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Ankle osteoarthritis (OA) is a chronic painful disease associated with physical impairment
and limited well-being 1,2,3,4,5,6,7,42, 60. It is suffered by 1% of the population, and its
incidence is increasing yearly 1,3. Furthermore, the physical and psychological difficulties
these patients report are at least as severe and debilitating as those from hip OA, end-stage
kidney disease, or congestive heart failure 1,3, 4,5, 6, 8,9,13,15, 17, 78.

Certain ankle OA characteristics generate specific problems that need to be assessed 1, 2,
3. Unlike other joints in which the leading cause of articular degeneration is primary, in the
ankle, articular incongruity and instability are the main predisposing factors (close to 80% of
the cases), both associated with previous trauma 1, 2, 3,6, 8. Posttraumatic osteoarthritis is
more symptomatic, rapidly progressive, and incapacitating than primary OA 2,3, 4, 6, 8.
Another important consideration is the continuous increase in the population of all ages
performing physical activity. In the United Kingdom, the number of individuals participating in
sports activities at least once a week rose by 750,000 from 2011 to 2012 9. This situation
has raised the incidence of sports-related injuries, especially in the ankle, due to its
fundamental role in lower limb biomechanics 6. Indeed ankle lesions had been reported as
the second leading cause of career-ending injuries, the most common lesion in athletes seen
in the emergency departments, and as a significant contributor to ankle OA (15% of former
soccer players suffer from it) 6, 8,9, 16, 17, 18, 19, 20.

All this leaves us with a younger and more active population suffering from ankle OA
compared to hip or knee patients, where individuals have high work and family demands and
are typically active in sports and other recreational activities 4. That is why assuring a
functional joint capable of maintaining a good activity level in these patients is of paramount
importance 3,4, 5, 6, 7, 8, 9. This article will focus on understanding the impairments that
affect patients with ankle OA, especially the ones related to sports activity, and on the
effectiveness of the two main treatment options available nowadays (total ankle replacement
(TAR) and ankle arthrodesis (AA)) to address these problems and return patients to their
former performance.

Physical and Psychological Impairments Associated with Ankle Osteoarthritis

The contribution of the ankle to many essential tasks needed to perform physical activities
has been investigated recently in the literature. Kostifakis et al. reported that the ankle was
responsible for 35% of the propulsion and 37% of the landing capacity during a vertical hoop
test (jump height) and at the same manner of 43% of the distance and 11% of the landing
ability during a horizontal hoop distance test (jump distance) 9. This study reveals the
importance of ankle health in sports performance.

Many biomechanical disturbances have been reported in the literature in patients suffering
from ankle OA. Al-Mahrouqi et al. performed a systematic review and meta-analysis of the
literature. They found that adults with ankle OA had significant impairments in ankle sagittal
plane range of motion, impairment in balance, abnormal bony alignments, and fatty infiltrate



in all calf muscle compartments 13, 15. In concordance with the previous study, Wiewiorski
et al. proved that unilateral ankle joint osteoarthritis leads to overall lower leg muscle atrophy
and fatty degeneration 33. Gait patterns are also disturbed in patients with ankle OA,
affecting their general well-being and locomotion 22, 23. This alteration in gait patterns is
associated with more significant energy expenditure. It can affect other parts of the lower
extremities' biomechanics, such as the hip range of motion, to compensate for the loss of
ankle movement 29, 32,42,51. Another critical parameter for sports activity affected by ankle
OA is balanced. Wikstrom et al. determined that OA patients had a destructive peak vertical
ground reaction force during the weight acceptance phase of stairs ascent and descent,
suggesting a reduced ability to control their body mass while climbing 22, 24, 25.
Furthermore, a study by Smith et al. supports that patients with ankle OA have lower
confidence in performing simple tasks compared to healthy controls 27, 30, 34.

