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Abstract 

Objective: To describe a novel technique using preoperative computed tomography (CT) to plan clamp tine 

placement along the trans-syndesmotic axis (TSA). We hypothesized that preoperative CT imaging provides a 

reliable template on which to plan optimal clamp tine positioning along the TSA, reducing malreduction rates 

compared with other described techniques.  

 

Methods: CT images of 48 cadaveric through-knee specimens were obtained and the TSA was measured as 

well as the optimal position of the medial clamp tine. The syndesmosis was then fully destabilized. Indirect 

clamp reductions were performed with the medial clamp tine placed at positions 10° anterior to the TSA, 

along the TSA, and at both 10° and 20° posterior to the TSA. The specimens were then separately reduced 

using manual digital pressure and palpation alone. CT was performed after each clamp and manual reduction. 

 

Results: On average, reduction clamp tines were within 3±2° of the desired angle and within 5±4% of the 

templated location along the tibial line for all clamp reduction attempts. Palpation and direct visualization 

produced the overall lowest malreduction rates in all measurements: 4.9% and 3.0%, respectively. Off-axis 

clamping 10° anterior or 20° posterior to the patient-specific TSA demonstrated an increased overall 

malreduction rate: 15.8% and 11.3%, respectively. Significantly more over-compression occurred when a 

reduction clamp was utilized versus manual digital reduction alone (8.6% vs 0%).  

 

Conclusions: Reduction clamp placement directly along an optimal clamping vector can be facilitated by 

preoperative CT measurements of the uninjured ankle. However, even in this setting, the use of reduction 

clamps increases the risk for syndesmotic malreduction and over-compression compared with manual digital 

reduction or direct visualization.  

 

Keywords: Syndesmosis; cadaver study; Computed tomography 

 

Introduction:  

Injuries to the ankle syndesmosis are common in operatively treated ankle fractures. Despite a variety of 

reduction and fixation techniques, malreductions persist at high rates across the literature, ranging from 16 to 

52%.
1-6

 Two-dimensional radiographic assessment of the fibular position within the incisura is less sensitive 

than advanced imaging for detecting both linear and rotational malreductions, a difficulty which has been 

cited as a contributing factor to syndesmotic malreductions.
2,7-10

 Multiple studies have demonstrated that 

malreductions are associated with poorer clinical outcomes.
3,11-15

  

 

Indirect syndesmotic reduction with clamps may lead to malreduction when an off-axis clamping vector is 

used.
16-19

 However, anatomic variation of the syndesmosis makes it challenging to position reduction clamps 

within an ideal range for each individual's morphology.
8,20-22

 Moreover, variable incisural morphology may 

predispose a patient to translation or malrotation of the fibula during reduction.
23

 Other reduction techniques, 

including open visualization and direct palpation of the syndesmosis,
3,24

 as well as the use of computed 

tomography (CT)
1,2,25

 and computer navigation techniques 
26

 have evolved in an attempt to overcome the 

challenges associated with indirect reduction with percutaneous clamping. However, none of these techniques 

have demonstrated superiority and may represent significant cost implications and logistical challenges with 

routine use.  

 

There were several aspects to this study. Could the preoperative CT imaging of the contralateral, uninjured 

ankle be used as a method to determine the native position of the fibula? Would this information serve as a 

template for the accurate placement of reduction clamp tines intraoperatively on the injured extremity? We 

also sought to evaluate the specific tolerance of the syndesmotic reduction to off-axis clamping relative to a 

patient’s specific trans-syndesmotic axis (TSA). Lastly, we aimed to compare the malreduction rates of this 
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method versus the use of direct visualization or palpation to assess reduction quality.  

 

With this data, we wanted to answer several questions. Our first hypothesis was that preoperative CT imaging 

of the uninjured ankle provided a reliable template for planning of optimal tine positioning, relative to the 

patient-specific TSA. Our second hypothesis was that clamp positions beyond 10° anterior or posterior to the 

TSA would lead to increased malreductions. Our final hypothesis was that reproducible and accurate 

positioning of the reduction clamp tines according to the preoperative template would ultimately lower 

malreduction rates relative to other reduction techniques. 

