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Summary. High physical demand and younger age are currently considered contraindications for total an-
kle replacement. The number of Total Ankle Replacements (TAR) is widespread increasing and indications 
are expanding thanks to a steady improvement in prosthetic designs and better outcome. Commentary of 
the literature: in 1999 a study of 100 uncemented STAR™ (Waldemar-Link, Hamburg, Germany) pros-
theses showed a survival rate of 75% at 6.8 years in patients under 50 years old. Other studies (es, Barg 
et Al.) shows the risk of failure age-related in young patients compared to older group. A report of 780 
TAR from the Swedish Ankle Register showed patients with primary or post-traumatic osteoarthritis under  
60 years of age to have a 1.8 higher chance of revision compared to older patients. Discussion: ankle replace-
ment has been traditionally reserved for patients older 50 years old and with low physical demand. Contra-
riwise this belief, TAR have already been used with a wide range of ages, sometimes even patients younger 
than 30 years old. Most of the “negative” score and results showed before are related to “second-generation” 
prosthetic designs, while recent studies used a “third-generation” prosthetic design. Conclusions: recent evi-
dences showed better clinical results and higher satisfaction in people under the age of 50 compared to ankle 
arthrodesis with comparable rate of complications and survivorship. Younger people will have however a 
higher rate of reoperation but in the meantime, they will prevent progressive degeneration of adjacent joints. 
(www.actabiomedica.it)
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Introduction

The number of Total Ankle Replacements (TAR) 
is widespread increasing 1-3 and indications are expand-
ing thanks to a steady improvement in prosthetic de-
signs and better outcome. 

Historically, relative contraindications for TAR 
were: avascular talar osteonecrosis/loss of bone stock 
4-5, smoking, diabetic neuroarthropathy, poor skin con-
ditions 6-7, osteoporosis, non-compliant patient8, high 
physical demand/obesity7-8 and age over 50 years old 9-10.

The “optimal” patient for TAR is said to be physi-
cally low-demanding, non-obese, older (at least over 
50) with end-stage non traumatic primary ankle ar-
thritis and good bone stock.

End-stage ankle osteoarthritis despite being rela-
tively uncommon if compared to hip and knee osteo-
arthritis is associated with worse mental and physical 
disability11.

A substantial difference from hip and knee osteo-
arthritis is the primary cause; from recent studies over-
all 80% of ankle osteoarthritis is post-traumatic 12-13. 
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This difference is especially important because patients 
are usually younger with higher physical demands and 
therefore in these cases TAR would bear more stress14.

In the past, thanks to the belief that arthrodesis 
has a better outcome in younger patients, TAR was 
reserved to older people with low physical demand 15. 
This was due to reports of low clinical scores and early 
failure rates with so-called first and second generations 
TAR.

Recent studies have shown moreover that, when 
compared with ankle arthrodesis, ankle arthroplasty 
can provide similar pain relief and better functional 
outcome 16.

Therefore, such traditional beliefs have slowly 
been disenchanted in the last years thanks to a con-
stant improvement of the biomechanical model and 
prosthetic designs and, nowadays, an ankle joint re-
placement, as well in other districts, is no more a sur-
gery reserved only for old and inactive people. Various 
authors started to utilize TAR in patients under the 
age of 50 and with high-spicily demand 17-19.

However, there’s still controversy in literature 
about this specific topic and there are very few stud-
ies that directly compared results between younger and 
older patients. The goal of this commentary is to sum-
marize the current evidence about age related factors 
in patients undergoing TAR.

Commentary of the literature

Younger age at surgery might influence longevity 
of the implants in two main ways:
1  The prostheses will need to function longer (higher 

life expectancy of the patient).
2  The patient will be more active, and this has been 

proved to be associated with a larger amount  
of polyethylene wear in hip prostheses 20.

A special consideration should be given to pa-
tients with inflammatory joint disease (IJD) because 
of the fact that even if they are younger, they are less 
active due to multiple joints affected 21.

Only few authors directly studied the effect of age 
on results of TAR. In 1999 a study of 100 uncement-
ed STAR™ (Waldemar-Link, Hamburg, Germany) 
prostheses showed a survival rate of 75% at 6.8 years in 

patients under 50. The group over 50 showed a survival 
rate of 81% at 6 years of follow up 22.

Barg et al. 23 found that age under 70 is an inde-
pendent predictor of failure of the Hintegra™ ankle 
prosthesis (Integra™ Neurosciences Implants, Sophia 
Antipolis, France) (average follow up of 6.3 years). 
Another study showed that patient’s underage of 54 
had a 2.65 times greater risk of failure compared to 
older patients. Their estimated rate of survival at 61 
months was 0.74 for the younger group vs 0.89 of the 
older group 24.