As stated above, all these impairments are associated with alterations in performance in
daily living, work, and sports. Rivera et al. described ankle OA as an increasing and
substantial cause of disability among those serving in the military, finding that nearly all
(91%) of ankle injuries in their cohort resulted in an eventual designation of permanent
disability due to ankle OA 31. Indeed, Kolar et al. reported that patients with end-stage ankle
OA had the worst subjective ankle status against other incapacitating ankle pathologies 21.
Moreover, Yeowell et al. performed semi-structured interviews with a cohort of patients with
ankle OA. They found that this pathology causes a significant reduction in physical activity
and negatively impacts mental well-being 26.

This alteration in ankle joint biomechanics, gait patterns, balance, energy expenditure, and
changes in other joints are reported by a vast amount of different outcome measurement
tools with different validity in the literature for ankle OA 35,36,37,38,45,51,54,59 Alyani et al.
analyzed 547 studies. They concluded that the most commonly used scales were the
AOFAS scale, goniometry, and pain VAS 39. Of these findings, Madeley et al. and Naas et
al. studied the responsiveness and validity of SF36, AOFAS, Ankle Osteoarthritis Scale
(AOS), and Foot Function Index (FFI). They concluded that all of them are responsive and
can be considered for use in this population; more important than this is the direct relations
of these measurements with a return to physical activity and sports performance reported in
the literature 40,45,54,59.

As a versatile biomechanical structure, the foot and ankle complex provides body support,
propulsion, and impact absorption 83. Considering the incapacitating effect of untreated
ankle OA on lower limb function and that surgical options have different capacities to change
the function of this complex, and because of that, sports performance and quality of life. The
effect of individualized surgical interventions on these parameters is worth considering 42,
83.

Alteration Specificities

Ranges of motion 13,15,22,23 Decrease in movement, particularly in the sagittal
plane

Activity of leg muscles 13, 15, 33 Deterioration of the activity seen in electromyography
Fatty degeneration in MRI



Gait pattern 22, 23 Less push-off power
Shorter step length
Decrease walking velocity

Balance 27, 30, 34 Detrimental peak vertical ground reaction force during
the weight acceptance phase
Reduced ability to control body mass while stair
climbing
Lower confidence while performing simple tasks
Greater center of pressure areas when standing on a
surface with eyes closed

Energy expenditure 29 Significant increase in metabolic cost

Compensatory changes 32, 42, 51 Alteration of hip biomechanics specifically during the
push-off phase of the gait

Table 1. Physical Disturbances Associated with Ankle OA

Sports and Recreational Activities Following Total Ankle Replacement

Total ankle replacement is a treatment option for end-stage ankle OA that allows surgeons to
restore normal joint function 41, 59. Recent biomechanical studies, prospective controlled
trials, and meta-analyses have suggested that new TAR anatomical designs afford
equivalent pain relief and better function than ankle arthrodesis with a survival rate of 70% to
98% at three to six years and from 80% to 95% at eight to twelve years and increasing
54,55,56, 59. The biomechanical effect of TAR in arthritic ankles has been well described in
the literature. Valderrabano et al. followed 15 patients preoperatively and at different stages
of their TAR recovery until one year and compared them with 15 healthy controls with 3D
kinematics and motion analysis 80. Before the operation, they reported deficiencies in 5
Spatio-temporal variants (shorter stride length, reduced walking speed, shorter stance phase
duration of the affected leg, triplanar ankle movement, and substantially reduced push-off
power). While at 12 months follow-up, all variables were equivalent to those of normal
subjects (end of full rehabilitation) 80.

