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Rehabilitation after ankle fracture fixation
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Ankle fractures are one of the most common lower limb injuries, and the prevalence of ankle fractures has been increasing. In most cases, open reduction and internal fixation is the preferred treatment, and the postoperative prognosis is
good. The range of motion and weight bearing of the joint are restricted for a certain period. If the ankle joint continues
to be fixed for a long time, joint stiffness, pain, and/or loss of muscle may occur. Early weight bearing, joint movement,
and muscle strengthening exercises can help prevent complications following fixation and return to daily life. However,
there is controversy regarding the timing and duration of weight bearing because there is a risk of loss of reduction, nonunion, and infection of the surgical site wounds due to early rehabilitation. Patients agree with the importance of postoperative rehabilitation exercises based on their return to daily and leisure activities. In this article, we review the latest
findings on the proper timing of joint motion, joint motion angle, weight bearing, and exercise protocols after surgery for
treating ankle fractures.
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INTRODUCTION
Ankle fractures are one of the most common lower extremity injuries, accounting for approximately 10% of
all fractures. With the aging of the population and the
increase in the number of people enjoying leisure and
sports activities, the prevalence of ankle fractures is
gradually increasing [1–3]. The ankle plays a key role in
bearing the weight of the body when standing and walking. Ankle fractures can not only deform the anatomical
structure but also damage the ligaments and soft tissues
surrounding the ankle, resulting in complications, such
as arthritis, pain, and muscle weakness [4]. In certain
cases, conventional treatment can lead to promising
outcomes. However, recently, open reduction that repairs
damage to the surrounding ligaments and leads to accurate anatomical reduction is preferred [5,6]. To prevent
complications, such as nonunion, loss of fixation, and
infection of the surgical site, joint exercises and weight
bearing are restricted for a certain period after surgery.
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However, long-term fixation can cause rehabilitation delay, pain, joint stiffness, and muscle atrophy, resulting in
functional impairment [7]. The purpose of postoperative
rehabilitation is to reduce edema and restore function,
range of motion (ROM) of the joints, muscle strength and
stability, and proprioceptive function [8]. Indications for
surgical treatment are relatively well-defined for fractures. However, there is no clear consensus on the timing
of full-weight-bearing gait, adequate ROM, and sports rehabilitation exercises after surgery [9–11]. Thus, this study
was designed to determine effective and appropriate
postoperative rehabilitation treatment methods through
a literature review of the latest studies on ankle fractures.

ANATOMY
The ankle joint is a mortise joint consisting of the distal
tibia and fibula, talus, and ligaments and soft tissues connecting these bones. The lateral ligament of the ankle
joint consists of the anterior talofibular, calcaneofibular,
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and posterior talofibular ligaments. The anterior talofibular ligament primarily limits the internal rotation of
the ankle and restricts the adduction of the ankle in plantarflexion. The calcaneofibular ligament limits the adduction of the ankle almost independently during neutral
positioning or dorsiflexion of the ankle joint. Additionally,
it restricts the adduction of the ankle with the anterior
talofibular ligament during plantarflexion. The posterior
talofibular ligament inhibits the external rotation of the
ankle joint during dorsiflexion and limits dorsiflexion of
the ankle joint with the deltoid ligament [12]. The deltoid
ligament is a thick triangular structure composed of a
superficial layer and deep layer consisting of the talotibial, calcaneotibial, and tibionavicular ligaments. The
superficial ligament limits the abduction of the hindfoot,
and the deep ligament restricts the external rotation of
the ankle. The distal parts of the fibula and tibia are connected by a syndesmosis and provide stability by limiting
rotational axial movement [13].

