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ABSTRACT
Screening and diagnostic testing for neuropathy in patients with type 1 or type 2 diabetes is
needed in order to prevent complications from
diabetic neuropathy. As diabetic neuropathy frequently leads to foot ulcers and amputation—
major causes of morbidity and disability in
people with diabetes—the American Diabetes
Association recommends an annual foot exam
for people with diabetes in order to identify those
with high-risk foot conditions. Yet, detection and
diagnosis of diabetic neuropathy can be complex. The diagnosis of neuropathy is based on
both clinical and objective measures. Medical
and neurological history, physical and neurological examination (evaluating sensory, motor,
reflex, and autonomic function), and measurement of peripheral nerve function by clinical testing have been used and then combined into a
series of clinical assessment scores that screen for
and quantify the severity of diabetic neuropathy.
No fewer than 12 clinical assessment scoring systems are available. This article presents the tools
and methods commonly used to screen and diagnose neuropathy in patients with diabetes and
discusses issues surrounding their use.
(Adv Stud Med. 2004;4(8A):S650-S661)
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iabetic peripheral neuropathy (DPN) is
one of the common complications of
diabetes.1 The prevalence of DPN has
been estimated as 28% in 2 large UK
clinic-based studies and 66% in a population-based study in Rochester, Minn.2-4 The significant morbidity and mortality associated with DPN has
provided impetus for the development of better means
to screen, diagnose, and assess the condition. It is also
a driving force behind clinical trials for drugs that will
prevent DPN or halt its progression when it is already
established.
By definition, DPN is somatic and/or autonomic
neuropathy that is attributed solely to diabetes mellitus.5 It is a heterogeneous disorder that includes monoand polyneuropathies, plexopathies, and radiculopathies.6 Neuropathies are classified as symmetrical
or asymmetrical (focal or multifocal). The symmetrical
form is primarily sensory and autonomic. The asymmetrical form can be sensory, motor, or both, as well
as affecting the individual cranial or peripheral nerves.7
The distal symmetrical form of DPN is known by
multiple names including diabetic sensorimotor
peripheral neuropathy or distal symmetric diabetic
peripheral neuropathy.8,9
DPN is often described as a stocking-glove neuropathy, affecting the longest nerves first before progressing proximally.10 It usually presents with sensory
symptoms in the toes or feet, but in some patients
whose neuropathy is mainly loss of feeling, it may present with symptoms in the hands.11 DPN may or may
not be accompanied by autonomic neuropathy.5
Significant motor symptoms usually occur late.
Detection of DPN is complicated because the disorder affects a variety of nerve fibers. For diagnosis, it is
necessary to assess multiple features of neuropathy.10 The
1988 consensus statement from the San Antonio
Conference on Diabetic Neuropathy recommended, “In
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general, it is advantageous to systematically assess neuropathic signs and symptoms, including sensory, motor,
and reflex measures of upper and lower extremities, cranial nerves, and autonomic function.”12 To fully classify
DPN, a patient needs assessment of the following: clinical symptoms, clinical signs, electrodiagnostic studies,
quantitative sensory testing, and autonomic function
testing.12 Nerve biopsy is rarely needed.12 In DPN, the
role of skin biopsy for evaluation of intraepidermal nerve
fibers is still under study.5
Risks for development and progression of DPN
include poor glycemic control, undiagnosed type 2 diabetes, smoking, high alcohol intake, low socioeconomic
status, and renal failure.13 Severity of DPN correlates
with markers of microvascular disease and mean glycosylated hemoglobin.14 The only intervention currently
available to stem the insidious and often irreversible progression of DPN is tight glycemic control; thus, screening and early diagnosis are of paramount importance.

TESTS FOR NEUROPATHY
Several different methods are commonly used to
screen and assess DPN. These include reflex testing,
superficial pain testing, light touch perception, vibration testing, sympathetic skin response, quantitative
sensory testing, and nerve conduction studies.
REFLEX TESTING
While it is traditional in neurology to test all reflexes, in assessment of DPN it is most common to test
only the ankle reflexes as these are the most sensitive to
early DPN. Ankle reflex testing is performed at both
ankles. While the patient is sitting or kneeling, the
examiner dorsiflexes the foot and gently strikes the
Achilles tendon with the reflex hammer. If no reflex
occurs, the test can be repeated with reinforcement.
Reflexes are typically scored as 0 (absent), 1 (present
but decreased), 2 (normal), 3 (increased), or 4
(increased with clonus).18 In a cross-sectional study conducted at 10 centers in the United States, Canada, and
Switzerland, ankle reflex testing had reasonable reproducibility with moderate agreement (κ = 0.59) between
examiners.18 Ankle reflex has better reproducibility if
evaluated as normal or abnormal. However, the test is
a poor predictor of ulceration.19

CURRENT SCREENING FOR DPN
Screening for DPN is typically performed
during a patient’s routine examinations. Recommendations for screening and management are included in the
international Guidelines for Diagnosis and Outpatient
Management of Diabetic Peripheral Neuropathy and
are summarized in Table 1.15 The Clinical Practice
Guidelines of the Canadian Diabetes Association
recommend annual screening for neuropathy using
the 10-g Semmes-Weinstein monofilament or 128Hz tuning fork. Screening should begin at diagnosis in people with type 2 diabetes and after 5 years’
duration of disease in individuals with type 1 diabetes who are past puberty.16
According to the American Diabetes
Association’s recommendations, people with diabetes should have an annual foot exam to identify
high-risk conditions.17 Assessment includes evaluation of protective mechanisms and foot structure
and biomechanics in addition to vascular status
and skin integrity. Evaluation of a low-risk foot
should include a quantitative somatosensory
threshold test using the Semmes-Weinstein 10-g
monofilament. Additionally, individuals with one
or more high-risk foot conditions should be evaluated more regularly. Individuals with neuropathy
should have their feet inspected visually at every
visit with a healthcare professional.
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Table 1. Guidelines for Diagnosis and Outpatient
Management of Diabetic Peripheral Neuropathy
Annual Review Assessment
Patient history

Age, diabetes, physical factors, lifestyle,
social circumstances, symptoms, other possible
etiological factors

Examination of both feet

Skin status, sweating, infections, ulceration,
calluses/blistering, deformity, muscle wasting,
arches, palpitation for temperature, pulses, joint
mobility, examination of gait/shoes

