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Neuropathy is the most prevalent microvascular complication of diabetes mel-
litus; it encompasses distal symmetric polyneuropathy, autonomic neuropathy,
radiculoplexus neuropathy, mononeuropathy, and treatment-induced neuropathy.
The prevalence rate of diabetic neuropathy in Korea was reported to be approx-
imately 43%, which is similar to rates in other countries. However, the precise
pathogenic mechanism underlying diabetic neuropathy is still obscure, and many
clinical trials have failed to develop methods to prevent or reduce the progression
of diabetic neuropathy. Nevertheless, early diagnosis and proper management of
diabetic neuropathy are essential to alleviate disabling symptoms and to improve
the quality of life of patients. This review discusses clinical manifestations and
classification of diabetic neuropathies, bedside neurological examination, and
electrophysiological tests.
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INTRODUCTION

Diabetic neuropathy is a common complication of di-
abetes and is also the most common type of acquired
neuropathy. As diabetic neuropathy is not a single enti-
ty, the term “diabetic neuropathies” seems to be a more
appropriate term, encompassing a wide spectrum of
clinical manifestations and levels of neurological in-
volvement. The prevalence rate of diabetic neuropathy
has been reported to range from 8% to 63% in type 1 dia-
betes and from 13% to 51% in type 2 diabetes [1]. A recent
multicenter study reported a prevalence rate of diabetic
neuropathy in Korea of approximately 43% [2]. As dia-
betes has a prevalence of 13% in the adult population of
Korea and one third of older people over 65 years of age
are diabetic, the impact of diabetic neuropathy on the
management of diabetic complications is significant.
The precise pathogenic mechanism underlying diabet-
ic neuropathy is still obscure, and mechanism-based
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treatments have failed. Nevertheless, early diagnosis and
proper management of diabetic neuropathy are essen-
tial to alleviate disabling symptoms and to improve the
quality of life of patients.

CLASSIFICATION OF DIABETIC NEUROPATHIES

Diabetic neuropathies encompass a wide spectrum of
neuropathies with different clinical manifestations and
underlying pathophysiological mechanisms. Table 1
shows the most commonly used classification of diabet-
ic neuropathies [3].

Distal sensorimotor polyneuropathy

Distal sensorimotor polyneuropathy (DSPN) is the most
common phenotype among the various types of diabetic
neuropathy. Most research conducted to date has been
on this “length-dependent” pattern of diabetic neurop-
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Table 1. Classification of diabetic neuropathies

Symmetric diabetic neuropathy
Distal symmetric sensory neuropathy
Diabetic small fiber neuropathy
Diabetic autonomic neuropathy
Treatment-induced neuroathy of diabetes
Asymmetric or focal diabetic neuropathy
Cranial neuropathy
Truncal radiculopathy

Radiculoplexus neuropathy

athy. DSPN usually begins 5 to 10 years after diagnosis
of diabetes, beginning insidiously at the distal part of
the legs symmetrically and gradually progressing to
the more proximal parts showing a “glove-and-stock-
ing” pattern. When large-diameter sensory fibers are
involved, the patient complains of tingling, pins and
needles (positive symptoms), as well as numbness and
heaviness (negative symptoms). Loss of small sensory
fibers (Ad and C-fibers) induces burning or lancinating
pain with various symptoms or signs of autonomic dys-
function. This small fiber involvement causes painful
diabetic neuropathy, which is seen in 25% of patients
with DSPN [4].

Some authors differentiate between diabetic small
fiber neuropathy and DSPN. However, the existence of
pure small fiber neuropathy is still controversial. The
term “small fiber neuropathy” usually refers to the
predominant involvement of small fibers and very lit-
tle large sensory and motor fiber damage. The results
of nerve conduction study (NCS) are usually normal in
small fiber neuropathy. Other diagnostic tests, such as
autonomic function tests (AFTs), quantitative sensory
tests (QST), and sudomotor tests, are necessary in such
cases.

Motor involvement is usually subclinical and be-
comes clear late in the clinical course. Sensory symp-
toms beginning in the upper extremities and prominent
muscle weakness raise red flags and physicians must
exclude other causes of neuropathy. For example, par-
esthesia and burning pain beginning in the hands with
gait disturbance suggest vitamin B , deficiency caused
by pernicious anemia, alcohol abuse, and occasionally
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metformin intake.