CLASSIFICATION
Ankle fractures are classified according to anatomy, injury mechanism, and stability. They were first described
by Pott in 1769 [14]. In 1922, Ashhurst and Bromer have
reported the injury mechanism of ankle fractures and
proposed different classification systems [15]. Currently,
the Lauge-Hansen, Danis–Weber, and Arbeitsgemeinschaft fur Osteosynthesefragen/Orthopaedic Trauma
Association (AO/OTA) classifications are commonly used

(Table 1). In 1950, Lauge-Hansen [16] classified ankle
fractures according to the position of the foot and the
direction of the external force applied to the ankle based
on the mechanism of injury and graded each mechanism
according to the order in which the bones and ligaments
were damaged. The Danis–Weber classification was developed in 1996 and compared the location of the fibula
fracture with that of the distal tibiofibular syndesmosis
to classify fractures into types A, B, and C. Danis–Weber
highlighted the importance of surgical treatment for
ankle fractures and reported that the higher the location
of the fracture site on the fibula, the less stable the joint.
However, medial bone and ligament injuries affecting
the overall stability were not described [17]. Recently, the
AO described all fractures of the body using a numeric
system and further subdivided the Danis–Weber classification into subtypes 1, 2, and 3 according to medial and
posterior injuries. Evaluating clinical examination findings and simple radiographs to assess ligament damage is
important in determining treatment strategies according
to the classification of fractures. Additionally, techniques,
such as computed tomography and magnetic resonance
imaging, may be helpful as well.

TREATMENT
The goal of treatment of ankle fractures is to anatomically reduce and maintain the ankle within the mortise
and minimize intra-articular contact stress for preventing
traumatic arthritis [18]. Conservative treatment may be

Table 1. Various classifications of ankle fractures
Fibular fracture

Danis–Weber

Lauge-Hansen (stage)

AO/OTA

Infra-syndesmosis

Type A

Supination adduction
1. Transverse fracture of the lateral malleolus
2. Vertical fracture of the medial malleolus

44-A1
44-A2
44-A3

Trans-syndesmotic

Type B

Supination external rotation
1. Injury to the anterior–inferior tibiofibular ligament
2. Low oblique/short spiral fracture of the lateral malleolus
3. Injury to the posterior–inferior tibiofibular ligament or fracture of the posterior malleolus
4. Deltoid ligament injury or fracture of the medial malleolus

44-B1
44-B2
44-B3

Supra-syndesmotic

Type C

Pronation external rotation
1. Deltoid ligament injury or fracture of the medial malleolus
2. Injury to the anterior–inferior tibiofibular ligament
3. High oblique/spiral fracture of the distal fibula
4. Injury to the posterior–inferior tibiofibular ligament or fracture of the posterior malleolus

44-C1
44-C2
44-C3

Pronation abduction
1. Deltoid ligament injury or fracture of the medial malleolus
2. Injury to the anterior–inferior tibiofibular ligament
3. Transverse or comminuted fracture of the distal fibula
AO/OTA, Arbeitsgemeinschaft fur Osteosynthesefragen/Orthopaedic Trauma Association.
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considered if the ankle is isolated lateral or medial malleolar fracture; anatomical reduction is possible by manual
reduction and displacement within 2 mm on radiographs; and congruency of the ankle joint is maintained.
In most bimalleolar or trimalleolar fractures, surgical
treatment is often performed as anatomical reduction is
difficult to achieve even after manual reduction [19]. During surgery, strong internal fixation is employed to allow
early movement after open reduction, and screws, plates,
tension band wiring, and tibial nails are used for fixation
[20].

