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Abstract

Background: Surgical treatment is often needed for Charcot neuroarthropathy (CN) of foot. Even though good outcomes were
reported with tibiotalocalcaneal arthrodesis (TTCA) in CN patients, the choice of implant is still an issue. The aim of the study was
to evaluate the outcomes of TTCA with retrograde intramedullary nail, in patients with CN.

Materials and methods: A prospective observational study was done with 41 consecutive patients treated with TTCA with
hindfoot retrograde IM nail. The American Orthopaedic Foot and Ankle Society (AOFAS) score was used for the outcome evaluation,
one year after surgery.

Results: The mean age was 67.4(+8.7) years, with 63.5% females. Most common cause was diabetes mellitus (75.6%), followed by
post-traumatic CN (19.5%) and chronic alcoholism (4.9%). Eleven (26.8%) had good score at the end of 1 year compared to five
(12.2%) pre-op and twenty (48.8%) had fair score compared to fifteen (36.6%). The AOFAS score increased one year after surgery
(p value 0.001). In twenty (48.8%) patients, the time taken for union was more than 6 months; and in 15 (36.6%) union occurred
within 6 months of surgery. Six (14.6%) patients had non-union. Two (4.9%) had deep infection along with non-union. Hardware
failure was seen in 3 (7.3%) patients. Hardware failure with non-union was reported in one (2.4%). Four (9.8%) patients had
superficial wound infection and amputation done in one (2.4%) patient.

Conclusion: Tibiotalocalcaneal arthrodesis with retrograde intramedullary nail is an acceptable and safe procedure with good
clinical outcomes in patients with Charcot arthropathy which obviates the need for amputation.
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Introduction As the disease progress, the plantar arch collapses
and the increased pressure on the plantar osseous
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results in plantar ulcerations. This leads to deep soft
tissue infection and osteomyelitis ultimately resulting
in amputation. Around 40- 60% of all amputations
of the lower limbs are done on patients with diabetic
Charcot foot [5-7]. Less frequently CN is associated with
syringomyelia, alcoholism and leprosy.

Charcot foot presents an important diagnostic and
therapeutic challenge to clinicians. Some patients can
be treated with conservative management in the active
acute stage. Offloading the foot and immobilization
with an irremovable total contact cast (TCC) is done
to prevent further destruction and to preserve the
structure of foot. Longer duration of TCC leads to
osteoarthritis [8, 9]. Surgical treatment is often needed
for the management of deformities and ulcerations of
chronic Charcot foot. Exostectomy, external or internal
arthrodesis and amputation are done depending on the
type of deformity and clinical condition of the patients
[10].

Even though good clinical outcomes were reported by
many authors regarding arthrodesis in CN patients, the
choice of most appropriate implant for arthrodesis is
stillanissue [11]. Tibiotalocalcaneal arthrodesis (TTCA)
can be done to save CN patients from amputation [12].
It can be done with plate and screws, screws alone,
external fixators or with retrograde nail. Dalla Paola
L et al. reported good outcome from TTCA done with
retrograde interlocking nails in Charcot arthropathy
without ulcerations [13]. There are several studies
regarding TTCA using various implants, but only few
studies with TTCA done with hindfoot retrograde
intramedullary (IM) locking nails. The aim of the present
study was to report the outcome of TTCA done with
hind foot retrograde intramedullary nail, in patients
with Charcot joint, after a minimum follow up of one
year using the American Orthopaedic Foot and Ankle
Society (AOFAS) Ankle-Hindfoot score [14].

Materials and methods

The study was conducted as a prospective
observational study at Government Medical College,
Thiruvananthapuram during the period June 2021
to November 2022 after obtaining the institutional
Ethics Committee clearance. All consecutive patients
with Charcot arthropathy who were managed by
tibiotalocalcaneal arthrodesis with hindfoot retrograde
nail in the institution were included in the study.

The inclusion criteria were- patients in the age group
40-90 years of either sex, who had Charcot arthropathy
of ankle and subtalar joint, and who gave informed
consent for the study. The exclusion criteria were-

patients with previous disability, patients with severe
comorbidities who were unfit for surgery, uncontrolled
diabetes mellitus, children, associated neurovascular
injuries and patients who were lost to follow-up.

