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Abstract

Objectives—The goals of this study were to assess syndesmotic reductions utilizing
computerized tomography (CT) scans, and to determine if malreductions were associated with
certain injury types or reduction forceps.

Design—~Prospective cohort
Setting—Urban Level 1 Trauma center

Patients—Twenty-seven patients with operatively treated syndesmotic injuries were recruited
prospectively.

Intervention—~Patients underwent postoperative bilateral CT scans of the ankle and hindfoot to
assess syndesmotic reduction. The uninjured extremity was used as a control.

Main outcome measurement—Side-to-side differences of fibula position within the tibial
incisura were measured at several anatomic points and analyzed based on injury type, the presence
of posterior malleolar injury, level of fracture, and type of reduction forceps used.

Results—On average, operatively treated syndesmotic injuries were over-compressed (fibular
medialization) by 1mm (p < .001) and externally rotated by 5° (p = .002) when compared to the
uninjured extremity. The absence of a posterior malleolar injury and Weber B (OTA 44-B)
fractures seemed to have a protective effect against malrotation, but not against over-compression.
There was no difference in malreduction based on type of clamp used.

Conclusions—It is possible, and highly likely based on these data, to over-compress the
syndesmosis when using a reduction forceps. Care should be taken to avoid over-compression, as
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this may affect ankle motion and functional outcome. This is the first in vivo series of syndesmotic
over-compression to our knowledge.

Introduction

Ankle fractures are a relatively common injury, accounting for approximately 9% of all
fractures(1). The distal tibiofibular syndesmaosis is thought to be injured in 20% of all
operatively treated ankle fractures(2), but syndesmotic injury has been reported to be as high
as 45% in some series(3). Proper reduction of the syndesmosis using internal fixation is
widely recommended to avoid early ankle arthrosis and poor subjective and functional
outcomes(2, 4-14).

Intraoperative evaluation of the syndesmotic reduction is notoriously difficult. Using
standard two-dimensional fluoroscopy, the tibiofibular clear space (TFCS) has been
suggested as a measure of proper syndesmotic reduction(15, 16). However, the appearance
of the TFCS has been shown to be heavily dependent on rotation of the limb(16, 17), and
moreover, is increasingly thought to be a poor method to assess the syndesmotic
reduction(9, 18-24). The contralateral “true talar dome lateral”, as suggested by Summers et
al. has been popularized as a method to reduce sagittal plane malreductions(25).

There has been a movement towards using postoperative computerized tomography (CT) to
evaluate the syndesmotic reduction(20, 21, 26). In one case series, the rate of malreduced
syndesmoses was 52%(27). More recently, the reported rates of syndesmotic malreduction
have been lower, and have ranged from 11-38% in recent series (28-30).

Of the possible malreduction planes of the syndesmosis, excessive medialization of the
fibula within the tibial incisura (“over-compression”) has not been studied clinically,
although cadaver data has variably reported whether this phenomenon is possible(31-33).
An isolated case report demonstrated over-compression(34), but this has not been shown in
a cohort of patients to our knowledge. Over-compression may compromise ankle motion and
affect functional outcomes. Our hypothesis was that over-compression is common using
standard reduction forceps and techniques in treating syndesmotic injuries. We also sought
to determine any patient or injury factors that predispose to over-compression.

Patients and Methods

Patients and Injuries

At asingle Level 1 trauma center, three orthopaedic traumatologists prospectively identified
patients that underwent operative treatment of unilateral ankle fractures that had persistent
intraoperative syndesmotic displacement or instability after fixation of the malleolar
fractures. Patients with a history of any prior ankle fracture were excluded.

Twenty-seven patients were included in the analysis. The patients’ age range was 18-72,
with only a single patient greater than 60 years of age. Fourteen of twenty-seven (51.9%)
had injuries to the posterior malleolus, although only three of those fourteen (21%) posterior
malleolar injuries were addressed directly with reduction and fixation. Eight of the injuries
(30%) were Weber B (OTA 44-B) injuries. The remaining 19 patients were grouped
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together as “suprasyndesmotic lesions”. This group included 5 Maisonneuve-type injuries
with a proximal tibiofibular injury that was not independently surgically addressed.

