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Abstract

Obj ect ive: To evaluate the usefulness of t ibiotalocalcaneal arthrodesis using a ret rograde 
nail as a rescue technique in pat ients with deformity and pain in the t ibia-ast ragalus and 
sub-ast ragalus j oints.
Mat erial  and met hod: A ret rospect ive study of 15 consecut ive cases (9 men, 5 women), 
with a mean age of 46 years, in whom a t ibiotalocalcaneal arthrodesis using a ret rograde 
nail was performed. Other measures had failed in all the pat ients. An anamnesis, physical 
and radiographic examinat ion, details of previous t reatments were carried out , as well 
as funct ional assessment  using the American Orthopedic Foot  and Ankle Society (AOFAS) 
scale and the degree of fusion after surgery with x-rays and CT.
Result s: The most  common indicat ion was post -t raumat ic arthrosis 8 of the 15 cases, 
followed in frequency by primary arthrosis in 4 cases. Consolidat ion was achieved in 93% 
of cases (14 of the 15 pat ients) in a mean t ime of approximately 20 weeks and a mean 
follow up of 20 months. Complicat ions were observed in 73% of pat ients, with delayed 
consolidat ion and pseudoarthrosis being the most  important . The mean improvement  on 
the AOFAS scale was 43.8 points, mainly due to the improvement  in pain.
Conclusion: We agree with that  published in the literature in considering this a useful 
rescue technique in pat ients where previous surgery has failed, and as a procedure of 
choice in patients with inlammatory arthritic disease. However, it is a demanding 
technique, with a high percentage of complicat ions, and requires careful select ion of the 
cases and a detailed dialogue on the expectat ions of the pat ients.
© 2010 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Tibiotalocalcaneal arthrodesis is a surgical rescue technique 
for pat ients whose ankle and subtalar j oint  surfaces are 
damaged, whether it  is a primary condit ion, due to 
osteoarthritis, or secondary to inlammatory, rheumatic, or 
t raumat ic pathology,1,2 who present  with pain, funct ional 
limitat ion, and/ or deformity that  has not  been cont rolled 
with conservat ive measures.1 Although mult iple arthrodesis 
methods have been described, t ibiotalocalcaneal arthrodesis 
with ret rograde nail offers the advantages of a minimally 
invasive technique that  provides biomechanical stabilit y 
and torsional rigidity superior to other arthrodesis methods4-8 
and a high degree of pat ient  sat isfact ion, for it  results in a 
non-painful,  plant igrade foot , maintains alignment  and 
length of the surgically t reated ext remity, and permits 
cont rolled early weight -bearing by virtue of the fact  that  it  
is a dynamic system.3,9 

However, it is a demanding surgical technique associated 
with a high incidence of complicat ions, which means that  
pat ient  select ion is important .7,10,11 It  is not  indicated in 
pat ients with severe peripheral vasculopathy, act ive 
infection, subtalar joint integrity, or signiicant tibiotalar 
angular deformity, which complicates coaxial reduct ion.

The choice of surgical technique depends upon clinical 
factors, such as bone quality and condit ion of the soft  
t issue, as well as the surgeon’s preference. In non-
osteoporot ic bone, fusion rates are similar whether 
int ramedullary nailing or screws are used for the arthrodesis, 

and either of the two techniques may be employed.12,13 
However, when there is osteoporotic bone or poor bone 
quality, such as in pat ients with rheumatoid arthrit is, 
int ramedullary nails are preferable because they give bet ter 
results; nailing is also recommended for pat ients with 
neuropathy because the int ramedullary nail would hold the 
alignment irmly, and patients would have no sensory 
problems post -operat ively due to the plantar insert ion of 
the nail.14 Nailing is also recommended when soft  t issues 
are in poor condit ion because, in these cases, closure of the 
wound over a screw plate could be compromised. Arthrodesis 
with screw plate would be advisable in post -t raumat ic 
pat ients who have normal sensit ivity and previous scars 
with good condit ion of the soft  t issues.

This study at tempts to evaluate t ibiotalocalcaneal 
arthrodesis with ret rograde nail as a rescue technique in 
pat ients in whom previous surgeries have failed, as well as 
to convey our impressions of the eficacy of this technique.

