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Abstract. - OBJECTIVE: Lateral ankle sprains
are very common injuries that can be treated
with different strategies. The aim of the present
systematic review was to provide a comprehen-
sive analysis on the treatment of acute lateral
ankle sprains to clarify the possible differences
in outcome between surgical and conservative
management, different external supports, and
different rehabilitation protocols.

MATERIALS AND METHODS: A literature
search on three different topics was carried out
on PubMed, Scopus, and Web of Science data-
bases on June 25th, 2021. The main objective
of the literature search was to identify the ran-
domized trials comparing: (1) surgery to conser-
vative management, (2) different external sup-
ports, and (3) different rehabilitation protocols
for the treatment of acute lateral ankle sprains.
Two investigators extracted independently rel-
evant data from each paper and assessed the
quality of the trials using the Cochrane Risk of
Bias Assessment.

RESULTS: A total of 12 studies for the first top-
ic, 8 for the second one and 4 for the last one
were included in this review. 8 out of 12 RCTs
demonstrated a superior outcome and better so-
cio-economic impact of conservative treatment
compared to surgical management. In the oth-
er two comparisons, due to the wide variety of
braces used and the different rehabilitation pro-
tocols, inconclusive results were obtained.

CONCLUSIONS: Conservative treatment should
be the first choice for severe acute lateral an-
kle sprains, as it provides satisfactory functional
outcomes without the risks and costs of surgery.
It was not possible to identify the best external
support, but a preference toward flexible braces
emerged since they allow an earlier return to dai-
ly activities. The paucity of studies comparing dif-
ferent rehabilitation protocols precluded the pos-
sibility of defining the ideal one.
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Introduction

Ankle sprains are the most common injuries
that lead to visiting the Emergency Depart-
ment. Acute lateral ankle sprains (ALAS) are
the most frequent type of ankle sprains and are
associated with a high recurrence rate and risk
of developing chronic ankle instability (CAI).
In the U.S. around 2 million ALAS occur an-
nually. An incidence rate of 2 to 7 acute ankle
sprains/1000 person-years has been reported
from Emergency Departments. In athletes it
is estimated an incidence rate of 0.93/1000
athlete-exposures (1 athlete exposure is equal
to 1 athlete participating in 1 competition or
practice).

ALAS are classified based on the gravity of
injury of the ligamentous complexes involved.
Hamilton differentiates lateral ankle sprains in 3
grades. Grade [ lateral ankle sprain is character-
ized by partial rupture of the anterior talofibular
ligament, inconclusive anterior drawer test and
negative talar tilt test. Grade II lateral ankle
sprain presents with complete rupture of the ante-
rior talofibular ligament, sprained calcaneofibular
ligament, positive anterior drawer test and nor-
mal talar tilt test. Grade III lateral ankle sprain
indicates complete rupture of all 3 lateral ankle
ligaments, significantly positive anterior drawer
test and talar tilt test and presence of ankle in-
stability?.
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Either surgical or conservative approaches
can be proposed for treating ALAS. Conser-
vative treatment usually includes restriction of
movement through appropriate devices followed
by a gradual program of functional exercises.
The most common devices used to limit ankle
movement are braces and tapes. In certain in-
stances, paster or soft casts can be also employed
to provide a more rigid immobilization®. Howev-
er, many different options exist, based on the
rigidity of the devices: elastic bandages, tapes,
lace-up ankle supports and semirigid ankle sup-
ports*. Moreover, under a therapeutic point of
view, initial rest reduces metabolic demand of
the injured site, avoiding the increase in blood
flow and any mechanical impairment to the new-
ly forming fibrin bonds. The application of gen-
tle tension to the joint seems to have the ability
to correctly align newly growing ligament fibers
into compact parallel strands. In this phase,
cryotherapy may be useful to drop metabolic
demand, vasodilation, nerve conduction speed
and it increases threshold levels in free nerve
ending. Compression decreases the number of
inflammatory cells by limiting hemorrhage and
swelling of the site and elevation diminishes
local blood pressure minimizing bleeding and
at the same time increasing lymphatic drainage.
Early protected return to activity stimulates
afferent somatosensory pathways of the foot
and ankle and is, therefore, able to refine pro-
prioception of the injured area’’. Functional
treatments include dorsiflexion, plantar flexion,
rotation, inversion and eversion exercises in the
form of range-of-motion, strengthening and pro-
prioceptive training. Adequate strength is fun-
damental to perform normal movement patterns
and therefore strengthening exercises should
be performed before proprioceptive training.
Furthermore, range-of-motion, isometric and
isotonic exercises are required to counteract
the tissue’s tendency to contract after trauma,
prevent re-injury and realign newly forming
collagen fibers in the ligament. Proprioceptive
training is instead aimed at increasing the sen-
sorimotor speed and precision in response to a
loss of balance®”.

