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Borderline Nerve Conduction Velocities for Median
Neuropathy at the Carpal Tunnel
Joost T. P. Kortlever, MD,* Stéphanie J. E. Becker, MD, PhD,† Meijuan Zhao, MD,† David Ring, MD, PhD*
Purpose Patient knowledge of the frequency with which electrodiagnostic testing (EDx) for
suspected median neuropathy at the carpal tunnel addresses nuance in the distinction between
normal and abnormal neurophysiology might help them make an informed decision about
whether or not to have this test. We reviewed a large set of consecutive EDx for possible
carpal tunnel syndrome (CTS) and associated medical records to determine (1) the percentage
of EDx measurements within 10% of threshold values; (2) discordance between clinician and
EDx diagnosis of CTS using diagnostic performance characteristics; and (3) demographic and
disease characteristics independently associated with EDx diagnosis of median neuropathy at
the carpal tunnel.
Methods We retrospectively reviewed nerve conduction study (NCS) results of 537 consecutive patients evaluated for possible idiopathic median neuropathy at the carpal tunnel. We
measured the number of patients within 10% of 3 NCS diagnostic thresholds; the diagnostic
performance characteristics comparing clinician and EDx diagnosis; and patient and disease
characteristics associated with EDx diagnosis of CTS.
Results The 3 NCS parameters were within 10% of the threshold for diagnosis of median
neuropathy at the carpal tunnel in 2.6% to 33% of patients. Overall, 76% of EDx results were
interpreted as median neuropathy at the carpal tunnel, 19% as normal, and 5% as another
diagnosis (eg, cervical radiculopathy). Patients with normal EDx were signiﬁcantly younger,
more likely not to report paresthesias/numbness, more likely to have prior normal EDx, and
less likely to have had a previous contralateral carpal tunnel release.
Conclusions This data set reﬂecting management strategies for suspected CTS at a large
institution conﬁrms inherent diagnostic uncertainty, relatively strong concordance between
clinician and EDx diagnosis, and the importance of focusing on paresthesia rather than pain.
These ﬁndings support the use of clinical prediction rules and may help inform a patient’s
decision regarding whether or not to have EDx. (J Hand Surg Am. 2020;45(5):379e388.
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BORDERLINE CARPAL TUNNEL SYNDROME

at the carpal tunnel manifests as symptoms of nocturnal and
intermittent paresthesias progressing to loss of
sensibility in the median nerve distribution (carpal
tunnel syndrome [CTS]). The physical examination
ﬁndings include signs such as provocation of paresthesia with tapping or pressure over the median nerve
at the carpal tunnel and paresthesias with prolonged
wrist ﬂexion. There is eventual progression to static
loss of discriminant sensibility, palmar abduction
strength, and thenar muscle mass.1e15
The American Association of Electrodiagnostic
Medicine (AAEM) reports pooled sensitivities of
63% to 85% and speciﬁcities of 97% or greater for
nerve conduction studies (NCSs) based on a review
of 278 articles of which 22 were included in an
analysis.16 Given that there is no consensus reference
standard for diagnosis of idiopathic median neuropathy among people diagnosed with clinical CTS,7,17
these may be over- or underestimates.18
Electrodiagnostic tests (EDx) are sometimes ordered to establish a preoperative baseline in case a
patient is dissatisﬁed with the result of surgery and
sometimes in scenarios in which the probability of
CTS is low with the rationale of not missing the
opportunity to treat this correctable problem. Diagnostic tests can be misleading in this second,
low-prevalence scenario. Another potentially lowprevalence scenario is when nonspecialists order
EDx because specialists insist on EDx prior to
referral. In circumstances with limited access to
specialists, nonspecialists may use the tests to help
triage people and gain earlier access to a specialist.
Clinical prediction rules such as the CTS-615 can be
used to estimate the probability of median neuropathy. Clinical prediction rules improve the diagnostic
performance characteristics of EDx. They also make
EDx optional given that clinical prediction rules are
infrequently discordant with EDx, especially with a
higher pretest probability.1,19
It might help patients considering EDx for suspected median neuropathy at the carpal tunnel to
know the prevalence of nuance in the distinction
between normal and abnormal neurophysiology and
the characteristics associated with this scenario. We
reviewed the use of EDx for possible CTS in daily
practice at a large institution to (1) determine the
percentage of EDx measurements within 10% of
threshold values; (2) assess discordance between
clinical diagnosis of CTS and normal EDx results
using diagnostic performance characteristics; and (3)
identify demographic and disease characteristics

independently associated with EDx diagnosis of
median neuropathy at the carpal tunnel.

