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Abstract

Background: Charcot foot is alongstanding complication
of Diabetes Mellitus (DM) and the incidence of undiagnosed
Charcot disease among diabetic patients ranges from 0.4% to
13%.

Aimof Sudy: This study aimstodiagnose preclinical
Charcot disease in longstanding diabetic patients.

Patients and Methods: Aprospective study was carried
out on 50 patients with longstanding diabetes. Full history
was taken, laboratory and radiological investigations were
performed.

Results: 52% of patients were found to have positive
findings for Charcot disease. Positive findings on X-ray were
found to be significantly related with age, HbA 1¢, DM duration
and body mass index.

Conclusion: Patients with long standing diabetes mellitus
with no obvious deformity or foot ulcerations should be
screened for Charcot foot X-ray findings and should be advised
about proper glycemic control, avoiding minor trauma and
seeking medical advice once early clinical signs of Charcot
foot appear.
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Introduction

CHARCOT neuropathic osteoarthropathy, com-
monly referred to as, the Charcot foot is along-
standing complication of diabetes mellitus. It affects
bone joints and soft tissues of the foot and ankle
[1].Peripheral neuropathy isits underlying cause
andits most common etiology is diabetes mellitus
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There are specific X-ray findings of Charcot
foot, the early detection of which plays an impor-
tant rolein early diagnosis of Charcot disease and
minimizing its serious complications [3].

Correspondenceto: Dr. Mohamed E. EI-Shinawi,
The Department of General Surgery, Faculty of Medicine,
Ain Shams University.

This study was conducted todiagnose preclinical
Charcot disease in longstanding diabetic patients
aiming to reduce its complications.

Patients and M ethods

Sudy design and time frame:

This study was a prospective cohort study that
was carried out on patients with longstanding
diabetes mellitus who attended for follow-up during
the period from the beginning of September 2019
till March 2020 in in Ain Shams University Hos-
pitals and Sheikh Zayed Specialized Hospital.

Patients:

Fifty patients with longstanding diabetes, ful-
filling inclusion and exclusion criteria, werein-
cluded in the study.

Inclusion criteria: Diabetic patients who were
aged 18 years or above and had longstanding dia-
betes (more than 10 years).

Exclusion criteria: Diabetic children below 18
years old; patients with previous history of Charcot
foot; patients with any cause of peripheral neurop-
athy other than diabetes mellitus; patients currently
having any type of foot ulcersincluding ischemic,
neuropathic, traumatic and venous ulcers or who
had pervious minor or major amputations; patients
with peripheral arterial diseases and patients with
current or history of peripheral vascular disease
or previous angioplasty or arterial bypass and
patients with absent dorsalis pedis artery and pos-
terior tibial artery pulsations were excluded from
the study.

Methods:

History taking: Full history was taken from all
enrolled patients and included gender; age; diabetic
history (type and duration of DM, diabetic control,
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hypoglycaemic medications, longstanding compli-
cations of DM including diabetic retinopathy and
diabeticnephropathy); symptoms of peripheral
neuropathy (gradual onset of numbness, prickling
or tingling in feet or hands which can spread up-
wards into legs andarms; sharp, jabbing, throbbing
or burningpain; untrue feeling of wearing gloves
orsocks; paralysisif motor nerves areaffected; heat
intolerance; excessive sweating or inability tosweat;
bowel, bladder or digestive problemsin cases of
autonomic neuropathy); past medical history (hy-
pertension, coronary artery disease, cardiomyopa-
thy, congestive heart failure, cerebrovascularacci-
dent) and history of lower limb surgeries.

Clinical examination: General examination,
including Body Mass Index (BMI) and local ex-
amination which included.

Arterial assessment: Patients were examined
for skin temperature, capillary refilling time,
ischemic or trophic changes and peripheral arteria
pulsations of both dorsalis pedis artery and posterior
tibial artery of both feet and patients who had
peripheral arterial disease were excluded.