In regard to surgical treatments, they are usu-
ally performed in case of severe sprains (grade
II-IIT), even though different approaches are ap-
plied worldwide. Several procedures have been
described and they can be grouped into three
categories: anatomic repair, non-anatomic recon-
struction, and anatomic reconstruction. Anatom-

ic repair restores normal anatomy and joint func-

tion through the re-fixation of the torn ligaments

to the bone or by augmenting them with local
structures, ultimately repairing the ligament.

Anatomic reconstruction surgeries restore the

ligaments’ original anatomical positions to rep-

licate the physiological ligamentous complex '°.

Non-anatomic reconstructive procedures restore

overall function and stability using tendon grafts

but without replicating the original anatomy of
the ligaments.

The present systematic review was performed
to provide a comprehensive analysis on the treat-
ment of acute lateral ankle sprains, focusing
exclusively on randomized controlled trials, with
the aim of elucidating the following relevant clin-
ical questions:

1. Is there any outcome difference between sur-
gical and non-operative management of severe
lateral ankle sprains?

2. Is there any evidence to prefer a specific exter-
nal support over another?

3. Is there any difference among the rehabilita-
tion strategies following lateral ankle sprains?

Materials and Methods

The present systematic review was performed
according to “PRISMA guidelines” [Preferred
Reporting Items for Systematic Reviews and Me-
ta-analyses]. The literature searches for the three
comparisons (1. surgical vs. conservative man-
agement, 2. different types of external support, 3.
different types of rehabilitation programs) were
performed on PubMed, Scopus, and Web of
Science databases, on June 25", 2021, using the
following keywords, that were combined together
to obtain all relevant papers on the topics of inter-
est: 1. (ankle) AND (lateral ligament OR fibular
ligament OR lateral ligament complex OR lateral
collateral ligament) AND (surgical OR operative
OR suture OR reconstruction OR repair OR con-
servative OR functional treatment OR plaster im-
mobilization); 2. (ankle) AND (lateral ligament
OR fibular ligament OR lateral ligament complex
OR lateral collateral ligament) AND (functional
treatment OR elastic bandage OR external sup-
port OR brace OR tape); 3. (ankle) AND (lateral
ligament OR fibular ligament OR lateral ligament
complex OR lateral collateral ligament) AND
(functional treatment OR early mobilization OR
physiotherapy OR rehabilitation OR exercise OR
physical therapy).
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PRISMA flowcharts of the selection and
screening methods are provided in Figure 1A,
1B and IC.

Firstly, articles were screened by title and ab-
stract, using the following criteria for selection:
(1) clinical reports with randomized design (level
I or II) comparing conservative management
vs. surgery OR different types of external sup-
port OR different rehabilitation programs; (2)
published in the last 30 years; (3) written in the
English language; (4) dealing with treatment of
patients affected by acute injury of lateral ankle
ligaments. Exclusion criteria were: (1) non-ran-
domized trials; (2) papers written in other lan-
guages than English; (3) data not dealing with
the treatment of acute injury of the lateral ankle
ligaments.

Two investigators (LB, GF) extracted inde-
pendently relevant data from each paper, and col-
lected them in a Microsoft Excel 2013 sheet. The
following data were extracted from each included
study: (1) demographic data, (2) study design and
level of evidence, (3) treatment groups, (4) fol-
low-up times, (5) evaluation scores adopted, (6)
overall clinical findings.

The quality of the randomized controlled tri-
als (RCTs) was assessed independently by two
reviewers (LB, GF) using the Cochrane Risk of
Bias Assessment. Risk of bias was assessed as

a judgment (high, low, or unclear) for individual
elements from seven domains, as detailed in Ta-
bles I, II, II1.

