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Summary

Ankle osteoarthritis (OA) is common
among young and active people. The
majority of the affected population are
physiologically young and used to be
sports active, which make their expec-
tations of the treatment higher than hip
and knee OA population. Non-surgical
interventions sometimes can be a
short-term solution, but surgical pro-
cedures such as Total Ankle
Arthroplasty (TAA) are considered in
end-stage OA.

Until recently, sports and exercise
restriction has been widely recom-
mended by surgeons for patients with
ankle OA, to avoid increasing pain or
further joint damage. The published
studies showed that sports activities
can be used as a treatment or at least
as an adjunct in the management plan.
Patients with TAA are classically
advised to avoid sports participation
for fear of implant failure. However,
surprisingly some articles reported a
good influence of sports activity on
the functional TAA outcome. Up to
date, guidelines and recommendations
for intensity and types of sports to be
practiced by TAA patients are scanty. In
this article, sports activities in relation
to Ankle OA and TAA will be compre-
hensively discussed.
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Sport, Arthrose des Oberen
Sprunggelenks (0SG) und
0SG-Totalprothese

Zusammenfassung

Arthrose des oberen Sprunggelenks
(0SG) tritt haufig bei jungen und akti-
ven Menschen auf. Die Mehrheit der
betroffenen Bevolkerung ist physiolo-
gisch jung und war sportlich aktiv, wes-
halb ihre Erwartungen an die Behand-
lung hoher sind als die der Arthrose-
Population an Hiifte und Knie. Nicht-
chirurgische Eingriffe konnen manch-
mal eine kurzfristige Losung sein, aber
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Introduction

Sports activity is an important and
integral part of the modern life. It
reflects and affects the general state
of health. The elderly population is
more concerned about regular sports
practice to maintain healthier life
style. In 2017, individuals older than
65 represented 19.7% of the popu-
lation in the European union and
15% of United States population.
This explain the increasing rates of
degenerative joint osteoarthritis
(OA) with the subsequent increase
in joint replacement surgeries. The
British national joint register
recorded 252'251 joint replacement
surgeries in 2017 including 734
ankle arthroplasties.”
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During daily activities, ankle joint
bears approximately 4-5 times body
weight during stance phase that will
increase during sport activity like
running, jogging and sprinting up
to 13 times body weight.” In one
experimental study, 83% of this load
was carried by the tibiotalar joint,
nearly 77% -90% carried across talar
dome and the remaining distributed
between the medial and lateral sur-
faces. The load on the talus is dis-
tributed to  different  parts
throughout the gait cycle in an arc
shape. During gait cycle and under
static load the contact pressure will
be higher in plantarflexion than in
dorsiflexion.  Furthermore, ankle
joint expose to more force per
square centimeter compare to hip
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chirurgische Eingriffe wie die 0SG-To-
talprothese werden bei OSG-Arthrose
im Endstadium in Betracht gezogen.
Bis vor kurzem wurde Sport- und Bewe-
gungseinschrankungen von Chirurgen
flr Patienten mit 0OSG-Arthrose allge-
mein empfohlen, um zunehmende
Schmerzen oder weitere Gelenkscha-
den zu vermeiden. Die veroffentlichten
Studien zeigen, dass sportliche Aktivi-
taten als Behandlung oder zumindest
als Erganzung im Managementplan
eingesetzt werden konnen.

Patienten mit einer 0SG-Totalprothese
wird klassisch geraten, aus Angst vor
Implantatversagen die Teilnahme am
Sport zu vermeiden.
Uberraschenderweise berichteten eini-
ge Artikel tiber einen guten Einfluss der
sportlichen Aktivitat auf das funktionel-
le Ergebnis von OSG-Totalprothesen.
Auf dem neuesten Stand sind Richtli-
nien und Empfehlungen fir Intensitat
und Sportarten, die von 0SG-Totalpro-
these-Patienten ausgetibt werden sol-
len, diirftig. In diesem Artikel werden
sportliche Aktivitdten in Bezug auf
0SG-Arthrose und -Prothese ausfihr-
lich besprochen.

Schliisselworter
0SG-Totalprothese— 0SG-Arthrodese — Sportver-
letzung— Sprunggelenksathrose— Sport

and knee joint due to smaller con-
tact area and high level of
congruency.”

Professional or recreational athletes
may develop early ankle OA during
their life. The role of sports activi-
ties in development and accelera-
tion of ankle OA is not clearly
described in  the literature.
However, sport activities could be
modified to prevent or treat existing
symptomatic OA. Ankle OA might be
treated conservatively for short time
including, physiotherapy, foot
orthotics,  bracing,  injectable
steroid therapy, hyaluronic acid
injections, and  Platelet-Rich
Plasma injections. But, in most of
the cases, these options are only
considered an obligatory step on
the road to surgery.

Many surgical procedures and
approaches have been developed
to treat different stages of ankle
OA. Total Ankle Arthroplasty (TAA)
became a valuable treatment option
for end-stage ankle OA. Although
TAA has been a more popular pro-
cedure, surgeons lack the guidance
and recommendation about sports
and physical activity following this
procedure.

In this review article, we will discuss
the sports related causes of ankle
0A, sport activity in patients with
ankle OA, and finally sport activity
after TAA.

Ankle Osteoarthritis due to
Sports and Sports Injuries

Ankle OA prevalence is estimated to
be 1% of the world's adult popu-
lation. Unlike hip and knee, ankle
0A is posttraumatic in 70-90% of
cases. Valderrabano and colleagues
conducted a study on 390 patients
(406 ankles) with ankle OA, they
found that posttraumatic ankle OA
accounted for 78% with majority
due to malleolar fractures and ankle
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ligamentous injuries. >*° The ankle is
the most common joint to be injured
during sports activities, with
> 300,000 ankle sprain injuries
reported yearly in the US, and an
estimated 5.23 ankle injuries per
1000 exposure in high school-aged
athletes, ankle injuries were most
commonly diagnosed as ligament
sprains (83.4%), followed by frac-
tures (5.2%), incomplete ligament
tear account 25% of all recurrent
ankle injuries.’