As presented before, even though some functional scales do not report sports activity
directly, a higher score in these measurements (SF36, AOFAS, AOS, and FFI) is directly
related to a better performance in physical activity 43,44,46,48. In agreement with this,
McConnell and Queen assessed 140 patients with end-stage ankle OA before, 12, and 24
months after TAR using VAS, FADI, AOFAS, and SF-36 scores. They found that outcomes
improved significantly from preoperative assessment to 1 and 2 years postoperatively 47.
Supporting this finding, Oliver et al. reviewed data from 300 consecutive patients who
underwent 321 modern, fixed-bearing TAR at a single institution. They found that 84% of
patients experienced excellent pain relief, 78% reported improved ability to perform daily
tasks, and 54% indicated improvement in their ability to perform heavy work or recreational
activities. In addition, 94% would have the procedure on the contralateral ankle 48.

There is an increasing amount of evidence regarding specific sport activity after TAR.
Fram et al. showed that the outcomes of 43 patients with a 2-component TAR significantly
improved sports activity at 27.4 months postoperatively 61. Furthermore, Usuelli et al. found
that patients with symptomatic end-stage OA who underwent total ankle replacement (TAR)
had significantly improved pain, function, and activity levels at 1-year follow-up 43. Moreover,



Naal et al. found that 65% of patients stated that surgery improved their sports ability, and
79% met current guidelines for health-enhancing physical activity following TAR 44, 54. In
addition, Bonnin et al. reported that TAR improved patients' quality of life and that return to
recreational activities was generally possible, even though the return to impact sport was
rarely plausible 46,54. Finally, Valderrabano et al. found that 152 ankle arthritis patients had
better self-reported satisfaction, a higher grade of motion, a higher AOFAS score, and were
able to perform generally in high-level sports after TAR 52,54.

However, some evidence has highlighted essential aspects that need to be assessed when
studying outcomes in patients receiving a TAR. The two most important to consider are the
type of OA and the model of the selected implant. Cho et al. revealed that physical activity
after TAR is not the same for patients with different causes of ankle OA. They compared 45
patients with posttraumatic ankle OA with 19 patients with end-stage rheumatoid arthritis
(RA). They found that patients with posttraumatic ankle OA showed better scores in leisure
and sports activity subscales than patients with OA secondary to rheumatoid arthritis 49. The
design of TAR can also influence outcomes, as said by Rajan et al. in a retrospective study
where INBONE II (2-sphere fitting design that is purported to approximate the talar trochlea
closely) showed significantly higher postoperative pain, symptoms, and sports activity scores
than Salto Talaris (2 radii of curvature and metal resurfacing of the lateral condyle design)
62.

Another critical point is the amount of activity patients performed before TAR. This is
answered by Valderrabano et al., who compared AOFAS hindfoot scores and sports activity
in patients pre and post-TAR and found that sports-active TAR patients had a significant
positive correlation with both scores compared to the inactive cohort 89.

A final important point to consider is that the total amount of sports activity after TAR could
be limited by surgeon's restrictions, as a survey conducted by McCaulay et al. shows. In this
study, foot and ankle surgeons were asked about the restraints they would place in patients
after TAR in 50 different sports and activities. They were comfortable with aerobic or
low-impact sports like swimming, walking, and biking. However, boot-immobilized sports
represented a gray area with the determination of whether or not to allow them, mainly
based on the patient's prior experience. In contrast, high-impact, cutting, and jumping sports
and activities were discouraged 53. These restrictions are supported by Valderrabano et al.,
who presents a series of advice for TAR patients based on previous guidelines in total hip,
total knee, and ankle arthrodesis patients 52. This can suggest that the return to sports and
degree of physical activity in patients after TAR could even be higher than reported, but
surgeons' advice limits it.

Sports and Recreational Activities Following Ankle Arthrodesis (AA)

Arthrodesis of the ankle is a well-known orthopedic procedure performed for end-stage ankle
OA with a high degree of satisfaction reported by patients 60, 72. Even so, a critical
systematic review of the literature shows that these positive results are mainly based on
questionnaires that focus on pain and disability in daily life, while information concerning the
performance of more demanding tasks is limited 57,58, 75, 78.



