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Part I: Defining the Problems

INTRODUCTION

The exact pathogenesis of peripheral neuropathies, 

Charcot foot degeneration and wound development is 

often difficult to establish. The potential interactions and 

progressive nature of the different yet related pathologies 

remains alarming. The purpose of this two-part clinical 

white paper is to (I) define the problems and (II) refine the 

solutions. Topics will include the physiological processes 

of these three major lower limb involvements, interaction 

of one physiological process upon the next, key concepts 

of orthotic treatment, effective orthotic design solutions, 

and lifespan care programs for the effective long-term 

management of patients presenting with these conditions.

Peripheral neuropathy

The primary task of the peripheral nervous system is to 

transmit information from the brain and spinal cord to 

all parts of the body. It is estimated that more than 20 

million Americans suffer from some form of peripheral 

neuropathy (PN) resulting in dysfunction and disability. 

Compression, loss of myelin sheaths, disconnection and 

degeneration are contributing factors to the more than 

100 different types of peripheral neuropathy. Each form 

of neuropathy has its own cause, symptoms, progression 

and prognosis. The symptoms associated with PN and can 

range from a mild tingling or numbness to excruciating 

burning pain or even paralysis. The causes of PN are as 

varied as the symptoms and are listed in Figure 1.

Figure 1. Causes of peripheral 
neuropathies.

• Alcohol excess

• Medication

• Infections

• Nutritional imbalances

• Hormonal imbalances

• Diabetes

• Autoimmune diseases

• Systemic diseases

• Vitamin deficiencies

• Heredity

• Injury

• Chemotherapy

• Exposure to toxic 

substances

• Dietary deficiencies

• Vascular disorders

• Kidney disorders

• Tumors

Neuropathies may be sensory, motor or autonomic 

in nature. Sensory neuropathies are accompanied 

by strange sensations including but not limited 

to pain, inability to feel pain, tactile disruptions, 

sensitivity to temperature, lack of coordination, loss 

of reflexes, numbness, tingling or burning sensations. 

Motor neuropathies produce muscle weakness and 

loss of muscle control along with decreased balance, 

incoordination, muscle spasms or cramping, and difficulty 

moving the affected limbs. Autonomic neuropathies 

can affect the function of organs and glands, breathing, 

sweating and blood pressure among others. In the most 

challenging situations, patients may present with a 

combination of neuropathies that involve disruptions to 

sensory, motor and autonomic systems.

Diabetes accounts for up to 60% of all peripheral 

neuropathies while the remaining are idiopathic and 

secondary to a variety of other causes. In longstanding 

diabetes and secondary to the loss of protective sensation, 

joints fail to recognize the abnormal and high forces 

transferred through them or the altered joint alignments. 

Continued load bearing during normal daily activities 

produces repetitive microtrauma to the affected joints 

and leads to further bone trauma, progression of joint 

deformities and eventually tissue breakdown. Nerve 

conduction testing, electromyography, nerve and skin 

biopsies are used to confirm the diagnosis, while physical 

therapy, medication, orthoses and lifestyle modifications 

are recommended to improve overall function. It is 

important to note that not all peripheral neuropathies 

result in the development of Charcot joints, however the 

single most prevalent cause found in Charcot joints is 

peripheral neuropathy. Clinical management of peripheral 

neuropathy is outlined in Figure 2.
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REFINING THE SOLUTIONS

Advances in material science and integrated patient 

management programs have led to the development of 

today’s current orthotic designs for effective treatment 

of Charcot foot syndrome and foot ulcers. The challenge 

remains to combine an effective orthotic design with 

easy donning/doffing to enhance compliance, use and 

adherence to the treatment program. Other factors 

considered during the orthotic consultation include 

but are not limited to: age, gender, weight, presence of a 

wound, presence of infection, integrity of the skin, vascular 

status, neurological static, compliance history, history of 

amputation, degree of deformity, general medical status/

stability, vocation and avocation. Key design concepts for 

lower extremity orthoses are briefly discussed (Figure 5).

Effective & Efficient 
Orthotic Designs

• Offloading

• Immobilization

• Deceleration during loading

• Altered timing during stance

• Improved balance

• Address limb 
length discrepancy

• Decreased referred pain

• Increased function

• Increased compliance

• Limb protection

• Decreased gait 
compensations

Figure 5. Orthotic design concepts for 
the treatment of peripheral neuropathy, 
Charcot foot syndrome and foot wounds.

OFFLOADING: Interventions such as diabetic insoles and 

shoes rarely achieve complete healing for chronic wounds. 

