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Background: The deltoid ligament is a complex structure composed of multiple ligaments located on the
medial side of the ankle joint that can be injured by ankle sprains. Although there have been previous
reports on ultrasound imaging of the injured deltoid ligament, a systematic method for depicting each
ligament component has not been established. This study aimed to clarify the ultrasound findings of the
deltoid ligament in ankle sprains using a systematic scanning protocol.
Methods: We examined the tenderness of the medial ankle and evaluated the ultrasound findings of the
deltoid ligament in 169 sprained ankles with no fracture, within 3 days after injury. Observation and
evaluation of the six components of the deltoid ligament were performed using a systematic scanning
protocol with four probe positions.
Results: Of the 169 ankles, 48 ankles had tenderness in the deltoid ligament. Ultrasonography confirmed
deltoid ligament damage in 13 of these 48 ankles. Of the 13 ankles, 3 ankles had damages only in the
superficial layer, 3 ankles only in the deep layer, and 7 ankles in both the superficial and deep layers.
Conclusions: We clarified the details of the damage pattern of the deltoid ligament in acute ankle sprains.
It was possible to identify the superficial and deep layers of the ligament and to observe the damage
pattern of each ligament component in detail, and it appeared that ultrasonography could be used as a
tool to evaluate the damage pattern of the deltoid ligament in acute ankle sprains.
© 2022 The Authors. Published by Elsevier B.V. on behalf of The Japanese Orthopaedic Association. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

The deltoid ligament is a complex structure composed of mul-
tiple ligaments located on the medial side of the ankle joint [1]. The
deltoid ligament is composed of superficial and deep components,
each of which has multiple ligamentous components [1,2]. The
superficial layer includes the tibionavicular ligament (TNL), tibio-
spring ligament (TSL), tibiocalcaneal ligament (TCL), and superficial
posterior tibiotalar ligament (SPTL) [1]. The deep layer includes the
deep anterior tibiotalar ligament (DATL) and deep posterior tibio-
talar ligament (DPTL) [1] (Fig. 1).
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Ankle sprains are the most common type of injury in the sports
population, account for a high percentage of all injuries [3e5].
Although deltoid ligament injuries are not as common as lateral
ligament injuries in ankle sprains, they cause time loss and
disability [6,7].

There have been several reports on the ultrasound scanning of
the deltoid ligament, including both normal and injured [8e17].
However, the position of the probe for scanning the deltoid liga-
ment has not been systematized; therefore, ultrasound findings of
the deltoid ligament seem to be inconsistent from report to report.
This study, therefore, aimed to clarify the details of the ultrasound
findings of the injury morphology of the deltoid ligament in acute
ankle sprains using a systematic scanning protocol.

2. Materials and methods

Overall, 310 patients (310 ankles) visited the authors' outpatient
clinic between April 2018 and April 2021 with a chief complaint of
ankle pain caused by ankle sprain. The patients’ mean age was 23
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Fig. 1. The deltoid ligament components. The superficial layer: (1) the tibionavicular ligament, (2) tibiospring ligament, (3) tibiocalcaneal ligament, and (4) superficial posterior
tibiotalar ligament. The deep layer: (5) the deep anterior tibiotalar ligament and (6) deep posterior tibiotalar ligament.
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(range 5e87) years, and the mean time between injury and
consultation was 8 (range 0e56) days. The mechanisms of ankle
sprain according to patient reports were supination sprain in 169
patients, pronation sprain in 30 patients, and unknown in 111
patients.

Of the 310 patients, 10 patients who were promptly operated on
for ankle fracture and 131 patients with a time interval between
injury and consultation of more than 4 days were excluded. A
retrospective review of medical records and ultrasonographic
findings was performed on the remaining 169 patients (169 ankles)
who did not have fractures and were examined within 3 days of
injury.
2.1. Tenderness of the deltoid ligament

To evaluate the medial ankle pain, the deltoid ligament was
considered painful if tenderness was observed in any part of the
area bounded by the anterior and posterior colliculus of the medial
malleolus, tubercle of the navicular, sustentaculum tali of the
calcaneus, and posteromedial talar tubercle (Fig. 2).
2.2. Ultrasonographic scanning method

For ultrasound evaluation of the deltoid ligament, the location
and size of the attachment of each ligament were determined ac-
cording to the report by Campbell et al. [1] Because the DPTL is the
broadest ligament with the largest area of attachment on both the
tibial and talar sides among all the components [1], the DPTL was
divided into anterior and posterior sections for ultrasonographic
scans. Ultrasound examinationswere performedwith the ankle in a
neutral position except for the most posterior scanning area. The
Fig. 2. Bony landmarks. (1) Posterior colliculus of the medial malleolus, (2) anterior collicu
calcaneus, and (5) posteromedial talar tubercle.
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systematic scanning method for each ligament component is as
follows:

1. Tibionavicular ligament

The probe was placed on the line connecting the anterior col-
liculus of the medial malleolus to the slightly dorsal aspect of the
navicular tubercle in order to depict the ligamentous component
from the surface of the medial malleolus to the navicular tubercle
(Fig. 3A and B).

