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Background

Neuropathy is a neurological disorder that occurs when the

peripheral nerves are damaged by either injury or disease. The

damage may involve motor or sensory nerves, depending on the

type and severity of the neuropathy. Some common causes a

neuropathy include chemical exposure (e.g. alcohol), metabolic

disorders (e.g. diabetes), and mechanical compression (e.g.

carpal tunnel syndrome).

The side effects of peripheral neuropathy may be either acute

and appear without warning, or chronic and gradually develop

over time. A loss of sensation is a sign of the early stages of

chronic neuropathy. Early diagnoses of peripheral neuropathy

can help a patient avoid damaging the nerves further and causing

significant, irreversible side effects.

The purpose of this research is to improve the ability to screen for

peripheral neuropathy prior to the development of severe nerve

damage in chronic cases.

Tactile Stimulation

Conclusions
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Vibrometer

The proposed methodology for detecting damage to the

unmyelinated fibers can be used with vibrometers that are

capable of a 4 Hz frequency stimulation. Although commercially

available vibrometers cannot achieve frequencies lower than 50

Hz, the ability to detect the early onset of free nerve ending

damage can spur new product development. There is also a

need to redesign the vibrometer to measure the feet for metabolic

related neuropathy (e.g. diabetes) because the foot is more

severely effected [5].

One of the benefits of diagnosing free nerve ending damage is to

detect SFPN in the early stages of development. Improving the

diagnostic tools for peripheral neuropathy can help patients avoid

long term damage to nerve endings.

Current Diagnostic Methods

Methods
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.The frequency of tactile stimulation will selectively activate

different mechanoreceptors in the fingertip. The slow-adapting

receptors, Merkel’s disks and Ruffini’s corpuscles, respond to

slow changing stimulation. Rapidly adapting receptors,

Meissner’s corpuscles and Pacinian corpuscles, give the

perception of slip on the skin [2].

Diagnostic methods for peripheral neuropathy have been

available for several decades, most commonly being

electrophysiology. Electrophysiology applies an electrical voltage

across a peripheral nerve to evoke a compound action potential

which can be monitored with surface recording electrodes. One

common form of electrophysiology is electromyography (EMG),

which is used to monitor muscle activation.

Although electrophysiological testing is valuable for diagnosing

myelinated nerve damage, it is not applicable for testing

unmyelinated nerve damage because the large current density

required to generate action potentials in unmyelinated fibers may

cause tissue damage.

Peripheral Nerves

The peripheral nerves in the foot and the fingertips suffer the

earliest and greatest damage from peripheral neuropathy [3].

These are primarily afferent sensory nerves which are stimulated

through tactile sensation, such as pressure, skin stretch, or

vibration.

Damage to sensory nerves may cause tingling, numbness, and

pain. Also, pain sensation can be inhibited which may lead to

disease-related injury, such as excessive tissue damage from

calluses, blisters, or foot ulcers.

The mechanoreceptors on the foot and the fingertip include

Meissner corpuscles, Pacinian corpuscles, Ruffini corpuscles,

and Merkel disks (Fig. 1). Activation of these receptors depends

on the amount of skin indentation and frequency of vibration.

Pacinian and Ruffini corpuscles are more deep to the surface of

the skin than Meissner corpuscles or Merkel Disks.

Figure 1 :  Peripheral nerves in the index finger 1

The four low threshold receptors have a high sensitivity to

stimulation. These mechanoreceptors are innervated by

myelinated axons and provide sensory tactile awareness. Free

nerve endings have a higher threshold and are innervated by

unmyelinated axons, some of which provide pain-related sensory

input.

Small fiber peripheral neuropathy (SFPN) is a specific type of

neuropathy defined as damage to unmyelinated nerves. Disease

related injury such as foot ulcers are common in SFPN patients

because tissue damage cannot be detected [5].

Table 1: Peripheral nerve receptors 1,2

Figure 2: Vibrometer threshold testing device.

Another method for diagnosing large fiber peripheral sensory

neuropathy is vibrometry, which uses a stimulus probe to vibrate

the skin with a certain step size and frequency to activate

mechanoreceptors. Different mechanoreceptors can be targeted

based on the vibration frequency. For example, a 50 Hz vibration

targets the Meissner corpuscles [2].

The detection threshold is the smallest stimulus amplitude that

can be reliably detected. Damage to cutaneous nerve fibers

increase detection threshold because the user has reduced

sensation, which requires a larger stimulus to generate action

potentials in the sensory neuron. Similar to electrophysiology,

vibrometry only tests nerve damage in tactile sensation, or

myelinated fibers.

The current techniques for diagnosing peripheral nerve damage

do not include monitoring unmyelinated sensory axons in free

nerve endings. SFPN cannot be easily or reliably detected with

current diagnostic tools. Detecting nerve damage in

unmyelinated fibers is important because these fibers provide

pain-related sensation. Damage to the unmyelinated nerve fibers

may impede the ability for a patient to sense tissue damage and

cause disease-related injuries such as foot ulcers.

Methods

Unmyelinated fibers can be activated by evoking a chemical,

mechanical, or thermal stimulus. It has been shown that

activation of unmyelinated fibers can modulate the Merkel disk

response in rat [4]. One of the goals of this research is to test

whether a similar effect is seen in the Merkel disk reception in

humans during activation of the unmyelinated fibers.

The threshold of the Merkel disks will be measured with the

University of Utah vibrometer (Fig. 2) at a 4 Hz vibratory

frequency which selectively targets Merkel disk response.

Comparison of threshold before and after unmyelinated fiber

activation will provide evidence of unmyelinated fiber influence on

Merkel disk response.

We hypothesize that Merkel disk detection threshold will increase

as the unmyelinated fibers are activated and evoke a neurogenic

inflammatory response.

A neurogenic inflammatory response can be activated by:

1. A smooth, rounded tip metal probe slowly rubbed against the

skin adjacent to the vibrometer stimulus.

2. A camel’s hair brush slowly and gently rubbed against the

skin adjacent to the vibrometer stimulus.

3. Increased pressure of the finger pad surrounding the stimulus

for 8 minutes, and release.

4. Hot temperature (43° Celsius) applied to the fingertip using a

Peltier cell with feedback control.

5. Iontophoretic electrical current supplied through the finger

pad surrounding the stimulus on the vibrometer.

The method with the greatest change in the detection threshold

of the Merkel’s disc receptor can be used for further research in

subjects with peripheral neuropathy.
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