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Peripheral neuropathy (PN) is a complex and poorly understood condition in which the body’s 
peripheral nerves gradually deteriorate (Fig. 1). Symptoms associated with this condition range 
from mild tingling and numbness to severe throbbing, stabbing and/or burning pain. Intense 
nerve pain affects as many as two thirds of people afflicted with peripheral neuropathy and the 
symptoms are notoriously difficult to treat. As the disease progresses, the resultant muscle 
weakness and impaired sensation leads to a heightened risk of injuries from falls. Unfortunately, 
peripheral neuropathy is surprisingly common, affecting 10% of middle-aged adults and nearly 
40% of people over the age of 70 (1). 

Fig. 1. Peripheral nerves branch off the spinal cord and are comprised of a cell body and its axon, 
which may or may not be covered with the myelin sheath. This sheath is produced by specialized 
cells called Schwann cells, which play an important role in maintaining the overall health of the axon. In 
addition to supporting the axon with nutrients, the myelin sheath also acts as an insulator that increases 
the speed in which electric currents traverse the nerve. The peripheral nerves leading to muscles are 
called motor nerves, while the different types of sensory nerves go to almost every cell in the body. In the 
low back, peripheral nerves group together to form the sciatic nerve, which splits to form the common 
peroneal and tibial nerves. For reasons that are poorly understood, peripheral neuropathies cause the 
nerves to break down, damaging the Schwann cells, axons, and/or cell bodies.



While any peripheral nerve may be involved, the sensory nerves that go to the feet are the most 
prone to developing neuropathy. Part of the reason these nerves are preferentially targeted is 
because they are so long: a single nerve that goes to the bottom of the foot can be over 3 feet 
long, and the nerve’s axon can be 20,000 times longer than the cell body (2). Because the cell 
body assists with nourishing and maintaining the axon, providing nutritional and metabolic 
support to such a long structure can be difficult under ideal conditions. The connection between 
nerve length and peripheral neuropathy is evidenced by the fact that tall people are significantly 
more likely to get neuropathy than their shorter peers (3). 

Another reason sensory nerves are preferentially targeted is because their cell bodies are located 
outside the central nervous system in the dorsal root ganglion, which exposes them to a wide 
range of chemical and metabolic irritants (4) (refer back to figure 1). In contrast, because the cell 
bodies of motor nerves are located within the central nervous system, they benefit from the 
protection provided by the blood-brain barrier, which constantly filters out harmful molecules 
and chemicals creating a relatively sterile environment. Even beneficial drugs such as antibiotics 
and chemotherapy agents are unable to cross the blood-brain barrier. 

The neurological symptoms associated with peripheral neuropathies are determined by the 
specific sensory nerves involved. If the small diameter unmyelinated nerves are affected, typical 
symptoms will include pain, tingling, and numbness. If the large diameter unmyelinated nerves 
are involved, people usually present with impaired coordination and/or decreased sensation in 
the soles of their feet. Impaired sensation is extremely dangerous as it strongly correlates with 
future falls and increases the risk of cuts, foot ulcerations and major amputations.  

Some of the more common causes for the development of this disease include various 
autoimmune disorders, alcoholism, kidney disease, exposure to toxins, vitamin deficiencies, and 
certain medications. Chemotherapy drugs are notorious for producing peripheral neuropathy. 
While all of these conditions increase the risk of neuropathy, far and away the greatest risk factor 
for developing peripheral neuropathy is diabetes. An estimated 20 million Americans currently 
have diabetes-related neuropathy, and that number is expected to double as more Americans 
develop pre-and type II diabetes (5). Worldwide, there are approximately 200 million people 
with diabetes-related peripheral neuropathy and up to 50% of people with peripheral neuropathy 
are asymptomatic, which allows the condition to progress unnoticed (6). According to Feldman 
et al. (4), the neuropathic complications associated with diabetes places a tremendous burden not 
just on individuals affected, but society as a whole. The authors emphasize that there is a 
pressing need to understand the mechanisms underlying diabetic neuropathy and develop 
effective interventions to treat and prevent this disabling condition. Unfortunately, despite 50 
years of intense research, pharmacological interventions for peripheral neuropathy remain 
relatively ineffective (4). This is especially true for chemotherapy induced peripheral 
neuropathies, as to this day there are still no FDA-approved drugs for the treatment or prevention 
of this common type of neuropathy (7). 



