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Objective: To repeat the Clinical vs Neurophysiology
(Cl vs N Phys) trial using “unequivocally abnormal” signs
and symptoms (Trial 2) compared with the earlier trial
(Trial 1), which used “usual” signs and symptoms.

Design: Standard and referenced nerve conduction ab-
normalities were used in both Trials 1 and 2 as the stan-
dard criterion indicative of diabetic sensorimotor poly-
neuropathy. Physician proficiency (accuracy among
evaluators) was compared between Trials 1 and 2.

Setting: Academic medical centers in Canada, Den-
mark, England, and the United States.

Participants: Thirteen expert neuromuscular physi-
cians. One expert was replaced in Trial 2.

Results: The marked overreporting, especially of signs,
in Trial 1 was avoided in Trial 2. Reproducibility of di-

agnosis between days 1 and 2 was significantly (P=.005)
better in Trial 2. The correlation of the following clini-
cal scores with composite nerve conduction measures
spanning the range of normality and abnormality was im-
proved in Trial 2: pinprick sensation (P = .03), de-
creased reflexes (P = .06), touch-pressure sensation
(P=.06), and the sum of symptoms (P=.06).

Conclusions: The simple pretrial decision to use un-
equivocally abnormal signs and symptoms—taking age,
sex, and physical variables into account—in making clini-
cal judgments for the diagnosis of diabetic sensorimo-
tor polyneuropathy (Trial 2) improves physician profi-
ciency compared with use of usual elicitation of signs and
symptoms (Trial 1); both compare to confirmed nerve
conduction abnormality.
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N EUROPATHY SIGNS AND

symptoms are used to
diagnose and scale the
severity of distal symmet-
ric sensorimotor poly-

neuropathy, such as the typical variety as-
sociated with diabetes mellitus, diabetic
sensorimotorpolyneuropathy(DSPN).One
usually assumes that physicians can accu-
rately elicit signs and symptoms and, with
theiruse,diagnoseDSPNsensitivelyandac-
curatelyandjudgeitsseverity.1-5Thisassump-
tion had not been rigorously tested until re-
cently,6,7perhapsbecausetheuseofsignsand
symptomsforthispurposehadbeenendorsed
by expert consensus panels.5,8,9 In the first
of2studiesaddressing theaccuracyof signs
and symptoms for this purpose, 3 neurolo-
gistsfromtheMayoClinicindependentlyex-
amined 20 patients with diabetes mellitus

without and with DSPN on 2 occasions and
judgedthescoredabnormalityofneuropathic
signs and symptoms.6,10 These researchers
foundahighdegreeofreproducibilityoftheir
clinical judgments,andclinicalassessments
were closely correlated with nerve conduc-
tion(NC)andabnormalquantitativesensa-
tiontest results.However,quitedifferent re-
sultswereobtained in theClvsNPhysTrial
1 (Trial 1), the forerunner of the present Cl
vs N Phys Trial 2 (Trial 2), in which 12 ex-
pert internationalphysiciansexaminedeach
of 24 masked patients with diabetes melli-
tus without and with DSPN on 2 consecu-
tive days, without conferring among them-
selvesorreceivinginstructionastohowthey
should elicit or judge neuropathy signs or
symptomsordiagnoseDSPN.7 InTrial1, the
physiciansusedtheir“usual”presumablysen-
sitive criteria for eliciting signs, symptoms,
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and clinical diagnosis of DSPN.7 Individual physician test-
retest reproducibility (� value) of signs, symptoms, and di-
agnosis were generally good to very good, but judgments
wereexcessivelyvariableand inaccurateamongphysicians
when compared with a highly standardized and referenced
composite standard normal deviate score of 5 attributes of
NCabnormality(�5NCnds�2.5thpercentile).Poorphy-
sician proficiency (accuracy among investigators) was at-
tributed to significant excessive and incorrect judging of
clinical signs and, to a lesser degree, of symptoms and di-
agnosis.Recognizing that evenexperts arenot asproficient
asdesired,wedecided to retestproficiencyusingmore spe-
cificpretrialcriteriaforelicitingsignsandsymptoms.Whereas
inTrial1expertphysicianshadusedusualpresumablysen-
sitiveelicitationofsignsandsymptoms,inTrial2theyagreed
touseonly“unequivocal”orcertainabnormalsignsandsymp-
toms(presumablymorespecific thanusualcriteria) indica-
tive of DSPN, with age, sex, physical fitness, and physical
variables taken into account in judging abnormality.

