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Abstract Introduction

Background: Egypt isamong the world's top 10 countries ! ;
in terms of the highest number of people with diabetes. EGYPT ranks amongst the world'stop 10 countries

Delayed presentation and lack of appropriate foot care could with the highest number of people with diabetes
account for different outcomes of Charcot-foot. [1] . Charcot foot is a devastating complication of
diabetes with inevitable deformity when left un-

Aimof Sudy: Study the impact of nullification of the treated [2]. Del ayed presentation Fig. (1) and lack
suggested risk factors on the outcome of Charcot-foot. of appr opri ate foot care could account for different

Patients and Methods: We did a prospective analysis of presentation and outcome of Charcot foot in Egypt
the impact of compliance with the nullified suggested risk [3]. Charcot could have deleterious effect on gait

factors on both feet as compliance with 1- Wearing the due to neuropathy, deformity and leg length dis-

removable-cast-walkers, 2- The regular follow-up visits, 3- ; ; ; :
Nullified leg-length discrepancy induced by the removable- crepancy induced by offlcading devices Fig. (2)

cast-walker, and 4- Slowing of the gait speed (24 steps *3/min). .
43 patients presented =5 years ago with unilateral chronic
Charcot and normal contralateral foot were included and
subdivided into (Group-A) compliant with all nullified risk
factors and (Group-B) non-compliant with =1 of the risk
factors, of matched age, sex, BMI, HbA1c and diabetes
duration. Both feet are then examined for any complications

that happened since January/2010 till February/2016.

Results: Our results showed statistically significant dif-
ference regarding the complications happened in the Charcot-
foot, 11.1% (n=2) vs. 44% (n=11) and in the contral ateral
foot, 16.7% (n=3) vs. 48% (n=12) in group A vsgroup B
respectively. Adherence to nullification of the suggested risk
factors decreases the occurrence of complications by >6 folds
in the Charcot-foot (odds ratio 6.3, p=0.03) and >4 foldsin
the contralateral foot (odds ratio 4.6, p=0.04).

Fig. (1): Patient with delayed presentation, seeking medical
advice for the first time with deformed disorganized
foot joints.

Conclusion: Nullification of leg-length-discrepancy,
slowing of the gait speed, compliance with the removable-
cast-walker and regular follow-up visits greatly improved the
outcome of Charcot foot in our foot clinic.

Key Words: Gait speed — Leg length discrepancy — Charcot
— Contralateral foot — Removable cast walker.
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In 2010, 140 patients with Charcot foot offload-
ed by Removable Cast Walkers (RCW) were reg-
ularly attending our clinic, and during that year
we noticed that 8 (5.7%) of them developed Charcot
neuropathy in the contralateral foot [4] . At that
time, we tried to identify the different risk factors
that led to that deterioration. In 2011, El-Nahas et
al., declared that the short leg of diabetic patients
with neuropathic foot ulcers would be subjected
to greater pressure load, as such, care should be
taken to avoid minor leg length discrepancy [5].

It iswell known that during weight bearing
activities, such as standing and walking, the plantar
surface of the foot is exposed to ground reaction
forces. During standing, this force equals the body
weight and each foot bears ~50% of body weight
distributed over the whole plantar surfaces [6].
While during walking, thestress applied to the feet
are much higher than when standing [7]. At a self-
selected walking speed, the vertical peaks are ~1.2
times body weight, but this increases with fast
walking to 1.5 times body weight [g].

In diabetes, several factors can affect the stress
applied to the feet. Loss of protective sensation
can be dramatic with the effect that patients cannot
feel pain or discomfort when the plantar surface
isinjured or overloaded [9] . It has been demonstrat-
ed that plantar pressures, particularly in the forefoot,
is considerably reduced during a shuffling gait [10].

