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Introduction

Charcot neuroarthropathy (CN) of the foot
and ankle, which is complicated with infection, is
debilitating disease and presents challenges until
now. Infection worsens the problem of vascularization,
bone tissue reserve, and general healing process

Abstract

BACKGROUND: Charcot neuroarthropathy (CN) of the foot and ankle, which is complicated with infection,
is debilitating disease and presents challenges until now. External fixation with half-pins is useful as provisional
treatment.

AIM: The purpose of this retrospective case series is to summarize the patient characteristic, type of surgical
intervention, outcome, and complication of infected CN treated in our hospital.

MATERIALS AND METHODS: This case series studied retrospectively patients with CN of the foot and ankle due to
diabetes mellitus type Il, complicated by infection, who required surgical treatment in a single institution, from 2018 to
2019. Diagnosis was based on chronic deformity (fracture or dislocation) as proven on X-ray and recently developed
infection as shown through clinical, laboratory, and radiological evaluation.

RESULTS: We studied seven patients with CN classified as Eichenholtz Stage 3 (100%) and Brodsky type 3A alone
(n = 3) (Figure 1), and type 3A with other types (n = 4). The mean age is 44.6 years old (range, 35-60) and mean body
mass index was 24.08 kg/m’ (range, 21.45-25.39). Signs of infection include leukocytosis (n = 6), soft-tissue swelling (n
=4), ulcer (n = 4), and osteomyelitis (n = 1) at presentation. Operative treatment consisted of debridement, followed by
external fixation only (n = 4), combined external fixation and pinning (n = 2), and intramedullary pinning only (n = 1). The
mean hospital length of stay was 4.5 days (range, 3-7). We performed short-term follow-up after a mean of 4.12 months
(range, 1.3-5.3) and long-term after a mean of 15.02 months (range, 11.27-16.8), the limb salvage rate was 100% in
both. One patient had revision of external fixation. As for functional outcome, at the time of long-term follow-up mean
visual analogue scale was 0.75 (range, 0—2) and American Orthopaedic Foot and Ankle Score was 66.25 (range, 57-77).

CONCLUSION: In this study, mostly external fixation with half-pins and methyl metacrylate was used based on the
bone condition and patient’'s compliance. Despite of its limitation, this method is effective when it is combined with
strict blood glucose level and infection control.

before definitive reconstruction. Fixation of corrected
foot position was performed using external fixation with
half pins, or combined external fixation and pinning,
or pins only depending on the severity of deformity.
The purpose of this retrospective case series is to
summarize the patient characteristic, type of surgical
intervention, outcome, and complication of infected CN
treated in our hospital.

which is already severe in CN due to diabetes mellitus
(DM) [1], [2], [3]- Therefore, the mainstay treatment is
to eradicate infection with aggressive debridement of

unvital tissues. Sufficient bone was then removed to

Materials and Methods

allow correction of deformity to a plantigrade position.
After that, the correction can be maintained using static

circular external fixator [4], [5], [6].

In facilities where circular external fixators are
not readily available, a number of alternatives could
be reasonably utilized to treat infected Charcot foot. In
our hospital, we performed staged reconstruction for
these cases in which the objectives of the first surgery
are to eradicate infection and provide proper condition

This case series studied retrospectively patients
with CN of the foot and ankle due to DM type II, which
are complicated by infection. These patients required
surgical treatment in a single institution, from 2018
until 2019. Diagnosis was based on chronic deformity
(fracture or dislocation) as proven on X-ray and recently
developed infection as shown through clinical, laboratory,
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Figure 1: A 43-year-old man (Patient no. 6) was diagnosed with
Charcot neuroarthropathy classified as Brodsky type 3A. Radiography
of his right ankle showed destruction of tibiotalar joint

and radiological evaluation. The clinical signs include
history of open wound or draining sinus.

The first step of surgery included thorough
debridement of non-vital tissues, including muscle,
ligament, and bone. The next step is to perform staged
correction of deformity and allow plantigrade position
of foot. The first step of correction is maintained with
several methods including the use of half pins as
external fixation and pinning. After a period of recovery,
we assessed the primary outcome, which included
limb salvage rate after first stage of treatment. The
secondary outcome included length of stay (LOS),
visual analog scale (VAS), American Orthopaedic Foot
and Ankle Score (AOFAS), and complication.

