
Painful and burning feet represent one of the

most enigmatic conditions encountered by neu-

rologists with limited diagnostic and treatment

options. In the absence of systemic diseases as

diabetes mellitus or local foot problems, the

symptoms may be unexplained because no objec-

tive abnormalities can be found on physical

examination. Unless there is associated large-

diameter myelinated fiber involvement, affected

patients have few or no objective physical signs

such as muscle weakness, absent tendon reflexes,

and loss of vibratory sense and proprioception.

The results of nerve conduction studies, which

primarily evaluate the function of large myeli-

nated fibers, are also normal in the majority of

patients. Therefore despite the compalint of sig-

nificant neuropathic pain, this condition is often

difficult to diagnose and may be mistaken for a

psychiatric disorder. Burning pain has typically

been attributed to neuropathies selectively

involving small myelinated and unmyelinated

fibers such as amyloidosis, Tangier and Fabry

disease, and some cases of hereditary sensory and

autonomic neuropathies. Despite the frequency of

SFN, relatively little attention has been devoted

to this condition.1 - 4

Fortunately, over the past 15 years, new elec-

trophysiologic and histologic methods have led to

improvement in diagnosis, and these methods are

becoming more widely available. It is likely that

advances in treatment will follow, as it is now

easier to design SFN treatment trials that quan-

titate small-fiber dysfunction.5

I will review the major features of SFN and

emphasize the newer diagnostic methods.

1. Definition

Generalized peripheral neuropathies can selec-
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tively affect certain types of nerve fibers. SFN is

a subtype of sensory neuropathy. SFN can be

defined anatomically or physiologically as a sen-

sory neuropathy that exclusively or predominant-

ly affects small diameter thinly myelinated and

unmyelinated fibers and their functions. Small

somatic or autonomic fibers, or both, may be

involved. But many patients with predominantly

SFN have mild, often subclinical large-fiber

involvement, a practical definition allow the

presence of mild large-fiber dysfunction. There is

no agreement regarding the amount of large-

fiber dysfunction that can coexist and still allow

the diagnosis of SFN.5 - 7

The essential criterion of SFN is the predomi-

nant symptoms of dysesthesias arising in the dis-

tal limbs. For inclusion, the neurologic examina-

tion had to either be normal or show diminished

small-fiber mediated functions. But, more signif-

icant indicators of large-fiber dysfunction are

exclusive, including decreased proprioception at

the toes, vibratory loss at or above ankles, any

distal wasting or weakness, generalized areflexia,

or abnormal findings on routine nerve conduction

studies or needle electromyography (EMG).1 , 5 , 6

Therefore SFN is a sensory neuropathy mani-

fest by paresthesias that are typically painful,

along with abnormal findings of small-fiber

function on at least one of the followings as neu-

rologic examination, pathologic studies, or spe-

cialized electrodiagnostic testing.

2. Morphology and function of peripheral

nerve fibers(Table 1)8

There is a relative abundance of small-fibers in

peripheral nerves. In most somatic nerves,

unmyelinated axons outnumber myelinated axons

fourfold. Of the myelinated axons, 32~45％ a r e

small(<7 μm diameter). Most unmyelinated axon

diameters measure 1.0~1.6 μm .5 , 9

The physiologic functions performed by small

somatic fibers include warm perception which is

mediated by type C unmyelinated fibers. These

fibers also play a minor role in cold thermoper-

ception. Type Aδare small myelinated fibers that

are the main afferents for cold perception, and

they also play a role in cutaneous nociception.5 , 1 0 - 1 2

Autonomic fibers have multiple functions.

Preganglionic sympathetic and parasympathetic

cholinergic efferent fibers are myelinated with

diameters ranging from 1.5~4.4 μm. Postgang-

lionic fibers are unmyelinated. Nonsudomotor,

postganglionic sympathetic fibers are adrenergic.

Sudomotor fibers innervating sweat glands are

cholinergic, postganglionic, sympathetic, and

u n m y e l i n a t e d .1 3

3. Etiology (Table 2)8

Unfortunately, an etiology for SFN, especially

in patients over the age of 60, is rarely found.