Neurological assessment: Patients were assessed
to diagnose peripheral neuropathy including as-
sessment of peripheral sensations, gait and coordi-
nation, muscle power and reflexes (deep ankle
reflex and ankle jerk reflex).

Oedema assessment: Patients of the study were
assessed for oedema. Mild oedema was considered
when there was 2mm skin depression that disap-
pears rapidly; moderate oedema was considered
when there was 4mm skin depression that disap-
pears within 10-15 seconds; moderately severe
oedema was considered when there was 6mm skin
depression that |asts more than one minute and
severe oedema was considered when there was 8
mm skin depression that |asts more than two
minutes.

Investigations: Were performed for all patients
and included laboratory (complete blood count
'CBC' and haemoglobin A 1) and radiological
investigations.

All patientsincluded in the study had bilateral
plain foot X-ray by both Stephani X and Apollo
devicesin both Antero-Posterior (AP) and oblique
views. The AP view examines phalanges, metatar-
sals and tarsal bones in which the patient may be
supine or upright depending on comfort and the
affected leg must be flexed enough that the plantar
aspect of the foot is resting on the image receptor,
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inthisview 1 metatarsal has even concavity, the
spaces between the 2 nd to 5th metatarsal are equal,
yet the bases are overlapping and inter-tarsal space
between the medial and intermediate cuneiform
should be open. The oblique view examines
phalanges, metatarsals and tarsal bonesin which

the patient may be supine or upright depending on
comfort, the affected leg must be flexed enough

that the plantar aspect of the foot is resting on the
image receptor and the foot is medially rotated

until the planter surface sits at a 45° angle to the
image receptor, in this view superimposition is
evident at the bases of the of 1  and 2nd metatarsals,
there is no superimposition of the 3rd to 5th meta-
tarsal, base of the 5th metatarsal is free of super-
imposition from any structure, tarsal sinus (acy-
lindrical cavity located between the talus and
calcaneus on the lateral aspect of the foot) isvisible,

joint spaces around the cuboidareopen and equal

and cuboid is free of superimposition. Radiographs
which did not fulfill the previous criteriawere
repeated.

Feet X-rays were assessed by the radiology
department to identify early signs of Charcot foot
in the plain foot X-rays which include: Focal bone
demineralization; debris formation at the articular
margin; fragmentation of subchondral bone; cap-
sular distention; subluxation, dislocation and par-
ticular fractures. All cases with X-ray changes
(which were mostly focal bone demineralization,
fragmentation of subchondral bone, debris forma-
tion at articular surface and capsular distention)
were advised about weight reduction, proper gly-
cemic control, avoiding minor trauma and were
followed-up by 6-months X-rays. While patients
whose X-rays showed no changes were advised
about weight reduction, proper glycemic control,
avoiding minor trauma and were instructed about
seeking medical advice once early Charcot foot
symptoms (erythema, swelling, mild pain) appear
to avoid misdiagnosis with similar conditions,
progression of the disease and foot deformity.

Satistical analysis:

Data were collected, revised, coded, tabulated
and analyzed using the Statistical Package for
Social Science (IBM SPSS) version 21. Quantita-
tive data were presented as mean, standard devia-
tions and ranges. Meanwhile, qualitative variables
were presented as number and percentages. The
appropriate tests of significance were conducted.
The confidence interval was set to 95% and the
margin of error accepted was set to 5%. So, the p-
value was considered significant at the level of
<0.05.
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Results

The study included 50 diabetic patients with
longstanding type Il diabetes mellitus and showed
peripheral neuropathy (in the form of loss of pain
and temperature sensations with preservation of
light touch and vibration sensations, tested by
monofilament and quantitative sensorytests). Their
socio-demographic and clinical characters are
shown in (Table 1), Fig. (1).

