
Charcot arthropathy occurs in the presence of peripheral 
neuropathy due to diabetes mellitus (DM) or other neuro-
logic disorders. Charcot arthropathy of the foot and ankle 
is a complicated sequela of DM, affecting 0.1% to 2.5% of 
diabetic patients.1) However, the increasing age of the pop-
ulation has led to a rise in the prevalence of DM. There-
fore, patients with Charcot arthropathy will also increase 
proportionally.2,3) According to Frykberg et al.,4) among 

patients with Charcot arthropathy, the most commonly 
involved joint is the tarsometatarsal joint (40%), followed 
by naviculocuneiform, talonavicular, and calcaneocuboid 
joints (30%), metatarsophalangeal and interphalangeal 
joints (15%), and ankle and subtalar joints (10%). Thus, 
the midfoot is the most common site of involvement in 
Charcot arthropathy.5,6) Progressive collapse of the foot 
can lead to severe rocker-bottom deformity and recurrent 
plantar skin ulceration.

Charcot arthropathy of the hindfoot and ankle 
requires surgical stabilization because of the inability to 
successfully brace and stabilize these complex, multipla-
nar deformities.7) However, the optimal management of 
midfoot Charcot arthropathy remains controversial. The 
goal of treatment, whether operative or nonoperative, is 
to achieve a plantigrade foot with osseous stability. Tradi-
tionally, conservative management with offloading devices 
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such as total contact cast (TCC) has been the standard 
of care.8) However, it is a time-consuming process with 
potential complications.9) It is difficult to determine when 
and how long the TCC should be applied. In addition, in 
the presence of ulcer lesions, it is not easy to apply TCC 
because of the risk of wound aggravation.

Surgical treatment options for midfoot Charcot 
arthropathy range from simple bumpectomy to major re-
constructive surgery. However, surgical reconstruction of 
midfoot Charcot arthropathy is difficult because of poor 
bone quality, bone loss, vasculopathy, and the presence of 
infection with or without soft-tissue loss.10,11) And poor 
glucose control greatly increases the incidence and sever-
ity of many chronic complications associated directly with 
DM.12)

Considering complications related to TCC and re-
constructive surgery, we treated midfoot Charcot arthrop-
athy with simple management using hard-soled shoes or 
simple braces rather than TCC. The purpose of this study 
is to report clinical and radiological outcomes of midfoot 
Charcot arthropathy treated by our protocol. This study 
has the following hypotheses: (1) for treatment of mid-
foot Charcot arthropathy, hard-soled shoes are sufficient, 
instead of TCC; (2) unlike hindfoot-ankle arthropathy, 
midfoot Charcot arthropathy is rarely progressive. There-
fore, instead of surgery for arch restoration, conservative 
treatment is recommended. Minor surgery such as simple 
bumpectomy can be performed for selective cases.

METHODS

Subjects
The protocol of this study was reviewed and approved by 
the Institutional Review Board of Asan Medical Center 
(IRB No. 20170711). A retrospective review of medical 
records was performed on 44 patients (51 feet) diagnosed 
as having midfoot Charcot arthropathy between October 
2006 and July 2014. Exclusion criteria were (1) Charcot 
arthropathy of the forefoot, hindfoot, and ankle, (2) com-
bined active deep infection such as abscess or osteomyeli-
tis at diagnosis, (3) less than two years of follow-up after 
diagnosis, and (4) modified Eichenholtz stage 3 at first 
visit. 

Of the total 44 patients (51 feet) with midfoot Char-
cot arthropathy, ten patients (13 feet) were excluded. Two 
patients (two feet) died of chronic kidney disease and dia-
betic complications. Four patients (six feet) did not come 
for follow-up. Four patients (five feet) were excluded for 
concomitant deep infection with osteomyelitis at the time 

of diagnosis. Finally, 34 patients (38 feet) were selected as 
subjects of this retrospective study. 

All medical records of the included patients were 
retrospectively reviewed regarding gender, age, duration of 
diabetes before the onset of Charcot arthropathy, follow-
up period, diabetes type, body mass index (BMI), hemo-
globin A1c (HbA1c) level, creatinine level, and fasting glu-
cose level at the time of diagnosis of Charcot arthropathy.

