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Correlation of Incisura Anatomy With
Syndesmotic Malreduction

Andrzej Boszczyk, MD, PhD', Stawomir Kwapisz, MD/',
Martin Kriimmel, MD?, Rene Grass, MD, PhD?, and Stefan Rammelt, MD, PhD?

Abstract

Background: The anatomy of the syndesmosis is variable, yet little is known on the correlation between differences in
anatomy and syndesmosis reduction results. The aim of this study was to analyze the correlation between syndesmotic
anatomy and the modes of syndesmotic malreduction.

Methods: Bilateral postreduction ankle computed tomography (CT) scans of 72 patients treated for fractures with
syndesmotic disruption were analyzed. Incisura depth, fibular engagement into the incisura, and incisura rotation were
correlated with degree of syndesmotic malreduction in coronal and sagittal planes as well as rotational malreduction.
Results: Clinically relevant malreduction in the coronal plane, sagittal plane, and rotation affected 8.3%, 27.8%, and 19.4%
of syndesmoses, respectively. The syndesmoses with a deep incisura and the fibula not engaged into the tibial incisura were
at risk of overcompression, anteverted incisuras at risk of anterior fibular translation, and retroverted incisuras at risk of
posterior fibular translation.

Conclusions: Certain morphologic configurations of the tibial incisura increased the risk of specific syndesmotic

malreduction patterns.
Level of Evidence: Level lll, comparative study.

Keywords: ankle joint, anatomy, tomography, syndesmosis, injury, reduction techniques

The anatomy of the syndesmosis has been found to have
great variability.*'“'*1°2" While this variability is well
known, little is known on the correlation between differences
in anatomy and reduction results. Moreover, we are not aware
of any reduction technique considering different anatomical
configurations of the syndesmosis. To our knowledge, this
issue has up to now been studied in only 1 study on 35
patients that focused on the depth of the incisura* while inci-
sural rotation and fibular engagement have not yet been stud-
ied. We believe that an increased understanding of the
influence of syndesmotic anatomy on malreduction patterns
may lead to implementation of an individual morphology-
based operative technique and improved reduction results.

The aim of this study was to address the question if the
differences in the syndesmotic anatomy may affect the
quality of reduction of the syndesmosis in malleolar frac-
tures with syndesmotic disruption. We hypothesized that
certain anatomic features of the incisura (incisura depth and
rotational orientation) as well as the depth to which the fib-
ula enters the incisura (fibular engagement) would influ-
ence the accuracy of reduction.

Methods

The study population consisted of 75 consecutive patients
who received bilateral ankle computed tomography (CT) as

a routine postoperative control within 3 days after surgery
for unilateral ankle fracture with syndesmotic disruption
requiring stabilization.”® All patients were treated with
internal fixation of the malleolar fractures and transsyndes-
motic screw placement. From this group, 3 patients were
excluded because malreduction of the malleolar fracture,
such as fibular shortening, made it impossible to measure
the desired parameters. This left a group of 72 patients for
analysis. The remaining 3 patients underwent repeat reduc-
tion. The study group consisted of 30 women and 42 men,
with an average age of 44.3 years (range, 16.7-74.4 years;
median, 43.6 years). Medical Centre of Postgraduate
Education.

A Weber type C fibular fracture (suprasyndesmotic frac-
ture) was present in 68 patients. The fracture was deemed to
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represent Weber type C if all fracture lines started above 4
cm from the tibial plafond as measured after reduction. In 7
patients, a high fibular fracture (Maisonneuve injury) was
present.

The patients underwent standard operative treatment
with open reduction and internal fixation.”** If a posterior
malleolus fracture extending into the fibular incisura of
the distal tibia was present, the posterior tibial fragment
was reduced and fixed first with screws or a plate via a
posterolateral approach.! Then, the fibular fracture was
anatomically reduced and stabilized with a posterior or
lateral plate followed by screw fixation of a medial mal-
leolar fracture when present. After fracture fixation, an
intraoperative external rotation test was performed. After
confirming syndesmotic instability, a clamp was applied
to reduce the syndesmosis. The surgeon aimed at placing
the clamp parallel to the intermalleolar axis running from
the tip of the medial and lateral malleolus.* After con-
firming the quality of reduction fluoroscopically with a
lateral and mortise view, a tricortical 3.5-mm set screw
was introduced. In Maisonneuve fractures, 2 syndesmotic
screws were used.