Underestimation of sports related
ankle OA is a result of the fact that
athletes who suffer from OA may
retire early and stop participating
in sports activity. Multiple studies
showed that forceful long-term
physical activity could cause ankle
0A. One study compared former pro-
fessional soccer players to their age
matched control group: the pro-
fessional soccer players showed
more incidence of knee (40-80%)
and ankle (12-17%) OA and a higher
need of hospital care.® Similarly,
pediatric sports injuries can be a
leading cause of future ankle OA.
Ekstrand and colleagues observed a
rate of lower extremities injury of
87% in seven consecutive seasons
for European professional soccer
players, ankle sprain occurred in
7% of lower extremity injuries.’
These injuries can happen due to
increased stresses at the ankle joint
during sprinting, cutting, sudden
change of direction, tackling and
the actual kicking maneuver.
Vincelette and colleagues, deter-
mined that 90% of football players
with average of 23 years of age
showed a degenerative change in
the ankle joint compared to the con-
trol group.’® Zinder and colleagues
studied the prevalence of ankle 0A
in retired professional football
player. They found that the players,
whom sustain single ankle sprain in
their duty, had 2.3 chance (8.3%) to
develop ankle OA."!
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Losifidis and colleagues, studied the
prevalence of clinical and radiologi-
cal OA in 218 former elite males from
many sports activities (soccer, vol-
leyball, martial arts, track and field,
basketball and skiing). The preva-
lence of clinical and radiological
0A was 15.6% and 36.6% respect-
ively; the ankle joint was affected in
3.6% of the cases."”

Furthermore, Knobloch and col-
leagues, investigated the long-term
effect of high intensity physical
training in long distance runner
on early ankle OA. Twenty-seven
track and field long-distance run-
ners and orienteers and 9 bobsled-
ders with the main age of 42 years
compared to a control group. The
long-distance runners had higher
prevalence of early ankle 0A.*
Schmitt and colleagues, studied the
ankle OA in 40 former elite high
jumpers, 2.5% of these jumpers were
diagnosed with ankle OA at mean
age of 41 years.™

Ankle ligament instability represent
a typical sports injury in soccer,
football, basketball and tennis. It
occurs in about 25% of injuries with
runners, jumpers, athletes and 11%
with soccer players.'® Rupture of
lateral ligament which occurs in a
rate of 1 per 10000 on daily basis,
will end up with chronic ankle insta-
bility in 20-40% of cases as
described by Valderrabano and
colleagues.'®"’

When comparing the incidence of
osteoarthritic changes between
acute and chronic ankle instability
in case of posttraumatic OA, litera-
ture reported that 47% of acute
sprains with residual symptom and
78% of chronic ankle instability.
These degenerative changes can be
explained by mechanical imbalance
leading to unequal load distribution
on the ankle joint, which in turn will
cause cartilage damage. This imbal-
ance might be a result of muscle
weakness, joint laxity, and abnormal
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joint biomechanics that happen fre-
quently in chronic ankle
instability.'®

Deltoid ligament injury is more fre-
quent than expected, the common
mechanism of its injury happens
with a combination of plantarflexion
and inversion during rotational
impact, usually the medial talar
osteochodral lesion (OCL) is associ-
ated with this type of injury.'®?°
Chondral and osteochondral lesions
(OCL) result from shear and com-
pressive forces on the articular sur-
face that create stress fractures
through the cartilage matrix and
the underlying bone. Chronic OCL
of the talus are commonly seen in
sports participants, especially in
sports that involves frequent jump
and land on one foot or make sharp
cutting moves (like in basketball,
soccer, football, and volleyball).
OCLis a common source of persistent
pain after ankle sprain.?’ Rolf and
colleagues, in his prospective study
reported 43% of 61 soccer players
sustaining ankle OCL treated with
arthroscopic  debridement  had
residual symptoms.?” In a study
done by Sugimoto and colleagues,
they found that OCL existed in 77%

of recurrent ankle instability
cases.”’
Isolated syndesmotic injury is

another factor that predispose to
ankle OA. It occurs more frequently
in athletes with high impact sports
such as hockey, soccer, and football.
Ankle OCL is commonly seen with
this type of injury, as described by
Brawn and coworkers in their retro-
spective MRI study, 28% of the syn-
desmotic injuries were associated
with ankle OCL. Chronic pain and
ankle OA may happen with missed
syndesmotic iné]'ury or diastasis more
than 2 mm.?°

Majority of ankle fractures occur
during competitive activity; it
accounts for 36% of all lower extrem-
ity fractures. In the literature, 37%
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of posttraumatic ankle OA are due to
fractures around the ankle. Lubbeke
and colleagues, investigated the
incidence of posttraumatic ankle
OA after ankle fracture in 108
patients over 18 years. They founded
36% of the patient develop posttrau-
matic ankle 0A.?’-?®

Impingement syndrome affect many
athletes (e.g. soccer, ballet dancers,
runners, volleyball etc.). The primary
cause of anterior impingement are
repetitive  mechanical  stresses
between the anterior distal tibial
rim and talar neck, that happen
during maximum dorsiflexion of ankle
joint like in runners, dancers and high
jumpers. Furthermore, direct impact
force onto the anterior aspect of
ankle like in soccer player can cause
anterior impingement and formation
of tibiotalar osteophyte (“soccer
ankle™). On other hand, forced plantar
flexion and repetitive traction and
compression forces in posterior ankle
compartment like in ballet dancers
and runners results in posterior
impingement and formation of osteo-
phytes and loose bodies at posterior
distal tibial rim and h%/pertrophied
posterior talar process.“*° Chronic
ankle instability is associated signifi-
cantly with osteophytes formation
that lead to impingement.*’

In terms of clinical outcome, the
latency time is the clinical
parameter that is used to estimate
the time between injury and painful
end-stage ankle OA. For example, for
posttraumatic ligamentous ankle
0A, the latency time is 30 years
according to the retrospective study
of Valderrabano et al.’® Similarly,
Horisberger and coworkers, reported
20.9 years as an average latency
time for ankle fracture.’