When an etiology is found, it is usually diabetes

mellitus. In general, diabetic polyneuropathy have

primarily a sensory disturbance. In the small-

fiber type of diabetic neuropathy, the unmyeli-
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Table 1. Morphology and function of peripheral nerve fibers 

Morphology Function

Large-diameter myelinated fibers Skeletal muscle efferents(αmotoneurons)
Tendon reflex afferents
Vibration and proprioception afferents
Some skin touch afferents

Small-diameter myelinated fibers Preganglionic sympathetic efferents
γEfferents to intrafusal spindle muscle  fibers
Cold sensory afferents

Small-diameter unmyelinated fibers Warm sensory afferents
Pain afferents
Some skin touch afferents
Autonomic efferents
Sympathetic postganglionic
Parasympathetic pre-and postganglionic
Autonomic afferents



nated and small myelinated fibers are involved

before large myelinated fibers. The neuropathy

seems to progress centripetally by the involve-

ment of longer lengths of axon associated with

abortive axonal regeneration.5 , 1 4

And known heritable causes of such SFN

include autosomal recessive hereditary sensory

neuropathy, familial amyloidosis, and Fabry’s

disease. Known acquired causal or predisposing

conditions for SFN include systemic amyloidosis,

human immunodeficiency virus infection, and

exposure to certain neurotoxic medications. And

vasculitis also cause SFN.2 , 8 , 1 5 - 1 8

However, no specific etiology is identified for

the majority of SFN encountered in clinical field.

Idiopathic type is the largest category in SFN. For

example, 93% of 44 patients studies by Periquet

et al.1 9 had SFN of unknown etiology. Most of

these patients are over the age of 60 years. And

they have predominantly foot symptoms. Their

paresthesias are usually painful and may be

accompanied by negative symptoms. Examination

findings are usually normal. Symptoms often

spread proximally, but small-fiber dysfunction

Small-Fiber Neuropathy

J Korean Society for Clinical Neurophysiology  / Volume 5 / May, 2003 3

Table 2. Causes of small-fiber neuropathy

Common causes
Diabetes mellitus
Primary systemic amyloidosis
Idiopathic
Hereditary

HSAN types I, IV, and V
Burning foot dominantly inherited sensory neuropathy
Tangier disease (hereditary high-density-lipoprotein  deficiency)
Fabry’s disease (α-galactosidase A deficiency)

Rare causes
Nutritional neuropathies
AIDS
Alcohol
Toxins and drugs
Monoclonal gammopathy/antisulfatide antibodies
Hyperlipidemia
Cancer
Primary biliary cirrhosis 

HSAN, hereditary sensory and autonomic neuropathy

Table 3. Potential causes of small-fiber neuropathy and suggested evaluation

Disorder Evaluation

Diabetes or impaired glucose handling 2-h oral glucose tolerance test
Systemic amyloidosis Serum and urine protein electrophoresis, consider biopsy of nerve,

muscle, abdominal fat, or rectum
Alcohol History
Sjögren’s syndrome ANA, SS-A, SS-B antibodies, Schirmer tear test, Rose-Bengal corneal staining,

lip biopsy
Pharmacologic toxins, e.g.,metronidazole    History
Environmental toxins History, specialized toxicologic studies
Acquired immunodeficiency syndrome HIV antibody
Hyperlipidemia   Fasting lipid panel
Familial “burning feet”neuropathy History, exclude amyloidosis
Tangier disease   Alpha (high-density) lipoproteins
Familial amyloidosis Transthyretin gene test, biopsy of affected tissues
Fabry’s disease  Alpha-galactosidase assay
Hereditary sensory neuropathies  History, examination, possible DNA study when available
Monoclonal gammopathy Serum and urine protein electrophoresis, quantitative immunoglobulins



usually remains to be the predominant findings.

Therefore weakness or other large-fiber dysfunc-

tion usually does not occur. In some patients with

idiopathic SFN, an inflammatory autoimmune

basis has been hypothesized.5 , 1 6 , 1 8 Kelkar et al.7

suggest that some cases of sensory-predominant,

painful, idiopathic neuropathy may be due to

autoimmune vasculopathy and therefore may

respond to immunotherapy.