CT examination was performed with the patient
supine with a multidetector scanner (General Electric,
Germany). Both feet were placed with the ankle in neu-
tral position and parallel to each other in a holding
device. The operated extremity was protected in a splint.
The parameters for image acquisition were as follows:
section collimation 0.75 mm and section thickness 0.75
mm, with a reconstruction overlap of 0.5 mm, 120 kV,
and 120 mA.

At each CT, 2 pairs of horizontal cuts were identified—
one pair for the affected and one for the unaffected extrem-
ity. The cuts were parallel to the tibial plafond, the first cut
10 mm proximal and the second 10 mm distal to the pla-
fond. The overview of the measurements performed is
summarized in Table 1 while the detailed descriptions are
in the text.

Assessment of Incisura Anatomy

The anatomy of the fibular incisura of the tibia was assessed
with 3 parameters: depth, engagement, and rotation of the
incisura (Table 1).2 All measurements were performed on a
horizontal cut 10 mm proximal to the tibial plafond on the
unaffected extremity.

Incisura Depth—Depth

First, a line tangential to the anterior and posterior border of
the incisura was drawn—the intertubercular line (IL). Then,
the depth of the incisura at its deepest point was measured
perpendicular to the IL.

Fibular Engagement Within the Incisura—
Engagement

The engagement of the fibula within the incisura was mea-
sured as a distance between the medial fibular cortex and
the IL. The engagement value was positive if the fibula
crossed the IL and negative if it was not crossing the IL.
The measurement of fibular engagement is illustrated in
Table 1.2

Rotational Orientation of Incisura—Rotation

To measure the rotational orientation of the incisura, first
the center of the tibia was defined as the center of the circle
fitted to the anterior, posterior, and medial border of the
tibia. Second, the center of the incisura was defined as the
middle of the IL. Then, the line orthogonal to the line con-
necting these points was drawn. The angle between this line
and the IL was measured.

Assessment of Reduction

To assess the quality of reduction, 3 parameters have been
calculated to quantify the position of the fibula within the
syndesmosis in 3 planes (Table 1): compression (coronal
plane reduction), protrusion (sagittal plane reduction), and
torsion (horizontal plane reduction). The unaffected side
served as a baseline for all measurements.

Coronal Plane Reduction—Compression

To assess the reduction quality in the coronal plane, com-
pression was calculated as the difference in the engagement
of affected and unaffected side. First, engagement was mea-
sured on both sides on proximal cuts as described above.
Then the value of engagement for the affected side was sub-
tracted from the value of engagement of the unaffected side.
A positive value represented overcompression and negative
value represented undercompression of the fibula into the
incisura.

Sagittal Plane Reduction—Protrusion

To assess sagittal plane orientation, protrusion of the fibula
was measured for both sides in proximal cuts. Protrusion
represented the distance between the most anteriorly prom-
inent point of the fibula and the line connecting the center
of the tibia and the center of the IL. Protrusion was mea-
sured for the affected and unaffected sides. The quality of
the reduction was quantified by subtracting the value of
protrusion for the affected side from that of the unaffected
side. A positive value represented anterior displacement of
the fibula within the syndesmosis, and a negative value
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Table I. Summary of the Measured Parameters.

Site of Measurement

Graphic Depiction®

Parameter
Assessment of Depth
syndesmotic
anatomy
Engagement
Rotation

Assessment of
reduction quality

Compression

Protrusion

Torsion

Unaffected side, proximal cut

Unaffected side, proximal cut

Unaffected side, proximal cut

Difference between both sides,
proximal cut

Difference between both sides,
proximal cut

Difference between both sides,
distal cut

com pression\
- S 5

protrusion

e .

|
[
|

Ll

sl
torsion /
i

“Reprinted from Boszczyk et al, with permission from Elsevier.?

represented posterior displacement of the fibula (sagittal
plane malreduction).

Rotational Reduction—Torsion

Rotational reduction of the fibula in the incisura was
assessed in the distal scans of the unaffected and affected

extremity. Lines were constructed tangential to the sub-
chondral bone of the medial malleolus and the fibula, and
the angle between them was measured. The difference
between the angles for the affected and unaffected sides
represented rotational malreduction, with a positive value
representing external rotation of the affected fibula and a
negative value representing internal rotation of the fibula.
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Table 2. Summary of the Reduction Results.