The incidence, type and mechanism
of ankle injuries, and incidence of
sport related ankle OA are summar-
ized in Table 1.

Table 1: Sports, Ankle Injuries, and
Incidence of Ankle Osteoarthritis
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Incidence of
ankle injury (%)

Sport

Type of ankle injury

ankle injury

Mechanism of sport induced

Incidence of References

ankle OA (%)

Persistent
symptom (%)

American football 17

Sprain (94.4)
Syndesmotic (10-24)

external rotation with
dorsiflexion

Fracture (1.3)

Badminton 23 Sprain (86.5) Fracture sudden direction change
(8.6) fast acceleration and
deceleration
Baseball 3.5 Sprain (14) contact with opponent
players while shooting
Basketball 15.9 Sprain (91.0) Fracture -landing on inverted ankle
(2.1) - cutting or pivoting
Dancing 17.4 Sprain (50.5) Fracture Excessive twisting
(5.6) poor joint control
weak peroneal muscles
Gymnastics 32.3 Sprain (44.4) Equipment stumbles
Fracture (1.2) Twisting moves
Handball 13.5 Sprain (100.0) Contacts/tackles
Shooting jumps
Martial arts 211 Sprain (91.7) Fracture N/A
(8.3)
Mountaineering 40 Fracture (65) N/A

Sprain (35.0)

Sprain (100.0)
Fracture(86.5) Sprain

Fracture(83.3)

Running on uneven ground
Twisting injuries

N/A

Sprain (16.7)

Sprain (74.9)

contact or landing from a

LCL inj. (29) syndesmotic jump
injuries (11)

Orienteering 29.8
Roller skating 7.5

(13.5)
inline skating 3.6
Rugby 11.6
Running 20.2 N/A
Soccer 21.2

(1.1)
Skateboarding 13.1
Skiing (alpine) 7.6

(11.0)
Snowboarding/  15.6
snowblading (42.5)
Tennis 47.2
Squash 12.6
Volleyball 45.6

(0.7)

Sprain (76.8) Fracture
Fracture (46%)

Sprain (76.9) Fracture
Sprain (53.6) Fracture

Sprain (66.7)

N/A

-Sprinting loads
-Cutting or pivoting
- tackles

Twisting inj.
-Twisting inj.

-Binding mechanism failure

Inversion dorsiflexion inj.

The sudden change of
direction, fast acceleration
and deceleration moves

Sprain (100.0)
Sprain (99.3) Fracture

(Actions of blocking and
spiking)

23 33 33
57 N/A 34
N/A N/A 3
51 32-67 36
N/A N/A 37
64 2.5 8
40 =
N/A N/A 3
N/A N/A 39
33.3 N/A 40
N/A N/A 1
N/A N/A 1
N/A N/A 42
20 N/A 3
57 539% 3
N/A N/A 1
N/A N/A 44
N/A N/A a4
N/A N/A 34
N/A N/A 34
N/A N/A 36

Sports with and as Treatment
of Ankle Osteoarthritis

The majority of patients with post-
traumatic asymmetrical ankle OA are
young and active. During the early

stages of ankle OA they will need
different treatment modalities to
ensure a decent level of sports
participations. However, they may
experience a reduction in walking
speed, limitation in the range of
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motion in all three planes, especially
the sagittal plane, shortening of
stance phase and stride length,
and muscle weakness that may be
lead to more stresses on the adja-
cent joints.*
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Valderrabano and coworkers, found
in their study 36% of patient with
ankle OA participated in moderate
sports level, as biking and swim-
ming. In ankle OA, high impact
activities associated with repetitive
loads are advised to be reduced or
replaced by low impact activities
with low intensity, rate and fre-
quency. These types have a minimal
impact or torsional loading that
decreases the risk of further joint
injury.'®

The implementation of therapeutic
exercise programs that contain
muscle  strengthening,  muscle
stretching and aerobic activities
either water or land based showed
clearly in the literature a reasonable
pain improvement and an increase
in muscle function.“®*” In contrast,
there is a strong relation between
O0A and muscle weakness or atro-
phy.“® In addition, it is currently
founded that muscle weakness can
be a major risk factor to develop
joint OA.*” However, muscle forces
are adapted to change joint loading
in magnitude and location. These
effects vary between the muscle
groups and depend on muscle pos-
ition during gait cycle. Therefore,
training and conditioning program
that concentrates on muscle
strengthening and increasing neu-
romuscular control of joint loading
can prevent or slow OA. Forinstance,
gastrocnemius and soleus were
found to shift the load toward
posterior and lateral. Hence,
strengthening of these muscles will
shift the loads away from the ante-
romedial area of the ankle where a
higher percentage of OA were
documented.*®*°

Injury prevention methods and ath-
lete education can improve the qual-
ity of life of the sports participants
with ankle OA. One of these methods
is altering the loads on the affected
joint using orthotics, including
ankle braces, ankle foot orthosis

266

(AF0) and insoles (shock-absorbing,
wedges). AFO controls ankle joint
movement and alignment by main-
taining the talus in neutral position
which helps decreasing pain.””
Pain relief is a crucial element to
help ankle OA patients achieving
satisfactory levels of activity. Oral
nonsteroidal anti-inflammatory
drugs (NSAIDs) play a reliable role
in relieving the acute pain that is
associated with ankle OA sub-
sequently facilitating mobility.
Hyaluronic acid (HA) injections are
commonly used in treatment of
ankle OA. Witteveen et al, observed
in their prospective study improve-
ment of the pain during walking
activities after HA injections which
can help the athletes to perform
their sport activity with less
discomfort.”*°?