In generally, SFN is considered as a wastebas-

ket if physician fail to find a cause despite an

adequate evaluation. The potential causes of SFN

and suggested evaluation methods are as Table 3.5

4. Clincal features

Preferential involvement of small or large nerve

fiber populations produces specific patterns of

symptoms in neuropathies. Therefore the clinical

manifestations of peripheral neuropathies differs

considerably depending on the nerve fibers main-

ly involved. Most patients with peripheral neu-

ropathies manifest clinical, electrophysiologcal,

and pathological evidence of large-caliber myeli-

nated nerve fiber involvement, including weak-

ness, absent or diminished tendon reflexes, loss

of vibration and proprioception, and abnormal

nerve conduction studies. In contrast, certain

neuropathies selectively involve small-diameter

myelinated and unmyelinated fibers. The patients

typically present with positive sensory symptoms,

including tingling, burning, prickling, shooting

pain, or aching(Table 4).8 The pain is often worse

at night and may interfere with sleep. Allodynia

and cramps may also occurs. Although common,

pain is not synonymous with small-fiber dys-

function. Pain also occurs with large-fiber disor-

ders, perhaps related to the rate of axonal degen-

eration. Patients may also have negative symp-

toms, including numbness and tightness and

coldness. Symptoms are usually distal and

length-dependent, but they are sometimes patchy

or diffuse.5 , 1 0 , 1 1 , 1 8 , 2 0 - 2 4

In autonomic symptoms, patients have

increased or decreased sweating, facial flushing,

skin discoloration, dry eyes and mouth, skin tem-

perature changes, and erectile dysfunction.

Symptoms of orthostatic hypotension and gas-

trointestinal dysmotility are uncommon except in

disorders such as amyloidosis and diabetes melli-

t u s .4 , 5 , 2 2

The clinical findings of SFN often include a

reduction in thermal and pain sensitivity in asso-

ciation with normal strength, proprioception, and

tendon reflexes. And vibration is usually normal.1 9

5. Diagnostic tests (Table 5)5

The investigations to be considered in a patient

with probable SFN can be categorized as follows:

(a) tests of peripheral nerve function, both

somatic and autonomic; (b) tests for autonomic

dysfunction involving other organs; and (c) inves-

tigations aimed at establishing a cause.8

And test of small-fiber function is important

for diagnosis of SFN, follow-up the course of the

neuropathy, and assess the response to treat-

ment. When decide which tests to perform and

what equipment to purchase, the following infor-

mation should be borne in mind. Most tests eval-

uate only a single type of small-fiber. However, it

is possible that in SFN, other small-fibers, such

as somatic unmyelinated nociceptive afferents,

may also be affected. Therefore test only one type

of fibers may yield misleading results, and is

analogous to do nerve conduction studies in SFN.

And the capacity of a test to detect abnormality

of small-fiber is influenced by the nature and

design of these tests, and the range of biological

variability in control subjects. So the lack of

comparability of the different tests, the results of

a variety of tests of different small-fiber popula-

tion cannot be taken as an indication of damage

to different types of nerve fibers. And as a prac-
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Table 4. Clinical symptoms of idiopathic small-fiber neuropathy in 39 patients

Descriptor Patients affected, number

Type of burning 30
Tingling 15
Numbness 12
Aching 8 
Prickling 6
Cold 5 
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tical issues, availability, reliability, ease of use,

cost, comfort to patient, and time required to

perform the test are also all factors to be consid-

e r e d .8 , 2 5

1) Nerve conduction studies

The conventional electrophysiological estima-

tion of motor, sensory, and mixed nerve conduc-

tion velocities reflects activity in the fastest con-

ducting, heavily myelinated nerve fibers, a small

proportion of the total. The Aδand C fibers,

numerically the largest group of fibers in human

cutaneous nerves, are not tested by this tech-

nique. Motor, sensory, and mixed nerve conduc-

tion studies are usually normal in SFN. 1 0 , 2 0

Therefore standard nerve conduction studies and

needle EMG recordings are valuable to rule out

subclinical large-fiber involvement. Normal

results of an EMG study in the presence of clini-

cal signs of neuropathy provide preliminary evi-

dence of SFN.5 , 8 , 1 6

In SFN, routine nerve conduction studies are

generally normal because the studies only evalu-

ate large-fiber function. Of course, elderly

patients who have no or minimal response to

sural nerve stimulation can also be diagnosed as

SFN. Oh et al.2 6 also found evidence of axonal loss

in plantar nerves by near-nerve needle record-

ings in patients with sensory neuropathy but

have normal sural sensory responses. Therefore

predominantly SFN also have some large-fiber

involvement. So patients who have the clinical

features of SFN with normal nerve conduction

studies should be considered to have SFN until

proven otherwise.5 , 8 A variety of techniques can

be used to assess small-diameter peripheral nerve

f i b e r s .

