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I NF O ABSTRACT

Objective: The aim of this study was to evaluate clinical and functional outcomes in diabetic patients undergoing tibiocal-
caneal arthrodesis using a retrograde nail.

Methods: A total of 12 diabetic patients [8 men and 4 women; mean age at intervention: 56.8 years (range: 27-76 years)]
who underwent tibiocalcaneal arthrodesis by a retrograde nail were enrolled in this study. The indication for surgery was
massive talar osteonecrosis in four patients, Charcot arthropathy in another four patients, and various severe ankle/hind-
foot derangements in four patients. All surgeries were performed by the same surgeon. All patients were evaluated by their
American Orthopedic Foot and Ankle Score (AOFAS) score, and radiographic follow-up was performed.

Results: The mean follow-up time was 59.5 months (range: 27-121 months). Ten patients (83.3%) healed and were able to
walk with full weight bearing without crutches. Among them, nine patients (75%) achieved union with solid bone healing.
The mean overall improvement in the AOFAS score was 72.5% (preoperatively: 40 points vs postoperatively: 69 points;
p<0.001). We observe a complication in 50% of our patients. Minor complications included two cases of dehiscence of the
surgical wound, one case of soft tissue irritation owing to hardware protrusion, and one cause of lymphedema. Two patients
had deep infection and underwent surgical removal of hardware, debridement, and antibiotic treatment: one healed after
the treatment but never recovered full weight bearing and the other one died from other complications. These two deep
infections occurred after 23 months of follow-up.

Conclusion: Tibiocalcaneal arthrodesis using retrograde nails is a salvage technique extremely effective in ankle and hind-
foot disorders in a diabetic patient. This procedure allows good functional outcomes and pain relief. When correctly indi-
cated, it is a safe procedure with good clinical outcomes and low risk of below-knee amputation.

Level of Evidence: Level 1V, Therapeutic study

Diabetic patients are prone to all common
ankle diseases that cause intractable pain and

sequence of the noticeable loss of function
owing to the sacrifice of ankle and subtalar
loss of function. When conservative methods  movement (3). Its main indications are prima-
ry ankle and subtalar osteoarthritis, rheuma-

toid arthritis with extensive articular damage,

or other less invasive treatments fail, surgical
intervention should be considered. Ankle ar-

throdesis or tibiocalcaneal arthrodesis is the
most reasonable surgical option in such pa-
tients because diabetics are exposed to lower
limb vascular and neurologic complications,
ulcers, and infections (1, 2). Tibiocalcaneal
arthrodesis is a well-known salvage surgical
procedure that became popular with the in-
troduction of retrograde intramedullary ankle
nails into clinical practice. Its goal is to restore
proper foot-ankle-leg alignment in order to
provide the patient with stable and painless
support. Its indications are restricted as a con-

massive avascular necrosis of the talus, post-
traumatic tibial pilon and rear foot nonunion,
and severe deformity linked Charcot arthrop-
athy (4).

Tibiocalcaneal arthrodesis with intramedullary
nail fixation has demonstrated good short- and
long-term clinical outcomes in general practice
(4). However, few studies have investigated out-
comes in diabetic patients and most of them
considered Charcot arthropathy alone (5). The
present study aimed at contributing to the un-
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derstanding of clinical outcomes and complications of tibio-
calcaneal arthrodesis with retrograde intramedullary nail
fixation in diabetic patients.

Materials and Methods

Study design and aim

The present analysis is a retrospective study of diabetic pa-
tients who underwent tibiocalcaneal arthrodesis at our insti-
tution from May 2008 to December 2016. The study met the
national ethics criteria (Codice di etica dell'Istituto Superiore
di Sanita. Version 1.13 / January 2015) and was performed
in accordance with the Declaration of Helsinki. The aim of
the study was to evaluate the functional and radiological out-
comes of diabetic patient who underwent tibiocalcaneal ar-
throdesis with intramedullary retrograde transcalcaneal nail
fixation.

