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Introduction

Tibiofibular syndesmosis is an anatomical term that 
describes the connection between the distal tibia 
and the fibula which forms ankle mortise (1). This 

structure is composed of four ligaments including the an-
terior tibiofibular ligament (AITFL), the posterior inferior 
tibiofibular ligament (PITFL), the transverse tibiofibular 
ligament, and the interosseous tibiofibular ligament (2). 
Ankle fractures, one of the most common orthopedic in-
juries, can be associated with syndesmosis injury and 
diastasis, especially when resulting from an external ro-
tation mechanism (3-8). It is reported that syndesmosis 
injury occurs in more than 13% of patients with ankle 
fracture and in 20% of patients requiring internal fixation 
(2, 9-11). Injury to the syndesmosis results in severe an-
kle instability and requires long-term treatment (12, 13). 
There is consensus that anatomical reduction of ankle 
fractures and preservation of the stability and congruity 
of the mortise is an important prerequisite for achieving 

good long-term results and can decrease the incidence of 
posttraumatic osteoarthritis, but the appropriate method 
for evaluating syndesmosis stability in ankle fractures re-
mains controversial (1, 14-22).

There are several methods used to evaluate the syndes-
mosis stability including plain radiography, magnetic res-
onance imaging (MRI), CT scanning and arthroscopy (4-6, 
13). HR Chissell et al believed that CT imaging is more sen-
sitive than radiography in the diagnosis of syndesmosis 
injuries; however, diagnosing a very small (1 mm) diasta-
sis is difficult using this method (22).

Based on the necessity of ankle anatomical reduction in 
patient function and prevention of late complications, it is 
obvious that we need to find an accurate method to assess 
the quality of syndesmosis reduction after ankle surger-
ies. Some believe that plain radiography is not a sensitive 
and accurate method for the diagnosis of syndesmosis in-
juries and orthopedic literature suggests that postopera-
tive CT scanning is useful to assess mortise reduction (5, 
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Syndesmotic Malreduction after Ankle ORIF; 
Is Radiography Sufficient?

Abstract

Background: Ankle fractures, especially those resulting from external rotation mechanisms are associated with injury to 
the distal tibiofibular syndesmosis. Some authors have recommended performing CT scanning after open ankle surgery to 
evaluate the reduction of syndesmosis. In this current study, we aimed to investigate the sensitivity of plain radiography in 
diagnosing syndesmosis malreduction after open reduction and internal fixation (ORIF) in patients with ankle fractures.

Methods: Thirty patients with ankle fractures participated in this prospective study. ORIFs were performed with respect 
to all of the technical guidelines shown in orthopedic literature for exact syndesmosis reduction, such as fibular length and 
proper settings. In the operating room, plain radiography was performed in anteroposterior, mortise and lateral views to as-
sess whether syndesmosis was malreduced. If malreduction was detected, the patient was revised. As the gold standard, 
patients underwent postoperative bilateral CT scanning to investigate the syndesmosis reduction which was then compared 
to the healthy side. Finally, the sensitivity of plain radiography in the diagnosis of syndesmosis malreduction was determined 
by comparing this method to CT scanning.

Results: In both of the methods we did not find any patient with syndesmosis malreduction. Hence, the sensitivity of plain 
radiography was determined 100%.

Conclusion: Based on our findings, there is no need to perform CT scanning to evaluate syndesmosis reduction after ankle 
ORIF in patients with ankle fractures. Plain radiography is sufficient and has satisfactory sensitivity in these patients.
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23, 24). However, plain radiography is inexpensive, rapid 
and available and most of the previous studies have inves-
tigated the adequacy of plain radiography in diagnosis of 
syndesmosis injuries preoperatively. To our knowledge, 
only one study has evaluated the adequacy of standard 
postoperative radiographic measurements in syndesmo-
sis reduction compared to CT scanning (23). In this cur-
rent study we have aimed to investigate the diagnostic 
value of plain radiography in diagnosing postoperative 
syndesmosis malreduction in patients with ankle fracture 
and syndesmosis diastasis compared to CT scanning. 

Materials and Methods
In this prospective study, inclusion criteria are patients 

with closed ankle fractures diagnosed by a physical ex-
amination (squeeze test and external rotation stress test) 
and plain radiography in the anteroposterior (AP), lateral 
and mortise, who were older than 18 and needed open 
reduction and internal fixation (ORIF). Before the study, 
patients signed informed consent forms. Radiographic 
criteria for the diagnosis of syndesmosis disruption were: 
the tibiofibular clear space >5 mm and tibiofibular over-
lap <10 mm in the AP view; tibiofibular overlap <10 mm 
in the mortise view; and posterior or anterior subluxation 
in the lateral view. The AP radiograph was taken when the 
leg was in neutral rotation and the foot was plantigrade. 
The x-ray beam was placed anterior to the ankle. For the 
mortise view, the technique was similar to the AP view 
except that the leg position was in 15° internal rotation. 