Management of Midfoot Charcot Arthropathy
Conservative treatment
After the diagnosis of midfoot Charcot arthropathy, im-
mediate weight-bearing was started in a hard-soled shoe. 
The patient was instructed to wear the shoe both indoors 
and outdoors. The hard-soled shoe was used for about 3 
months after diagnosis; then, we recommended ready-
made rigid outsole shoe. A hard-soled shoe limits bending 
of the foot and toes. TCC was not applied in all patients to 
obviate cast-related problems, such as muscle atrophy and 
wound. There was no restriction on daily living activities. 
All patients were followed up every 2 to 4 weeks for the 
first three months and at monthly intervals for the next 
three months. Each patient returned for regular evaluation 
of the foot every three to six months.

Selective bumpectomy 
During follow-up of midfoot Charcot arthropathy, we con-
ducted simple bumpectomy for patients who complained 
of plantar pain due to a bony plantar bump and for those 
who had ulcer wound at the site of bony plantar bump. 

Radiological Evaluation
At each visit, we obtained weight-bearing simple radio-
graphs (anteroposterior, lateral, and oblique radiographs) 
of the foot. Outcomes of interest included progression 
of arch collapse, progression of bony prominence, and 
changes in Charcot stage.

Fig. 1. With reference to the baseline (white line), the position change 
of the bottom bump in the initial and final foot lateral radiographs was 
assessed (arrow). 
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Progression of arch collapse 
To assess the progression of arch collapse, we measured 
the talo-first metatarsal angle (Meary’s angle) on weight-
bearing lateral radiographs of the foot at the time of diag-
nosis and at the last follow-up. Progression was classified 
according to the difference between the two measure-
ments: (1) not flattened, when there was no change in 
Meary’s angle; (2) mildly flattened, when the difference 
was less than 2°; (3) moderately flattened, when the differ-
ence was 2° or more but less than 5°; and (4) severely flat-
tened, when the difference was more than 5°. 

Progression of bony prominence (bump)
To assess the progression of bony prominence, we checked 
the position of a bump on the bottom of the midfoot on 
the weight-bearing lateral radiograph at the time of di-
agnosis and at the last follow-up. On the weight-bearing 
lateral radiograph of the foot, a bottom line connecting the 
calcaneal medial tuberosity and the first metatarsal head 
was defined as a baseline (Fig. 1). The distance between 
this baseline and the bump on the bottom of the midfoot 
was then measured (arrow in Fig. 1). If the bump was lo-
cated above the baseline, it was expressed as positive; if the 
bump was located below the baseline, it was expressed as 
negative. The position change of the bump in the initial 
and final lateral radiographs was assessed and classified as 
follows: (1) no progression, when there was no change; (2) 
mild progression, when the difference was less than 2 mm; 
(3) moderate progression, when the difference was more 
than 2 mm and the bump at the final follow-up was above 
the bottom line; and (4) severe progression, when the dif-
ference was more than 2 mm and the bump a the final 
follow-up was below the bottom line. 

Changes in Eichenholtz stage
The stage at presentation was classified according to the 
modified Eichenholtz stage13): (1) stage 0, radiographs 
without abnormal findings, but loss of protective sensa-
tion with swelling and erythema; (2) stage 1, radiographic 
evidence of fragmentation or dissolution; (3) stage 2, ra-
diographs showing coalescence of fragments; and (4) stage 
3, radiographs showing reconstruction of fragments. We 
checked changes in stages between the first visit and the 
last follow-up. Three independent foot ankle specialists 
(YKK, SGS, SHP) evaluated the stage and the average val-
ues were used for analysis. 

Clinical Outcome Measures
Ulcer occurrence, amputation, and bony bump-related 
plantar pain were examined. In addition, laboratory find-

ings such as HbA1c level, serum creatinine level, and fast-
ing glucose level were also assessed. 

Ulcer occurrence 
Ulcer occurrence was defined as the presence of plantar 
ulcer in the midfoot due to bony bumps of the involved 
extremity during follow-up. We excluded cases with dia-
betic foot ulcers not associated with bony bumps. 

Amputation 
Amputation of the involved foot due to progression of in-
fection related to midfoot Charcot arthropathy was inves-
tigated.