Correction of significant deformities and pain alleviation had been mentioned as the main
advantages of this procedure. However, there is well-documented information about the
biomechanical disturbances and stress it can place in other regions of the lower limbs 57,58.
Wu et al. demonstrated in a computerized motion analysis system that sagittal plane motion
of the ankle was significantly decreased, while coronal and transverse planes of movement
raised in the subtalar joint and forefoot in patients after AA compared to controls 57. This
work is supported by van der Plaat et al., who highlighted that increased peak pressure in
subtalar, talonavicular, and calcaneocuboid joints that occurred after AA caused
degenerative changes and, consequently, osteoarthritis of these regions 58. In addition,
Fuchs et al. used standing radiographs in 18 patients 20 years after TAA to determine the
alterations in adjacent joints. They found osteoarthritis in 100% of the cases, with 90% being
grade 3 or 4 in the subtalar and 65% in the talonavicular joint 67. These changes have been
reported as soon as four years after fusion and are highly relevant to functional outcomes as
reported by previous authors 69, 70, 71.

However, not only the hindfoot suffers changes in patients after TAA. Beyaert et al. realized
a three-dimensional gait analysis of foot kinematics. They declared that patients after
tibiotalar arthrodesis suffer changes in foot kinematics and ground reaction force, increasing
the stress applied to the mid and forefoot 63. In addition, Van Engelen et al. also showed
that TAA results in a 16% decrease in walking speed and a 10% increase in oxygen
consumption compared to healthy controls 64, 65, 66.

All these biomechanical disturbances relate to the physical impairment seen in patients after
AA. Fuchs et al. stated from their follow-up group that 50% of their patients postAA reported
handicaps in daily activities, with 64% changing to lighter employees 67, 68. Supporting
these studies, Lynch et al. reported that seven years after AA, half of their cohort reported
not working or had looked for a less strenuous job, and none were involved in active
athletics 73.

Due to the growing importance of physical activity as a parameter of quality of life, many
other studies have placed hands-on work to evaluate the amount and level of sports
performed after AA. Kerkhoff et al. realized a follow-up study in 185 patients with a mean
time of 8 years after AA and found that most patients remained active in sports. However, a
transition to less demanding sporting activities was seen globally 75. In this same study, they
could compare their results with those of a previously reported study of 67 patients after
TAR, where they realized the same questionnaire. They found a slight difference in sports
activity favorable to the TAR group (73 vs. 69%) but more important than these. The TAR
group did not present significant changes in the type of sport conducted, with 10% of the
patients who were inactive before surgery resuming activities postoperatively 75,76.

Direct Comparison in Return to Sports and Physical Activity Between TAR and AA

With the advent of TAR, more studies have started comparing the outcomes between AA
and TAR. However, just a few of them treated the case of physical activity, return to sports,
or similar characteristics. We summarized the findings related to this theme to date.

Newer TARs advantages have challenged the place of AA as the first-line treatment for
end-stage ankle OA. First, the gait pattern is an important parameter associated with



physical activity that must be evaluated while comparing these two treatment options. On
this Segal. et al. recruited 47 patients scheduled for surgery (27 TAR / 20 AA). They
compared them for a three-year follow-up using functional outcomes, gait analysis
measures, and average daily step count. Both groups had improved walking speed and
reduced pain after surgery, but AA patients had more significant sagittal hip ROM and
stepped length 81. This information is consistent with the study by Sanders et al., where they
compared 3-dimensional foot and ankle kinetics and kinematics between 10 TAR and 10
AA-matched patients with a minimum follow-up of 2 years. They observed that TAR patients
had higher ankle range of motion, forefoot-tibia motion, and hindfoot-tibia motion during level
walking and stair ascent than AA-matched patients. This increased TAR patient's ability to
perform activities of daily living and sports compared with AA 77, 82. Another study
evaluating the biomechanical difference in the foot after end-stage OA procedures is the one
by Wang et al. using a validated analysis of finite elements simulating the stance phase of
gait in models of the regular foot, postTAR, and postAA. Their results showed that TAR
demonstrated a mild shift in forefoot angulation with a stable plantar pressure distribution.
On the other hand, changes in AA were more severe and generated consequences in force
transmission among segments, joint contact pressure, and higher stress distribution to the
metatarsal bones 83.

