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Abstract
Background: Ankle sprains are one of the most common musculoskeletal injuries. However, they may be
more serious than commonly believed since many patients reportedly experience chronic problems
afterwards. It is necessary to improve the treatment, such as the method and duration of �xation, of
sprained ankles.

Methods: Magnetic resonance imaging of 70 patients with acute moderate or advanced ankle sprains
presenting consecutively between November 2014 and December 2019 were reviewed for analysis of
bone bruising associated with ankle sprains. The patients were treated conservatively with a solid splint
or cast until walking pain could be resolved without external �xation. In cases with pain at the time of
weight bearing after solid �xation, crutches were prescribed for pain relief. The �xation period ranged
from 8 days to 72 days (mean: 29.5 days). Afterwards, 54.0% of patients had walking pain and required
the use of crutches. The ankle joint pain disappeared after conservative treatment in all patients.

Results: The incidence of bone bruises detected by magnetic resonance imaging in the ankle and midfoot
associated with ankle sprain was 81.4%. Bone bruises of the midfoot, including the tarsal bone and
Chopart joint, were found in 34.3% of ankle sprains. Bone bruises of the talus were the most common,
being present in 60% of ankle sprains. Bone bruises were also evident in the tibia (44.3%), the calcaneus
(21.4%), and the tarsal bone (25.7%). There was a signi�cant association between bone bruises of the
talocrural joint surface and use of the crutches after �xation (P=0.041). Multiple regression analysis
adjusted for age and gender revealed that bone bruises of the talocrural joint surface of the talus was a
signi�cant independent predictor of crutch use (P=0.045), with an odds ratio (95% con�dence interval) of
3.03 (1.03-8.94).

Conclusion: Bone bruises of the ankle and midfoot are often present in ankle sprains. In moderate or
advanced cases of ankle sprain, external solid �xation of both the ankle and midfoot should be
performed. In cases with pain at weight bearing following solid �xation, crutches are advised for pain
relief and proper ligament and bone healing.

Background
Ankle sprains are one of the most common musculoskeletal injuries. A recent systematic review and
meta-analysis of ankle sprain cases revealed an estimated incidence rate of 11.6 per 1000 exposures and
a prevalence of 11.9% [1]. The most frequent mechanism of ankle sprain is a combination of inversion
and adduction of the foot in plantar �exion, which can cause damage to the lateral ankle ligaments.

The aims of ankle sprain treatment are to manage pain and protect joint function. Hubbard et al. reported
rigid immobilization of the ankle as an effective means to help restore ankle joint stability [2]. In the acute
phase of healing, the most important structures that should be protected are the lateral ligaments of the
ankle because the traumatic mechanism has caused laxity [2]. However, many studies have shown that
ankle sprains are more serious than commonly believed since patients can develop chronic problems
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after the injury [3, 4, 5], including chronic pain, recurrent swelling, and chronic instability [3, 4]. Konradsen
et al. reported that 32% of patients had chronic problems after 7 years in an observational study of 648
individuals with an ankle sprain [6]. Since numerous symptoms may appear after treatment, it is
necessary to improve the methods and/or �xation period in the treatment of sprained ankles.

The midtarsal joint has been shown to be damaged at the same time of ankle sprain.Isolated midtarsal
sprains reportedly occur in only 5.5% of ankle sprains, suggesting they are rare [7]. On the other hand,
some reports indicate they are more common, occurring in up to 33% of inversion ankle injuries [8]. In
general, however, midtarsal sprains are not recognized as commonly associated with ankle sprains [7, 9,
10].

Pure ligament injuries of the ankle do not usually cause joint pain at the time of weight bearing if rigid
�xation, such as with a plaster cast, is applied appropriately. However, in the clinical setting, casting
sometimes causes joint pain during weight-bearing gait. This fact suggests that ankle sprains may
include injuries of not only the ligaments of the ankle, but also other structures around the ankle.

Recently, many researchers have focused on the association of bone bruises with joint disease. Some
reports have proposed that the pathophysiology of osteoarthritis (OA) and associated joint pain may be
microfractures or other bone alterations based on radiographic and magnetic resonance imaging (MRI)
�ndings [11, 12, 13]. Bone bruises related to ankle sprains have also appeared in the literature [14, 15, 16].
Patients with moderate or advanced ankle sprains are treated conservatively at our institutions and are
routinely examined by MRI of the bones around ankle, including the forefoot. This study assessed the
regions around the ankle joint using MRI for signal changes in the peripheral bones as well as the
midfoot.