Diabetic autonomic neuropathy

Autonomic nerve fibers are involved in all forms of the
clinical spectrum of diabetic neuropathies. Autonom-
ic neuropathy was reported to have prevalence rates of
16.8% in patients with type 1 diabetes and 34.3% in those
with type 2 diabetes in a study using strict diagnostic
criteria based on AFT [5]. However, it is considered to be
more common than previously reported.

Patients often ignore or underreport their symptoms
until physicians inquire about autonomic symptoms.
It is reasonable to suspect autonomic neuropathy in
patients with painful somatic neuropathy, because au-
tonomic nerve fibers are thinly myelinated or unmy-
elinated fibers that are damaged in somatic small fiber
neuropathy. Resting tachycardia may be the first symp-
tom or sign of parasympathetic impairment, followed
by dyspnea or chest pain on exercise, silent myocardi-
al ischemia, and orthostatic dizziness. Orthostatic hy-
potension significantly increases the risk of falls and
syncope. Therefore, it is recommended to check for
the presence of cardiac autonomic neuropathy before
prescribing exercise to diabetic patients [6]. Cardiac au-
tonomic neuropathy is an independent risk factor for
sudden death from cardiovascular events [7]. A recent
meta-analysis showed that almost all types of supervised
regular exercise training improve cardiac autonomic
function in patients with type 2 diabetes [8]. The impor-
tance of annual cardiac autonomic function check-ups
and proper management, including regular exercise,
cannot be overemphasized.

Genitourinary dysfunction is also an important cause
of poor quality oflife. It is estimated that about half ofall
diabetic patients suffer from urinary dysfunction. Ini-
tially, the ability to sense bladder filling decreases due to
damage to sensory nerve fibers innervating the bladder
wall. Then, the residual amount of urine increases, re-
sulting in overflow incontinence. Erectile dysfunction is
common in men, with reported rates ranging from 35%
to 90% of patients, and often appears as the first symp-
tom of autonomic neuropathy [9]. Impotence caused by
dysfunction of vascular endothelial cells requires clini-
cal attention because it is related to the risk of cardiovas-
cular complications.

Blurred vision in bright light, sweating abnormalities,
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dysphagia, constipation, and diarrhea are additional
frustrating symptoms of autonomic neuropathy. De-
creased sympathetic innervation to the liver and adre-
nal glands can be dangerous because counterregulato-
ry responses, such as palpitation and sweating, may be
absent and, thus, prevent the patient from recognizing
hypoglycemia (hypoglycemic unawareness) [10].

Diabetic mononeuropathy

Patients with diabetes are vulnerable to mononeuropa-
thy, including involvement of the median, radial, or ul-
nar nerves. Interestingly, carpal tunnel syndrome in di-
abetic patients is often asymptomatic and only found in
NCS [11]. Cranial nerves involving ocular motor (cranial
nerve III, IV, and VI) and facial nerves are also affected,
although this is rare. In diabetic oculomotor neuropa-
thy, pupillary light reflex is preserved because superfi-
cially located pupil-constricting parasympathetic fibers
can avoid ischemic insult.

Diabetic radiculoplexus neuropathy

Diabetic radiculoplexus neuropathy is an uncommon
entity, previously called diabetic amyotrophy, which
has characteristic manifestations of unilateral proximal
muscle wasting and weakness following sudden onset
of pain in the thigh. The brachial plexus may also be
involved, but its occurrence is rarer than lumbosacral
plexus. Nerve biopsy shows perivascular inflammation,
focal necrosis of the perineurium, and neovasculariza-
tion, suggesting ischemic nerve injury [12]. It is usually
monophasic and self-limiting over several months in
the majority of cases, but full recovery is unlikely. The
therapeutic efficacy of immunotherapy, including plas-
ma exchange, intravenous immunoglobulin, and intra-
venous methylprednisolone, is controversial [13].