2. Tibiospring ligament and deep anterior tibiotalar ligament

The probe was placed on the line connecting the anterior col-
liculus and the sustentaculum tali of the calcaneus, and the calca-
neal side of the probe was rotated in the distal direction using the
tibial side of the probe as the fulcrum. The width of rotation should
be one-third of the distance between the sustentaculum tali of the
calcaneus and the tubercle of the navicular. The TSL, which starts
from the surface of the medial malleolus, passes over the talus, and
stops at the spring ligament instead of the bone, can be visualized.
In the deep layer of the TSL, the DATL from the medial malleolus to
the talus can be seen (Fig. 3C and D).

3. Tibiocalcaneal ligament and anterior section of the deep
posterior tibiotalar ligament

The probe was placed on the line connecting the anterior col-
liculus of the medial malleolus and the sustentaculum tali of the
calcaneus. The TCL, which starts from the surface of the medial
malleolus and stops at the sustentaculum tali, was visualized.
Anterior section of the deep posterior tibiotalar ligament (aDPTL)
lus of the medial malleolus, (3) tubercle of the navicular, (4) sustentaculum tali of the



Fig. 3. Probe positions and ultrasound findings. (A,B) Tibionavicular ligament. (C,D) Tibiospring ligament and deep anterior tibiotalar ligament. (E,F) Tibiocalcaneal ligament and
anterior section of deep posterior tibiotalar ligament. (G,H) Superficial posterior tibiotalar ligament and posterior section of the deep posterior tibiotalar ligament.

Fig. 4. (A) Schematic diagram of the cross-sectional view of the deltoid ligament. (B) The ellipses filled in black indicate a damaged ligament component and white indicate a
normal ligament.
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from the medial malleolus to the talus was also visualized in the
deep layer (Fig. 3E and F).

4. Superficial posterior tibiotalar ligament and posterior sec-
tion of the deep posterior tibiotalar ligament

The probe was placed on the line connecting the posterior col-
liculus of the medial malleolus and the posteromedial talar tuber-
cle. In the neutral position, the ligament is loosened [18] and the
ligamentous portion is hypoechoic on the ultrasound image. The
probe was therefore placed in the dorsiflexed ankle position to
ensure the pain was tolerable and to tense the ligament and in-
crease its visibility in the ultrasound image. The SPTL, starting from
the shallow part of the posterior colliculus and stopping at the
posteromedial talar tubercle, and the posterior section of the deep
posterior tibiotalar ligament (pDPTL) from the deep part of the
posterior colliculus to the rising part of the posteromedial talar
tubercle were visualized (Fig. 3G and H).

The results of the ultrasound findings described above were
reviewed in cases with tenderness in the deltoid ligament. The
ultrasound findings of the deltoid ligament with loss of fibrillar
pattern or disruption of ligamentous structures were considered
ligamentous injuries [8].

Evaluation of tenderness, ultrasonography, and image reading
were performed by an orthopedic surgeon with more than 5 years
of experience in musculoskeletal ultrasonography. The ultrasound
equipment used in this study was a SONIMAGE HS1 with a linear
probe L11-3 (Konica Minolta, Tokyo, Japan). This study was con-
ducted with the consent of all patients and relevant persons in
accordance with the Declaration of Helsinki, and approved by the
ethics committee to which the authors belong.

3. Results

Of the 169 ankles that did not show ankle fractures and were
examined within 3 days of injury, 48 ankles showed tenderness
in the deltoid ligament area. Of these 48 ankles, there were 13
ankles with ultrasound findings indicating damage to the deltoid
ligament, 4 with supination sprains, and 9 with pronation
sprains.

Of the 13 ankles, 3 ankles had damages only in the superficial
layer, 3 ankles only in the deep layer, and 7 ankles in both the su-
perficial and deep layers (Fig. 4). Ultrasound images of represen-
tative cases are shown in Fig. 5.

4. Discussion

In this study, we investigated the details of the ultrasound
findings of the injury morphology of the deltoid ligament in acute
ankle sprains using a systematic scanning protocol. Of the 169
ankle sprains examined within 3 days of injury, 13 cases had
abnormal ultrasound findings of the deltoid ligament and were
considered to be injured. In 3 of the 13 ankle sprains, only the
deep component was injured without any damage to the super-
ficial layer.