Offloading is a critical component of effective treatment 

along with wound care and debridement. While bed rest, 

crutches, wheelchairs and other methods may seem to be 

ideal, they are disruptive to the patient’s daily function 

and activities. The shark-o™ and OWLS® are custom 

medical devices and adaptable to daily changes in patient 

limb volume. This ensures optimal load transfer through 

the orthosis and away from the affected areas of the foot 

and ankle. The key to effective pressure reduction via 

offloading designs is patient adherence, proper fit, effective 

function, and correct donning of the orthosis. Offloading 

devices should be considered for the prevention and 

treatment of foot ulcers, as well as the primary treatment 

of Charcot foot syndrome during stages 0 – 3.

IMMOBILIZATION: Immobilization of the affected 

joints is critical in treating CFS and, in some cases, wounds. 

Custom orthoses are designed to address each joint in the 

necessary coronal, sagittal and transverse planes. Effective 

alignment is maintained with the application of three-

point force systems, and effective immobilization is then 

maintained with circumferential and hydrostatic pressures. 

DECELERATE LOADING: Many patients with 

peripheral neuropathy and CFS have an altered loading 

pattern during initial contact. Orthotic designs to address 

foot drop and foot slap will decrease the speed and 

manner in which the foot impacts the ground.

DECREASE TIME SPENT ON FOOT: 

Peripheral neuropathy and poor balance alter the normal 

mechanics of the foot, often resulting in disrupted swing 

and stance ratios during walking. Foot deformities further 

alter the mechanics and function of the foot leading to 

disruptions in the pathway and timing of the center of 

pressure as it translates across the plantar surface of the 

foot. For example, midfoot collapse creates a prolonged 

stance phase secondary to loss of the anterior forefoot 

lever and reduced propulsion. Custom orthoses are design 

to improve balance, gait mechanics and translation of the 

center of pressure.

DECREASE CORONAL PLANE DEVIATIONS / 

IMPROVE BALANCE: Many patients develop altered 

gait patterns secondary to peripheral neuropathy, CFS 
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or wounds. Coronal plane compensations are identified by 

the side-to-side sway of the upper trunk during walking. 

Lateral trunk deviations allow 70% of the body mass 

to deviate perpendicular from the line of progression 

and significantly increase the energy costs associated 

with walking. These gait deviations combined with poor 

balance may also deter the patient from maintaining an 

appropriate activity level after healing of the wound or 

Charcot joints have occurred. Considerations for the use 

of external walking aids such as a cane, walker or crutch 

should be made.

ADDRESS LIMB LENGTH DISCREPANCY: Limb length 

discrepancies (LLD) introduced with lower limb orthoses 

for immobilization and offloading should be addressed. 

The EvenUp™ device is used to address the LLD and 

can be transferred to a variety of shoes worn on the 

contralateral side (Figure 6A).

Figure 6A. EvenUp™ device for limb 
length discrepancies.

DECREASE REFERRED PAIN: Most effective orthotic 

designs for offloading will introduce a limb length 

discrepancy. Referred pain may develop in proximal 

joints, the contralateral limb and/or the spine. Physical 

therapy training may be recommended for patients 

with dysfunctional walking patterns, poor balance and 

generalized weakness or instability. Developing an effective 

and efficient pattern of walking with the lower extremity 

orthosis will reduce the chance for referred pain. 

INCREASE FUNCTION/COMPLIANCE: 

Patient education is an essential component of the long-

term management of patients with peripheral neuropathy, 

Charcot foot syndrome and wounds. The interdisciplinary 

team must collaborate to reinforce and monitor effective 

donning/doffing of the orthosis and daily wear time 

as prescribed.

PROTECTION: Patients with decreased sensation require 

education on ways to protect their feet from mechanical 

trauma. Four danger signs of damage include swelling, 

pain, color change and skin changes. Any of these 

signs should prompt a return to the specialty clinic for 

further assessment.

shark-o™

The shark-o is an advanced orthotic device and has been 

developed to specifically address Charcot foot syndrome. 

(Figure 6B) The unique orthotic design strategically 

focuses on offloading and immobilization and can be 

used during all stage of the Charcot process. The rocker 

sole design also decelerates the foot during initial loading, 

promotes smooth translation of the center of pressure as 

it travels anteriorly, and allows for a smooth rollover at 

terminal stance. This precisely contoured design decreases 

the amount of time that would be spent on a structurally 

unstable foot and promotes a more symmetrical gait 

pattern. The anterior shell of the 

shark-o is designed to maintain 

total contact over the foot section 

and accommodate volume 

changes in the calf area. Patients can 

easily adjust for daily calf volume 

changes by sliding the anterior shell 

inside the posterior boot structure 

(Figure 6C) and tightening with 

simple strap adjustments. The shark-o 

orthosis is specifically designed 

to reduce soft tissue motion, 

address or accommodate foot 

and ankle deformity, provide 

smooth and decelerated 

loading and provide 

smooth transition 

and rollover 

during walking.

Figure 6B. The shark-o is used for the 
prevention and management of Charcot 
foot syndrome and ulcers caused 
by ischemia, direct trauma and/or 
repetitive stresses.
















