
1. Introduction

Ankle sprain is one of the most frequent injuries in daily and

sports activities. A previous study reported that the incidence of an-

kle sprains was one in 10,000,1 and the number of patients visiting

the emergency department due to ankle sprains has been reported

to be 302,000 per year.2 Among ankle sprains, inversion sprains or

lateral sprains have a higher injury rate than eversion sprains.3,4 It

has been reported that the anterior talofibular ligament alone is in-

jured in approximately 85% of cases, and the combined anterior

talofibular ligament and calcaneofibular ligament is injured in 20–

40% of the cases.2–4

In general, ankle sprains can be treated with rest, ice, compres-

sion, and elevation (RICE), ankle braces, and exercise. Petersen et al.1

reported that exercises such as neuromuscular training and balance

training are effective in treating ankle sprains. Bleakley et al.5 re-

ported an improvement in activity level after 4 weeks of either stan-

dard or functional rehabilitation for grade 1 and 2 ankle sprains.

Nevertheless, the previous epidemiological study was limited to

ligament injuries and was concerned with the site of injury (lateral or

medial ankle sprain), rehabilitation effects, and recovery span. If ex-

ternal forces are applied in the inversion direction and excessive in-

version motion is forced, traction stress on the lateral collateral liga-

ment and intra-articular collision of the talus and fibula may cause

bony injuries such as lateral malleolus of the fibula fracture and avul-

sion fracture. However, most previous studies on the pathogenesis

of ankle sprains have investigated the ligamentous injury,2–4 and few

studies have focused on complications of ligament and bone injuries.

Furthermore, Doherty et al.6 reported that age, sex, and sports par-

ticipation are related to the risk of ankle sprain; however, that study

did not focus only on lateral ankle sprain but also on comprehensive

ankle sprain.

Kobayashi et al.7 investigated lateral ankle sprain in a systematic

review and found that body mass index, eccentric inversion strength,

concentric plantar flexion strength, passive inversion joint position

sense, and peroneus brevis reaction time were associated with la-

teral ankle sprain. However, this systematic review focused on single

ligament injuries and did not investigate the incidence, factors, or

course of treatment for lateral ankle sprains complicated by bone

injuries. Severe lateral ankle sprain combined with bony injury is a

recurring problem that may cause chronic ankle instability.6

The purpose of this study was twofold: first, to clarify the preva-

lence of lateral ankle sprain with bony injuries and its association

with age, sex, and cause of injury (sport or daily injury) using multi-
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Background: Lateral ankle sprain is a frequent injury in daily and sports activities. The purpose of this

study was to clarify the prevalence and healing process of the lateral malleolus of the fibula fracture in

lateral ankle sprains.

Method: We included 57 patients diagnosed with lateral ankle sprain at our clinic between January

2015 and November 2020. The participants were divided into the bony injury (BI) group and the singular

ligament injury (LI) group. The analysis parameters were the prevalence rate of BI, age, rest period,

treatment period, and cause of injury.

Results: The prevalence of BI was 31.6% (18/57 cases; 17 men and 40 women), with 6 cases of lateral

malleolus of the fibula fracture and 12 cases of avulsion fracture. BI was associated with the age of the

patients. The age of the BI group (46.8 � 19.7 years) was significantly higher than that of the LI group

(28.4 � 15.6 years). Moreover, the rest period of the BI group was significantly higher than that of the

singular LI group. However, there was no significant difference in the treatment period between the

groups. The BI group was significantly more likely to be injured while performing activities of daily living

than the LI group.

Conclusion: Patients with BI were older and were more frequently injured in daily living than those with

LI. Therefore, aging increases the risk of lateral ankle sprain with BI. This suggests that lateral ankle

sprain with bone damage should be treated with less accelerated exercise therapy.
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ple logistic analysis; and second, to compare the periods of rest and

treatment, sex, and cause of injury between ligament and bony inju-

ries. We hypothesized that the proportion of bony injury in lateral

ankle sprains is not a low injury rate and that age, sex, or sport par-

ticipation are factors that affect the prevalence of this condition.6

Furthermore, we predicted that there would be no significant differ-

ence between ligament8 and bony injury9 in terms of the healing

process, provided that an appropriate period of rest is ensured.

2. Participants

This study included 57 patients who were diagnosed with ankle

sprain with a principal complaint of lateral ankle pain between Janu-

ary 2015 and October 2020 and who subsequently underwent reha-

bilitation. We excluded patients who were injured in a traffic acci-

dent or who had never undergone rehabilitation (Figure 1).

To clarify the treatment process and characteristics of lateral

ankle sprain with bony injuries, we selected mature patients with a

closed epiphyseal line of the lateral malleolus of the fibula for statis-

tical analysis. The threshold for the occlusion of the epiphyseal line

of the patient was determined by an orthopedic surgeon. An ortho-

pedic surgeon, who was a skilled practitioner, diagnosed ankle

sprains using X-rays and by performing physical examinations, such

as assessment of tenderness and inversion stress tests.

