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Context: Clinicians perform therapeutic interventions, such
as stretching, manual therapy, electrotherapy, ultrasound, and
exercises, to increase ankle dorsiflexion. However, authors of
previous studies have not determined which intervention or
combination of interventions is most effective.

Objective: To determine the magnitude of therapeutic
intervention effects on and the most effective therapeutic
interventions for restoring normal ankle dorsiflexion after ankle
sprain.

Data Sources: We performed a comprehensive literature
search in Web of Science and EBSCO HOST from 1965 to May
29, 2011, with 19 search terms related to ankle sprain,
dorsiflexion, and intervention and by cross-referencing pertinent
articles.

Study Selection: Eligible studies had to be written in
English and include the means and standard deviations of both
pretreatment and posttreatment in patients with acute, subacute,
or chronic ankle sprains. Outcomes of interest included various
joint mobilizations, stretching, local vibration, hyperbaric oxygen
therapy, electrical stimulation, and mental-relaxation interven-
tions.

Data Extraction: We extracted data on dorsiflexion im-
provements among various therapeutic applications by calcu-
lating Cohen d effect sizes with associated 95% confidence

intervals (CIs) and evaluated the methodologic quality using the
Physiotherapy Evidence Database (PEDro) scale.

Data Synthesis: In total, 9 studies (PEDro score ¼ 5.22 6

1.92) met the inclusion criteria. Static-stretching interventions
with a home exercise program had the strongest effects on
increasing dorsiflexion in patients 2 weeks after acute ankle
sprains (Cohen d ¼ 1.06; 95% CI ¼ 0.12, 2.42). The range of
effect sizes for movement with mobilization on ankle dorsiflexion
among individuals with recurrent ankle sprains was small
(Cohen d range ¼ 0.14 to 0.39).

Conclusions: Static-stretching intervention as a part of
standardized care yielded the strongest effects on dorsiflexion
after acute ankle sprains. The existing evidence suggests that
clinicians need to consider what may be the limiting factor of
ankle dorsiflexion to select the most appropriate treatments and
interventions. Investigators should examine the relationship
between improvements in dorsiflexion and patient progress
using measures of patient self-reported functional outcome after
therapeutic interventions to determine the most appropriate
forms of therapeutic interventions to address ankle-dorsiflexion
limitation.

Key Words: chronic ankle instability, range of motion,
stretching, joint mobilization

Key Points

� A static-stretching intervention as part of a standardized home exercise program had the strongest effects on ankle-
dorsiflexion improvement after acute ankle sprains.

� Clinicians need to consider what may be the limiting factor of ankle dorsiflexion to select the most appropriate
treatments and interventions.

� Investigators should examine the long-term effects of treatments on ankle dorsiflexion and a relationship between an
improvement in ankle dorsiflexion and measures of patient self-reported and physical function to determine the most
appropriate forms of therapeutic interventions to address limited dorsiflexion.

L
ateral ankle sprain has been documented to be the
most common lower extremity injury sustained
during sport participation.1–4 Approximately 85% of

all ankle sprains result from an inversion mechanism and
damage to the lateral ligamentous complex of the ankle.5

Injury to the lateral ligamentous complex at the ankle joint
results in pain, swelling, and limited osteokinematics.6 A
loss of normal ankle dorsiflexion usually is observed at the
talocrural joint after lateral ankle sprain.7–12

The amount of available ankle dorsiflexion plays a key
role in the cause of lower extremity injuries.7,13–22

Limitation of dorsiflexion may be a predisposition to
reinjury of the ankle11,16 and several future lower limb

injuries, including plantar fasciopathy,13,20,21 lateral ankle
sprains,13,15,17,19 iliotibial band syndrome,14 patellofemoral
pain syndrome,18 patellar tendinopathy,22 and medial tibial
stress syndrome.14

The importance of restoring ankle dorsiflexion after an
acute ankle sprain often is emphasized in rehabilitation
guidelines,9 and proper recovery of ankle dorsiflexion is a
vital component of ankle rehabilitation. Inadequate resto-
ration of ankle dorsiflexion may increase the risk of
developing recurrent ankle sprain11,16 and limit functional
activities, such as walking, with long-term pain and
disability.23 Limited ankle-dorsiflexion range of motion
(ROM) after lateral ankle sprain has been considered a
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predisposing factor for recurrent ankle sprain because
diminished dorsiflexion prevents the ankle from reaching
its closed-pack position by holding the ankle in a hyper-
supinated position. Therefore, ensuring appropriate resto-
ration of ankle dorsiflexion after ankle sprain has important
clinical implications for restoring full functional abilities,
ultimately leading to reduced risk of recurrent ankle sprain.

