven to have high reliability
[9,23]. Positive values of FE represent tibio-fibular overlap and ROI greater than 90° a dorsally opened
incisura plane (Figure 1a,b). To verify the comparability of the two sides, the DI of the native and
stabilized side were compared.

Figure 1. Computed tomography in axial reconstruction of a native right ankle without signs of prior
trauma or osteoarthritis 10mm proximal the plafond. Measurement of the parameters describing the
anatomy and the reduction result shown on the uninjured tibial incisura. The intertubercular line (IL,
A-B) was drawn between the anterior and posterior tubercle of the tibial fibular incisura (incisura).
1la: Rotation of the incisura (ROI) is the measured angle between the center of the IL and the center of
the tibia (C). anterior tibio-fibular distance (antTFD) is the distance between the tangent on the
anterior plane of the tibia and the most anterior point of the fibula (E). 1b: Depth of incisura (DI) is
the distance between the IL and the deepest point of the incisura. Leporjéarvi clear space (LCS, pointed
arrow) is the distance between the most medial point of the fibula () and deepest point of the
incisura. Fibula engagement (FE) is the distance between the IL and the most medial point of the
fibula (---).

The syndesmotic reduction was also assessed 10 mm proximal of the tibial plafond using the
LCS to analyse the medial-lateral translation (coronal plane), the NTDA to evaluate the rotation
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(transversal plane) and the antTFD for protrusion (sagittal plane, Figure 2a) [9,24-26]. The parameters
were assessed for both sides and the side-to-side difference (A) between the injured and uninjured
side was calculated (ALCS, ANTDA and AantTFD). A positive ALCS indicates widening of the
syndesmosis, a positive AantTFD defines a posterior translation of the fibula at the stabilised DTF]J,
and a positive ANTDA represents an increased external rotation of the fibula at the stabilised DTF].
In accordance with existing literature, malreduction of the syndesmosis is defined as a side-to-side
difference of more than two millimeters In order to facilitate comparison with results from the
literature, the thresholds in this analysis were determined to be greater than 1.0 mm for ALCS,
AaTFD, and greater than 5° for ANTDA, as a definition of incongruity [1,27]. To quantify the FNF,
the transverse offset (TO) of the burr channels was measured in accordance with the previously
described methodology (sagittal plane, Figure 2a) [17].

Figure 2. Computed tomography in axial reconstruction of a left ankle fracture (AO 44B3.1) after open

reduction and internal fixation of the lateral malleolus (lag screw and neutralization plate) and
dynamic stabilization of the distal tibiofibular joint with Suture button System (TightRope®, Arthrex,
Naples, FL, USA); lateral endobutton, and medial flip anchor. 2a: parameters assessing the reduction
quality, A-B anterior tibio-fibular distance (antTFD), C-D Leporjarvi clear space (LCS). 2b: The tibial
line (A-B) and fibula line (C-D) represent the drill channel assuming that they lie on the exact
centerline during drilling after reduction and temporary fixation for SBS [16]. The distance of the tibial
and fibular line represents the transversal offset (E-F, TO), the spontaneous translation of the fibula
within the incisura after SBS stabilization.

The standardised measurements of the parameters describing the anatomy were performed
using the RadiAnt DICOM Viewer 2020.2.3 (Medixant, Poznan, Poland). The radiological
measurements assessing the reduction result and the FNF were performed by two examiners.
Previous studies have demonstrated an excellent level of intra- and inter-observer reliability for all
parameters used [11,17,23].

Statistical Analysis

The statistical analysis was performed with SPSS software (version 25, Chicago, IL, USA). The
Student’s t-test, Mann-Whitney U-test or Kruskal-Wallis-Test were used to compare continuous
variables between the study groups, depending on normal distribution and study size (Shapiro-Wilk
test). Categorical variables were compared using Pearson’s Chi-square test or Fisher’s exact test. P-
values (p) of less than 0.05 were considered statistically significant. Spearman-Rho correlation
coefficients (rho) were used for correlation analysis. The interpretation of Irs| was as follows: poor
(rs <0.3), moderate (0.3 > rs < 0.5), good (rs > 0.50) [27].

