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common type of diabetic neuropathy, 
is what most clinicians recognize as 
DPN. This type of neuropathy can be 
acute and is triggered by an episode 

of glycemic instability, but it is more 
commonly a chronic condition.9-10 
Not all patients with DPN experi-
ence symptoms, but when symptoms 

Almost 26 million peo-
ple, or about 8% of the 
population in the Unit-
ed States have diabetes, 
and diabetic peripheral 

neuropathy (DPN) is one of the most 
common and debilitating complica-
tions of this disease.1,2 It is estimat-
ed that up to 25% of all diabetes 
patients have some degree of DPN, 
and this percentage increases to up 
to 50% in long duration patients.2-6 
DPN is a major clinical problem 
that often goes untreated and even 
undiagnosed.6 Not only does DPN 
impose a significant negative effect 
on the quality of life, it is also the 
most common cause of non-traumat-

ic amputation and leads to a pletho-
ra of other long-term complications 
that result in substantial economic 
loss.2,4,7-8

	 Diabetic neuropathy affects sen-
sory, motor, and autonomic neurons 
of the peripheral nervous system. 
Sensorimotor neuropathy (distal sym-
metrical polyneuropathy), the most 
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most likely under-diagnosed.22 One 
diagnostic tool for early detection 
of DPN in diabetic patients includes 
testing sudomotor function, or the 
function of sweat glands. Sweat 
glands are innervated by small un-
myelinated cholinergic sympathetic 
fibers that could be affected early in 
the course of diabetes mellitus, so 
diagnosing sweat dysfunction could 
be a quick and useful screening tool 
for DPN.23,24 When evaluating sweat-
ing and cardiovascular function 
in patients with distal small fiber 

neuropathy, Stewart et al. found 
that sympathetic sudomotor fibers 
were more frequently affected than 
autonomic nerves controlling heart 
rate, making sudorimetry a useful 
diagnostic tool for peripheral neu-
ropathy compared to tools that as-
sess cardiovascular function such as 
HRV.25

	 The literature describes a variety 
of methods to test sudomotor func-
tion. The quantitative sudomotor 
axon reflex test (QSART) detects dis-
tal small fiber polyneuropathy with a 
sensitivity of around 80%.26 QSART 
involves infusing acetylcholine into 
the skin to stimulate postganglion-
ic nerves, and then sweat produc-
tion is measured. Some limitations 
of QSART include that it could be 
time-consuming and it requires ex-
pensive equipment.27

	 Thermoregulatory sweat tests 
evaluate the pattern of sweating by 
increasing the skin temperature and 
then using an indicator dye. While 
these tests are not quantitative, 
they can be used to either screen 
the whole body, or just focal areas 
of sweat loss.27 The silastic imprint 
method stimulates sweat via acetyl-
choline, and then silastic material is 
placed over the skin. Sweat beads in-
dent the silastic material and can be 
quantified.28 This test is easy to con-
duct, but the silastic material is prone 

are present, they are typically de-
scribed as burning, tingling (“pins 
and needles”), sharp, shooting and/
or aching in a stocking and glove 
distribution. These symptoms usually 
begin distally at the toes and ascend 
proximally as the disease progress-
es.4,9,11-15

	 In addition to sensorimotor neu-
ropathy, there has been increasing 
awareness of the prevalence of au-
tonomic neuropathies such as car-
diovascular autonomic neuropathy 
(CAN), as well as gastrointestinal 
(GI) and genitourinary (GU) auto-
nomic neuropathies. More specif-
ically, CAN is a key cause of mor-
bidity and mortality present in an 
estimated 20% of diabetes mellitus 
patients.9

	 While the pathogenesis of DPN 
is multifactorial, it is well estab-
lished that the primary risk factor 
is hyperglycemia. Researchers have 
suggested several theories concern-
ing the hyperglycemic-induced ab-
normalities in metabolism and blood 
flow that contribute to the progres-
sion of DPN. The major theories in-
clude: metabolic flux through the 
polyol pathway, advanced glycation 
end-products contributing to seg-
mental dymyelination and axonal 
atrophy, activation of protein kinase 
C, and oxidative stress.9,16-18 All of 
these abnormalities contribute to 

nerve dysfunction and microvascu-
lar issues such as basement mem-
brane thickening and endothelial 
cell hyperplasia.9,19