The second step of correction was removal of
external fixation and change into internal fixation. The
prerequisites included controlled blood sugar level as
shown by laboratory markers and no clinical signs of
infection. After a second period of recovery, the primary
and secondary outcomes were reassessed.

Results

We studied seven patients diagnosed with CN.
The mean age is 44.6 years old (range, 35-60) and
mean mean body mass index was 24.08 kg/m’ (range,
21.45-25.39). All patients were classified as Eichenholtz
Stage 3 (100%). As for the anatomic classification,
some were categorized into Brodsky type 3A alone
(n = 3) (Figure 1), and type 3A with other types (n = 4).
As for basic laboratory markers, mean pre-operative Hb
was 9.84 g/dL (range, 8.41-11.83), mean white blood
cell count was 10.64x10° (range, 7.12x10°-13.87x10°%),
and mean HbA1C was 8.2 (range, 7-15.9). Summary
of baseline characteristic is presented in Table 1.

Preoperatively, we found that 57.14% of
patients had ulcer (Figure 2) and 28.57% patients
had osteomyelitis based on X-ray. Signs of infection
included leukocytosis (n = 6), soft-tissue swelling (n = 5),
ulcer (n = 4), and osteomyelitis (n = 1) at presentation.

Table 1: Baseline characteristic of patients in the case series

No Age Sex Bodymass Hb White blood HbA1C  Eichenholtz Brodsky
index cells

1 35 M 25.42 11.83 8.73 15.9 3 3A

2 37 F 27.23 10.99 13.87 74 3 3A, 1

3 43 F 23.89 9.3 712 10.7 3 3A, 3B

4 41 F 25.39 9.88 10.87 7.8 3 3A

5 53 M 21.45 8.41 11.34 7 3 3A

6 43 M 223 10.2 9.33 8.6 3 3A

7 60 M 22.87 10.25 113 7.6 3 3A1

Operative treatment consisted of debridement, followed
by external fixation only (n = 4) (Figure 3), combined
external fixation and pinning (n = 2) (Figure 4), and
intramedullary pinning only (n = 1). The mean hospital
LOS was 4.5 days (range, 3—7).

Figure 2: Pre-operative picture of Patient no. 6 showing swollen and
deformed ankle, also ulcer on posterior side of heel

After a mean period of 4.56 months (range,
1.3-5.3), we performed the first assessment. Limb
salvage rate was 100%. One patient needed revision
of external fixation due to loosening of pins on dorsum
pedis by this time. We assessed the pain scale with
VAS and the functional outcome through AOFAS score.

Figure 3: Patient no. 6 had external fixation with half-pins to fixate his
ankle joint while waiting for the blood glucose level and infection to be
under control and to continue with definitive fixation. Half-pins were
implanted on his tibia and metatarsal bones, then strengthened with
wires and methyl methacrylate
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Mean pre-operative VAS was 7.4 (range, 7-8) and
mean post-operative VAS was 2.6 (range, 2-3). All
patients experienced VAS improvement with a mean
score of 4.86 (range, 4-6). Mean pre-operative AOFAS
score was 22 (range, 14-35) and post-operative was
59.57 (range, 52-67), with all patients experiencing
score improvement of 37.57 (range, 24-52).

As for the second assessment, the mean period
was 15.02 months (range, 11.27-16.8). Limb salvage
rate is still 100%. Three patients had external fixation
removed with one of them undergoing arthrodesis.
One more patient needed external fixation revision for
loosening of pins on dorsum pedis. Three other patients
were lost to follow-up. Mean VAS was 0.75 (range,
0-2). The mean improvement of VAS compared to last
follow-up was 1.75 (range, 0-3). Mean AOFAS score
was 66.25 (range, 57—77), with all patients experiencing
score improvement of 8.5 (range, 5-12). Ulcer wounds
healed satisfactorily for all patients (Figure 5).
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Figure 4: A 43-year-old woman (Patient no. 3) whose talus and tarsal
bones were destructed due to charcot neuroarthropathy underwent
debridement. Patient’s ankle and foot was fixated in plantigrade
position using half pins external fixation. During hospitalization period,
patient’s blood glucose was uncontrolled and there were clinical
signs of infection, therefore a multidisciplinary approach of surgeons
and endocrinologists were applied. Patient reported improvement in
terms of pain and function after a period of 4 months

