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ntrapment Charcot’s joint is a difficult and sometimes frustrating condition to treat,
‘onic heel for both the patient and the physician. The authors give a brief overview
908, of Charcot’s joint and the treatment options available. They discuss the

pain. syn- use of bone stimulators and how electrostimulation may be used fo help
raproent, arrest the progression of Charcot’'s deformity. To the authors’ knowl-
al pain in edge, the use of electrostimulation for the treatment of Charcot’s joint
ve? Am J has been described only once in the literature; three patients were eval-

E yated in that study. In the current study, 11 patients were evaluated, with
nirapment promising results obtained, thus supporting the findings of the previous

study. (J Am Podiatr Med Assoc 90(6): 287-294, 2000)
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: Effect of :
 the wind- Charcot-type changes in the diabetic foot constitute
‘a very destructive and debilitating process. There are
‘approximately 15.7 million people (5.9% of the popu-
Jation) with diabetes mellitus in the United States.! A
1972 statistic indicates that an estimated 1 in 680 pa-
tients with diabetes will develop Charcot’s joint (neu-
roarthropathy).? The earliest report of neuroarthrop-
-athy was provided by Mitchell in 1831.2 In 1868,
Jean-Marie Charcot,! a French neurologist, first de-
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scribed bone destruction in the knee and elbow,
which was commonly seen in patients with tabes
dorsalis. Tt was not until 1936 that Jordan® described
neuropathic arthropathy in patients with diabetes.

Causes of Charcot’s Deformity

There are many causes of Charcot’s deformity, with
diabetes mellitus being the most common one.®
Other causes include tabes dorsalis, syringomyelia,
leprosy, multiple sclerosis, poliomyelitis, myelodys-
plasia, chronic alcoholism, spinal cord lesions, and
pernicious anemia.” All of these disease processes re-
sult in a neurologic deficit. In diabetes, there is de-
myelination of peripheral nerves, which can cause
sensory, motor, and autonomic neuropathy. These
neuropathies cause insensitivity, muscle imbalance,
and osteopenia. Studies have demonstrated that pa-
tients with diabetes—either type 1 or type 2—have
decreased bone mineral density compared with age-
and sex-matched controls.? This may result in an in-

287



creased risk of fracture. Edmonds et al¥ have demon-
strated increased radionuclide uptake in the feet of
diabetic patients with neurcarthropathy. This sug-
gests that increased blood flow in bone and arteri-
ovenous shunting lead to increased osteoclastic ac-
tivity and reduced bone density.? Treatment of
Charcot's deformity is aimed at arresting the destruc-
tive process and minimizing the extent of deformity.

Signs and Symptoms

Clinical signs of Charcot’s joint include unexplained
edema, erythema, joint crepitus, and an increase in
temperature of about 2°C compared with the con-
tralateral side.!! These symptoms usually do not
cause pain, and pulses are usually palpable. Approxi-
mately 20% of patients with this condition have in-
volvement of both lower extremities.’? To aid in the
clinical diagnosis of Charcot’s joint, the classification
system of Eichenholtz!® can be used to examine the
neuroarthropathy radiographically at three stages: 1)
‘developmental (destructive), 2) coalescence (heal-
ing), and 3) reconsiruction (remodeling).

Treatment Options

Various treatment options are used to help control
the debilitating forces of a Charcot joint, The goals of
treatment are to preserve skin integrity, avoid infec-
tion, and prevent amputation.i* Banks and McGlam-
ry®® have reported that once amputation occurs, a
second amputation occurs in 55% of cases within 5
years. To avoid the progression of the disease, once
Charcot’s joint is diagnosed, the patient is placed in a
cast and advised to keep weight off of the affected
extremity until coalescence is complete. When the pa-
tient is able to bear weight, he or she can be placed in
extra-depth shoes with custom-made accommodative
Plastazote orthoses (Zotefoams Lid, Croydon, Eng-
land).*¢ If more support is needed, an ankle-foot or-
thosis can help treat mild ankle instability.2¢ If the in-
stability is too great, a patellar-tendon-bearing brace
can provide greater support and disperse forces
along the entire leg to the tibial tuberosity.!* Patellar-
tendon-bearing braces can reduce mean peak forces
on the distal extremity by 32% to 909%.17

Other popular conservative treatments for Char-
cot’s joint are total-contact casting with plastert® and
the use of the Charcot Restraint Orthotic Walker (Or-
thotic Service, Brea, California). The Charcot Re-
straint Orthotic Walker is a rigid, bivalved, custom-
made ankle-foot orthosis that encloses the entire
lower leg.

