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Abstract

Background: The accuracy of reduction of ankle fractures using postoperative plain radiographies (x-ray) remains
widely controversial. Some authors have demonstrated that postoperative computed tomography (CT) scan can be
useful for these patients. In current study, the efficacy of x-rays after fixation of ankle fractures was investigated based
on the CT scan findings.

Methods: A total of 73 patients with ankle fractures who were subjected to open reduction internal fixation (ORIF) were
enrolled. After surgery, if the reduction was acceptable based on the x-rays according to standard measurements, the
patient was referred for CT scanning. Forty four patients were included in the study. Undesirable CT scan findings
including malreduction of fragments or articular surfaces, device malpositioning, missed fractures, and undetected
intra-articular fragments were documented.

Results: Undesirable CT findings were seen in 25 patients (56.8%). CT scan showed acceptable reduction without
device malpositioning in 19 patients. The most prevalent findings in CT images were malreduction and device
malpositioning in 17 and 16 patients, respectively. There was no abnormal finding in CT imaging of lateral malleolar
fractures. In two thirds of the injured syndesmosis, device malpositioning, and malreduction were detected in CT scan.

Conclusion: Despite acceptable postoperative x-rays, a considerable number of patients with ankle fractures had
inappropriate reduction or undesirable findings in their postoperative CT scan. It seems necessary to use CT scan after
ORIF of ankle fractures in order to examine the accuracy of reduction. Further validation of postoperative CT scan in
ankle fracture surgery should be investigated.

Level of evidence: |V
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Introduction
nkle injury is one of the most common injuries
Aamong sport-related injuries. Ankle fracture has
a prevalence of approximately 174 per 100,000
people per year (1). It has been reported to account for
approximately 6.7% to 10% of all fractures (2, 3). The
high prevalence of these fractures and consequences of
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inappropriate treatment necessitates the use of the most
reliable and efficacious treatment techniques. At present,
open reduction and internal fixation (ORIF) using various
implants such as plate, screws, or cerclage is considered
the most acceptable treatment method (4, 5). ORIF
provides the surgeon with direct visuals of the fracture
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site and quality of reduction. The goals of ankle fracture
surgery include restoration of anatomy and stability
for early movement, complete functional recovery and
prevention of posttraumatic osteoarthritis (0OA) (6). It
has been reported that post injury complications such
as posttraumatic OA and chronic pain can be occurred
either with or without malreduction (7, 8). Congruency of
the joint surfaces should be carefully evaluated when the
components are anatomically reduced and stable. One of
the most significant problems with ankle fracture is that
even if postoperative radiographies (x-rays) indicate an
anatomical reduction, it does not necessarily indicate
good clinical and functional outcomes (9). It has been
suggested that the undetectable death of chondrocytes
from trauma and osteochondral injuries could be
responsible for the poor outcomes (10). Furthermore,
some previous studies have demonstrated that
radiologic assessments are not accurate enough to detect
malreduction or other problems after ORIF of ankle
fractures, especially in the case of syndesmosis injuries
(11-16). Since plain radiography does not provide axial
view, it is likely that does not reflect necessarily the
actual circumstances of the joints and fracture site. For
a variety of reasons including high availability and low cost
plain radiography is currently the most prevalent technique of
assessing the reduction and implant positioning after various
orthopedic surgeries. However, there are some limitations that
need to be addressed. For example, swelling and postoperative
pain can influence proper limb positioning during radiography
and greatly reduce the patient’s ability to interact (11).
Measurement of medial clear space may be affected by the
degree of axial rotation of the limb, image magnification, and
ankle plantar flexion (17-20). On the other hand, CT scan has
advantages that greatly increase the ability of surgeons in post-
surgical investigations. Several studies have demonstrated
superior diagnostic efficacy of CT images in various fractures
before and after surgery (21, 22). Currently, there are limited
studies that compared the efficacy of plain radiography and
CT scan in detecting malreduction after ORIF of ankle fracture
(11, 13-15). In the current study, the diagnostic efficacy of
postoperative plain radiography was compared to CT scanning
in detecting malreduction or other problems in patients with
ankle fractures with or without syndesmosis injury.