Clinicians perform several therapeutic interventions, such
as stretching, manual therapy, electrotherapy, ultrasound,
and exercises, to increase ankle dorsiflexion. However, the
intervention or combination of interventions that most
effectively improves ankle dorsiflexion has not been
established. In previous systematic reviews,24–26 research-
ers have examined the effects of specific intervention
techniques of manipulative therapy on various outcome
variables. In addition, Bleakley et al27 conducted a
systematic review with a comprehensive search of various
therapeutic interventions to provide evidence for the
management of ankle sprains and the prevention of long-
term complications; however, the authors focused only on
patients with an acute ankle sprain. Therefore, the purpose
of this systematic review was to determine the magnitude of
therapeutic intervention effects on and the most effective
therapeutic interventions for restoring normal ankle dorsi-
flexion after ankle sprain. In contrast to previous
reviews,24–26 we comprehensively searched the existing
literature to determine the effectiveness of various
therapeutic intervention techniques in restoring ankle
dorsiflexion in patients with acute, subacute, or recurrent
ankle sprains. By providing a quantitative estimate of the
magnitude of the effect of therapeutic interventions, our
review provides a new perspective on the evidence of
interventions to restore ankle dorsiflexion in various stages
of ankle-sprain conditions.

METHODS

Search Strategy

The primary author performed a comprehensive search
for articles in the electronic databases Web of Science and
EBSCO HOST based on combinations of the key words
shown in Figure 1. In addition, articles that met inclusion
criteria and were published electronically on MEDLINE
(PubMed) ahead of print were included. The articles had to
be written in English and published from 1965 to May 29,
2011. The references in the citation lists of potentially
included articles were screened to identify additional
articles that may have met the inclusion criteria and were
not identified during the original database searches.

Selection Criteria

We identified research articles in which authors evaluated
various therapeutic intervention techniques. We examined
the full text of studies identified through the electronic
searches and the cross-referenced bibliographies of these
studies to determine whether they met the following
inclusion criteria (Figure 1):

1. The authors included participants only with acute,
subacute, or recurrent ankle sprains. We defined acute
ankle sprain as occurring within 96 hours before study
participation and resulting in swelling, pain, and limited

function. Subacute ankle sprain was defined as occurring
within 1 to 8 weeks before study participation. Finally,
recurrent ankle sprain was defined as a history of at least 1
lateral ankle sprain and a recurrent episode of the ankle
giving way (instability).

2. The authors examined the efficacy of at least 1 of the
following interventions: manual therapy, therapeutic mo-
dalities, therapeutic exercises, or medication.

3. The authors did not examine the effect of manipulation
with high velocity as an intervention because it is outside
of the scope of practice for some clinicians, and we desired
to report outcomes that would have broad clinical
application.

4. The authors compared interventions with placebo, control,
or other standard-of-care conditions.

5. The authors assessed active, passive, or functional ankle
dorsiflexion ROM as an outcome measure.

6. The authors reported ankle-dorsiflexion means and stan-
dard deviations of both pretreatment and posttreatment or
baseline and follow-up measurements; these data are
necessary to calculate a standardized effect size for
inclusion of these studies in the final data analysis. If the
required statistical and numerical data were not reported in
the published studies, we contacted authors through e-mail
to request these data before deciding whether to exclude
the published article from this review.

Data Extraction

The primary author extracted the relevant information in
the selected studies. The data of interest were assessments
of ankle dorsiflexion. After the inclusion criteria were
applied to the title and abstracts, 70 454 of 70 471 articles
and 5153 of 5194 articles were excluded from Web of
Science and EBSCO HOST, respectively (Figure 1). Our
electronic search using MEDLINE and cross-referenced
bibliographies of potentially included studies produced an
additional 3 articles. We read the remaining 61 articles in
their entirety and excluded 52 because they did not meet the
inclusion criteria. Nine studies met the inclusion criteria
and were included for final data analysis.28–36 Discrepancies
in data extraction were solved by discussion.

Methodologic Quality

After the research articles were identified for inclusion in
the review, we applied the Physiotherapy Evidence
Database (PEDro) scale37,38 to rate their quality. Each
author used the PEDro scale to independently rate the
studies that met the specified criteria. If agreement in a
study’s score was not achieved, the authors discussed and
came to a consensus on a score. In addition, levels of
evidence and grades of recommendation presented in the
Oxford Centre for Evidence-based Medicine39 were applied
to all included articles.

Data Synthesis

To be combined for data analysis, we categorized the
included studies into 2 primary groupings of evidence
based on onset of injury. The 2 groups were termed as (1)
acute/subacute ankle sprain and (2) recurrent ankle sprain.
We further subdivided the acute/subacute ankle sprain
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group into 4 subcategories of interventions: (1.1) manual
therapy, (1.2) therapeutic modalities, (1.3) therapeutic
exercises, and (1.4) psychological intervention. Only 2
articles included participants with recurrent ankle sprain, so
this group was not subdivided.