A report of 780 TAR from the Swedish Ankle 
Register showed patients with primary or post-trau-
matic osteoarthritis under 60 years of age to have a 1.8 
higher chance of revision compared to older patients 27.

Nevertheless, on the other hand, a review of 103 
Salto third generation prostheses 25 (Salto Talaris™, 
Integra Lifescience Corporation, Austin TX, USA) 
specifically compared patients under 50 age and over 
50 age. In this study both age groups had an equiva-
lent AOFAS score (26.7 points vs 27.0 points) and a 
significative post-operative increase in AOFAS score 
was seen (p<0.001). However, this increase was signifi-
cantly higher in the younger group (mean 66.8 points 
vs 62.8 points). There was no significative difference 
with the preoperative Range Of Motion (ROM) val-
ues in both groups and both groups had their ROM 
significantly improved at follow-up (p<0.001) but the 
younger group had a significantly higher ROM (37.2° 
vs 33.9°; p = 0.020). There was no difference between 
major complications and survival.

Wand et al. reported outcomes of a cohort of 395 
primary Inbone (Inbone™, Wright Medical Group 
NV, Memphis TE,USA), Salto Talaris and Star pros-
theses divided into 3 groups: under 55, between 55-70 
and over 70 26 with an average follow up of 3.5 years. 
There were no differences about wound complications, 
reoperation and revisions.

Discussion 

There’s conflicting evidence of the influence of 
age on TAR survival and, over time, more and more 
studies have been published. Ankle replacement has 
been traditionally reserved for patients older 50 years 
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old and with low physical demand under the assump-
tion that the prostheses would have to bear less stress 
preventing early failure.

Contrariwise this belief, TAR have already been 
used with a wide range of ages, sometimes even in pa-
tients younger than 30 years old 27-28-29. The total ankle 
arthroplasty in young patients requires technical pe-
culiarities such as: removal of the osteophytes, assess-
ment of the joint instability, removal of the medial and 
lateral impingement, subtalar stiffness, gastrocnemius 
contracture and axial deviation (Figure 1).

Most of the “negative” score and results showed 
before are related to “second-generation” prosthetic 
designs, while recent studies used a “third-generation” 
prosthetic design30,31. Despite this, there’s still no con-
sensus as to which is the appropriate age to perform 
TAR and most of the studies conclude that the treat-
ment should be patient-specific 32.

A recent review comparing ankle arthrodesis and 
ankle replacements over the last decade showed an 
overall higher complication rate of ankle arthrodesis 
but a higher reoperation rate for TAR 33. This is espe-
cially true in younger patients who are physically more 
active and with higher life expectancy. Besides ankle 
arthrodesis is associated with poorer results and lower 
patient satisfaction score 34-35.

Altogether, younger patients will live longer with 
a high physical demand and, even if they’ll need a sec-
ond reoperation, TAR will allow them to gain time and 
live a better quality of life while sparing adjacent joints 
from progressive degeneration.

Recent reports showed that younger patients dis-
played better clinical and functional score while the 
rate of complications (minor, such as skin necrosis/ 
intraoperative malleolar fracture or major as reop-
erations) did not statistically differ compared to older 
 patients 25-29,32.

There are however some limitations and the re-
sults don’t have a unique interpretation.

First, in most of the studies patients are evalu-
ated by different surgeons. Second, the number of the 
younger patients are significantly lower if compared to 
older patients.

Even the average follow-up, especially if we 
consider “third generation” prostheses, is short, usu-
ally within 2 years. Another inconsistency is the used 
scores, that differ among the studies. The most widely 
used is the AOFAS score which, unless it allows direct 
comparison, has already been criticised for what con-
cerns the validity of its clinical-base score 35-36.

Last, almost no one of the studies went in-depth 
about the exact cause of the reported implant failures.

Figure 1. Clinical cases of a 43 years old male affected by post-traumatic osteoarthritis of the left ankle following a pilon fracture 4 
years before; a-b: Antero-posterior and lateral view X-ray of the ankle pre-operatively; c-d:  X-ray at 3 years follow-up after removal 
of the impingement and the implant of a total ankle replacement (Box prosthesis).
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Conclusions

The reported results might support the hypothesis 
that ankle replacements are a valid and effective treat-
ment for young and physically active patients. Recent 
evidences showed better clinical results and higher sat-
isfaction in people under the age of 50 compared to 
ankle arthrodesis with comparable rate of complica-
tions and survivorship. 

Younger people will have however a higher rate 
of reoperation but in the meantime, they will prevent 
progressive degeneration of adjacent joints.