There was a total of 41 patients in the study. Complete
clinical and neurological examination were done for all
patients. Radiographs of ankle in antero-posterior (AP),
lateral and mortise views; and foot - AP and lateral views
were taken for all patients. The AOFAS Ankle-Hindfoot
score was used for the outcome evaluation of ankle
and hind foot. The AOFAS score is the most used score
for measuring the outcome of treatment in patients
with complex ankle or hindfoot injury. It combinedly
evaluates clinician reported and patient reported parts
[14]. Both pre-op and post-op AOFAS scores were
calculated. Assessment was done at 1 month, 3 months,
6 months and 1 year after surgery. The AOFAS score at
1 year was considered for evaluation. An AOFAS score
>75 out of 100 implies good functional outcome, AOFAS
score of 50-75 implies fair outcome and AOFAS score
of <50 implies poor outcome. Complications including
infection, non-union and hardware failure etc were also
noted.

Statistical analysis

The collected data was entered into Excel sheet.
Categorical variables were expressed as proportions
and quantitative variables as mean and standard
deviation. Outcome of the subjects were analysed with
clinical and functional aspects and indices calculated.
Data analyses were done using SPSS Statistics version
22.0 (IBM Corp; Chicago, USA). P value of <0.05 was
considered statistically significant.

Surgical procedure

All cases were done under spinal anaesthesia in supine
position. Correction of deformity was done through an
extended lateral approach to the ankle and subtalar
joint. The ankle joint and subtalar joints were prepared
for arthrodesis along with correction of deformity.
The entry point for the nail at heel was the point of
intersection of a line from the second toe to the centre of
the heel and another line at the junction of the anterior
and middle thirds of the heel pad. A guide wire was
passed through the centre of medullary canal of tibia,
under image intensification. Reaming was done with
sequential reamers over the guide wire, through a tissue
protector. Then an appropriately sized intramedullary
locking nail was introduced into the medullary canal.
Before final seating of the nail, bone graft from the
morselized malleoli was placed in the arthrodesis site
and in the sinus tarsi area of the calcaneus. The position
of the nail and position of TTCA were re-evaluated using
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image intensification and locking screws applied. The
position of ankle arthrodesis was neutral in sagittal
plane, neutral to 52 valgus in coronal plane, 5-10°
external rotation in horizontal plane, and talus exactly
below the tibia. Post-operatively a short leg splint was
applied with ankle in neutral position. After 2 weeks, the
splint was replaced with a short leg non-weight bearing
cast for another 4 weeks. Patients were then advanced
to full weight bearing in a walking boot over 4-6 weeks.
Patients were followed up for a minimum of one year
(Figures 1 and 2).

Figure 1: Pre-op X-ray- Charcot joint with destruction of
ankle.

Figure 2: Post-op X-ray. United ankle arthrodesis with IM nail
in situ.

Results

The mean age of the 41 patients was 67.4 (¥12.7) years,
with 25 (61%) belonging to 61-75 years. Twenty-six
(63.5%) patients were females. Most common cause was
diabetes mellitus (75.6%), followed by post-traumatic
CN 19.5% and chronic alcoholism 4.9%. Fifteen (36.5%)
had other comorbidities as well (Table 1).

Eleven (26.8%) of the study participants had good score
at the end of 1 year compared to five (12.2%) pre-op.
Twenty (48.8%) had fair score at 1 year compared to

fifteen (36.6%). Ten patients (24.4%) had poor score at
1 year, compared to 21 (51.2%) prior to surgery. The
increase in AOFAS score one year after surgery was
found to be statistically significant (p value=0.001)
(Table 2).

Table 1: Age and gender distribution of the study
participants (N=41).

Characteristics Frequency (%)
Age group
<60 years 11 (26.8)
61-75 years 25 (61.0)
>75 years 5(12.2)
Sex
Male 15 (36.5)
Female 26 (63.5)
Etiology
Chronic Alcoholism 2 (49
Diabetes Mellitus 31 (75.6)
Post Traumatic 8(19.5)
Other comorbidities
Yes 15 (36.5)
No 26 (63.5)

Table 2: Distribution of AOFAS score among the study
participants (N=41).

AOFAS score Prec;;; igFAS ff;:zléf )(/)eI;A; Pvalue*
Good (>75) 5(12.2) 11 (26.8)
Fair (50-75) 15 (36.6) 20 (48.8) <0.001
Poor (<50) 21(51.2) 10 (24.4)

*P value <0.05- statistically significant.