3. Methods

The patients’ age, period from injury to start of rehabilitation

(rest period), period from injury to end of rehabilitation (treatment

period), and causes of injuries (sports injury or daily injury) were in-

vestigated using their medical records.

To clarify the factors that contribute to the development of

bony injury, multiple logistic analysis was conducted using the step-

wise method with the Akaike’s Information Criterion, where the

dependent variable was the presence of bony injury, and the in-

dependent variables were age, sex, and injury activity. Age, rest pe-

riod, and treatment period were compared between the ligament

injury and bony injury groups. To this end, we used the Shapiro-

Wilk test to test the normality of the data followed by the two-

sample t-test or Mann-Whitney U test as appropriate. We evalu-

ated the association of sex and cause of injury in the ligament injury

and bony injury groups, and the Fisher exact test was used when the

expected frequency of < 5 was 20%. R Commander software version

4.0.2 was used for statistical processing, and the significance level

was set at 5%. This study was approved by the Ethics Committee of

Hitachino Orthopedic Clinic (protocol number: 201701). Because

this was a retrospective study, there were no adverse events among

the patients. Accordingly, the need for informed consent was waived

owing to the retrospective nature of the study.

4. Results

The prevalence of bony injury was 31.6% (18/57 cases), with six

cases of fracture of the lateral malleolus of the fibula and twelve

cases of avulsion fracture (Figure 2). Bony injury was associated with

patient age (odds ratio of 1.06, 95% confidence interval: 1.01–1.13)

but not with other factors such as sex or injury activity (Table 1). The

tenderness points in the 39 patients with singular ligament injury

were as follows: anterior talofibular ligament in 22 (56.4%); anterior

talofibular ligament/bifurcate ligament in 5 (12.8%); anterior talo-

fibular ligament/calcaneofibular ligament in 4 (10.3%); anterior

talofibular ligament/posterior talofibular ligamentin 4 (10.3%); an-

terior talofibular ligament/deltoid ligament in 2 (5.1%); anterior

talofibular ligament/calcaneofibular ligament/posterior talofibular

ligament in 1 (2.6%); and anterior talofibular ligament/bifurcate
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Figure 2. Diagnosis of bony injury. (A) Fibula fracture (white arrow: pre-

sence of a bone fragment, left ankle). (B) Avulsion fracture (black arrow:

presence of fracture line, right ankle).

Figure 1. Patients included in the study.



ligament/deltoid ligament in 1 (2.6%).

A comparison of the age, rest period, and treatment period be-

tween the bony injury and singular ligament injury groups is pre-

sented in Table 2. The age of the bony injury group (46.8 � 19.7

years) was significantly higher than that of the singular ligament in-

jury group (28.4 � 15.6 years, p = 0.001). Moreover, the rest period of

the bony injury group (45.8 � 28.0 days) was significantly longer than

that of the singular ligament injury group (35.0 � 23.3 days, p =

0.024). However, there was no significant difference in the treat-

ment period between the bony injury group (112.2 � 51.6 days) and

the singular ligament injury group (104.9 � 49.2 days). The bony in-

jury group included subjects with sports injuries (5/18 cases) and of

both sexes (8 men and 10 women), while the singular ligament injury

group comprised 27/39 cases, of which 8 were men and 31 were

women. The subjects in the bony injury group (13/18 cases) were

significantly more likely to be injured while performing activities of

daily living than subjects in the single ligament injury group (12/39

cases, p = 0.003).

The breakdown of injuries in sports and daily life is shown in

Figure 3. Sports injuries more frequently occurred while playing

basketball and soccer, whereas injuries in daily activities occurred

more often during step ascent or descent and while walking.

5. Discussion

A previous study10 reported 51 ankle fractures in 180 patients

with ankle sprains, from their magnetic resonance imaging (MRI) ex-

aminations. However, this study did not clarify the prevalence of

bone damage in ankle sprains and the findings were for any direction

ankle sprains, such as inversion, eversion, and combination. There-

fore, this study focused on lateral ankle sprain and bony injury, which

has not been reported in many previous studies. In the present

study, the prevalence of bone injury in the lateral malleolus in ankle

sprains was 31.6%. Garrick reported that the proportion of patients

with ankle sprains visiting medical institutions was 7–10%.11 There-

fore, the patients in this study may have had severe ankle sprains

with a significant decrease in activity level. Moreover, among the

parameters considered (age, sex, and sports activities), age was the

only one associated with bony injury (odds = 1.06, 95% CL = 1.01–

1.13), and the age of the bone injury group was significantly higher

than that of the ligament injury group (46 vs. 28 years, p = 0.001). Im-

pairment of physical functions, such as peroneal muscle function,

proprioception sensation, and balance, may be one of the factors

contributing to ankle sprains in older people.12 With the advance of

age, the risk of functional impairment increases, which may result in

severe ankle sprain with bony injury.