Materials and Methods
This is a descript ive, ret rospect ive study of 15 cases of 

t ibiotalocalcaneal arthrodesis with ret rograde int ramedullary 
nail performed on 14 pat ients (one case of bilateral 
arthrodesis) who were seen between 2000 and 2008 in the 
Foot and Ankle Surgery Unit at Hospital Universitario la Fe 
(Valencia) (table 1).

When the original manuscript  was edited, one of the 
editors suggested eliminat ing the following paragraph: “ The 
irst 10 patients underwent surgery between 2004 and 2008 
by the same surgeon, represent ing the cont inuat ion of the 
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Evaluación de los resultados de la artrodesis tibiotalocalcánea con enclavado 

retrógrado como técnica de rescate en 15 casos 

Resumen

Obj et ivo: Evaluar la ut il idad de la art rodesis t ibiotalocalcánea mediante clavo ret rógra-
do como técnica de rescate en pacientes con deformidad y dolor de las art iculaciones 
t ibioast ragalina y subast ragalina.
Mat erial  y mét odo: Estudio ret rospect ivo de 15 casos consecut ivos (9 hombres, 5 muj e-
res), edad media de 46 años, en los que se realizó una art rodesis t ibiotalocalcánea con 
clavo ret rógrado. En todos los pacientes habían fracasado ot ras medidas. Se realizó una 
anamnesis, exploración y estudio radiográico detallados previa intervención, valoración 
funcional mediante la escala AOFAS y el grado de fusión t ras la cirugía mediante estudio 
radiográico y TC.
Result ados: La indicación más frecuente fue la art rosis post raumát ica en 8 de los 15 ca-
sos, seguida en frecuencia por art rosis primaria en 4 casos. Se obtuvo la consolidación en 
el 93% de los casos (14 de los 15 pacientes) en un t iempo medio aproximado de 20 sema-
nas y un seguimiento medio de 20 meses. El 73% de los pacientes presentaron complica-
ciones siendo el retardo de consolidación y la pseudoart rosis las más importantes. La 
mej oría media en la escala AOFAS fue de 43,8 puntos, a expensas fundamentalmente de 
la mej oría del dolor.
Conclusión: Coincidimos con la literatura publicada en considerarla una técnica de res-
cate út il en pacientes en los que han fracaso cirugías previas y como procedimiento  
de elección en pacientes con artropatia inlamatoria. Sin embargo, es una técnica exi-
gente, con un alto porcentaj e de complicaciones, por lo que requiere una selección cui-
dadosa de los casos y un diálogo detallado sobre las expectat ivas de los pacientes.
© 2010 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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study published by another of the authors15 that  reported on 
ive consecutive cases operated on between 2000 and 2001 
(table 1).

Of the 15 cases, the dist ribut ion by sex was 9 males (one 
pat ient  with bilateral arthrodesis) and 5 females, with a 
mean age of 46 years (range of 20 to 70 years). Post -
t raumat ic osteoarthrit is and/ or fracture sequelae were the 
most  common surgical indicat ions—in 8 of the 15 cases, 
represent ing 53% of the total (due to t ibial pilon fracture, 
mainly, with or without  associated calcaneus and talus 
fractures)—followed in frequency by primary osteoarthrit is 
in 4 cases (27% of the total), 2 cases of inlammatory 
arthropathy (13% of the total),  and 1 case of avascular 
necrosis of the talus (7%). Other t reatments had failed in all 
these pat ients.

Pre-operative assessment

A detailed history was obtained on all pat ients with regard 
to aetiology, severity of the pain, and functional deicit. 
The clinical examinat ion recorded painful points, range of 
mot ion, and ankle alignment  using a goniometer. The 
radiological examinat ion included an anterior-posterior 
x-ray of both feet  in standing posit ion and lateral x-rays. 
The workup was completed with oblique x-rays and 
computerized tomography in cases where there was doubt  
as to the involvement  of the subtalar j oint .3 The AOFAS 
score16,17 (Ankle-Hindfoot Scale, clinical rating system of 
the American Orthopaedic Foot  and Ankle Society) was used 
pre-operat ively and post -operat ively as a funct ional 
assessment  tool, together with a sat isfact ion survey.