Intra-operative Assessment of Syndesmotic Instability

If fluoroscopic static images were within the normal range, injury to the syndesmosis was
assessed using a lateral stress(35) (an adaptation of the Cotton test) which has been
suggested to be the most sensitive intra-operative maneuver for detecting syndesmotic
injury(36). The syndesmaosis was indirectly reduced using either a pointed reduction clamp
(Weber clamp) or a ball point pelvic reduction forceps, depending on surgeon preference,
with the ankle in neutral dorsiflexion position. The clamp was placed approximately 1 cm
proximal to the level of the mortise, just distal to the level of the fixation. Reduction force
used was not quantified, but was based on subjective surgeon tactile feel and the tibio-
fibular clear space reduction on the fluoroscopic mortise view. Syndesmotic fixation was
achieved with one or two 3.5 mm trans-syndesmotic quadricortical position screws.
Reduction was judged subjectively by comparing standard mortise and true lateral views of
the injured and uninjured sides based on the method described by Summers et al.(25). Post-
operatively, the patients underwent CT scans of bilateral ankles to assess operative reduction
of the syndesmosis compared to the uninjured extremity, as suggested by Franke et al.(30).
The position and rotation of the fibula relative to the tibial incisura for both the operative
and uninjured extremities was determined using a combination of measurements described
by Nault and Phisitkul (34, 40) (Figures 1,2; Table, Supplemental Digital Content 1).

Statistical Analysis

Results

Statistical analysis using Student’s t-test was performed using SPSS (IBM SPSS Statistics
for Windows, Version 21.0, Armonk, NY) to compare side-to-side differences in the
uninjured and operative ankles. The measurements included in the primary statistical
analysis were made by a single author not involved in the treatment of the patients (SMC). A
subset of 8 patients were measured by a second author (JAH). These measurements were
repeated one month after the first set of measurements by both raters to allow for assessment
of both inter- and intra-rater reliability.

When comparing side-to-side measurements, our cohort was notable for significant over-
compression (fibular medialization, Figures 3 and 4), as noted by measurements B, C and G
(Table 1). Twelve of twenty seven patients (44%) had medialization of the fibula greater
than 1 mm compared to the contralateral side. The mean side-to-side over-compression
(measurement G) was 1.0 mm (95% CI: -1.5to —0.5 mm, p <.001).

When analyzing the entire cohort, there were also a substantial number of malrotations of
the syndesmosis. Angle 2 was statistically increased (externally rotated) (mean: 4.5°, 95%
Cl: 1.9to 7.1, p = .002). This angle was increased by more than 5° compared to the
uninjured side in 10/27 patients (37%). Figures, Supplemental Digital Content 2 and 3
demonstrate increased external rotation of the injured extremity as measured with Angle 2.
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Posterior Malleolar Injury

When subdivided into groups with or without posterior malleolar injury, 6 of 13 (43%)
patients without posterior malleolar injury were over-compressed by at least 1 mm
compared to the uninjured extremity, which was statistically significant (mean: —1.0mm,
95% CI: —1.5 to —0.6, p<.001). There was no significant malrotation in patients with an
intact posterior malleolus, and only 3/13 patients had external rotation >5°. (mean: 2.3°,
95% CI: -0.6° to 5.2°, p=.11) (Table, Supplemental Digital Content 4).

In the 14 patients with injuries to the posterior malleolus, 7 were over-compressed by at
least Imm compared to the uninjured extremity (mean: —1.0mm, 95% CI: -2.0 to —0.04, p=.
042). Eight of 14 were externally rotated by more than 5° (mean 6.5°, 95% CI: 2.2° to 10.8°,
p=.006) (Table, Supplemental Digital Content 5).

The subset of patients that had their posterior malleolar injuries addressed with independent
fixation was small (3 patients). In this subset, 1/3 were over-compressed by >1mm and 1/3
was externally rotated by >5°. This group was too small for meaningful statistical analysis.

Fibular Fracture Level

Three of the eight patients with Weber B fractures (38%) had fibular medialization >1 mm.
(mean: -1.1 mm, 95% CI: -2.5 to 0.3, p=.11). Three of the eight patients with Weber B
injuries were externally rotated by more than 5 degrees (mean: 2.6°, 95% CI: —-0.2 to 5.5,
p=.06) (Table, Supplemental Digital Content 6). There was no overlap between the patients
that were over-compressed and those that were malrotated in this group.