Bump-related plantar pain 
Patients’ complaints of plantar pain around the bony bump 
were investigated. 

Statistical Analysis
Student t-test was used to determine the difference in 
Meary’s angle and bump position between initial and final 
follow-up. The duration of DM, age, BMI, HbA1c, serum 
creatinine level, and fasting glucose level were compared 
using Student t-test. Categorical parameters such as gen-
der and diabetes type were analyzed by using Pearson chi-
square test. A p-value less than 0.05 was considered statis-
tically significant. 

RESULTS

Subjects
Of 34 patients, 14 were men and 20 were women. Their 
mean age was 59 years (range, 26 to 75 years). The average 
follow-up was 32.9 months (range, 24 to 78 months). The 
average duration of diabetes before the onset of Charcot 
arthropathy was 20.7 years (range, 8 to 31 years). Seven 
patients had type 1 DM and 27 patients had type 2 DM. 
Mean BMI of these patients was 25.6 kg/m2

 (range, 18.2 
to 35.9 kg/m2) at the time of diagnosis. Six patients had 
postrenal transplant. Nine patients had nephropathy. 

Radiological Evaluation
Progression of arch collapse 
Of 38 feet, eight (20%) were not flattened, 12 (32%) were 
mildly flattened, 14 (37%) were moderately flattened, and 
four (10%) were severely flattened. The difference between 
initial and final Meary’s angles was not statistically signifi-
cant in the not flattened, mildly flattened, and moderately 
flattened feet (all p > 0.05). However, in the severely flat-
tened feet, the difference was statistically significant (p < 
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0.05) (Table 1). 
Factors contributing to progression of arch collapse 

were analyzed by comparing demographic characteristics 
between no or mildly flattening feet and moderately or 
severely flattened feet (Table 2). Duration of diabetes and 

creatinine level were significantly higher in the moderately 
or severely flattened feet. However, other factors such as 
gender, age, diabetes type, initial stage of Charcot ar-
thropathy, BMI, HbA1c, or fasting glucose level were not 
significantly different between the two groups.

Table 1. Radiographic Outcomes of Conservative Management of Midfoot Charcot Arthropathy

Variable Radiologic change p-value

Arch flattening (°) Initial Meary’s angle Final Meary’s angle Difference

   No (n = 8, 20%) 3.5  3.5 0 > 0.05

   Mild (n = 12, 32%) 4.5  5.5  1.0 > 0.05

   Moderate (n = 14, 37%) 5.2  8.5  3.3 > 0.05

   Severe (n = 4, 10%) 3.3 19.5 16.2 < 0.05

Bump progression (mm) Initial bump position Final bump position Migration

   No (n = 8, 20%) 5.5  5.5 0 > 0.05

   Mild (n = 14, 37%) 5.6  4.2 1.4 > 0.05

   Moderate (n = 12, 32%) 4.7  1.2 3.5 < 0.05

   Severe (n = 4, 10%) 2.3 –5.2 7.5 < 0.05

Table 2. Comparison of Demographic Characteristics between No or Mildly Flattened Feet and Moderately or Severely Flattened Feet

Variable Total No or mild flattening Moderate or severe flattening p-value

Number 38 20 18

Sex 0.701

   Male 14  8  6

   Female 24 12 12

Age (yr) 59.1 ± 9.3 59.0 ± 11.3 59.2 ± 6.9 0.890

Duration of diabetes (yr) 20.7 ± 8.6 18.3 ± 7.1 23.5 ± 9.5 0.012

Duration of follow-up (mo) 32.9 ± 8.9 33.2 ± 8.7 32.5 ± 8.9 0.751

Body mass index (kg/m2) 25.6 ± 4.2 25.5 ± 4.3 25.7 ± 3.9 0.692

Diabetes type 0.584

   Type 1 10 6 4

   Type 2 28 14 14

Lab finding

   Hemoglobin A1c (%) 7.8 ± 2.1 7.6 ± 2.1 8.0 ± 2.1 0.382

   Creatinine (mg/dL) 3.5 ± 4.0 3.2 ± 3.7 3.9 ± 2.5 0.030

   Fasting glucose level (mg/dL) 158.2 ± 24.2 156.2 ± 20.3 160.3 ± 25.2 0.690

Values are presented as mean ± standard deviation.
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Progression of bony prominence (bump) 
We classified the progression of bony prominence into 
four stages. Of 38 feet, eight (20%) had no progression, 14 
(37%) had mild progression, 12 (32%) had moderate pro-
gression, and four (10%) had severe progression. Four pa-
tients with severe arch collapse and the four patients with 
severe bump progression coincided. The extent of progres-
sion was not statistically significant in no progression and 
mild progression feet (p > 0.05), whereas in moderate and 
severe progression feet, it was statistically significant (p < 
0.05) (Table 1). 