DIOPATHIC MEDIAN NEUROPATHY

J Hand Surg Am.

MATERIALS AND METHODS
Study design
This retrospective study was approved by our institutional review board. All electronic medical records
of patients who underwent EDx tests over a 4-year
period were manually reviewed by research assistants not involved in patient care to establish whether
the patient fulﬁlled the predeﬁned eligibility criteria.
We included a consecutive series of 565 eligible
patients who were aged 18 years or older and sent by
various specialist and nonspecialist clinicians for
EDx to conﬁrm or rule out median neuropathy based
on their personal criteria for when this might be
worthwhile. This is a representation of how EDx is
used in clinical practice in one region and not a
reﬂection of standardized diagnostic criteria or a
clinical prediction rule. Only 1 hand per patient was
analyzed. In people with bilateral symptoms, the less
electrodiagnostically abnormal side was used because
the main aim of the study was to assess electrodiagnostic results near the threshold values. We
excluded patients who were pregnant at the time of
the NCS and patients who previously underwent
ipsilateral carpal tunnel release (CTR).
A total of 565 patients underwent 568 EDx to look
for median neuropathy at the carpal tunnel. Thirtyone tests were excluded in 28 patients (3 had 2
tests within the study period, 1 was pregnant at the
time of the test, 20 had a previous ipsilateral CTR, for
2 there was not enough information in the medical
records around the time of the test, and 5 NCSs were
misplaced or incomplete), leaving 537 patients for
analysis of which 82% (441) were tested bilaterally.
Specialists (orthopedic surgeons, plastic surgeons,
neurosurgeons, or neurologists) referred 404 patients
(75%) for EDx, and nonspecialists referred 133 patients (25%).
All patients underwent NCSs in an outpatient
setting using a TECA Synergy N2 EMG (Oxford
Instruments Medical, Surrey, England). In line with
most other studies and the American Association of
Electrodiagnostic Medicine (AAEM) standards and
guidelines,16,20 the following electrodiagnostic
criteria for median neuropathy were used: (1) difference in median-ulnar mixed nerve palmar latencies
(palm to wrist stimulation over 8 cm distance) of 0.4
ms or greater; (2) difference in median nerve distal
motor latency (DML) between sides of 1.0 ms or
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BORDERLINE CARPAL TUNNEL SYNDROME

Overview of 10% Lower and Upper Margins of CutOff Values

TABLE 1.

Variables

CutOff Values (" 10%)

Median DSL

3.6 (3.25e3.95)*

Median DML

4.4 (3.95e4.85)*

Difference in median-ulnar mixed nerve palmar latency

0.4 (0.35e0.45)*

Median motor amplitude

5.0 (4.5e5.5)

Difference in median DML between sides

1.0 (0.90e1.10)

Difference in median and ulnar DML same side

1.8 (1.60e2.00)*

*Values were rounded to the nearest 0.05 multiple.

