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Objective: To assess if recording the sensory latencies of the median and ulnar nerves one-by-one (con-
secutive) or at the same time (simultaneous) in the ring-finger test for carpal tunnel syndrome (CTS) will
show equivalent results or if it will lead to a different clinical classification of patients.
Methods: We assessed the limits of agreement between the simultaneous and the consecutive method
based on the median- ulnar sensory latency difference derived by both methods in 80 subjects and com-
pared the number of minimal CTS cases identified by the two methods.
Results: Limits of agreement ranged from �0.23 to 0.29 ms. A significantly higher proportion of subjects
with minimal CTS (only detectable by using the comparison test) was found using the simultaneous
method (n = 8 and 2, respectively; p = 0.03).
Conclusion: The two methods have a poor to moderate agreement as indicated by the range of the limits
of agreement (0.5 ms).
Significance: Even small methodological changes to the ring-finger test can lead to results with different
clinical meaning in the same individual and one should be aware of which method was used when inter-
preting results.
� 2019 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction and the median nerve in these patients is the ring finger test
In patients with clinically suspected carpal tunnel syndrome
(CTS), nerve conduction studies (NCS) can demonstrate reduced
median nerve conduction velocity (Bland, 2007; Werner and
Andary, 2011; Deniz et al., 2012). However, in a considerable pro-
portion of patients with clinically suspected CTS the sensory nerve
conduction velocity in the median nerve is within the normal
range, but reduced function of the median nerve can be demon-
strated if the median and the ulnar nerve are directly compared
and a latency difference above a defined cut-off value is found
(Padua et al., 1997). A frequently used test to compare the ulnar
(Uncini et al., 1989), which compares directly the sensory latencies
of the ulnar and the median nerve from the 4th finger. This test has
the advantage that the patient serves as their own control and it is
therefore less dependent on age, sex and hand temperature than
tests which compare conduction velocities to normal values. The
test s diagnostic precision varies considerably (Wang and Yan,
2013; Kouyoumdjian et al., 2002; Capone et al., 1998). Different
practical approaches to the test are in use, and this might partly
explain the varying diagnostic precision. The orthodromic ring fin-
ger test may be performed in a consecutive manner where one
nerve is recorded first, then the setup is rearranged and the other
nerve recorded. The test can also be performed by recording the
sensory potential of the median and the ulnar nerves simultane-
ously, thus saving time and potentially making the examination
less unpleasant for the patient. It is unclear, if these two methods
can be used interchangeably.
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We thus aimed to assess if the two methods showed acceptable
agreement and hypothesized that the number of correctly identi-
fied minimal carpal tunnel syndrome cases (defined as clinical
symptoms and NCS findings indicative of median nerve entrap-
ment present) would not differ between the methods.
median nerve recording siteulnar nerve recording site

equal distance

Fig. 1. Recording set-up for the simultaneous method.
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Fig. 2. Examples of recordings with the simultaneous method in two different
patients (a, b).
2. Methods

2.1. Subjects

The study population is that of a Norwegian health survey of
rock drillers and road workers in a Norwegian construction com-
pany. The NCS were performed between November 2015 and June
2016. The data were collected with the purpose of assessing
peripheral nerve damage in road workers and rock drillers with
exposure to hand-arm vibration. The study was approved by the
Regional Ethics Committee (REK 2013/1031). All participants pro-
vided a written consent. Data were collected assuming that the
simultaneous and the consecutive method would produce equiva-
lent results. We performed both methods as a quality check.