To assess the magnitude of treatment effects, we
calculated Cohen d effect sizes using means and standard
deviations of pretreatment and posttreatment data or
baseline and follow-up data for each study.40,41 If effect
sizes were provided in the original publication, we
recalculated the effect size for consistency in comparison
across all the studies included in this review. The strength
of an effect size was interpreted as weak (Cohen d � 0.4),

moderate (Cohen d range ¼ .0.40–� 0.8), or strong

(Cohen d . 0.8).40,41 We also calculated 95% confidence

intervals (CIs) around the effect size. When interpreting an

effect size, the researcher should note the magnitude of the

point measure and the width of the 95% CI and should

consider whether the range of CIs crosses zero. One cannot

determine if a truly beneficial or harmful effect would be

present in 95% of the samples collected when the 95% CI

crosses zero. Therefore, studies yielding large effect sizes

and small CIs that do not cross zero have the strongest

clinical importance. We used Excel 2010 (Microsoft

Corporation, Redmond, WA) for statistical analysis.

Figure 1. Flow chart of included and excluded studies.
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RESULTS

A full overview of interventions performed in the 9
studies included in this systematic review is provided in
Table 1.28–36 The authors of these 9 studies conducted
randomized control, randomized, or outcome measures
trials. A total of 196 patients with acute, subacute, or
recurrent ankle sprains participated in the included trials.

The methodologic quality scores of included studies can
be found in Table 2. Scores on the PEDro scale ranged from
1 to 8 out of 10 points (mean¼ 5.22 6 1.92). The level of
evidence of each study included in this review was 2b or 2c.
Level 2b is a relatively weak recommendation with
moderate-quality evidence, indicating that alternative
interventions may be better for some patients with an ankle
sprain under some circumstances. Level 2c is a weak
recommendation with low-quality evidence, meaning that
the effect of an intervention is uncertain. Although some of
the 8 studies categorized as level of evidence 2b had
moderate to large standard deviations, the method of
randomized control trials was considered acceptable.

Acute/Subacute Ankle Sprain

Seven of 9 studies that fit the inclusion criteria
incorporated the use of movement with mobilization
(MWM),30 passive oscillatory joint mobilization,31 local
vibration therapy,36 high-voltage pulsed stimulation
(HVPS),32 static stretching,34 hyperbaric oxygen,33 and
psychological interventions35 for the improvement in ankle
dorsiflexion. The effect sizes for treatment groups in these 7
studies ranged from�0.02 to 1.99, and the CIs across effect
sizes for 5 studies crossed zero. Effect sizes and associated
95% CIs are shown in Table 3.

Manual Therapy. Two included studies30,31 in which the
investigators evaluated MWM and Maitland passive
oscillatory joint mobilization after acute or subacute ankle
sprain were categorized into this group (Table 3, Figure 2).
These authors examined the immediate pre-post changes in
dorsiflexion from 1 dose of these interventions. Collins et
al30 provided only single treatment sessions of MWM to 16
patients with subacute ankle sprain, whereas Green et al31

performed 6 sessions of passive oscillatory joint
mobilization with standard-of-care treatments for 19
patients with acute lateral ankle sprains until full recovery
of ankle-dorsiflexion ROM was achieved. We graded the
strength of recommendation as 2b because the randomized
control study design yielded improvements in dorsiflexion
that were observed consistently after 1 passive joint
mobilization or MWM. However, the effect sizes for pre-
post improvement in ankle dorsiflexion were small (Cohen
d ¼ 0.09) to moderate (Cohen d ¼ 0.45) after each single
application of passive oscillatory joint mobilization, and
95% CIs crossed zero.27 The effects of MWM on weight-
bearing dorsiflexion among patients with subacute ankle
sprain were small (Cohen d ¼ 0.38), and 95% CIs crossed
zero. These small effect sizes with large 95% CIs indicate
that the improvements in ankle dorsiflexion after 1 dose of
joint mobilization or MWM were not clinically important.
The control groups from both studies demonstrated harmful
or small effects (range¼�0.06–0.27) on ankle dorsiflexion
with 95% CIs overlapping zero. The effect sizes for the
immediate pre-post changes in dorsiflexion from 1 dose of
these interventions are presented in Table 3 and Figure 2.26

From baseline measurement before the first treatment
session to follow-up measurement after each treatment
session, improvements in ankle-dorsiflexion ROM were
observed in both the joint mobilization and control groups
with large effect sizes and small 95% CIs that did not cross
zero.31 Patients in the control group received the standard-
of-care treatment alone that included the rest, ice,
compression, and elevation (RICE) protocol. Effect sizes
for the improvements in dorsiflexion from multiple
treatment sessions are presented in Table 3. The large
effect sizes observed in both groups indicate the combina-
tion of joint mobilization and RICE protocol or the RICE
protocol alone are both clinically beneficial for improving
ankle dorsiflexion, but the true beneficial effect of multiple
consecutive applications of a passive oscillatory joint
mobilization alone for improving ankle dorsiflexion is
inconclusive. In addition, patients were discharged from the
trials when they restored full dorsiflexion ROM, so the
number of treatment sessions was not the same for all
patients.