Because pharmacological interventions have been unable to appreciably improve the quality of 
life for those suffering with peripheral neuropathy, researchers have begun focusing on 
alternative treatments, such as exercise, nerve glide stretches, vibration therapy, textured insoles, 
and nutrition. Of these interventions, exercise interventions have been studied most extensively. 
In one of the first papers to evaluate the efficacy of exercises in the management of peripheral 
neuropathy, researchers from the University of Kansas had 17 peripheral neuropathy patients 
perform a 10-week program of aerobic and strengthening exercises (8). At the start and stop of 
the study, the authors evaluated pain levels using visual analog scales, performed nerve 
conduction velocities, and measured the density and branching patterns of cutaneous nerves 
located in skin taken from biopsies. Participants performed light aerobic exercises on devices 
such as elliptical trainers and bicycles and did a conventional strengthening protocol targeting all 
of the major muscle groups. The exercises were performed at a moderate intensity. At the end of 
the 10-week study, the exercise group experienced significant reductions in pain and neuropathic 
symptoms, and they actually grew additional cutaneous nerve fibers following the intervention. 
This latter finding was consistent with prior research confirming that exercise can increase the 
number of sensory nerve fibers present in the skin (9) (Fig. 2), which is important as the 
regeneration of cutaneous nerve fibers correlates with improved clinical outcomes (10). 

 

The findings of these early research studies have been corroborated by more recent research 
confirming that exercise interventions can delay both the onset and progression of both diabetes 
and diabetes-related peripheral neuropathies (11-19). Exercise intervention has also been proven 
to be effective when managing chemotherapy-induced peripheral neuropathy (20,21). One study 
found that just 8 weeks of resistance and balance training produced statistically significant 
reductions in patient reported pain, dynamic balance, range of motion, and quality of life in 
cancer survivors (21). The positive effects of exercise have been related to improved glycemic 
control, increased blood flow, enhanced neurotrophic support and suppression of pro-
inflammatory responses. According to Holmes et al. (22), a combination of aerobic and strength 
training gets the best results, and my favorite program is outlined in figure 3. This routine is 
typically done 3 times per week for 12 weeks, and a video of the entire program is available at 
humanlocomotion.com. 

Fig. 2. A 40-fold magnification 
of skin shows how 12-months 
o f exerc ise produces a 
significant increase in the 
number of cutaneous nerve 
f ibers in the epidermis. 
Redrawn from photographs in 
Smith et al. (9).



WARM-UP EXERCISES: Choose between stationary or recumbent 
bike, elliptical or treadmill walking on incline. Start with 10 minutes and build up to 
15-20 minutes. 

BALANCE EXERCISE: With shoes on, stand with one leg on 
foam pad with eyes open for 3 minutes. If difficult, consider 
wearing Balance Buttons (see figure 6 on page 8). As balance 
improves, try closing eyes on occasion, making sure you’re 
near a stable structure in case you lose balance.

TOEPRO EXERCISES: Place toes on front of ToePro 
and raise then lower heels while tilting your heels in 
and out (arrows). While raising heels, push down 
vigorously with your toes (A). Do 3 sets of 25 reps. If 
difficult, perform next to a table and push down with 
hands. As you get stronger consider holding a weight 
in one hand.

ANKLE DORSIFLEXION: Stand with heels behind 
top crest of ToePro with your forefeet on the floor. Do 
2 sets of 15 reps raising and lowering your forefeet 
and toes. Build to 3 sets of 15 reps.

ALTERNATE TOEPRO EXERCISES: To strengthen your feet without using a ToePro, do 2 
sets of 15 reps of each of the above exercises. A) Heel raises on stair. B) Toe raises on stair. 
C) Toe pushdowns with elastic band. D) Invertor elastic band exercise and E) Evertor 
exercise. To increase resistance, add weight with stair exercises and/or switch to heavier 
resistance band.
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Figure 3. Peripheral neuropathy exercise routine.
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Figure 3. Peripheral neuropathy exercise routine, continued.

HIP AND KNEE EXTENSORS: Stand on a 4-inch step 
and do a curtsy step-up while holding onto a wall. Start 
with 2 sets of 15 reps on each leg. As you get stronger, 
increase to 3 sets of 15 reps while holding onto a weight.