In twenty (48.8%) patients, the time taken for union was
more than 6 months; and in 15 (36.6%) union occurred
within 6 months of surgery. Six (14.6%) patients had
non-union. Thirteen (31.7%) patients reported some
or other complications. Two (4.9%) had deep infection
along with non-union. Hardware failure was seen in 3
(7.3%) patients. Hardware failure with non-union was
reported in one (2.4%). Non-union without infection
and hardware failure was seen in 3 patients (7.3%).
Four (9.8%) patients had superficial wound infection.
Infections were controlled with parenteral antibiotics
in 5 of the six patients with infection. In one patient
(2.4%), infection was not settled with antibiotics and
had to undergo below knee amputation (Table 3).
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Discussion

The result of the study shows that TTCA with retrograde
IM nail in Charcot ankle and hind foot deformity can
make independent mobilisation of the patients possible,
resulting in salvage of the limb in majority of patients.
Majority of the patients in the study were in the age
group of 61- 75 years with mean age 67.4 (12.7). The
AOFAS score increased one year after surgery compared
to pre-op score (p value 0.001), which are comparable
with other studies [12, 13, 15]. 26.8% of the patients had
good and 48.8% had fair AOFAS scores one year after
TTCA with IM nails, compared to a pre-operative score
of 12.2% and 36.6% respectively. Twenty-eight (68.3%)
patients had no complications following surgery.

Table 3: Distribution complications and its outcome among
the participants (N=41).

Characteristics Frequency (%)
Complications
Yes 13 (31.7)
No 28 (68.3)
Type of complication
Deep infection & Non-union 2(4.9)
Hardware failure 3(7.3)
Non-union 3(7.3)
Superficial wound infection 4(9.8)
Hardware failure, non-union 1(2.4)
Treatment for infections
Controlled with IV antibiotics 5(12.2)
Not settled with antibiot?cs and 1(24)
underwent BK* amputation
Time for fusion
6 months and less 15 (36.6)
More than 6 months 20 (48.8)
Non-united 6 (14.6)

Note: *BK amputation - below knee amputation.

The most common complication was non-union which
occurred in 14.6% (n=6) patients, out of which 4.9%
(n=2) had associated deep infection and 2.4% (n=1)
had associated hardware failure. One patient with deep
infection and non-union did not respond to antibiotic
treatment and had undergone below-knee amputation.
Four (9.8%) patients developed superficial infection
and were controlled with two weeks of parenteral
antibiotics. Chraim et al., in their study reported 26%
of minor and 15% of major complications in their study
of hind foot arthrodesis with retrograde IM nail in CN

[16]. Patients with non-union and hardware failure
were managed with custom made ankle-foot orthosis.
The relatively high rate of infection may be explained by
the fact that the major cause of CN in the study (75.6%)
was due to diabetes mellitus. Decreased vascularity and
the associated loss of protective sensation in diabetic
neuropathy may be the cause of non-union and implant
failure [17].

The treatment of CN includes TTCA with retrograde
IM nail, external fixator, plate and/or screws or a
combination of these [18, 19]. ElAlfy et al.,, compared
external fixator with IM nailing in CN and reported
the complications were higher among external fixator
group [20]. Kaissar et al; reported a higher rate of fusion
and lesser complications in IM nail group than external
fixator group [21]. There is high incidence of pin tract
infections, risk of tibia fracture and need for second
surgery for implant removal in external fixation. TTCA
done with locking plate fixation is associated with high
failure rate, due to excessive construct rigidity [22].
Complications were higher when simultaneous midfoot
fusion was done along with TTCA [15, 23].

Compared to other forms of fixation, a retrograde IM
nail is believed to provide adequate stability and resist
the multiplanar forces exerted by the long lever arm
of foot across the ankle joint. IM nail is a load sharing
device and allow early weight-bearing. It also allows
axial compression at ankle and subtalar joints intra-
operatively, leading to optimal bone apposition and
improved bone fusion [24]. Performing TTCA with
IM nail in the early chronic stage of CN, instead of
postponing surgery to later stages, reduces the chance
of progressive deformation which leads to ulceration
and osteomyelitis [25]. Close monitoring by a multi-
disciplinary team is essential in these complex patients
to avoid complications. The limb salvage using IM
nail may be time consuming and appear expensive
compared to amputation, but Gil et al., have found no
cost difference between the groups [26].

Even though our study was a prospective study with
relatively large number (41) of patients, the study is
limited by the lack of a control group for comparison.
A prospective, multicentric randomised controlled trial
may shed more light on this method.

Conclusion

Tibiotalocalcaneal arthrodesis with retrograde hind
foot intramedullary nail is an acceptable and safe
procedure with good clinical outcomes and acceptable
complication rates in patients with Charcot arthropathy.
Majority of patients achieved independent mobilisation
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and an improvement in the quality of life. This obviates
the need for below knee amputation in majority of
patients. Close monitoring by a multi-disciplinary
team is essential in these complex patients to avoid
complications.
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