Reduction Error Range

Clinically Relevant Malreductions

Coronal plane reduction
(overcompression)
Sagittal plane reduction
(anterior translation)
Horizontal plane reduction

—2.4 mm (undercompression) to 3.7 mm
—3.7 mm (posterior translation) to 6.4 mm

—16 degrees (internal rotation) to 14
degrees (external rotation)

8.3% more than 2-mm side-to-side
difference

27.8% more than 2-mm side-to-side
difference

19.4% more than 5-degree side-to-side
difference

Reliability Testing

For intrarater variability assessment, all measurements
were performed by 2 independent investigators. For inter-
rater variability assessment, the measurements were
repeated at least 1 week apart. For further analysis, the
results for each variable were averaged. The differences
(error) between the measured values and the means were
calculated.

Statistical Analysis

Normality of the data was tested with the Shapiro-Wilk test.
The differences between each measurement for each group
were compared with the Wilcoxon signed-rank test.
Interrater and intrarater reliability was tested by calculating
Cronbach’s a for each measurement repeated by a single
investigator and between the 2 investigators. The correla-
tion between the groups was compared with Spearman’s
coefficient.

Results
Reliability

In assessment of syndesmotic anatomy, Cronbach’s o for
intrarater reliability was 0.97, 0.92, and 0.94 for depth,
engagement, and rotation and 0.93, 0.93, and 0.96 for inter-
rater reliability, respectively. For parameters of reduction
quality, Cronbach’s o for intrarater reliability was 0.95,
0.93, and 0.94 for compression, protrusion, and torsion and
0.93, 0.96, and 0.95 for interrater reliability, respectively.
These numbers are consistent with excellent intrarater and
interrater reliability for each measurement.

The mean (standard deviation [SD]) error between the
measured values and the calculated means was 0.2 (0.19)
mm for depth, 0.2 (0.23) mm for engagement, and 0.84 (0.7)
degrees for rotation and 0.4 (0.5) mm for compression, 0.5
(0.4) mm for protrusion, and 1.5 (1.4) degrees for torsion.

Coronal Plane Reduction

The results of reduction are summarized in Table 2. The
coronal plane error of reduction varied from —2.4 mm

(representing undercompression) to 3.7 mm (representing
overcompression), with a mean of 0.3 mm, median of 0.1
mm, and SD of 1.2 mm. Applying a threshold of a 2-mm
side-to-side difference revealed 1 undercompressed and 5
overcompressed syndesmoses. This resulted in a clinically
relevant coronal plane malreduction rate of 8.3%. With 1
mm as a threshold, there would have been 10 undercom-
pressed and 22 overcompressed syndesmoses.

Sagittal Plane Reduction

The sagittal plane error of reduction varied from —3.7 mm
(posterior translation) to 6.4 mm (anterior translation), with
amean of 0.1 mm, a median of 0.2 mm, and standard devia-
tion of 1.8 mm. With a cutoff of a 2-mm side-to-side differ-
ence, 10 syndesmoses were malreduced in anterior
translation and 10 were malreduced in posterior translation.
This resulted in a clinically relevant sagittal plane malre-
duction rate of 27.8%.

Horizontal Plane Reduction

The torsional error of reduction varied from —16 degrees
(internal rotation) to 14 degrees (external rotation), with a
mean of 1.3 degrees, median of 0.5 degrees, and standard
deviation of 4.6 degrees. With a threshold of 5 degrees,
there was 1 internally rotated syndesmosis and 13 syndes-
moses with external rotation. This resulted in a potentially
relevant horizontal plane malreduction rate of 19.4%. With
15 degrees as threshold, as has been described to be clini-
cally relevant,”® there would have been only 1 internally
rotated fibula (1.4%).

Effect of Incisura Depth

To analyze the correlation of incisura depth and coronal
plane reduction, all reductions were ordered from most
compressed to most undercompressed. Then, the patients
were split in 3 even subgroups of 24 “overcompressed,” 24
“well-compressed,” and 24 “undercompressed” syndesmo-
ses. The patients in the subgroup with “overcompressed”
syndesmoses had on average a 0.8-mm deeper incisura than
those with a “well-compressed” syndesmosis (P < .05).
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Spearman’s correlation coefficient between incisura depth
and compression was —0.25.

To analyze the correlation of incisura depth and sagittal
plane reduction, all reductions were ordered from most
anteriorly translated to most posteriorly translated. Then,
patients were split in 3 even subgroups with 24 more anteri-
orly translated, 24 “well-reduced,” and 24 more posteriorly
translated syndesmoses. The patients with more anterior
translation of the fibula had on average a 1.0-mm shallower
incisura than those in the “well-reduced” subgroup (P <
.05). Spearman’s coefficient for correlation between inci-
sura depth and sagittal reduction was —0.28.