Surgical technique

The anaesthet ic technique most  commonly employed was 
spinal anaesthesia (8 cases), followed in frequency by 
general anaesthesia alone (5 cases) and general anaesthesia 
combined with popliteal plexus block (2 cases).

Pat ients were placed in supine decubitus posit ion on a 
radiot ransparent  table with a surgical drape pack under the 
ipsilateral but tock. The surgery was performed in a bloodless 
ield through placement of a cuff at the proximal root of 
the ipsilateral thigh at a pressure of 100 mm Hg above the 
pat ient ’s systolic blood pressure.

As for surgical approach, a lateral transibular approach 
alone was used in 5 cases, with resect ion of the last  3 
centimetres of ibular malleolus (used as spongy graft), and 
a combined lateral and small medial approach was used in 
the remaining 10 cases. In 73% of cases (11/ 15 procedures), 
only an autologous graft from the resected ibular malleolus 
was used, while in the other 27% (4 procedures), the 
autologous ibular graft was combined with iliac crest graft 
because these were pat ients with severe post -t raumat ic 
bone defects (n=3) and previous failed arthrodesis with 
cannulated screws (n=1).

The nail insert ion point  was the intersect ion between the 
line j oining the second metatarsal in the sagit tal plane with 
the cent re of the heel and another line j oining the middle 
third and posterior third of the heel in the coronal plane. 
Through a 3-cent imet re longitudinal incision, carefully 
making a blunt  dissect ion so as not  to damage neurovascular 

st ructures (lateral plantar artery and nerve and the abductor 
nerve for the ifth toe), the intramedullary guide was 
inserted under image intensiier control, keeping the foot  
in 5º valgus, neutral dorsilexion, and 5-10º external 
rotat ion.

Sequent ial reaming was performed through a soft  t issue 
protector, increasing the diameter in 1-mm increments via 
the guide, usually up to a diameter of 1 mm more than the 
desired nail.  The nail was inserted, checking foot  alignment , 
and the ext racted graft  was placed at  the fusion point ; the 
nail was tapped gent ly to promote compression of the 
arthrodesis area. Then, distal locking bolts were inserted in 
the talus and calcaneus in a lateral-medial t ransverse 
direct ion; the nail was again tapped light ly and locked in 
posit ion proximally with t ransverse bolts in a medial-lateral 
direct ion.

In our review, the 10x150 mm VersaNail (DePuy®) 
retrograde intramedullary nail was used in the irst 10 
cases, supplemented with 1-2 Orthomed anteromedial 
staples in 4 of these 10 cases where, int raoperat ively, 
torsional rigidity was found to be insuficient. In the 
remaining 5 pat ients, a ret rograde nail for reconst ruct ion 
(Smith & Nephew®) was used; it s dimensions were not  
recorded.

Post-operative regimen

Ant ibiot ic prophylaxis with a second-generat ion 
cephalosporin was init iated in the operat ing room and 
cont inued unt il the drains were removed at  24-48 hours. 
Likewise, ant ithrombot ic prophylaxis was inst ituted, using 
low-molecular-weight  heparin, and cont inued unt il the 
pat ient  began weight -bearing with crutches. The wound 
was examined upon discharge from the hospital and 
thereafter at  1 and 2 weeks for staple removal. Pat ients 
were kept  in a posterior splint  for 6-8 weeks post -operat ively; 
part ial weight -bearing was then allowed using an orthot ic 
system for unweight ing the heel (CAM Walker®), and full 
weight -bearing was not  permit ted unt il there was x-ray 
evidence of fusion.

Results

Fusion was obtained in 93% of cases (14 of the 15 ankles) in 
a mean t ime of 20 weeks (shortest  12 weeks, longest  70 
weeks) (ig. 1), with a mean follow-up time of 20 months 
(range of 9-39 months). The mean length of hospitalisat ion 
was 5.6 days (range of 3-9 days).

In 11 of the 15 cases (73% of the total number of pat ients), 
there were post -operat ive incidents: 2 cases of delayed 
fusion, resolved with dynamizat ion of the nail at  a mean 
interval of 4 months; 2 cases of pseudarthrosis (1 case of 
symptomat ic t ibiotalar pseudarthrosis, which was resolved 
by re-arthrodesis using a new, larger nail with a crest  and 
BMP graft ,  and 1 case of clinically asymptomat ic subtalar 
pseudarthrosis); 3 cases of leg length discrepancy, of which 
only 1 case required a shoe lif t  for a discrepancy of >1.5 
cm; 2 cases of infect ion with good response to local 
t reatments and ant ibiot ic therapy; 1 dysaesthesia on the 
dorsal surface of the ankle that  resolved spontaneously; 
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and, inally, 1 case of extrusion of the distal bolt, which was 
removed under local anaesthesia (ig. 2).