greater; and (3) difference between median and ulnar
nerve DML of the same side of 1.8 ms or greater.
Other criteria for CTS that are used by 1 of the authors (M.Z.) are (1) median nerve distal sensory latency (DSL) of 3.6 ms or greater; (2) median nerve
DML of 4.4 ms or greater; and (3) median nerve
motor amplitude of 5 mV or less (Table 1). In case of
abnormality, another nerve in the same limb was
tested. In case of normal results, median nerve conductions were tested over a shorter (7e8 cm instead
of over 8 cm) distance or a comparison of the median
conduction across the wrist was made with radial or
ulnar sensory conductions in the same limb. There are
no strict criteria to interpret results and interpretation
of the different tests as median neuropathy or not and
its severity (mild, moderate, or severe) is according to
the testing physician’s judgment. The EDx result was
classiﬁed as median neuropathy at the carpal tunnel,
normal EDx, or other neuropathy (eg, cubital tunnel
syndrome [CubTS] or cervical radiculopathy;
Table 2).
The following data were obtained from medical
records at the time point prior to NCSs: age, sex,
paresthesias/numbness, diagnosis of median neuropathy on a previous NCS, previous contralateral CTR,
myelopathy, cerebrovascular accident, systemic inﬂammatory disease that could involve the upper extremities (eg, rheumatoid arthritis), diabetes mellitus,
hypothyroidism, and diagnosed major depression (not
taking bipolar disease into account; Table 2). Paresthesias/numbness was divided into the following
categories: (1) no; (2) ipsilateral; (3) contralateral;
and (4) bilateral. For ﬁndings of previous NCSs for
median neuropathy, we used the same categories and
added (5) unknown result; and (6) no previous NCSs.
Diabetes mellitus was divided into (1) no; (2) type 1;
and (3) type 2. We also recorded the ﬁnal clinical
diagnosis: CTS or not.
The mean age of patients diagnosed with median
neuropathy on EDx (n ¼ 407) was 57 " 15 years and
J Hand Surg Am.

266 (65%) were women; the mean age of patients
diagnosed with normal EDx (n ¼ 103) was 48 " 13
years and 74 (72%) were women; and the mean age
of patients with another electrodiagnostically
conﬁrmed neuropathy (n ¼ 27) was 58 " 17 years
and 11 (41%) were women (Table 2). We displayed
the number of patients for all NCS criteria per diagnostic group (Table 3).
Statistical analysis
Continuous variables are presented as mean " SD
and discrete data as proportions. We used Student t
tests to assess differences between continuous variables and Pearson’s chi-square tests for discrete variables (or Fisher exact tests if the cell frequency < 5).
Differences between proportions are reported with
95% conﬁdence intervals (95% CIs).
Among the subset of patients diagnosed with
median neuropathy at the carpal tunnel or normal
electrophysiology on EDx, we calculated the number
of patients within 10% of each threshold category
(below or above 10% of the cutoff value) for each
patient with median neuropathy and for each patient
with a normal NCS (eg, 0.35e0.45 ms difference in
median-ulnar mixed nerve palmar latency).
We used diagnostic performance characteristics to
measure discordance between clinical diagnosis and
EDx.
We created a backward stepwise multivariable logistic regression model to assess factors independently
associated with EDx of median neuropathy at the carpal
tunnel. Variables with P less than .10 on bivariate
analysis (Appendix A; available on the Journal’s Web
site at www.jhandsurg.org) were included in the ﬁnal
model. We considered P less than .05 signiﬁcant.
We used all data available of all eligible patients
who underwent NCSs for clinical CTS in our given
timeline. A post hoc power analysis based on a
binomial test demonstrated that a sample size of 510
patients with a normal distribution of the median
r
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Patient and Clinical Characteristics per Diagnostic Group*

TABLE 2.

Variables
(n ¼ 537)
Age (y)

No Median
Neuropathy
(n ¼ 103)

Median
Neuropathy
(n ¼ 407)
57 " 15 (22e93)

Sex

48 " 13 (19e76)

Other
Diagnosis
(n ¼ 27)
58 " 17 (31e89)

Men

141 (35)

29 (28)

16 (59)

Women

266 (65)

74 (72)

11 (41)

P Value
<.05
<.05

Paresthesias/numbness
No
Ipsilateral
Contralateral
Bilateral

8 (2.0)

14 (14)

1 (3.7)

146 (36)

44 (43)

18 (67)

4 (1.0)

1 (1.0)

249 (61)

44 (43)

8 (30)

337 (83)

93 (90)

24 (89)

<.05

0 (0)

Previous EDx
No
No median neuropathy

4 (1.0)

7 (6.8)

3 (11)

Ipsilateral median neuropathy

7 (1.7)

1 (1.0)

0 (0)

Contralateral median neuropathy

10 (2.5)

1 (1.0)

0 (0)

Bilateral median neuropathy

42 (10)