Inclusion and exclusion criteria

All diabetic patient with massive talar osteonecrosis, Charcot
arthropathy, or severe ankle and peritalar joint derangement
who underwent tibiocalcaneal arthrodesis with intramedul-
lary retrograde transcalcaneal nail fixation were potentially
eligible for the study. We set as exclusion criteria a previous
history of ankle or hindfoot infection, the presence of ulcers,
and prior surgery.

Patient characteristics

Twelve diabetic patients (8 men, 4 women) met the inclusion
criteria. The mean age at intervention was 56.8 years (range:
27-76 years). The mean follow-up period was 59.5 months
(range: 27-121 months). Table 1 shows the patient’s clini-
cal characteristics, and Table 2 provides the main data (age,
surgical indication, comorbidities, type of union achieves,
AQFAS score and follow-up) of each patient included in the
study.

Surgical technique

A senior orthopedic with proven experience in foot surgery
(M.G.) operated all patients. In all patients a dedicated nail
was used for ankle arthrodesis (Table 2). In all cases, surgery
was performed by the modified Kelikian procedure. All pa-
tients received a parenteral antibiotic prophylaxis (intrave-

HIGHLIGHTS

Ankle disease is very common in diabetic patients and can
cause deterioration in the quality of life.

Tibiocalcaneal arthrodesis with a retrograde nail represent a
salvage technique effective in ankle and hindfoot disorders in
a diabetic patient.

After a long follow-up a good pain improvement and func-
tional reflect the high overall patient satisfaction.

Table 1. Clinical characteristics of diabetic patients

Mean age (years) 56.8
Sex (male/female) 8/4
Mean HbAlc (mmol/L) 60.6
Mean preoperative glycemia (mg/dL) 160
Mean creatinine (mg/dL) 0.99
PVD 2/12
History of CVD 7/12
Ulcers 0/12

PVD: peripheral vascular diseases; CVD: cardiovascular diseases
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Figure 1. Bone consolidation — Lateral radiopgraphic
views showing a good tibiocalcaneal bony union at the
one year follow-up

nous cefazolin, 2 g). All patients received anticoagulation
prophylaxis until total loading was allowed.

Clinical and radiographic follow-up

Ankle and hindfoot clinical outcomes were quantitatively
measured using the American Orthopedic Foot and Ankle
Score score. The assessment was carried out before surgery
and at the 6-month follow-up. Bone union was judged clini-
cally and radiographically (Figure 1). Patients without radio-
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Table 2. Main clinical and surgical data

Patient Sex Ageat Surgical
surgery indication

Main comorbidities

AOQOFAS score Follow-up

Union Preop Postop Months Complications
1 M 57 Osteonecrosis of the  Ischemic heart Fibrous 30 64 121
talus, left disease
2 M 72 Osteonecrosis of the ~ Ischemic heart Bony 52 70 33 Lymphedema
talus, left disease
Heart failure
3 M 27 Osteonecrosis of the Bony 46 83 54
talus, left
4 M 40 Osteonecrosis of the  Kidney transplant ~ Bony 24 70 97 Dehiscence of the
talus, right surgical wound and
superficial infection
5 M 60 Talar and subtalar post- Psoriatic arthritis Bony 50 83 36
traumatic
arthrosis, left
6 F 60 Rheumatoid arthritis Rheumatoid Fibrous 38 81 36
with subtalar arthritis
pronation, left
7 F 53 Pseudarthrosis due Tibial pilon Bony 37 48 27 Hardware
to talar and subtalar  fracture removal owing to
arthrodesis, left deep infection
8 F 76 Tibiotalar arthrosis Peripheral vascular  Bony 50 68 39 Hardware
and subtalar diseases removal owing to
pseudarthrosis, right  Rheumatoid arthritis deep infection
9 M 71 Charcot Ischemic heart Bony 26 51 74 Dehiscence of the
arthroneuropathy, disease surgical wound and
right Obesity superficial infection
10 F 52 Charcot Ischemic heart Fibrous 41 69 105 One soft tissue
arthroneuropathy, left disease Neuropathy irritation
11 M 44 Charcot Peripheral vascular Bony 38 81 65
arthroneuropathy, diseases
right
12 M 70 Charcot Ischemic heart Bony 48 61 28
arthroneuropathy, disease
right