Materials and Methods

In current prospective study, patients underwent
ORIF for treatment of ankle fractures (medial malleolar,
lateral malleolar, posterior malleolar, bi- or trimalleolar
fracture) with or without syndesmosis injury during
2016 and 2017 were evaluated. Before the study, patients
got familiar with the methods and objectives of the
study and signed an informed consent. All patients were
treated in Akhtar hospital, Shahid Beheshti University of
Medical Sciences, Tehran, Iran. Patients with anatomical
or acceptable post-operative reduction according to the
standard radiologic measurements were included in
the study. Cases with obvious malreduction on standard
postoperative radiographies were not enrolled in the
study. Furthermore pilon, open, pathologic, and physical
fractures as well as patients with a history of previous
ankle fracture or osteoarthritis on the same ankle
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Figure 1. Examining method for presence of anteroposterior
subluxation and diastasis in syndesmaosis. (23).

were excluded. After initial physical examinations and
radiologic assay, the eligible patients underwent ORIF
surgery. The surgical technique and type of implant were
selected based on the location and type of injury. All steps
of surgeries were done under fluoroscopic imaging with
anteroposterior, lateral, and mortis view. Postoperatively,
the limb was immobilized in a short leg splint. On the
second postoperative day, radiologic studies in standard
ankle views were done. The criteria for acceptable
reduction on x-rays included step-off of joint surfaces
<2 mm, displacement of fragments <2 mm, medial clear
space <4 mm, no disruption in ball sign (fibular length),
tibiofibular overlap >5 mm on anteroposterior view, no
talar tilt, no osteochondral loose body or missed fracture,
congruency of the ankle mortise and no malpositioned
implant. If reduction was either optimal or acceptable
according to the radiographic measurements, the patient
was referred for CT scanning. CT scan was performed
on three axial, coronal, and sagittal planes with 2 mm
thickness. The criteria for acceptable reduction on CT
images were exactly the same as x-ray. Furthermore,
presence of malrotation or subluxation in syndesmosis
and the position of syndesmosis screw were investigated
on axial CT images [Figure 1-3] (23, 24). For detecting any
malreduction of syndesmosis, line A was drawn along the
most lateral aspect of the anterior and posterior tubercles
of the incisura fibularis. line B was drawn perpendicular
to line A at the anterior tubercle. Lateral displacement of
fibula more than 2 mm relative to line A was considered
as diastasis of syndesmosis. Fibula displacement more
than 2 mm relative to line B toward either anterior or
posterior was considered as syndesmosis subluxation
[Figure 1] (23). Any malrotation was diagnosed with
more than 2 mm differences between the lines drawn
from the center of distal tibia to anterior and posterior
parts of fibula [Figure 2] (24). All measurements were
made 10 mm proximal to the tibial plafond and parallel
to the tibial side of ankle joint on the axial plane of CT
scan. The results were recorded based on the type and
location of injury and statically analyzed.
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Figure 2. Examining method for presence of malrotation in
syndesmosis (24).

Results

In total, 73 patients with ankle fracture were
investigated. Twenty-nine patients were excluded due
to unacceptable postoperative x-rays or presence of
exclusion criteria and the study was completed with
a total of 44 patients (25 males and 19 females). The
patients aged 41.2+9.1 (Range: 23-57). Figure 4 shows
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Figure 4. The incidence of mechanism of injury (SER: supination
external rotation, SAD: supination adduction, PER: pronation
external rotation ).
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Figure 3. Examining method for syndesmosis screw position.