Table (1): Socio-demographic and clinical characters of the
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chondral bone with debris formation at the articular
margin in five patients. Also 78% of the changes
were detected in antero-posterior view of X-rays
while 22% of the changes were detected in oblique
lateral view of X-rays. All these X-ray changes
were found in one foot (unilateral involvement)
and were found in the midfoot of 20 (76.9%) patie-
nts and forefoot of six (23.1%) patients (Table 3).

Table (2): X-Ray findings at presentation and at six months

studied group.
Study group

Parameters (n=50)
Age (years):
*Mean £ SD 58.44+7.3
* Median 56
* Range 48-75
Gender:
* Male, n (%) 30 (60%)
* Female, n (%) 20 (40%)
BMI:
*Mean £ SD 28.34+4.049
* Median 29
. Range 19-35
Duration of DM:
*Mean £ SD 14.36x4.14
*Median 135
* Range 10-25
HbA 1CZ
*Mean £ SD 8.11+0.95
* Median 8.15
. Range 6.8-10
Type of diabetic medications:
« Insulin, n (%) 29 (58%)
« Oral hypoglycemic, n (%) 21 (42%)
Associated comorbidities:
*HTN, n (%) 14 (28%)

» Hypertensive & ischemic heart disease, n (%) 5 (10%)

« Diabetic nephropathy, n (%) 5 (10%)
* Ischemic heart disease, n (%) 2 (4%)
« Diabetic retinopathy, n (%) 2 (4%0)
*DVT, n (%) 1 (2%0)
* NO comorbidities, n (%) 21 (42%)

follow-up.
Negative Positive
Changesin X-ray & Tc’ﬁal
% N %
* At presentation 24 48 26 52 50

e After 6 months (in 21 80.77 5 19.23 26
positive cases)

Table (3): Site of Charcot disease in positive patients.

Mid foot Forefoot

Total
N % N % N
Site at presentation 20 76.9 6 231 26
After follow-up 5 100 0 0.0 5

Twenty six (52%) of patients had positive find-
ings for Charcot disease at presentation (Table 2).
In the positive group, the X-ray studiesonbothfeet-
withobliquel ateral andantero-posteriorviews showed
focal bone demineralization only in eight patients,
focal bone demineralization with fragmentation of
subchondral bone and mild dislocation in three
cases, debris formation at the articular margin with
fragmentation of subchondral bone and mild sub-
laxation in eight cases, capsular distention with
fragmentation of subchondral bone and mild sub-
laxation in two patients and fragmentation of sub-

Positive findings on X-ray were found to be
significantly related with increasing age ( p=0.024).
There was statistically significant relation between
finding positive changes on X-ray with increase
of Hpa1c (p<0.001) and DM duration (p<0.001).
Also, positive changes were significantly related
to BMI increase (p<0.001). On the other hand,
there was no statistically significant relation be-
tween finding positive changes on X-ray with
gender (p=0.16) or type of diabetic medication (p=
0.15) (Table 4).

pvi Fop 2%
Diabetic ! 4%

retlnopathy“ |
CARDIAC [0 4%

Diabeticl

nephropathy _ll

Hypertensive

& cardiac_ll

HTN

10%

28%

10%

|1
0% 5 10% 15% 20% 25% 30%

Fig. (1): Associated co-morbiditiesin the included patients.

Parameters No. (%)
Associated comorbidities:

HTN, n (%) 14 (28%)
Hypertensive & ischemic heart disease, n (%) 5 (10%)
Diabetic nephropathy, n (%) 5 (10%)
Ischemic heart disease, n (%) 2 (4%)
Diabetic retinopathy, n (%) 2 (4%)
DVT, n (%) 1 (2%)
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Table (4): Association between positive X-Ray findings and
socio-demographic and clinical data.