Patients with supra-syndesmotic injury patterns had both significant over-compression
(10/19 patients) (mean: —0.9 mm, 95% CI: -1.6 to —.4, p=.003) and malrotation at the talar
dome (8/19 patients)(mean: 5.0°, 95% CI: 1.0 to 9.0, p=.017) (Table, Supplemental Digital
Content 7). The subset of patients (n=5) with Maisonneuve-type injuries was too small for
meaningful independent statistical analysis.

Type of Forceps

The type of reduction forceps used had a statistically significant effect on over-compression.
Of the patients reduced with Weber pointed reduction forceps, 2/6 (33%) had over-
compression of at least 1mm (mean —0.6mm, 95% CI: —-1.5 to 0.4, p=.18), compared to
10/21 (48%) of patients reduced with a pelvic ball-spike reduction clamp (mean —0.8mm,
95% CI -1.5 to -0.1, p=.025). There was no significant side-to-side malrotation at the level
of the talar dome in patients reduced by pointed reduction forceps. The lack of statistical
significance for over-compression and malrotation in the pointed reduction forceps group is
likely due to small patient numbers in this group.(See Table, Supplemental Digital Content
8).

Measurement Reliability

Cronbach alpha values for intra-rater reliability were somewhat varied, depending on
measurement and experience of the rater. The rater with more experience, having measured
the entire cohort, had excellent or good reliability(37) for measurements F, G, and the non-
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injured side for Angle 2. The agreement was good (0.865) for Angle 2 on the injured side.
For the rater that was less experienced in radiographic measurement of syndesmotic
reduction, having measured 8 of the 27 patients, the intra-rater reliability was also generally
good-to-excellent for measurements F, G, and Angle 2. Inter-rater reliability was also good-
to-excellent for measures F, G, and Angle 2 (See Tables, Supplemental Digital Content 9
and 10 for intra- and inter-rater reliability measurements, respectively.)

Discussion

Based on an oft-cited cadaveric study, it had generally been accepted that over-compression
of the tibiofibular syndesmosis was not possible(32). Phistikul et al. demonstrated in a
cadaveric injury model that using reduction forceps, over-compression occurred on post-
reduction CT scans, but the functional application of this finding has been limited (31).
Additionally, Miller et al. have demonstrated that iatrogenic malreductions are influenced by
the angle at which the clamp is placed(33). At our institution, we use post-operative CT
scans to assess syndesmotic reduction, and our data has shown that it is possible to over-
compress the syndesmaosis in vivo, and was quite common in this series.

Regarding the surgical technique to obtain intra-operative reduction, further analysis is
needed to determine if the type of clamp has a significant effect on over-compression. Our
series suggests that pointed reduction forceps may be less likely to cause over-compression,
although the sample size is small. Furthermore, our analysis suggests that fibular fractures at
the level of the syndesmosis (Weber B) are less likely to be over-compressed and
malreduced, but the significance of this finding was also limited by small sample size.

The presence of a posterior malleolar injury led to both over-compression and malrotation in
the majority of cases, whereas the presence of an intact posterior malleolus seems have less
predisposition for malrotation. Direct reduction of the posterior malleolus may not protect
against over-compression and malrotation, although, again this subset in our study is small.
A previous study has suggested that posterior malleolar fixation may help obtain a more
anatomic syndesmotic reduction(38). Further work is needed to determine if the additional
morbidity of a posterior approach is offset by improved syndesmotic reduction.

Radiographic evaluation of the syndesmosis has been notoriously difficult, and only recently
have normal values been established for the population. There is a lack of literature that
evaluates side-to-side anatomic differences in uninjured controls. An area for future study
would be to establish normal side-to-side differences in uninjured controls. This would be a
reasonable starting point to assess whether a syndesmotic reduction is considered
anatomically “acceptable”.