Vascular examination

Check foot pulses

Other

Thyroid function to exclude other
etiologies for neuropathy
Note the presence or absence of characteristics
of the “at-risk foot”

Reprinted with permission from Boulton. Guidelines for diagnosis and outpatient management of diabetic peripheral neuropathy. European Association for the Study of
Diabetes, Neurodiab. Diabetes Metab. 1998;24(suppl 3):55-65.15
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SUPERFICIAL PAIN TESTING
Pain sensation can be tested with a sterile safety
pin. The site of testing varies with the specific algorithm but may include the dorsum of the great toe or
the plantar aspect of the distal first, third, and fifth toe
of each foot. Most commonly, the stimulus is applied
once per site, and patients are asked to identify the
sensation as to whether they feel it at all, and whether
it is sharp or dull. Results are scored accordingly. As a
means of screening for neuropathy, pinprick is highly
subjective and thus, poorly reproducible.18,20
LIGHT TOUCH PERCEPTION
Light touch perception can be evaluated by using a
number of methods from a finger, to cotton, to specifically calibrated devices. The best known of the calibrated devices is the Semmes-Weinstein 10-g monofilament,
a nylon filament embedded in a plastic handle. Gentle
pressure is applied at the handle to bow the nylon filament. The instrument is calibrated to provide a specific
force measured in grams that is 10 times the log of the
force in milligrams exerted at the tip of the filament (eg,
the 5.07 monofilament exerts 10 g of force).10
Monofilaments have been manufactured in sizes
ranging from 1.65 to 6.65. Studies testing various sizes
of monofilaments support the utility of the 10-g
monofilament—the initial study in patients with diabetes or Hansen’s disease found no patient with a neuropathic ulcer could sense the 10-g monofilament.21
Two observational studies and 5 prospective studies
support use of the 10-g monofilament as the best correlate to the presence or history of an ulcer, but there
are 2 other observational studies that suggest that the
4.21 (1 g) is a better discriminator.19,22-29
To date, there is no consensus about the proper testing sites for the Semmes-Weinstein monofilament.10
Recommendations range from sites distributed over the
plantar surfaces of the toes to metatarsal heads, insole,
heel, and dorsum of the foot. However, data show that
the site(s) chosen may affect reproducibility. One study
found that examination of the forefoot had moderate
reproducibility (κ = 0.38-0.54), but examination of the
arches, heel, and dorsum had only fair reproducibility
(κ = 0.22-0.38).18 Many physicians test the dorsum of
the distal toe first, recording yes or no, then test more
proximally if there is an abnormality.
Criteria that define an insensate foot according to
testing with the Semmes-Weinstein monofilament are
controversial, but all 5 of the prospective studies vali-
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dating the use of the 10-g monofilament used results
from more than one test site.19,24-26,29
VIBRATION TESTING
Vibration testing is another measure used to evaluate
nerve function. Traditionally, vibration perception has
been measured with a 128-Hz tuning fork, or less commonly a 64- or 256-Hz tuning fork. There are several
methods for testing vibration. Many rely on “examiner
experience,” which has a variable correlation with quantitative tests. An analysis of 3 large cohorts (n = 787)
found that use of the tuning fork overestimated vibration
sensation loss compared with quantitative sensory testing.30 Discordance between tests was associated with age,
height, and body surface area in one cohort, with age
and body surface area in a second cohort, and with age
in the third cohort. The authors of this analysis recommended that physicians take these factors into account
when judging clinical abnormalities. Although vibration
testing can be a highly subjective measure of severity of
neuropathy and may be poorly reproducible, the absence
of vibration sensation at the great toe is significantly
associated with development of foot ulcers.18,19
Vibration perception threshold can also be measured semiquantitatively using a graduated tuning
fork. The results from the graduated tuning fork
calibrate well to other measures of vibration.31,32 In a
prospective study comparing individuals with
Waldenstrom’s macroglobulinemia to controls, quantitative vibration measurements correlated well to sural
sensory nerve action potentials. Testing with the graduated tuning fork was rapid and showed high interand intrarater reliability, as well as utility in monitoring changes in sensory function over time.33 In a
prospective study of 2022 patients with diabetes, the
graduated tuning fork was compared with an electronic neurothesiometer.34 The plots of the vibration perception thresholds were comparable, indicating that
the tuning fork had a high sensitivity and positive predictive value for the diagnosis of abnormal bedside
tests and symptomatic neuropathy.34
SYMPATHETIC SKIN RESPONSE
The sympathetic skin response is a reflex that
occurs in response to a change in the electrical potential of the skin.35 It is transient in nature, and can be
caused by a variety of stimuli. Measurement requires
special equipment that is not typically available in
most physicians’ offices.
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QUANTITATIVE SENSORY TESTING
Quantitative sensory testing is an extension of the
sensory portion of the neurological evaluation. It is the
determination of the absolute sensory threshold,5
which is useful in assessing the integrity of the axons
that form the peripheral nervous system and their distal receptors. Quantitative sensory testing aids in diagnoses by allowing differentiation of the relative deficit
between small (eg, temperature) and large (eg, vibration) diameter axons and between peripheral neuropathy and mononeuropathy. It is well accepted because it
is simple, noninvasive, and nonaversive.
Quantitative sensory testing systems have been
developed to measure the threshold of various stimuli
that pertain to distinct neuroanatomic pathways.
There are typically 2 types of devices: those that generate specified vibratory or thermal stimuli, and those
that deliver electrical impulses at certain frequencies.36
To test sensory thresholds, algorithms for testing
have been developed. Generally these can be
described as the method of limits and the method of
levels.36 Using the method of limits, the patient indicates when he or she first feels an increasingly strong
stimulus or when he or she no longer feels a decreasing stimulus. With the method of levels, specific levels are tested, and the patient reports whether or not
the stimulus is detected. The method of levels is also
referred to as the “forced choice” algorithm. For various tests, normal and abnormal instrument-specific
values have been determined.
Preliminary studies from the 1970s suggested that
testing for thermal thresholds might detect preclinical
DPN.36 Abnormalities of thermal sensory thresholds
have been reported in 70% patients with long-term
type 1 diabetes, and in more than 27% of patients who
were newly diagnosed.37,38
In testing thermal and vibration sensation abnormalities using the noncomputerized Marstock device
(Somedic AB, Stockholm, Sweden), thermal sensation
was abnormal in all 22 patients with neuropathy, foot
ulcers, or Charcot joints, in 10 of 15 patients with
neuropathic pain, and 9 of 10 patients with autonomic neuropathy. In comparison with thermal sensitivity,
vibration sensation was affected less often.39
Another instrument that quantifies vibration perception is the Bio-Thesiometer (Bio-Medical
Instrument Company, Newbury, Ohio). Shaped like a