Subsequently, the results of this assessment
were converted to AHRQ (Agency for Healthcare
Research and Quality) standards, which ultimate-
ly rank the RCTs in “Good quality”, “Fair qual-
ity” and “Poor quality”. Discrepancies between
the two reviewers were resolved by discussion
and consensus, and the final results were re-
viewed by the senior investigator.

Results

Surgical vs. Conservative Treatment in
Severe Acute Lateral Ankle Sprains

A total of 2.398 related articles were identi-
fied through databases’ searching. After title and
abstract screening, 35 studies were included. As
shown in Figure 1A, 23 articles were excluded
for not meeting the inclusion criteria. A total of
12 RCTs published from 1981 to October 2010
dealing with surgical vs. conservative treatment
for severe acute lateral ankle sprains were includ-
ed, currently representing the largest number of
RCTs analyzed on this topic in the literature.

Only 2 studies out of 12'!? favored the choice
of the surgical treatment, consisting in ligament
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Figure 1. A, PRISMA Flowchart resuming the papers’ selection process for the comparison between surgical and conservative
management. B, PRISMA Flowchart resuming the papers’ selection process for the comparison of different external supports;
C, PRISMA Flowchart resuming the papers’ selection process for the comparison of different rehabilitation protocols.
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Table I. Cochrane Risk of Bias assessment for all the studies comparing surgical and conservative management.

Performance
Selection bias Detection Attrition
bias Blinding bias bias Reporting
Random | Selection bias | (participants Blinding Incomplete bias
sequence Allocation and (outcome outcome Selective | Other
generation | concealment personnel) assessment) data reporting | bias

Niedermann et al's + + ? - + -
Evans et al'® + + + + + +
Korkala et al'! + + ? - + -
Moller-Larsen et al* + + ? + + -
Sommer et al'’ + + ? ? - +
Zwipp et al'® + + + + - +
Munk et al** + + ? - + +
Kaikkonen et al* - + ? + + +
Povacz et al”! + + + + + +
Specchiulli et al” - + ? + + +
Pijnenburg et al'? - - + + + +
Pihlajamaki et al'® + + + - + +

+ Low risk of bias; - High risk of bias; ? Unclear risk of bias.

suture/reconstruction, over the conservative one.
In particular, Korkala et al'! recommend sur-
gery for severe ALAS, especially if approaching
young or physically active patients, because at 2
years of follow-up it guarantees a greater subjec-
tive stability compared to the conservative man-
agement based on immobilization with a plaster
cast or a semi-elastic bandage. Pijnenburg et al'
stated the superiority of surgical treatment at
long-term follow-up (average 8 years) in terms of
residual ankle instability and pain. The study also
highlighted how, given the high socio-economic

cost of surgery, this treatment should be reserved
for highly active patients.

Two studies!* found similar outcomes be-
tween surgical and conservative treatment at a
long-term follow-up. Pihlajamaki et al"® reported
lower re-injury rate in a group of 11 patients
affected by isolated anterior talofibular ligament
tear and in 14 patients suffering anterior talofib-
ular ligament tear combined with calcaneofibular
ligament tear, treated with a surgical intervention.
Nonetheless, return to pre-injury activity level
was comparable in both surgical and non-surgical

Table Il. Cochrane Risk of Bias assessment for all the studies comparing different external supports.

Performance
Selection bias Detection Attrition
bias Blinding bias bias Reporting
Random | Selection bias | (participants Blinding Incomplete bias
sequence Allocation and (outcome outcome Selective | Other
generation | concealment personnel) assessment) data reporting | bias

Boyce et al** + + ? - + +
Beynnon et al* + + ? - + +
Lamb et al* + + + + + +
Lardenoye et al*® + + ? - + +
Sultan et al® + + + + + +
Prado et al* + + + + + +
Van den Bekerom + + + + + +
et al®
Louwerens et al?’ + + + + + +

+ Low risk of bias; - High risk of bias; ? Unclear risk of bias.
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Table IlI. Cochrane Risk of Bias assessment for all the studies comparing different rehabilitation protocols.