Choosing between TAR and ankle arthrodesis 
should be however patient-specific because other fac-
tors (as patient expectation and activity level or other 
comorbidities such as diabetes, neuroarthropathy or 
inflammatory joint disease) might have an important 
role.

Lastly, further studies and longer follow-ups are 
needed.

Conflict of interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

References

  1.  Henricson A, Nilsson JA, Carlsson A. 10-year survival of 
total ankle arthroplasties: a report on 780 cases from the 
Swedish Ankle Register. Acta Orthop. 2011;82(6):655–659

  2.  Singh JA, Ramachandran R. Time trends in total ankle ar-
throplasty in the USA: a study of the National Inpatient 
Sample. Clin Rheumatol. 2016;35(1):239–245

  3.  Tomlinson M, Harrison M. The New Zealand Joint Regis-
try: report of 11-year data for ankle arthroplasty. Foot Ankle 
Clin. 2012;17(4):719–723

  4.  Doets HC, van der Plaat LW, Nelissen R. The current and 
future role of total ankle arthroplasty in the treatment of 
the arthritic ankle. A review. Minerva Ortop Traumatol. 
2007;58(5):401–421

  5.  Krause FG, Schmid T. Ankle arthrodesis versus total an-
kle replacement: how do I decide? Foot Ankle Clin. 2012; 
17(4):529–543.

  6.  Doets HC, van der Plaat LW, Nelissen R. The current and 
future role of total ankle arthroplasty in the treatment of 
the arthritic ankle. A review. Minerva Ortop Traumatol. 
2007;58(5):401–421

  7.  Alvine FG. The agility ankle replacement: the good and the 
bad. Foot Ankle Clin. 2002;7(4):737–53, vi.

  8.  Doets HC, van der Plaat LW, Nelissen R. The current and 
future role of total ankle arthroplasty in the treatment of 
the arthritic ankle. A review. Minerva Ortop Traumatol. 
2007;58(5):401–421

  9.  Gougoulias NE, Khanna A, Maffulli N. History and evo-
lution in total ankle arthroplasty. Br Med Bull. 2009;89: 
111–151

10.  Conti SF, Wong YS. Complications of total ankle replace-
ment. Clin Orthop Relat Res. 2001;391:105–114

11.  Glazebrook M, Daniels T, Younger A, Foote CJ, Penner 
M, Wing K, et al. Comparison of health-related quality of 
life between patients with end-stage ankle and hip arthro-
sis. Journal of Bone and Joint Surgery American Volume 
2008;90(March (3)):499–505

12.  Saltzman CL, Salamon ML, Blanchard GM, Huff T, Hayes 
A, Buckwalter JA, et al. Epidemiology of ankle arthritis: 
report of a consecutive series of 639 patients from a ter-
tiary orthopaedic center. Iowa Orthopaedic Journal 2005; 
25:44–6.

13.  Valderrabano V, Horisberger M, Russell I, Dougall H, 
Hintermann B. Etiology of ankle osteoarthritis. Clini-
cal Orthopaedics and Related Research 2009;467( July 
(7)):1800–6.

14.  Buckwalter JA, Saltzman C, Brown T. The impact of osteo-
arthritis: implications for research. Clinical Orthopaedics 
and Related Research 2004;(October (427 Suppl.): S6–15.

15.  Hintermann B, editor. Total ankle arthroplasty: historical 
overview, current concepts and future perspectives. New 
York: Springer Wien New York; 2005

16.  Saltzman CL, Mann RA, Ahrens JE, Amendola A, An-
derson RB, Berlet GC, et al. Prospective controlled trial 
of STAR total ankle replacement versus ankle fusion: ini-
tial results. Foot and Ankle International 2009;30( June 
(7)):579–96

17.  Knecht SI, Estin M, Callaghan JJ, Zimmerman MB, Al-
liman KJ, Alvine FG, et al. The Agility total ankle arthro-
plasty. Seven to sixteen-year follow-up. Journal of Bone 
and Joint Surgery American Volume 2004;86-A ( June (6)): 
1161–71. 

18.   Valderrabano V, Pagenstert G, Horisberger M, Knupp M, 
Sports Hintermann B. recreation activity of ankle arthritis 
patients before and after total ankle replacement. American 
Journal of Sports Medicine 2006;34( June (6)):993–9. 

19.   Wood PL, Prem H, Sutton C. Total ankle replacement: me-
dium-term results in 200 Scandinavian total ankle replace-
ments. Journal of Bone and Joint Surgery British Volume 
2008;90(May (5)):605–9.