In general, sports as recreational
activity cannot be a risk factor for
development of OA. Nevertheless, pro-
fessional athletes are more prone to
have osteoarthritis related injury.
However, sports can be practiced at
any stage of ankle OA although the
intensity and frequency have to be
adjusted to the individual capability.
Actually, a positive effect of low
impact sports like swimming,
cycling and walking was reported
in many studies on well-established
joint OA. Moreover, joint pain was
relieved 100% in patients who were
treated with aquatic exercises.
Another study stated a good
improvement of gait speed, joint
stiffness and pain with stationary
cycling.”?*

Sports with Total Ankle
Arthroplasty (TAA)

As mentioned earlier, ankle OA has a
different epidemiology compared to
hip and knee joints. The fact that
70-90% of cases are posttraumatic,
explains that ankle OA patients are
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relatively young. The demands and
expectation of ankle OA patients is
different as most of them are willing
to return to their previous levels of
activities.

Ankle arthrodesis and TAA are the
major procedures to treat end-stage
ankle OA. There is a lot of arguments
and discussion in the orthopaedic
community whether TAA or ankle
arthrodesis (AA) should be the treat-
ment of choice for end-stage OA.
Richman et al, retrospectively com-
pared TAA patients (N =62) to AA
patients (N =51) regarding their
post-operative level of activity.
The minimum follows up was 2 years
and they used SF-12 Health Survey
and the revised Foot Function Index
(FFI-R) preoperatively and at final
follow-up. In addition, activity
levels were evaluated using a
(Return to Activities Following
Surgery questionnaire) that was
administered at final follow-up.
This form contained a Visual
Analog Scale for Pain (VASP), satis-
faction questions, and a list of 25
activities. In the AA group 88% of
the patients returned back to work
in opposition to 92% in the TAA
group. The TAA group significantly
experienced lower pain levels. The
TAA patients reported significant
increase in activities type including
tennis, hiking, jogging and yoga.
The overall results showed TAA
patients were significantly more
satisfied with their surgical outcome
compared to AA patients.””

Jastifer et al. reported better Buechel-
Pappas scale and AOFAS scores in the
TAA cohort over the AA cohort.”
Saltzman et al. reported in their study
significant improvement in efficacy
and overall success rate in the
Pivotal STAR group over the AA
group.”” In a later study, he reported
better outcome in TAA over AA for SF-
36 MCS and AOS-pain scale.”®

With  new revolution in TAA
represented by  mobile-bearing
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Figure 1
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Treatment of posttraumatic ankle osteoarthritis by mobile total ankle arthroplasty.
Pre-operative X-rays and SPECT-CT for left side posttraumatic ankle osteoarthritis of a 55 years old tennis coach (A-F). Post-
operative X-rays with left side total ankle arthroplasty (Vantage Mobile, Exactech, Gainesville, USA) (G-J).

implants (Figure 1), the return to
recreational activities with
improved quality of life is possible
according to Bonnin and colleagues,
in  their retrospective study.’’
Although TAA became a popular pro-
cedure to treat endstage ankle OA,
unfortunately clinical participants

have little guideline and recommen-
dation for physical activity and
sport participation following this
procedure. In gait analysis study,
Valderrabano and coworkers, con-
cluded that after 12 months of reha-
bilitation TAR had similar temporo-
spatial variables to normal ankle,
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improve walking speed and partial
improvement in 6 of gait variables.*
These biomechanical improvements
decrease patient’s disability and
bring the gait characteristic toward
normal ankle.

However, many factors must be
taken into account before allowing
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TAA patients to participate in
sports. Polyethylene wear, mechan-
ical loads and prosthesis design are
all crucial to determine post TAA
activities. Limiting wear is a main
factor in the improvement of pros-
thesis survival.® On the other hand,
excessive sports activities may lead
to change in joint contact pressure
which can be exacerbated by mala-
lignment of TAA, which can increase
polyethylene insert wear and failure
that leads to aseptic loosening.’*
Another major complication related
to excessive activity is fracture of
the mobile bearing that was
observed in 3 components prosthe-
sis design which occurs in 14% of
patients. High energy sports activity
can be a reason for periprosthetic
TAA fracture which is difficult to
be treat.®

It is believed that physical activity
has a positive effect on TAA. It
increases bone quality which
improves prosthesis fixation and
decreases the incidence of early
implant loosening. Valderrabano
and colleagues, have found in their
case series of 147 patients who
underwent TAA, a statistically sig-
nificant increase in patients’ sport
participation from 36% preopera-
tively to 56% postoperatively with
a main follow up of 2.8 years. These
patients showed high functional
(The mean American Orthopedic
Foot and Ankle function score,
AOFAS) for the hindfoot compared
to patients who were non-active in
sports. The most reported sports
activity in their study was hiking:
with 53% postoperatively compared
to 26% preoperatively.®
Furthermore, Naal and colleagues,
concluded in their case series of
101 patients at mean of 3.7 years
follow up after TAA, neither sports
participation nor increased level of
activity had a relation with presence
of peri-prosthetic radiolucency.®
Also, Horterer et al, conclude in
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their prospective study which
included 772 TAA, that the intensity
of sport activities were not an ident-
ifiable risk factor for TAA failure.
Even though, they did not recom-
mend participation in high compact
sports which justified by high axial
forces driven by excessive sport
activities result in abnormal joint
reaction pressure. Furthermore,
excessive  sport activity may
increase polyethylene wear resulting
into TAA failure.®

Wang et al showed that TAA patients
restore planter flexors functionality
within 3 months of the procedure.
This leads to improvement of peak
planter flexor moment which in turn
enhance the forward body move-
ment. These results that reflect good
pain score and range of motion
encourage patient to participate in
sports and recreational activity.®®
Usuelli et al, retrospectively eval-
uated a cohort of 76 patients with
mobile baring TAA with a focus on
sports activity pre and post-surgical
intervention. Unlike most of studies

that use AOFAS and VAS as an
indicator of improvement, they
added University of California at
Los Angeles (UCLA) activity scale
to detect the change of activity fol-
lowing the procedure. Results
showed a rise of sports participation
from 11.7% before surgeries to
49.9% post recovery. The most prac-
ticed sports activities were dancing,
jogging, biking, and skiing; a group
of patients (N = 14) participated in
impact sports such as jogging (13
patients) and martial arts (1
patientg in spite of adverse medical
advice.”’