Treatment-induced neuropathy of diabetes

Painful neuropathy following rapid correction of hy-
perglycemia, previously known as insulin neuritis or
cachexic neuropathy, has now been designated as treat-
ment-induced neuropathy of diabetes (TIND) [14]. Al-
though its incidence is not yet known, in a single center
study 11% of patients referred for evaluation of diabet-
ic neuropathy were found to have TIND [15]. TIND can
occur regardless of the type of treatment. Insulin, oral
hypoglycemic agents, and even tight diet control have
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a potential risk for inducing TIND. Rapid reduction
of blood glucose, ie., a decrease in HbA1ic >3 points
within 3 months, in patients with chronic hyperglyce-
mia tends to be associated with the development of this
type of neuropathy [16]. The most common symptom is
“burning” or “lancinating” pain with various symptoms
of autonomic dysfunction. Although the mechanism is
unclear, it has been postulated that rapid reduction of
blood glucose level causes relative hypoglycemia in pa-
tients with chronic hyperglycemia and results in energy
crisis of the axonal transport system [16]. Small, unmy-
elinated nerve fibers are vulnerable to this hypoxic and
ischemic condition. A history of eating disorders is ex-
tremely common in women with type 1 diabetes, and
hypertension, dyslipidemia, and tobacco use are com-
mon medical comorbidities in type 2 diabetes. As there
is as yet no effective treatment other than management
of neuropathic pain, safe rates of glycemic change are
recommended especially in chronic hyperglycemic pa-
tients at risk of developing TIND.

CLINICAL DIAGNOSIS

Diagnostic criteria

The diagnostic criteria used in clinical studies or re-
search are variable, and are usually confined to DSPN.
Some criteria are based on clinical symptoms or signs
only, while others require diagnostic tools for objective
diagnosis. The generally accepted criteria are those of
the expert panels at the International Symposium on
Diabetic Neuropathy in Toronto, 2009 [17]. They pro-
posed the minimal diagnostic criteria for typical DSPN
as follows: (1) possible—the presence of symptoms (de-
creased sensation, positive neuropathic sensory symp-
toms) or signs (symmetric decrease of distal sensation
or unequivocally decreased or absent ankle reflexes) pre-
dominantly in the toes, feet, or legs; (2) probable—the
presence of a combination of symptoms and signs of
neuropathy; (3) confirmed—the presence of abnormal-
ities on NCS with both the presence of a combination
of symptoms and signs of neuropathy, and if the results
of NCS are normal, other validated measures of small
fiber function may be used; and (4) subclinical—no neu-
ropathic symptoms or signs but confirmed neuropathy
with NCS or other validated methods.
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History taking and bedside examination

The onset and mode of progression of neuropathic
symptoms should be determined. DSPN begins insidi-
ously and progresses very slowly. Sudden onset or rapid
worsening of symptoms or signs exclude the possibil-
ity of DSPN, and indicate a typical pattern of diabetic
radiculoplexus neuropathy or other immune-mediated
inflammatory neuropathies, such as Guillain-Barré syn-
drome. Symptom descriptions show a wide degree of in-
terindividual variability. Careful history taking to deter-
mine whether the symptoms imply large or small fiber
involvement is helpful when prescribing medication for
management of symptoms. The distribution of sensory
symptoms should be determined. Patients often do not
exactly describe the boundaries of sensory deficits in
neurological examination, so rough evaluation of sub-
jective sensory involvement is important for differential
diagnosis and should be included in history taking.

In DSPN, neurological examinations demonstrate
distal symmetric loss of both vibration and pinprick
sensation [18]. Vibration sensation is tested on the index
finger in the upper extremity or great toe in the lower
extremity. A 128-Hz tuning fork is placed on the bony
prominence of the distal interphalangeal joint of the
finger or toe of the patient, and they are then asked to
indicate the moment when they no longer feel the vibra-
tion (Fig. 1A). The vibration sensation is considered to be
normal if the examiner feels vibration for <10 seconds
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on the hands. Pinprick sensation can be tested with a
toothpick or broken cotton swab; a metal pin or safety
pin should not be used to avoid the risk of blood-borne
infection. Decreased sensory perception is evaluated to
determine whether the deficit has a distal-to-proximal
gradient on the tested limb or is symmetrical on both
sides.

Tendon reflex is examined using a hammer. The pa-
tient’s foot should be passively dorsiflexed to obtain the
maximal response. The Achilles tendon reflex may not
be elicited or may be reduced at age = 6o years.