Methods
Our standard treatment policy for ankle sprains is �xation with a �exible soft supporter for mild cases
and �xation from the leg to the forefoot with a solid splint or cast for moderate or advanced cases.
Seventy patients who were diagnosed as having a moderate or advanced ankle sprain presenting
consecutively between November 2014 and December 2019 were included in this study. The bones
around the ankle and forefoot were examined using MRI. The patients were treated conservatively using a
solid splint or cast until the absence of walking pain without external �xation. In cases of pain at the time
of weight bearing after solid �xation, one or a pair of crutches were prescribed for pain relief. Patients
having a slight sprain were excluded from this study and treated conservatively using a soft splint.

The cohort included 37 males and 33 females. Mean age (range) was 32.5 years (10–93 years). The right
and left ankles were involved in 32 patients and 38 patients, respectively. The rate of ankle sprain due to
sports was 57.1%. The period from trauma to the �rst visit ranged from 0 days to 16 days (mean:
2.2 days). The period from trauma to MRI examination ranged from 3 days to 28 days (mean: 11.1 days).
Sixty-seven patients were treated with a splint and three patients received a cast. After �xation, 54.0% of
patients had residual walking pain and required the use of crutches. The �xation period of 4 cases were
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unknown. Three cases were dropped out after MRI examination. About the remaining 63 cases, �xation
period ranged from 8 days to 72 days (mean: 29.5 days). The remaining 67 cases, ankle joint pain
disappeared after conservative treatment.

MRI was performed using a 1.5 T unit (Siemens Symphony TIM; Siemens) with an extremity coil around
the ankle. The patient’s foot was held in a relaxed position with slight plantar and external rotation. The
MRI acquisition parameters for T1-weighted imaging of sagittal views were TR: 661 (SI), FA: 150 (SI), and
TE: 12 (SI). Those of coronal views were TR: 500 (SI), FA: 150 (SI), and TE: 12 (SI). Those of axial views
were TR: 500 (SI), FA: 150 (SI), and TE: 12 (SI).

The MRI acquisition parameters for short τ inversion recovery (STIR) imaging of sagittal views were TR:
4000 (SI), FA: 150 (SI), TE: 96 (SI), and TI: 150 (SI). Those of coronal views were TR: 4640 (SI), FA: 150
(SI), TE: 83 (SI), and TI: 150 (SI). Those of axial views were TR: 4500 (SI), FA: 150 (SI), TE: 79 (SI), and TI:
160 (SI).

Regions displaying high signal intensity in STIR and low signal intensity in T1-weighted imaging were
carefully evaluated by two independent board-certi�ed orthopedic surgeons and one radiologist. Bone
signal intensity was usually judged as present in the bone when alterations were detected by both
imaging modalities. For evaluating small-bone signal changes, signal intensity was judged using STIR
alone. Finally, two independent board-certi�ed orthopedic surgeons evaluated the MRI �ndings.
Consensus was reached by discussion for any discrepancies between the observers.

This study was approved by the Institutional Ethics Committee of Shinshu University School of Medicine.
Written informed consent was obtained from all patients.

Statistical analysis
Univariate regression analysis was �rst performed to evaluate the association between bone bruises
detected by MRI and use of the crutches after �xation. For bone bruises in which a signi�cant association
was observed in univariate analysis, multivariate logistic regression analysis with forward selection
adjusted for age and gender (binary) was used to calculate the odds ratio (OR) and 95% con�dence
interval (CI) of having bone bruises detected by MRI according to the use of the crutches (yes). Data were
analyzed using the Statistical Package for the Social Sciences (SPSS, version 22.0; IBM Inc., Chicago, IL,
USA). P-values of < 0.05 were considered statistically signi�cant.