probe, this instrument vibrates at 100 Hz with an
amplitude varying from 0 to 50 volts. Studies show that
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a drop of more than 25 volts in the vibratory threshold
is a strong predictor of future ulceration.24,40-42
Vibration perception threshold can also be measured via Horwell Neurothesiometer (Scientific
Laboratory Supplies, Nottingham, UK) and Vibratron
II (Physitemp Instruments, Clifton, NJ). In a comparative head-to-head trial, Bril and coworkers found
repeated neurothesiometer measurements were less
variable than repeated measurements of the Vibratron
(8% vs 6% for the right and left toes for the neurothesiometer, compared with 31% vs 34% for the right
and left toes for the Vibratron).43
Bril and coworkers evaluated 337 subjects with diabetes mellitus comparing sympathetic skin responses,
nerve conductions, CASE IV (WR Medical Electronics
Co, Stillwater, Minn.) measuring cooling detection
threshold with the 4-2-1- stepping algorithm, and the
neurothesiometer detecting vibration perception threshold using the method of limits algorithm.35 These
researchers found that sympathetic skin response correlated better with vibration perception threshold and
sural nerve amplitude than with the cooling detection
threshold or clinical symptoms. They also found no correlation between the sympathetic skin response and the
symptoms of pain or autonomic dysfunction.
It is important to note that the devices commercially available to measure thermal thresholds assess
different physical properties and probably different
subpopulations of small nerve fibers. Thus, although
quantitative methods exist to measure both large and
small nerve fiber sensory function, measures of the
vibratory threshold by different devices is more consistent, providing greater reliability in measuring the
function of large sensory nerve fibers.44
Based on the status of existing evidence in 2003, the
Subcommittee on Therapeutics and Technology
Assessment of the American Academy of Neurology stated that quantitative sensory testing is an effective tool in
documenting sensory abnormalities in patients with
DPN and in documenting changes in a longitudinal
evaluation, but that there is no credible prospective evidence that these abnormalities ultimately develop into
clinical neuropathy. Thus, the utility of quantitative sensory testing as a screening tool is unproven.36
NERVE CONDUCTION STUDIES
Nerve conduction studies are frequently used to
assess the presence and severity of peripheral nerve
involvement in patients with diabetes. They are sensi-
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tive, specific, reproducible, and easily standardized.
Studies typically are performed on upper and lower
limbs on motor and sensory nerves. Most clinicians
reserve the use of nerve conduction studies including
electromyography to those with symptomatic, confusing, unusual, or severe neuropathy.
Although nerve conduction studies can be performed with surface or needle electrodes, surface techniques are more widely used, technically easier to
perform, more comfortable, and produce results that
are easier to measure.5 Results of nerve conduction
studies show amplitudes, distal latency of compound
muscle action and sensory potentials, conduction
velocity of fastest conducting fibers, and minimal Fwave latencies. Nerve conduction studies are also well
suited to longitudinal or population evaluations.
Nerve conduction studies do not always correlate well
with symptoms and signs.5 There are several reasons for
this. First, some electrodiagnostic abnormalities reflect
metabolic changes that are not associated with symptoms;
second, some symptoms and signs are not clearly associated with electrodiagnostic changes.
The most sensitive electrophysiologic indicator of
active axonal degradation may be evidence from needle
electromyography showing changes in fibrillation potentials and positive sharp waves. The evidence from examination of the proximal and distal muscles in the upper
and lower limbs, with bilateral studies (if needed) provide
information for localizing and grading the severity of
axonal lesions. The amplitude and area of compound
muscle action potentials and sural nerve action potentials is indicative of the number of active nerve fibers as
indicated from the summated fiber action potentials.
Sural nerve action potentials are particularly useful in
identifying the more distal nerve involvement, given that
lesions proximal to the dorsal root ganglia have no effect
on the distal sensory nerve. Abnormalities of compound
muscle action potentials and sural nerve action potentials are characteristic of clinical sensory and motor
deficits. Conduction velocity abnormalities may reflect
specific metabolic abnormalities or segmental demyelination and remyelination, but they are a poor indicator
of axonal degeneration.
From these measures of upper and lower limb
motor and sensory nerve function, it is possible to
determine the presence, distribution, and severity of
peripheral nerve disease.45 Nerve conduction study
findings also correlate to clinical endpoints: nerve
action potential amplitudes reflect nerve fiber loss.46
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However, they are limited because they do not provide
information about small fiber function.47
Studies suggest nerve conduction abnormalities are
present at diagnosis in 29% to 70% of patients with
type 1 diabetes and 45% to 60% of patients with type
2 diabetes.48-50 These numbers are higher than comparable numbers using either symptoms or signs to detect
neuropathy, demonstrating that nerve conduction testing is extremely sensitive in detecting neuropathy in
those with diabetes. Nerve conduction studies show
how diabetic sensorimotor peripheral neuropathy progresses. First, sensory and motor amplitudes of distal
nerves are lost; then, changes occur in the more proximal nerves and in the upper limbs.51
Although nerve conduction studies can be used to
determine the extent and severity of DPN, recent
data suggest measures of sural nerve action potential
are useful in identifying patients with early DPN. A
study by Bril and coworkers compared sural nerve
action potential, vibratory detection threshold, and
other nerve conduction parameters, peroneal, tibial
motor, and ulnar sensory nerve conduction velocity,
amplitude, and onset latency in 205 patients with
diabetes.52 They found that sural nerve conduction
correlated well to early, mild DPN, potentially allowing patients to be identified and treated at an earlier
stage of the disease.
Whether individual attributes of nerve conduction scores or composite scores are more useful in
diagnosis has not yet been determined. In an analysis based on the data from the Rochester, Minn.
cohort study, Dyck and colleagues found that composite scores tended to be more reproducible than
individual attributes and generally correlated better
to neurologic impairment.53 They predicted that
with the availability of microprocessors and normative databases, composite scores would become more
widespread.
TESTING OF THE AUTONOMIC SYSTEM
Testing of the autonomic nervous system is complex. In individuals with diabetes, autonomic failure
occurs in 2 ways: as autonomic neuropathy with a
structural lesion of the peripheral autonomic neuron,
and functional failure where no known structural
lesion occurs.54 Because the autonomic nervous system
innervates all tissues and organs, the autonomic failure
can affect any or multiple systems or tissues in the
body. Major areas typically affected include cardiovas-
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cular, eye, gastrointestinal, genitourinary, sudomotor, and
endocrine. Consequently, testing must be organ- and system-specific.