Questionnaires for screening

Organized and validated questionnaires are commonly
used for objective and consistent history taking along
with physical examination. These questionnaires are
useful because they represent the patient’s neurologi-
cal symptoms, reduce the clinic time, and help to de-
termine the progress of neuropathy when performed
regularly. The current position statement of the Amer-
ican Diabetes Association recommends screening for
diabetic neuropathy at the time of diagnosis and annual
assessment for patients with type 2 diabetes and patients
with type 1 diabetes for = 5 years [19)].

The Michigan Neuropathy Screening Instrument
(MNSI)is the most widely used questionnaire for screen-
ing of diabetic neuropathy [20]. This questionnaire,
which has been designed to make it easier for general

Figure 1. Neurological examination for detecting sensory loss in diabetic neuropathy. (A) Vibration test using a 128-Hz tuning
fork. (B) A 10 g Semmes-Weinstein monofilament test. (C) Ten sites recommended for monofilament test. Red points are pref-
erentially tested sites and blue points are other recommended sites.
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practitioners to screen for distal symmetric neuropathy
in diabetes, includes two separate chapters (Table 2). The
first is a 15-item questionnaire that elicits “yes” or “no”
responses regarding sensory abnormalities in a collec-
tion of questions with high sensitivity and specificity to
DSPN among the items of the Neuropathy Screening
Profile. Questions 4 and 10 are about vascular circulation
and general asthenia, and so are excluded in scoring. A
score > 7 is considered abnormal [21]. The second part
consists of four items of simple physical inspection and
neurological examination, which are tested on both the
left and the right sides: (1) foot inspection for evidence of
deformity, dry skin, callus, infection, fissure, and ulcer-
ation; (2) vibration sensation measured on the great toe
using a 128-Hz tuning fork; (3) ankle reflex; and (4) tactile
examination of the foot using 10 g monofilament (Fig.
1B and 1C). Eight correct answers out of 10 applications
is considered normal. MNSI is a simple, semi-quantita-
tive test that is suitable for use in busy outpatient clinics.
Further objective tests should be considered to ensure
accurate diagnosis in patients with a positive screening
test but atypical presentation of DSPN. Michigan Dia-
betic Neuropathy Score (MDNS) is a tool that includes
more detailed neurological examination and NCS data
[20]. MDNS is used to confirm the presence of neurop-
athy and to evaluate its severity in patients with positive
result on MNSI. Diabetic Neuropathy Examination [22]
and Diabetic Neuropathy Symptom Score are additional
tools designed for screening of DSPN [23], but further
studies are required to validate their reliability.
Composite Autonomic Symptom Score (COMPASS-31)
can be used for screening to identify autonomic dys-
function [24]. COMPASS-31 is a well-validated question-
naire for early detection of autonomic dysfunction in
type 2 diabetes composed of31 questions in six domains,
i.e., orthostatic intolerance, vasomotor, secretomotor,
gastrointestinal, constipation, bladder, and pupillomo-
tor [25]. The advantages of COMPASS-31 are that each
symptom is quantified differently according to clinical
significance, and the score is consistent with the severity
of the results of the AFT [26]. However, the symptoms
of autonomic dysfunctions are diverse and not specific,
and even end organ failure can mimic autonomic neu-
ropathy. Therefore, autonomic neuropathy cannot be
diagnosed based simply on the presence or absence of
such symptoms. At least one objective diagnostic test is
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required for accurate diagnosis in patients with suspect-
ed symptoms of autonomic dysfunction.

ELECTROPHYSIOLOGICAL DIAGNOSIS

When diabetic neuropathy is suspected, more objective
tests are needed to confirm the presence of neuropa-
thy, to measure the severity of neuropathy, and finally
to exclude other possible causes of the symptoms. More
detailed and accurate diagnosis is now possible with ad-
vances in diagnostic technology (Table 3).