Results
The incidence of bone bruises detected by MRI in the ankle and midfoot associated with ankle sprain was
81.4%. Lesions were predominant in the inside ankle foot and weight-bearing areas. Bone bruises of the
midfoot, including the tarsal bone and Chopart joint, were found in 34.3% of ankle sprains.
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Bone bruises were observed in the tibia in 44.3% of cases. The incidence of bone bruises of the lateral
malleolus was 11.4%, whereas that of the medial malleolus was 32.9%. Relatively more bone bruises
were observed in the joint surface of the ankle joint. However, bone bruises of the joint surface of the
tibial weight-bearing area were comparatively infrequent at 11.4% (Table 1).
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Table 1
Number of subjects (% subjects) and P-value in univariate analysis

Area   P-value

All areas 57 (81.4%) 0.97

Fibula (Lateral malleolus) 8 (11.4%) 0.80

  Intraosseous area 4 (5.7%) 0.23

Joint surface 7 (10.0%) 0.52

Tibia 31 (44.3%) 0.69

  Weight-bearing area Talocrural joint 8 (11.4%) 0.80

Non-weight-bearing area 11 (15.7%) 0.99

  Attachment area of the anterior inferior tibio-�bular ligament 8 (11.4%) 0.62

Posterior horn 5 (7.1%) 0.79

  Medial malleolus 23 (32.9%) 0.20

  Joint surface 13 (18.6%) 0.97

Intraosseous area 16 (22.9%) 0.34

Talus 42 (60%) 0.38

  Intraosseous area 6 (8.6%) 0.053

Joint surface 38 (54.3%) 0.76

  Weight-bearing area 27 (38.6%) 0.19

  Talocrural joint 20 (28.6%) 0.041

     Talocalcaneal joint 14 (20.0%) 0.81

  Non-weight-bearing area 29 (41.4%) 0.90

  Lateral joint 5 (7.1%) 0.11

Medial joint 22 (31.4%) 0.63

Chopart joint 11 (15.7%) 0.99

  Posterior tubercle 5 (7.1%) 0.23

Calcaneus 15 (21.4%) 0.62

  Joint surface 10 (14.3%) 0.70
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  weight-bearing area

(talocalcaneal joint)

6 (8.6%) 0.52

Non-weight-bearing area

(Chopart joint)

8 (11.4%) 0.62

  Saddle-shaped area 3 (4.3%) 0.66

Intraosseous area 2 (2.9%) 0.90

Tarsal bones 18 (25.7%) 0.90

  Inner row of bones 9 (12.9%) 0.42

  Navicular 9 (12.9%) 0.42

Three cuneiforms 2 (2.9%) 0.90

  Outer row of bones Cuboid 14 (21.4%) 0.93

  Cuboid(Chopart joint) 11 (15.7%) 0.50

Cuboid(Lisfranc joint) 10 (14.3%) 0.096

Appearing in 60% of ankle sprains, bone bruises of the talus were observed the most frequently. The
incidence of bone bruises of the joint surface of the talus, including the weight- and non-weight-bearing
areas, was high at 54.3%. In the weight-bearing area of the talus, the incidence of bruises of the joint
surface in the ankle, the joint surface in the talocalcaneal joint, and the internal bones of the talus was
38.6%, 20.0%, and 8.6%, respectively (Table 1).

The incidence of bone bruises of the calcaneus was 21.4% and less than that of the talus. Similarly to the
talus, calcaneous bone bruises were frequently found at the joint surface (Table 1).

Bone bruises of the tarsal bone were observed in 25.7% of ankle sprains. As the tarsal bones were small,
it was impossible to distinguish between articular surface and intraosseous injuries. The incidence of
bone bruises in the inner row of bones consisting of the navicular and three cuneiforms was 12.9%, while
that in the outer row of bones containing the cuboid was 21.4% (Table 1).

Kissing lesions were con�rmed in 34.3% of joint surface injuries and in 27.1% of non-weight-bearing
areas. It was noteworthy that weight-bearing area kissing lesions were con�rmed in the talocalcaneal
joint in 7.1% cases and in the talocrural joint in 5.7% of cases; in weight-bearing areas, it is assumed that
axial forces cause joint surface injuries, while in non-weight bearing areas, it is presumed that twisting
forces cause kissing lesions.

Univariate analysis revealed a signi�cant association between bone bruises of the talocrural joint surface
and the use of the crutches after �xation (P = 0.041). Crutch use after �xation also tended to associate
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with bone bruises within the intraosseous area of the talus (P = 0.053) and in the Lisfranc joint of the
cuboid (P = 0.096) (Table 1).