	 Past studies support that both 
vascular and metabolic factors are in-
volved in all stages of the pathogen-
esis of DPN, but why some patients 
develop severe, debilitating pain 
while others experience no symp-
toms remains unresolved.11,20-21 One 
recent study using spectral analysis 
of heart rate variability (HRV) de-

tected greater autonomic dysfunction 
in painful DPN patients compared 
to pain-free patients. The results of 
this study suggest that small, poorly 
myelinated and unmyelinated nerve 
fibers that mediate pain sensation 
and autonomic function may be vul-
nerable to the pathological processes 
that occur with diabetic neuropathy, 
and this may explain why some DPN 
patients experience pain.20

	 Still, further research is necessary 
to better understand the role of au-
tonomic dysfunction in painful DPN, 

and other factors may contribute to 
differences in the pathophysiology 
of symptomatic versus asymptomatic 
DPN.
	 The loss of protective sensation 
caused by DPN puts the patient at 
an increased risk for foot ulcerations 
and other complications such as in-
fections and amputations, and causes 
significant morbidity and mortality. 
Diagnosing DPN in a timely manner 
allows for preventive intervention. 
Currently, there are numerous di-
agnostic tools available to help in 
the identification of DPN, such as vi-

bratory perception threshold and vi-
bration discrimination stimuli, Sem-
mes-Weinstein monofilament, nerve 
conduction studies, sudorimetry, and 
graded temperature stimuli. This re-
view will take a closer look at some 
of the clinical tools used in the diag-
nosis of DPN.

Sudorimetry
	 Autonomic nerve dysfunction is 
a common and important aspect of 
DPN that is often overlooked and 
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and inexpensive (depending 
on what type of instrument 
is used) screening tool to assess 
high-risk patients for DPN.37

	 Generally speaking, the vibration 
is administered at the distal pulp of 
the hallux over the bony prominence, 
and voltage is increased at the base 
of the instrument until the patient 
perceives the vibration.13 Cut off 
scores for patients who are at high 

risk and low risk for long-term neuro-
pathic complications vary by the type 
of instrument that is used.38 Common 
devices for measuring VPT include 
a graduated 128-Hz tuning fork and 
semi-quantitative electromechanical 
instruments such as the biothesiome-
ter and neurothesiometer.
	 A standard, non-graduated 128-
Hz tuning fork, while still widely 
used by many clinicians, has limit-
ed ability as it can only determine 
the presence or absence of vibration 
perception and is therefore psycho-
physical in nature. The standard, 
non-graduated 128-Hz tuning fork 
also lacks quantification of clinical 
findings and standardization of user 
technique. The graduated 128-Hz 
tuning fork uses vibration extinction 
threshold on a scale of 0 to 8, and 
still has the advantages of portabil-
ity and ease of operation that the 
standard tuning fork has.38 A cut-off 
score of less than 4 out of 8 would 
indicate that a patient is at high risk 
for long-term neuropathic compli-
cations with the graduated tuning 
fork.39

	 A novel 128-Hz electronic tuning 
fork (ETF) was recently developed 
to perform accurate timed vibration 
tests and help overcome limitations 
of traditional tuning fork exams. The 
ETF reproduces the same vibration 
output and decay rate as the tradi-
tional tuning fork and contains an 
integrated timer that facilitates per-
formance of accurate and reproduc-

to artifacts such as dirt and hair.27

	 Another device that evaluates 
sweat gland function is based on an 
electrochemical reaction between 
electrodes and chloride of the sweat 
glands after stimulation by low-lev-
el voltage. Quantitative results are 
expressed as Electrochemical Sweat 
Conductance (ESC) for the hands and 
feet. One study tested 265 diabetic 
patients for clinical signs and symp-
toms of DPN and found lower ESC 
at the feet to be significantly associ-
ated with increasing VPT and CAN. 
The authors concluded that lower 
ESE was suggestive of sudomotor 
dysfunction and this may be a sim-
ple clinical test to alert physicians to 
early DPN.29