A number of tests are sufficiently standardized to
allow longitudinal assessment of patients with diabetes.55 Testing for cardiovascular abnormalities

Table 2.Tests for Neuropathy
Test

Advantages/Disadvantages

Ease of Use

Level of Skill Required

Cost

SWMF

Rapid; differentiates nondiabetic
controls, diabetic patients with,
without neuropathy

Easy to use

Requires minimal training;
medical or nonmedical
staff can perform

Inexpensive

SPS

Rapid; less effective than NCS
in distinguishing neuropathy
in patients with diabetes

Easy to use

Requires minimal training;
medical or nonmedical
staff can perform

Inexpensive

VO/O

Rapid; not universally standardized;
many false positives and false
negatives

Easy to interpret

Requires minimal training;
medical or nonmedical
staff can perform

Inexpensive

Vibration by
Times Method

Takes longer than SWMF, SPS, or
VO/O

More complicated
than SWMF,
SPS, or VO/O

Requires minimal training;
medical or nonmedical
staff can perform

Inexpensive

Vibration
Perception
Threshold
Using
Biothesiometry

Cumulative incidence of foot
ulceration with VPT <15
= 2.9%
Cumulative incidence of foot
ulceration with VPT >25
= 19.8% (OR = 7.99%;
CI = 3.65-17.5; P < .01)

Takes 5-10
minutes to use

Requires minimal training;
medical or nonmedical
staff can perform

Instrument costs
several hundred dollars

Tip-Therm
Temperature
Discriminator

98.3% of patients with no
monofilament sensation had no
sensation with tip-therm;
97.3% of patients with
biothesiometry-diagnosed
neuropathy had no sensation
with tip-therm

Simple

Quantitative
Sensory
Testing

Electrophysiologic
Studies/
NCS

Less expensive, time
consuming, and simpler
than measuring
plantar pressures
Requires minimal training;
medical or nonmedical
staff can perform

Inexpensive

Different modalities have
Varied approaches
measurement errors of >30%.
Even when variance is reduced
using standardized methods, does not
attain the precision of motor or sensory
conduction velocity measures
of NCS

Requires extensive training

Expensive equipment

Highly sensitive; poor
sensitivity for ulceration,
amputation, and overall
neuropathic impairment; may or
may not correlate with symptoms;
limited availability; procedure
discomfort; insensitive in identifying
small fiber neuropathy
(sensory or autonomic)

Requires extensive
training

Expensive equipment

Complicated

SWMF = Semmes-Weinstein 10-g monofilament; DPN = diabetic polyneuropathy; SPS = superficial pain sensation; NCS = nerve conduction studies; VO/O = vibration by on/off; VPT = vibration perception threshold; OR = odds ratio; CI = confidence interval.
Data from Mayfield et al10; Pham et al24; Young et al40; Perkins et al44,46; Olaleye et al54; Viswanathan et al55; Jamal et al56; Dyck.57
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involves a series of measurements: the resting
heart rate, the beat-to-beat heart rate variation, the Valsalva maneuver, the difference in
blood pressure between lying and standing,
and the QTc interval. Testing of the eye
involves dark-adapted pupil size after total
parasympathetic blockade. Testing of the
sudomotor system involves use of the quantitative sudomotor axon reflex test to evaluate
postganglionic function.
Testing of motor disturbances of the gastrointestinal tract is more symptom-specific.
For example, the evaluation for gastroparesis
will usually first assess the level of glycemic
control and medication history.56 Gastroduodenoscopy can be performed to exclude pyloric
or other mechanical obstruction. When

Table 3. Sensitivity and Specificity for Positive and Negative
Likelihood Ratios for 4 Simple Screening Tests

Test

Abnormal Test
Likelihood Ratio
>1 of 8 Attempts
Insensate

Vibration
(VO/O)
Monofilament
Superficial Pain
Vibration
(Timed)

Specificity

Normal Test
Likelihood Ratio
<1 of 8 Attempts
Insensate

Sensitivity

26.6

99

0.51

53

10.2
9.2
18.5

96
97
98

0.34
0.50
0.33

77
59
80

Sensitivity is derived from the threshold of normality; specificity is derived from the threshold
of abnormality.
VO/O = vibration by on-off.
Reprinted with permission from Perkins et al. Simple screening tests for peripheral neuropathy in the diabetes clinic. Diabetes Care. 2001;24(2):250-256.46

Table 4. Selected Studies Comparing Different Screening Entities
Study

Setting

Methods Compared

Investigator Conclusions

Pham et al24

Diabetic foot centers

1.
2.
3.
4.
5.

Neuropathy symptoms score
Neuropathy disability score
VPT
Peak planter foot pressures
Vascular status

Perkins et al46

Diabetes clinic

1.
2.
3.
4.

SWMF
SPS
VO/O
Vibration testing (timed)

Olaleye et al54

Diabetes clinic

1. SWMF
2. SPS
3. VO/O

Viswanathan
et al55

Hospital; followup diabetic patients

1. Tip-therm
2. SWMF
3. Biothesiometry

Rahman et al77

Population based;
diabetes (n = 544)
no diabetes (n = 544)

1. Vibration threshold (light touch)
2. Vibration threshold
(thermal sense)
3. Modified Michigan Neuropathy
Screening Instrument Questionnaires

1. Clinical examination, 5.07 SWMF: most
sensitive tests for identifying foot ulcer
at-risk patients; best used together
2. VPT: useful alternative
3. Foot pressure measurements: higher
specificity
1. Tests comparable in sensitivity, specificity
2. SWMF, SPS, VO/O: rapid (around
60 sec)
3. Vibration (timed): more complicated
interpretation
4. Accuracy not enhanced by 2-test
combination
1. Positive correlation with NCS
2. Stronger correlation with increasing
disease severity
3. SWMF, VO/O: significantly differentiate
nondiabetic controls, diabetic patients with
or without neuropathy
1. 98.3% of patients with no monofilament
sensation had no sensation with tip-therm
2. 97.3% of patients with biothesiometrydiagnosed neuropathy had no sensation
with tip-therm
1. Biothesiometer is most valid measure
2. Monofilament appropriate for identifying
patients at risk for neuropathy, foot ulcers