 

Methods: 

Pre-Operative CT Templating 

Twenty-four paired (48 total) cadaveric through-knee specimens with intact proximal tibiofibular joints were 

imaged using CT with the ankle at neutral dorsiflexion. Standardized measurements as described by Nault et. 

al were utilized to describe the native spatial relationship of the fibula within the incisura (Figure 1).
20

 Using 

imaging processing software, OsiriX (open-source software; www.osirixviewer.com), localizer lines were 

utilized to manipulate both the coronal and axial imaging planes so as to reproduce the plane of a true talar 

dome lateral. In a step-wise fashion, these CT manipulations recreate the rotational (Figure 2-A) and 

translational (Figure 2-B) adjustments of the ankle relative to the fluoroscopy machine that are typically 

required to obtain a perfect talar dome lateral intraoperatively.  The plane upon which the superior, medial 

and lateral talar domes would be superimposed on two-dimensional imaging was then established as the 

plane of the talar dome lateral on the axial CT. This plane then serves as a reference from which all other 

measurements were generated. At a level 1cm above the tibial plafond, the TSA angle, defined on the axial CT 

as the angle between the plane of the a true talar-dome lateral and a line perpendicular to the tangent of the 

anterior and poster borders of the fibular incisura, was recorded as previously described (Figure 2-C).
27

 The 

apex of the TSA was then positioned on the lateral fibular ridge and extended towards the medial tibial cortex, 

simulating the positions of the lateral and medial clamp tines, respectively. The projected location of the 

medial clamp tine along the TSA was then recorded as a percentage of the distance from the anterior tibial 

cortex along the “tibial line”, defined as the distance between the anterior to posterior cortices of the tibia. In 

addition to the TSA, medial clamp tine positions 10° anterior, 10° and 20° posterior to the TSA were recorded, 

also as a percentage along the tibial line. These locations along the tibial line were then transposed to their 

corresponding positions on a true talar-dome lateral using plain radiography (Figure 2-D). 

 

Specimen Preparation and Syndesmotic Reduction 

 

The syndesmosis was then destabilized according to an established protocol, as described by Phisitkul, et al.,
16

 

which included sequential soft tissue transections of the anterior and posterior inferior tibiofibular ligaments, 

syndesmosis and distal 10cm of the interosseous membrane, and the deltoid ligament. Stress imaging using 

fluoroscopy was performed to confirm the gross instability of the syndesmosis after destabilization was 

complete. Using direct measurement with a ruler, the tibial line was marked as a reference 1cm above the 

tibial plafond. For consistency, this measurement was derived from the nadir of the anterior plafond, using the 

same technique as the distance was recorded on CT. Then, a true talar dome lateral was obtained using 

fluoroscopy and the four templated locations were each separately identified by positioning a freer at the 

appropriate distance along the tibial line and marked with indelible ink. Subsequently, 2mm unicortical 

stainless steel screws were placed into the medial distal tibia at each of the four marked positions. A screw 

was also placed directly on the lateral fibular ridge. Reduction clamp tines were then separately placed on the 

screw heads at positions 10° anterior to the TSA, along the TSA, and at both 10° and 20° posterior to the TSA. 

CT imaging was then performed with the reduction clamp in each position. Indirect reduction at all positions 
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was performed by a single observer with experience in generating approximately 130 N/m of force with 

reduction forceps in an effort to standardize the reduction force magnitude.
28

 The indirect reduction at each 

location was performed such that the syndesmosis was not exposed to the observer for visual inspection, nor 

was there an attempt at radiographic reduction assessment prior to the CT being performed at the specified 

clamped location. After the specimen was imaged at each clamping position, the screws were removed and 

the unstable syndesmosis was then reduced using the surgeon’s thumb alone as manual digital pressure, while 

simultaneously palpating the anterior tibiofibular relationship for congruency. Compressive force generated 

by the thumb was deemed sufficient when there was no palpable step or gap between the tibia and fibula.  

The position of the fibula was adjusted manually so as to reestablish the anterior tibiofibular line, described as 

a straight extension from the anterolateral fibular surface to the anterior tubercle of the incisura. 
29,30

 A 

surgical towel was utilized to cover the anterior tibiofibular relationship to ensure palpation alone was used to 

assess reduction quality. Lastly, reduction was performed utilizing manual digital pressure with direct 

visualization of the anterior tibiofibular relationship to assess reduction. These two additional reduction 

attempts were stabilized with a 0.045 inch Kirschner wire to secure the fibula in the desired position. 

 

Post-Reduction Analysis  

 

A malreduction on CT analysis was defined as a change of >2mm between the native (intact) syndesmotic 

measurements and those after syndesmotic disruption and reduction with each technique. All reduction 

measurements were performed by a single author who was experienced with this technique. Specimens were 

also assessed for the differences between the desired and actual clamping vectors, based off the intended 

position of the medial clamp tine along the tibial line.  