	 Sudomotor denervation is a sig-
nificant presentation of diabetic neu-
ropathy, and thus the use of sudo-
rimetry during screening of diabetes 
patients may allow for a more com-
prehensive assessment of potential 
neuropathy. Because sudomotor dys-
function may result in dryness of the 
foot and skin and has been associ-
ated with foot ulceration, detecting 
sweat gland dysfunction early can 
enable the clinician to provide appro-
priate care to prevent ulceration due 
to anhidrosis.30,31

Graded Temperature Stimuli
	 Another method of detecting 

small fiber dysfunction in DPN is 
temperature discrimination. Tem-
perature can be one of the first sen-
sations that is affected in diabetes 
patients.32 Lack of temperature sensa-
tion may predispose patients to burns 
and other thermal injuries, and so 
techniques to clinically diagnose tem-
perature sensation dysfunction are 
of clinical relevance. Because warm 
temperature sensation is mediated by 
small unmyelinated C fibers and cold 
temperature sensation is mediated by 

small myelinated A-delta fibers, both 
warm and cold stimuli should be uti-
lized when testing for temperature 
sensation.32

	 Most techniques for tempera-
ture discrimination utilize the Pelti-
er principle, which involves a ther-
moelectric device creating a tem-
perature change by passing current 
through two different types of metal. 
Devices can either be heated or 

cooled depending on the direction 
of the electric current.33,34 While the 
use of such thermal techniques has 
largely been for research purposes, 
the availability of these quantitative 
tools may enable clinicians to inte-
grate temperature stimuli into rou-
tine assessments.35

	 One hand-held device screens 
for DPN by testing the combina-
tion of graded temperature stimuli 
and vibration discrimination stimu-
li. This combination allows for the 
testing of small fiber disease via 
the patient’s ability to discriminate 
a two-degree Celsius temperature 
change from a range of between 15 
degrees to 40 degrees Celsius as well 

as large fiber disease by testing five 
amplitudes of the standard 128 Hz 
vibration frequency.

Vibratory Perception 
Threshold (VPT) and Vibration 
Discrimination Stimuli
	 VPT is the most widely used 
quantitative sensory diagnostic meth-
od, and is defined as the lowest volt-
age at which vibration can be detect-
ed up to 50% of the time.13,36 Experts 
describe VPT as a quick, accurate 
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ible timed vibrations tests.40 In a 
fifty-five patient study, the sensitivity 
and specificity of neuropathy detec-
tion for the ETF were noted to be 
0.953 and 0.761 respectively.40

	 Semiquantitative electromechan-
ical instruments, such as the biothe-
siometer and neurothesiometer, are 
quick, portable, and inexpensive.38 
Van Deurson et al. describes that one 
disadvantage of the biothesiometer is 
that it has a ceiling effect for patients 
with severe neuropathy as it limits 
scores to 50 V, and therefore can-
not determine the maximum VPT for 
those patients.41

	 While there are advantages to de-
termining maximum VPT, clinicians 
would still be able to categorize such 
patients as high risk since the cut off 
scores for semiquantitative electro-
mechanical instruments are a VPT 
greater than 25 V in at least one foot 
for high-risk patients and a VPT less 
than 15 V for patients who are at a 
low risk for ulceration.42

	 Regardless of the instrument 
used, data has suggested that utiliz-
ing VPT as a diagnostic tool reduces 

the physical and economical burden 
of DPN.43

	 Decreased vibration perception 
may be only one of many risk fac-
tors for DPN and its associated long-
term complications, but research has 
shown that when implemented ap-
propriately, VPT is a useful clinical 
measure for immediately identifying 
at-risk patients, which enables clini-
cians to provide the necessary treat-
ment and prevention of ulcers for 
these patients.