Changes in Eichenholtz stage
The median value assessed by three independent observ-
ers at first visit was 1.13 ± 0.20 (range, 0 to 2). Of 38 feet, 
one foot was stage 0, 31 feet were stage 1, and six feet were 
stage 2. The median value at the final follow-up was 2.71 ± 
0.25. Of 38 feet, 11 feet were stage 2 and 27 feet were stage 
3. 

Clinical Outcome Measures
Ulcer occurrence 
Foot ulcers related to bony bumps of Charcot arthropathy 
were found in two patients (two of 38 feet, 5.3%). Of the 
two patients with a plantar ulcer lesion, one underwent be-
low-knee amputation while the other underwent bumpec-
tomy and wound repair. Plantar ulcer did not recur for 15 
months after bumpectomy. 

Amputation 
One patient (one of 38 feet, 2.6%) underwent below-
knee amputation. The patient was diagnosed as having 
plantar ulcer 20 months after the diagnosis of Charcot 
arthropathy. During the follow-up, the bump progressed 
and bump-related plantar ulceration developed (Fig. 2). 
Although we recommended simple bumpectomy, the pa-
tient refused and instead underwent flap surgery without 
bumpectomy at another hospital. However, the flap wound 
was necrotic and infection progressed; therefore, below-
knee amputation was required. 

Bump-related plantar pain 
Three patients (three of 38 feet, 7.8%) had bump-related 
plantar pain. One patient refused bumpectomy. The 
other two patients had no postoperative plantar pain after 
bumpectomy. 

DISCUSSION

The goal of treatment in Charcot arthropathy is to achieve 
a stable, plantigrade foot without infection and ulcer to al-
low for ambulation in the long term. For this purpose, we 
use hard-soled shoes and selective bumpectomy, instead of 
major reconstructive surgery or TCC, in our patients with 
Charcot arthropathy. We believe that long-term immobi-
lization after reconstructive surgery or inconvenience due 
to TCC will adversely affect the patient’s functional ability. 

Pinzur14) reported that among 66 patients with mid-
foot Charcot arthropathy nonoperatively treated at a large 
tertiary center, a small group of patients remained un-
stable and unbraceable. The amputation rate was 9% in the 
study, which suggests that better techniques for treatment 
are needed.15) In our study, midfoot Charcot arthropathy 
showed little progression with conservative treatment. Al-
though arch collapse over 5° and bump progression below 
the bottom line occurred in four out of 38 feet, all patients 
had plantigrade feet and functional ambulation. Although 
the bump progresses occasionally, when a bump-related 
problem arises, whether it is pain or a ulcer lesion, simple 
bumpectomy can prevent further complications. Only 
one of 38 feet underwent below-knee amputation because 
bumpectomy was not performed at a proper time and 
uncontrolled deep infection occurred without appropriate 
ulcer management. Thus, plantar ulcers over bony bumps 
should be treated early by debridement of necrotic tissue 
and bumpectomy to offload the affected area. 

In this study, we suggested a simple treatment strat-
egy that focuses on ulcer control rather than reconstruc-
tion surgery for midfoot Charcot arthropathy. Even in the 