To assess physician proficiency, an independent cri-
terion standard indicator was needed, not only for the
occurrence but also for the severity of DSPN. As re-
viewed in the “Comment” section, a composite score of
NC (� 5 NC nds) was used for this purpose.11

Therefore, the primary question addressed in Trial 2 is
whether physician proficiency is improved by more spe-
cificallyelicitingunequivocallyabnormalsignsandsymptoms
for the clinical diagnosis of DSPN compared with the usual
elicitation of signs and symptoms in Trial 1. We compared
both results with standard composite NC abnormality.

METHODS

DESIGN AND CONDUCT OF TRIAL 2

In Trials 1 and 2, using only elicited signs and symptoms, 12 ex-
pert neuromuscular physicians examined 24 masked patients (dis-
guised by wearing surgical garments, caps, and masks and by using
electronic distortion of their voices [Figure 1]) and judged and
recorded the signs and symptoms of DSPN. In Trial 1, usual (pre-
sumably sensitive) criteria were used for eliciting signs and symp-
toms.7 In Trial 2 (the present report), unequivocally abnormal
signs and symptoms with correction for applicable variables of
age, sex, physical fitness, and physical features were used.

In Trial 1, physicians had not been instructed on how to
examine, grade, or judge the signs or symptoms or how to di-

agnose DSPN, and they were asked not to confer among them-
selves as to how they evaluated or judged abnormal findings
or diagnosed DSPN. They were to use their usual approaches
and criteria for the clinical assessment of signs and symptoms
and for the clinical diagnosis of DSPN. After clinical examina-
tion of each patient in both trials, physicians recorded the pres-
ence or absence of signs (muscle weakness, hyporeflexia or are-
flexia, and decreased sensation [touch pressure, vibration, joint
motion, pinprick, or other]) and symptoms (weakness, posi-
tive neuropathic sensory symptoms of “asleep-numbness,”
“prickling,” or pain [“deep aching,” “lancinating,” “burning,”
or “other”]). Forms were provided for this purpose. For both
trials, NC assessments were performed within 1 or 2 weeks of
the trial to assess fibular nerve motor amplitude, velocity and
distal latency, tibial motor distal latency, and sural sensory nerve
amplitude. Abnormality of NC was assessed using � 5 NC nds
at the 2.5th percentile or less as previously described.11

The design and execution of Trial 2 is exactly like that of Trial
1 with the following 3 differences: (1) Trial 2 was performed 1
year after Trial 1; (2) 1 expert physician and 3 patients from Trial
1werenotable toparticipate inTrial2,necessitatingsubstitutions;
and(3)aconsensusprocessprecededconductofTrial2, inwhich
physiciansagreedtogradeasabnormalonlyunequivocal (certain)
abnormality of signs, symptoms, and diagnosis, taking age, sex,
physical fitness,height,andweight intoconsiderationbefore judg-
ing signs and symptoms as abnormal. The masking of patients’
identityandmedicalconditionswasotherwisealikebetweenTrials
1 and 2. Masking of each patient’s identity and disease condition
andtheindividualphysician’sperformanceweremaintainedwithin
and between the trials and to the present.

As previously reported, the 12 expert neuromuscular phy-
sicians came from 4 countries (Canada, Denmark, England, and
the United States). The 24 volunteers with diabetes mellitus
without and with DSPN for Trial 1 had been recruited using
NC criteria so that approximately half of them did not have DSPN
and half did to varying degrees of severity. None of the pa-
tients had selective small-fiber painful polyneuropathy (ie,
chronic idiopathic axonal polyneuropathy or atypical diabetic
polyneuropathy). The NC criterion standard for DSPN was �
5 NC nds at the 2.5th percentile or less and was the same for
Trials 1 and 2. The criterion standard of at least 75% of phy-
sician diagnosis of DSPN was not used in this study because of
its poor performance in Trial 1.7