These studies are consistent with newer papers that reported differences in outcomes,
including quality of life between these two treatment modalities 84. Saltzman et al. reported
the outcomes of 71 patients (42 TAR / 29 AA) with a mean follow-up of 4.2 years. They
encountered that the SF36 MCS scale presented significantly relevant higher scores in the
TAR group compared to AA patients 84. In the same issue, Sangeorzan et al. conducted a
multisite prospective cohort study that included 517 participants (414 TAR and 103 AA) who
presented for surgical treatment. Participants were compared 48 months after surgery using
the FAAM Activities of Daily Living and Sports subscales, the SF-36 Physical and Mental
Component Summary (PCS and MCS) scores, and VAS. Both groups achieved significant
improvement. However, they found that patients undergoing TAR had more considerable
mean improvements from baseline in the three measures of foot and ankle function than
those undergoing AA 85, 87, 93. Table 2 summarizes the biomechanical, clinical and
functional differences between healthy individuals and patients with ankle OA, postTAR and
postAA.

Healthy individual Ankle OA TAR AA

Ankle range of
motion

22, 23, 32, 42, 51,
81

Normal Reduce Normal Absent

Biomechanical
disturbances to
the lower limbs

32, 42, 51, 81

Any Higher range of
motion and stress

on the hip

Any Higher range of
motion and stress

on the hip, subtalar,
CC and TN joints

Higher stress in the
metatarsal bones

AOFAS
(p 0.048)

94

100 19.8 ± 2.0 38.6 ± 1.4 26.9 ± 3.0



FAAM Sports
(p<0.0001)

89

100 19.8 ± 2.0 38.6 ± 1.4 26.9 ± 3.0

SF-36 Mental
Component

(p0.001)
84

100 45.9 40.4

Table 2. Functional outcomes associated with sport performance between healthy controls and patients
with ankle OA, TAR and AA.

It is essential to consider that different generations of TAR can also affect the postsurgical
outcome of patients. Schuh et al. treated the relationship between return to sports, activity
level, functional outcome, and the selected procedure for ankle OA (TAR or AA). They
studied 41 patients (21 AA / 20 3 component uncemented 2nd generation TAR) with a mean
follow-up of 34.5 months with no statistical difference between demographics 88. The Halasi
ankle sports activity score, UCLA, and AOFAS scales were evaluated in both groups. There
was no significant difference between the groups concerning activity levels, participation in
sports activities, and scores of 88. However, new data analyzing return to sports and activity
level has arrived from articles that studied newer generations of total ankle arthroplasty.
Johns et al. systematically reviewed the current literature on this topic. This study gathered
12 papers capable of reaching inclusion criteria compounding 1270 patients (347 AA / 923)
with a mean age of 59.2 years, a mean follow-up of 54.2 months, and comparable
demographics 89. They found that the mean preoperative activity participation rate was 41%
in the TAR cohort. However, they improved to 59% after TAR, whereas the preoperative
activity participation rate of 73% was similar to the postoperative rate of 70% in the AA
cohort. The most commonly reported pre and postoperative sports following AA were
low-impact activities such as cycling, swimming, hiking, and dancing 89. On the other hand,
while TAR's preoperative sports were similar, the most frequent postoperative activities
included swimming, gardening, hiking, cycling/biking, dancing, and even higher-impact
activities such as jogging, skiing, and martial arts 89. Other studies demonstrated a
decrease in reported sports activity from 79.5% prior to the onset of debilitating pain to
68.9% postoperatively following AA, with an overall transition to less demanding sports 89.
In another study, Dalat et al. compared the quality of life of 54 patients (32 TAR and 22 AA)
with a mean follow-up of 52.2 months using the AOFAS, FFI score, and FAAM. They found
that the overall mean athletic level FAAM sports score was significantly higher in the TAR
group 86.