REHABILITATION
Duration of immobilization
In most patients, cast immobilization is employed after
surgery for ankle fractures based on the length of time
the sutures remain in situ. In a study analyzing ankle fracture rehabilitation treatment policies in 213 university
hospitals and orthopedic clinics in Germany regarding
the length of lower extremity fixation, the recommended
length of orthosis treatment was 6.04 weeks [21]. During prolonged cast immobilization, complications, such
as joint stiffness, reduced ROM, pain, decreased blood
circulation, and muscle atrophy, may occur. The AO/
Association for the Study of Internal Fixation principles
reported that this is cast or fracture disease and stated
that adequate internal fixation of the fracture site could
prevent such complications by minimizing the duration of cast immobilization of the lower extremities [22].
In a prospective randomized study on the duration of
cast immobilization, Egol et al. [6] have compared 60
patients with foot fracture who underwent open reduction surgery to assess the results of early movement from
the second to the third day after surgery. After 6 weeks,
gradual weight bearing was induced after removing both
lower extremity fixations. The participants were followedup for a year, and functional scores and the short form
health survey (SF-36) showed significant improvement
in vitality and perception of general health in patients
who underwent early joint exercises using orthoses.
Moreover, those who underwent early joint exercises using orthoses returned to work earlier after surgery, and
complications, such as loss of reduction and infection,
were not observed. Vioreanu et al. [23] have conducted
a prospective randomized study involving 66 patients
with ankle fractures and compared a group of 29 patients
who underwent fixation using a nonremovable plaster
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cast with another group of 33 patients who underwent
fixation using removable plaster casts. Both groups did
not bear weight for 6 weeks, and those who had removable plastic splints underwent ankle plantarflexion,
dorsiflexion, inversion, abduction, open-chain exercises,
and closed-chain exercises without orthoses for 10 minutes thrice a week after removing the sutures. During
follow-up, those who conducted early joint exercises had
significantly less muscle atrophy and good active ROM.
The Olerud–Molander (OM) and American Orthopaedic
Foot and Ankle Society (AOFAS) scores were also higher
in those who underwent early joint exercises. However,
no difference in the SF-36 score was observed. Furthermore, the early joint exercise group returned to work
earlier than the other group. Deep vein thrombosis was
observed in two patients with maintained fixations, and
one case of superficial wound infection and two cases
of deep wound infection were reported in the early joint
exercise group. Franke et al. [24] have compared cast fixation and dynamic vacuum orthosis, which allowed up to
10° of dorsiflexion, for 6 weeks after surgery in 27 patients
with ankle fractures. In both groups, full-weight-bearing
activities were allowed after 2 weeks, and the orthosis
and case were removed after 6 weeks. In the orthosis
group, the OM score and plantarflexion were better at 6
and 10 weeks, respectively. Moreover, the orthosis group
returned to work 24 days earlier. Reducing the fixation
period and starting early joint exercise led to early rehabilitation exercises, allowing a faster return to daily life.
In a study that analyzed rehabilitation treatment policies after ankle fractures in 213 university hospitals and
orthopedic clinics in Germany regarding the duration of
lower extremity fixation, the mean recommended duration of orthosis was 6.04 weeks. The ROM was –10° to
+10° at 6 weeks, and gradual weight bearing and increase
in the ROM of the ankle joint were recommended [21].