Nerve conduction study

Electrophysiological tests should be performed to con-
firm the presence of neuropathy, to determine its sever-
ity, and to differentiate other causes of neuropathy from
diabetic neuropathy. NCS is the gold standard test for
this purpose, and plays a crucial role in evaluation of the
peripheral nervous system and obtaining accurate and
objective data on neuropathies. Experts advocate the use
of NCS as a reliable indicator of DSPN in epidemiologi-
cal or clinical trials [17]. Electromyography (EMG)is often
used as the general term for electrodiagnostic tests and
as a mixture of NCS. However, EMG is not necessary for
evaluation of neuropathy and is performed only when a
referred patient seems to have another type of neuropa-
thy or motor involvement, such as radiculopathy.

Autonomic function test

In 1982, Ewing and Clarke [27] proposed five tests for
cardiovascular autonomic neurological function, i.e.,
heart rate response to the Valsalva maneuver, heart
rate variation during deep breathing, blood pressure
response to sustained hand grip, immediate heart rate
response to standing, and blood pressure response to
standing. The current conventional AFT includes mea-
surement of heart rate variability during deep breathing
and the Valsalva maneuver and head-up-tilt test that
can assess cardiovagal and sympathetic adrenergic func-
tion. Sympathetic cholinergic function can be assessed
by the quantitative sudomotor axon reflex test (QSART)
in specialized laboratories [28]. Some devices provide
automatic interpretation of sympathetic or parasympa-
thetic deficit using the time and frequency domain of
the heartbeat [29]. It is difficult to say whether conven-
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Table 2. Michigan Neuropathy Screening Instrument

A. History (to be completed by the person with diabetes)
Please take a few minutes to answer the following questions about the feeling in your legs and feet. Check yes or no based
on how you usually feel. Thank you.

1. Are your legs and/or feet numb? (1 Yes [1oNo
2. Do you ever have any burning pain in your legs and/or feet? [ Yes [1oNo
3. Are your feet too sensitive to touch? (1 Yes [1oNo
4. Do you get muscle cramps in your legs and/or feet? (o Yes [1oNo
5. Do you ever have any prickling feelings in your legs or feet? (1 Yes [1oNo
6. Does it hurt when the bed covers touch your skin? [ Yes [1oNo
7. When you get into the tub or shower, are you able to tell the hot water from the cold water? []o Yes [11No
8. Have you ever had an open sore on your foot? (11 Yes [1oNo
9. Has your doctor ever told you that you have diabetic neuropathy? (1 Yes (1o No
10. Do you feel weak all over most of the time? (o Yes [1oNo
11. Are your symptoms worse at night? (1 Yes [JoNo
12. Do your legs hurt when you walk? (1 Yes [1oNo
13. Are you able to sense your feet when you walk? (o Yes (11 No
14. Is the skin on your feet so dry that it cracks open? (1 Yes [1oNo
15. Have you ever had an amputation? (1 Yes [JoNo

Total: (13 maximum)

B. Physical assessment (to be completed by health professional)

1. Appearance of feet

Right Left
a. Normal o Yes [J1No Normal [Jo Yes [J1No
b. If no, check all that apply: If no, check all that apply:
Deformities O Deformities O
Dry skin, callus O Dry skin, callus O
Infection O Infection O
Fissure O Fissure O
Other O Other O
specify: l specify: l
Right Left
Absent Present Absent  Present
2. Ulceration Lo a Lo R
Present Reinforcement Absent Present  Reinforcement Absent
3. Ankle reflexes Lo Los [ FY Lo o (I FY
Present Decreased Absent Present  Decreased Absent
4. Vibration perception Mo Hos mh Mo Hos a1
at great toe
Normal Reduced Absen Normal Reduced Absen
5. Monofilament Lo os ([ FY Lo o ([ FY

Total score /10 points
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Table 3. Advantage and disadvantage of the tests for neuropathies

Methods Advantage Disadvantage

NCS Gold standard of test, sensitive, objective, reproducible Can assess only large fibers

QST Evaluate both large and small fibers, can assess positive symptoms  Subjective, need special equipment
AFT Objective, quantitative Moderate sensitivity

QSART Quantitative, sensitive Need special equipment

Skin biopsy Quantitative measure of small fiber Invasive, not commercial test

NCS, nerve conduction study; QST, quantitative sensory test; AFT, autonomic function test; QSART, quantitative sudomotor

axon reflex test.
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Figure 2. Heart rate variability in response to deep breathing. Sinusoidal curves are generated according to the patient’s repet-

itive deep inspiration and expiration.

tional AFT or spectral analysis is better. However, power
spectral analysis of the heartbeat represents data that are
transformed to such an extent that this method should
not be used without sufficient familiarity [30].