However, the definite syndesmosis disruption was deter-
mined based on intraoperative examinations such as the 
Cotton test. If the patient required syndesmosis reduction, 
a cortical screw was placed 1.5-2 cm distance from the 
joint line. The screw was placed parallel to the joint line.

Immediately after surgery, the syndesmosis reduction 
was assessed in the operating room by plain radiography 
in the AP, lateral and mortise views and if malreduction 
was detected, the cortical syndesmosis screw was removed 
and it was again reduced. If, based on the radiographic pa-
rameters, syndesmosis reduction was acceptable, patient 
was taken out of the operating room and bilateral ankle 
CT scanning was performed within the first postoperative 
day. In this study, based on the findings of Dikos et al, we 
used CT imaging of the healthy side to judge the quality of 
syndesmosis reduction on the operated side (25). Lastly, 
the presence of incoherency between the findings of CT 
scanning and plain radiography was investigated and the 
adequacy of postoperative plain radiography in the diag-
nosis of syndesmosis malreduction was determined by 
comparing it to CT scanning.

Results
Thirty (30) patients enrolled in this study and the mean 

age was 26.7±5.5 years (range: 20-37 years). Of them, 22 
patients were male (73.3%) and eight patients were fe-
male (26.7%). Ankle fractures were the result of direct 
trauma in 25 patients (83.3%) and ankle sprain in five pa-
tients (16.7%). Based on the Lauge-Hansen classification, 
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Figure 1. A patient with pronation abduction type an-
kle fracture; 
A. preoperative plain radiography showing syndesmo-
sis diastasis; 
B. postoperative plain radiography showing ankle and 
syndesmosis are reduced;
C. postoperative bilateral CT scan, acceptable reduc-
tion status is seen compared to healthy side.
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there were six (20%), 15 (50%) and nine (30%) fractures 
that resulted from supination-external rotation, prona-
tion-external rotation and pronation-abduction mecha-
nisms, respectively. There was no patient with supination-
adduction fracture in our study.

After the operation, we found that adequate syndesmosis 
reduction, as shown by plain radiography, was approved 
by CT scanning (Figure 1). In this study, we found no pa-
tient with syndesmosis malreduction in CT imaging. The 
accuracy of plain radiography for diagnosing syndesmosis 
malreduction after ankle ORIF was determined 100%.

 
Discussion 

This study showed that the sensitivity of plain radiog-
raphy was high in diagnosing syndesmosis malreduction 
after ankle ORIF and based on this finding, it seems that 
postoperative CT scanning to evaluate syndesmosis re-
duction is not necessary.

Stability of the syndesmosis, which is the anatomical 
relationship between the tibia and fibula and plays an 
important role in the mortise architecture, is a vital pre-
requisite for normal ankle function and lack of this, is 
associated with pain and ankle instability and weakness 
(12, 13). Also, lack of treatment or improper treatment of 
syndesmosis injuries can result in latent diastasis, chronic 
instability, further injury, arthritic changes, chronic pain, 
osteochondral lesions, and other sequelae (26). Sagi et 
al examined the correlation between syndesmosis mal-
reduction and functional outcome after at least two years 
of follow-up and found that patients with malreduction 
have worse functional outcomes based on the Short Form 
Musculoskeletal Assessment and Olerud-Molander ques-
tionnaires. Moreover, they observed that open reduction 
of the syndesmosis results in a substantially lower rate of 
malreduction (27). For this reason, examining syndesmo-
sis stability and reduction is crucial in assessing patients 
with ankle traumas. However, there is an important draw-
back with examining syndesmosis reduction in patients 
with ankle fracture and it is that the appropriate method 
for the assessment of syndesmosis reduction in ankle 
fractures remains controversial (1, 14-22). Currently, we 
have no definite quantitative parameters for examining 
and diagnosing syndesmosis injuries and most clinical tri-
als with greater sample sizes are required (14, 25, 28).

CT scanning is the main method for assessing syndesmo-
sis reduction and the advantages of this method in diag-
nosing syndesmosis injuries are shown in several studies 
(29-31). However, due to limited studies efforts to find 
some quantitative criteria for normal syndesmosis on CT 
imaging, the diagnostic efficacy of this method for detec-
tion of syndesmosis malreduction is to some extent con-
troversial (25, 32). Also, in spite of several advantages of 
CT scanning, plain radiography is rapid and inexpensive 
and in the case of acceptable diagnostic efficacy for diag-
nosing syndesmosis malreduction, can be a proper option 
to assess syndesmosis. Several authors have investigated 
the adequacy of plain radiography in diagnosing syndes-
mosis injuries compared to other methods.