We did not observe a significant correlation between
depth of the incisura and horizontal plane reduction.

Effect of Fibular Engagement

The syndesmoses in the subgroup with “overcompression”
were on average 1.2 mm less engaged than those in the
“well-compressed” subgroup (P < .05). Spearman’s coeffi-
cient of correlation between engagement and compression
was —0.38.

We did not observe a significant correlation between
fibular engagement and either sagittal or horizontal plane
reduction.

Effect of Incisura Rotation

Patients with anterior translation of the distal fibula had on
average a 3.1-degree more anteriorly oriented incisura than
those in the “well-reduced” subgroup (P < .05) while
patients with posterior translation of the fibula had on aver-
age a 0.9-degree more posteriorly oriented incisura than
those in the “well-reduced” subgroup (P <.05). Spearman’s
coefficient correlation between fibular translation and inci-
sura rotation was 0.36.

We did not observe a significant correlation between
incisura rotation and either coronal or horizontal plane
reduction.

Discussion

The problem of syndesmotic malreduction has received
increased attention over recent years since anatomic
reduction of the distal fibula into the tibial incisura is an
important prognostic factor in the treatment of ankle
fractures.”*"*® Simultaneously, relatively high rates of
malreduction have been reported.**?’

The anatomy of the syndesmosis has been shown to
present great interindividual variability.*'®'*'*** Current
reduction techniques do not take into account this variable
anatomy.'® The current approach to reduction of the syndes-
mosis can be described as a “one technique fits all”
approach, although there is renewed interest in optimizing

clamp position.>*' While this approach may be appropriate
for most patients, we think it is logical to ask if differences
in syndesmotic anatomy correlate with the mode of malre-
duction. To our knowledge, this issue has been studied only
once in a study analyzing the effect of incisura depth in a
group of 35 Weber type B and C fractures.* The effect of
incisura rotation and fibular engagement has never been
studied.

In the present study, we found that (1) overcompression
of the incisura was significantly more common in patients
with a deep and less engaged incisura, (2) anteversion of the
incisura correlated with anterior displacement of the fibula
while retroversion of the incisura was correlated with poste-
rior fibular displacement, and (3) fibular malrotation was
not associated with variations in syndesmotic anatomy.

The higher prevalence of syndesmosis overcompression
in patients with a deep and less engaged incisura may be
due to the fact that this incisura morphology represents a
syndesmosis with a thick layer of soft tissues separating the
distal tibia and fibula. Without a strong bony contour to
rely on, it is easy to overcompress the soft tissues within
the syndesmosis. The problem of overcompression is sub-
ject to debate. While 2 cadaveric studies had conflicting
results,”*?® overcompression of the fibula has been reported
clinically.’ It has been shown in a biomechanical study that
overcompression may be caused by excessive clamp
force.”> We believe that the present study is the first to
show that overcompression is more common with a certain
syndesmotic anatomy. This observation may potentially
lead to the identification of patients requiring special atten-
tion intraoperatively.

Anteversion of the incisura led to anterior displacement
of the fibula while retroversion of the incisura led to poste-
rior fibular displacement. We believe that these effects are
caused by the current technique of syndesmotic clamp
reduction. As has been proposed by Mendelsohn et al,' mal-
positioning of the clamp leads to malreduction of the syn-
desmosis. We believe that the standard technique of clamp
reduction is effective in patients with neutral version of the
incisura. In the extremes of incisural torsion, the standard
technique will not be optimal. With an anteverted or retro-
verted incisura, standard axial clamp application will lead to
nonparallel clamp positioning, thus squeezing the fibula out
anteriorly or posteriorly, respectively (Figure 1). We believe
we are the first to show that rotational variations of the inci-
sura correlate with certain modes of syndesmotic malreduc-
tion, which may have clinical implications. As a consequence,
in patients with an anteverted incisura, the clamp might have
to be placed more anteriorly on the distal fibula, while in
patients with an retroverted incisura, the clamp might have
to be placed more posteriorly on the distal fibula. Finally,
rotatory fibular malreduction seems to be solely surgeon
dependent, as it did not correlate with syndesmotic anatomy.
We believe that in Weber type C fractures, rotation of the
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Figure 1. (a) With a retroverted incisura, standard clamp
positioning pushes the fibula posteriorly, (b) while with an
anteverted incisura, standard clamp positioning pushes the fibula
anteriorly.

fibula is more dependent on quality of fibular fracture reduc-
tion than it is influenced by syndesmotic reduction.