The systematic scanning protocol for the deltoid ligament used
in this study was based on four probe positions focusing on bony
landmarks on the medial side of the ankle to delineate each liga-
ment component. Several previous studies have reported on ul-
trasound imaging of the deltoid ligament [8e17]. However, many of
them did not seem to have sufficient details on how to position the
probe or which ligament components were depicted. Hung et al.
and Omodani presented high-resolution ultrasound images of a
normal deltoid ligament with four probe positions [19,20]. On the
4

other hand, this study is unique in that the angle and position of the
probe in relation to the medial side of the ankle are clearly shown
using a diagram, and ultrasound images of the cases with ankle
sprains are presented.

Of the 169 ankle sprains examined within 3 days of injury, 13
(8%) showed abnormal ultrasound findings of the deltoid liga-
ment and were considered to be injured. The first 3 days after
the occurrence of a ligament injury constitute an inflammatory
phase which is followed by a proliferative phase [21]. Therefore,
by including only patients examined within 3 days after injury,
we were able to observe the state of injury before the ligament
healed. The evaluation of the deltoid ligament injury using ul-
trasound for ankle trauma has been reported in ankle fractures
[12,15,16]. Rosa et al. performed ultrasonography on 81 ankles
with lateral malleolus fractures and reported that 64 ankles
(79.0%) showed damage to the deltoid ligament [16]. The lower
prevalence of the deltoid ligament injuries in this study
compared with that in the previous study may be due to the
exclusion of fracture cases from our study. The lateral malleolus
is considered to be one of the important factors that stabilize
the talus motion [22]. Because the lateral malleolus was pre-
served in the subjects of this study, there would be relatively
little movement of the talus associated with the sprain, which
may have resulted in fewer cases of injury to the deltoid
ligament.

In 3 of the 13 ankles with deltoid ligament injuries, only the
deep layer of the ligament was injured without any damage to the
superficial layer. Previous studies have reported that there are pa-
thologies in which only the deep layer of the deltoid ligament is
damaged [23e25]. Jeong et al. reported that, in magnetic resonance
imaging (MRI) findings of 36 ankles with trauma including fracture,
4 ankles (11.1%) showed only deep layer injury of the deltoid liga-
ment [23]. From this study, it was found that ultrasound images can
also identify damage only in the deep component.

There are several limitations to this study. First, the findings of
the ultrasound images were not compared with other imaging
modalities, such as MRI or arthroscopy, and the determination of
ligamentous injury was based solely on the B-mode ultrasound
findings. The stressed dynamic scanning and Doppler ultrasound
images were not evaluated. Furthermore, the possibility that
chronic ligament injury due to a past ankle sprain could have been
detected by ultrasonography was not considered. Second, because
we did not compare the ultrasound scanning method presented
here with other methods, we were unable to show that this
method is particularly useful for deltoid ligament delineation. In
particular, the TNL was scanned with the ligament loosened in the
neutral position, a method that may have included the risk of
misidentifying a hypoechoic area as a ligament injury owing to
ultrasound anisotropy. In future, we would like to consider scan-
ning the TNL in the plantar flexion position with tension applied
to the ligament. Third, complications with other ligament injuries,
such as the anterior talofibular ligament and the syndesmosis
injury, have not been studied, and only the injury morphology of
the deltoid ligament has been focused on. Finally, other limitations
include the fact that the scanning was performed and the image
were read by a single examiner, and that it was a retrospective
study conducted at a single institution. Despite the above limita-
tions, this study may contribute to the establishment of ultra-
sound evaluation methods for the deltoid ligament in the future,
because it illustrated in detail the scanning method and clarified
ligament components that are depicted in ultrasound evaluation,
including normal and injured ankles. Further studies are needed
to demonstrate the validity of the delineation method presented
in this study.



Fig. 5. (A) A rupture of the tibionavicular ligament (black arrow heads). (BeE) Ruptures of all ligament components. (F) A rupture of the anterior section of the deep posterior
tibiotalar ligament with an intact tibiocalcaneal ligament (white arrow heads). *: ligament rupture.

T. Omodani and K. Takahashi Journal of Orthopaedic Science xxx (xxxx) xxx

5



T. Omodani and K. Takahashi Journal of Orthopaedic Science xxx (xxxx) xxx
In conclusion, we clarified the details of the damage pattern of
the deltoid ligament in acute ankle sprains using a systematic
scanning protocol. It was possible to identify the superficial and
deep layers of the ligament and to observe the damage pattern of
each ligament component in detail, and it appeared that ultraso-
nography could be used as a tool to evaluate the damage pattern of
the deltoid ligament in ankle sprains. The scanning method used in
this study has some issues such as its validity that need to be
resolved in the future.
Study design

Retrospective case series study.
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