Performance
Selection bias Detection Attrition
bias Blinding bias bias Reporting
Random | Selection bias | (participants Blinding Incomplete bias
sequence Allocation and (outcome outcome Selective | Other
generation | concealment personnel) assessment) data reporting | bias

Van Rijn et al®! + + - + + + +
Van Mechelen et al*® + + - + + + +
Bleakley et al** + + - + + + +
Brison et al*? + + - + + + +

+ Low risk of bias; - High risk of bias; ? Unclear risk of bias.

group. Munk et al"* reported comparable results
between surgical and conservative treatment with
a walking cast or with an elastic bandage, con-
cluding that the choice of the treatment should be
tailored to the needs of the single patient.

Among the 8 studies recommending conser-
vative treatment over surgery, Niedermann et
al”® reported greater stiffness and more compli-
cations, as infections and dysesthesia, in patients
treated with surgery. Evans et al'® stated the
superiority of conservative treatment in terms of
residual ankle instability, time needed to return
to work and attrition rate of sports activities.
Sommer et al'” reported similar results at 1 year
of follow-up for both surgical and conservative
treatment, but conservative treatment led to early
recovery of ankle’s mobility and stability. Zwipp
et al'”® reported similar results for the conservative
treatment as well. Specchiulli et al'’, Kaikonnen
et al*, and Povacz et al* reported better func-
tional outcomes and quicker return to pre-injury
activities in patients treated with the conserva-
tive management. Moller-Larsen et al*? validated
the use of conservative treatment based on tape
bandage because it led to early restoration of the
pre-injury ankle state and to less symptoms at 1
year of follow-up.

Cochrane Risk of Bias assessment for each
included study is presented in Table 1.

The main findings of each included study
are presented in the synoptic Supplementary
Table 1.

Comparison of Different External
Supports for the Conservative Treatment
of Acute Lateral Ankle Ligaments Injuries
As mentioned above, the majority of papers
highlighted the effectiveness of a conservative
approach as first choice for treating ALAS.

A total of 1.300 related articles were identi-
fied through databases’ searching. After title and
abstract screening, 27 studies were included. As
shown in Figure 1B, 19 articles were excluded
for not meeting the inclusion criteria. Ultimately,
a total of 8 RCTs published from 2005 to Au-
gust 2019 comparing different external supports
for conservative treatment of acute lateral ankle
sprains were included in this review.

It must be said that a universal consensus
regarding the best bracing approach was not
reached. Several studies showed better results
for patients treated with flexible braces, whereas
some studies demonstrated the effectiveness of
more rigid options. Overall, a preference toward
flexible supports emerged, but high-level evi-
dence is still needed to confirm these findings.

Analyzing the available studies, Beynnon et
al® suggested the use of elastic bandages or
flexible braces rather than rigid supports to
anticipate the recovery, but, in terms of ankle’s
mobility and re-injury incidence, the results
were comparable. Boyce et al** showed evidence
in favor of flexible braces, which seemed to be
more effective than traditional elastic bandag-
es in improving ankle function, evaluated by
Karlsson Score. Sultan et al*® reported better
functional outcomes, higher quality of life and
quicker return to daily activities in patients
treated with elastic stockings. Prado et al?¢ sup-
ported a more flexible bracing option in order
to improve short-term ankle function, evaluated
by American Orthopedic Foot and Ankle Score
(AOFAS), and allow earlier return to work ac-
tivities.

Louwerens et al?’ reported comparable func-
tional results between a semi-rigid non-remov-
able cast and a removable one, but patients were
more satisfied with the removable option.
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Lardenoye et al*® and Van den Bekerom et
al? reported similar outcomes in terms of ankle
function between taping and semi-rigid brace but
the first one led to more complications, such as
dermatitis or blisters.

Lamb et al*® were instead able to provide
evidence in favor of a short period of immobili-
zation with a rigid cast, showing better function-
al outcome at short-term follow-up rather than
conservative treatments with bandages or flexible
braces.

Cochrane Risk of Bias assessment for each
included study is presented in Table II.

The main findings for each included study
are presented in the synoptic Supplementary
Table II.