Rosenbaum et al., demonstrated that when
walking speed is reduced from an average of
1.19m/s (normal) to 0.83m/s (slow), peak planter
pressure is reduced on the heel (5%-18%), on the
medial forefoot (9%-11 %), and on the hallux (1 1 %)
[11.

We were interested in determining if slowing
of gait speed together with compliance with the
follow-up visits and wearing the RCW after nulli-
fication of the leg length discrepancy between the
RCW and the contralateral foot could improve the
outcome of Charcot. Our primary aim was to ensure
our patients compliance with their follow-up visits,
wearing their offloading devices and slowing of
their gait speed and our secondary aim was to
determine the impact of such compliance on the
outcome of Charcot in the 5 years duration of the
study. We undertook a prospective cohort study to
compare outcomes on both feet in patients who
are compliant versus those who are not.

Patients and M ethods

A prospective cohort study was designed to
include all diabetic subjects presented with unilat-
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eralchronic Charcot foot to Mansoura Foot Clinic
before January 2011 (=5 years ago) and up to-
February 2016 to study the impact of nullification
of the suggested risk factors: 1- Compliance with
the RCW, 2- Compliance with the regular monthly
follow-up visits, 3- Nullified leg length discrepancy
between the RCW and the contralateral foot Fig.
(3), 4- Slowing of gait speed (24 steps +3/min) for
better outcomes of the disease on both feet.

Fig. (3): Nullified leg length discrepancy between the remov-
able cast walker and the other foot.

Compliance with RCW and nullified leg length
discrepancy was based on asking the patients and
their relatives and examining the walker and the
nullified leg length discrepancy shoe status, taking
into consideration the non-paved muddy roads of
the villages where most of the patients came. If
the patient is compliant with the walker, he will
be compliant with then ullifying leg length discrep-
ancy shoe to avoid pelvic pain and difficulty of
walking induced by thisleg length discrepancy.
More than 2 missed monthly follow-up visits per
year or 2 consecutive missed visits was enough to
define non-compliance with regular follow-up
visits.

We see that observing (ordinary walking gait
he used during normal day life) without attract-
ingthe patient's attention that we are checking his
gait speed will be more reliable although less
accurate than using electronic gait analyzer, where
most of the patients take care of their steps and
not using their usual gait or speed.

To confirm their compliance, we observed their
gait during entrance and exit of our clinic every
visit; we consider them compliant if we registered-
slow gait speed in at least 70% of their visits. A
total of 153 patients were referred to our foot clinic
with Charcot before January 2011, 81.7% (n=125)
presented with chronic Charcot and 18.3% (n=28)
presented with acute Charcot. Out of these patients
we included 43 patients who presented =5 years
ago with unilateral chronic Charcot foot offloaded
by RCW with custommade insole and normal con-
tralateral foot with custom made insole. They are
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subdivided into 2 groups of matched age, sex,
BMI, HBA1c, diabetes duration, degree of diabetic
neuropathy and site of Charcot in the foot (i.e.
Mid-foot or hind-foot) at the end of the 5 years.

Group A: Compliant with nullified suggested
risk factors.

Group B: Non-compliant with 21 of the nullified
suggested risk factors.

We excluded cases with acute Charcot, bilateral
Charcot, Charcot offloaded with any offloading
devices other than RCW, Charcot with contra ateral
foot deformity, ulceration and minor or major
amputation, cases referred for arthrodesis, devel-
oped major amputations, with extreme values of
BMI or HBA1C and finally, cases that died before
the end of the study. Both feet of the 2 groups were
examined and we take initial images (X-ray or
MRI) for the Charcot foot inaddition at the time
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of inclusion before January 2011 and 5 years later
(February 2016). The study design was approved
by the Institutional Research Board of the Faculty
of Medicine, Mansoura University. Statements of
consent to participate and publish from the partic-
ipants are available.