Therapeutic Modalities. In 3 of the 7 studies,
investigators examined the effectiveness of therapeutic
modalities, specifically HVPS plus conventional
treatment,32 hyperbaric oxygen,33 and biomechanical
muscle stimulation (BMS)36 after an acute ankle sprain
on dorsiflexion. Borromeo et al33 and Peer et al36 reported
the immediate pre-post changes in dorsiflexion from 1 dose
of hyperbaric oxygen and BMS, respectively. The effect
sizes at immediate follow-up for the treatment groups in
these 2 studies were small (hyperbaric: Cohen d ¼ 0.46;
BMS: Cohen d ¼ 0.52), with 95% CIs around the effect
sizes that crossed zero (Table 3, Figure 3).

Borromeo et al33 and Sandoval et al32 examined changes
in dorsiflexion between baseline and follow-up from
multiple consecutive doses of hyperbaric oxygen and
HVPS. The effect sizes for these pre-post intervention
series changes in dorsiflexion for treatment groups in the
included studies ranged from 0.35 to 1.32 (Table 3, Figure
3). The 95% CI around effect sizes did not cross zero for
the hyperbaric oxygen treatment group but crossed zero for
the HVPS treatment groups.

The control groups from all 3 studies produced a broad
range of small to large effect sizes (Cohen d range¼�0.05
to 0.81), but all associated 95% CIs crossed zero.

Therapeutic Exercises. Only 1 study was categorized
into this group. Youdas et al34 conducted a randomized trial
to examine improvements in active ankle-dorsiflexion
ROM after static stretching was added to standardized
treatments consisting of cryotherapy, strengthening, and
proprioceptive training for acute lateral ankle sprains. A
total of 21 patients received 30 seconds, 1 minute, or 2
minutes of static calf stretching with standard-of-care
treatments for 6 weeks after their acute ankle sprains.
Active ankle-dorsiflexion ROM increased after 2, 4, and 6
weeks of static calf stretching with standard-of-care
treatments. Strong effects for ankle-dorsiflexion
improvements were found after a standardized home
treatment program with static stretching, and 95% CIs did
not cross zero (Table 3, Figure 4).

Psychological Intervention. This category included only
1 study. Christakou et al35 investigated the efficacy of
mental relaxation and imagery interventions combined with
a physiotherapy program on ankle ROM, pain, and edema
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after acute ankle sprain. The effect sizes for an increase in
ankle dorsiflexion from the beginning of the first treatment
session to the end of the last treatment session were large in
both the experimental (Cohen d ¼ 1.22; 95% CI ¼ 0.16,
2.16) and control groups (Cohen d¼ 1.27; 95% CI¼ 0.20,
2.21; Table 3, Figure 5). Both groups received the standard
physiotherapy program and produced large effect sizes with
small 95% CIs, suggesting that the addition of mental
relaxation and imagery intervention to a standard
physiotherapy program has a small or no clinical benefit
for ankle dorsiflexion improvements.

Recurrent Ankle Sprain

In 2 reports, researchers28,29 studied 39 patients with
recurrent ankle sprains. They performed MWM of the
talocrual joint and assessed weight-bearing dorsiflexion. In
both studies, weight-bearing dorsiflexion improved after the
single dose of MWM in patients with recurrent ankle sprain
compared with the control treatment. We graded the level
of evidence as 2b because the randomized control crossover
study designs for the MWM interventions yielded improve-
ments in closed kinetic chain dorsiflexion after 1 dose of
MWM. However, the effects of MWM on weight-bearing
dorsiflexion among patients with recurrent ankle sprains
ranged from 0.15 to 0.39, and associated 95% CIs crossed
zero (Table 3, Figure 6). The small effect sizes with 95%
CIs crossing zero indicates the improvements in ankle
dorsiflexion after 1 dose of MWM in patients with recurrent
ankle sprains were not clinically important. Therefore, the
effects of MWM on weight-bearing dorsiflexion among
participants with recurrent ankle sprains are inconclusive in
both studies.