The mean improvement  in AOFAS score was 43.8 points, 
from a mean pre-operat ive score of 19.8 to a mean post -
operat ive score of 63.6, due primarily to pain reduct ion 
(ig. 3). The degree of patient satisfaction was evaluated: 7 
patients (46% of the total) were completely satisied; 4 
patients (27%) were partially satisied; and 4 patients (27%) 
were dissatisied with the results, these being the youngest 
individuals in the study. Of the 15 pat ients, 9 pat ients (60%) 

responded afirmatively to the question of whether they 
would undergo the procedure again, 3 pat ients (20%) 
responded negat ively, and the remaining 3 pat ients (20%) 
gave no response.

Discussion

With advancements in nailing technology, indicat ions for the 
technique have steadily expanded; in some cases, it  is no 
longer considered rescue surgery but  rather the surgical 
technique of choice—especially in pat ients with osteoporot ic 
bone and inlammatory arthropathies, where arthrodesis 
with ret rograde int ramedullary nail appears to achieve 
higher fusion rates than convent ional arthrodesis 
methods.14

The most  common surgical approach is the single 
transibular approach with the patient in supine decubitus; 
a small medial approach may be added with osteotomy of 
the t ibial malleolus, which enables the talo-calcaneal 
complex to be shif ted medially so that  the nail can be 
posit ioned more precisely in the cent re of the t ibia.18,19 
Other authors recommend the t rans-Achilles approach with 
the pat ient  in prone decubitus, which allows the surgeon to 
avoid old scars and achieves good exposure of the t ibiotalar 
joint. However, because it complicates patient monitoring, 
this approach is not  widely used by surgeons.

This surgical technique frequent ly requires use of the 
image intensiier, and many authors20-23 have described 
anatomical landmarks that  are helpful in locat ing the ideal 
point  for insert ing the nail into the calcaneus, thereby 
prevent ing needlessly prolonged exposure.

The fusion rates in our study (93%, 14 of  15 cases) and 
the mean t ime to fusion (20 weeks) are consistent  with the 
data published by other authors.  Fusion rates reported in 
the medical l it erature have been f rom 76% in 25 weeks (22 
of  29 pat ients in the Goebel study24) t o 95% in 20 weeks (19 
of  20 pat ients in the Mendicino study10).  The l it erature 
cautions that the rate of non-fusion is signiicantly higher 
for pat ients who smoke than for those who do not  smoke; 25 
in our study, pat ients’  smoking habit s could not  be 
evaluated.

Some authors26 warn that  there are inferior results in 
patients with inlammatory arthropathies—lower fusion 
rates and more frequent  complicat ions. In our series, there 
were only 2 patients who had an inlammatory aetiology, 
and no dif ferences were found between this subgroup and 
patients who had a non-inlammatory aetiology.

Although there were post -operat ive incidents in a high 
percentage of  pat ients in our study (73%, 11 of  the 15 
cases), the only signiicant complications were 2 cases of 
pseudarthrosis,  only 1 of  which required intervent ion.  It  
may be possible to achieve higher fusion rates with 
systemat ic dynamizat ion of  the nail at  6 weeks to 3 months 
in all pat ients.  Ext rusion of  the distal locking screws (1 
case in our series),  which is also described in the l it erature26 
as a common complicat ion, could be lessened with the 
distal lock placed in a posterior-anterior direct ion rather 
than a lateral-medial direct ion, since the former would 
secure it more irmly to the bony framework of the 
calcaneus.

Figure 1 Mean t ime to fusion after surgery. Subj ect  #8 

developed a symptomat ic t ibiotalar pseudarthrosis that  

required another surgical procedure.

 Figure 2 a) No incidents. b) Delayed fusion. c) Pseudarthrosis. 

d) Leg length discrepancy. e) Infect ion. f) Nerve lesion. g) 

Ext rusion.