A newer treatment for diabetic neuroarthropathy
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is bisphosphonates. In a study reported on |
et al® in 1993, pamidronaie was administereq
tients to reduce the amount of bone loss. The authopy
found that this treatment improved the Datienty

symptoms and caused a reduction in the Charcot ae.

to Da-

tivity (mneasured by a decrease in the temperatyre of i
_the affected foot and a decrease in alkaline phos. N

phatase acfivity, which measures bone activity),

Surgical intervention is ancther treatmeng Option iR

in patients with Charcot’s joint. Cleveland? firg; itizg.

duced this treatment for the Charcot foot in 193y - 3

when he fused unstable joints. The early literature .
dicates that arthrodesis of a neuropathic joint was o,
favored because of failure,* pseudarthrosis, and in-
fection. In cases where conservative methods haye

failed, however, arthrodesis may play an important

role in decreasing the chance of ulceration and pogs;.
bly preventing an amputation. Surgery should pe
avoided during the initial stage of Charcot’s joint,

which is the hypervascular stage, because postopera.

tive hyperemia could exacerbate the destructive pro-
cess.? The major contributing factor to the success of
surgical intervention is patient selection.® Patients

undergoing this type of treatment must be very com. .

pliant because of the extensive postoperative immo-
bilization period. The nonweightbearing period can
last up to 6 months, and the patient may be in a
wheelchair during that time

Electrostimulation of Bone

The earliest report of the use of electrical energy to
directly stimulate bone healing was by Harishorne®
in 1841. In 1953 and 1954, Yasuda and colleagues”
studied electrical fields and bone formation. They
demonstirated the development of subperiosteal cal
lus in bones under mechanical stress. The callus was
formed as a result of the electrical potentials induced
by the mechanical stress (piezoelectricity). Elec-
tronegative potentials are generated in areas of com
pression and electropositive potentials are generated
In areas of tension. Yasuda et al?” then showed that
passing 10 JA of continuocus current along the bone
could result in a similar callus formation. Increased
osteoblastic activity would be seen on the concave
side of bone, which has an-electronegative potential
This is why the cathode (negatively charged elec-
trode) is placed at the site of nonunion or at the frac-
fure sife.2®

Mechanism of Action of Bone Stimulators

The exact mechanism of electrostimulation’s induc-
tion of an osteogenic response is not known.*® One
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n by Sey theory is that areas of electrostimulation generate an
red to py increased number of hydroxyl ions, which increases
he authorg the pH and also decreases the tissue oxygen pres-
! patients re. These findings correlate well with what hap-
“hareot g ens in natural bone healing ® ¥ Cyclic adenosine
erafure g monophosphate increases both in naturally healing
line phgg one and in areas that have been electrically stimu-

ated.® Electrically stimulated chondroblasts, osteo-
lasts, and chondrocytes are found to release calci-
am into the surrounding medium 2 Brighton et al* %
made some observations regarding this phenome-
on. With proper current and voltage (which should
e between 10 and 25 V, depending on coil size and
the distance between the two coils),>® bone forms in
the area where the cathode is placed and necrosis
ceurs where the anode is placed. Currents of less

and possi than 5 HA do not produce osteogenesis, currents of 5
should b to 20 LA produce progressively increasing amounts of
ot’s joint one formation, and currents of greater than 20 pA
postopery roduce hecrosis.®® ¥ Another finding by Brighton®®
active pro- ig that direct current is more effecfive than pulsed
success o urrent. However, the results of a study by Sakai et

al®® show that intermittent pulsed electromagnetic
eld stimulation is more effective on both cell prolif-
ration and glycosaminoglycan synthesis of cartilage
cells than continuous stimulation. Their major hy-
" pothesis is that mechanical stress on bone and carti-
lage is translated into a cellular electrical signal and
then into a biochemical message. Sakai et al® believe
hat the electrical change of the cell environment
causes the prornotion of cell propagation; therefore,

energy to the duration of nonstimulation is as important as the
rishorne duration of stimulation.
Meague :

ton. The; Types of Bone Stimulators

callus was - Bone stimulators administer current by either inter-
s induce s 'mittent pulsed electromagnetic fields or direct cur-

* rent stimulation. Either a partially or a totally invasive
- procedure can achieve direct current stimulation.?
. Dwyer and Wickham?® used the first totally implant-
~'able bone-growth stimulator in 1969 to treat failed
- posterior spinal fusions. Complications associated
- with these devices include sofi-tissue reaction and
:_ possible breakage of the cathode wire; advantages

include a short and simple operation to implant the
. device.®® The semi-invasive technique was developed
- by Brighton et al4! at the University of Pennsylvania.
- Contraindications include synovial pseudarthrosis
" and a bone gap greater than half the diameter of
- bore. An important issue with the pulsed electro-
magnetic field stirmulator was whether it was com-
patible with metallic devices and whether it could be
used on patients with internal hardware. In the Unit-

tors

n’s induc-
wi.® One
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ed States, both the US Food and Drug Administration
and the American Society for Testing and Malerials
require that stainless-steel devices be made from a
nonmagnetic 316L formulation and cobalt-chrome al-
loys, which, by their nature, are nonmagnetic.%