Semmes Weinstein Monofilament 
(SWM)
	 Many experts agree that the 
5.07, 10g Semmes-Weinstein mono-
filament (SWM) is the most widely 
used screening instrument for DPN.12 
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The test is simple and inexpensive as 
it provides sensory testing for light 
touch perception using a 5.07 mono-
filament that produces a character-
istic 10 g perpendicular force to spe-
cific contact points on the dorsal and 
plantar aspects of the foot.13,14

	 In general, patients are instructed 
to lie supine with their eyes closed 
during testing, and if a patient is un-

able to sense the SWM on any part 
of the foot, the patient should be 
provided with preventative care.15,44 
There is, however, a lack of stan-
dardization and conflicting recom-
mendations when it comes to proper 
testing sites.12-14,45

	 Methodology from past studies 
testing the sensitivity and specific-
ity of SWM have described using 
anywhere from one to ten testing 
sites.46 A systematic review by Dros, 

et al., evaluating SWM as a diagnos-
tic test for DPN, found wide ranges 
in both sensitivity and specificity in 
past studies likely due to differenc-
es in monofilament site placement, 
the number and combination of sites 
tested, and the interpretation of the 
test.47

	 Because the SWM test is widely 
used, especially for diabetes patients, 
methodology should be standardized 
to make SWM an adequate clinical 
assessment for sensory loss. Ten 
common testing sites may include: 
the first, third and fifth metatarsal 
heads and toes, the medial and lat-
eral plantar midfoot, the heel, and 
the space between the first and sec-
ond toes on the dorsal surface of the 
foot.44,48

DPN (from page 105) 	 One study conducted SWM tests 
on the ten sites described above, 
and evaluated the impact of each 
site and combinations of the sites. 
Based on the results of the study, 
sensitivity and specificity of the test 
at the ten sites were 93.1% and 
100%, respectively. Sensitivity and 
specificity at two sites, the plantar 
aspects of the third and fifth meta-

tarsal heads, were the same as the 
ten-site test.47 Overall, this study 
demonstrated that the commonly 
used ten-site test was highly sen-
sitive and highly specific, but the 
two-site test could also potentially 
be clinically useful.

Nerve Conduction Studies (NCS)
	 Nerve conduction studies, elec-
trodiagnostic tests that evaluate the 
ability of motor and sensory nerves 
to conduct electrical impulses, have 
been described as the most sensi-
tive and specific diagnostic tool for 
detecting DPN.49,50 Nerves are electri-
cally activated via impulses on the 
skin, and a response is subsequently 
measured.51

	 Such tests, also known as nerve 
conduction velocity tests, are diag-
nostically helpful in patients who are 
suspected to have almost any PNS 
disorder, such as DPN.
	 Specific nerve conduction study 
techniques include motor nerve con-
duction studies, sensory nerve con-
duction studies, and F waves. Motor 
nerve conduction studies involve 
electrical stimulation of a nerve and 
the resulting compound muscle ac-
tion potential (CMAP) from the sur-
face electrodes that are placed on 
the muscle supplied by the nerve.51 
Sensory nerve conduction studies are 
performed by obtaining the senso-
ry nerve action potential (SNAP) by 
electrically stimulating sensory fibers 
and recording the resulting action 
potential at a point further along that 

Continued on page 107
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nerve.51 Lastly, F waves represent a 
late motor response.
	 When a motor nerve conduction 
test is performed, an impulse goes 
both distally (CMAP) and proxi-
mally to the anterior horn cell; this 
ultimately leads to a small muscle 
depolarization (F wave) of longer 
latency.51 Essentially, F waves are 
useful for testing the proximal seg-
ments of nerves, and abnormal F 
waves can be indicative of periph-
eral nerve pathology.
	 Unlike VPT and SWM, NCS are 
objective and provide the clinician 
with a more reliable test for con-
firming polyneuropathy. It should be 
noted that because most NCS use 
surface electrodes which only mea-
sure fast conducting fibers, patients 
with small fiber neuropathies may 
still have normal velocities.52 Still, 
NCS can be used before the develop-
ment of clinical signs and symptoms 
which would be helpful for predict-
ing new ulcerations.13

	 A 2013 Study by Parkhad and 
Palve found that NCV progressive-
ly decreased from the control group 
(non-diabetic) to the diabetes group 
with good glycemic control to the 
diabetes group with poor glycemic 
control.50 These results suggest that 
slowing of nerve conduction veloci-

ties may indicate ongoing damage to 
the myelin sheath, which is accelerat-
ed by poor glycemic control. Utilizing 
NCS in patients with poor glycemic 
control could therefore provide an 
early assessment tool for predicting 
the onset of DPN so that immediate 
care can be provided when neces-
sary.