Positive Negative )
findings findings VS e
(n=26) (n=24)

Age (years):

*Mean £ SD 61.29+7.8 55.2+54 0.024*

* Median 60 55

* Range 48-75 48-66

Gender:

* Male, n (%) 13 (50%) 17 (70.8%) 0.167

* Female, n (%) 13 (50%) 7 (29.2%)

Duration of DM:

*Mean £ SD 1759+3.99 11.7+2.9 <0.001*

* Median 19 10

* Range 10-25 10-20

BMI (Kg/m 2):

*Mean £ SD 31.18+1.85 24.8+2.86 <0.001*

* Median 31 25

* Range 28-35 20-31

HbA 1C:

*Mean £ SD 9.03+0.63  7.23+0.19 <0.001*

* Median 8.8 7.2

* Range 8.3-10 6.8-7.5

Medication of DM:

* Insulin, n (%) 18(69.2%) 11(45.8%) 0.151

« Oral hypoglycemic, 8 (30.8%) 13 (54.2%)

n (%)

*: Analysis by independent-samples Mann-Whitney U-test.
1: Analysis by Fisher's Exact test.

Fig. (2): X-ray of case (1) (antero-posterior view) at presen-
tation shows avascular necrosis of navicular bone.
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Fig. (3): X-ray at 6 months of case (1) (antero-posterior view)
shows disorganized tarsometatarsal (TMT) joints
(white box) and fractures of metatarsal (MTT) Il and
V (black arrows) in the midfoot region.

Fig. (4): MRI of case (1) shows lateral subluxation and
fragmentation of the second, third and 5 th metatarsal
bases with diffuse marrow edema (arrows). The
navicular (N) isrotated such that its lateral cortex
articulates with the second metatarsal base (asterisk),
and its distal cortex with the medial cuneiform.
There is also marrow edema and cortical irregularity
at the metatarsal-phalangeal joints. Diffuse soft
tissue edemais present.
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Fig. (5): X-ray at presentation of case (2) (antero-posterior
view) shows osteopenia (white box), cartilage frag-
mentation of the tarsometatarsal (TMT) joint | and
Il and cuneiform | and Il bones (black arrows). There
is an increased joint space between metatarsal bone
I and Il (white arrow) indicating Lisfranc's joint
didocation with lateral displacement of the metatarsal
(MTT) bones.

Fig. (6): X-ray at 6 months of case (2) (oblique latera view)
shows several fractures (arrowheads) and a dislocation
of the first metatarsal bone (arrow).
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Fig. (7): MRI of case (2) demonstrates disruption of the
longitudinal arch of the foot, with plantar flexion
of the talus (T) and navicular (N), and relative dorsal
subluxation of the first metatarsal (asterisk). A
fracture of the medial cuneiform (arrow) isalso
present.

Discussion

The prevalence of Charcot foot in a general
diabetic population is estimated between 0.1 and
7.5%. However, many cases are likely undiagnosed
due to alack of recognition of the typical presen-
tation and the often asymptomatic nature of the
condition. Some studies reported that the incidence
of undiagnosed Charcot disease among diabetic
patients ranges from 0.4% to 13% [3-5].

Early detection X-ray findings of Charcot foot-
could play an important role in early diagnosis of
Charcot disease and appropriate management may
prevent the progression of foot deformity and
serious complications of the disease [6,7].

The mean patients' age in the positive group in
the present study was 61.29+7.8 years while the
main age in the negative group was 55.2 +5.4 years.
A higher mean age in the positive group was re-
ported by Smith et al., [8 who evaluated foot
deformities in 456 diabetic patients with a mean
age of 63.7 years. However, our mean age in pos-
itive group is lower than that of Wanzou et al., [9]
who performed a cross-sectional study in Uganda
on 100 diabetic patientswith a mean age of 51.3
years. The variations in age could be attributed to
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different inclusion criteria; Smith et al., [8] included
patients with previous amputations, which is asso-
ciated with older age, while Wanzou et al., [9]
included patients with DM of more than 7 years,
compared with 10 yearsin our study.

The association between patients age and the
development of Charcot foot has been investigated
in anumber of studies. A significant association
was found between Charcot foot and older age [10].
Meanwhile, Wanzou et al., [9] reported no signifi-
cant association between patients' age and Charcot
foot.