Complication rates between surgical interventions have also been well described in the
literature. Norvell et al. compared physical and mental function, pain intensity, rates of
revision surgery, and minor complications between these two procedures in a multisite
prospective cohort study of 577 participants. At 24 months of the procedure, activities of
daily living and SF-36 PCS scores were significantly higher in the TAR group than in the AA
group. Furthermore, the crude incidence risks of revision surgery, complications, and
success rate after adjusting for age, sex, and BMI were not statistically different between
groups 79. Fanelli et al. supported this finding while performing an updated meta-analysis of
the existing literature about outcomes, quality of life, and complications among persons that
received AA or TAR as a treatment for end-stage ankle OA. The authors reported 21 studies,
including 18,448 patients, suitable to be analyzed and found that patients undergoing TAR



had a significantly greater postoperative range of motion and AOS scores. The two
procedures' total complication rate was similar, including the incidence of reoperations 90.

Finally, it is crucial to consider that the existing literature on the topic needs more conclusive
evidence to support the notion that participation in particular sports has a meaningful
correlation with implant failure, degree of wear, or revision rates. Furthermore, Naal et al.
demonstrated no association between patients' activity and the appearance of radiographic
periprosthetic radiolucency during their follow-up. Also, a systematic review by Hörterer et al.
did not demonstrate evidence that participation in sports results in increased failure rates of
TAR 89. Table 3 summarizes the level of physical activity and type of sports performed by
patients with ankle OA, TAR and AA.

Ankle OA TAR AA

Sport Activity
(Overall %) 89

Valderrábano et al. 52
Usuelli et al. 43

Dalat 86
Schuh 88

54.4%
36%
8%

18 to 20% more
56%
37%

68.6±25.2%
76%

3 to 10% less

59.8±30.0
75%

Tendency of activity
75, 89

Equal or higher demanding
sports

Lower demanding sports

Most common
reported sports
preoperatively
(Halasi score)

89, 91

3-4
cycling, swimming, hiking

3-4
cycling, swimming, hiking

Most common
reported sports
postoperatively
(Halasi score)

89, 91

3-7
swimming, hiking, cycling,
dancing, jogging, skiing,

martial arts

3-4
cycling, swimming, hiking

Table 3. Comparison of physical activity and sports performance between ankle AO, TAR and AA. (ns= no
significant difference)

Conclusions

Ankle OA is a painful, debilitating disease associated with multiple biomechanical changes
around the lower limb. Consequently, it affects the physical activity and global performance
of the persons that suffer from it. This population is young and increasing compared to
osteoarthritis in other parts of the body. That is why the need to address this problem with
the best available solution is of paramount importance for the global well-being of the
patient.

While AA has been placed as the classical treatment option for this pathology, newer studies
have shown multiple disadvantages of this surgery compared to TAR. This includes changes
in the hip joint biomechanics, increased stress in the remaining hindfoot joints, higher stress
in metatarsal bones, and alteration in balance and physical performance. On the other hand,
newer TAR implants have been associated with standard mechanics of the lower limb, better
physical and mental outcomes, higher participation and degree of sports activity, and more



patients resuming sports after surgery. Moreover, these parameters have been linked with
superior reported global outcomes and quality of life. Furthermore, complications, including
reoperation associated with both surgical options, are equivalent.

TAR patients followed strictly by an experienced surgeon can expect better physical, mental,
and quality-of-life outcomes than with other surgical options. Moreover, they can look to
maintain or even increase their physical activity without increased risk of implant wear or
failure. Because of this, TAR should be considered a first-line treatment for end-stage ankle
OA.
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