Summary
	 Peripheral neuropathy occurs 
commonly in the population with 
diabetes and its management contin-
ues to rely on early recognition. A 

direct correlation has been shown to 
exist between inadequate screening 
and under-utilization of preventative 
interventions that may decrease the 
rates of ulceration and amputation by 
up to 60% and 85%, respectively.49

	 No single standard for determin-
ing clinical neuropathic dysfunction 
currently exists, but early detection 
of DPN is critical for identifying at-
risk patients and immediately imple-
menting a preventative management 
plan.52 Currently, the recommenda-
tion is to combine multiple diagnos-

tic tools to ensure that neuropathic 
screening is comprehensive.6 The im-
proved diagnosis and management of 
this common and disabling compli-
cation will help prevent the delete-
rious sequellae associated with DPN 
and improve the quality of life in 
patients. PM
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CME EXAMINATION

1) Which of the following is a true 
statement regarding diabetic pe-
ripheral neuropathy (DPN)?
	 A) Only symptomatic patients 

have DPN.
	 B) Symptoms usually begin 

proximally and descend distally 
towards the toes as the disease 
progresses.

	 C) Cardiovascular autonomic 
neuropathy is a key cause of 
morbidity and mortality present 
in an estimated 20% of diabetes 
mellitus patients.

	 D) The incidence of DPN de-
creases in patients with long 
duration of diabetes.

2) What are nerve conduction stud-
ies (NCS)?
	 A) Electrodiagnostic tests that 

evaluate the ability of both 
motor and sensory nerves to 
conduct electrical impulses

	 B) Electrodiagnostic tests that 
evaluate the ability of only 
motor nerves to conduct electri-
cal impulses

	 C) Electrodiagnostic tests that 
evaluate the ability of only sen-
sory nerves to conduct electrical 
impulses

	 D) None of the above

3) Which of the following is de-
scribed as the most sensitive and 
specific diagnostic tool for detecting 
diabetic peripheral neuropathy?
	 A) Visual Analog Scale (VAS)
	 B) Vibratory Perception Thresh-

old (VPT)
	 C) Electromyography (EMG)
	 D) Nerve Conduction Studies 

(NCS)

4) Which of the following state-
ments regarding the Semmes Wein-
stein Monofilament (SWM) are 
true?
	 A) The 5.07, 10g SWM is one of 

the most widely used screening 
instruments for DPN.

	 B) The 5.07 monofilament 
produces a characteristic 10 g 

perpendicular force to specific 
contact points on the dorsal and 
plantar aspects of the foot.

	 C) There is a lack of standard-
ization and conflicting recom-
mendations when it comes to 
proper testing sites.

	 D) All of the above

5) Cold temperature sensation is 
mediated by:
	 A) Small myelinated A-delta  

fibers
	 B) Large myelinated A-alpha 

fibers
	 C) Small myelinated B fibers
	 D) Small unmyelinated C fibers

6) Which of the following diag-
nostic tools is the least effective in 
detecting small fiber dysfunction in 
diabetic peripheral neuropathy?
	 A) Temperature discrimination
	 B) Quantitative sudomotor axon 

reflex test (QSART)
	 C) Nerve Conduction Studies 

(NCS)
	 D) The silastic imprint method

7) The quantitative sudomotor axon 
reflex test (QSART) involves ____.
	 A) Evaluating patterns of  

sweating by increasing skin 
temperature

	 B) Stimulating sweat glands 
with a low-level voltage

	 C) Quantifying sweat beads
	 D) Infusing acetylcholine into 

the skin to stimulate post-gan-
glionic nerves

8) The primary risk factor for DPN 
is ______.
	 A) Hypertension
	 B) Hyperglycemia
	 C) Hypercholesteremia
	 D) Obesity