1 (1.0)

0 (0)

0 (0)

0 (0)

366 (90)

102 (99)

27 (100)

41 (10)

1 (1.0)

No

72 (18)

64 (62)

Yes

287 (71)

0 (0)

1 (3.7)

48 (12)

39 (38)

8 (30)

400 (98)

103 (100)

25 (93)

Ipsilateral

0 (0)

0 (0)

2 (7.4)

Contralateral

7 (1.7)

0 (0)

0 (0)

407 (100)

103 (100)

26 (96)

0 (0)

0 (0)

407 (100)

103 (100)

0 (0)

0 (0)

361 (89)

102 (99)

Unknown results

7 (1.7)

<.05

Previous CTR
No
Contralateral

<.05

0 (0)

Contralateral median neuropathy

Not tested

18 (67)

<.05

Nonlocalizing median neuropathy
No

<.05

Median neuropathy proximal to
ﬂexor carpi radialis branch
No
Ipsilateral

<.05

1 (3.7)

Median neuropathy distal to
anterior interosseous branch
No
Ipsilateral

26 (96)

<.05

1 (3.7)

Nonlocalizing ulnar neuropathy
No

23 (85)

Ipsilateral

7 (1.7)

0 (0)

1 (3.7)

Contralateral

5 (1.2)

1 (1.0)

1 (3.7)

0 (0)

2 (7.4)

Bilateral

34 (8.4)

<.05

(Continued)
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Patient and Clinical Characteristics per Diagnostic Group* (Continued)

TABLE 2.

Variables
(n ¼ 537)

Median
Neuropathy
(n ¼ 407)

No Median
Neuropathy
(n ¼ 103)

Other
Diagnosis
(n ¼ 27)

375 (92)

P Value

CubTS
No
Ipsilateral
Contralateral
Bilateral

103 (100)

20 (74)

13 (3.2)

0 (0)

4 (15)

9 (2.2)

0 (0)

0 (0)

10 (2.5)

0 (0)

3 (11)

<.05

Cervical radiculopathy
No

383 (94)

Ipsilateral

14 (3.4)

102 (99)

10 (37)

0 (0)

13 (48)

Contralateral

3 (0.7)

1 (1.0)

0 (0)

Bilateral

7 (1.7)

0 (0)

4 (15)

103 (100)

22 (81)

0 (0)

5 (19)

402 (99)

102 (99)

26 (96)

5 (1.2)

1 (1.0)

1 (3.7)

393 (97)

98 (95)

24 (89)

14 (3.4)

5 (4.9)

3 (11)

393 (97)

95 (92)

26 (96)

14 (3.4)

8 (7.8)

1 (3.7)

348 (86)

94 (91)

21 (78)

0 (0)

0 (0)

<.05

Polyneuropathy
No

391 (96)

Yes

16 (3.9)

<.05

Myelopathy
No
Yes

.52

Cerebrovascular accident
No
Yes

.14

Systemic inﬂammatory disease
No
Yes

.15

Diabetes mellitus
No
Type 1

2 (0.5)

Type 2

57 (14)

9 (8.7)

6 (22)

No

353 (87)

95 (92)

25 (93)

Yes

54 (13)

8 (7.8)

2 (7.4)

.34

Hypothyroidism
.23

Depression
No

252 (62)

59 (57)

19 (70)

Yes

155 (38)

44 (43)

8 (30)

.43

*Bold indicates statistically signiﬁcant difference; continuous variables as mean " SD (range); discrete variables as number (percentage).

DSL, which had a mean value of 4.9 and SD of 1.9,
yielded greater than 99% statistical power to detect
patients within 10% of the DSL cutoff value.

(Table 4). Two (8.3%) of 24 patients diagnosed as
EDx normal had an above-threshold median DSL
within 10% of the cutoff (Fig. 1). Fifty-ﬁve (38%) of
144 patients with EDx of median neuropathy at the
carpal tunnel had a below-threshold median DSL
within 10% of the cutoff.
Seventy-six percent of EDx results (n ¼ 407) were
interpreted as median neuropathy, 19% (n ¼ 103) as
normal, and only 5% (n ¼ 27) as another peripheral
neuropathy (2 had nonlocalizing median neuropathy;

RESULTS
The percentage of ﬁnal measurements within 10% of
the cutoff values for each of the 6 different NCS
criteria ranged from 2.6% for the difference in median DML between sides to 33% for the median DSL
J Hand Surg Am.
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TABLE 3.