In the positive group of the present study, 50%
of patients were males while in the negative group
70.8% of patients were males. Several studies
reported the absence of gender predilection in
diabetic patients with Charcot foot [11-13]. However,
some studies showed that male gender is arisk
factorfor developing Charcot foot. Salini et al.,
[14] study retrospectively reviewed medical records
of 1475 Indian patients with T2DM and severe
peripheral neuropathy and reported ahigher prev-
alence of Charcot foot among males. Similarly,
higher frequency Charcot foot among male patients
was reported in other studies [8,10,15-17] . The higher
rates in males may be attributed to the increased
physical activity and manual work in males com-
pared to females. In addition, the level of self-care
could be much better in females than males [14].
However, other studies reported ahigher prevalence
of Charcot foot among females [9,18,19] .

In the present study, the mean patients Body
Mass Index (BMI) in the positive group was 31.18
*1.85, while in the negative group the mean BMI
was 24.8£2.86. Our results are higher than results
of Wanzou et a., [9] study, in which the mean BMI
of diabetic patients was 27.6.

Other studies reported the BMI of diabetic
patients with Charcot foot with comparable findings
to our results. In Thewjitcharoen et al., [19] study
on 40 cases of diabetic Charcot foot, the BM| was
28.2. In Sebastian et a., [20], the mean BMI was
29.2. However, Nehring et al., [10] reported a higher
mean patients BM1 of 32.8, while Youniset a.,
[13] reported alower mean patients BMI of 23.3.
A significant association was previously reported
between Charcot foot and higher BMI [10,20] .
However, other studies demonstrated no significant
association [9,13].

Positive group patients in our study had a mean
duration of diabetes of 17.59+3.99 years, ranging
from 10-25 years, while in the negative group the
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mean duration of diabetes mellituswas 11.7£2.9
years ranging from 10-20 years.

Most patients with diabetic Charcot foot have
been reported to have diabetes mellitus for at least
10 years [3,21] . And several studies reported a
significant association between Charcot foot and
the duration of DM [9,10,13,18] .

In the present study, the mean patients HbA ¢
level in the positive group was 9.03+0.63%, ranging
from 8.3 to 10, which indicates suboptimal glyc-
emic control, while in the negative group the mean
HDbA 1 level was 7.23+0.19 ranging from 6.8 to
7.5. Our results are close to that of Chantelau &
Poll [12] study with amean Hpa ;. level of 8.6%.

Some studies included patients with higher
HbA 1¢[11,13,19] . However, lower Hpa ;. levels
were reported in other studies [9,15].

Hyperglycemia may lead to an imbalance be-
tween osteoclasts and osteobl asts activity, promot-
ing bone tissue changes [22] . The association be-
tween Charcot foot and glycemic control has been
investigated in a number of studies. Many studies
reported a significant association of Charcot foot
with poor glycemic control [20,23] . Other studies
didnot find a significant association [9].

In the present study, 69.2% of patientsin the
positive group were on insulin therapy while 30.8%
were on oral hypoglycemic drugs, whilein the
negative group 45.8% of patients were on insulin
and 54.2% were on oral hypoglycemic medications.
A higher percentage of patients were on insulin
therapy in previous studies [12,18].

In the present study, 42% of patients had no
other associated comorbidities. However, 28% of
patients had hypertension, 4% had cardiac prob-
lems, 10% had hypertension with cardiac problems,
10% had diabetic nephropathy, 4% had retinopathy,
and 2% had DVT. Comorbid conditions have been
frequently reported in previous studies. In Nehring
et a., [10] study, 51.5% of patients had hypertension,
21.2% had ischemic heart disease, and 18.2% had
rena failure. In Kensarah et al., [17] study, 46.3%
of patients had nephropathy, 59.4% had retinopathy,
48.4% had cardiomyopathy, and 83.8% had hyper-
tension. In O'Loughlin et a., [15] study, 43% of
patients had nephropathy, 18% had coronary artery
disease, 2% had peripheral vascular diseases, and
5% had a history of cerebrovascular accidents. In
Thewijitcharoen et al., [19] study, 59.1% of patients
had diabetic retinopathy, 48.6% had chronic kidney
diseases, and 2.5% had ischemic heart diseases.
In Sebastian et al., [20] study, 70% of patients had
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hypertension and 30% had nephropathy. Significant
associations have been demonstrated between
Charcot foot, hypertension and renal failure [23,24].