It has been reported that ankle sprains often occur during sports

activities such as basketball, soccer, and volleyball,1,13 but there are

few studies on ankle sprains with bony injuries. From the results of

this study, the ligament injury group had a higher incidence of sports

injuries, while the bony injury group had a higher incidence of inju-

ries in activities of daily living. Moreover, daily injury occurs more

often during step ascent or descent or while walking. With the ad-

vance of age, the strength and response of the peroneal muscles

that antagonize the ankle inversion are reduced, which may lead to

ankle sprain with bony injury.12 This finding suggests that prevention

and treatment of ankle sprains should focus not only on sports ac-

tivities but also on activities of daily living.

Bleakley et al.5 indicated that the self-reported function im-

proved sufficiently after 3 months of follow-up for grade 1 and 2 an-

kle sprains. The results of this study showed that the resting period

for bony injury was 7 weeks, which was significantly longer than that

for ligament injury. However, there was no significant difference in

the period of treatment between the bony injury and ligament injury

groups, and the treatment period in this study was 3 or 4 months,

similar to previous studies.5 In this connection, a 7-week rest period

may be sufficient to allow the necessary healing process of ligament8
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Table 1

Multiple logistic regression analysis of factors related to bony injury.

Odds ratio (95% CI)

Unadjusted model
p-value

Odds ratio (95% CI)

Adjusted model
p-value

Age, years 1.06 (1.02–1.10) 0.002** 1.06 (1.01–1.13) 0.048*

Sex

Male

Female 0.32 (0.09–1.08) 0.067**

Cause of injuries

Sports injury

Daily injury 5.85 (1.79–21.9) 0.005**

* p < 0.05, ** p < 0.01.

Table 2

Comparison of age, rest period, rehabilitation period, and treatment period

between the bony injury group and singular ligament injury group.

Total

n = 57

LI

n = 39

BI

n = 18
p-value

Age, years 34.2 � 18.7 28.4 � 15.6 46.8 � 19.7 0.001**

Sex 0.062**

Male 16 08 08

Female 41 31 10

Cause of injuries 0.003**

Sports injury 32 27 05

Daily injury 25 12 13

Rest, days 38.4 � 24.9 35.0 � 23.3 45.8 � 28.0 0.024**

Treatment, days 107.2 � 49.10 104.9 � 49.20 112.2 � 51.60 0.557**

* p < 0.05, ** p < 0.01, BI: bony injury group, LI: ligament injury group.

Figure 3. Breakdown of sports injuries (left) and daily living injuries (right).



and bony injuries,9 which may have contributed to the favorable out-

comes in both groups. Wei et al.14 reported that 33% of patients with

ankle sprains had overlooked fractures. Since ligament8 and bony in-

juries9 have a different healing processes, an accurate diagnosis is

essential. A diagnosis of bony injury and physical therapy that takes

these processes into account may be most convenient. We suggest

that although accelerated exercise for ankle sprains is recommended,8

it should not be applied to lateral ankle sprain with bony injuries.

Our study has some limitations in that the periods of rest and

treatment were derived from the medical records of the patients; in

the future, subjective and objective indicators should be used. In

addition, the results of the logistic analysis showed that age had an

effect on bony injury, but the odds ratio was low. Although this study

used data from patients with lateral ankle sprain, which is very valu-

able for focusing on bony injuries, the clinical significance of these

finding needs to be confirmed in a larger patient population. Fur-

thermore, although this study focused on lateral ankle sprains,

Debieux10 reported that there is a relationship between a lateral

ligament complex injury and medial (deltoid) ligament injury. There-

fore, to clarify the number and type of torn ligaments in patients

without bony injury, MRIs as well as X-rays and tender points should

be examined carefully. Finally, since this was a retrospective study, a

cohort study is necessary to clarify the incidence of ankle sprain with

bony injury in the future.

6. Conclusion

The results of this study showed that 31.6% of the patients had

lateral ankle sprain with bone injury, which was not a low injury rate.

The results of our study showed that bone injuries were more com-

mon at older ages and were more frequently sustained in daily life.

The resting period of the bony injury group was longer than that of

the ligament injury group, but the duration of treatment was not sig-

nificantly different between the two groups. Further, a 7-week rest

period may be necessary for the bony healing process, followed by a

3- or 4-month treatment period. We suggest that while an acceler-

ated exercise program is recommended for lateral ankle sprain, an

approach that considers the healing process of the injured soft tis-

sues, such as ligaments and bones, is also convenient.
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