Number of Patients per EDx Criterion per Diagnostic Group*
Median
Neuropathy
(n ¼ 407)

No Median
Neuropathy
(n ¼ 103)

Other
Diagnosis
(n ¼ 27)

No

68 (17)

101 (98)

24 (89)

Yes

339 (83)

2 (1.9)

3 (11)

No

148 (37)

103 (100)

23 (85)

Yes

258 (64)

0 (0)

4 (15)

Variables (n ¼ 537)
Median DSL # 3.6 (n ¼ 537)

Median DML # 4.4 (n ¼ 536)

Difference in median-ulnar mixed
nerve palmar latency # 0.4 (n ¼ 431)
No

8 (2.6)

97 (97)

22 (92)

299 (97)

3 (3.0)

2 (8.3)

No

320 (79)

101 (98)

23 (85)

Yes

86 (21)

2 (1.9)

4 (15)

No

268 (79)

47 (100)

15 (88)

Yes

71 (21)

0 (0)

2 (12)

No

146 (36)

98 (99)

24 (89)

Yes

257 (64)

1 (1.0)

3 (11)

Yes
Median motor amplitude $ 5.0 (n ¼ 536)

Difference in median DML between
sides # 1.0 (n ¼ 403)

Difference in median and ulnar DML
same side # 1.8 (n ¼ 529)

P Value
<.05

<.05

<.05

<.05

<.05

<.05

*Bold indicates statistically signiﬁcant difference; discrete variables as number (percentage).

TABLE 4.

Number of Patients Within 10% of the Threshold of EDx Criteria per Diagnostic Group
Median
Neuropathy
(n ¼ 407)

No Median
Neuropathy
(n ¼ 103)
Frequency

Frequency

144 (35)

22 (21)

166 (33)

142 (35)

3 (2.9)

145 (29)

37 (12)

10 (10)

47 (12)

Frequency

Variables (n ¼ 510)
Median DSL # 3.6 (n ¼ 510)

Median DML # 4.4 (n ¼ 509)

Difference in median-ulnar mixed
nerve palmar latency # 0.4 (n ¼ 407)

Median motor amplitude $ 5.0 (n ¼ 509)

Difference in median DML between sides # 1.0 (n ¼ 386)

Difference in median and ulnar DML same side # 1.8 (n ¼ 502)

1 had a median neuropathy proximal to the ﬂexor
carpi radialis branch; 1 had a median neuropathy
distal to the anterior interosseous branch; 4 had
nonlocalizing ulnar neuropathy; 7 had CubTS; 17 had
cervical radiculopathy; and 5 had polyneuropathy;
Table 2). These distributions were similar for specialists (78%; 17% and 5%, respectively) and
J Hand Surg Am.

Overall
(n ¼ 510)

33 (8.1)

2 (1.9)

35 (6.9)

10 (2.9)

0 (0)

10 (2.6)

67 (17)

0 (0)

67 (13)