STATISTICAL ANALYSIS

The primary question addressed in this comparison of Trials 1
and 2 was the proficiency of 12 expert neuromuscular physi-
cians to diagnose DSPN when they used usual (Trial 1) vs un-
equivocally abnormal criteria (Trial 2; more specific criteria)
to elicit signs and symptoms for the diagnosis of DSPN using
abnormality of NC as the objective and standard indication of
DSPN. We used standard statistical tests to compare fre-
quency distributions, reproducibility, and correlation of fre-
quency of signs and symptoms compared with NC abnormal-
ity in Trial 2 vs Trial 1.

RESULTS

TEST-RETEST REPRODUCIBILITY OF SIGNS,
SYMPTOMS, AND CLINICAL DIAGNOSIS

OF DSPN IN TRIAL 2 VS TRIAL 1

In both trials, reproducibility of each physician’s assess-
ment of signs, symptoms, and diagnoses between days 1
and 2 ranged from good to very good and, for most phy-

Figure 1. The clothing, masks, and dark glasses used to disguise the identity
of patients (only 12 of the 24 patients are seen in the front row). The voices
of patients were electronically altered. Patients did not speak unless
physicians wore earphones. Some study personnel are also shown.
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sicians, was statistically significant (Table 1). Using the
Wilcoxon signed rank test, a large and significant im-
provement in reproducibility of diagnosis (� value) was
found in Trial 2 compared with Trial 1 (median [range],
0.80 [0.55-0.88] in Trial 2 vs 0.49 [0.19-0.75] in Trial 1
[P=.005]). Reproducibility of judgment of the signs or
symptoms was not significantly increased in Trial 2.

TEST-RETEST REPRODUCIBILITY OF NERVE
CONDUCTION ABNORMALITY

AND REPRODUCIBILITY OF COMPOSITE
NERVE CONDUCTION SCORE

Test-retest reproducibility of NC abnormality (� 5 NC
nds �2.5th percentile) for the diagnosis of DSPN (a di-
chotomous measure) between days 1 and 2 was 0.83 in
Trial 1 and 0.88 in Trial 2, both highly reproducible. Re-
producibility of the composite score of NC (� 5 NC nds)
as a continuous measure of severity spanning normality
and abnormality was assessed using intraclass correla-
tion coefficients. The intraclass correlation coefficient was
0.93 for Trial 1 and 0.96 for Trial 2, indicating high re-
producibility of this measure in both trials.

OVERREPORTING OF SIGNS, SYMPTOMS,
AND CLINICAL DIAGNOSIS OF DSPN

On the assumption that confirmed NC abnormality (�
5 NC nds �2.5th percentile) is a sensitive, objective, and
quantitative indication of DSPN (see the “Comment” sec-
tion), the degree in the overreporting of signs, symp-
toms, and clinical diagnosis was used to assess for accuracy
of the clinical evaluation. The remarkable improvement
of overreporting of signs, symptoms, and diagnosis in Trial
2 compared with Trial 1 is shown in Figure 2. Trial 1
had a large degree of overreporting, especially of signs
(45% and 47% of 576 physician evaluations on days 1
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Figure 2. The frequency of at least 75% of expert physicians’ elicitation of
signs, symptoms, and clinical diagnosis of diabetic sensorimotor
polyneuropathy. Confirmed nerve conduction (NC) abnormality (calculated as
the composite standard normal deviate score of 5 attributes of NC abnormality
[� 5 NC nds �2.5th percentile]) is compared with results on days 1 and 2 of
the Cl vs N Phys Trial 1 (A) and Trial 2 (a replication of Trial 1) (B). Percentages
are calculated from 576 physician evaluations for 24 patients. Ellipses indicate
not applicable. *Overreported clinical diagnoses were defined as the presence of
clinical abnormalities but no NC abnormalities.

Table 1. Test-Retest Reproducibility of Expert Neuromuscular Physicians’ Judgments of Signs, Symptoms, and Diagnosis of DSPN
Between Days 1 and 2 of CI vs N Phys Trials 1 and 2a

Physician
No.