graphic appearance of bone union who could walk with full
weight bearing and no pain were judged to have healed by
fibrous union (Figure 2). Standard radiographies were per-
formed monthly for 6 months and at 1-year after surgery.
Patients were discharged without any adjunctive external im-
mobilization such as plasters or orthotics. Total off-loading
was prescribed for at least 50 days. Patients with Charcot ar-
thropathy were prescribed a longer period of off-loading (at
least 3 months). Weight bearing was gradually allowed on the
basis of the radiographic and clinical appearance. Wounds
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were followed in outpatient care. Rocker bottom shoes and
in-let soles were supplied to patients who suffered from
Charcot arthropathy.

Outcomes

The primary outcome was the functional and clinical re-
sults (AOFAS score). Secondary outcomes were the failure
of arthrodesis as a consequence of the following conditions:
loosening or breakage of the hardware, deep intractable in-
fection, and nonunion with unstable or painful hindfoot.
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Table 3. AOFAS score before surgery

Patient 1 2 3 4 5 6 7 8 9 10 11 12
Pain (max. 40 points) 0 20 20 0 20 20 20 20 O 30 20 20
Function (max 50 points)  Activity limitation 4 4 4 4 4 4 4 4 4 0 4 4
Maximum distance walking 2 2 2 2 2 2 0 2 2 0 O 2
Walking surface 0 0 3 0 0 0 O 3 3 0 O 0
Gate abnormality 4 4 4 4 0 0 0 4 4 0 O 4
Sagittal motion 4 4 0 4 4 4 0 4 0 0 4 0
Hindfoot motion 3 0 o 0 0 3 0 o0 0 3 0 0
Ankle-hindfoot stability 8 8 8 0 8 0 8 8 8 8 O 8
Alignment (max 10 points) 5 10 5 10 10 5 5 5 5 0 10 10
Total before surgery 30 52 46 24 50 38 37 50 26 41 38 48
Table 4. AOFAS score after surgery
Patient 1 2 3 4 5 6 7 8 9 10 11 12
Pain (max. 40 points) 30 40 40 30 40 40 20 30 20 40 40 30
Function (max 50 points) Activity limitation 7 7 7 7 7 7 4 7 4 4 7 4
Maximum distance walking 2 5 5 5 2 2 2 2 5 2
Walking surface 3 3 5 3 5 3 0 3 3 3 3 3
Gate abnormality 4 8§ 8 8 8 8 4 8 4 4 8 4
Sagittal motion 0 o o o o o0 o o o o o0 O
Hindfoot motion 0 6o o0 o0 o o0 o0 o0 O 0 0 O
Ankle-hindfoot stability 8 8 8 8 8 8 8 8 8 8 8 8
Alignment (max 10 points) 10 10 10 10 10 10 10 10 10 10 10 10
Total before surgery 64 70 83 70 83 81 48 68 51 79 81 6l

Results

Ten patients (83.3%) healed and were able to walk with full
weight bearing without crutches. In this group, the rate of
achieving union by solid bone healing was 75% (nine pa-
tients). Three patients (25%) presented symptom-free, me-
chanically competent, fibrous union (Table 2).

Tables 3 and 4 present the AOFAS score. The mean preop-
erative score was 40 points (range: 24-52 points). The mean
postoperative score was 69 points (range: 48-83 points), with
a mean overall improvement rate of 72.5% (the ratio between
the preoperative score and the difference between post- and
preoperative scores multiplied by 100; statically significant
difference by Student’s ¢-test, p<0.001).