Sports and recreational activities,
were compared in patients who
underwent TAA vs. ankle arthrodesis
AAin a retrospective study by Schuh
et al. This was a relatively small
cohort with twenty patients in each
group with a mean follow up of 2.9
years. The most common postoper-
ative sport activities in AA group
were cycling (45%), swimming
(45%), hiking (25%), Nordic walk-
ing (20%), and skiing (15%). In the

Table 2. Guidelines for sports practice with Total Ankle Arthroplasty.

Recommended/allowed
Low Impact
Aerobic activity

Possible with caution
Medium Impact
Low-impact Gymnastics

Not recommended
High Impact
High-impact aerobics

Stationary biking Hiking Baseball
Ballroom dancing Rowing Basketball
Bowling Downbhill skiing Football
Golfing Doubles tennis Handball
Swimming Sailing Volleyball
Walking Tennis Hockey/Ice skating
Horse riding
Jogging
Squash
Rock climbing
Soccer

Singles tennis
Water-skiing
Martial arts
Mountain biking
Skydiving

Rugby
Windsurfing

These guidelines are based on Vertullo and Nunley®®, Valderrabano et al®, Usuelli et al®’
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TAA group the most common sport
activities were cycling (38%), hik-
ing (43%), skiing (38%), swimming
(38%), and gymnastics (19%).%°
Patients with TAA should be edu-
cated regarding the detrimental
effects of certain types of sports
on the implant longevity. Sports
that include high impact and greater
rotation should be avoided as
rotation was found to cause more
wear compared to other types of
loading. Table shows different
sports types and their suitability
with TAA.

Table 2. Guidelines for sports prac-
tice with Total Ankle Arthroplasty.
These guidelines are based on
Vertullo and Nunley®?,
Valderrabano et al®®, Usuelli et al®’

Conclusion

Ankle OA is a predominantly post-
traumatic sequela that affects the
patients” activities along with their
wellbeing. The majority of the
affected population are physiologi-
cally young and used to be sports
active, which make their expec-
tations of the treatment higher than
hip and knee OA population. TAA
might give those patient another
chance to continue their activities
and to keep the desired healthy life
style compared to other treatment
options. Our experience in addition
to the above mentioned studies dem-
onstrate that sports after a TAA can
be achieved within limits. We need
more studies to focus on sports prac-
tice following the ankle replacement
surgery to help creating a solid based
guideline that address the types and
intensity of activities allowed.

Declaration of Conflicting
Interests

Prof. Valderrabano is Co-Inventor of
the mentioned Vantage Total Ankle

Arthroplasty on Figure 1. Otherwise,
the authors declared no potential
conflicts of interest with respect
to the research, authorship, and/
or publication of this article.

Conflict of interest

There is no conflict of interest.

Supplementary data

Supplementary data associated with
this article can be found, in the
online version, at https://doi.org/
10.1016/j.orthtr.2019.06.008.

References

1 World Bank staff estimates based on
age/sex distributions of United
Nations Population Division’s World
Population Prospects: 2017 Revision.

2 15th Annual Report National Joint
Registry for England, Wales, Northern
Ireland and the Isle of Man 2054-1821
http://www.njrreports.org.uk/
Portals/0/PDFdownloads/NJR%
2015th%20Annual%20Report%
202018.pdf.

3 A. Lees, LJJoss. Nolan, The biome-
chanics of soccer: a review. 16 (3)
(1998) 211-234.

4 B.P. Self, D.J.M. Paine, sports si, exer-
cise Ankle biomechanics during four
landing techniques. 33 (8) (2001)

1338-1344.
5 V. Valderrabano, M. Horisberger, I.
Russell, ~ H.  Dougall,  B.J.C.O.

Hintermann, Research™ R. Etiology of
ankle osteoarthritis 467 (7) (2009)
1800.

6 C.L. Saltzman, M.L. Salamon, G.M.
Blanchard, T. Huff, A. Hayes, J.A.
Buckwalter, et al. Epidemiology of
ankle arthritis: report of a consecutive
series of 639 patients from a tertiary
orthopaedic center. 25 (2005) 44.

7 D.J. Caine, Golightly YMJBjosm.
Osteoarthritis as an outcome of paedi-
atric sport: an epidemiological
perspective 45 (4) (2011) 298-303.

8 U.M. Kujala, J. Kaprio, S.J.B. Sarno,
Osteoarthritis of weight bearing joints
of lower limbs in former elite male
athletes. 308 (6923) (1994) 231-234.

F. Alsayel et al. - Sports, Ankle Osteoarthritis, and Total Ankle Arthroplasty

REVIEW / SPECIAL ISSUE

Sports Orthop. Traumatol. 35, 262271 (2019)

9

10

11

12

13

14

15

16

17

18

19

20

21

J. Ekstrand, M. Hagglund, Waldén
MJBjosm. Injury incidence and injury
patterns in professional football: the
UEFA injury study 45 (7) (2011) 553-
558.

P. Vincelette, C. Laurin, Levesque
HJCMA.J.The footballer's ankle and
foot. 107 (9) (1972) 872.

S.M. Zinder, K.M. Guskiewicz, S.W.J.M.
Marshall, ~ Sports  Si,  Exercise.
Prevalence of Ankle Osteoarthritis
Following a History of Ankle Sprain
in  Retired Professional Football
Players: 2386Board# 3 265 2 June 00
PM-3: 30 PM. 42 (5) (2010) 608.
M.I. Iosifidis, A. Tsarouhas, A.J.K.S.
Fylaktou, Sports Traumatology
Arthroscopy. Lower limb clinical and
radiographic osteoarthritis in former
elite male athletes. 23 (9) (2015)
2528-2535.