Jenkinson et al compared the intraoperative fluoroscop-
ic stress testing, static radiographs, and biomechanical 
criteria for the diagnosis of syndesmosis instability in 38 
patients with external rotation type ankle fractures and 
found that preoperative radiographs and biomechanical 
criteria are not appropriate methods to detect syndesmo-
sis instability. Moreover, they advised intraoperative stress 

fluoroscopy as a valuable tool to detect unstable syndes-
mosis injuries (33). Takao et al compared the accuracy of 
standard anteroposterior (AP) radiography, mortise radi-
ography and MRI with arthroscopy of the ankle to diagno-
sis syndesmosis disruption in 52 patients. They found that 
in comparison with arthroscopy, the sensitivity, specificity 
and accuracy were 44.1%, 100% and 63.5% for standard 
AP radiography and 58.3%, 100% and 71.2% for mortise 
radiography. For MRI they were 100%, 93.1% and 96.2% 
for a tear of the anterior inferior tibiofibular ligament and 
100%, 100% and 100% for a tear of the posterior inferior 
tibiofibular ligament. They concluded that AP and mortise 
radiography did not provide a correct diagnosis, contraty 
to MRI imaging. However, Takao et al demonstrated that 
ankle arthroscopy is crucial for the accurate diagnosis of 
a tear of the tibiofibular syndesmosis (6). Also, Lui et al 
compared the intraoperative stress radiographic and ar-
throscopic diagnosis of syndesmosis disruption in 53 pa-
tients with acute ankle fractures (type B or C based on the 
Weber classification) and found that ankle arthroscopy is 
superior to intraoperative stress radiography in diagno-
sising syndesmosis disruption (5). In another study, Oae 
et al compared the diagnostic value of MRI and arthros-
copy in syndesmosis injuries in 58 patients with ankle 
sprain or distal fibular fracture. They considered ligament 
disruption when MRI showed ligament discontinuity or 
nonvisualization of the ligament and concluded that MRI 
using the both criteria is highly accurate to diagnose syn-
desmosis injury (4). Also, Paredes-Vázquez et al compared 
the diagnostic efficacy of plain radiography and CT scan-
ning in syndesmosis diastasis and showed that the abil-
ity of plain radiography is questionable to define the syn-
desmosis diastasis and the CT scanning should be used in 
cases of a doubtful diagnosis (34). 

As mentioned above, most of the studies have shown that 
plain radiography is not an appropriate diagnostic method 
for syndesmosis disruption. However, it is of importance 
that most of these studies have evaluated the diagnostic 
value of radiography before operating and postoperative 
diagnostic value has been limitedly investigated. Gardner 
et al determined the adequacy of standard postoperative 
radiographic measurements in assessing syndesmosis 
reduction compared to CT in 25 patients with ankle frac-
tures and syndesmosis instability, who underwent open 
reduction and syndesmosis fixation. Postoperative stand-
ard radiography and CT scanning were performed for all 
patients. In the CT scan, if the distance between the fibula 
and the anterior and posterior facets of the incisura was 
>2 mm, the syndesmosis was considered as incongruous. 
The sensitivity and specificity of the radiographs were 
31% and 83%, respectively. Gardner et al concluded that 
radiographic measurements were not accurate in diag-
nosing syndesmosis malreduction and postoperative ra-
diographic measurements were not accurate to assess the 
quality of the reduction (23). Sagi et al found that after 
the operation, 39% of the patients had syndesmosis mal-
reduction and they recommended that surgeons obtain a 
postoperative CT scan in order to compare it to the healthy 
side (27). In addition to these findings, important ortho-
pedic literature recommends obtaining a postoperative 
CT scan to assess the quality of syndesmosis reduction 
(24). Also, nowadays there are portable CT scanners used 
for intraoperative evaluations in some medical centers.

The above-mentioned findings and lack of sufficient 
studies have propelled us to perform the current study. In 
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other words, we have tried to find out whether postop-
erative CT scanning is necessary to assess the quality of 
syndesmosis reduction in patients with ankle fracture and 
syndesmosis disruption. However, in contrast to previous 
studies, we have found that plain radiography is an accu-
rate and appropriate tool that can reflect the status of syn-
desmosis after the operation and mainly due to that we 
reoperated on those patients who were diagnosed with 
had syndesmosis malreduction in the postoperative plain 
radiography.

In this study, we used the contralateral ankle as the 
standard to evaluate the quality of reduction and congru-
ity of the fractured side on CT imaging. Based on previ-
ous studies there is no quantitative parameter available to 
accurately evaluate the status of the syndesmosis and the 
authors have recommended using contralateral ankle CT 
images as the norm. Dikos et al. investigated the charac-
teristics of normal tibiofibular relationships on CT images 
and have shown that due to significant anatomic varia-
tions between individuals, comparing a patient’s ankles 
together provides a precise definition of normal tibiofibu-
lar relationships (25). Also, Mukhopadhyay et al. have 
shown the need for an individual assessment method for 

diagnosing the malreduction of syndesmosis (28). 
Plain radiography is an accurate method to diagnose 

syndesmosis malreduction after ankle ORIF. Based on the 
findings of our study, postoperative CT scanning is not 
necessary after ankle ORIF to assess the quality of syndes-
mosis reduction.
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