Fig. 2. A gross photo of a bump-related skin ulcer lesion on the plantar 
surface in a patient who underwent below-knee amputation.
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case with severe arch collapse, the conservative treatment 
was effective. And in the present study, one patient with 
severe arch collapse underwent simultaneous kidney-pan-
creas transplant after being diagnosed as having Charcot 
arthropathy. One patient was diagnosed as having Charcot 
arthropathy at 25 months after kidney transplant. Another 
patient with severe arch collapse was diagnosed as having 
Charcot arthropathy before kidney transplant. However, 
arch collapse rapidly progressed within 1 year after kidney 
transplant. Seo et al.16) have reported that diabetic Char-
cot arthropathy may develop after successful pancreas 
transplant and concluded that attention should be paid to 
diabetic foot due to its high incidence at the initial stage 
of transplant. Our results are consistent with results of 
their study. Therefore, the surgeon needs to be cautious 
when performing transplant in patients with Charcot ar-
thropathy. On the basis of the comparison of the degree 
of arch collapse between the minimally collapsed feet and 
significantly collapsed feet, we confirmed that the serum 
creatinine level and duration of diabetes are significant as-
sociated factors. The longer the diabetic period, the worse 
the kidney function and the lower the serum creatinine 
level. Poor kidney function can affect the metabolism of 
bones and the progression of Charcot arthropathy.

 Studies on results of surgical treatment of Charcot 
midfoot arthropathy have demonstrated variable results 
depending on the bone quality, bone loss, vasculopathy, 
and the presence of infection with or without soft-tissue 
loss. Sammarco et al.17) reported results of 22 patients who 
underwent surgical reconstruction for midfoot Charcot 
arthropathy. Three of 22 patients (13.7%) had recurrent 
plantar ulcer that required additional surgery and eight 
patients (36%) had hardware failure. Another study on 
15 patients who underwent reconstructive surgery for 
midfoot Charcot arthropathy reported that one patient 
without prior ulceration developed deep infection that 
resulted in amputation.18) Four feet (26.7%) had nonunion, 
one of which was symptomatic and revision was required 
to obtain union. Open correction with internal fixation 
for Charcot arthropathy has been associated with a high 
rate of complications and failure due to infection, bone 
softening, resorption, fragmentation, and breakage of the 
implant. However, some studies have reported favorable 
results after surgical treatment. One study on 14 patients 
with Stage I midfoot Charcot arthropathy has reported 
successful healing of primary corrective arthrodesis with-
out immediate or long-term complications or any recur-
rent ulceration during a mean follow-up period of 41 
months.19)

TCC is most commonly used to treat neuropathic 

complications of Charcot arthropathy and neuropathic 
ulceration. Its effect has been reported in numerous stud-
ies.20) However, successful TCC even in the hands of an ex-
perienced physician may result in subsequent ulcerations 
in 30% of patients during treatment.9) It can also cause 
muscle wasting. Although we allowed full weight-bearing 
ambulation without TCC immediately after diagnosis of 
Charcot arthropathy, there were not many cases of arch 
collapse. Functional ambulation was also possible in all 
patients except for those who had medical comorbidities. 
Such good results might be because we prevented muscle 
wasting without applying TCC. The strengths of this study 
are that all patients had Charcot arthropathy due to DM 
and were treated with conservative treatment. However, 
this study also has some limitations. First, the study is ret-
rospective in nature and based on a relatively short follow-
up of a limited number of subjects. In addition, the study 
has no control group consisting of patients with the same 
condition but treated differently. Therefore, we had to 
compare our results with those of other previous reports. 
Second, although we tried to ensure accurate assessment 
of the Eichenholtz stage by using the mean values obtained 
among three independent foot ankle specialists, the in-
terobserver reliability was not assessed by intraclass corre-
lation coefficients. Despite these limitations, we found that 
arch collapse occurred only few cases of midfoot Charcot 
arthropathy even when comfortable ambulation in a hard-
soled shoe was allowed at the beginning of the diagnosis. 
This was also resolved with simple bumpectomy. Tibia-
talus-calcaneus arthrodesis surgery or rigid cast is neces-
sary for hindfoot Charcot arthropathy However, midfoot 
Charcot arthropathy should be treated differently from 
hindfoot Charcot arthropathy: comfortable ambulation 
should be allowed to prevent ambulatory activity decline 
and muscle strength weakness. 

In our study, we found that midfoot Charcot ar-
thropathy is rarely progressive, unlike hindfoot-ankle 
arthropathy. Therefore, conservative treatment without 
restriction of ambulation is recommended. TCC is not 
mandatory in managing midfoot Charcot arthropathy. 
For some cases, simple bumpectomy with close follow-up 
might be needed to prevent catastrophic infection. 
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