M. Knobloch, B. Marti, R. Biedert, H.J.
S.S. Howald, Zur Arthrosegefdhrdung

des oberen Sprunggelenkes bei
Langstreckenldufern: Kontrollierte
Nachuntersuchung ehemaliger

Eliteathleten. 4 (04) (1990) 175-
179.

H. Schmitt, J.M. Lemke, D.R. Brocai,
Parsch DJCJoSM. Degenerative
changes in the ankle in former elite
high jumpers 13 (1) (2003) 6-10.

J. Yde, Nielsen AJBjosm. Sports inju-
ries in adolescents’ ball games: soccer,
handball and basketball 24 (1) (1990)
51-54.

V. Valderrabano, M. Wiewiorski, A. Frigg,
B. Hintermann, A. Leumann, [Chronic
ankle instability], Der Unfallchirurg.
110 (8) (2007) 691-699, quiz 700.

P. Kannus, PJJBJS.A. Renstrom,
Treatment for acute tears of the lateral
ligaments of the ankle. 73 (2) (1991)
305-312.

V. Valderrabano, B. Hintermann, M.
Horisberger, T.S. Fung, Ligamentous
posttraumatic ankle osteoarthritis,
The American journal of sports medi-
cine. 34 (4) (2006) 612-620.

A.E. Galhoum, M. Wiewiorski, V.
Valderrabano,  Ankle  instability:
Anatomy, mechanics, management
and sequelae, Sports Orthopaedics
and Traumatology. (2017).

B. Hintermann, Medial ankle instabil-
ity. Foot and ankle clinics, 8 (4)
(2003) 723-738.

D.T. Fong, Y. Hong, L.K. Chan, P.S.
Yung, K.M. Chan, A systematic review
on ankle injury and ankle sprain in
sports, Sports medicine. 37 (1)
(2007) 73-94.

269


http://dx.doi.org/10.1016/j.orthtr.2019.06.008
http://dx.doi.org/10.1016/j.orthtr.2019.06.008
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0360
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0360
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0360
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0365
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0365
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0365
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0365
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0370
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0370
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0370
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0370
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0370
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0370
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0375
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0375
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0375
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0375
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0375
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0375
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0380
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0380
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0380
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0380
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0385
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0385
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0385
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0385
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0390
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0390
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0390
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0390
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0390
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0390
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0395
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0395
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0395
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0400
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0405
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0405
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0405
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0405
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0405
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0405
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0410
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0415
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0415
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0415
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0415
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0420
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0420
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0420
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0420
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0425
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0425
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0425
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0425
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0430
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0430
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0430
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0430
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0435
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0435
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0435
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0435
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0435
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0440
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0440
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0440
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0440
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0440
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0445
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0445
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0445
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0450
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0450
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0450
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0450
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0450
http://dx.doi.org/10.1016/j.orthtr.2019.06.008

REVIEW / SPECIAL ISSUE

Sports Orthop. Traumatol. 35, 262-271 (2019)

22

23

24

25

26

27

28

29

30

31

32

33

34

35

270

C.G. Rolf, C. Barclay, M. Riyami, George
JJJoos, research The importance of
early arthroscopy in athletes with
painful cartilage lesions of the ankle:
a prospective study of 61 consecutive
cases. 1 (1) (2006) 4.

K. Sugimoto, Y. Takakura, K. Okahashi,
N. Samoto, K. Kawate, M.J.J. Iwai,
Chondral injuries of the ankle with
recurrent lateral instability: an arthro-
scopic study. 91 (1) (2009) 99-106.

G.N. Williams, M.H. Jones, Amendola
AJTAjosm. Syndesmotic ankle sprains
in athletes 35 (7) (2007) 1197-1207.
G.J. Loren, FerkelRDJATJoA, R. Surgery,
Arthroscopic assessment of occult
intra-articular injury in acute ankle
fractures. 18 (4) (2002) 412-421.

S. Rammelt, H. Zwipp, R.J.F. Grass,
clinics a Injuries to the distal tibiofib-
ular syndesmosis: an evidence-based
approach to acute and chronic lesions.
13 (4) (2008) 611-633.

J. Dvorak, Junge AJTAjosm. Football
injuries and physical symptoms 28
(5_suppl) (2000) 3-9.

A. Liibbeke, D. Salvo, R. Stern, P.
Hoffmeyer, N. Holzer, Assal MJIo.
Risk factors for post-traumatic osteo-
arthritis of the ankle: an eighteen year
follow-up study 36 (7) (2012) 1403-
1410.

R.B.J.F. Hawkins, ankle. Arthroscopic
treatment of sports-related anterior
osteophytes in the ankle 9 (2)
(1988) 87-90.

P. Intzirtis, G. Tsikouris, E. Zampiakis,
S.  Plessas, L. Taprantzis, P.
Kourougenis, et al. Treatment of ankle
impingement syndromes in athletes.
47 (10) (2013), e3-e.

Biedert RJAoo, surgery t. Anterior
ankle pain in sports medicine: aetiol-
ogy and indications for arthroscopy.
1991;110(6):293-7.

M. Horisherger, V. Valderrabano,
Hintermann BJJoot. Posttraumatic
ankle osteoarthritis after ankle-related
fractures 23 (1) (2009) 60-67.

L. Peterson, A. Junge, J. Chomiak, T.
Graf-Baumann, Dvorak  JJTAJoSM.
Incidence of football injuries and com-
plaints in different age groups and
skill-level  groups 28  (5_suppl)
(2000) 51-57.