In a gender-blind normative study, Mukhopadhyay et al. found that 12/19 patients (63%)
had side-to-side differences in diastasis >2mm between patients’ uninjured syndesmoses
using a measurement that was not utilized in our study(39). This study forces us to critically
evaluate the previous literature. Gardner et al. judged syndesmoses to be malreduced with a
greater than 2mm difference between the anterior and posterior tibiofibular distance(27),
although this study included only unilateral CT scans postoperatively. Wikergy et al.
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showed a non-significant trend toward worse functional outcomes with post-operative
diastasis of 1.5mm(40). In a retrospective review, Sagi et al. found 40% of their cohort had a
subjective malreduction based on bilateral postoperative CT scans. The criteria for judging
acceptable reduction were not defined in the study. These patients tended toward worse
functional scores(12). There is a need for future studies to compare objective measures of
malreduction and functional scores to help determine which patients would benefit most
from revision syndesmotic fixation. In order to reduce the incidence of malreduction, there
has been increased use of intraoperative three-dimensional imaging during reduction of
ankle fractures with syndesmotic injury, although malreduction rates remain relatively high
even with use of this technology (29, 30, 41-43).

Regarding the inter- and intra-rater reliability of our measurements, we found that the
measures, particularly for measures F, G, and Angle 2, were mostly excellent, while some
were rated “good”. Our measurements were at least as reliable as previously suggested by
Nault et al(44). As might be expected, there is a small, and likely non-significant increase in
the intra-rater reliability in a rater with more experience, however our inter-rater analysis
suggest that a novice rater would be acceptable when compared to a more experienced rater.

The slightly lower reliability for measures A, B, and C are likely because these
measurements are inherently less precise when taken first, as these measurements require the
rater to pinpoint the exact anterior and posterior points of the incisura, and in some
individuals, the incisura borders are relatively curved. Measurement G might be more
reliable to determine first, since to find this distance, one starts by laying a line of best fit
over the most prominent “points” of the incisura. In the future, our group will likely make
measurement G first, then proceed through the remainder of the measurements in hopes on
increasing accuracy of measures A-C. The lack of reliability in Angle 1 is likely related to
the difficulty in determining the sagittal plane axis of the fibula at a level one centimeter
proximal to the plafond. The shape of the fibula at this level is widely varied, and in our
hands, somewhat difficult and unreliable to determine.

We did not find a significant sagittal plane (anteroposterior) malreduction in our cohort.
This may have been due to our technique of using a true talar dome lateral comparison view,
which greatly minimizes the risk of sagittal plane malreduction(25). As described by Sagi et
al.(12), based on the anatomic variation of incisura shapes (Type A: flat, Type B: concave),
further analysis needs to be taken to assess if incisura shape predisposes to over-
compression or sagittal plane malreductions. In addition, it may be beneficial to objectively
define the anatomic categories rather than on based on subjective analysis.

We believe that the strength of this study is that we are able to demonstrate consistent over-
compression at the syndesmaosis using previously established measurements. We have
confirmed that Nault et al.’s measurements are reliable and reproducible. The variety of
injury types evaluated in this study is also a strength, and determined that over-compression
is common and not limited only to certain injury patterns.

A notable weakness of this study is that the functional consequences of syndesmotic over-
compression are currently unknown, and was not addressed with this study. Although the
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findings of over-compression on CT are statistically significant, we are in the process of

fo

llowing these patients’ long-term functional outcomes to determine if there are

radiographic thresholds for “acceptable” reduction of the syndesmosis.

Conclusion

Statistically significant over-compression and malrotation of syndesmaotic injuries occurred

in

this series. This is the first study to our knowledge to identify intra-operative over-

compression compared to contralateral uninjured ankles. The functional consequences of
these findings have not yet been elucidated and are a target for future study.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Illustration of an axial view of a normal syndesmaosis proximal to the tibial plafond with

measures a to g and angle 1. Adapted from Nault et al.(46) with permission.
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Illustration of an axial view of the 2 malleoli at the talar dome level representing angle 2.
Adapted from Nault et al. (46) with permission
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Figure 3.
(Injured), measurement G, demonstrates over-compression of 1.5mm when compared to the

uninjured side (Figure 4). Both measurements are taken 1cm proximal to the tibial plafond.
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Figure 4.
(Uninjured), measurement G.
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