In the present study, 52% of patients had X-
ray findings of Charcot foot. All these X-ray chang-
eswere unilateral and were found in mid-foot of
76.9% of patients and forefoot of 23.1 % patients.
78% of these X-ray changes were found in antero-
posterior view of X-ray while 22% were found in
obligue lateral view of X-ray. In Wanzou et al., [9]
study, 12% had Charcot foot. Fifty percent of the
identified lesions were in the forefoot and 50% in
the midfoot. In Smith et al., [g] study, radiography
of 428 cases identified Charcot foot in 1.4% of
cases, all of which had radiographic evidence of
midfoot Charcot changes. In their study, they
defined radio-graphic evidence of Charcot changes
as the presence of atypical pattern of bone destruc-
tion and bone repair. In Fabrin et al., [11] study,
115 patients with Charcot foot were identified from
3000-5000 diabetic patients, with an estimated
incidence of 0.3% per year. In this study, 93% of
diabetic patients with Charcot foot had radiological
evidence of osteoarthropathy (e.g., fragmentation
and osteolysis of bones followed by new bone
formation and ankylosis of the small jointsin-
volved).

Viswanathan et al., [25] study included 150
patients with T2DM, one-third of which had neu-
ropathy and one-third had foot ul ceration. Stand-
ardized dorsi-plantar and lateral weight-bearing
radiographs identified Charcot foot in 54% of
patients with foot ulceration and 14% of patients
with neuropathy. Chantelau & Richter [26] showed
that plain radiographs failed to pick up acute Char-
cot foot and MRI should be preferred for stage O
acute Charcot foot to prevent progression and
deformities.

In the present study, identified cases with Char-
cot foot underwent follow-up X-raysat 1, 3, and
6 months. Among the 26 cases with Charcot foot,
five (19.23%) patients showed new changes on X-
ray at 6 months, when three of them showed mild
foot swelling and one patient showed moderate
foot swelling; while only one patient showed mild
midfoot discomfort. In those patients, MRI studies
were performed to ensure a proper management
protocol which was total contact cast in four pa-
tients and airwalker in one patient. Our findings
are in accordance with previous studies, such as
Fabrinet a., [11] study, in which 36% of diabetic
patients with Charcot foot had new attacks during
follow-up for amedian of 48 months. MRI may
be crucial since conventional radiographs can
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appear normal during avery early stage of Charcot

disease (Eichenholtz stage 0) [27]. MRI also allows
determining the course of the healing process and
the success of the offloading treatment [28] . Another
important role of MRI isits ability to further
evaluate complications of a Charcot foot, in par-

ticular soft tissue infections and osteomyelitis [29] .

The present study has some limitations. First,
the small sample size, which could limit the gen-
eralizability of results. Second, our study didn't
compare the value of X-ray in comparison with
other imaging modalities, such as MRI. Finally,
the follow-up duration is limited to 6 months. That
we wanted to publish our results so far and we will
follow-up the patients for longer period of time to
see the outcome.

Conclusion and Recommendations:

Patients with longstanding diabetes mellitus
with no obvious deformity or foot ulcerations
should be screened with bilateral foot X-raysto
detect early Charcot foot X-ray findings. Positive
cases should start offloading and proper foot wear
as soon as possibleand they should be carefully
followed-up. Also, all patients with longstanding
diabetes should be advised about proper glycemic
control, avoiding minor trauma and seeking medical
advice once early clinical signs of Charcot foot
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