VPT = vibration perception threshold; SWMF = Semmes-Weinstein 10-g monofilament; SPS = superficial pain sensation; VO/O = vibration by on-off; NCS = nerve
conduction studies.
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glycemic control has been optimized, isotope scintigraphy may be indicated to measure solid-phase gastric
emptying times.
MORPHOLOGICAL TESTING
Measures such as sural nerve biopsies provide an
opportunity to study the biochemical and morphometric parameters of myelinated and unmyelinated fiber
populations, vasculature, perineurium, and their basement membranes, but this information seldom benefits
the patient and may be associated with complications.5
Thus, such studies should only be performed to address
well-defined clinical or research questions.
There are several protocols to address morphological assessment of myelinated nerve fiber abnor-

malities using the light microscope. Analysis
includes examination of the myelinated nerve fiber
size and distributions, myelinated nerve fiber density, index of circularity, and a measure of focal fiber
loss.57
COMPARING TESTS FOR DPN
Tests commonly used for DPN have advantages
and disadvantages; they differ in ease of use,
required skill levels, and costs (Table 2). They also
differ according to their sensitivity and specificity
(Table 3). Limited information is available comparing the relative benefits of different screening entities (Table 4).

Table 5. Neuropathy Composite Scores
Test

Composite Measures

References

Neuropathy Symptom Score
Neuropathy Symptom Profile
Neuropathy Disability Score
NIS-LL

Sensory, motor, and autonomic symptoms
Sensory, motor, and autonomic symptoms
Sensory and motor signs; reflexes
Sensory and motor signs and reflexes in the
lower limbs
Sensory and motor signs and reflexes in the
lower limbs + motor NCS
Sensory and motor signs and reflexes in the
lower limbs + motor NCS + QST
(vibration)
Sensory and motor signs and reflexes in the
lower limbs + motor and sensory
NCS + QST (vibration) + AFT
Changes in symptoms over time
Sensory signs, reflexes
Sensory and motor signs; reflexes;
sensory and motor NCS
Sensory, motor, and autonomic symptoms;
sensory and motor signs; reflexes;
QST (vibration); sensory and motor NCS
Sensory and motor symptoms;
peripheral vascular examination
Sensory symptoms
Sensory symptoms and
signs; reflexes
Sensory symptoms
Sensory symptoms

Dyck58; Dyck et al78,79
Dyck79
Dyck58; Dyck et al53,78-80
Dyck et al60

NIS-LL + 4
NIS-LL + 5

NIS-LL + 7

Neuropathy Symptom Change Score
Clinical Neuropathy Examination
Michigan Diabetic Neuropathy Score
Total Neuropathy Score

Michigan Neuropathy Screening Instrument
Diabetic Neuropathy Examination Score
Toronto Clinical Scoring System
Total Symptom Score
Neuropathy Total Symptom Score-6

Dyck58
Valk et al61,62; van de Poll-Franse et al63
Feldman et al69
Cornblath et al70

EDIC Research
Group71
Meijer et al73,81
Bril et al74
Ziegler et al75
Bastyr et al76

AFT = autonomic function test; NIS = Neuropathy Impairment Score; NIS-LL = Neuropathy Impairment Score-Lower Limbs; NCS = nerve conduction studies; QST = quantitative sensory testing; EDIC = Epidemiology of Diabetes Interventions and Complications.
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COMPOSITE SCORES OF NEUROPATHY
To screen for and quantify the severity of neuropathy, various clinical composite scores have been developed, and some have been validated (Table 5). Each
composite system has advantages and disadvantages,
proponents and opponents; depending on the use, a
particular system may be preferred. For example, in
clinical trials high levels of reproducibility and precision may be needed, while in field studies cost and ease
of performance may be more important.
The Mayo Clinic group was one of the first to
develop composite measures. Each, however, was specific to a component of the neurologic exam. The
Neuropathy Symptom Profile and Neuropathy
Symptom Score measured subject sensory symptoms,
and the Neuropathy Disability Score (NDS) quantitated the neurologic exam.58 Later, the Neuropathy
Impairment Score (NIS) replaced the NDS by eliminating some tests from the NDS that were not expected to be abnormal in DPN.59
Because DPN is primarily a distal peripheral
axonopathy, the subset of scores for the lower limbs has
been used as a more specific assessment: the NIS-Lower
Limb (NIS-LL).60 Subsequently, recognizing that additional measures of nerve function may enhance the value
of the directed exam, Dyck and coworkers created a
series of additional composite measures: NIS-(LL) + 4 =
NIS-(LL)+Peroneal Conduction Velocity, Amplitude,
and Onset Latency and Tibial Onset Latency; NIS-(LL)
+ 5 = NIS-(LL) + 4 + Vibration Detection Threshold;
NIS-(LL) + 7 = NIS-(LL) + 5 + Sural Amplitude + Heart
Rate During Deep Breathing.
The Clinical Neuropathy Examination (CNE)
scores reflexes and sensory testing in the lower limb
and includes a distal to proximal gradient for light
touch.61-63 The CNE correlates well with electrophysiology results. It has good inter- and intrarater variability and has acceptable specificity and sensitivity using
vibration perception threshold as the basis for diagnosing DPN. In some reports the scale has been modified from the original published version.64-68
The Michigan Diabetic Neuropathy Score (MDNS)69
and the Total Neuropathy Score (TNS)70 combined
results of the neurological examination with electrophysiologic studies and, in the case of the TNS, quantitative
sensory testing results into a single score. Later, the
Michigan Neuropathy Screening Instrument was developed to serve as an initial simple screening tool to be fol-
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lowed by the MDNS for definitive diagnosis of DPN.71
The Diabetic Neuropathy Examination score has been
validated as a diagnostic tool.72,73
The Toronto Clinical Scoring System (TCSS) provides a single score based on reflex and sensory test
scores, but also includes an assessment of symptoms.74
The TCSS has been validated against electrophysiologic and morphologic severity of DPN, although the
symptom and reflex subscores did not correlate with
either electrophysiology or morphology.
The Neuropathy Total Symptom Score-6 questionnaire was developed from the 4-symptom (pain, burning, numbness, and prickling) Total Symptom Score75
and measures the frequency and intensity of 6 symptoms
of diabetic peripheral neuropathy: numbness, prickling,
aching pain, burning pain, lancinating pain, or allodynia. Validation studies have been performed.76
In choosing one of these composite measures, it is
important to note that there is a lack of data demonstrating specificity in differentiating treatment effects.44
CONCLUSION
Several distinct subtypes of neuropathy exist, but
DPN is the most common complication associated
with both type 1 and type 2 diabetes. A finding of
DPN is of great significance for many patients with
diabetes because it can lead to substantial discomfort
and pain, and in more advanced cases, nonhealing foot
ulcerations, amputations, and loss of ambulation. The
current concept of DPN is that nerve damage begins
early in the course of diabetes, worsening gradually
over time without clinical symptoms until the condition is fairly advanced. Because DPN is associated with
significant morbidity and mortality, and the only
intervention proven to alter its pathogenesis is
glycemic control, it is important for clinicians to diagnose DPN early in order to limit its progression.