Figure 3 AOFAS scores, showing a signiicant improvement for 
all pat ients. There was no pre-operat ive score for subj ects #6 

and #15.
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We found no cases of deep infect ion or pandiaphysit is 
requiring, as a last  resort ,  amputat ion of the operated 
extremity—a much-feared and not insigniicant complication: 
2 cases of amputat ion reported in the Kile study,18 2 cases 
of amputat ion in the Tavakkolizadeh study,26 and 1 case of 
amputat ion in the Mendicino study.10 The rate of 
complicat ions was similar to that  in our series: complicat ions 
in 30 of 43 pat ients in the Fazal series,27 of which 7 were 
delayed fusion and 4 were pseudarthrosis, and in 19 of 26 
pat ients in the Tavakkolizadeh study,26 with 2 cases of non-
displaced fracture.

Some authors18,28 have identiied non-displaced stress 
f ractures at  the proximal locking screws and/ or at  the nail 
point—with both steel and t itanium implants—that  were 
resolved with immobilizat ion. There was evidence of 
cort ical hypert rophy as these fractures were healing but  
not  prior to their appearance. The authors18,28 also observed 
asymptomat ic cort ical hypert rophy at  the nail t ip in some 
pat ients and suggested that  this could result  from st ress 
forces being concent rated at  the nail t ip. Because none of 
these pat ients subsequent ly developed a symptomat ic 
st ress fracture, it  is not  known whether this proximal 
cort ical hypert rophy react ion represents the healing process 
of a subclinical st ress fracture or a protect ive adapt ive 
mechanism in response to symptomat ic st ress fractures. 
There were no cases of st ress fracture in our study; however, 
a proximal cortical reaction was identiied in 4 patients, all 
of them asymptomat ic.

Performing open abrasion on the subtalar j oint  is of 
questionable beneit; it might improve the degree of fusion, 
but  subtalar pseudarthrosis does not  t ranslate to pain, 
apparent ly. Only 1 pat ient  in our series developed a subtalar 
pseudarthrosis; even though it  was clinically asymptomat ic, 
we cannot  draw from it  any conclusions on this mat ter. We 
believe that , in pat ients who have no subtalar j oint  
involvement, it is important that this joint not be sacriiced; 
ret rograde nailing should be rej ected, and the surgeon 

should opt  for another t ibiotalar arthrodesis technique that  
respects the subtalar j oint , thereby preserving foot  inversion 
and eversion capabilit ies.

Clinical improvement in the pat ients in our study, as 
assessed by the AOFAS score, was basically due to pain 
reduct ion; scores changed from a mean of 19.8, pre-
operat ively, to a mean of 63.6, post-operat ively—similar to 
the degree of improvement achieved in other studies.3,14,24,26,29 
The lowest  scores on the AOFAS scale corresponded to the 
youngest  pat ients, who had great  expectat ions in terms of 
funct ional demands following surgery; therefore, it  is very 
important  to make it  clear to pat ients that  the primary 
object ive of this procedure is to eliminate or reduce pain and 
that they will continue to have functional limitations (ig. 4).

We may conclude that  1) t ibiotalocalcaneal arthrodesis 
with ret rograde int ramedullary nail is an ef fect ive surgical 
technique in pat ients with involvement  of  the t ibiotalar 
and subtalar j oint  surfaces who have uncont rolled pain 
and for whom other surgical techniques have failed, and 2) 
it is the technique of choice in patients with inlammatory 
arthropathy because it  is associated with fewer 
complicat ions and a higher fusion rate than classical 
arthrodesis techniques using plates and screws.  It  is a 
demanding surgical technique, however,  with a high 
percentage of  complicat ions, which requires that  pat ients 
be carefully selected and informed in detail as to 
expectat ions for the procedure.

Level of evidence

Level of evidence IV.
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Figure 4 Upper: preoperat ive clinical and x-ray images for study subj ect  #7 (case of bilateral arthrodesis), in whom marked 

bilateral primary osteoarthrit is is seen with obvious clinical deformity. Lower: post -operat ive clinical and x-ray images of the same 

subj ect , showing fusion of the arthrodesis performed on the left  side and removal of the proximal block on the right  side to 

promote arthrodesis of the t ibiotalar surface.
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RIGHT
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