nonspecialists (70%; 24% and 6%). Using diagnostic
performance characteristics to quantify discordance
between the ﬁnal clinical diagnosis and EDx, the
sensitivity among the different NCS criteria was
highest for the difference in median-ulnar mixed
nerve palmar latency (97%; Table 5). Speciﬁcity was
between 95% and 97% for all measurements.
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DISCUSSION
There is nuance in the distinction between normal
and abnormal neurophysiology that limits the degree
to which objective testing can be used to help
determine the most effective strategies for diagnosis
and treatment of median neuropathy at the carpal
tunnel. This study used data from the care of patients
in a single large hospital to measure the prevalence of
NCS values within 10% of accepted thresholds (a
measure of the magnitude of the nuance situation);
discordance between clinical and EDx diagnosis; and
factors associated with normal EDx.
We acknowledge some study limitations. First, this
is a retrospective study of usual clinical care with no
standardization and limited data on physical examination and no measure of the pretest conﬁdence of the
physicians in the diagnosis (low physician conﬁdence
in the diagnosis of median neuropathy is highly
predictive of normal NCS results11). Second, we used
diagnostic performance characteristics to quantify the
discordance between single electrodiagnostic parameter thresholds on the testing physician’s overall
interpretation (including EDx results), which might
be confusing to readers expecting comparison with a
reference standard. The use of clinical diagnosis has
several limitations, one being that the EDx results
were used to determine the ﬁnal diagnosis. There is
no consensus reference standard for the diagnosis of
median neuropathy, so this examination of how EDx
are used in standard practice has some value. Third,
patients with CTS that were sent for EDx in this urban institution may not be representative of the
population sent for testing in other hospitals or
practice settings, which might limit generalizability.
Fourth, the spectrum of measured pathophysiology
may be speciﬁc to our testing paradigm (spectrum
bias) with about a quarter of patients referred by
nonspecialists, perhaps including some patients that
were not experiencing numbness, although there were
minimal differences in the tests ordered by specialists
and nonspecialists. Fifth, the 95% CI for a previous
contralateral CTR in our multivariable logistic
regression model was substantial. This is likely
because only 51 members of the cohort (9.5%) had
had a previous CTR, of which only 1 patient fell in
the no median neuropathy group in our data. However, sensitivity analysis without this variable did not
change the model. Finally, some might wonder
whether electrodiagnostic ﬁndings other than median
neuropathy would have inﬂuence on the results. None
of the patients without median neuropathy had
CubTS and 23 patients had CubTS on the same side

FIGURE 1: The median DSL among the 10% threshold is shown
in comparison with the electrodiagnosis as assessed by the
electrodiagnostician. The horizontal dotted line represents the
threshold for abnormal median DSL of 3.6 ms. The individual
circles may contain multiple measurements.

TABLE 5. Sensitivity and Speciﬁcity of the
Different EDx Criteria
Variables (n ¼ 537)

Sensitivity*

Speciﬁcity*

Median DSL # 3.6 (n ¼ 537)

83%

96%

Median DML # 4.4
(n ¼ 536)

64%

97%

Difference in median-ulnar
mixed nerve palmar
latency # 0.4 (n ¼ 431)

97%

96%

Median motor
amplitude $ 5.0 (n ¼ 536)

21%

95%

Difference in median
DML between
sides # 1.0 (n ¼ 403)

21%

97%

Difference in median
and ulnar DML
same side # 1.8 (n ¼ 529)

64%

97%

*Values were rounded to the nearest integer.

Accounting for potential interaction of variables
using multivariable logistic regression analysis, older
age (odds ratio [OR], 1.01; 95% CI, 1.0e1.1; P <
.05), ipsilateral paresthesias/numbness (OR, 5.5; 95%
CI, 2.2e14; P < .05), bilateral paresthesias/numbness (OR, 12; 95% CI, 4.9e32; P < .05), and previous contralateral CTR (OR, 12; 95% CI, 1.4e106;
P < .05) were independently associated with
increased likelihood of EDx of median neuropathy at
the carpal tunnel (Table 6). A previous EDx interpreted as normal was independently associated with
decreased likelihood of EDx diagnosis of median
neuropathy at the carpal tunnel (OR, 0.16; 95% CI,
0.04e0.62; P < .05).

J Hand Surg Am.

385

r

Vol. 45, May 2020

Downloaded for Anonymous User (n/a) at Royal Australasian College of Surgeons from ClinicalKey.com.au by Elsevier on May 17, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.