REFERENCES
1. American Diabetes Association. Neuropathy and nerve
damage. Available at: http://www.diabetes.org/utils/
printthispage.jsp? Page ID=TYPE1DIABETES3_23293.
Accessed April14, 2004.
2. Tesfaye S, Stevens LK, Stephenson JM, et al. Prevalence
of diabetic peripheral neuropathy and its relation to glycaemic control and potential risk factors: the EURODIAB
IDDM Complications Study. Diabetologia. 1996;
39(11):1377-1384.

Vol. 4 (8A)

■

September 2004

REVIEW

3. Young MJ, Boulton AJ, MacLeod AF, Williams DR, Sonksen
PH. A multicentre study of the prevalence of diabetic
peripheral neuropathy in the United Kingdom hospital clinic
population. Diabetologia. 1993;36(2):150-154.
4. Dyck PJ, Kratz KM, Karnes JL, et al. The prevalence by staged
severity of various types of diabetic neuropathy, retinopathy,
and nephropathy in a population-based cohort: the Rochester
Diabetic Neuropathy Study. Neurology. 1993;43(4):817824. Erratum in: Neurology. 1993;43(11):2345.
5. American Diabetes Association. Standardized measures in
diabetic neuropathy. Diabetes Care. 1996;19(1S):72S-92S.
6. Simmons Z, Feldman EL. Update on diabetic neuropathy.
Curr Opin Neurol. 2002;15(5):595-603.
7. Horowitz SH. Diabetic neuropathy. Clin Orthop. 1993;
(296):78-85.
8. Dyck PJ, Karnes JL, O’Brien PC, Litchy WJ, Low PA, Melton
LJ 3rd. The Rochester Diabetic Neuropathy Study: reassessment of tests and criteria for diagnosis and staged severity.
Neurology. 1992;42(6):1164-1170.
9. Nathan DM. Long-term complications of diabetes mellitus.
N Engl J Med. 1993;328(23):1676-1685.
10. Mayfield JA, Sugarman JR. The use of the SemmesWeinstein monofilament and other threshold tests for preventing foot ulceration and amputation in persons with
diabetes. J Fam Pract. 2000;49(11, suppl):S17-S29.
11. Boulton AJM, Malik RA. Diabetic neuropathy. Med Clin
North Am. 1998;82(4):909-929.
12. Consensus statement: Report and recommendations of the
San Antonio conference on diabetic neuropathy. American
Diabetes Association. American Academy of Neurology.
Diabetes Care. 1988;11(7):592-597.
13. Medicine Group (Education) Ltd. International Guidelines on
the Out-Patient Management of Diabetic Peripheral
Neuropathy. Oxfordshire;1998.
14. Dyck PJ, Davies JL, Wilson DM, Service EJ, Melton LJ 3rd,
O’Brien PC. Risk factors for severity of diabetic polyneuropathy: intensive longitudinal assessment of the Rochester
Diabetic Neuropathy Study cohort. Diabetes Care.
1999;22(9):1479-1486.
15. Boulton AJ. Guidelines for diagnosis and outpatient management of diabetic peripheral neuropathy. European
Association for the Study of Diabetes, Neurodiab. Diabetes
Metab. 1998;24(suppl 3):55-65.
16. Canadian Diabetes Association Clinical Practice Expert
Committee. Clinical practice guideline neuropathy 2003.
Available at: http://www.diabetes.ca/cpg2003/download.aspx. Accessed April 18, 2004.
17. American Diabetes Association. Standards of medical care
in diabetes. Diabetes Care. 2004;27(1):S15-S35.
18. Smieja M, Hunt DL, Edelman D, Etchells E, Cornuz J, Simel
DL. Clinical examination for the detection of protective sensation in the feet of diabetic patients. International
Cooperative Group for Clinical Examination Research.
J Gen Intern Med. 1999;14(7):418-424.
19. Boyko E, Ahroni JH, Stensel V, Forsberg RC, Davignon DR,
Smith DG. A prospective study of risk factors for diabetic
foot ulcer: The Seattle Diabetic Foot Study. Diabetes Care.
1999;22(7):1036-1042.
20. Maser RE, Nielsen VK, Bass EB, et al. Measuring diabetic
neuropathy. Assessment and comparison of clinical exami-