HAMSTRINGS: While holding onto wall for support, 
pivot forward at the hip while standing on one leg. Do 2 
sets of 15 reps and maintain a straight spine while 
performing these exercises. Progress to 3 sets of 15 
reps while holding a weight.

HIP ABDUCTORS: Lie on your side with your top leg 
hanging off of a workout bench (or any soft surface) 
with your toes pointing down. Raise your foot towards 
the ceiling while rotating your leg so your toes point up 
slightly. Do 2 sets of 15 reps on each leg, gradually 
building up to 2 sets of 25 repetitions.

ALTERNATE EXERCISES FOR THE 2:1 
ROCKBOARD: If you do not have a rockboard, just 
stand with your feet separated slightly with an elastic 
band wrapped around your knees. In this position, raise 
and lower your arches as far as possible (A and B). Do 
2 sets of 15 repetitions and gradually build to 3 sets of 
15 reps. A B

ANKLE INVERTORS/EVERTORS: Place a 2:1 
Rockboard near a wall with your foot 
positioned over the abrasive strip so that 
your arch points towards the long side of 
the board (A). While keeping your hip and 
knee straight, use your ankle to rotate the 
rockboard so the edges touch the ground on  
all sides. Do 30 clockwise rotations with your left 
foot and 30 counterclockwise rotations with your 
right foot. Repeat this 2 times. Gradually build up 
to 3 sets of 30 reps on each foot.

A



In addition to exercise, gentle nerve glide stretches have also been shown to improve nerve 
function in people with neuropathy. Performing range of motion and specific nerve glide 
stretches just 3 times daily for 10 minutes appreciably reduced nerve pain while improving 
strength and sensation in patients suffering from chemotherapy-induced peripheral neuropathy 
(23) (Fig. 4). The authors claim that nerve glide exercises improve nerve function by decreasing 
neural edema as stretching the nerve enhances the flow of nutrients through the axon. Other 
authors speculate that nerve glide techniques work because they loosen adhesions that restrict 
proper nerve motion. Regardless of the mechanisms, gently moving peripheral nerves back and 
forth can reduce pain and improve function. In fact, many of the exercises in the peripheral 
neuropathy strengthening program were included because they mobilize branches of the sciatic 
nerve, which is the longest nerve in the body and is almost always affected by peripheral 
neuropathy.  

Perhaps the most interesting technique to improve nerve function in people with peripheral 
neuropathy is the application of vibration stimulus to the soles of the feet. What makes this 
approach so appealing is that while compliance with exercise intervention is notoriously low, 
performing 3, 10-minute sessions of vibration therapy is pretty much the easiest intervention you 
can do short of taking a pill. In 2021, researchers from Iran performed a single subject study in 

Fig. 4. Common nerve glide techniques. 
Alternating movements of the head and 
extremities moves the long peripheral nerves 
back and forth, stretching adhesions between 
nerve fibers and neighboring connective tissues 
that can negatively affect function. Nerve glides 
also improve the flow of nutrients through the 
nerves’ axons. A series of nerve glides that 
effectively improve function in the upper 
extremity are described by Hammond et al. 
(23).



which the bottoms of both feet were vibrated at a frequency of 63 Hz for 10 minutes (24). This 
was repeated on 5 different days. At the end of the intervention, there was an astonishing 63% 
reduction in pain severity, with measurable increases in skin temperature, and marked 
improvements in blood flow and balance. The outcomes of this study were similar to prior 
research showing that an 8-week intervention of foot vibration in 12 patients with diabetic 
peripheral neuropathy improved conduction velocities of both the sural and peroneal nerves 
(which supply sensation to the feet), increased postural stability, and produced significant 
reductions in pain and tingling (25). Unlike whole body vibration, which is expensive and often 
has unwanted side effects (26), local vibration can be applied with inexpensive home massage 
units (Fig. 5) and the only requirement is that the frequency be set at 40-60 Hz. 

As far as the potential for injury goes, one of the biggest problems with peripheral neuropathy is 
that it often results in impaired sensation along the bottom of the feet. Even a slight reduction in 
sensation can greatly increase the risk of falling and/or developing foot ulcerations. To prevent 
this, people with peripheral neuropathy presenting with impaired sensation should consider 
wearing textured insoles (Fig. 6). These insoles have special elevations that amplify cutaneous 
sensation, like a hearing aid amplifies sound. The nice thing about textured insoles like the 
Balance Buttons is that they are inexpensive, and you know right away whether or not they will 
be helpful: as soon as you put them in your shoes, you should notice an immediate improvement 
in balance. The only downside is that they only work while you are wearing them, and they need 
to be replaced every 6 to 9 months.