the incidence of mechanism of injury in patients. As
expected, the most prevalent mechanism of ankle
fracture was supination external rotation. The frequency
of location of injury is shown in Figure 5 and the number
of injuries per patient is shown in Figure 6. Although all
patients had acceptable reduction on x-rays, CT images
revealed reduction problems in 25 patients (56.8%). In
other words, the reduction was only acceptable in 19
(43.2%) patients based on the CT findings. The most
common abnormal CT finding was malreduction in
17 patients followed by implant malpositioning in 16
patients [Figure 7]. All the 12 cases with malposition
of syndesmosis screw led to malrotatoin of fibula in
incisura. The incidence of abnormal CT findings based
on the location of the injury is shown in Figure 8. The
number of parameters includes isolated and combined
injuries. No abnormal CT scan findings was in lateral
malleolus fractures either isolated or combined with
other injuries while in medial malleolus, CT scan showed
abnormal findings in eight patients (malreduction in six
patients and device malpositioning in four patients). In
other words, malreduction and device malpositioning
were present in two patients, concurrently. Twelve
patientes among eighteen cases with syndesmosis
injury have malreduction or device malpositioning (five
malreduction and 12 device malpositiong). One-third of
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Figure 5. The frequency of injury location.
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Figure 6. The frequency of injuries in patients.
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Figure 7. The incidence of abnormal CT findings.

40
31 2959
18 18
5 13 H total
Ii no finding
6 .
I m malreduction
m device malpositioning
(9
b.(({b \‘®’b &®'b *Qbe
& NG 4 S
< N

Figure 8. The incidence of abnormal CT findings in different injury location.



(602)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 8. NUMBER 5. SEPTEMBER 2020

patients with posterior malleolar fractures suffered from
malreduction.

Discussion

Considering the need for anatomical reduction of
ankle fractures for proper functioning of patients’ and
prevention of subsequent complications, it is clear that
finding an appropriate technique for evaluation of ankle
fracture surgery is very important. On the other hand, it
seems that radiography, despite being an easy, fast, and
accessible technique, does not have the required efficacy
to evaluate diastasis and malreduction of syndesmosis,
especially after surgery (11-16, 25). Post-operative
radiography has several limitations including improper
limb position due to post operation pain or inappropriate
splint position and magnification of imaging which affect
the radiographic measurements. Especially excessive
axial rotation and plantar flexion of ankle affect the
radiographic parameters. Furthermore low visual
quality of studies occurs because of soft tissue swelling
and splint materials (11, 17-20). In cases where lateral
malleolus is fixed with a plate, posterior malleolus cannot
be observed in simple radiography. Fluoroscopic imaging
during surgery has the same limitations such as lack of
axial view and being disturbed by limb or x-ray beam
rotation. Simple radiographic constraints make the task
much more complicated when reduction of syndesmosis
is examined owing to the fact that there are currently no
specific quantitative parameters for the investigation and
detection of tibiofibular joint syndesmosis instability,
and therefore requires more clinical studies on a large
number of samples (26-28). In a study about detecting
malreduction of tibiofibular syndesmosis in 25 cases of
ankle fracture with syndesmotic instability, the patients
were investigated by post operation standard ankle
radiographies and ankle CT scanning. Post-operative
CT scan revealed syndesmosis malreduction in 13
cases (%56) which were not detected in post-operative
radiologic studies. Excessive internal rotation of fibula
in incisura fibularis was the most abnormal finding in
those cases. The authors calculated a sensitivity of %31
and specificity of %83 for post-operative radiographic
studies. They concluded that post operation radiologic
parameters are not accurate enough for detecting
syndesmosis malreduction (13). Sagi et al. found
that 39% of patients had malreduction after surgery
(compared to the CT scan of the opposite limb) and
stated that surgeons should carry out CT scan on both
the damaged and healthy sides after reduction. They
also stated that syndesmosis of both sides should be
compared with each other (16). In confirmation of the
recommendation of Sagi et al, we can mention two
studies of Dikos and Mukhopadhyay (27, 28). Dikos et al.
investigated the properties of normal syndesmosis in tCT
scan and stated that due to many individual differences,
using CT scan is the best option for examination of
syndesmosis (27). Mukhopadhyay et al. stated that use
of 2 mm criterion (the difference in distance between
the anterior and posterior folds incisura and fibula) is
not a reliable and feasible technique in all patients. They
recommended that each individual should be examined
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separately (28). However, it should be noted that this can
expose patients to ionizing radiation and as such may
not be used in the clinic. These harmonious results, as
well as lack of sufficient studies prompted the present
study on the accuracy and efficacy of simple radiography
in the diagnosis of malreduction after ORIF of the ankle
fracture. In fact, considering the cost and complexities of
CT, we aimed to ascertain whether it was necessary to use
it after the ankle reduction or not. This is in variance with
the goals of the study conducted by Gardner et al. (13)
and Sagi et al. (16). In addition to syndesmosis, reduction
of other ankle sections was also examined.