M. Chard, Lachmann SJBJoSM. Racquet
sports—patterns of injury presenting to
a sports injury clinic 21 (4) (1987)
150-153.

B.L. Taylor, MWJAE.M. Attia, Sports-
related injuries in children. 7 (12)
(2000) 1376-1382.

36

37

38

39

40

41

42

43 .

44

45

46

47

48

U.M. Kujala, S. Taimela, I. Antti-Poika,
S. Orava, R. Tuominen, P.J.B.
Myllynen, Acute injuries in soccer,
ice hockey, volleyball, basketball,
judo, and karate: analysis of national
registry data. 311 (7018) (1995)
1465-1468.

C. Niek van Dijk, L.S. Lim, A. Poortman,
E.H. Striibbe, Marti RKJITAjosm.
Degenerative joint disease in female
ballet dancers 23 (3) (1995) 295-300.
P. Kirialanis, P. Malliou, A. Beneka,
Giannakopoulos KJIBjosm. Occurrence
of acute lower limb injuries in artistic
gymnasts in relation to event and
exercise phase 37 (2) (2003) 137-139.
V. Schoffl, A. Morrison, I. Schoffl, T.
Kiipper, The epidemiology of injury in
mountaineering, rock and ice climb-
ing, Epidemiology of injury in adven-
ture and extreme sports. 58 (2012) 17-
43, Karger Publishers;.

Johansson CJTAjosm. Injuries in elite
orienteers. 1986;14(5):410-5.

L. Sgrensen, S. Larsen, Réck NJSjom,
sports si The epidemiology of sports
injuries in schoolaged children. 6 (5)
(1996) 281-286.

R.A. Sankey, J.H. Brooks, S.P. Kemp,
Haddad FSJTAjosm. The epidemiology
of ankle injuries in professional rughy
union players 36 (12) (2008) 2415-
2424.

Dane, S. Can, R. Giirsoy, N.J.P.
Ezirmik, skills m Sport injuries:
relations to sex, sport, injured body
region. 98 (2) (2004) 519-524.

C. Bladin, P. Giddings, Robinson
MJTAJoSM.  Australian  snowboard
injury data base study: a four-year pro-
spective study 21 (5) (1993) 701-704.
V. Valderrabano, B.M. Nigg, V. von
Tscharner, D.J. Stefanyshyn, B.
Goepfert, B.J.C.B. Hintermann, Gait
analysis in ankle osteoarthritis and
total ankle replacement. 22 (8)
(2007) 894-904.

V. Valderrabano, Steiger (JJoar.
Treatment and prevention of osteoar-
thritis through exercise and sports
(2011) 2011.

V. Valderrabano, V. Von Tscharner, B.
M. Nigg, B. Hintermann, B. Goepfert, T.
S. Fung, et al. Lower leg muscle atro-
phy in ankle osteoarthritis. 24 (12)
(2006) 2159-2169.

W. Potthast, C. Lersch, B. Segesser, J.
Koebke, Briiggemann G-PJCB.
Intraarticular pressure distribution in
the talocrural joint is related to lower
leg muscle forces 23 (5) (2008) 632-
639.

F. Alsayel et al. - Sports, Ankle Osteoarthritis, and Total Ankle Arthroplasty

49

50

51

52

53

54

55

56

57

58

59

J.J.C.0. Buckwalter, R.
Articular cartilage injuries.
(2002) 21-37.

A.0. Radzimski, A. Miindermann, Sole
GJTk. Effect of footwear on the exter-
nal knee adduction moment—a sys-
tematic review 19 (3) (2012) 163-175.
T. Schmid, F.G.J.F. Krause, clinics a
Conservative treatment of asymmetric
ankle osteoarthritis. 18 (3) (2013)
437-448.

A.G. Witteveen, I.N. Sierevelt, L.
Blankevoort, G.M. Kerkhoffs, C.N.J.F.
van Dijk, A. Surgery, Intra-articular
sodium hyaluronate injections in the
osteoarthritic ankle joint: effects,
safety and dose dependency. 16 (4)
(2010) 159-163.

J.A. Roper, E. Bressel, Tillman
MDJAopm,  rehabilitation  Acute
aquatic treadmill exercise improves
gait and pain in people with knee
osteoarthritis. 94 (3) (2013) 419-425.
A.J. Salacinski, K. Krohn, S.F. Lewis, M.
L. Holland, K. TIreland, GJjoo.
Marchetti, et al., The effects of group
cycling on gait and pain-related dis-
ability in individuals with mild-to-
moderate knee osteoarthritis, a
randomized controlled trial. 42 (12)
(2012) 985-995.

S. Richman, T. Rutherford, T. Rearick,
J.T. Campbell, R. Cerrato, C. Jeng,
Comparing Sports Activity Following

Research,
402

Total Ankle Replacement Versus
Ankle Arthrodesis, Foot & Ankle
Orthopaedics. 2 (3)  (2017),

24730114175000338.

J. Jastifer, M.J. Coughlin, C. Hirose,
Performance of total ankle arthro-
plasty and ankle arthrodesis on uneven
surfaces, stairs, and inclines: a pro-
spective study, Foot & ankle inter-
national. 36 (1) (2015) 11-17.

C.L. Saltzman, R.A. Mann, J.E. Ahrens,
A. Amendola, R.B. Anderson, G.C.
Berlet, et al., Prospective controlled
trial of STAR total ankle replacement
versus ankle fusion: initial results,
Foot & ankle international. 30 (7)
(2009) 579-596.