Multiple regression analysis adjusted for age and gender revealed that having bone bruises of the
talocrural joint surface of the talus detected by MRI was a signi�cant independent predictor of crutch use
(P = 0.045), with an OR (95% CI) of 3.03 (1.03–8.94) (Table 2).

Table 2
Signi�cant items in multivariate analysis(modi�ed odds ratio by age and

gender)
Area Cases requiring the use of crutches

Intraosseous area of the talus NS

Talocrural joint of the talus 3.03

(1.03–8.94)

P = 0.045

Lisfranc joint of the tarsal bones NS

NS: Not signifcant

Case Presentation

Case 1
A 16-year-old male presented with right ankle and foot pain. Tenderness and swelling on the lateral side
of the ankle was observed. He was injured while landing from a jump during basketball three days prior.
Treatment consisted of cast �xation for 42 days. Afterwards, he had no walking pain and did not require
crutches. MRI was taken 13 days after the injury (Fig. 1).

Case 2
A 26-year-old male presented with right ankle and foot pain. Tenderness and swelling on the lateral side
of the ankle was noted. He had tripped on a step earlier that day and was injured. Treatment consisted of
splint �xation for 18 days. Afterwards, he had walking pain and required the use of crutches. MRI was
performed 10 days after the injury (Fig. 2A, B).

Case 3
A 10-year-old female presented with left ankle and foot pain. Tenderness, swelling, and a subcutaneous
hematoma from the lateral side of the ankle to the back of the foot were observed. She had fallen while
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running that day. She received splint �xation for 65 days. Afterwards, she had no walking pain and did
not require crutches. MRI was performed 12 days after the injury (Fig. 3A, B, and C).

Discussion
In this MRI-based study of moderate and severe ankle sprains, bone bruises were observed in as many as
81.4% of patients. The bruises were widespread, often on weight-bearing areas as well as the midfoot.
Low-intensity �ndings on T1-weighted imaging and high-intensity �ndings on T2-weighted imaging
usually imply bone marrow edema or hemorrhage. These results are not speci�c to bone fractures,
although Yao and Lee have described that occult or microfractures can be detected on T2-weighted
imaging [17]. Karthiga et al. reported that MRI was helpful to identify bone marrow edema as a sign of
recent fracture at the injury site [18]. Guermazi et al. recently reviewed that MRI signal changes (i.e., bone
bruises) in joints sometimes suggested a microfracture, which could be a cause of OA [11]. In this study,
bone bruises were frequently observed, and might be similar to the microfractures witnessed in OA.

Pure ligament injuries do not usually cause joint pain by weight bearing if rigid �xation of the ankle, such
as casting, is performed properly. In this study, 38 of 70 patients (54.0%) complained of ankle joint pain
at weight bearing even following external solid �xation. Univariate analysis revealed a signi�cant
association between bone bruises of the talocrural joint surface and use of the crutches after �xation (P 
= 0.041). Furthermore, multiple regression analysis uncovered that the OR (95% CI) of having bone
bruises of the talocrural joint of the talus in relation to the use of the crutches was 3.03 (1.03–8.94).
Therefore, in the treatment of ankle sprain, if the patient complains of joint pain even after solid �xation,
it may be necessary to avoid weight bearing by means of crutches to ensure bone damage recovery.
Furman et al. reported that post-traumatic arthritis (PTA) was one of the most frequent causes of ankle
joint OA in America and suggested the major mechanism in PTA development to be cartilage fracture
[19]. In the present study, bone bruises of the weight-bearing surface of the talus were signi�cantly
associated with crutch use due to pain during weight bearing (P = 0.041). Although it is not possible to
judge cartilage damage using MRI, it is feasible that micro-fractures of joint surfaces have cartilage
fractures. Therefore, crutches may be advised to prevent PTA in patients with pain at weight bearing even
after solid �xation of the ankle.