2) Nerve biopsy

Electron microscopy is required to perform his-

tologic evaluation and quantification of the

unmyelinated fibers. But it is difficult and time-

c o n s u m i n g .6 , 8 , 2 4 A nerve biopsy specimen seldom

helps to identify the specific causes of SFN except

amyloidosis or inflammatory process. Therefore

sensory nerve biopsies are not commonly utilized

in evaluating SFN unless amyloidosis or an

inflammatory process is strongly suspected.

Demyelinating processes do not exclusively affect

small fibers. So distal axonal loss causes SFN.5 , 7 , 8

And the following features are consistent with

unmyelinated fiber pathology: (1) mild prolifera-

tion of Schwann cell projections next to unmyeli-

nated axons; (2) drop-out in the total number of

unmyelinated axons, linked with increased num-

bers of Schwann cell bands devoid of axons; (3)

early regeneration as suggested by the presence

of many flat Schwann cell bands devoid of axons

and associated with a normal number of unmyeli-

nated axons; and (4) advanced regeneration as

evidenced by an increased total number of

unmyelinated axons and increased Schwann cell

p r o j e c t i o n s .8 , 2 7

3) Skin biopsy

Small-diameter C fibers and Aδnerve fibers

innervate the skin. Punch biopsies of the skin

allow further histologic examination of these

nerve fibers. After fixation of the skin tissue, the

sections are stained with monoclonal antibody to

neuron-specific ubiquitin hydrolase. After then

nerve fibers are counted within the sections of

tissue and the numbers compared with control

values. This techniques represents a method for

quantification of small cutaneous sensory fibers.

And this method may allow for histopathologic

evaluation of the response of cutaneous nerve

fibers to treatment with NGFs or other com-

p o u n d s .5 , 8 , 1 5 , 2 8

In neuropathies affecting epidermal innerva-

tion, the most frequently reported abnormality is

a reduction in nerve fiber numbers. Nerve

swellings and a change in branching may occur.

Excessive proximal branching suggests reinner-

vation. As most neuropathies are length-depen-

dent, the fiber loss is usually worse distally.

Epidermal nerve fiber loss correlates with loss of

small-fibers in sural nerve biopsy specimens. In

some neuropathy, epidermal nerve fiber assess-

ment is more sensitive than sural nerve

h i s t o p a t h o l o g y .2,5,28-30 

Although this diagnostic method is very useful,

a limitation is that it is available only in several

academic centers. But skin biopsy itself is simple,

and multiple sites can be examined easily and

studied serially. And the utility of the epidermal

nerve fiber density measurement was confirmed

for sensory neuropathy with a diagnostic effi-

ciency of 88%. Therefore skin biopsies may be

useful to assess the spatial distribution of
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involvement in peripheral nerve disease and the

response to neurotrophic and other restorative

therapies. However, the histologic technique is

moderately complicated, and normals also should

be studied to compare. In addition, it is not useful

in detecting features of amyloidosis or inflamma-

tion as can be seen in peripheral nerve biopsy.

Nevertheless, it is an excellent method for diag-

nosis of SFN.5 , 3 1

4) Sympathetic skin response(SSR)

The SSR is an older, widely available, inexpen-

sive method of assessing small-fiber sudomotor

function. It is a reflex change in the sweat-relat-

ed skin electrical potential elicited by various

unexpected, adrenergic stimuli such as electric

shock to a somatic nerve. A major advantage is

that it is measured on routine EMG equipment.5 , 3 2

Although the sensitivity of the SSR in SFN is

uncertain, it is probably low. And specificity of

the SSR for SFN is also low, and the responses

are not easily quantitated. The respones may

habituate and amplitude decline by repetitive

stimulation. And there may be a limited role for

the SSR in differentiating certain causes of mixed

small- and large-fiber sensory neuropathy.5

5) Quantitative sensory testing(QST)