Trial 1 Trial 2

Signs Symptoms Diagnosis Signs Symptoms Diagnosis

� P Value � P Value � P Value � P Value � P Value � P Value

1 0.41 .02 1.00 �.001 0.50 .006 0.57 .003 0.65 �.001 0.55 .004
2b 0.75 �.001 0.83 �.001 0.47 .01
3 0.65 �.001 0.55 .003 0.49 .009 0.71 �.001 1.00 �.001 0.64 �.001
4 0.51 .002 0.73 �.001 0.57 .001 0.74 �.001 0.56 .003 0.81 �.001
5 1.00 �.001 0.68 �.001 0.49 .008 0.66 �.001 0.50 .006 0.66 �.001
6 0.42 .01 0.66 �.001 0.49 .008 0.65 �.001 0.28 .08 0.65 �.001
7 0.59 .002 0.71 �.001 0.33 .04 0.78 �.001 0.65 �.001 0.88 �.001
8 0.62 .001 0.22 .12 0.30 .04 0.71 �.001 0.78 �.001 0.80 �.001
9 0.48 .006 0.81 �.001 0.75 �.001 0.63 �.001 0.64 �.001 0.80 �.001
10 0.78 �.001 0.67 �.001 0.63 �.001 0.34 .04 0.58 �.001 0.58 .002
11 1.00 �.001 0.75 �.001 0.19 .17 0.49 .009 0.65 �.001 0.88 �.001
12 0.36 .04 0.88 �.001 0.66 �.001 0.58 .002 0.78 �.001 0.80 �.001
13b 0.64 �.001 1.00 �.001 0.81 �.001

Abbreviation: DSPN, diabetic sensorimotor polyneuropathy.
aBoldface type indicates statistically significant correlations. Wilcoxon signed rank tests comparing Trials 1 and 2 were not significantly different for signs

(median [range], 0.60 [0.36-1.00] for Trial 1 and 0.65 [0.34-0.78] for Trial 2 [P = .83]) and for symptoms (0.72 [0.22-1.00] for Trial 1 and 0.65 [0.28-1.00]
for Trial 2 [P = .32]). Differences were significant for diagnosis (0.49 [0.19-0.75] for Trial 1 and 0.80 [0.55-0.88] for Trial 2 [P = .005]).

bPhysician 2 was unavailable for Trial 2 and was replaced by physician 13.
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and 2, respectively), with less overreporting of symp-
toms (14% and 12%, respectively) and clinical diagno-
sis (26% and 27%, respectively) (Figure 2). Also in Trial
1, overreporting of at least 75% of physicians’ judg-
ments of abnormal signs (9 of 24 and 11 of 24 on days 1
and 2, respectively) occurred. However, overreporting
of at least 75% of physicians’ assessments of symptoms
was found in lesser frequencies (ie, 2 of 24 and 3 of 24
and for �75% clinical diagnosis in 1 of 24 and 3 of 24,
respectively) (Table 2). By contrast, in Trial 2, indi-
vidual physician overreporting of signs occurred in only
5% and 5%, with lesser percentages of overreporting of
symptoms and diagnosis (Figure 2). No overreporting
of at least 75% of physicians’ judgments of signs, symp-
toms, or diagnosis occurred in Trial 2 (Table 2). The mark-
edly reduced overreporting of at least 75% of physi-
cians’ judgments of signs in Trial 2 was highly significant
(ie, P = .005 on day 1 and P = .003 on day 2) (Table 2).

CORRELATION OF PHYSICIANS’ SCORING
OF CLINICAL SIGNS AND SYMPTOMS

AND NERVE CONDUCTION

On days 1 and 2 of Trial 1, 9 of 12 and 6 of 12 physi-
cians, respectively, had a statistically significant corre-
lation between their crude scores of elicited signs and
symptoms and continuous NC measures (� 5 NC nds)
(Table 3). In Trial 2, 12 of 12 examiners had signifi-
cant correlations on days 1 and 2. For day 2, this differ-
ence between the trials was almost significant (P = .06).