 

Statistics 

 

Standard descriptive statistics for means and standard deviations for continuous measures and percentages 

for categorical measures were used to summarize basic measurement data. Interclass coefficient correlations 

(ICC) were used to assess reliabilities. All CT scans from a single observer were measured twice, at a time point 

a minimum of 2 weeks after the initial measurement, to calculate the intraobserver reliability. The sample size 

for 2 observers was determined using a power of 0.9 with a good agreement as an ICC over 0.6. Outcome 

measures for categorical variables of reduction were assessed with chi-squared tests. All data was analyzed 

using SPSS (IBM, Chicago, IL). 

 

Source of Funding 

 

This study was made possible through the Orthopaedic Research and Education Foundation Resident Clinician-

Scientist Training grant. 

 

Results: 

 

Of the 24 paired cadaveric specimens, 10 were from male donors and 14 were from female donors, with an 

average age of death of 82 years. CT imaging of intact specimens demonstrated a consistent anterior position 

of the medial extent of the TSA angle along the tibial line. On average, the TSA angle as measured on CT was 

22±3° from the plane of the talar dome lateral, and the resulting medial clamp tine position along the tibial 

line averaged 19±9%. The 10° anterior, 10° and 20° posterior off-axis positions of the medial clamp tine were 

4±3%, 41±8% and 66±9%, respectively along the tibial line. When comparing between paired specimens, the 

average TSA angle difference was 3±2°, and the average difference in the resulting medial tine position was 

5±5% along the tibial line.  
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The CT manipulation and measurement technique to obtain the position of the clamp tines along the TSA was 

highly consistent. The intraobserver reliability was recorded with an ICC of 0.979 for measuring the TSA angle 

and an ICC of 0.980 for the medial clamp tine position along the tibial line. Interobserver reliability was also 

excellent with an ICC of 0.918 for the TSA angle and 0.906 for the medial clamp tine position along the tibial 

line. Analysis of our intraoperative clamp positioning demonstrated that the overall average angle difference 

between the templated and actual reduction clamp angle was 3±2°. The overall average difference in 

reference to the percentage variation along the tibial line between the templated and actual medial clamp 

tine position was 5±4%.  

 

Palpation and direct visualization without the use of reduction clamps produced the overall lowest 

malreduction rates in all measurements: 4.9% and 3.0%, respectively. When reduction clamps were used, the 

overall average malreduction rate was lowest in the 10° posterior (6%) and TSA (9.8%) clamping groups, 

followed by the 20° posterior (11.3%) groups and 10° anterior (15.8%). Off-axis clamping of 10°anterior or 20° 

posterior to the patient-specific TSA demonstrated an increased overall malreduction rate (p = 0.02) (Figure 3). 

There was a significant difference in over-compression for all specimens where a reduction clamp was utilized 

(8.6%), as compared to the groups where manual digital reduction was performed alone (0%, p = 0.003).  

 

Discussion:  

 

Controversy exists in the recent literature regarding optimal methods to obtain, and fixation techniques to 

maintain, an appropriate reduction of the ankle syndesmosis. High rates of syndesmotic malreduction are 

prevalent even with increased awareness of these technical considerations.
1-6

 Syndesmotic malreductions 

have been associated with worse functional outcomes in several studies,
3,11-15

 although the threshold of this 

association has been called into question.
31,32

 Indirect reduction of syndesmotic injuries with reduction clamps 

has been a historic standard. However, a high degree of anatomic variability of the syndesmosis makes it 

challenging to optimize the clamp vector that is applied.
8,20-22

 Our study demonstrates that preoperative 

contralateral CT imaging is a viable technique to both template and position the desired location of the medial 

clamp tine to achieve an optimal clamping vector. However, this novel reduction planning technique was still 

outperformed by more direct approaches. Moreover, we found a significant amount of over-compression in all 

clamping groups compared with those where syndesmotic diastasis was reduced by manual digital pressure 

alone. 

 

Use of intraoperative CT imaging to assess and potentially revise malreductions is cost prohibitive and is not 

available to many surgeons who may treat this injury.
1,2,25

 However, standard CT imaging, if done 

preoperatively, is widely available and not as cost-prohibitive. Prior studies have established anatomic 

consistency bilaterally for a given individual.
20-22,33-35

 This finding was consistent in this study as the average 

TSA angle and resulting medial tine position along the tibial line were similar between specimens. Therefore, 

the contralateral, uninjured side may be used as a reliable template to establish a desired clamping vector 

during preoperative planning. The utility of this approach to syndesmotic reduction is dependent upon the 

reproducibility of the preoperative CT measurements and the accuracy of clamp tine placement along the 

templated vector intraoperatively. The intra- and interobserver reliability for this novel series of 

measurements was determined to be highly agreeable. In addition to the reproducibility of the CT 

measurements, this study found that there was sufficient accuracy of clamp placement intraoperatively 

relative to the templated location.  