Weight bearing timing
To determine postoperative weight-bearing timing, the
weight, age, activity, severity of instability or dislocation of
the fracture, and firmness of the internal and external fixation of patients must be considered. Weight-bearing gait
must be avoided in fractures involving the articular surface or temporary internal fixation of the distal tibiofibular syndesmosis. Furthermore, ankle fractures in patients
with diabetes may lead to Charcot joints. Thus, weight
bearing in at-risk groups may be later than in other
groups [25]. For comminuted fractures of the tibial artic-
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ular surface, active joint exercises can be performed early
after surgery. Weight bearing is limited until 8 to 10 weeks,
and partial weight bearing is allowed until 14 to 20 weeks
[20]. Early weight-bearing walking with adequate fixation
is allowed for stable bimalleolar fractures. This promotes
the recovery of ROM in damaged joints, reduces the incidence of edema and soft tissue atrophy, and prevents
osteoporosis [26,27]. However, early postoperative weight
bearing can lead to possible complications, such as loss
of reduction or increased risk of complications in the
wound site. In a randomized prospective study by van
Laarhoven et al. [28], 81 patients with ankle fractures who
underwent internal fixation followed by 6 weeks of cast
immobilization were divided into two groups based on
whether they underwent early weight bearing. Those who
underwent early weight-bearing returned to daily life earlier and had better subjective satisfaction than those who
did not undergo weight bearing. However, no difference
in complications was observed between the two groups.
Simanski et al. [29] have compared 43 patients who underwent internal fixation after a Weber B or C fracture by
assigning them into early weight bearing and non-weight
bearing groups for 6 weeks. Those who underwent early
weight bearing returned significantly earlier to daily life
and had significantly better Olerud and Tegner scores.
Honigmann et al. [30] have allowed partial weight bearing in 23 patients with orthosis from 2 to 4 days after
ankle fracture surgery. Full-weight-bearing activities were
permitted from 2 weeks after surgery, and patients were
allowed to walk without crutches from 3 weeks after surgery. In the control group consisting of 22 patients, only
partial-weight-bearing activities were allowed. Return to
work and climbing stairs were significantly faster in those
who used orthoses. Furthermore, the improvement of
plantarflexion and edema was observed. No difference
in subjective indicators, including the visual analog scale
(VAS), was observed between the two groups. In a study
by Dehghan et al. [31], 110 patients with trimalleolar
fractures who did not require fixation of the bimalleolar
fracture and posterior malleolar fracture fragments were
randomly assigned to the experimental (n = 56) and control (n = 54) groups after internal fixation surgery. The
experimental group was allowed full-weight-bearing
activities 2 weeks after surgery, and the control group
underwent 6 weeks of fixation without weight bearing. At
6 weeks, 3 months, 6 months, and 12 months, 48%, 94%,
94%, and 98% of the patients returned to work, respectively, and no difference was observed between the two
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groups. In the early weight bearing group, the ROM, OM,
and SF-36 scores were significantly higher than those in
the control group at 6 weeks. At the final follow-up, physical levels were significantly higher in the early weightbearing group than those in the control group; however,
no difference in mental levels was observed between the
two groups. Superficial infection of the surgical site was
observed in seven patients in the early weight bearing
group, whereas only three patients had superficial infection of the surgical site in the control group; all these patients were treated using oral antibiotics. No significant
difference in the incidence of other complications was
noted. In a study of two-dimensional movements and
external forces, Stauffer et al. [32] have reported objective
findings on the benefits of early walking using orthoses
by measuring the isokinetic muscle force. Moreover,
several studies have reported that early walking after
internal fixation surgery for ankle fractures can lead to
better functional outcomes in the daily life of patients
after discharge [6,28,33–36]. In other studies, early walking did not affect the clinical outcomes [37–40], and in a
randomized prospective study, early walking after ankle
fracture surgery led to a high rate of complications (66%),
such as superficial infection, deep infection, and wound
dehiscence and irritation [41]. Ankle fractures are mainly
caused by rotational forces, and the weight load applied
to fracture fragments is less than that applied to the long
bones. Thus, if sufficient fixation and stability of the grid
structure are achieved, nonunion or loss of reduction will
not be greatly affected by weight bearing. Therefore, considering the benefits, that is patient convenience and improved function, early weight bearing is recommended.

Angle of range of motion
After surgery, the ROM of the ankle is limited due to pain,
surgical site infection, and the risk of re-dislocation. In
one study, the mean angle of ROM 6 weeks after surgery
was 10° of dorsiflexion to 10° of plantarflexion [21]. In a
study of frozen cadavers of an amputated leg, Shimamura et al. [42] have artificially induced internal fractures,
followed by fixation, to assess the ROM of the ankle joint
in a stable state. The level of dislocation between the fracture lines was measured in micrometers (µm) using an
omega-gauge transducer, and dislocation was observed
up to 45° of plantarflexion, 25° of dorsiflexion, and 15° of
inversion and eversion. Minimal dislocation was observed
when the ankle was inverted. However, significant dislocation was observed at the eversion of the ankle relative
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to the angle of eversion. The dislocation rapidly increased
with plantarflexion greater than 19.1° and dorsiflexion
greater than 9.9°, suggesting that the angle of ROM must
be considered during early rehabilitation exercise. Søndenaa et al. [43] has randomly selected 43 patients who
underwent internal fixation after ankle fractures. The
ankles were fixed for 3 days after surgery, and the patients
were divided into two groups: the group that moved the
ankles to the maximum angle within the possible range
without limiting the movement and the group that underwent gradual exercise after fixation. At the final followup 1 year after the surgery, both groups achieved normal
ROM. Six weeks after surgery, the group that moved the
ankle to the maximum angles had significantly higher
plantarflexion and subjective satisfaction, suggesting
that restricting the ROM of the ankle hinders its recovery.
Similarly, DiStasio et al. [44] has demonstrated improved
pain, function, esthetics, and movement in the group
that performed joint exercises after internal fixation surgery without restricting the ROM compared with those in
the group that did not perform joint exercises after cast
fixation.