Physicians’ assessments of individual signs and symp-
toms compared with the continuous measure of nerve func-
tion were compared between Trials 2 and 1 using similar
approaches to those listed in Table 3. Assessment of indi-
vidual symptoms was not significantly improved in Trial
2 compared with Trial 1; however, the sum of elicited symp-
toms almost reached significance (P = .06). Of the elicited

Table 2. Signs, Symptoms, and Clinical Diagnosis Compared With Nerve Conduction Measures Between Cl vs N Phys Trials 1 and 2a

�75% Physician Accord

No. (%) of Physiciansb

Trial 1 vs Trial 2Trial 1 Trial 2

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

Over
Correct/
Under Over

Correct/
Under Over

Correct/
Under Over

Correct/
Under �2 P Value �2 P Value

Signs 9 (38) 15 (63) 11 (46) 13 (54) 0 24 (100) 0 24 (100) 8 .005 9 .003
Symptoms 2 (8) 22 (92) 3 (13) 21 (88) 0 24 (100) 0 24 (100) 2 .16 3 .08
Clincal diagnosis 1 (4) 23 (96) 3 (13) 21 (88) 0 24 (100) 0 24 (100) 1 .32 3 .08

Abbreviations: Over, overreported; Under, underreported.
aCalculated as the composite standard normal deviate score of 5 attributes of nerve conduction abnormality. Boldface type indicates statistically significant

differences.
bPercentages have been rounded and might not total 100.

Table 3. Correlations of Composite Scores of Clinical Signs and Symptoms Compared With the Criterion Standard for Examination
Days 1 and 2 Using Spearman Rank Coefficientsa

Physician No.

Cl vs N Phys Trial 1 Cl vs N Phys Trial 2

Day 1 Day 2 Day 1 Day 2

rs P Value rs P Value rs P Value rs P Value

1 0.28 .19 0.29 .17 0.56 .004 0.53 .008
2b 0.42 .04 0.34 .10
3 0.56 .005 0.48 .02 0.71 �.001 0.66 �.001
4 0.41 .046 0.40 .05 0.81 �.001 0.62 .001
5 0.49 .01 0.38 .06 0.62 .001 0.67 �.001
6 0.45 .03 0.58 .003 0.58 .003 0.55 .006
7 0.35 .09 0.54 .006 0.57 .004 0.48 .02
8 0.35 .09 0.36 .09 0.62 .001 0.75 �.001
9 0.56 .005 0.53 .008 0.66 �.001 0.72 �.001
10 0.47 .02 0.24 .26 0.63 .001 0.64 �.001
11 0.41 .049 0.48 .02 0.68 �.001 0.57 .004
12 0.57 .004 0.51 .01 0.46 .02 0.73 �.001
13b 0.65 �.001 0.64 �.001

a Indicates the individual physicians’ Spearman rank correlations (rs) of sum scores of clinical signs and symptoms with the composite score of nerve
conduction (NC) abnormality (calculated as the composite standard normal deviate score of 5 attributes of NC abnormality [� 5 NC nds]). Boldface type indicates
statistically significant correlations. One-sided exact binomial tests assessing rates of significant correlation (Ho [null hypothesis]: P = .5; Ha [alternative
hypothesis]: P � .5) were not significant for day 1 (P = .07) or day 2 (P = .61) of Trial 1. The tests were significant for day 1 (P � .001) and day 2 (P � .001)
of Trial 2. Exact McNemar tests comparing rates of significant correlation between Trials 1 and 2 were not significant for day 1 (P = .25) or for day 2 (P = .06).

bPhysician 2 was unavailable for Trial 2 and was replaced by physician 13.
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signs, pinprick sensation (P = .03), touch-pressure sensa-
tion (P = .06), and decreased reflexes (P = .06) resulted
in better performance in Trial 2.

