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ABSTRACT

Introduction: Acute ankle sprains are a common type of musculoskeletal injury. With the increased popularity of MRI post-ankle
sprain, more cases of bone marrow edema or bone bruise are detected. This is a subchondral osseous fracture of the cancellous
microarchitecture with accompanied local hemorrhage and edema. This study aims to analyze if the presence of ankle ligament in-
jury presents any significant statistical relation with the specific location. Materials and Methods: We reviewed 50 MRI performed
during 2015-2018 for patients who reported ankle pain and signs of instability. Two different radiologists evaluated the series. Bone
marrow edema location and specific ligament lesions were contrasted to find possible associations. Chi-Square was used to ana-
lyze the differences. Results: The anterior talofibular ligament was the most commonly injured ligament (84%). CFL injury occurred
in 27 cases (54%). There were no differences between the presence of bone marrow edema and the ligament injured after an ankle
sprain (p>0.05). Overall, the most common location of bone marrow edema was the head and neck of the talus (64%). There was
no statistical relationship between bone marrow edema location and the injured ligament (p>0.05). Conclusion: Bone marrow
edema is a frequent finding after a ligament injury following ankle sprains. However, this finding is not directly related to a specific
location of the injured ligament. The location of bone marrow edema is not related to specific ligament injuries. MRI findings of bone
marrow edema must not change the management of patients with acute ankle sprains.
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Edema 6seo secundario a lesiones ligamentarias de tobillo. Hallazgos en las imagenes de resonancia mag-
nética

RESUMEN

Introduccién: El esguince agudo de tobillo es una de las lesiones musculoesqueléticas mas frecuentes. Su creciente estudio con
resonancia magnética ha llevado a una mayor deteccion de edema éseo. El edema 6seo por contusion consiste en una fractura
6sea subcondral microtrabecular del hueso esponjoso junto con hemorragia local y edema. El objetivo de este estudio fue analizar
una posible relacién estadistica entre la lesion ligamentaria de tobillo y la localizacion del edema éseo. Materiales y Métodos:
Entre 2016, 2018, se analizaron 50 resonancias de pacientes con diagndstico clinico de esguince sin lesién dsea en la radiografia.
Dos radiélogos independientes analizaron las secuencias T1y T2 en los planos coronal, axial y sagital. Se compard la localizacion
del edema 6seo y las lesiones ligamentarias con el fin de encontrar posibles asociaciones. Resultados: No hubo diferencias en
la presencia del edema 6seo en relacion con el ligamento lesionado como consecuencia de un esguince de tobillo (p >0,05). En
general, el edema dseo fue mas frecuente en la cabeza y el cuello del astragalo (64%). No se hallé una relacién estadistica entre
la localizacion del edema éseo y el ligamento lesionado (p >0,05). Conclusiones: El edema 6seo es un hallazgo frecuente en la
resonancia magnética después de una lesion ligamentaria a causa de esguinces de tobillo; sin embargo, no hay evidencia de una
relacion entre la localizacion del edema y el ligamento lesionado.
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INTRODUCTION

Ankle sprain is a very frequent injury, which is observed in the daily traumatology practice, both in the ER and
in outpatient appointments. Different studies in the United States and in Europe have found that 30% of injuries
in athletes are ankle sprains. The most common clinical picture is pain in the lateral part of the ankle and instabil-
ity after plantar flexion and inversion.! There is consensus on the description of ankle sprain as the injury of the
ligaments that are part of said joint. It can range from a contusion, in which case the signs and symptoms can be
simply limited to pain and regional edema, to a total rupture of one or more components, which causes a more
varied symptomatology in the acute phase.

The lateral ligamentous complex of the ankle is formed by the anterior talofibular ligament (ATFL), the calca-
neofibular ligament (CFL) and the posterior talofibular ligament (PTFL). Generally, there is a 120° angle between
the ATFL and the CFL. In an acute ankle sprain, the ATFL tends to be the most affected, followed by the CFL. The
PTFL is the strongest and, consequently, the one less likely to rupture. Moreover, this ligament is favored by the
kinematics of trauma, which is directed from the anterior side to the posterior side. Therefore, the isolated lesion
of this ligament in ankle sprains is rare.

Systematic reviews have shown persistence of pain and instability in 5-33% of patients after conservative treat-
ment. 34% of patients indicated at least one recurrent sprain and 15-64%, only partial recovery of the primary
lesion.”

Likewise, it is fundamental to note the lesions that are associated with lateral ankle sprain, such as peroneal
tendon tearing, osteochondral lesions or intra-articular loose bodies, which can cause chronic manifestations if not
treated appropriately. Although an occult osteochondral defect can be detected in a magnetic resonance (MRI), its
size and extension can be overestimated due to the amount of bone marrow edema surrounding the injury. For this
reason, this study must be complemented by computed tomography (CT scan). These lesions can be identified in
the MRI, but this is a less available type of study, due to its cost and lack of accessibility, or due to administrative
reasons; for example, the fact that it is not covered under many health insurance plans.