Neglecting sagittal motion and hindfoot motion scores that
are obviusly 0 in the postoperative evaluation, the overall
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mean improvement in the postoperative AOFAS score was
89.3%. The best subset of clinical improvement is given by
functional recovery and pain.

The rate of minor and major complications was 50% (six pa-
tients). Minor complications included two cases of dehiscence
of the surgical wound (patients 4 and 9), one case of soft tis-
sue irritation owing to hardware protrusion (patient 10), and
one case of lymphedema (patient 2). Dehiscence of the surgi-
cal wound healed after medication and specific oral antibiotic
therapy. Soft-tissue irritation required surgical screw removal.
Lymphedema was managed with lymphatic drainage.

Two patients had a major complication that resulted in treat-
ment failure, and data are reported in Table 2. Two patients
had deep infection and underwent surgical removal of hard-
ware, debridement, and antibiotic treatment: one healed after
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Figure 2. a, b. Bony and Fibrous union - Lateral (a) and
frontal (b) radiopgraphic views of a Charcot patient, (a)
and (b) In this patient we could see the achivement of a
bony union in the tibiocalcaneal joint but a fibrous union
in the subtalar joint

treatment, but never recovered full weight bearing (patient 7)
and the other was treated in another hospital and died from
other complications (patient 10).

Discussion

Patients suffering from diseases or clinical conditions that
cause either remarkable derangement of the joints surround-
ing the talus or massive talar bone loss are eligible for tibio-
calcaneal arthrodesis. Tibiocalcaneal arthrodesis can surgi-
cally be achieved by internal or external fixation. In diabetic
patients, external fixation is mandatory in case of deep infec-
tion, osteomyelitis, and poor soft tissue coverage (6). Poor
patient compliance, frequent pin tract medications, long
duration of patient surveillance, and frequent medical visit
discourage the use of external fixation and favor internal fix-
ation when feasible.

Retrograde intramedullary ankle nail fixation has gained
popularity because of its undisputed mechanical advantag-
es (7). It can provide the patient with stable fixation such
that adjunctive external immobilization devices such as
plasters or braces are generally felt unnecessary. Bone union
rates vary between 88% and 100% among nondiabetic pa-
tients treated without adjunctive immobilization (8, 9). In
our practice, we adopted the same behavior irrespective
of whether the patient was diabetic. Enhancement of the
overall stability through external immobilization was per-
formed only when there was concern that solid internal
fixation could not be obtained because of poor bone stock.
This behavior was also found in patients affected with Char-
cot arthropathy where external immobilization was always
neglected because of solid internal fixation. All our patients
with Charcot arthropathy had good functional recovery
with full weight bearing on the affected side. In all cases,
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satisfactory consolidation was observed, bone union was
observed in three cases, and solid fibrous union was ob-
served in one case (Figure 2). Two different Italian research
groups provided their patient with Charcot with adjunctive
immobilization such as a cast for 3 months (5, 10). Dalla
Paola and others achieved bone union in 14 of 18 patients
and fibrous union in 4 of 18 patients in their study popula-
tion (5). In their study, the percentage of limb salvage was
100% in the follow-up period. Caravaggi et al. obtained a
bone union rate of 71%; fibrous union was achieved in 21%
of the cases; limb salvage was always achieved, but in one
case, it required below-knee amputation (10).

Only a few studies in the literature have focused on clinical
evaluation with an appropriate score (11-13). Franceschi et
al,, in a recent review of the literature about the use of ti-
biocalcaneal arthrodesis by an intramedullary nail, showed
that until 2016, no study performed clinical evaluation by
the AOFAS score (11). Chrmain et al. demonstrated a rise
of 46.22 points (from 25.3 to 71.5) in the AOFAS score in
a series of 18 patients with hindfoot arthrodesis with retro-
grade compression intramedullary nail fixation in Charcot
neuroarthropathy (12). Oesman et al. presented the results
of a two-patient case series for calcaneotalotibial arthrodesis
by retrograde intramedullary nail fixation for Charcot neu-
roarthropathy, demonstrating an improvement of 25 points
(from 58 to 83) in the AOFAS score, but only in one patient
were these data correctly recorded (13). Though we report-
ed AOFAS improvement according to the literature, the im-
provement in our study appears lower than that in the study
by Chrmain et al. probably because our patients initially had
a higher AOFAS score (mean 40 vs 25) (13).