Various �xation periods have been proposed for the external �xation of ankle sprains, ranging from short-
to long-term. A short period of immobilization was shown to be advantageous even for severe ankle
sprains [20, 21]. A meta-analysis by Kerkhoffs et al. found that functional treatment appeared to be a
favorable strategy for treating acute ankle sprains when compared with long-term immobilization [22].
Conversely, other reports described that �xation of over 6 weeks was needed for proper ligament healing
[23, 24, 25], and Hubbard and Cordova observed that ankle laxity did not signi�cantly decrease during 8
weeks [26]. Such evidence indicated the need for more stringent and long-term immobilization for
ligament healing and restoration of joint stability after an ankle sprain. In this study, the period of external
�xation required to reduce pain varied from 8 days to 72 days (average: 29.5 days). Considering the wide
range in degrees of bone and ligament damage, a large variation in the �xation period is expected. As this
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period should be adjusted depending on the case, recommending a strictly set �xation period may be
suboptimal.

The current study revealed that the incidence of bone bruises detected by MRI in the midfoot associated
with ankle sprain was 34.3%. Since MRI could not evaluate ligament damage in the midfoot, we
considered that damage to the midfoot may have been more prevalent if ligament damage was assessed
and included. Lohrer et al. suggested that midtarsal sprains should be treated differently to ankle sprains,
with more aggressive and longer immobilization [27]. Although various external �xation methods have
been proposed for ankle sprains, �xing the midfoot is often overlooked. Fixation is often performed by
limiting the range of immobilization to the ankle joint, restricting the lateral movement of the ankle joint,
and preserving some ankle dorsi�exion and plantar�exion. In moderate or severe cases of ankle sprain,
external �xation for not only the ankle, but also the midfoot, should be performed in consideration of the
possibility of midfoot injury.

Lastly, as 57 of 70 patients (81.4%) in our cohort had bone bruises around the ankle joint, examination
using MRI might be helpful for more accurate evaluation of ankle joint sprains. From the viewpoint of
treatment, however, it appears important to presume the presence of both bone bruise and ligament injury
in the ankle and midfoot and perform detailed visual inspection and palpation to pinpoint the area of   the
injured site. The affected area should then be �xed for an appropriate period. If pain develops with
walking after �xation, crutches should be provided to reduce weight-bearing stress. Ultimately, MRI may
not be necessary if such a treatment course is followed.

Limitations
Since the subjects in this study visited orthopedic clinics, the cohort might not have included very severe
ankle sprains with more extensive bruising. Furthermore, the mean period of �xation in this investigation
was 29.5 days; longer �xation might be necessary in severe cases.

Conclusions
Bone bruises not only of the ankle, but also the midfoot, were observed by MRI in the majority of cases of
ankle joint sprain. This study revealed a statistically signi�cant association between bone bruise of the
talocrural joint surface and the use of the crutches after �xation (P=0.041). Multiple regression analysis
also uncovered that bone bruise of the talocrural joint surface of the talus was a signi�cant independent
predictor of the use of the crutches, with an OR (95% CI) of 3.03 (1.03-8.94). In moderate or advanced
cases of ankle sprain, an area of external solid �xation extending to the midfoot might be warranted. For
residual pain at the time of weight bearing after solid �xation, one or a pair of crutches is recommended
for pain relief and proper ligament and bone healing.

List Of Abbreviations
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OA=osteoarthritis, MRI=magnetic resonance imaging, OR=odds ratio, CI=con�dence interval, STIR =short τ
inversion recovery, PTA=post-traumatic arthritis
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Figure 1

Right foot of a 16-year-old male. Coronal STIR image shows a bone bruise in the joint surface of the
lateral malleolus (arrow) and from the joint surface to the intraosseous area of the medial malleolus
(arrowhead).
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Figure 2

Right foot of a 26-year-old male. A) Coronal STIR image shows a bone bruise in the joint surface of the
lateral side of the talocrural joint (arrow). B) Sagittal T1-weighted image shows a bone bruise in the joint
surface of the center of the talocrural joint (arrow).
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Figure 3

Left foot of a 10-year-old female. A) Sagittal STIR image shows a bone bruise in the joint surface of the
calcaneocuboid joint and the metatarsocuboid joint of the cuboid bone (arrow). B) Sagittal STIR image
shows bone bruises in the joint surface of the cuneonavicular joint of the navicular (thin arrows), the joint
surface of the talonavicular joint of the navicular bone (thick arrow), and the talus (arrowhead). C) Axial
STIR image shows bone bruises in the joint surface of the talonavicular joint of the navicular bone (thin
arrow), the talus (thick arrow), and the joint surface of the cuneonavicular joint of the navicular
(arrowheads).
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