It is a known fact that most of these patients obtain good results with strong physical therapy protocols, ad-
equately implemented with aggressive proprioceptive training.

One of the issues to be considered is that immobilization lasting 4-6 weeks may cause rigidity in the ankle joint,
thus aggravating the situation.

Frey et al. have shown that an adequate physical examination can diagnose grade III injuries with 100% preci-
sion. This percentage is significantly lower for grade I and II injuries.> Moreover, associated conditions are under-
diagnosed.

For this reason, varus-valgus stress radiographs and drawer tests in 20° and 0° of plantar flexion are fundamental
for the functional evaluation of the ATFL and the CFL, respectively.

In some cases, there may be deltoid ligament attenuation. It is also very important to perform the talar tilt test
during physical examination, even though it is less frequent in patients with lateral ankle sprain.

Ramsey and Hamilton have found that, with a lateral displacement of 2 mm, tibiofibular contact is reduced by
42%. This can explain post-traumatic arthritis and highlights the importance of a prompt diagnosis in order to
prevent possible complications. When the physical examination is not enough to diagnose an acute lateral ankle
sprain, the most frequent option is the MRI. Diagnostic accuracy of ATFL tearing was 91.7%; of CFL tearing,
87.5% and of osteochondral lesions, 83.3%. Sensitivity was low, especially for CFL tears; thus, the false negative
rate is high.*

A literature analysis reveals a controversial issue surrounding the finding of bone marrow edema in MRI at the
insertion sites of the lateral ankle ligaments (ATFL, CFL, PTFL), and its role as an additional diagnostic indicator
to start an appropriate treatment of acute ankle sprains (Figura 1). Likewise, it is important to pay attention to false
negatives in MRI; however, if bone marrow edema is present, this must be considered a red flag for ATFL and CFL
attenuation.®

For this reason, it is of utmost importance to find if there is a clinical/radiological correlation and, conse-
quently, conduct therapeutic management accordingly. The aim of this study was to evaluate the relationship
between the presence of bone marrow edema and specific ligament lesions after an ankle sprain. We attempted
to analyze the connection between bone marrow edema, identified by MRI, and ankle ligament lesions in spe-
cific locations.
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Figure 1. Post-traumatic bone marrow edema in the talar neck and head.

MATERIALS AND METHODS

50 magnetic resonances were analyzed. They had been performed between 2016 and 2018 in patients with a
clinical diagnosis of ankle sprain, with pain or signs of instability, without bone injury present in radiographs.
Average age was 24 + 10.7 years (15-64 range). Ten patients were women and 20, men.

The MRIs were performed, on average, 23 + 39.8 days after trauma (3-210 range). Two independent radiologists
evaluated the T1-weighted and T2-weighted images in the coronal, axial and sagittal planes, in search of character-
istics of: 1) ATFL, 2) CFL, 3) PTFL and 4) deltoid ligament (DL). The presence of bone marrow edema was also
evaluated, and its location was defined according to the following areas: a) medial talar dome, b) lateral talar dome,
c) talar body, d) talar neck and head, e) medial malleolus, f) lateral malleolus, g) posterior malleolus, h) calcaneus.
With these data, an analysis of these parameters was conducted.

Patients with a history of ligament or osteochondral lesions or those with chronic ligamentous laxity were ex-
cluded.

SPSS 20 software was used for the statistical analysis. A significant statistical relation between bone marrow
edema and a specific ligament lesion location was analyzed. Chi-square test was conducted.

RESULTS

According to the 50 analyzed MRI, the ATFL was the most affected by injuries (42 cases, 84%). In 55%, the
lesion was total and, in 26%, partial. ATFL lesion was frequently associated with a simultaneous lesion in another
ligament. In only five cases the lesion was isolated and, in three of them (60%), the edema was on the talar head
and neck, without a clearly defined pattern.

A lesion of the CFL was observed in 27 cases (54%); in 63% it was partial and, in 37%, total. There were no
detected cases of isolated lesions of the CFL. In 14 of the cases (52%), the lesion of the CFL was associated with
a lesion of the DL. When the lesion was double (CFL plus ATFL), bone marrow edema appeared in the talar body
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(12 patients, 24%) and in the talar head and neck (9 patients, 18%). However, there were eight cases of triple liga-
ment lesion (CFL plus ATFL plus DL); bone marrow edema was very frequently detected in the talar body, head
or neck, but also in the medial (4 cases) and lateral (2 cases) malleolus.

Only one patient had a complete lesion of the lateral ligament complex (ATFL plus CFL plus PTFL plus DL). In
this case, bone marrow edema was detected in the talar head and medial malleolus.