 

Although prior studies have analyzed the relationship between off-axis clamping and syndesmotic 

malreduction,
16-19

 this is the first study to assess clamping vectors relative to an individual’s specific anatomy 

and trans-syndesmotic axis. Whereas classically, syndesmotic screws are placed at 30° from the coronal 

plane,
36

 defining a universal ideal clamping vector is challenging due to this high degree of anatomic variation 
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of the fibular position within the incisura and the morphology of the incisura itself. In this series, the average 

TSA angle and the resulting medial clamp tine position along the tibial line were similar to a previous study 

using CT imaging software to simulate clamp tine placement.
27

  

 

When reduction clamps were used, the overall average malreduction rate was lowest in the TSA and 10° 

posterior clamping groups. Off-axis clamping of 10°anterior or 20° posterior to the patient-specific TSA 

demonstrated an increased overall malreduction rate. This data may help define a “safe zone” where clamping 

vectors along or slightly posterior to the TSA may reduce the risk of malreductions. This area corresponded to 

an average range of positions between 18% and 41% along the tibial line. This is consistent with a prior study, 

where the optimal position of the medial clamp tine was defined along a centroidal axis that resulted in a 

simulated safe medial clamping position anterior to the midline.
19

  

 

However, when the syndesmosis is widely displaced, even perfect position of the clamp tines according to the 

preoperative plan may result in an off-axis clamp vector if the fibular ridge is translated in the anteroposterior 

plane to a large degree. In vivo, there is typically more anteroposterior than lateral syndesmotic instability,
37

 

highlighting the clinical relevance as it pertains to off-axis clamping vectors. Despite this optimized clamping 

technique using advanced imaging, palpation and direct visualization produced the overall lowest 

malreduction rates in all measurements. Other literature reports these techniques as having improved 

malreduction rates over indirect reduction with clamping.
3,24

  Therefore, the routine use of pre-operative or 

intra-operative CT imaging specifically for clamp vector placement is neither warranted nor cost-effective. 

Although not utilized in this study, more anterior and distal visualization of talofibular articular congruency is 

another accepted approach for visualizing syndesmotic reduction.
38

 

 

Overcompression of the syndesmosis has been demonstrated in multiple cadaveric studies,
16,39,40

 as well as in 

vivo.
41

 This is facilitated by the large mechanical advantage produced by the reduction forceps, especially 

when larger pelvic reduction forceps are utilized. Despite meticulous clamping technique, this study 

demonstrated a significant difference in over-compression for all specimens where a reduction clamp was 

utilized. Importantly, there was no evidence of any under-compression in the specimens that underwent 

manual digital reduction. Prior literature suggested that over-compression is not possible in the setting of a 

reduced fibula and dorsiflexed ankle; this has likely perpetuated the false notion of safety when forcefully 

clamping across the syndesmotic axis.
42

 Due to the dynamic movement of the distal tibiofibular articulation 

with ankle range of motion,
43

 overcompression may carry significant clinical implications. In our study, manual 

digital pressure was sufficient to provide the appropriate amount of force to overcome syndesmotic instability 

without demonstrating any degree of overcompression. Lastly, the additional advantage of using manual 

digital reduction is that the surgeon has enhanced tactile feedback for detecting subtle incongruencies of the 

distal tibiofibular articulation. The use of reduction forceps does not provide this same tactile feedback and 

may more easily produce a gross malreduction that goes undetected.   

 

Previous studies by the senior author (MJG) have sought to promote the safe use of reduction clamps to 

generate an indirect reduction, by optimizing both proper clamp tine positioning
44

 and reduction force.
28

 

Despite the conclusions in this study, some surgeons will still choose to avoid opening the syndesmosis 

routinely and are more comfortable with an indirect reduction technique. Additionally, other scenarios (e.g. 

compromised soft tissues) may make open reduction with direct exposure undesirable. In these 

circumstances, the preoperative CT-templating technique demonstrated in this study could be a useful 

approach. Our evolving advocacy of an open reduction under direct vision is with the acknowledgment that 

there are still many surgeon and patient-specific scenarios where it is useful to have alternative, reproducible 

techniques for optimizing reduction via an indirect approach.  