In the current study, it has been well established that
simple radiography after ORIF of ankle fracture cannot
show problems of reduction and residual damages. In the
current study, nearly 57% of patients had malreduction
or problems that were not visible in simple radiography.
The most significant complication in patients subjected
to CT scan was malreduction and device malpositioning;
the second complication was significantly common in
syndesmosis damages. Malreduction was observed
in syndesmosis and posterior malleolus fracture.
However, simple radiography was feasible and reliable
in evaluating lateral malleolus fracture fixation. In some
previous studies, results that are in consonance with our
results have been obtained. For example, Chen et al. in
a study of 168 patients in 2015, stated that the overall
interobserver and intraobserver agreements in CT
scan after surgery were significantly better than simple
radiography. In addition, they stated that CT allowed
detection of the left articular step, displacement of parts
and undesirable internal fixation after ORIF of ankle
fracture better than simple radiography (11). In another
study by Palmanovich et al. in 2016, 29% of patients
undergoing CT scan after anesthetic fracture surgery,
experienced revision surgery during the first week after
surgery. In the CT scan of these patients, there were
syndesmosis malreduction, malreduction of the posterior
lip, and intra-articular parts, while there was no issue
with the outcomes of simple radiography (15). CT has
the benefits of more accurate examination of damages.
For example, CT scans can be employed to evaluate tibial
plafond. In addition, with CT, we can scrutinize implant
and bone status. CT scan shows very small movements
of fractures, articular displacement of pilon fracture,
and size of posterior malleolus fractures in conditions of
subcortical damages. Using CT, it is possible to observe
some areas that cannot be seen in simple radiography, as
well as assessing the reduction of syndesmosis (29-32).
Artifacts caused by metallic implants in CT scan can be
very problematic and reduce the quality of the image (11)
and requires more precision at imaging time. One of the
important issues in the evaluation of syndesmosis with
CT is that there are no acceptable numerical criteria for
determining its malreduction or subluxation. To resolve
these issues, we used methods proposed by Phisitkul et
al. (23) and Tang et al. (24) which were briefly explained
in the materials and methods section. It is clear that the
diagnostic value of these techniques needs to be further
examined; however, since there is inadequate information
in this field, we used these two methods.
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Regarding to the materials and results of this study, it
seems that the use of fluoroscopy with dynamic mode
instead of standard anteroposterior and lateral views at
the time of ORIF of ankle fractures can be very important
and efficacious in obtaining suitable and sufficient
reduction. Since syndesmosis damages are not reduced
properly and correctly in many patients, researchers
have recommended that the joint should be opened
surgically. Additionally, it is necessary to perform routine
CT scan after surgery in patients with ankle injury, so that
revision surgeries can be taken in cases where serious
issues or malreduction is of paramount importance.
Like other studies, the current study had limitations.
Although some studies have suggested that the best way
to evaluate syndesmosis is CT of the healthy side; we did
not do this for ethical reasons and cost saving. Lastly, the
number of patients in this study was not enough; more
patients should be examined in subsequent studies.

The results of this study showed that simple radiography
after ORIF of the ankle fracture with or without
syndesmosis injury does not have the desired efficacy
in diagnosing malreduction and other surgical problems
such as device malpositioning. It seems necessary to
use CT scan after ORIF of ankle fractures in order to
examine the accuracy of reduction. Further validation of
postoperative CT scan in ankle fracture surgery should
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be investigated.
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