Results

Parameters Describing the Anatomy of the DTF]

The mean depth of incisura (DI) on the native side was 3.9 mm (SD 1.2 mm), while on the injured
side it was 3.8 mm (SD 1.3 mm). There was no significant difference between the two sides (p =0.993).
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The mean engagement of the fibula on the native side into the incisura was 0.4 mm (SD 1.4 mm),
while the Leporjarvi clear space (LCS) was 3.5 mm (SD 1.1 mm) and external rotation (NTDA) was 8
degrees (SD 5 degrees). The mean rotation of the incisura (ROI) on the native side was 96 degrees (SD
4 degrees), indicating that the sagittal incisura plane was on average 6 degrees (SD 4°) directed
dorsally. Men have lager DI than women [4.3mm (SD 1.1mm) vs 3.3mm (SD 1.2), p = 0.003]. LCS
showed no sex differences [men 3.6mm (SD 1.1mm); women 3.4mm (SD 1.2mm), p = 0.378].

For the parameters DI, LCS, FE and antTFD, there are inter-individual differences in excess of 4
mm. The complete results are listed in Table 2.

There was a positive correlation between depth of incisura (DI) and fibular engagement (FE),
indicating that as the depth of the incisura increased, the fibular engaged deeper in the incisura (FE)
(rs = 0.663). With increasing fibula engagement, there tends to be a smaller cleare space (rs = -0,446).
No correlation was seen between ROI to NTDA, to FE or LCS (Irs | <0.300).

Table 2. Parameters describing the anatomy of the native distal tibio-fibular joint. Overview of ALCS,
AantTFD, and ANTDA characterizing the reduction outcome, al parameters are presented in mean
(SD), 'U-test.

Parameter assessing _ Range female Male

DTF) AlLN=44 i - max N=21 N =23 P
DI in mm (SD) 3.8(1.2) 13-7.2 3.3(1.2) 4.3(1.1)  0.003!
LCS in mm (SD) 3.5 (1.1) 12-58 3.4 (1.2) 3.6(1.1) 0378
FE in mm (SD) 0.4 (1.4) -2.6-3.6 0.1(1.3) 0.7(14)  0.196!
ROl in degree (SD) 96 (4) 85 -109 96 (4) 96 (4) 0.878!
NTDA in degree (SD) 8 (5) -2-18 8 (6) 8 (4) 0.672!
antTFD in mm (SD) 11.2 (2.8) 44-18.7 10.8 (2.2) 11.7(3.3) 0.244!
Parameter  assessing

the reduction outcome

ALCS in mm (SD) 0.7 (1.5) -2.7-55 0.7 (1.9) 0.7(1.1)  0.622!
AantTFD inmm (SD) 0.4 (2.4) -4.1-9.0 0.2(2.3) 0.6 (2.8)  0.689!
ANTDA in degree (SD) 2 (1.4) -11-9 2(4) 1(3) 0.300!
TO in mm (SD) 1.2 (1.4) -2.88-5.7 1.4 (1.0) 09(1.8) 0.118!

Correlation Between Reduction Outcome Parameters and Incisura Parameters

On average, a slight diastasis (ALCS/AFE) of 0.6 mm/0.7 mm (SD 1.6 mm/0.9 mm), a slight dorsal
translation (AantTFD) of 0.4 mm (SD 2.4 mm) and an external rotation (ANTDA) of 2 degrees (SD 4
degrees) tended to occur on the operative side without differences between the sexes (p > 0.05). Full
results are shown in Table 4.

Patients with slight over-tightening exhibited a smaller FE compared to patients with
symmetrical reduction (p < 0.05) and to patients with slight diastasis (p = 0.047, Table 4). There was
no difference between patients with slight diastasis and patients with symmetrical congruity (p =
0.336). No differences in DI, ROI, LCS or NTDA were observed between patients with post-operative
slight diastasis (ALCS > 1 mm) or over-tightened (ALCS > -1 mm; p > 0.05, Table 4).

There is a moderate positive correlation between FE and ALCS (rs = 0.406). This indicates that
the deeper the fibula is anchored in the incisura, the less this anchoring was restored. Conversely, a
wide LCS on the native side is associated with increasing overstressing at a moderate correlation level
(rs = -0.495; Table 4). There were no correlations observed between other parameters describing the
anatomy (DI, ROI, NTDA) and the outcome parameters of reduction (Table 4).