DISCUSSION

A static-stretching intervention as part of a standardized
home exercise program had the strongest effects on ankle-
dorsiflexion improvement after acute ankle sprains. This
was not unexpected because limited ankle dorsiflexion
often is attributed to inflexibility of the triceps surae
muscles.9,11,19,42 Tightness in the gastrocnemius-soleus
complex likely is not caused directly by acute lateral ankle

sprain but may develop as an adaptive response to
immobilization and result from an abnormal gait pattern.
For example, limited dorsiflexion ROM has been observed
after cast immobilization for ankle conditions.43,44 A
stretching technique commonly is incorporated to restore
full ROM by targeting flexibility of the gastrocnemius-
soleus muscle complex. The stretching intervention may
increase flexibility before pain perception and allow the
viscoelastic properties of junctions between muscle and
tendon to overcome the stretch reflex or increase the stretch
tolerance.43,45 In our review of the literature, we found
stretching techniques added to the standard-of-care treat-
ments produced improvements in ankle dorsiflexion in
patients with acute ankle sprains that were supported by
strong effect sizes. However, this finding should be
interpreted with caution because the experimental design
of Youdas et al34 did not include a group that received only
passive stretching or a control group that did not receive
any treatment. All patients who participated in the study
received the same interventions other than static stretching.
Authors of several studies46–48 not included in this review
have provided some evidence to support the use of
stretching to improve dorsiflexion in healthy participants.
However, determining the effectiveness of stretching is
difficult in patients who have ankle conditions and may
have had associated swelling, pain, adhesion, and altered
arthrokinematics. We included this study in our systematic
review because stretching has been accepted as part of the
standard-of-care treatment to restore ankle-dorsiflexion
ROM, and we considered that the standardized effect sizes
allow us to compare the interventions performed by Youdas
et al34 with other forms of interventions investigated in
other studies included in this review. Therefore, the
addition of stretching to a standard of care may be
beneficial, but the clinical effects of stretching techniques
alone on ankle dorsiflexion after acute ankle sprains are still
unknown. Further investigation is necessary to determine if
adaptive tightness in the gastrocnemius-soleus complex
develops after acute ankle sprains and if the stretching
intervention in isolation for acute ankle sprains is the source
of the clinical benefit for dorsiflexion improvement.

When ankle dorsiflexion is limited, a joint-mobilization
technique may be used to address a potential arthrokine-

Table 2. Methodologic Quality of the Included Studies

Study Study Design

Oxford Centre for

Evidence-based

Medicine Level39

Physiotherapy Evidence

Database (PEDro)

Scale Score37

Manual therapy

Reid et al28 Randomized control crossover trial 2b� 6

Vicenzino et al29 Randomized control crossover trial 2b� 7

Collins et al30 Randomized control crossover trial 2b� 5

Green et al31 Randomized control trial 2b 6

Therapeutic modalities

Sandoval et al32 Randomized control trial 2b 8

Borromeo et al33 Randomized control trial 2b� 6

Peer et al36 Outcome studies (crossover trial) 2c 2

Therapeutic exercises

Youdas et al34 Randomized trial 2c 4

Psychological intervention

Christakou et al35 Randomized control trial 2b� 3
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Table 3. Effect Size With 95% Confidence Interval for Improved Ankle Dorsiflexion After 1 Dose or Multiple Doses of Therapeutic

Interventions

Study Intervention

Effect of 1 Dose

(95% Confidence Interval)

Effect of Multiple Doses

(95% Confidence Interval)

Acute ankle sprain

Green et al31,a Passive joint mobilization Session 1: 0.45 (�0.20, 1.08) 2 Sessions: 1.28 (0.55, 1.96)b,c

Session 2: 0.19 (�0.47, 0.84) 3 Sessions: 1.63 (0.81, 2.36)b,c

Session 3: 0.11 (�0.61, 0.83) 4 Sessions: 1.49 (0.44, 2.44)b,c

Session 4: 0.37 (�0.80, 1.48) 5 Sessions: 1.71 (0.47, 2.83)b,c

Session 5: 0.09 (�1.31, 1.46)

Control (rest, ice, compression, and

elevation)

Session 1: 0.09 (�0.55, 0.73) 2 Sessions: 0.76 (0.09, 1.40)c

Session 2: 0.21 (�0.43, 0.84) 3 Sessions: 0.95 (0.26, 1.60)b,c

Session 3: �0.13 (�0.76, 0.51) 4 Sessions: 1.11 (0.37, 1.80)b,c

Session 4: �0.17 (�0.86, 0.53) 5 Sessions: 1.65 (0.76, 2.45)b,c

Session 5: 0.27 (�0.58, 1.10)

Sandoval et al32 High-voltage pulsed-current electrical

stimulation (þ) and conventional

treatmentd

NA 0.35 (�0.66, 1.31)

High-voltage pulsed-current electrical

stimulation (�) and conventional

treatmentd

NA 0.94 (�0.02, 1.82)

Conventional treatmentd only NA 0.81 (�0.13, 1.69)