Charcot arthropathy is a severe complication of diabetic low-
er limb neuropathy and mainly affects foot joints, with ankle
joint involvement being less frequent (about 5% of cases).
In the acute stage, Charcot arthropathy causes progressive
joint destruction and a noticeable inflammatory response
with local edema and swelling. In responsive patients, there
is prompt recovery from edema and swelling after immobi-
lization in a total contact cast or a pneumatic brace in asso-
ciation with oft-loading (14). Casts are applied in the preop-
erative period to change the acute stage of the disease to the
subacute or quiescent stage in order to perform surgery in
more favorable clinical conditions.

In our patients with Charcot arthropathy, no postoperative
cast immobilization was used and limb salvage was achieved
in all cases, with one case of fibrous consolidation among
four patients (25%).

Diabetes mellitus (DM) is a well-recognized risk factor for
postoperative complication such as nonunion, malunion,
hardware failure, and surgical site and deep infections (15).
In a case-control study comparing complication rates for di-
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abetic patients with a matched group of nondiabetic patients
undergoing Open Reduction and Internal Fixation (ORIF) of
ankle fractures, the incidence of significant complications in
diabetic patients was 42.3% (16).

Infection in diabetics is a major problem and can lead to am-
putation in 42% of the cases and mortality in 11% after failed
ankle fracture osteosynthesis (16, 17).

As tibiocalcaneal arthrodesis is indicated only in selected
cases of severe derangement involving the ankle and hind-
foot in patients without a history of local deep infection, it
is difficult to find studies enrolling large series of diabetic
patients. A recent study tried to evaluate the results of retro-
grade intramedullary nail fixation for the severe ankle/hind-
foot pathology in a group of patients with diabetic neurop-
athy and compare them to a cohort of nondiabetic patients.
Although a postoperative complication was experienced in
59% of cases with DM compared to 44% without DM, the
difference did not reach statistical significance owing to the
fewer number of patients available (18).

Currently, high rates of postoperative complication are en-
countered in diabetics undergoing tibiocalcaneal arthrode-
sis, independent of the internal fixation construct that has
been utilized. Studies reporting the largest series of diabetic
subjects have been conducted in patients with Charcot ar-
thropathy where nail fixation has a broader indication. In
Charcot arthropathy, retrograde intramedullary nail fixation
is advocated for ankle arthrodesis, irrespective of the con-
temporary involvement of the hindfoot. It is considered a
salvage procedure, and the nail is used to form a so-called
“super-construct” (19, 20). In a super-construct, internal fix-
ation is used to bridge the area of the diseased joint and ex-
tend fixation into areas uninvolved by Charcot arthropathy.
Its purpose is to increase stability and decrease the likelihood
of fixation failure.

In the literature, infection rates reflect the occurrence of
infection in the postoperative period because the mean fol-
low-up is short term (5, 7, 10). In our study, two cases of deep
infections occurred after 23 months of follow-up. Given the
small number of cases, statistical significance is poor; none-
theless, tendency toward mid-long-term infections emerges
that might be explained by the well-known susceptibility to
infection of diabetics coupled with bulky features of the in-
ternal fixation device.

To conclude, our results suggest that tibiocalcaneal arthrodesis
with retrograde nails may be an effective salvage procedure in
an ankle and hindfoot disorder in diabetic patients with good
clinical outcomes. The greatest improvement was recorded in
functional recovery and pain improvement; overall patient sat-
isfaction was high. As with any surgical procedure, it was affect-
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ed by complications that may lead to below-knee amputation.
Deep infection is a dreadful complication in the postoperative
period, but it might have late onset. Removal of hardware might
be considered after achieving solid bone union.
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