Advanced Studies in Medicine

■

nation and quantitative sensory testing. Diabetes Care.
1989;12(4):270-275.
21. Birke JA, Sims DS. Plantar sensory threshold in the ulcerative
foot. Lepr Rev. 1986;57(3):261-267.
22. Holewski JJ, Stess RM, Graf PM, Grunfeld C.
Aesthesiometry: quantification of cutaneous pressure sensation in diabetic peripheral neuropathy. J Rehabil Res Dev.
1988;25(2):1-10.
23. Mueller MJ, Diamond JE, Delitto A, Sinacore DR. Insensitivity,
limited joint mobility, and plantar ulcers in patients with diabetes mellitus. Phys Ther. 1989;69(6):453-462.
24. Pham H, Armstrong DG, Harvey C, Harkless LB, Giurini
JM, Veves A. Screening techniques to identify people at
high risk for diabetic foot ulceration. A prospective multicenter trial. Diabetes Care. 2000;23(5):606-611.
25. Rith-Najarian SJ, Stolusky T, Gohdes DM. Identifying diabetic
patients at high risk for lower-extremity amputation in a primary health care setting. A prospective evaluation of simple
screening criteria. Diabetes Care. 1992;15(10):1386-1389.
26. Litzelman DK, Marriott DJ, Vinicor F. Independent physiological predictors of foot lesions in patients with NIDDM.
Diabetes Care. 1997;20(8):1273-1278.
27. Adler AI, Boyko EJ, Ahroni JH, Smith DG. Lower-extremity
amputation in diabetes. The independent effects of peripheral vascular disease, sensory neuropathy, and foot ulcers.
Diabetes Care. 1999;22(7):1029-1035.
28. Sosenko JM, Kato M, Soto R, Bild DE. Comparison of
quantitative sensory-threshold measures for their association
with foot ulceration in diabetic patients. Diabetes Care.
1990;13(10):1057-1061.
29. Kumar S, Fernando DJ, Veves A, Knowles EA, Young MJ,
Boulton AJ. Semmes-Weinstein monofilaments: A simple,
effective and inexpensive screening device for identifying
patients at risk of foot ulceration. Diabetes Res Clin Pract.
1991;13(1-2):63-67.
30. Burns TM, Taly A, O’Brien PC, Dyck PJ. Clinical versus
quantitative vibration assessment: improving clinical performance. J Peripher Nerv Syst. 2002;7(2):112-117.
31. Liniger C, Albeanu A, Bloise D, Assal J. The tuning fork
revisited. Diabet Med. 1990;7(10):859-864.
32. Thivolet C, El Farkh J, Petiot A, Simonet C, Tourniaire J.
Measuring vibration sensations with graduated tuning fork.
Simple and reliable means to detect diabetic patients at risk
of neuropathic foot ulceration. Diabetes Care.
1990;13(10):1077-1080.
33. Pestronk A, Florence PT, Levine T, et al. Sensory exam with
a quantitative tuning fork: rapid, sensitive, and predictive of
SNAP amplitude. Neurology. 2004;62(3):461-464.
34. Kastenbauer T, Sauseng S, Brath H, Abrahamian H, Irsigler
K. The value of the Rydel-Seiffer tuning fork as a predictor
of diabetic polyneuropathy compared with a neurothesiometer. Diabet Med. 2004;21(6):563-567.
35. Bril V, Nyunt M, Ngo M. Limits of the sympathetic skin
response in patients with diabetic polyneuropathy. Muscle
Nerve. 2000;23(9):1427-1430.
36. Shy EM, Frohman EM, So YT, et al. Quantitative sensory
testing: report of the Therapeutics and Technology
Assessment Subcommittee of the American Academy of
Neurology. Neurology. 2003;60(6):898-904.
37. Ziegler D, Mayer P, Wiefels K, Gries FA. Assessment of

S659

REVIEW

small and large fiber function in long-term type-1 (insulin
dependent) diabetic patients with and without painful neuropathy. Pain. 1998;34:1-10.
38. Ziegler D, Mayer P, Gries FA. Evaluation of thermal, pain,
and vibration sensation thresholds in newly diagnosed type1 diabetic patients. Neurol Neurosurg Psychiat.
1988;51(11):1420-1424.
39. Guy RJ, Clark CA, Malcolm PN, Watkins PJ. Evaluation of
thermal and vibration sensation in diabetic neuropathy.
Diabetologia. 1985;28(3):131-137.
40. Young MJ, Breddy JL, Veves A, Boulton AJ. The prediction of
diabetic neuropathic foot ulceration using vibration perception thresholds. A prospective study. Diabetes Care.
1994;17(6):557-560.
41. Coppini DV, Young PJ, Weng C, Macleod AF, Sonksen
PH. Outcome on diabetic foot complications in relation
to clinical examination and quantitative sensory testing:
a case-control study. Diabet Med. 1998;15(9):
765-771.
42. Lavery L, Armstrong DG, Vela SA, Quebedeaux TL, Fleischli
JG. Practical criteria for screening patients at high risk for
diabetic foot ulceration. Arch Intern Med.
1998;158(2):157-162.
43. Bril V, Kojic J, Ngo M, Clark K. Comparison of neurothesiomter and vibraton in measuring vibration perception
thresholds and relationship to nerve conduction studies.
Diabetes Care. 1997;20(9):1360-1362.
44. Perkins BA, Bril V. Diabetic neuropathy: a review emphasizing diagnostic methods. Clin Neurophysiol. 2003;
114(7):1167-1175.
45. Albers JW, Brown MB, Sima AA, Greene DA. Nerve conduction measures in mild diabetic neuropathy in the Early
Diabetes Intervention Trial: the effects of age, sex, type of
diabetes, disease duration, and anthropometric factors.
Tolrestat Study Group for the Early Diabetes Intervention
Trial. Neurology. 1996;46(1):85-91.
46. Perkins BA, Olaleye D, Zinman B, Bril V. Simple screening
tests for peripheral neuropathy in the diabetes clinic.
Diabetes Care. 2001;24(2):250-256.
47. Assessment: Clinical autonomic testing report of the
Therapeutics and Technology Assessment Subcommittee of
the American Academy of Neurology. Neurology.
1996;46(3):873-880.
48. Young RJ, Ewing JD, Clarke BF. Nerve function and metabolic control in teenage diabetics. Diabetes.
1983;32(2):142-147.
49. el Bahri-Ben Mrad F, Gouider R, Fredj M, Ben Becher S,
Mrad-Mazigh S, Mrabet A. Childhood diabetic neuropathy: a clinical and electrophysiological study. Funct Neurol.
2000;15(1):35-40.
50. Akbar DH, Mira SA, Zawawi TH, Malibary HM.
Subclinical diabetic neuropathy: a common complication in
Saudi diabetics. Saudi Med J. 2000;21(5):433-437.
51. Donofrio PD, Albers JW. AAEM minimonograph #34:
polyneuropathy: classification by nerve conduction studies and
electromyography. Muscle Nerve. 1990;13(10):889-903.
52. Bril V, Vinik A, Litchy W, Zhang D, Bastyr E. Detectable
sural nerve action potential (SNAP) identifies patients with
early diabetic peripheral neuropathy. Diabetes.
2002;51(suppl 2):799. Abstract.