QST has become an important test in assessing

the function of small and large sensory fiber

function. It is commonly used for serial measure-

ments in neuropathy treatment trials and for the

diagnosis of SFN. Small-fibers are assessed by

measuring temperature thresholds, and large-

fibers by vibratory thresholds. Cooling may be a

more accurate measure than warming due to a

low density of warm receptors in some normals.5 , 3 3

The utility of QST in diagnosis of SFN was

reported by Jamal et al.1 0 who assessed heat, cold,

and vibration thresholds in 25 patients with sus-

pected SFN. The patients had normal nerve con-

duction studies. Compared to normals, all had

abnormal thresholds but vibration thresholds

were normal. The diagnostic sensitivities of QST

in SFN range from 60~85%.4 , 1 9

It should also be noted that studies often reveal

subclinical vibratory abnormalities in SFN, and

that central nervous system sensory dysfunction

can also cause an abnormal QST. Lower sensitivi-

ty may be due to technical and patient factors.

Because the testing is subjective, patients must

concentrate and be cooperative. And there is also

a relatively broad range of normality, so some

patients with small-fiber dysfunction may be

u n d e t e c t e d .5

Regardless of the systems used for QST, it is

important that testing is validated and standard-

ized. Quality reference values must be available,

and patients must be tested in the appropriate

environment. Although the test is subjective,

these safeguards help keep the sensitivity and

reliability relatively high.5 , 3 4

6) Quantitative sudomotor axon reflex test

( Q S A R T )

The QSART evaluates postganglionic sympa-

thetic sudomotor function. Axons in the skin are

activated locally through acetylcholine iontopore-

s i s .3 5 Antidromic transmission to an axon branch

point elicits action potentials that travel ortho-

dromically to release acetylcholine from nerve

terminals producing sweat. The sweat is mea-

sured at the skin surface with a sudomometer.5

QSART is a sensitive indicator of SFN even in

patients lacking symptoms of sudomotor dys-

function. Length-dependent reductions in sweat

volume can often be identified. The sensitivity of

QSART in SFN is 60~80%.4 , 6 , 2 0

The test is objective, reproducible, only moder-

ately time-consuming, and specific to peripheral

nervous system dysfunction. It could be used

serially to monitor disease progression or treat-

ment responses. Tested patients must stop the

medications that affect sweating, including tri-

cyclic antidepressants.5

7) Microneurography

Microneurography record from very fine needles

inserted into peripheral nerves. It can be used to

study function in small-fiber sensory afferents

and sympathetic efferents. But this method lends

itself better to the study of the normal physiology

of peripheral nerves than to the detection of

abnormalities. And it is also invasive and time-

consuming, so it is unlikely to become a routine

diagnostic test of SFN.3 6 , 3 7

8) Other tests of sudomotor function

Other methods of sudomotor function include

Small-Fiber Neuropathy
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the thermoregulatory sweat test and the Silastic

skin imprint method. The thermoregulatory sweat

test involves dusting a patient with an indicator

powder that turns purple when moist. And the

pattern of body surface covered by sweat is

assessed semiquantitatively. The sensitivity of

the test in SFN is high. Stewart et al.6 r e p o r t e d

the sensitivity of the test in SFN is 72%. It is

especially useful for detecting very distal loss of

sweating. But the disadvantages of the test are

that it is messy, semiquatitative, and requires a

special room. And is also time-consuming and

may not be economically feasible for many situa-

t i o n .5

The Silastic skin imprint method is performed

by applying Silastic material to stimulated skin.

Sweat droplets indent the Silastic material and

are counted within a certain surface area. But the

sensitivity of the method is uncertain.5,25 

9) Other autonomic tests

The sympathetic nervous system is assessed by

the Valsalva maneuver and by the blood pressure

response to standing or tilting. And the parasym-

pathetic, cardiovagal axis can be assessed by

measuring the heart rate variation during deep

breathing and during the Valsalva maneuver.5 I n

a study of 47 patients with painful, primarily

SFN, 57% had abnormal cardiovagal testing.4 A n d

among 15 patients with SFN, 75% had asympto-

matic cardiovagal dysfunction.3 8

6. Treatment (Table 6)5

Treatment of SFN can be categorized as prima-

ry therapy of the underlying disorder, sympto-

matic therapy, and therapy with experimental

agents that may reverse nerve damage and pro-

mote repair of small-fibers. Approaches to pri-

mary therapies include tight control of diabetes

mellitus, abstinence from alcohol, measures to

correct nutritional defiencies, and removal of

toxins. Therefore if the causes of SFN are not

found such as diabetes mellitus, the management

of SFN usually centers upon symptomatic treat-

ment of neuropathic pain. But most of the drugs

that are efficacious reduce pain sensitivity by

only 20~40%. Therefore patients should under-

stand the goal of treatment, and that pain is

often not totally relieved by treatment. Useful

drugs include anticonvulsants, tricyclic antide-

pressants, opiates, lidocaine and lidocaine-deriv-

atives, and antiglutaminergic drugs. These drugs

can be used as monotherapy or in combination.