Borromeo et al33 Hyperbaric oxygen therapy and

standardized treatmentse

0.46 (�0.26, 1.15) 1.32 (0.53, 2.05)b

Air and standardized treatmentse 0.50 (�0.21, 1.19) 1.22 (0.44, 1.94)b

Peer et al36 Biomechanical muscle stimulation 0.52 (�0.79, 1.72) NA

Rest, ice, compression, and elevation �0.05 (�1.28, 1.20) NA

Youdas et al34 Static stretching for 30 s and home

exercise programf

NA 1.36 (0.12, 2.42)b

Static stretching for 1 min and home

exercise programf

NA 1.86 (0.60, 2.91)b

Static stretching for 2 min and home

exercise programf

NA 1.99 (0.60, 3.10)b

Christakou et al35 Relaxation and imagery program and

physiotherapy programg

NA 1.22 (0.16, 2.16)b

Physiotherapy programg only NA 1.27 (0.20, 2.21)b

Subacute ankle sprain

Collins et al30 Weight-bearing movement with

mobilization

0.38 (�0.32, 1.07) NA

Placebo 0.05 (�0.65, 0.74) NA

Control �0.06 (�0.75, 0.64) NA

Recurrent ankle sprain

Reid et al28 Weight-bearing movement with

mobilization

0.15 (�0.44, 0.72) NA

Sham mobilization 0.05 (�0.53, 0.62) NA

Vicenzino et al29 Weight-bearing movement with

mobilization

0.39 (�0.32, 1.08) NA

Nonweight-bearing movement with

mobilization

0.29 (�0.41, 0.98) NA

Control 0.13 (�0.57, 0.82) NA

Abbreviation: NA indicates not applicable.
a The authors performed 6 sessions of the interventions for each group; however, only 1 patient received passive oscillatory joint

mobilization in the last session. Therefore, we could not calculate the effect size and 95% confidence interval because of the lack of mean
and standard deviation.

b Indicates large effect size with 95% confidence interval that did not cross zero.
c Indicates effect size was calculated from baseline measurement before the first session to measurement immediately after each session.
d Conventional treatment included crushed ice bag for 20 min with elevation and isometric and resisted active exercises in all degrees of

freedom at the ankle joint until the limits of pain without weight bearing.
e Standardized treatment programs included naproxen; rest, ice, compression, and elevation; range-of-motion and strength exercises; and

proprioceptive training.
f The home exercise program included active ankle range of motion; active resistive exercise to the affected ankle in all planes;
proprioceptive training; and rest, ice, compression, and elevation.

g Physiotherapy program included hydromassage, ultrasound, a laser device, range-of-motion exercises, strengthening exercises,
proprioceptive training, cycling on a stationary bicycle, forward lunges against a wall, step-ups and step-downs, diagonal hops, and
stretching exercises.
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matic restriction. Proper accessory motion is necessary to
achieve full physiologic ROM. During normal ankle
dorsiflexion, the convex talus glides posteriorly, rolls
upward, and rotates externally on the concave surface of
the mortise, and the fibula glides superiorly and moves
laterally away from the tibia.10,11,31,49 However, after an
acute ankle sprain, posterior gliding of the talus may be
restricted during dorsiflexion because disruption of the
anterior talofibular ligament may induce anterior subluxa-
tion and internal rotation of the talus on the mortise and
anterior and inferior displacement of the distal fibu-
la.8,10,11,49–51 Therefore, anterior talar translation often is
theorized to limit accessory motions in the talocrural joint,
which may impair normal ankle dorsiflexion. Passive
oscillatory talocrual joint mobilization is purported to
increase accessory joint motions by passively restoring
posterior glide of the talus and correcting the positional
fault of the talus and distal fibula.31,49,52 Mulligan49

introduced the MWM treatment techniques for correcting
the positional fault of the bony segments, improving joint
ROM, and restoring pain-free function by combining
physiologic (osteokinematic) and accessory joint move-
ments. In the MWM treatment techniques, a sustained
manual gliding force is applied to a joint in a direction

perpendicular to the plane of motion or impaired motion
while the patient actively performs a painful and restricted
motion of that joint.49,53 An application of MWM for
improving dorsiflexion after ankle sprain consists of a
passive glide of the tibia relative to the talus in a
posteroanterior direction or a glide of the talus on the tibia
in an anteroposterior direction that is sustained during
active dorsiflexion to the end of pain-free ROM.49