COMMENT

Evaluation of signs and symptoms is widely used for medi-
cal diagnosis, for example, of disease conditions such as
typical DSPN. Considering their widespread use, sur-
prisingly little reliable data are available on how profi-
ciently these evaluations are performed. This fact was em-
phasized in a recent editorial by Johnston and Hauser.12

Reflecting on the “beautiful and ethereal” neurological
examination, they state that “little evidence actually sup-
ports its value.” They note further that the examination
“is easy to do poorly, and we know very little about how
well it performs in the hands of experts, much less many
other practitioners.”12

In the previously reported Trial 1,7 expert physicians
relying on their elicited signs and symptoms alone were
not proficient in diagnosing DSPN. Using their usual pre-
sumably sensitive elicitation of signs, symptoms, and di-
agnosis, excessive variability and inaccuracy were found
compared with confirmed NC abnormality. Although re-
sults of their clinical assessments were reproducible, the
experts markedly overreported signs in particular com-
pared with NC abnormality.

In Trial 2 (essentially a repeat of Trial 1 one year later),
almost the same physicians examined almost the same
masked patients using unequivocally abnormal signs and
symptoms and took variables of age, sex, physical fit-
ness, and physical characteristics into account. Using the
more specific Trial 2 criteria, physician proficiency was
significantly less variable and more accurate in Trial 2
than in Trial 1 when both evaluations were compared with
confirmed NC abnormality.

The choice of � 5 NC nds at the 2.5th percentile or
less as the dichotomous and � 5 NC nds as the continu-
ous criterion standard measure of DSPN probably needs
further explanation and defense. We used these mea-
sures because they are among the most sensitive, objec-
tive, and quantitative independent measures against which
clinical signs, symptoms, and diagnosis could be com-
pared. This conclusion is based on results of cohort stud-
ies,1,13-15 epidemiologic surveys,6,7,11,15-17 and consensus
panel reports.5,8,9,17 This conclusion is further con-
firmed by the present results. The composite NC score
chosen for these studies combines the attributes of 3 leg
nerves and 4 functions (known to be affected in DSPN),
and the percentile abnormality was set by comparison
with a reference cohort of 330 healthy subjects from Olm-
sted County, Minnesota. As shown in a previous study
from this group,11 use of this composite score also avoids
type I error. In the present study, the chosen composite
NC score was shown to be a highly reproducible indi-
cation of DSPN. Therefore, this composite NC score can
be used for the sensitive diagnosis of DSPN but also as a
continuous measure of nerve function spanning normal-
ity and abnormality.

The improved accuracy of assessment of signs, symp-
toms, and diagnosis in Trial 2 compared with Trial 1 likely

relates to more specific elicitation of signs and symp-
toms in Trial 2. We make this inference because more
specifically elicited signs and symptoms were the main
differences between the design and conduct of Trials 2
and 1. Also, physician recall of patients’ history or find-
ings from Trial 1, a possible explanation for improved
proficiency in Trial 2, should not have occurred be-
cause each patient’s identity, clinical findings, and diag-
nosis remained masked. Furthermore, using more obvi-
ous “harder” signs or symptoms as criteria would not
necessarily improve proficiency because, although ob-
vious cases might more readily be identified, milder, less
obvious cases might go unidentified. Therefore, we can
infer that the improved proficiency found in Trial 2 re-
sults from the use of more specific evaluation of signs
and symptoms, taking such factors as age, sex, and physi-
cal variables into account when judging the signs, symp-
toms, and diagnosis.18

By using unequivocally abnormal signs and symp-
toms as in Trial 2, have the signs, symptoms, and diag-
nosis of DSPN been underestimated? Underestimation
is possible but seems unlikely to be of a considerable mag-
nitude because, even with the use of the more specific
criteria for DSPN, a small percentage of overreporting of
signs, symptoms, and clinical diagnosis occurred.

An additional possible insight coming from these trials
relates to the greater overreporting of signs compared with
symptoms. Because symptoms are reported by patients
and signs by physicians, it could be inferred that pa-
tients’ judgments are more accurate than those of phy-
sicians. However, when physicians used the more spe-
cific Trial 2 criteria, a reasonable balance among signs,
symptoms, and diagnosis was achieved. Assuming that
insights arrived at in this report can be generalized, we
might reasonably conclude that specific rather than sen-
sitive elicitation of signs and symptoms should be advo-
cated to improve accurate and proficient elicitation of signs
and symptoms for the diagnosis of DSPN. This insight
might be applied to conduct of therapeutic trials, neu-
rological education, and medical practice.
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