Comparison of Different Rehabilitation
Protocols for Conservative Treatment of
Acute Lateral Ankle Ligaments Injuries
A total of 1.230 related articles were identi-
fied through databases’ searching. After title and
abstract screening, 16 studies were included. As
shown in Figure 1C, 12 articles were excluded
for lacking the inclusion criteria and, ultimately,
a total of 4 RCTs published from 2007 to No-
vember 2016 comparing different rehabilitation
protocols for conservative treatment of ALAS
were included in this review. A population of
1228 patients (mainly grade I and grade II ankle
sprains) was examined. Due to different rehabil-
itation protocols, inconclusive results were ob-
tained. Two different studies**? compared “con-
ventional treatment” (early active mobilization,
home exercises, ankle protection, rest, cryother-
apy, application of a compression bandage, ele-
vation, use of analgesics and progressive weight
bearing activities) with “conventional treatment”
+ supervised physiotherapy sessions based on
strengthening and proprioceptive exercises. No
superiority of supervised physiotherapy was ob-
served by Brison et al*?. Van Rijn et al’' noticed
a significant difference in patient satisfaction
in favor of the supervised exercises but no sig-
nificant difference in other clinical outcomes
measured at any follow-up. Van Mechelen et
al** showed lower incidence of injury recurrence
at 1 year of follow-up in athletes with ankles
sprains treated with “conventional treatments” +
unsupervised home-based proprioceptive train-
ing program consisting of 3 half an hour ses-
sions per week with a balance board for 8 weeks
(relative risk 0.63, 95% confidence interval 0.45
to 0.88). Bleakley et al** demonstrated that an

accelerated rehabilitation program (20-minutes
exercises three times a day, during the first week
of injury, focused on increasing ankle range of
movement, activation and strengthening of ankle
muscles, and restoring normal sensorimotor con-
trol) produced significant improvements in short
term ankle function evaluated by Lower Extrem-
ity Functional Scale score, if compared with the
“standard treatments”.

Cochrane Risk of Bias assessment for each
included study is presented in Table III.

The main findings for each included study
are presented in the synoptic Supplementary
Table III.

Discussion

The main clinical findings of the present re-
view are:

1. The great majority (8/12) of RCTs comparing
surgical vs. conservative treatment for severe
ALAS (acute lateral ankle sprains) demon-
strated that the non-operative treatment was
not inferior to the surgical option, both in
terms of outcomes and socioeconomic aspects;

2. No significant difference was found between
rigid and semi-rigid/flexible casting when ana-
lyzing post-injury symptoms and ankle stabili-
ty. Time to return to daily activities was found
to be shorter for flexible casting;

3. No significant difference was observed be-
tween ‘“conventional” conservative treatment
vs. early rehabilitation protocols.

Under a methodological point of view, the
overall quality of the available evidence showed
many critical issues. First of all, the reduced size
and the lack of homogeneity of the sample sizes
did not allow a meta-analysis. Moreover, all the
included studies showed performance bias since
none of them could be blinded both for patients
and examiners. Many of the studies, and especial-
ly those comparing surgical to conservative treat-
ments, occasionally presented incomplete results
or selection bias. Nevertheless, despite higher
level evidence should always be encouraged, it
was possible to sum up the results regarding the
topics of interest.

This review is focused on three main topics
regarding the management of lateral ligamentous
ankle injury, which will be discussed separately
in order to elucidate the most relevant findings to
be applied in everyday clinical practice.
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Are there Any Outcome Differences
Between Surgical and Non-Operative
Management of Severe Lateral

Ankle Sprains?

The majority of included papers dealing with
surgical vs. conservative treatment suggested that
a conservative treatment should be the first choice
for severe ALAS since it is able to provide sat-
isfactory functional outcomes without the risks
related to surgery. A conservative approach is in-
dicated especially in cases not related to previous
chronic instability and in patients without high
functional demand.