Although increases in ankle dorsiflexion were demon-
strated after 1 passive oscillatory joint mobilization in
patients with acute ankle sprain31 or MWM in patients with
subacute30 or recurrent ankle sprain28,29 in 4 studies
included in this review,28 the clinical relevance of
conclusions drawn from the current literature is limited
because the associated effect sizes were small to moderate,
with 95% CIs that crossed zero. However, the studies in
which authors evaluated passive oscillatory joint mobiliza-
tion or MWM were categorized as level 2b evidence and
produced a mean PEDro score of 6.0, allowing for
moderately supportive evidence and practical recommen-
dation for considering the use of these interventions as a
part of rehabilitation for individuals with ankle sprains.
These patients already may have had restored ankle
dorsiflexion, or the observed restriction to ankle dorsiflex-

Figure 2. Effect sizes with 95% confidence intervals for improvements in ankle- dorsiflexion range of motion immediately after joint
mobilization in individuals with acute or subacute ankle sprain. Abbreviations: AP, anteroposterior; MWM, movement with mobilization.
a Indicates a passive small-amplitude oscillatory talocrual joint mobilization was applied in the AP direction. b The group receiving rest,
ice, compression, and elevation was considered the control group in the study by Green et al.31
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ion may have been multifactorial; therefore, 1 treatment
may have limited benefit. We could not find studies in
which authors have examined the effects of more than 1
bout of MWM on ankle dorsiflexion after an ankle sprain.
Investigators should examine the effect of MWM with
multiple consecutive treatments to determine the clinical
relevance of dorsiflexion improvements. Green et al31

provided 6 treatment sessions of joint mobilization with
RICE or RICE alone to patients with acute ankle sprains.
The multiple consecutive treatments of joint mobilization
with RICE produced large effect sizes for ankle-dorsiflex-
ion improvement and 95% CIs did not cross zero. However,
caution is needed when interpreting the effect sizes of
multiple consecutive treatments of passive joint mobiliza-
tion in the study. Normal ankle-dorsiflexion ROM was
restored with fewer treatment sessions in patients who
received passive joint-mobilization interventions with
RICE than in patients who received only RICE. Patients
were discharged from the trial when full ankle dorsiflexion
was restored. Subsequently, not all patients in the
experimental group received the same number of treatment
sessions because the total number of patients declined
progressively over the 6 intervention sessions upon

achieving full ankle dorsiflexion. Furthermore, the control
group, which received the RICE protocol alone, showed
large effect sizes with small 95% CIs for multiple
consecutive treatments for ankle-dorsiflexion improve-
ments. Therefore, the evidence is inconclusive with respect
to the beneficial effect of a passive oscillatory joint
mobilization alone for ankle-dorsiflexion improvement. In
addition, this study lasted 2 weeks with 6 maximal
treatment sessions; however, no long-term follow-up was
conducted to determine if these improvements in ankle
dorsiflexion ROM were maintained. Investigators should
examine the permanence of the improvements in ankle
dorsiflexion.

Ankle dorsiflexion typically is restricted by pain, spasm,
and swelling, and subsequently, therapeutic modalities
controlling pain and swelling may effect moderate
improvement in ankle dorsiflexion. Cryotherapy and
electrotherapy often are incorporated to minimize pain,
spasm, and neural inhibition, thereby allowing for earlier
and more aggressive interventions to restore motion.54

Hyperbaric oxygen treatment, a less traditional therapeutic
intervention, is purported to cause vasoconstriction, facil-
itate reabsorption of extravascular fluid into the circulation,

Figure 3. Effect sizes with 95% confidence intervals for improvements in ankle dorsiflexion range of motion immediate after therapeutic
modalities in individuals with acute or subacute ankle sprain. Abbreviations: BMS, biomechanical muscle stimulation; CG, conventional
treatment group; HVPS (–), negative-polarity high-voltage pulsed-current electrical stimulation; HVPS (þ), positive-polarity high-voltage
pulsed-current electrical stimulation; HBO, hyperbaric oxygen therapy; and RICE, rest, ice, compression, and elevation.
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and accelerate debridement by increasing oxygen delivery
to macrophages, thus assisting in controlling the amount of
swelling. Green et al31 reported a small associated effect
size for acute increase in ankle dorsiflexion after a RICE
protocol in the control group (Cohen d ¼ 0.09), whereas
Peer et al36 reported negative effects for immediate
improvement in ankle dorsiflexion after a RICE protocol
in patients with acute ankle sprain (Cohen d ¼ �0.05).
Sandoval et al32 noted strong effect sizes after negative-
polarity HVPS with a standardized intervention program
(Cohen d¼ 0.94) or the standardized intervention program
alone (Cohen d ¼ 0.81); however, the associated 95% CIs
crossed zero. Borromeo et al33 reported small to moderate
effect sizes for increases in ankle dorsiflexion after 1 dose
of hyperbaric oxygen (Cohen d¼ 0.46), but again the 95%
CIs crossed zero. Therefore, although associated with
mostly favorable results, the improvement in ankle
dorsiflexion after 1 dose of cryotherapy, electrotherapy,
and hyperbaric oxygen may not be clinically relevant.