20.  Hosman AH, Mason RB, Hobbs T, Rothwell AG. A New 
Zealand national joint registry review of 202 total an-
kle replacements followed for up to 6 years. Acta Orthop. 
2007;78(5):584–591

21.  Hurowitz EJ, Gould JS, Fleisig GS, Fowler R. Outcome 
analysis of agility total ankle replacement with prior adjunc-
tive procedures: two to six year followup. Foot Ankle Int. 
2007;28(3):308–312

22.  Kofoed H, Lundberg-Jensen A. Ankle arthroplasty in pa-



Total ankle replacement in young patients 35

tients younger and older than 50 years: a prospective series 
with long-term follow-up. Foot Ankle Int. 1999;20(8): 
501–506

23.  Barg A, Zwicky L, Knupp M, Henninger HB, Hinter-
mann B. HINTEGRA total ankle replacement: survi-
vorship analysis in 684 patients. J Bone Joint Surg Am. 
2013;95(13):1175–1183

24.  Spirt AA, Assal M, Hansen ST Jr. Complications and fail-
ure after total ankle arthroplasty. J Bone Joint Surg Am. 
2004;86-A(6):1172–1178

25.  Rodrigues-Pinto R, Muras J, Martín Oliva X, Amado 
P. Total ankle replacement in patients under the age of 
50. Should the indications be revised? Foot Ankle Surg. 
2013;19(4):229–233

26.  Demetracopoulos CA, Adams SB Jr, Queen RM, DeOrio 
JK, Nunley JA 2nd, Easley ME. Effect of age on outcomes 
in total ankle arthroplasty. Foot Ankle Int. 2015;36(8): 
871–880

27.  Henricson A, Nilsson JA, Carlsson A. 10-year survival of 
total ankle arthroplasties: a report on 780 cases from the 
Swedish Ankle Register. Acta Orthop. 2011;82(6):655–659

28.  Wood PL, Prem H, Sutton C. Total ankle replacement: me-
dium-term results in 200 Scandinavian total ankle replace-
ments. Journal of Bone and Joint Surgery British Volume 
2008;90(May (5)):605–9.

29.  Valderrabano V, Pagenstert G, Horisberger M, Knupp M, 
Sports Hintermann B. recreation activity of ankle arthritis 
patients before and after total ankle replacement. American 
Journal of Sports Medicine 2006;34( June (6)):993–9

30.  Giannini S, Romagnoli M, O’Connor JJ, Catani F, Noga-
rin L, Magnan B, Malerba F, Massari L, Guelfi M, Milano 
L, Volpe A, Rebeccato A, Leardini A. Early clinical results 
of the BOX ankle replacement are satisfactory: a multi-
center feasibility study of 158 ankles. J Foot Ankle Surg. 
2011;50(6):641–7

31.  Magnan B., Samaila E., Bartolozzi P. Protesi di tibio-tar-

sica. Evoluzione degli impianti. In Magnan B., Ceccarelli 
F., Malerba F. Patologia degenerativa del retropiede, Timeo 
Editore Bologna, 2009, vol.18, 103–113.

32.  Laurens W van der Plaat, Daniël Haverkamp. Patient selec-
tion for total ankle arthroplasty. Orthopedic Research and 
reviews 31 July 2017

33.  Cort D.Lawton, Bennet A.Butler, Robert G.Dekker, Adam 
Prescott, Anish R. Kadakia. Total ankle arthroplasty ver-
sus ankle arthodesis-a comparison of outcomes over the 
last decade. Journal of Orthopaedic Surgery and Research 
(2017) 12:76

34.  Easley ME, Adams Jr SB, Hembree WC, DeOrio JK. Re-
sults of total ankle arthroplasty. Journal of Bone and Joint 
Surgery American Volume 2011;93(August (15)):1455–68

35.  Esparragoza L, Vidal C, Vaquero J. Comparative study of 
the quality of life between arthrodesis and total arthroplasty 
substitution of the ankle. Journal of Foot and Ankle Surgery 
2011;50( June–August (4)):383–7.

36.  Guyton GP. Theoretical limitations of the AOFAS scoring 
systems: an analysis using Monte Carlo modeling. Foot and 
Ankle International 2001;22(October (10)):779–87.

37.  Soo Hoo NF, Shuler M, Fleming LL. Evaluation of the 
validity of the AOFAS Clinical Rating Systems by correla-
tion to the SF-36. Foot and Ankle International 2003;24 
( January (1)):50–5.

Received: 10 April 2020
Accepted: 10 May 2020
Elena Manuela Samaila
Azienda Ospedaliera Universitaria Integrata di Verona
Piazzale Aristide Stefani, 1, 37126 Verona VR
Tel.: 045 8123542
Fax: 045 8123578
E-mail: elenamanuela.samaila@univr.it