386

BORDERLINE CARPAL TUNNEL SYNDROME

TABLE 6. Multivariable Logistic Regression Analysis of Factors Associated With Electrodiagnostic Median
Neuropathy
Retained Variables

OR

95% CI

P Value*

1.01

1.0e1.1

<.05

Ipsilateral paresthesias/numbness

5.5

2.2e14

<.05

Bilateral paresthesias/numbness

12

4.9e32

<.05

Previous EDx ruled out median neuropathy

0.16

0.04e0.62

<.05

Previous EDx conﬁrmed bilateral median neuropathy

7.4

0.99e56

.05

12

1.4e106

<.05

Age
Paresthesias/numbness

Previous EDx

Previous CTR
Contralateral
*Bold indicates statistically signiﬁcant difference.

versus below the elbow to the wrist.22 Therefore, we
think that the other electrodiagnostic ﬁndings had
little or no impact on the interpretation of the study
results.
We found that up to a third of patients were within
10% of some of the threshold values for the diagnosis
of median neuropathy, particularly the median DSL.
Within these thresholds for the median DSL, 55
(38%) were false negatives based on clinical diagnosis (Fig. 1). Sensory conduction studies are
generally more sensitive than their motor counterparts.23e25 The relationship between the median DSL
and the severity of median neuropathy showed a
large proportion of median DSL within the normal
range among people diagnosed with median neuropathy (Fig. 2). This is one reason that electrodiagnosis is based on side-to-side and ipsilateral
ulnar- or radial-to-median comparisons in combination with absolute latencies.6,9,12,26 In our cohort,
neither the comparison of the median DML with the
contralateral median DML nor the ipsilateral ulnar
DML were within 10% of the thresholds in patients
with normal NCSs. The median-ulnar mixed nerve
palmar sensory latency difference was more sensitive
for the detection of (mild) median neuropathy. Using
comparisons also helps control for factors such as
age, sex, body mass index, skin thickness, hand size,
limb temperature, and comorbidities (eg, diabetes
mellitus).12,16,23,27,28 The AAEM, the American
Academy of Neurology (AAN), and the American
Academy of Physical Medicine and Rehabilitation
(AAPMR) have done 2 systematic reviews of electrodiagnostic studies in CTS in 19936,20 and
200216,28 and have made and endorsed practice recommendations based on the ﬁndings,6,16,20,28

FIGURE 2: All values for the median DSL are shown in comparison with the electrodiagnostic severity of median neuropathy
as measured by the electrodiagnostician; The horizontal dotted
line represents the threshold for abnormal median DSL of 3.6 ms.
The number of patients with a nonrecordable (NR) DSL is shown
as n ¼ X.

as the median neuropathy. In case of concomitant
median neuropathy and CubTS, the median-ulnar
comparisons could indeed be altered. If an electrodiagnostician ﬁnds motor or sensory nerve conduction slowing or less amplitude, she or he will test for
possible CubTS (or Guyon neuropathy21) as well. In
addition, the diagnosis of CubTS is made by some
test criteria starting from the axilla to around and just
below the elbow. There is only 1 criterion for CubTS
that compares NCSs from above to below the elbow
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signiﬁcantly older1,4,11,13 and report more sensory
symptoms and paresthesias.4 We had no information
about the numbness being constant or intermittent or
whether it was perceived as painful. The relationship
between symptom severity and slower nerve conduction is inconsistent.1e6,8,10,12e14,30e33 Most of the
studies that found an association were limited to
surgically treated patients and they used different
NCS measures than recommended by the AAEM.16
There is an inherent imprecision in the electrodiagnostic distinction between mild and no median
neuropathy (as documented in this and other studies)
and no consensus reference standard for the diagnosis
of idiopathic median neuropathy at the carpal tunnel,
which emphasizes the impossibility of diagnostic
certainty and leaves patients and surgeons with a
conundrum. The daily practice of at a large institution
documented herein and a clinical prediction rule such
as the CTS-615 seems to have comparable levels of
uncertainty and imprecision. Given the diagnostic
uncertainty created by an absence of a reference
standard, patients and surgeons can decide whether
they are going to base treatment decisions on probabilities assigned on the basis of objective measures
of neurophysiology or on symptoms and signs alone.
Future studies can address the outcomes of the 2
treatment strategies in terms of median nerve function, patient-reported outcomes, and decision conﬂict
and decision regret when various information is
provided to patients.