Heart rate variability to deep breathing (HRV ;) is the
most widely used, simple, and reliable test for evaluation
of cardiovagal function [31]. Deep inspiration increases
intrathoracic pressure and reduced venous return accel-
erates heartbeat to maintain cardiac output. Exhalation
decreases the heart rate and vice versa. The patient is
requested to take about 5 to 6 regular slow deep breaths
per minute, and continuous records of R-R interval gen-
erate sinusoidal curves (Fig. 2). The average ratio of the
maximum to minimum heart rate (E:I ratio) or the aver-
age of the fastest rate minus the slowest (E-I difference)
is used as HRV ;. Parasympathetic dysfunction is the
first to appear in diabetic autonomic neuropathy, fol-
lowed by sympathetic adrenergic impairment. There-
fore, reduced HRV ; is a good indicator of early cardiac
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autonomic neuropathy [32].

Heart rate variability in response to the Valsalva ma-
neuver (HRVy,,) has a somewhat complex mechanism.
The heart rate and blood pressure change with the Val-
salva maneuver, and can be divided into four phases
(Fig. 3). Immediately after the Valsalva maneuver, the
mechanical pressure on the aorta transiently increases
blood pressure (phase I). During the maneuver, the de-
crease in venous return leads to a decrease in cardiac
output (drop in blood pressure) and a compensatory
increment of heart rate (early phase II). Through acti-
vation of the baroreflex, there is a return of blood pres-
sure to baseline (late phase II). Release of the abdominal
strain the maneuver causes a transient drop in blood
pressure and increase in heart rate (phase III) and, sim-
ilar to phase I, phase III is also a mechanically induced
response and is not mediated by autonomic reflexes.
Finally, there is significant overshoot of blood pressure
and a sudden fall in heart rate due to the normalized ve-
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Figure 3. Valsalva ratio (A) and Valsalva phase (B). Valsalva ratio is the ratio of the fastest heart rate in phase II to the slowest
heart rate during phase IV. Valsalva phase is devided into four phases.

nous return and increased cardiac output while periph-
eral vasoconstriction is still present. The Valsalva ratio
is the ratio of the fastest heart rate in phase II to the
slowest heart rate during phase IV. The Valsalva ratio
reflects the integrity of cardiovagal and sympathetic ad-
renergic function, and abnormal Valsalva phase (loss of
late phase II or blunting of phase IV) indicates impaired
sympathetic adrenergic function [33].

Orthostatic intolerance can be assessed by the head-
up-tilt test. Active standing can substitute for passive
tilt. The diagnosis of classic orthostatic hypotension re-
quires a fall of > 20 mmHg in systolic blood pressure
and >10 mmHg in diastolic blood pressure within 3
minutes of standing [34]. Continuous pulse pressure
monitoring can provide additional information regard-
ing whether a decline of blood pressure is physiological
(initial orthostatic hypotension caused by dehydration
or medication) or pathological (neurogenic orthostatic
hypotension). Compensatory tachycardia does not ap-
pear or is minimal in neurogenic orthostatic hypoten-
sion, because parasympathetic fiber loss begins earlier
than sympathetic denervation.

At first glance, the AFT method seems simple, but it
goes through very complex reflex pathways. In addition,
the results may vary depending on the patient’s physi-
cal or psychological state at the time of the test and any
medications being taken. Therefore, the results should
be interpreted with knowledge of the autonomic ner-
vous system and the factors that may affect the results.

Sudomotor tests

Sudomotor function is another important autonomic
function for maintenance of body temperature, and can
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be evaluated by QSART [28]. Using a specialized device,
the nerve terminals within sweat glands are stimulated
by 10% acetylcholine. This will produce axon reflex and
retrograde action potential along the axon will induce
sweat response to the neighboring sweat glands. The
amount of sweat evaporated is measured and used as a
marker of sudomotor function. QSART is the most sen-
sitive test for detecting postganglionic sympathetic cho-
linergic abnormalities, and is currently used in various
clinical conditions [28].