Twenty-five patients (50%) had a lesion of the DL. There was only one case of total lesion. 24 partial lesions
were detected: 18 occurred with the lesions of the ATFL and the CFL and, in the six remaining cases, only with
the ATFL.

The most frequent location of bone marrow edema was the talar neck and head (32 patients, 64%), commonly
when MRI showed a lateral or medial injury (15 cases, 30%). The second most frequent location was the talar body
(20 patients, 40%) (Figure 2).

Figure 2. Post-traumatic bone marrow edema in the talar body and the calcaneus.

30% and 40% of the cases had edema in the medial or lateral malleolus, respectively, and it was even more fre-
quent when two or more ligaments were injured.

Talar dome edema was detected in 15 cases (30%), it was more frequent in the medial area (13 cases, 26%); and
lateral talar dome edema was detected in four cases. The talar dome edema did not develop with a clearly defined
pattern according to the type of injury.

No statistical relation was found between the location of bone marrow edema and the injured ligament (p >0,05).

DISCUSSION

This study mainly included patients who suffered ankle sprains as a consequence of contact sports, especially
basketball. The most commonly observed injury mechanism is the combination of plantar flexion and inversion,
although other combinations are also detected, which provoke combined injuries of the medial complex, the syn-
desmosis and the subtalar joint. Partial injury tends to be the most common and, in all cases, associated with
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traumatic bone marrow edema. It is important to highlight that, as it was expected, our study detected more cases
of bone marrow edema by MRI than by the sole use of radiography. Even more relevant was the finding of cases
of bone marrow edema without ligament lesion. All of this leads to the conclusion that MRI is a more sensitive
technique and allows to detect bone marrow edema even if there is no ligament lesion, something worth noting, for
it can justify pain even if there is no fracture or sprain.

It is important to highlight that there are different ways of visualizing alterations in the MRI. Bone injuries ap-
pear hypointense in the T1-weighted sequence, whereas edema or hemorrhage are detected as isointense images.
In the T2-weighted sequence, bone injuries are visualized as areas of heterogeneous signal intensity, whereas
edema or hemorrhages appear as hyperintense images. This enables the confirmation of the presence of bone mar-
row edema and its possible association to fractures without further difficulty.’

In the MRI, the presence of linear and geographical lesions suggests a more localized injury, which can even
compromise the adjacent cartilage. Occult injuries of the cartilage cannot be detected by MRI. This could be
the reason behind pain in a patient without ligament injury or fracture. More studies are needed to clarify this
topic.

Mink and Deutsch divide occult bone injuries into four categories: traumatic bone marrow edema, fatigue frac-
ture, tibial and femoral fractures, and osteochondral fractures.® For future research, the association of this classifi-
cation to clinical variables would be useful.

For our aim in particular, when we analyzed the relation between the pattern of ligament lesions and traumatic
bone marrow edema, we did not find a clear pattern or a specific constant in the distribution of bone marrow edema
in ankle sprains. The results confirm the conclusions of Labovitz et al., who published similar results and con-
cluded that it is not easy to establish a relation between ligament lesions of the ankle and the presence of traumatic
bone marrow edema. Likewise, traumatic bone marrow edema without ligament lesions or fractures leads us to
think it is a poorly specific radiological sign.’

The literature supports conservative management as the first choice for grade I and II ankle sprains. If our results
are taken into account, this management still stands, and, in this type of injury, detecting bone marrow edema in
MRI is of no use.

This treatment is associated with good outcomes; however, if it is not properly done, sequelae may appear in
the long term. The RICE (Rest, Ice, Compression, Elevation) method seems to be enough until inflammation and
soft tissue edema diminish, followed by deambulation with total or partial body weight bearing, according to the
patient’s tolerance to pain. In this context, it would be advisable to associate rehabilitation with a physiotherapist
to diminish the possibility of sequelae.'

The most frequent cause of the injuries is forced inversion during sporting activities, falls or traffic accidents.
Moreover, the eversion and abduction of the foot are usually associated to another injury in another ligament or
tendon, and traumatic bone edema has been described as an indirect sign of the ligament lesion.*!''!*

This study has certain limitations, for it is a retrospective analysis, exclusively centered on ligament lesions and
traumatic bone marrow edema; that is, caused by rotation, varus, valgus or combined impacts. Follow-up was ad-
equate and superior to 90%. Some patients underwent a second MRI in order to analyze the traumatic bone marrow
edema. Since a limited number of patients were evaluated and the primary analysis did not show any usefulness, it
is not correct or useful to draw conclusions on this second study.

CONCLUSIONS

Bone marrow edema is common after a ligament lesion following an ankle sprain. However, the anatomical
location of bone marrow edema is not directly related to a specific location of the injured ligament. The presence
of bone marrow edema in an MRI must not imply a change in the treatment of patients with acute ankle sprain.
Nevertheless, MRI is still an extremely useful tool to detect related injuries.
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