Table 3. Spearman's correlation coefficients (rho) between the parameters of interest of the native
side as well as age at computed tomography. Incisura depth (ID), rotation of incisura (ROI) and fibula
engagement (FE) Leporjarvi clear space (LCS), Nault talar dome angle (NTDA).
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Native side

ID ROI FE LCS NTDA
DI -0.163 0.663 0.309 0.358
ROI -0.163 -0.161 -0.163 0.087
FE 0.663 -0.161 -0.466 0.289
age 0.145 -0.070 0.400 -0.413 0.122

Table 4. Relationship of reduction outcome |ALCS| 1 mm, | AantTFD| 1 mm and |ANTDA 5 degree,
and |AFE| 1 mm to the incisura parameters: incisura depth (ID), rotation of incisura (ROI), fibula
engagement (FE), Nault talar dome angle (NTDA), and Leporjérvi clear space (LCS). Values presented
as mean and standard deviation (SD), differences were analyzed between A*, 1IMann-Whitney U-test.

congruity N DI in mm ROLin FE in mm NTDAin LCSin
degree degree mm

<-Imm* N=8 34(1.1) 97 (5) 0.1 (1.0) 6(4) 39(.7)

|ALCS| ana N=21 37(1.2) 96 (4) 0.9 (1.4) 8() 3.6(1.0)
inmm >1mm* N=15 4.2(14) 96 (4) 1.1(1.4) 84) 31(.0)

p 0.149! 0.681! 0.0471 0.686  0.238!

<-lmm* N=14 3.4 (1.3) 95 (4) 0.5 (0.8) 7(5) 32(14)
Ana N=10 3.9(1.3) 98 (5) 0.2 (1.8) 8() 37(11)
>1mm* N=20 4.0(1.2) 95 (4) 0.4 (1.5) 9(5) 3.5(1.0)

| AantTFD
|

nmm p 0.3591 0.6911 07431 0545  0.522
<5%  N=3  4(1) 95°(9) 1005 10(8) 32(1.0)
IANTDA| Ana N=39  4(1) 9%°(4)  04(14) 8() 35(12)
indegree >5% N=12  4(1) 95°(4)  04(15)  7() 35(L1)
P 0.852! 0.404! 06170 07411  0.896!
ITOl  <1mm* N=25 37(12) 95(2) 04(15 7() 33(L0)
Inmm >Imm* N=20 39(12  96(6)  04(13) 94 38(12)
P 0.465! 0.568! 07811 01461  0.1211

The Impact of Incisura Anatomy on the “Flexible Nature of Fixation”

The mean TO was 1.2 mm (SD, 1.4 mm), with no differences between sexes (p > 0.005; Table 2).
There were no differences observed between patients with TO greater or less than 1 mm (p > 0.005;
Table 3). Additionally, no correlation was found between the extent of FNF and the parameters
describing the anatomy of DTF]J (rs < 0.300; Table 5).

Table 5. Correlations of parameters describing the reduction outcome (A = side-to-side differences)
and parameters describing the anatomy of the distal tibio-fibular joint: Leporjarvi clear space (LCS),
Nault talar dome angle (NTDA) and anterior tibio-fibular distance (antTFD) with incisura depth (ID),
rotation of incisura (ROI) and fibula engagement (FE) of the native side.

Parameters of parameters assessing the quality of reduction of the DTF]
native incisura ALCS ANTDA AantTFD TO

DI 0.115 0.014 0.045 -0.230

ROI -0.260 -0.146 0.046 0.017

FE 0.406 -0.096 -0.069 -0.159

LCS -0.495 0.169 0.016 -0.140

NTDA 0.340 -0.318 0.047 -0.238

Discussion

This analysis also corroborates the observation that there are considerable inter-individual
differences in the appearance of the uninjured tibio-fibular joint (DTFJ) [5,6,26,28]. A larger depth of
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incisura (DI) was found to be associated with a larger fibula engagement (FE). In the frontal plane,
individuals who had undergone slight over-tightening showed a smaller FE on the native side. There
was no evidence to suggest that individual incisura anatomy affects the reduction outcome or the
extent of “flexible nature of fixation” (FNF) after dynamic stabilisation, as demonstrated by post-
operative CT control.

In the diagnosis of syndesmotic lesions, CT is the superior imaging modality to plain
radiography for subtle diastasis of >3 mm, as well as for the assessment of sagittal alignment of the
DTFJ, which represents the majority of malreduction [29]. Despite the increasing availability of three-
dimensional analyses with partially automated evaluation, studies with two-dimensional CT remain
relevant for clinical practice [7,30,31]. CT is widely available and remains the gold standard in clinical
practice. It has also been shown to be highly correlated with three-dimensional parameters [32]. The
present analysis of bilateral CT scans confirms that there are only minimal intraindividual variations
in the anatomy of the DTFJ. It is important to note that there are substantial variations between
individuals in LCS measurements [6,7,25]. These range from 4 mm to 8 mm for ATF, 5 mm to 6 mm
for TFO, 6 mm to 13 mm for TFCS, and 13 mm for antTFD [5,7]. The findings of this study reinforce
the recommendation that a unilateral CT scan is not a comprehensive assessment of the DTEF]. It is
not suitable for identifying DTF] instability or for assessing DTF]s following surgical stabilisation. A
comprehensive bilateral comparison is required [32,33]. In particular, the presence of a discrepancy
between the anterior tibiofibular compression (ATF) and the tibiofibular compression stress (TFCS)
of more than 2 mm in lateral comparison suggests that there may be a malposition present, which
could potentially have a negative effect on the clinical outcome [1].