Eight studies out of 12'%?2 demonstrated the
superiority of conservative treatment, 2 papers
found similar outcomes for both surgical and
conservative treatment'>'¥, and only 2 trials re-
ported a better outcome for the surgical treat-
ment'"'2, Thus, in 83.3% of the included RCTs
surgical treatment did not provide any clinical
advantage over conservative treatment. It must be
highlighted that surgical studies reported greater
ankle stiffness, longer recovery time to resume
everyday activities, and post-op complications
such as sensibility loss, neuromas, and even per-
sistent subjective instability in operated ankles.
Therefore, taking into consideration the higher
cost of surgical intervention and the risks associ-
ated with the surgical procedure, surgery should
not be regarded as the first option in ankle sprain
with a severe ligamentous injury.

Is There Any Evidence to Prefer a
Specific External Support Over
the Others?

The second topic analyzed investigated the
possible superiority of a specific type of brace
to restrict ankle movement following ALAS. Of
the 8 RCTs included, a broad variety of different
external supports were compared. Based on the
results obtained, it is not possible to draw defin-
itive conclusions about the superiority of a cast
vs. another.

Current literature seems to be supporting flex-
ible braces rather than rigid ones in order to
prevent complete immobilization of the affected
ankle?. Flexible supports seem to be even supe-
rior to traditional bandages®*. Avoiding complete
immobilization after an acute ankle sprain could
prevent the loss of muscular strength around the
ankle, allow an early proprioceptive feedback,
speed up swelling reduction in the injured limb,
and reduce the risk of developing kinesiopho-
bi325.26,35.

On the other hand, rigid immobilization could
lead to a better, more fibrotic and sturdier heal-
ing of the ligamentous complex of the ankle.
Nonetheless, immobilization could also lead to a
weaker extrinsic stability due to muscle mass loss
and proprioceptive impairment. More rigid casts
did not provide superior ankle stability over more
flexible options, the latter were instead able to
decrease the period of convalescence and the time
needed to resume daily activities. Nonetheless,
Lamb et al’*® demonstrated a better healing of the
ligamentous complex in the immobilized vs. non
immobilized ankle and recommend below-knee
casts for severe ALAS.

The majority of the RCTs included in the pres-
ent review>?"? recorded a similar stability for
the ankles treated either with a rigid cast or with
a flexible whereas, in some studies?*>>?°, shorter
healing time and a faster resumption of daily ac-
tivities were demonstrated for flexible bracings.

Are there Any Differences Among the
Rehabilitation Strategies Following
Lateral Ankle Sprains?

The third topic investigated was the type of
rehabilitation protocol for patients who suffered
from ALAS. The results were inconclusive. Su-
pervised physiotherapy protocols did not show
any significant difference when compared to con-
ventional treatments in regard to time required to
resume daily activities, symptoms, ankle stability
and function®*2, Nevertheless, when unsuper-
vised proprioceptive training or an accelerated
rehabilitation program were administered, quick-
er recovery and greater ankle stability were doc-
umented*-*.

It must be taken into account that a few RCTs
were retrieved in the available literature, and only
4 papers were eventually included. The paucity of
studies thus precludes the possibility of drawing
proper conclusions on the ideal rehabilitation pro-
tocol that should be tailored to the type of injury
and functional needs of the patient.

Limitations

Some limitations of the present study must be
acknowledged: firstly, no quantitative analysis
was performed due to the high variability in
outcomes and time-points in the included pa-
pers. Secondly, the inclusion of different grades
of lateral ankle sprains in the studies is a bias,
because such a broad spectrum of injuries plays
a confounding role in the interpretation of re-
sults. Finally, the wide range of different casts
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used prevented us from identifying the best one
to opt for.

Conclusions

The available evidence on acute lateral ankle
sprain treatments lacks high quality standards
and it is, therefore, not possible to define clear
indications. However, based on the findings of
the present review, conservative treatment should
be the first choice for severe acute lateral ankle
sprains since it provides satisfactory functional
outcomes without the risks related to surgery.
It was not possible to identify the best external
support, but a preference toward flexible braces
emerged since they allow earlier return to dai-
ly activities. The paucity of studies comparing
different rehabilitation protocols precluded the
possibility of defining the ideal one.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding Statement
No funding source to be declared.

Ethical Statement
Not applicable (systematic review).

References

1) Herzog MM, Kerr ZY, Marshall SW, Wikstrom EA.
Epidemiology of ankle sprains and chronic ankle
instability. J Athl Train 2019; 54: 603-610.