although no deﬁnitive thresholds are recommended.
The current recommendations are (1) (standard) median sensory NCSs or mixed nerve NCSs across the
wrist and a comparison with the ipsilateral ulnar or
radial NCS in the forearm, across the wrist, or in the
digital segments; (2) (guideline) median motor NCS
from the thenar muscle and a comparison with
another ipsilateral motor nerve NCS.6,16,20,28 Supplementary NCSs like the residual latency (the time
difference between the calculated expected and the
observed conduction time) may, in mild cases of
median neuropathy in which conventional NCS
shows abnormalities only in sensory studies, better
demonstrate the effect on the median nerve motor
ﬁbers and may raise the sensitivity of NCSs for the
diagnosis of CTS,29 but this is still best described as
an investigational option.6,16,20,28
We found that 76% of NCSs were interpreted as
median neuropathy. In addition, 19% of people in
whom the diagnosis of CTS was considered had no
measurable median neuropathy. This is consistent
with multiple prior studies that report up to 10% to
40% of patients with CTS having normal NCS
testing.4e6,12,13,30e32 This should not be interpreted
as insensitivity of the test because we have no way of
determining whether these patients have very mild
median neuropathy. Five percent of our cohort had
another electrodiagnostic diagnosis emphasizing that
diagnosis based solely on symptoms or signs carries a
small risk of misdiagnosis.2,5,7,12e14,33 Speciﬁcities
were over 95% for all measurements indicating a low,
but notable rate of false positives. The systematic
reviews of the AAEM, AAN, and AAPMR report
similar (pooled) sensitivities and speciﬁcities for the
sensory and motor median nerve latencies.16,28
Decision-making is affected by the fact that patients
with median neuropathy are at risk for permanent
nerve damage if the disease progresses, which some
evidence following people over time and looking at
the prevalence and severity of bilateral CTS suggests
that it will do.34,35 Consequently, patients with
moderate disease sometimes consider surgery—even
if they have few or no symptoms—in order to preserve nerve function. On the opposite end of the
spectrum, patients with substantial symptoms and
slight or no changes in NCSs can choose to safely put
surgery off and manage the problem with night
orthoses.12
Older patients and patients with (ipsilateral and/or
bilateral) paresthesias and numbness had an increased
likelihood of electrodiagnosis of median neuropathy.
Previous studies also found that patients with electrodiagnostically conﬁrmed median neuropathy are
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APPENDIX A. Bivariate Analysis of Factors Associated With Electrodiagnostic Median Neuropathy*
Variables (n ¼ 510)
Age (y)
Sex

Median Neuropathy
(n ¼ 407)

No Median Neuropathy
(n ¼ 103)

P Value

57 " 15 (22e93)

48 " 13 (19e76)

<.05

Men

141 (35)

29 (28)

Women

266 (65)

74 (72)

8 (2.0)

14 (14)

146 (36)

44 (43)

.21

Paresthesias/numbness
No
Ipsilateral
Contralateral
Bilateral

4 (1.0)

1 (1.0)

249 (61)

44 (43)

<.05

Previous EDx
No

337 (83)

93 (90)

No median neuropathy

4 (1.0)

7 (6.8)

Ipsilateral median neuropathy

7 (1.7)

1 (1.0)

Contralateral median neuropathy

10 (2.5)

1 (1.0)

Bilateral median neuropathy

42 (10)

1 (1.0)

Unknown results

7 (1.7)

<.05

0 (0)

Previous CTR
No
Contralateral

366 (90)

102 (99)

41 (10)

1 (1.0)

402 (99)

102 (99)

5 (1.2)

1 (1.0)

393 (97)

98 (95)

14 (3.4)

5 (4.9)

393 (97)

95 (92)

14 (3.4)

8 (7.8)

348 (86)

94 (91)

<.05

Myelopathy
No
Yes

.99

Cerebrovascular accident
No
Yes

.50

Systemic inﬂammatory disease
No
Yes

.05

Diabetes mellitus
No
Type 1

2 (0.5)

Type 2

57 (14)

9 (8.7)

No

353 (87)

95 (92)

Yes

54 (13)

8 (7.8)

No

252 (62)

59 (57)

Yes

155 (38)

44 (43)

.27

0 (0)

Hypothyroidism
.13

Depression

*Bold indicates statistically signiﬁcant difference; continuous variables as mean " SD (range); discrete variables as number (percentage).
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