Results

The Charcot foot showed no significant differ-
ence between both groups regarding history of
ulcers 28% (n=5) vs. 44% (n=11), recurrent ulcer-
ation 11% (n=2) vs. 12.5% (n=3), deformity (rocker
bottom mid-foot deformity, mid-foot flattening of
the foot arch with or without hind-foots welling)
66.7% (n=12) vs. 68% (n=17), and minor amputa-
tion (one or more of the lateral fourtoes) 16.7%
(n=3) vs. 16% (n=4), in group A vs. group B re-
spectively, p-valuein all was >0.05 [as shown in
(Table 1), Fig. (4)].

Table (1): Comparison between compliant and non-compliant groups 5 years ago.

The Charcot foot
History of . Minor Recurrent
Ulceration Deformity amputation ulceration
Group A (N=18) 28% (N=5) 66.7% (N=12) 16.7% (N=3) 11% (N=2)
Group B (N=25) 44% (N=11) 68% (N=17) 16% (N=4) 12.5% (N=3)
p-vaue 0.22 0.59 0.63 0.64
100+
Group A Il Grow B

“Statistical significance was defined at the 5%
(p<_.05) level”. After > 5 years, in group A vs. group
B, 5.6% (n=1) vs. 20% (n=5) in Charcot foot, 0%
vs. 20% (n=5) in the contralateral foot had new
ulcers, 5.6% (n=1) vs. 28% (n=7) in Charcot foot,
11% (n=2) vs. 4% (n=1) in the contralateral foot
had new deformity (mid-foot flattening of the foot

Fig. (4): Comparison between compliant (group A) and
non-compliant groups (group B) 5 years ago.

arch with or without hind-foot swelling), and 0%
vs. 4% (n=1) in Charcot foot, 5.6% (n=1) vs. 4%
(n=1) in the contralateral foot had minor amputation
(one or more of thelateral four toes), and 16.7%
(n=3) vs. 24% (n=6) in the contralateral foot de-
veloped Charcot [(as shown in (Table 2), Figs.
(5.6)].
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Table (2): Comparison between compliant and non-compliant groups after 5 years duration.

The Charcot foot The Contralateral foot
New New New Minor . Minor
Ulcers Deformity — amputation Ulcers Deformity amputation Charcot
Group A (N=18) 5.6% (n=1) 5.6% (n=1) 0% (n=0) 0% (n=0) 11%(n=2) 5.6% (n=1) 16.7% (n=3)
Group B (N=25) 20% (n=5) 28% (n=7) 4% (n=1) 20% (n=5) 4% (n=1) 4% (n=1) 24% (n=6)
p-vaue 0.02 0.034
30+ 301
254 251

iz N

New Ulcers New Deformity New Minor
amputation

[ GrowpB

Fig. (5): Comparison between compliant (group A) and non-
compliant groups (group B) after >_5 years duration
at the Charcot foot.

Group A

In conclusion we found that there is statistically
significant difference regarding the complications
that happened in the Charcot foot 11.1% (n=2) in
group A vs. 44% (n=11) in group B and in the
contralateral foot, 16.7% (n=3) in group A vs.
48% (n=12) in group B, (p<0.05 in both). Logistic
regression analysis for predicting the occurrence
of complications reveals that, adherence to nullifi-
cation of the suggested riskfactors decreases the
risk of occurrence of complications by >6 foldsin
the Charcot foot (odds ratio 6.3, p=0.03) and >4
foldsin the contralateral foot (odds ratio 4.6,
p=0.04).

Discussion

Charcot foot is one of the complications that
have deleterious effect on the gait that can |ead
tojoint displacement or foot amputation [2]. The
offloading devices (i.e., RCW) used in chronic
Charcot has a well-known pressure relieving effect
on the foot. Although it is notthe gold standard for
the treatment of Charcot, it hasabig rolein chronic
Charcot especially for those with gross foot de-
formity after resolution of the acute stage (i.e.,
rocker bottom mid-foot deformity or swollen ankle)
[12.

nmni

Ulcers Deformity Minor Charcot
amputation
Group A I GrowpB

Fig. (6): Comparison between compliant (group A) and non-
compliant groups (group B) after >_5 years duration
at the contralateral foot.