We are not aware of any studies that have investigated the impact of the anatomy of the incisura,
respectively the DTE], on the reduction outcome in dynamic stabilisation. In contrast, there are
studies available that have investigated the impact of static stabilisation of the DTF]J[10,34]. The
present study does not assess the categorical quality of DTF] reduction. Instead, the relationship
between the anatomical properties and congruity of DTF] after dynamic stabilisation by SBS was
analysed in order to facilitate comparison with the existing literature [34].

The present study did not confirm the findings of Boszcyk et al., which suggested that a deep
incisura is more frequently associated with over-compression and a shallow incisura with anterior
incongruence [35]. The relationship between the depth of the tibial incisura and the postoperative
rotation of the fibula remains a topic of debate. Cherney et al. observed a greater frequency of external
rotation of the fibula with increasing depth [10,36]. Conversely, our findings align with those of
Bosczyk, who was unable to demonstrate this relationship [10,35]. In comparison to the syndesmotic
screw, during suture button stabilisation, an anterior rotation of the incisura was not confirmed as a
morphologic risk factor for anterior in-congruity [10,35]. Furthermore, a retroversion of the incisura
was not associated with a posterior in-congruity while flexible stabilization [35]. In the authors’
opinion, the so-called “flexible nature of fixation” (FNF) may be a potential explanation for the lack
of correlation between anatomy and reduction outcome. FNF describes small amplitude movements
of the fibula that still allow self-centering within the incisura after stabilization (Figure 2b) [4,16,17].
Previous CT analyses have demonstrated that sagittal translation of the fibula towards the lowest
point of the incisura occurs with greater frequency after SBS than after SYS [17]. The flexible nature
of the suture button’s fixation has been demonstrated in CT analysis to result in a low malreduction
rate [4,17]. In SYS stabilization there is no compensation by sagittal translation, therefore it can be
called a static stabilization [17,37].

Considering the presented results, the authors hypothesise that the extent of FNF is able to
compensate for minor anatomical discrepancies that may occur during reduction due to the
anatomical configuration. This results in a lack of correlation between the rate of incongruity and the
anatomy of the DTEF]J.

As a result, the question was raised as to the extent to which anatomy influences the extent of
translation. In the present analysis, no correlation was found between the extent of FNF during SBS
stabilisation (transverse offset; TO) and the parameters describing the anatomy of the DTF]. It is
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therefore this author’s opinion that stabilisation of the DTF] can be performed regardless of the
anatomical configuration.

It should be noted that this study is not without limitations. In addition to the retrospective
design and the heterogeneous patient group, the determination of the reduction was independent of
the size of the patient 10 mm above the plafond. In order to facilitate a comparison of the results with
those obtained following static stabilisation, the study design was modified to align with the
methodology described by Boszcyk et al. [34]. The results of the study are also based on the
assumption that the extremities are symmetrical, which is well documented by studies [7]. In order
to account for inter-individual variability, further analyses could be conducted on the initial axial CT
slice in which first subchondral bone is visible [38]. Furthermore, the available studies employ
disparate methodologies, necessitating the establishment of a consensus on the parameters to be
considered. This is in accordance with the recommendations of Schon et al. [24] One possible
approach is to determine these parameters in the first slice of the CT, where the subchondral bone of
the tibia is visible. This is a topic for further investigation.

The parameters describing the anatomy were measured by one examiner (R.H.). Prior to this, a
high level of reliability was demonstrated for the parameters used [17,34]. Two investigators (H.R.
and C.F.) performed the radiological measurements of the reduction result and the FNF. High intra-
and interrater reliability has also been demonstrated in previous publications [17].

Conclusion

The considerable inter-individual anatomical variability of the DTF] was confirmed. The
morphological configuration of the incisura has no impact on the immediate reduction result after
dynamic stabilisation of the DTFG, as determined by CT. The extent of FNF is also not affected by
the morphology of the incisura. Stabilisation of the DTF] can be performed regardless of the
anatomical configuration.
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