Neuropad is a simple, visual indicator test for docu-
menting sweat production. The pad changes color from
blue to pink when there is adequate sweat production,
while lack of color change or incomplete response in-
dicates hypohidrosis. Although semiquantitative, this
method is easy to perform and has been reported to
be useful for detection of early diabetic neuropathy or
small fiber dysfunction [35]. A multicenter study includ-
ing 1,010 patients with type 2 diabetes reported sensitiv-
ity of 94.9% and specificity of 70.2% for the diagnosis of
small fiber neuropathy [36]. They concluded that Neu-
ropad is an excellent screening test to exclude neuropa-
thy in patients with diabetes.

Sudoscan is another method to assess sudomotor
function. Similar to Neuropad, it is a noninvasive indi-
cator test, based on the reaction between sodium chlo-
ride in sweat and nickel. It measures electrochemical
skin conductance in the palms of the hands and soles of
the feet, and low skin conductance indicates the reduced
sweating seen in small fiber neuropathy. In a study to
compare its accuracy for detecting small fiber dysfunc-
tion in patients with diabetes with QST and QSART, the
sensitivity and specificity for diabetic neuropathy were
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skin. (A) Epidermal nerve fibers arising from subepidermal
neural plexus (arrowhead) extend vertically with various
patterns of branching in a healthy subject (arrow). (B, C) In-
traepidermal nerve fibers were rarely seen with fragmented
subepidermal neural plexus (white arrowhead) with promi-
nent axonal swelling (white arrow) in a patient with diabetic
neuropathy. (D) Dermal nerve plexus innervating sweat
gland can be seen in the dermis. (A, B, C x1,000; D x400)

reported to be 78% and 92%, respectively [37].

Quantitative sensory test

The QST is a type of psychophysiological test that assess-
es the sensory perception thresholds to defined sensory
stimuli. Conventional QST measures the thresholds of
vibration, cold, and heat pain sensation. QST is useful
when the patient has predominant small fiber loss (loss
of pinprick and thermal sensation) or positive symptoms
(irritable nociceptors) [38]. Its clinical use is limited by its
requirement for specialized equipment and considerable
time consumption. As the results of QST are dependent
on the concentration of the subject, the diagnostic sen-
sitivity for diagnosis of peripheral neuropathy has been
reported to range from 36% to 85% [38]. Therefore, QST
is recommended for use as a complementary tool rather
than as a single diagnostic test [39].

Skin biopsy

Evaluation of intraepidermal nerve fiber density
(IENFD) using skin biopsy provides an objective, quan-
titative measure of very distal free nerve endings, mostly
somatic C-fibers [40]. Skin specimens are obtained from
the distal and proximal leg with a 3-mm punch biopsy
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[41]. The nonspecific pan-axonal marker, protein gene
product 9.5, is used for immunochemical staining of
intraepidermal nerve fibers [41]. IEFND is calculated by
the number of intraepidermal perpendicular sprouting
axons per cubic millimeter measured under microscopy
(Fig. 4A). In diabetic neuropathies with small fiber loss,
IENFD is markedly reduced, even in the early course of
the neuropathy (Fig. 4B). Morphological changes, such as
axonal swelling, demonstrate early pathological changes
of neuropathy (Fig. 4C). Exploration of the dermis also
provides useful information regarding innervation to
the sweat glands or erector pili muscles (Fig. 4D) [42].

Although not routinely performed in clinical practice
and only used for research purposes in Korea, many di-
agnostic criteria for small fiber neuropathy include re-
duced IENFD as a major feature. As IENFD reflects very
early changes in degeneration and regeneration of nerve
fiber axons, few studies have used skin biopsy to show
the effects of interventions [43]. Recently, adrenergic and
cholinergic autonomic innervation of the skin can be
evaluated by immunohistochemical staining and confo-
cal microscopy [44]-

CONCLUSIONS

Diabetic neuropathies, the most common of which is
DPSN, show a wide variety of clinical features. The most
important point in diagnosis is to avoid misdiagnosing
other treatable neuropathies as DSPN. It is necessary
to be familiar with various clinical aspects of diabetic
neuropathies and to check them through objective di-
agnostic tests in cases with atypical presentation. It is
advisable to consult a neurologist if any other cause is
suspected.
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