Surprisingly, one of the most overlooked aspects of managing peripheral neuropathy is nutrition. 
Although there are thousands of articles detailing specific vitamins and nutrients you should take 
to manage peripheral neuropathy, one of the most effective dietary approaches is to consume a 
low-inflammatory diet. In a 15-year study of more than 140,000 people, researchers from China 
showed that people consuming low-inflammation foods were 74% less likely to develop type II 
diabetes (27). Decreasing the risk of type II diabetes significantly reduces the risk of developing 
diabetic peripheral neuropathy. 

Fig. 5. The Peanut Home Massager oscillates at a 
frequency of 55 cps and costs about $40. The two 
heads of this device allow you to roll both feet over the 
top of the massage unit at the same time. Because of 
the intensity of the vibration, the massage unit is 
typically placed on a pillow positioned on the floor. 
This device can also be used as a foam roller to 
massage pretty much any muscle in the body, and 
recent research shows these devices can accelerate 
muscle repair following heavy exercise (31).



The most promising supplement for the management of peripheral neuropathy is α-lipoic acid. 
The mechanism of action of this important nutrient is that α-lipoic acid reduces oxidative stress 
and improves nerve blood flow. The typical dosage ranges from 600 to 1800 mg, and α-lipoic 
acid has recently been labeled by the FDA as safe and effective for the treatment of painful 
diabetic peripheral neuropathy (28). A meta-analysis of 4 randomized, placebo-controlled trials 
with over 1200 participants with painful neuropathy showed that alpha-lipoic acid improves 
neuropathic symptoms 24% (29). These results are similar to the reduced symptoms associated 
with many pharmacological agents, such as gabapentin and SSRI’s.

Given the diverse mechanisms responsible for the development of peripheral neuropathy, it is 
clear that alternative interventions can play a pivotal role in the management of this complex and 
often painful condition. Unlike many pharmacological interventions, the alternative interventions 
described in this article are safe, effective, and inexpensive. Research shows these techniques can 
reduce pain, enhance balance, and improve the overall quality of life for those afflicted with this 
painful condition. The only downside is that because exercise and stretching routines require a 
substantial commitment of time and effort, compliance is often notoriously low. This can be 
addressed by decreasing the intensity, sets, repetitions, and/or frequency of the prescribed 

Fig. 6. Textured insoles. The bottoms of our feet are loaded with thousands of specialized cutaneous 
receptors that tell our central nervous system the precise location of our balance point. Recent research 
shows the vast majority of these receptors are located along the outer sides of our feet (X) (32). When 
these cutaneous receptors are stimulated, their sensory nerves produce an immediate reflex contraction 
of the toe muscles, which greatly reduces pressure in the center of our forefeet: every pound of 
downward force generated by the toes offloads the central forefoot by the same amount. This reflex 
activity protects the center of the forefoot from developing skin ulcerations. Reflex toe activity also plays 
an important role in preventing falls, as downward pressure of the toes keeps us stable as we lean 
forward. Because peripheral neuropathies impair transmission along sensory nerves, it can take as 
much as 80% more pressure to stimulate these cutaneous nerves. Without important information 
supplied by these receptors, the risks of skin ulcerations and falls skyrockets. To counter the 
neuropathy-induced impaired sensation, textured insoles like Balance Buttons have progressively larger 
elevations along the top surface that stimulate cutaneous receptors even in cases of moderate to 
advanced nerve damage. If you inadvertently shift your weight too far to the outside of the foot while 
wearing Balance Buttons, the elevations compress and stimulate even impaired cutaneous receptors, 
producing the reflexive muscular responses necessary to remain upright and avoid injury. 

X



exercises. The same is true for the nerve glide stretching techniques, as the ideal duration of the 
stretching programs has not been determined. Compliance with vibration therapy and/or textured 
insoles is typically not an issue, as they are incredibly simple to incorporate and often provide 
rapid relief, which is a great motivator. In contrast, compliance with nutritional modifications can 
be difficult, but when you consider that healthy diets have been shown to increase lifespan by as 
much as 10 years (30), it should be an important part of everyone’s healthcare routine.
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