As a consequence of our observations, one should con-
sider to routinely obtain bilateral preoperative ankle CT
scans in patients with syndesmotic disruption on plain
radiographs to familiarize the surgeon with ankle anatomy
and possible malreduction patterns. Whether this practice or
the use of alternative reduction and fixation techniques (eg,
with a flexible implant) reduces the rate of malreduction
remains to be elucidated in further studies. Intraoperatively,
the assessment of the syndesmostic reduction can be
enhanced by comparison of fluoroscopy images to mortise''
and lateral" views of the uninjured ankle.

The results of our study partly agree with the results of
Cherney et al.* They observed anterior displacement of the
fibula with a shallow incisura and posterior displacement of
fibula with a deep incisura. We have seen the same tendency
in anteverted and retroverted incisurae. The rotational ver-
sion of the incisura has not been reported previously.
Cherney et al* also observed that deeper syndesmoses were
prone to malreduction of the distal fibula in external rota-
tion. We did not see this association in our study. One pos-
sible explanation is that the patient cohort reported by
Cherney et al* also included Weber type B fractures while
our patient cohort consisted of only patients with full dis-
ruption of syndesmosis documented as pronation-external
rotation (PE) II, PE III, and PE IV fractures according to the
Lauge-Hansen classification.'”

The overall rates of malreduction as detected with post-
operative CT scanning compare favorably with earlier
studies on that topic.”*"***® We routinely have used post-
operative CT scans for unstable malleolar fractures requir-
ing syndesmotic fixation for 15 years.”> A higher awareness
of frequent malreduction patterns may have led to improved
reduction techniques with direct intraoperative visualiza-
tion. Similarly, Cherney et al* observed that the malreduc-
tion rate decreased toward the latter part of their study.

They attribute this to improvements in operative technique.
We believe that the results of our series may lead to
improved reduction techniques for specific anatomic con-
figurations of the syndesmosis, thus further reducing the
rates of malreduction. Our results also underline the impor-
tance of anatomic reduction of fractures of the anterior
tibial tubercle and the posterior malleolus that involve the
incisura as fracture reduction will also restore the anatomy
of the incisura.'?

Our study has several potential shortcomings. First,
while we made every effort to collect a homogeneous group,
it is never possible to have identical injury patterns. The
common denominator of our patients was full syndesmotic
disruption with an accompanying malleolar fracture. This is
defined as a pronation-external rotation injury stage II, III,
and IV according to Lauge-Hansen.'” Second, while we
strived to apply clinically relevant thresholds for malreduc-
tion of the syndesmosis, the relatively low number of mal-
reduced patients forced us to use surrogate subgroups. In
this study, however, we focused rather on mechanisms of
malreduction and not on clinical outcomes.

Third, we performed measurements at 10 mm proximal
and 10 mm distal to the tibial plafond. The value of 10 mm
is absolute and does not respect different heights of indi-
vidual patients and thus different lengths of the lower leg.
However, the chosen height represents a standard point of
reference in the literature for analyzing the bony configu-
ration of the incisura, thus making our results comparable
to the literature.**1%1*1 Fourth, as we used a nonaffected
extremity to define syndesmotic anatomy, the results of
the study are based on the assumption of the extremities
being symmetric. We believe this assumption is well sup-
ported by numerous studies on syndesmotic anatomy
where a high degree of symmetry has been observed.*'*!>!8
Finally, it should be noted that the Spearman correlation
coefficients between the morphology and malreduction
patterns are in the “weak” range. We believe that this high-
lights the influence of the treating surgeon: there can be
excellent reduction in cases with a syndesmotic configura-
tion prone to malreduction, and there can be gross malre-
duction in cases with a more “forgiving” syndesmotic
anatomy. Thus, it is the surgeon and not the anatomy that
leads to malreduction.

Conclusion

In summary, the results of our study indicate that certain
morphologic configurations of the tibial incisura increased
the risk of specific syndesmotic malreduction patterns.
Anteversion of the incisura correlated with anterior displace-
ment of the fibula, while retroversion of the incisura corre-
lated with posterior fibular displacement. We also showed
for the first time that deep and disengaged sydesmoses were
more prone to overcompression. As a consequence of these
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observations, further investigations are warranted that work
on anatomy-adjusted reduction techniques.
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