2) Hamilton WG. Sprained ankles in ballet dancers.
Foot Ankle 1982; 3: 99-102.

3) Kerkhoffs GM, van den Bekerom M, Elders LA,
van Beek PA, Hullegie WA, Bloemers GM, de
Heus EM, Loogman MC, Rosenbrand KC, Kui-
pers T, Hoogstraten JW, Dekker R, Ten Duis
HJ, van Dijk CN, van Tulder MW, van der Wees
PJ, de Bie RA. Diagnosis, treatment and pre-
vention of ankle sprains: an evidence-based
clinical guideline. Br J Sports Med 2012; 46:
854-860.

4) Struijs PA, Kerkhoffs GM. Ankle sprain. BMJ Clin
Evid 2010; 2010: 1115.

5) van den Bekerom MP, Struijs PA, Blankevoort L,
Welling L, van Dijk CN, Kerkhoffs GM. What is
the evidence for rest, ice, compression, and ele-

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

vation therapy in the treatment of ankle sprains in
adults? J Athl Train 2012; 47: 435-443.

Ivins D. Acute ankle sprain: an update. Am Fam
Physician 2006; 74: 1714-1720.

McKeon PO, Donovan L. A perceptual framework
for conservative treatment and rehabilitation of
ankle sprains: an evidence-based paradigm shift.
J Athl Train 2019; 54: 628-638.

Rivera MJ, Winkelmann ZK, Powden CJ, Games
KE. Proprioceptive training for the prevention of
ankle sprains: an evidence-based review. J Athl
Train 2017; 52: 1065-1067.

Mattacola CG, Dwyer MK. Rehabilitation of the
ankle after acute sprain or chronic instability. J
Athl Train 2002; 37: 413-429.

Cao Y, Hong Y, Xu Y, Zhu Y, Xu X. Surgical man-
agement of chronic lateral ankle instability: a me-
ta-analysis. J Orthop Surg Res 2018; 13: 159.

Korkala O, Rusanen M, Jokipii P, Kytémaa J,
Avikainen V. A prospective study of the treatment
of severe tears of the lateral ligament of the an-
kle. Int Orthop 1987; 11: 13-17.

Pijnenburg AC, Bogaard K, Krips R, Marti RK,
Bossuyt PM, van Dijk CN. Operative and func-
tional treatment of rupture of the lateral ligament
of the ankle. A randomised, prospective trial. J
Bone Joint Surg Br 2003; 85: 525-530.

Pihlajaméaki H, Hietaniemi K, Paavola M, Visuri
T, Mattila VM. Surgical vs. functional treatment
for acute ruptures of the lateral ligament com-
plex of the ankle in young men: a randomized
controlled trial. J Bone Joint Surg Am 2010; 92:
2367-2374.

Munk B, Holm-Christensen K, Lind T. Long-term
outcome after ruptured lateral ankle ligaments. A
prospective study of three different treatments in
79 patients with 11-year follow-up. Acta Orthop
Scand 1995; 66: 452-454.

Niedermann B, Andersen A, Andersen SB,
Funder V, Jorgensen JP, Lindholmer E, Vuust M.
Rupture of the lateral ligaments of the ankle: op-
eration or plaster cast? A propective study. Acta
Orthop Scand 1981; 52: 579-587.

Evans GA, Hardcastle P, Frenyo AD. Acute rup-
ture of the lateral ligament of the ankle. To suture
or not to suture? J Bone Joint Surg Br 1984; 66:
209-212.

Sommer HM, Arza D. Functional treatment of re-
cent ruptures of the fibular ligament of the ankle.
Int Orthop 1989; 13: 157-160.

Zwipp H, Hoffmann R, Thermann H, Wippermann
BW. Rupture of the ankle ligaments. Int Orthop
1991; 15: 245-249.

Specchiulli F, Cofano RE. A comparison of surgi-
cal and conservative treatment in ankle ligament
tears. Orthopedics 2001; 24: 686-688.

Kaikkonen A, Kannus P, Jarvinen M. Surgery vs.
functional treatment in ankle ligament tears. A
prospective study. Clin Orthop Relat Res 1996;
326: 194-202.