Figure 5: Patient no. 6 had external fixation removed with satisfying
pain relief and hence, improvement of American Orthopaedic Foot
and Ankle Score. Ulcer also healed well

Inthis case series, revision was performed due to
loosening of external fixator pins on the foot. The revision
was performed with the same technique as original
procedure which has been described elsewhere [7]. We
fixated the ankle joint using half-pins on tibia bone and
metatarsal bones and fixated them with wire and methyl
methacrylate in plantigrade position. The combined
procedure (external fixator and pinning with K-wires)
was performed with similar technique. The addition was
fixation with pinning as seen fit intraoperatively.

The summary of outcome is presented in Table 2.

Table 2: Type of fixation on each patient and the resulting VAS
and AOFAS improvement

No  Type of fixation LOS  VAS preffirst follow-up/

second follow-up

AOFAS pref/first follow-up/
second follow-up

1 Internal fixation 7 TI2INA 15/62/NA
2 Combined 5 7/3INA 14/57/NA
3 Combined 6 8/2/2 28/52/57
4 External fixation 6 8/3/NA 15/67/INA
5 External fixation 3 7/2/0 32/65177
6 External fixation 3 8/3/1 15/52/62
7 External fixation 4 7/3/0 35/62/69

LOS: Length of stay, VAS: Visual analog scale, AOFAS: American Orthopedic Foot and Ankle Score.

Discussion

Charcot foot is especially complex when
combined with diabetes. Hyperglycemic condition in
diabetic patients has been shown to increase levels
of advanced glycosylation end products (AGEs). This
may partially explain the association between poor
diabetic control and the development of Charcot as
the AGEs are able to upregulate the receptor activator
of nuclear factor k B (RANK)-RANK Ligand pathway
by interacting with their receptor, the RANK receptor,
especially after a fracture or repetitive trauma [8].
Therefore, a multidisciplinary approach is needed to
treat infected Charcot foot [4], [8].

Inour series, infection was thoroughly eradicated
through the choice of antibiotics, surgical debridement,
and blood glucose control through medication. American
Diabetes Association and the Infectious Disease Society
of North America have examined evidence regarding
treatment of Charcot foot with concurrent osteomyelitis
and concluded that surgical excision of infected bone
combined with monitored parenteral culture-specific
antibiotic therapy is recommended [4], [9].
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As for the surgical treatment, the general
consensus is that correction of deformity and placement
of implants should be performed after bone infection is
resolved. However, recent publication offered evidence that
combination of debridement and correction of deformity in
one single operation yielded satisfying result [9]. Here, we
performed the procedures in single stage with external
fixation only, or combined internal and external fixation, or
internal fixation only (Figure 2). The choice of fixation was
based on the bone condition and patient's compliance.

The half-pins external fixation with methyl
methacrylate is still our main choice of provisional
treatment for Charcot foot fixation due to its efficiency
yet relatively low cost. Most patients have good
compliance with this method. The down side is the
risk of pin loosening due to the osteopenic bone which
commended revision. We believe this method can be
widely utilized in facilities with limited resources.

In this study, we observed satisfying clinical
outcome. Mean hospital LOS was 4.5 days and after
a follow-up of 15 months, the limb salvage rate was
100%. One patient needed revision of external fixation
due to loosening of screws on metatarsal bones.
Functional outcome in both short-term and long-term
was satisfactory, despite the choice of fixation. Even
though there were limitations, the half-pins external
fixation with methyl methacrylate can be the go-to
provisional treatment for CN as long as there is strong
commitment to control blood sugar level and to minimize
or eradicate infection. This method is a useful adjunct to
improve the outcome in terms of eradicating infection
and maintaining optimal foot position before arthrodesis.

Conclusion

In our institution, patients seek for treatment for
the CN foot when the chronic deformity is complicated
already by infection. The surgical treatment option
might include external fixation, with or without internal
fixation, with the aim of stabilizing the deformed joint
and preparing the bone and soft tissue for definitive
treatment (arthrodesis), while optimizing patients’ general
condition. In this study, mostly external fixation with half-
pins and methyl methacrylate was used based on the
bone condition and patient’s compliance. Despite of its
limitation, this method is effective when it is combined
with strict blood glucose level and infection control.
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