Pulsed Electromagnetic Field Stimulators

The authors recommend that pulsed electromagnetic
field bone stimulation be used for the treatment of
Charcot's deformity, and this is the type of stimula-
tion used in the current study. In November 1979,
this became the first electrical approach to be ap-
proved as safe by the US Food and Drug Adminisira-
tion. Pulsed electromagnetic field stimulators are
surgically noninvasive and deliver current by means
of two opposing coils of wires mounted on the exter-
nal surfaces of a cast or skin. The coils face each
other at 180°% As stated previously, pulsed electro-
magnetic field stimulators may be less effective in
producing osteogenesis than direct current stimula-
tors. Also, they deliver current {c a generalized area,
and patient compliance and cooperation are needed
for success.?® These devices work very well for treat-
ment of Charcot's deformity because there are usual-
Iy multiple areas that need treatment, and surgery
should be avoided, if possible.

Introduction to the Findings

Diabetes is the most common cause of neuroarthrop-
athy encountered by podiatric physicians. Diabetic
patients are predisposed to poor wound healing, and
this population has high morbidity and amputation
rates. Diabetes is associated with 67,000 foot and leg
amputations each year.! People with diabetes ac-
count for approximately 50% of all nontraumatic am-
putations in the United States. The risk of amputa-
tion is greater for a person over 40 years old who has
had disbetes for more than 10 years.#* Therefore, this
new treatment for neuroarthropathy may offer promis-
ing results by helping to prevent Charcot’s deformity
and ulceration and possibly partial foot amputation
and loss of the entire limb.

The authors theorize that electrostimulation will
help a patient who is in the first, or developmental,
stage of neuroarthropathy progress to the end of the
coalescence stage. It has been suggested that bone
demineralizes in stage 1 of Charcot’s deformity as a
result of increased blood flow to the area. This re-
sults in reduced bone density; as a result, pathologic
fractures may occur. Electrostimulation increases
osteoblastic activity, which, in theory, should coun-
teract the osteoclastic action, which is caused by the
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increased blood flow in the early stages of Charcot’s
deformity. Electrostimulation, therefore, should aid
in achieving coalescence before significant destruc-
tion can oceur,

The authors present their findings from a study of
11 patients with Charcot’s arthropathy secondary to
diabetes mellitus. All of these patients had pathologic
fractures of the foot and were treated with some
form of immobilization as well as electrostimulation.
The findings of this study are similar to those of Bier
and Estersohn® in 1987. In that study, patients wore
bone stimulators for a minimum of 8 hours per day
up to a maximum of 10 to 12 hours per day, either
continuously or cumulatively, and were also placed
in a cast and instructed not to bear weight. Partici-
pants were assessed every 4 to 6 weeks for compli-
ance and radiographic improvement, The bone stim-
ulator use was stopped and the casts were removed
after approximately 3 to 4 months. Participants were
then placed in Unna boots to reduce any residual
edema. All three patients who participated in the
study had disappearance of Charcot’s deformity in 3
to 4 months. The current report supports those initial
findings of Bier and Estersohn.®

Resuits

The 11 patients participating in this study had dia-
betes-related neurcarthropathy involving joints of
the foot or ankle; all patients used a bone stimulator
during treatment. Eight patients had stage 1 Char-
cot’s deformity and three had stage 2 Charcot’s de-
formity (Table I). All participants were immobilized
with an Egualizer Walker (Royce Medical Products,
Camarillo, California) or an Unna boot with a surgi-
cal shoe. All patients were also treated with a bone
stimulator. The cathode of the bone stimulator was
placed directly over the affected joint and the anode
was placed at 180° with respect to the cathode. The
patients were allowed to bear weight during the
course of the study to help prevent the developrment
of problems in the other foot. Various other factors
had to be considered such as the patients’ age, their
health status, and the possibility of the development
of disuse osteopenia. The Equalizer Walkers were
used instead of casts to allow visualization for week-
ly assessment, to help control edema, and to prevent
cast irritation.

The length of time a bone stimulator is applied de-
pends on the type and make of the equipment. The
patienis in this study used the bone stimulator on
their affected areas for 30 min each day. Bone con-
solidation time with treatment with the bone stimula-
tor varied: the shortest treatment time was 2 months
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and the longest was 5 months. Six patients 1,
cers related to the Charcot deformity and were
ed appropriately with local wound care ang debride.
ment. These patients were evaluated weekly ungj) the
ulcers had healed. The other five patients were evahy.
ated every 2 weeks.