Rehabilitation exercise therapy
In a study by Suciu et al. [45], patients with bimalleolar
fracture who had fractures in the upper part of the fibula,
rather than in the distal tibiofibular syndesmosis, underwent open reduction and internal fixation surgery. Rehabilitation center courses, such as walking back and forth
and TheraBand strengthening, trampoline, and wobbleboard exercises, were conducted; at the 12-week followup, gait time, gait length, and leg angle improved. Nilsson
et al. [10] have randomly assigned 110 patients with ankle
fractures into two groups. The training group consisting
of 52 patients performed gradual weight bearing, increasing joint ROM, balance training, lunge exercise, and
jumping exercises twice a week for 12 weeks with a physical therapist and was compared with the control group
consisting of 58 patients. In the training group, those under the age of 40 years had a significantly better OM score
and muscle strength for plantarflexion and dorsiflexion
than those of the control group. Those over the age of 40
years in the training group showed no difference in the
outcomes compared with those in the control group, suggesting that younger patient groups should focus on rehabilitation after surgery. Jansen et al. [46] have provided
education on general postoperative physical therapy to
25 randomly selected patients with Weber class B- or C-
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type ankle fractures after their surgeries. Another group
consisting of 25 patients received the same education
and used active-controlled motion (ACM) devices for
their rehabilitation. In the group that used ACM devices,
the ROM of the ankle joint was significantly better 6 and
12 weeks after surgery. Furthermore, foot and ankle VAS,
Mazur, and AOFAS scores showed satisfactory results.
Those who used ACM devices also returned to work faster
than those who did not use ACM devices. Therefore, in
summary, patient education on proper rehabilitation exercise methods, the use of different equipment, and timing of exercise are fundamental and can greatly affect the
results of postoperative physical and clinical evaluations.

Factors affecting return to daily life
In treating older patients with fractures, surgical methods, such as internal fixation, can be performed as in
young athletes. However, the subsequent rehabilitation
processes for older adults must be different from those
for young athletes. Colvin et al. [47] have followed up 488
patients who underwent surgical fixation for unstable ankle fractures to assess their return to sports after 5 years;
3%, 14%, and 24% of the patients returned to sports activities 3 months, 6 months, and 1 year after surgical fixation, respectively. The predictors of return to sports were
young age, male sex, mild or no accompanying physical
diseases, and non-severe ankle fracture. Negative predictors included old age, female sex, serious medical complications, and ligament damage. In a systematic review
of the return to sports, the mean age of return 3 months
after surgery was 29 ± 16.5 years. For every year of increase in age, the patient was 14% less likely to return to
sports 3 months postoperatively. The mean age of return
6 months and 12 months after surgery was 35.5 ± 14 and
33 ± 13 years, respectively. Both smoking and severity of
fracture (based on the AO/OTA classification) were not
associated with return to sports. However, distal tibiofibular syndesmosis injury affected patients’ return to
sports 12 months after surgery [48]. Orr et al. [49] have examined patient groups with high demands for work and
exercise who underwent ankle fracture surgery at the US
Armed Forces Hospital and assessed their return to activity. Two years after surgery, 83% of the patients working in
the army could perform full training activities, which was
a higher proportion than that of patients who were not in
the army. Furthermore, highly active groups who underwent surgical fixation for unstable ankle fractures showed
better functional and occupational results on their return
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to daily life, active exercises, and sports activities and had
fewer complications.

ercises and aim to restore the preoperative physical function [8,10,52–55].