Drugs are often more effective in combination

than when given singly. In particular, it is useful

to combine the classic analgesics, such as aceta-

minophen and codeine, with carbamazepine,

phenytoin, or a tricyclic antidepressant. When

none of these measures effectively relieve severe

pain, narcotics should be used. And treatment is

started at a low dose and titrated to the maxi-

mum tolerable dose until benifit is achieved or

intolerable side effects occur. And sometimes a

few patients show dramatic response to intra-

venous immunoglobulin.5 , 8 , 1 6

7. Evolution

SFN may evolve in one of 4 ways. In the first

pattern, the large-fibers become involved and

give rise to a pansensory or sensorimotor neu-

ropathy. Many SFNs due to diabetes mellitus,

amyloidosis, alcohol and nutrition-related, and

hereditary sensory autonomic neuropathy type I

fall into this category. In the second pattern, dif-

fuse involvement of the autonomic nervous sys-

tem gives rise to widespread autonomic dysfunc-

tion. Both the first and second patterns can occur

together, as is seen in some patients with dia-

betes mellitus and primary amyloidosis. In the

third patterns, the neuropathy is restricted to the

distal small-fibers. And in the fourth patterns,

the neuropathy can resolve, partcularly if a toxic

cause is identified and eliminated. Some patients

with alcohol-related and diabetic neuropathy

show improvement with treatment.8

Despite extremely troubling symptoms, there

was no progression in half the patients, and it

was slow and mild in the others. And a few

patients show spontaneous remission.1 6

8. Summary

SFN results from pathologic processes causing

preferential damage to small-diameter fibers of

peripheral nerves. And dysesthesias are common

in SFN, but clinical signs are minimal and fre-

quently limited to reduced sensation of pinprick

and temperature in the distal regions of the legs.

And burning feet are common symptoms, but SFN

and painful sensory neuropathy are not synony-

mous. The causes of SFN are relatively few, but
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the most commonly diagnosed cause of SFN is

diabetes mellitus. And conventional EMG studies

are normal in SFN, therefore tests that specifi-

cally evaluate small nerve fibers are more valu-

able. And now symptomatic and specific treat-

ment is available for SFN.5 , 8 , 2 4

9. Conclusion 

In conclusion, it is reasonable to conclude that

the nerve fiber diameter alone does not determine

susceptibility to damage. Mixed syndromes occur

frequently. Selective impairment of small-fiber

subgroups in some patients is probably only the

endpoint of a wide range of possible combination

of affected fibers. 

SFN is a common, slowly progressive neuropa-

thy that begins in late adulthood and causes lim-

ited motor impairment. A number of investigative

methods are now available for confirming the

diagnosis. Based on the advantages and disad-

vantages as well as economic issues regarding

these methods, one or a combination of these

modalities can be used. In all patients with SFN,

evaluation for diabetes mellitus or impaired glu-

cose tolerance should be done. And other causes

also be identified by history, physical examination

and laboratory findings. 

And pediatricians also should be aware of idio-

pathic SFN because this condition can be mistak-

en for a psychiatric disorder. Although unusual in

childhood, it must be considered in the differen-

tial diagnosis of burning limb pain with no

apparent physical or electrophysiologic abnor-

malities. 

10. Future directions

In the future, it will be important to determine

whether a marker for an autoimmune cause of

idiopathic SFN can be established. A larger

prospective study is needed to determine whether

it is possible to identify the subgroup of patients

who may have inflammatory changes and may be

considered candidates for immune-modulating

therapies. Therefore treatment trials with

immune-modulating therapies as intravenous

immunoglobulin should be considered. It is also

important to determine how many middle-aged

patients with burning feet have underlying causes

of secondary SFN. And better treatments for

neuropathic pain and small-fiber degeneration

are also important problems.
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