 

This study does have some notable shortcomings. Although the method of syndesmotic disruption is one that 
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has been standardized in prior cadaveric studies, this model may not exactly replicate the degree of disruption 

seen in vivo.  The high degree of instability of the syndesmosis produced in this model may inherently render 

clamping techniques less reliable due to the extent of gross anteroposterior translation of the fibula and 

potential resultant change in the clamping vector, however this would be a way to show the most damage 

indirect clamp reduction can cause. Lesser degrees of syndesmotic instability may be more amenable to this 

CT clamping strategy as the lateral fibular ridge would be in a more consistent location to provide the correct 

vector. Another weakness of this study is the lack of standardization of the clamp force. We attempted to 

reduce bias by training a single author to detect a clamp force of approximately 130 N/m by subjective tactile 

feel alone. The lack of a digital tensiometer on the reduction clamps is an important shortcoming of this study. 

Lastly, the trans-syndesmotic axis itself may not perfectly define the most optimal clamping vector in all 

specimens. The eccentricity of the fibula within the incisura could render the TSA, as a perpendicular line to 

the anterior and posterior tubercles of the incisura, a vector that may not completely account for an eccentric 

position in the intact state.  

 

 

Conclusions: 

Preoperative CT measurements of the uninjured ankle may be utilized to reproducibly plan and achieve an 

optimal clamping vector for an individual patient’s native anatomy. However, despite the use of this advanced 

imaging technique, the use of reduction clamps increases the risk for syndesmotic malreduction and over-

compression compared with manual digital reduction or direct visualization. This study adds to the increasing 

evidence that routine use of percutaneously applied reduction clamps may lead to an increased number of 

syndesmotic malreductions and should be replaced by direct visualization or palpation of the syndesmosis 

with manual digital reduction. 

 

FIGURE CAPTIONS 

 

Figure 1: Axial CT view of an intact syndesmosis 1cm above the tibial plafond with measurements (A-G) of 

fibular position relative to the incisura as originally described by Nault et al.
20

 

 

 Figure 2: A. Adjustment of axial CT at the level of the talus such that the localizer line runs tangential to the 

talar dome. Correction in this plane is equivalent to internal or external rotatory adjustments when obtaining 

a true talar dome lateral using fluoroscopy. B. Adjustment of coronal CT images such that the localizer line 

runs tangential to the superior talar dome. Correction in this plane is equivalent to abducting or adducting the 

lower extremity in the plane of the fluoroscopy machine to eliminate the projection of talar dome double 

densities. C. Blue dotted lines: Anterior and Posterior cortices as visualized in the lateral projection. Red line: 

The trans-syndesmotic axis (TSA) which runs perpendicular to a line (white) that is tangential to both the 

anterior and posterior borders of the incisura. Yellow dot: Templated position of the medial clamp tine Green 

dot: Templated position of the lateral clamp tine D. True talar dome lateral image with the corresponding 

location of the yellow dot representing the templated position of the medial clamp tine along the TSA.  

 

Figure 3: Overall malreduction rates versus clamp positioning relative to the TSA angle. The highest 

malreduction rates occurred when the medial clamp tine was placed 10 degrees anterior, or 20 degrees 

posterior to the TSA. Lowest malreduction rates were seen in the palpation and direct visualization 

techniques. 
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Figure 1: Axial CT view of an intact syndesmosis 1cm above the tibial plafond with measurements (A-G) of fibular position relative to the incisura 

as originally described by Nault et al.20
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Figure 2: A. Adjustment of axial CT at the level of the 

talus such that the localizer line runs tangential to the 

talar dome. Correction in this plane is equivalent to 

internal or external rotatory adjustments when obtaining 

a true talar dome lateral using fluoroscopy. B. Adjustment 

of coronal CT images such that the localizer line runs 

tangential to the superior talar dome. Correction in this 

plane is equivalent to abducting or adducting the lower 

extremity in the plane of the fluoroscopy machine to 

eliminate the projection of talar dome double densities.

C. Blue dotted lines: Anterior and Posterior cortices as 

visualized in the lateral projection. Red line: The trans-

syndesmotic axis (TSA) which runs perpendicular to a line 

(white) that is tangential to both the anterior and 

posterior borders of the incisura. Yellow dot: Templated 

position of the medial clamp tine Green dot: Templated 

position of the lateral clamp tine D. True talar dome 

lateral image with the corresponding location of the 

yellow dot representing the templated position of the 

medial clamp tine along the TSA. 
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Figure 3: Overall malreduction rates versus clamp positioning relative to the TSA angle. The highest 

malreduction rates occurred when the medial clamp tine was placed 10 degrees anterior, or 20 degrees 

posterior to the TSA. Lowest malreduction rates were seen in the palpation and direct visualization 

techniques.
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