9) Which of the following sudori-
metric screening tools evaluates the 
pattern of sweating by increasing 
skin temperature and using an indi-
cator dye?
	 A) quantitative sudomotor axon 

reflex test (QSART)
	 B) Silastic imprint method
	 C) Thermoregulatory sweat test
	 D) Electrochemical sweat con-

ductance

10) The current recommendation 
for neuropathic screening is to 
_____.
	 A) Utilize VPT and graded tem-

perature stimuli to ensure an 
early diagnosis

	 B) Combine multiple diagnostic 
tools to ensure that screening is 
comprehensive

	 C) Always use NCS in addition 
to SWM since there is a lack of 
standardization

	 D) Never use graded tem-
perature stimuli because they 
should only be used for re-
search purposes

11) Which of the following are spe-
cific NCS techniques?
	 A) Motor nerve conduction 

studies
	 B) Sensory nerve conduction 

studies
	 C) F waves
	 D) All of the above

12) Patients are categorized as high 
risk if the vibratory perception 
threshold (VPT) in at least one foot 
is _______.
	 A) > 15V
	 B) > 25V
	 C) > 50V
	 D) >75V

13) Which of the following are com-
mon devices used to measure vibra-
tory perception threshold (VPT)?
	 A) Graduated 128-Hz tuning fork
	 B) Biothesiometer
	 C) Neurothesiometer
	 D) All of the above

14) Vibratory Perception Threshold 
(VPT) is defined as ________.
	 A) The lowest voltage at which 

vibration can be detected up to 

See answer sheet on page 111.
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50% of the time
	 B) The lowest voltage at which vibration can be 

detected all of the time
	 C) The highest voltage at which vibration can be 

detected all of the time
	 D) This highest voltage at which vibration can be 

detected up to 50% of the time

15) Warm temperature sensation is mediated by 
________.
	 A) Small myelinated A-delta fibers
	 B) Large myelinated A-alpha fibers
	 C) Small myelinated B fibers
	 D) Small unmyelinated C fibers

16) Which of the following type of test typically uti-
lizes the Peltier Principle?
	 A) Temperature discrimination
	 B) Vibration discrimination
	 C) Light touch perception
	 D) Nerve conduction tests

17) Sudorimetry specifically tests which of the fol-
lowing?
	 A) Sweat gland function
	 B) Autonomic nervous system
	 C) Somatic nervous system
	 D) Macrovascular function

18) Which NCS technique is useful in testing proxi-
mal segments of nerves?
	 A) Motor nerve conduction studies
	 B) Sensory nerve conduction studies
	 C) Autonomic nerve conduction studies
	 D) F waves

19) Which of the following is a true statement regard-
ing nerve conduction studies (NCS)?
	 A) Most NCS use surface electrodes that only 

measure slow conducting fibers.
	 B) Patients with small fiber neuropathies may 

still have normal nerve conduction velocities.
	 C) When a motor nerve conduction test is per-

formed, the impulse only goes proximally to the 
anterior horn cell.

	 D) F waves represent early motor responses.

20) What is the cut-off score when using a graduated 
tuning fork that would indicate that a patient is at 
high risk for long-term neuropathic complications?
	 A) Greater than 4 out of 8
	 B) 0 out of 8
	 C) less than 2 out of 8
	 D) less than 4 out of 8
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lesson ____

5) This lesson presented quality information with adequate  
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6) What overall grade would you assign this lesson?
A B C D

How long did it take you to complete this lesson? 
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What topics would you like to see in future CME lessons ? 

Please list :
__________________________________________________

__________________________________________________

__________________________________________________

__________________________________________________

__________________________________________________

	 1.	A	  B	C	D 

	 2.	A	  B	C	D 

	 3.	A	  B	C	D 

	 4.	A	  B	C	D 

	 5.	A	  B	C	D 

	 6.	A	  B	C	D 

	 7.	A	  B	C	D 

	 8.	A	  B	C	D 

	 9.	A	  B	C	D 

	10.	A	  B	C	D 

	11.	A	  B	C	D 

	12.	A	  B	C	D 

	13.	A	  B	C	D 

	14.	A	  B	C	D 

	15.	A	  B	C	D 

	16.	A	  B	C	D 

	17.	A	  B	C	D 

	18.	A	  B	C	D 

	19.	A	  B	C	D 

	20.	A	  B	C	D 
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