Those who had foot deformity, we asked them
to wear RCW as aprimary lifelong prosthetic, as
we do not have resources in the primary treating
country forcustom devices such as Charcot Re-
straint Orthotic Walkers. Although we did not
objectively measure this, we did not notice any
significant muscle wasting with their use.

We included 43 patients who presented >_5 years
ago with unilateral chronic Charcot foot offloaded
by RCW with custom made insole and normal
contralateral foot with custom made insole. They
are subdivided into 2 groups of matched age, sex,
BMI, HBA1c, diabetes duration, degree of diabetic
neuropathy and site of Charcot in the foot (i.e.
Mid-foot or hind-foot) at the end of the 5 years.

- Group A: Compliant with nullified suggested risk
factors.

- Group B: Non-compliant with =1 of the nullified
suggested risk factors.

After > 5 years, the development of new ulcer
in the same foot was 5.6% (n=1) vs. 20% (n=5) in
group B (p<0.05) and development of new deform-
ity 5.6% in group A vs. 28% in Group B and there
was no development of minor Amputation in Group
A vs. 4% in Group B.
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Thisfinding agreed with Larsen K thereisa
four-fold risk of ulcersin diabetic Charcot deform-
ity compared with the overall risk of foot ulcers
in diabetic feet [11].

According to the contra lateral foot the devel-
opment was noticed in 5 patientsin Group B only
and this cope with Felix W et al., who proved that
almost 20% of patients devel oped contral ateral
CN. Nearly half of people with CN developed a
contralateral foot ulceration. We thought that larger
number of patients will be needed to confirm this
result [12].

The minor amputation was in one case in Group
B and this confirmed by Sohn et al., who suggested
that Charcot arthropathy by itself does not pose a
serious amputation risk, but ulcer complication
multiplicatively increases the risk [13].

The Charcot foot showed no significant differ-
ence between both groups regarding history of
ulcers 28% (n=5) vs. 44% (n=11), recurrent ulcer-
ation 11% (n=2) vs. 12.5% (n=3), deformity (rocker
bottom mid-foot deformity, mid-foot flattening of
the foot arch with or without hind-foot swelling)
66.7% (n=12) vs. 68% (n=17), and minor amputa-
tion (one or more of the lateral four toes) 16.7%
(n=3) vs. 16% (n=4), in group A vs. group B re-
spectively, p-valuein all was >0.05 [(as shown in
(Table 1), Fig. (4)].

In our diabetic foot clinic, we asked our patients
to be compliant with wearing the RCW and try to
nullify leg length discrepancy shoes during walking
indoors and outdoors, and to have a monthly follow-
up visitsto our clinic, so, we can pick early any
minor changes unnoticed by the patient.

However, the compliance of patients on RCW
ismoderately accepted as these devices have high
rigid outsoles that lead to the appearance of leg
length discrepancy with shortening of the contral-
ateral foot with application of more stress on this
foot; so, we havetried to nullify thisrisk factor.

Furthermore, it is now well-known that during
walking, the stress applied to the feet are much-
higher than when standing, and this stress increases
with rising gait speed, that is why weadvised our
patient to slow their gait speed to be near shuffling
gait [8,14] .

Conclusion:

Based on the results of our study, we noticed
that patients with Charcot foot disease in Egypt
usually seek medical advice in the chronic stage.
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Despite the delayed presentation of the disease,

nullification of leg length discrepancy, slowing of
gait speed, compliance with the RCW and regular
follow-up visits greatly improved the outcome of
Charcot foot in Mansoura Diabetic Foot Clinic.

We have no effect on those who develop bilateral

Charcot as anormal progression pathway of the
disease, but at least we can prevent its occurrence
in those with pressure overload is the precipitating
factor.
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