S660

53. Dyck PJ, Karnes J, O’Brien PC, Swanson CJ. Neuropathy
symptom profile in health, motor neuron disease, diabetic
neuropathy, and amyloidosis. Neurology. 1986;
36(10):1300-1308.
54. Olaleye D, Perkins BA, Bril V. Evaluation of three screening
tests and a risk assessment model for diagnosing peripheral
neuropathy in the diabetes clinic. Diabetes Res Clin Pract.
2001;54(2):115-128.
55. Viswanathan V, Snehalatha C, Seena R, Ramachandran A.
Early recognition of diabetic neuropathy: evaluation of a
simple outpatient procedure using thermal perception.
Postgrad Med J. 2002;78(923):541-542.
56. Jamal GA, Hansen S, Weir AL, Ballantyne JP. The neurophysiologic investigation of small fiber neuropathies. Muscle
Nerve. 1987;10(6):537-545.
57. Dyck PJ. Invited review: limitations in predicting pathologic
abnormality of nerves from the EMG examination. Muscle
Nerve. 1990;13(5):371-375.
58. Dyck PJ. Detection, characterization, and staging of
polyneuroapthy: assessed in diabetics. Muscle Nerve.
1988;11(1):21-32.
59. Dyck PJ, Litchy WJ, Lehman KA, Hokanson JL, O’Brien PC.
Variables influencing neuropathic endpoints: the Rochester
Diabetic Neuropathy Study of Health Subjects. Neurology.
1995;45(6):1115-1121.
60. Dyck PJ, Davies JL, Litchy WJ, O’Brien PC. Longitudinal
assessment of diabetic polyneuropathy using a composite
score in the Rochester Diabetic Neuropathy Study cohort.
Neurology. 1997;49(1):229-239.
61. Valk GD, Nauta JJ, Strijers RL, Bertelsmann FW. Clinical
examination in the diagnosis of diabetic polyneuropathy.
Diabet Med. 1992;9(8):716-721.
62. Valk GD, de Sonnaville JJ, van Houtum WH, et al. The
assessment of diabetic polyneuropathy in daily clinical practice: reproducibility of Semmes Weinstein monofilaments
examination and clinical neurological examination. Muscle
Nerve. 1997;20(1):116-118.
63. van de Poll-Franse LV, Valk GD, Renders CM, Heine RJ, van
Eijk JT. Longitudinal assessment of the development of diabetic polyneuropathy and associated risk factors. Diabet
Med. 2002;19(9):771-776.
64. Valk GD, Grootenhuis PA, Bouter LM, Bertelsmann FW.
Complaints of neuropathy related to the clinical and neurophysiological assessment of nerve function in patients
with diabetes mellitus. Diabetes Res Clin Pract.
1994;26(1):29-34.
65. Franse LV, Valk GD, Dekker JH, Heine RJ, van Eijk JT.
‘Numbness of the feet’ is a poor indicator for polyneuropathy in Type 2 diabetic patients. Diabet Med.
2000;17(2):105-110.
66. Corriveau H, Prince F, Hebert R, et al. Evaluation of postural stability in elderly with diabetic neuropathy. Diabetes
Care. 2000;23(8):1187-1191.
67. Lafond D, Corriveau H, Prince F. Postural control mechanisms during quiet standing in patients with diabetic sensory
neuropathy. Diabetes Care. 2004;27(1):173-178.
68. Fedele D, Comi G, Coscelli C, et al. A multicenter study on
the prevalence of diabetic neuropathy in Italy. Italian
Diabetic Neuropathy Committee. Diabetes Care.
1997;20(5):836-843.

Vol. 4 (8A)

■

September 2004

REVIEW

69. Feldman EL, Brown MB, Stevens MJ, Canal N, Thomas PK,
Greene DA. A practical two-step quantitative clinical and
electrophysiological assessment for the diagnosis and staging of diabetic neurology. Diabetes Care.
1994;17(11):1281-1289.
70. Cornblath DR, Chaudry V, Carter K, et al. Total neuropathy
score: validation and reliability study. Neurology.
1999;53(8):1660-1664.
71. Epidemiology of Diabetes Interventions and Complications
(EDIC) Research Group. Design, implementation, and preliminary results of a long-term follow-up of the Diabetes
Control and Complications Trial cohort. Diabetes Care.
1999;22(1):99-111.
72. Meijer JW, van Sonderson E, Blaauwwiekel EE, et al.
Diabetic neuropathy examination: a hierarchal scoring system to diagnose distal polyneuropathy in diabetes.
Diabetes Care. 2000;23(6):750-753.
73. Meijer JW, Bosma E, Lefrandt JD, et al. Clinical diagnosis
of diabetic polyneuropathy with the diabetic neuropathy
symptom and diabetic neuropathy examination scores.
Diabetes Care. 2003;26(3):697-701.
74. Bril V, Perkins BA. Validation of the Toronto Clinical Scoring
System for diabetic Polyneurology. Diabetes Care.
2002;25(11):2048-2052.
75. Zeigler D, Nowak H, Kempler P, Vargha P, Low PA.
Treatment of symptomatic diabetic polyneuropathy with the

Advanced Studies in Medicine

■

antioxidant alpha-lipoic acid: a meta-analysis. Diabet Med.
2004;21(2):114-121.
76. Bastyr EJ, Zhang D, the MBBQ Study Group. Neuropathy
Total Symptom Score-6 (NTSS-6) questionnaire: a reliable
measure of symptoms indicating changes in diabetic peripheral neuropathy (DPN). Presented at: the 38th Annual
Meeting of the European Association for the Study of
Diabetes; September 1-5, 2002; Budapest, Hungary.
77. Rahman M, Griffin SJ, Rathman W, Wareham NJ. How
should peripheral neuropathy be assessed in people with
diabetes in primary care? A population-based comparison
of four measures. Diabet Med. 2003;20(5):368-374.
78. Dyck PJ, Karnes JL, Daube J, O’Brien P, Service FJ. Clinical
and neuropathological criteria for the diagnosis and staging of diabetic polyneuropathy. Brain. 1985;108(pt
4):861-880.
79. Dyck PJ, Karnes J, O’Brien PC, Swanson CJ. Neuropathy
symptom profile in health, motor neuron disease, diabetic
neuropathy, and amyloidosis. Neurology.
1986;36(10):1300-1308.
80. Dyck PJ, Sherman WR, Hallcher LM, et al. Human diabetic
endoneurial sorbitol, fructose, and myo-inositol related to sural
nerve morphometry. Ann Neurol. 1980;8(6):590-596.
81. Meijer JW, Smit AJ, van Sonderson EV, Groothoff JW,
Eisma WH, Links TP. Symptom scoring systems to diagnose
distal polyneuropathy in diabetes: the diabetic neuropathy
symptom score. Diabet Med. 2002;19(11):962-965.

S661