D. Altomare, G. Fusco, E. Bertolino, R. Ranieri, et al.

21)

22)

23)

24)

25)

26)

27)

28)

Povacz P, Unger SF, Miller WK, Tockner R, Resch
H. A randomized, prospective study of operative
and non-operative treatment of injuries of the fib-
ular collateral ligaments of the ankle. J Bone Joint
Surg Am 1998; 80: 345-351.

Mgller-Larsen F, Wethelund JO, Jurik AG, de Car-
valho A, Lucht U. Comparison of three different
treatments for ruptured lateral ankle ligaments.
Acta Orthop Scand 1988; 59: 564-566.

Beynnon BD, Renstrém PA, Haugh L, Uh BS,
Barker H. A prospective, randomized clinical in-
vestigation of the treatment of first-time ankle
sprains. Am J Sports Med 2006; 34: 1401-1412.

Boyce SH, Quigley MA, Campbell S. Manage-
ment of ankle sprains: a randomised controlled
trial of the treatment of inversion injuries using
an elastic support bandage or an Aircast ankle
brace. Br J Sports Med 2005; 39: 91-96.

Sultan MJ, McKeown A, McLaughlin I, Kurdy N,
McCollum CN. Elastic stockings or Tubigrip for
ankle sprain: a randomised clinical trial. Injury
2012; 43: 1079-10883.

Prado MP, Mendes AA, Amodio DT, Camanho
GL, Smyth NA, Fernandes TD. A comparative,
prospective, and randomized study of two con-
servative treatment protocols for first-episode lat-
eral ankle ligament injuries. Foot Ankle Int 2014
Mar; 35: 201-206.

Louwerens JKG, Mensch DT, Verhoof OJW, de
Reuver PR, Bijlsma TS, van Noort A, van den
Bekerom MPJ. Functional treatment for acute an-
kle sprains: Softcast wrap vs. MOK-cast. A pro-
spective randomized single-center trial. Foot An-
kle Surg 2019; 25: 482-487.

Lardenoye S, Theunissen E, Cleffken B, Brink
PR, de Bie RA, Poeze M. The effect of taping vs.
semi-rigid bracing on patient outcome and satis-

29)

30)

31)

32)

33)

34)

35)

faction in ankle sprains: a prospective, random-
ized controlled trial. BMC Musculoskelet Disord
2012; 13: 81.

van den Bekerom MP, van Kimmenade R, Sier-
evelt IN, Eggink K, Kerkhoffs GM, van Dijk CN,
Raven EE. Randomized comparison of tape vs.
semi-rigid and vs. lace-up ankle support in the
treatment of acute lateral ankle ligament injury.
Knee Surg Sports Traumatol Arthrosc 2016; 24:
978-984.

Lamb SE, Marsh JL, Hutton JL, Nakash R, Cooke
MW; Collaborative Ankle Support Trial (CAST
Group). Mechanical supports for acute, severe an-
kle sprain: a pragmatic, multicentre, randomised
controlled trial. Lancet 2009; 373: 575-581.

van Rijn RM, van Os AG, Kleinrensink GJ, Bern-
sen RM, Verhaar JA, Koes BW, Bierma-Zeinstra
SM. Supervised exercises for adults with acute
lateral ankle sprain: a randomised controlled trial.
Br J Gen Pract 2007; 57: 793-800.

Brison RJ, Day AG, Pelland L, Pickett W, John-
son AP, Aiken A, Pichora DR, Brouwer B. Effect of
early supervised physiotherapy on recovery from
acute ankle sprain: randomised controlled trial.
BMJ 2016; 355: i5650.

Hupperets MD, Verhagen EA, van Mechelen W.
Effect of unsupervised home based propriocep-
tive training on recurrences of ankle sprain: ran-
domised controlled trial. BMJ 2009; 339: b2684.

Bleakley CM, O’Connor SR, Tully MA, Rocke LG,
Macauley DC, Bradbury |, Keegan S, McDonough
SM. Effect of accelerated rehabilitation on func-
tion after ankle sprain: randomised controlled tri-
al. BMJ 2010; 340: c1964.

Fukano M, Mineta S, Hirose N. Fear avoidance
beliefs in college athletes with a history of ankle
sprain. Int J Sports Med 2020; 41: 128-133.