Radiographs were obtained an average of every 4
weeks to evaluate the Charcot deformity. The aver.
age time of radiographically confirmed consolidatigp
of bone was 3.5 months. Figures 1 and 2 show -
teroposterior and lateral views of the tarsal boneg be.
fore and after the use of the bone stimulator. Figyreg
3 and 4 are the same views of a different patient be-
fore and after use of the bone stimulator at. Lisfranc'y
Jjoint.

When the patients ceased using the bone stiryyl,.
tor, there was also clinical resolution of the Charcot
deformity, such as a decrease in edema, erythemg
and crepitus. The patients were prescribed approprii
ate footwear. The rate of patient compliance in thig
study was 100%. These patients were followed for an
average of 18 months. One patient had reactivation of
the Charcot deformity 9 months following cessation
of use of the bone stimulaior. To date, there have
been no complications related to use of a bone stimy-
lator for the treatment of Charcot’s deformity.

ad .

Conclusion

The results of this study suggest that electrostimmia-
tion is an effective treatment for diabetic neuroar-
thropathy. A bone stimulator, if used in the first two
stages of Charcot’'s deformity, can aid in arresting the
progression of Charcot-type changes in the foot and
ankle. A bone stimulator is easy to use and generally
associated with a high rate of patient compliance,
which is necessary for the success of any treatment.
In addition, control of blood glucose levels and prop-
er medical management of all underlying diseases, as
well as proper local wound care, if necessary, are es-
sential to the success of this treatrment. More studies
on this topic must be performed, but the authors be-
lieve that the use of bone stimulators in conjunction
with other forms of treatment, such as immobiliza-
tion, will arrest the progression of Charcot's deformi-
ty when it is identified in stages 1 and 2. With the
proper diagnosis and prompt intervention in the
treatment of diabetic neuroarthropathy, the serious
sequelae of further soft-tissue destruction, uleera-
tion, and possible amputation may be prevented.
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18 hag ﬂ;ﬁData on the Patients Participating in the Study
vere fre - Stage of Length of Time
1 debrig Joint(s) Charcot's Method of  Using Stimulator
¥ until the Patient involved Deformity Ulceration Immobilization {months) Resolution Compiications
€re evy) 1 Lisfranc’s joint and 1 None Equatizer Walkers 3 Yes None
second and third
of every metatarsal base -
The a& fractures, left foot
solidatii; 2 Lisfranc’s joint 1 Plantar aspact Equalizer Walker 5 Yes Nane
show: and second of cuboid,
ow metatarsat base right foot
bonesh fracture, right foot
5 F‘lgur 3 Lisfranc’s joint, 2 None Equalizer Walker 4 Yes Nene
atient b left foot
Lisfran 4 Ankle, subtalar, 2 Medial aspect Equalizer Walker 3 Yes None
talonavicular, of navicular and Unna boot
& stinm and calcaneocuboid tuberosity and
e Chard joints, right foot medial malleolus,
eryth e right foot
€
a ma 5 First and second 1 Plantar aspectof  Unna boot and 2 Yes None
p}_)ropx}-: metatarsophaiangeal third metatarso-  surgical shoe
ice in thlS joints, right foot phalangeal joint,
ved for an right foot
tivation ‘of 5 Calcaneocuboeid joint, 1 Plantar aspect Equalizer Walker 4 Yes None
cessation right foot of cuboid,
here h right foot
Jne stir 7 First metatarso- 2 None Equalizer Walker 3 Yes None
¥ cuneiform joint
e and second and third
metatarsal shafts,
right foot
. 8 First cuneo- 1 None Cast 3 Yes None
rostimula- navicular joint,
> first tv ] Lisfranc’s joint 1 Plantar aspect Equalizer Walker 3 Yes None
‘esting e and fourth meta- of first metatarso-
s foot and tarsat base fracture, cuneiform joint,
l’ 00 r?]; left foot left foot
ge}}e y 10 Lisfranc’s joint and 1 Plantar aspects of  Unna boot and 3 Yes None
mpllanr;e, first metatarso- navicular, first surgical shoe
treatment: phalangeal joint, metatarsopha-
and prop- right foot langeal joint, and
iseases, as first cuneiform,
T right foot
o, e o 11 Listranc’s joint 1 N Equalizer Walk 5 Y N
i isfranc’s joint, one qualizer Walker es one
re studies oft foot
uthors beé
ynjunctio 2 Royce Madical Products, Camarille, California.
amobiliza
S
With the
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