We did not find evidence to support the use of relaxation
and imagery techniques to increase ankle dorsiflexion after
ankle sprain. Christakou et al35 noted that mental relaxation
and imagery intervention for patients sustaining lateral

ankle sprains had no clinical benefit for ankle-dorsiflexion
improvement. The effect sizes for the improvements in
ankle dorsiflexion were also large in both the experimental
(Cohen d¼ 1.22) and control groups (Cohen d¼ 1.27) with
narrow 95% CIs, indicating that the combination of mental
relaxation and imagery combined with standard-of-care
treatments was not more beneficial than the standard-of-
care treatment alone for improving ankle dorsiflexion.
However, the design of the groups and treatment protocol,
the use of a weak measure of internal and external imagery,
and a small sample size limited the strength of clinical
evidence. Whereas some investigators55,56 have suggested
that imagery and relaxation may be able to reduce pain and
improve neuromuscular control through central nervous
system changes in spinal and cortical pathways, further
research is needed to investigate the influence of psycho-
logical interventions on restoration of ankle dorsiflexion
and the mechanisms behind it.

Some researchers have suggested that a combination of
factors restricts ankle dorsiflexion after ankle sprain.
Vicenzino et al29 demonstrated a relationship between an
improvement in posterior talar glide and weight-bearing
dorsiflexion after weight-bearing MWM in patients with

Figure 4. Effect sizes with 95% confidence intervals for an improvement in ankle dorsiflexion after static stretching with a home exercise
program in individuals with acute ankle sprain (active ankle range of motion; active resistive exercise to the affected ankle in all planes;
proprioceptive training; and rest, ice, compression, and elevation). Abbreviation: SS, static stretch.
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recurrent ankle sprain. However, Denegar et al8 found no
differences in ankle dorsiflexion between the injured and
uninjured ankles in 12 patients who had histories of lateral
ankle sprain within the 6 months before the study and who
had returned to sport participation; yet the amount of
posterior talar glide was reduced in the injured ankle (88 6
5.88) compared with the uninjured ankle (16.68 6 3.48) in
the 6 months after ankle sprain. The difference was
associated with a very strong effect size and a 95% CI
that did not cross zero (Cohen d ¼ 1.81; 95% CI ¼ 0.81,
2.69). Denegar et al8 further explained that restored ankle
dorsiflexion may be due to flexibility of the gastrocnemius-
soleus complex and hypermobility of other joints. The
selection of therapeutic interventions for improving ankle
dorsiflexion after ankle sprains depends on multiple
limiting factors to ankle dorsiflexion. Therefore, a clinician
should consider an approach to improve ankle dorsiflexion
that may necessitate recognizing which factors limit ankle
dorsiflexion after an ankle sprain.

Although the authors of 8 of the studies we included in
this review assessed ankle dorsiflexion along with the level
of pain or the amount of swelling to determine treatment
effectiveness, only Borromeo et al33 also provided patient
self-reported functional scores, showing a strong effect for
improved self-reported functional scores after 7 days of
hyperbaric oxygen treatments (Cohen d¼ 18.66; 95% CI¼
13.68, 22.70). However, none of the authors of the studies
included in our review examined the relationship between
improvements in dorsiflexion and patient progress using

patient self-reported functional outcome measures. A
patient-oriented approach using self-reported function
may be necessary to determine maximal treatment
efficiency and efficacy in addition to dorsiflexion measure-
ments.

CONCLUSIONS

Restoring normal ROM of ankle dorsiflexion after ankle
sprains is important to minimize the risk of reinjury and
quickly restore full functional abilities. From our review,
the existing evidence suggests that clinicians need to
consider what may be the limiting factor of ankle
dorsiflexion to select the most appropriate treatments and
interventions. The small amount of patient-oriented evi-
dence coupled with heterogeneous patient populations
across studies may limit the clinical relevance of conclu-
sions drawn from the literature. Investigators should
examine the long-term effects of treatments on ankle
dorsiflexion and a relationship between an improvement in
ankle dorsiflexion and measures of patient self-reported and
physical function to determine the most appropriate forms
of therapeutic interventions to address ankle-dorsiflexion
limitation.

ACKNOWLEDGMENTS

We thank Alfred A. Bove, MD, PhD, and Ann Christakou for
granting permission to use their unpublished data.

Figure 5. Effect sizes with 95% confidence intervals for improved ankle dorsiflexion after psychological intervention in individuals with
acute ankle sprain. Abbreviation: PT (physiotherapy) program included hydromassage, ultrasound, laser, range-of-motion exercises,
strengthening exercises, proprioceptive training, cycling on a stationary bicycle, forward lunges against a wall, step-ups and down,
diagonal hops, and stretching exercises.
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