Tools for rehabilitation

Stage 1 (~2 weeks after surgery)

In a study of patients with fractures of the distal tibia,
fibula, and talus by Takacs et al. [50], a specially designed
air-tight chamber treadmill device was used to conduct
rehabilitation exercises, such as walking or running, for
patients who could not properly bear weight. The pain
was reduced, and recovery of the ROM, physical function,
and walking speed were improved. Moreover, Mattacola
and Dwyer [51] has reported that a rehabilitation bathtub
and controlling resistance can reduce weight burden on
the damaged joint and that increasing the resistance in
water can be effective for functional exercises. As such,
better efficiency and clinical outcomes can be obtained
by combining simple exercises with other equipment
necessary for rehabilitation.

During the first 1 to 2 weeks, partial rehabilitation of the
foot can be performed to avoid injuries during exercise.
Exercises must be performed on both ankles, and the
function of the injured ankle should be compared with
that of the healthy ankle. Crutches are used within the
possible weight-bearing range, and pump exercises consisting of repeated dorsiflexion and plantarflexion are
performed to reduce edema. Moreover, blood circulation
exercises are performed. Plantarflexion and dorsiflexion
exercises can be performed using TheraBand resistance
bands to train muscles (Fig. 1).

REHABILITATION TREATMENT PROTOCOL
The general guidelines for rehabilitation after ankle joint
surgery differ among every institution. However, the
guidelines commonly focus increasing dorsiflexion for
gait recovery; reduction of pain and swelling; protection,
rest, ice, compression, and elevation; and ankle joint ex-

A

Weight bearing can be partially increased such that patients can start training to walk without crutches. Standing position awareness training is performed by shifting
the body weight to the sides or front in a standing position.

Stage 3 (5–6 weeks)
Patients must perform exercises without crutches to
induce full weight bearing on the lower extremities. Re-

B

A
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Stage 2 (3–4 weeks)

B

Fig. 1. Use of a TheraBand resistance
band to provide muscle strengthening.
(A) Plantar flexor muscle. (B) Peroneal
muscle.

Fig. 2. Manual resistance in open chain
for multiplanar motions. (A) Plantarflexion and dorsiflexion. (B) Inversion and
eversion.
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A

B

A

B

C

Fig. 3. Closed kinetic chain TheraBand
exercise. (A) Hip adduction. (B) Hip abduction. (C) Hip flexion.

C

Fig. 4. Balance exercises can be performed on different surfaces. (A) Hard
floor. (B) Foam pads. (C) Wobble board.

covery of more than 50% of normal ROM and bone and
soft tissue recovery must be maintained. Furthermore,
symmetrical weight bearing of both lower extremities,
stationary bicycle exercises, passive joint exercises for
limited angles, open-chain exercises using TheraBand
resistance bands, open-chain exercises in multiplane
motion against manual resistance, lower extremity extension, lower extremity twist, standing on a balance board
with both feet after full weight bearing, raising the heels,
and single-leg stance on the ground are performed (Fig.
2).

Stage 4 (7–12 weeks)
Complete recovery of the ROM of the ankle and subtalar
joints; recovery of walking on hills and stairs; complete
recovery of function; hip flexion using TheraBand resistance bands while standing on the affected leg; extension,
abduction, and adduction of the ankle; closing eyes with
knees bent or standing with one leg on a balance board;
stork exercises; walking straight; and agility exercises,
such as side shuffle, can be performed (Figs. 3–5).

patient are performed. Exercises for specific sports activities and occupational skills are performed.

Step 5 (after 12 weeks)

Many studies have assessed surgical treatment methods
for ankle fractures. However, few studies have reported
rehabilitation strategies for postoperative functional

All activities that meet the goals and expectations of the
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Fig. 5. Stork exercise.

CONCLUSION
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recovery and compared outcomes of different rehabilitation methods. Thus, doctors have used different
rehabilitation protocols. For adequate postoperative
rehabilitation of patients, age, underlying comorbidities, fracture pattern, and accompanying injuries must
be considered. Early weight-bearing walking, early joint
exercises, joint movements with full ROM, and the use of
adequate rehabilitation equipment can reduce complica-

tions, such as joint stiffness and muscle weakness, and
lead to high subjective satisfaction and a rapid return to
normal life in patients.
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