C.L. Saltzman, R.G. Kadoko, J.S. Suh,
Treatment  of  Isolated  Ankle
Osteoarthritis with Arthrodesis or the
Total Ankle Replacement: A Comparison
of Early Outcomes, Clinics in
Orthopedic Surgery. 2 (1) (2010) 1-7.
M.P. Bonnin, J.-R. Laurent, M.J.F.
Casillas, international a Ankle function
and sports activity after total ankle
arthroplasty. 30 (10) (2009) 933-
944.


http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0455
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0455
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0455
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0455
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0455
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0455
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0460
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0460
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0460
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0460
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0460
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0465
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0465
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0465
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0470
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0470
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0470
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0470
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0475
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0475
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0475
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0475
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0475
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0480
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0480
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0480
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0485
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0485
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0485
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0485
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0485
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0485
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0490
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0490
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0490
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0490
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0495
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0495
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0495
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0495
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0495
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0505
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0505
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0505
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0505
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0510
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0510
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0510
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0510
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0510
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0510
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0515
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0515
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0515
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0515
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0520
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0520
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0520
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0525
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0530
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0530
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0530
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0530
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0535
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0535
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0535
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0535
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0535
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0540
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0540
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0540
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0540
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0540
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0540
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0550
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0550
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0550
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0550
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0555
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0555
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0555
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0555
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0555
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0560
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0560
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0560
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0560
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0565
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0565
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0565
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0565
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0570
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0570
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0570
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0570
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0570
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0570
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0575
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0575
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0575
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0575
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0580
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0580
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0580
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0580
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0580
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0585
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0585
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0585
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0585
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0585
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0585
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0590
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0590
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0590
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0595
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0595
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0595
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0595
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0600
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0600
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0600
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0600
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0605
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0610
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0610
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0610
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0610
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0610
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0615
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0620
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0625
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0625
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0625
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0625
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0625
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0625
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0630
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0635
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0635
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0635
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0635
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0635
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0635
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0640
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0640
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0640
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0640
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0640
http://dx.doi.org/10.1016/j.orthtr.2019.06.008

60

61

62

63

MSJSm. Kuster, Exercise recommen-
dations after total joint replacement.
32 (7) (2002) 433-445.

N. Espinosa, M. Walti, P. Favre, J.G.J.J.
Snedeker, Misalignment of total ankle
components can induce high joint con-
tact pressures. 92 (5) (2010) 1179-1187.
S. Manegold, N.P. Haas, S. Tsitsilonis,
A. Springer, S. Mérdian, Schaser K-DJJ.
Periprosthetic fractures in total ankle
replacement: classification system and
treatment algorithm 95 (9) (2013)
815-820.

V. Valderrabano, G. Pagenstert, M.
Horisberger, M. Knupp, Hintermann
BJTAjosm. Sports and recreation
activity of ankle arthritis patients
before and after total ankle replace-
ment 34 (6) (2006) 993-999.

64

65

66

67

F.D. Naal, F.M. Impellizzeri, M. Loibl,
M. Huber, Rippstein PFJTAjosm.
Habitual physical activity and sports
participation after total ankle arthro-
plasty 37 (1) (2009) 95-102.

H. Horterer, 0. Miltner, R. Miiller-Rath,
P. Phisitkul, A.J.S.0. Barg, Sport-
Orthopadie-Sport-Traumatologie  T.
Sports activity in patients with total
ankle replacement. 31 (1) (2015) 34-
40.

H. Wang, Brown SRJJos, science h The
effects of total ankle replacement on
ankle joint mechanics during walking.
6 (3) (2017) 340-345.

F.G. Usuelli, A. Pantalone, C. Maccario,
M. Guelfi, V. Salini, Sports and
Recreational  Activities  following

Available online at www.sciencedirect.com

ScienceDirect

REVIEW / SPECIAL ISSUE

Sports Orthop. Traumatol. 35, 262271 (2019)

68

69

Total Ankle Replacement, Joints. 5
(01) (2017) 012-16.

R. Schuh, J. Hofstaetter, M. Krismer, R.
Bevoni, R. Windhager, H.J. Trnka,
Total ankle arthroplasty versus ankle
arthrodesis. Comparison of sports, rec-
reational activities and functional out-
come, International orthopaedics 36
(6) (2012) 1207-1214.

C.J. Vertullo, J.A.J.F. Nunley, inter-
national a Participation in sports after
arthrodesis of the foot or ankle. 23 (7)
(2002) 625-628.

Corresponding author:

Prof.

Dr. Dr. Victor Valderrabano, MD PhD.

E-Mail: vvalderrabano@swissmedical.net

Nutzen Sie die Journals von Elsevier als Kommunikationsplattform.

Platzieren Sie Ihre Anzeige zielgruppengenau.

=
LRA

ELSEVIER

Ihr Ansprechpartner:

Marcel Fischer

Advertising Management
Kirchgasse/Vicolo della chiesa 3
1-39030 Olang/Valdaora (BZ)

Italien-Siidtirol/Italia-Alto Adige

mailto:marcel.fischer@elsevier.com
Phone: +39 0474 496 665
Mobil: +39 3480159984

F. Alsayel et al. - Sports, Ankle Osteoarthritis, and Total Ankle Arthroplasty

271


http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0645
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0645
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0645
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0650
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0650
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0650
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0650
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0655
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0655
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0655
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0655
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0655
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0655
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0660
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0660
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0660
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0660
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0660
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0660
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0665
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0665
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0665
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0665
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0665
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0670
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0670
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0670
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0670
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0670
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0670
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0675
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0675
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0675
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0675
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0680
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0680
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0680
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0680
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0680
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0685
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0690
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0690
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0690
http://refhub.elsevier.com/S0949-328X(19)30151-6/sbref0690
mailto:vvalderrabano@swissmedical.net
http://www.sciencedirect.com/science/journal/0949328X
http://dx.doi.org/10.1016/j.orthtr.2019.06.008

	Sports, Ankle Osteoarthritis, and Total Ankle Arthroplasty
	Introduction
	Ankle Osteoarthritis due to Sports and Sports Injuries
	Sports with and as Treatment of Ankle Osteoarthritis
	Sports with Total Ankle Arthroplasty (TAA)
	Conclusion
	Declaration of Conflicting Interests
	Conflict of interest
	Supplementary data
	References