2.2. Nerve conduction studies

All NCS were performed using Focus Keypoint.Net EMG equip-
ment (Natus medical incorporated, Pleasanton, USA). Skin temper-
ature was measured with an Exergen dermaTemp handheld
infrared thermographic scanner (Exergen corporation, Watertown,
MA, USA) and maintained at over 30 degrees C in all cases. If skin
temperature was below 30 degrees, the participants held their
hands in warm water for 2–5 min and temperature was measured
again. We used the same type of electrodes for the consecutive and
the simultaneous recording. For recording, we used pre- gelled dis-
posable surface electrodes (Alpine biomed, Skovlunde, Denmark).
For stimulation, we used a hand-held stimulation bar with fixed
inter-electrode distances. The stimulation electrodes consist of felt
tips which had a diameter of 7.5 mm and were soaked in saline
solution. When being placed on the proximal phalanx and using
supramaximal stimulation, they allow simultaneous stimulation
of the median and ulnar nerves. In addition, an E0 ‘‘ground elec-
trode” was placed on the hand being tested. We performed the fol-
lowing protocol: We started with the motor study of the ulnar and
median nerves. Then we performed sensory study of ulnar nerve
(palm, 4th and 5th finger, starting with the 4th) and then sensory
study of the median nerve (palm, 2nd, 3rd, 4th finger, starting with
the 4th). The measurements we hereby obtained from the 4th fin-
ger constitute the consecutive method. We then performed the
simultaneous method by adding a pair of electrodes for the ulnar
nerve and placed these at the previously marked and used record-
ing spot. The extra pair of electrodes used for recording the ulnar
nerve in the simultaneous method was connected to a separate
amplifier. In summary, the simultaneous method consists of sim-
ply adding a pair of recording electrodes for the ulnar nerve after
having performed the consecutive median nerve sensory testing,
so that we ended up with one pair for the median and one pair
for the ulnar nerve (Fig. 1).

2.3. Procedures common to both methods

We performed both methods orthodromically. A fixed distance
of 14 cm was used from the stimulation point (cathode position) at
the proximal phalanx of the ring finger to the active registration
electrode over the median nerve and the ulnar nerve at the wrist.
We measured the distances, marked all points for electrode place-
ment and used the same recording and stimulation points for both
methods. We used the same type of recording and stimulation
electrodes for both nerves and in both methods. Recording elec-
trodes were placed with an inter-electrode distance of 3 cm. We
achieved supramaximal stimulation by increasing stimulus inten-
sity by 20% after the amplitude reached its maximum. We then
gave a series of 10 stimuli with pulse duration of 0.1 ms each.
Motor amplitudes were automatically measured from baseline to
peak. Sensory amplitudes were measured from the negative peak
to the intersection of a line drawn from the first to the last positive
peak. Latencies were calculated based on the peak of the negative
deflection (see Fig. 2a and b for examples of the simultaneous
recording). Conduction velocities were measured based on the
onset of the response. Low (at 20 Hz) and high frequency filter
(at 10 kHz) settings were employed.
2.4. Description of the two methods

We always performed the consecutive method first: we placed
the recording electrodes at the measured distance for the ulnar
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nerve, and performed the sensory ulnar nerve stimulation and reg-
istration. We then removed the recording electrodes, and repeated
the procedure for the sensory median nerve. For the simultaneous
method, we placed the recording electrodes at the given distances
for both nerves at the wrist. We then stimulated at the phalanx of
the ring finger and recorded the sensory responses of the median
and the ulnar nerves simultaneously.
2.5. Analysis of the NCS data

For each subject, the ulnar and median nerve sensory latencies,
amplitudes and conduction velocities were extracted using both
methods. We graded the NCS findings according to Padua et al.
(Padua et al., 1997) as either normal, minimal median nerve
entrapment, mild median nerve entrapment, moderate median
nerve entrapment or severe median nerve entrapment. Minimal
median nerve entrapment was defined as a sensory latency differ-
ence �0.5 ms between the median and the ulnar nerve in the
absence of other findings; mild median nerve entrapment was
defined as reduced sensory conduction velocity in the median
nerve, moderate median nerve entrapment as additional increased
motor distal latency, severe median nerve entrapment as the
absence of sensory responses. For the minimal grade, we used
the absolute latency difference, for the other grades (mild, moder-
ate and severe), results were considered abnormal according to
normal values for the laboratory. These normal values are derived
from an unpublished northern joint-effort and are integrated into
the software. They are adjusted for age, sex and height.
3. CTS diagnosis

Clinical criteria for the diagnosis of CTS were based on the pres-
ence of at least two of the following symptoms: nocturnal episodes
of paresthesia in the median nerve distribution, numbness in the
fingers innervated by the median nerve, alleviation of symptoms
by shaking of the limb. Positive family history of CTS (parents or
siblings) and weakness in the hand as supportive criteria could
replace one of the criteria above if only one of the obligatory crite-
ria were met. Subjects were diagnosed with CTS if the clinical cri-
teria were met and if at the same time NCS findings indicative of at
least minimal median nerve entrapment were present.
4. Statistical analysis

For all participating subjects, a one sample Student‘s t-test was
used to test whether the difference between the two methods is
equal to zero. The normality assumption was tested by means of
visual inspection using a histogram and Q-Q plots and was found
to be satisfied. We used a Bland Altman plot to compare the two
recording methods. Using the difference between latency of the
ulnar and of the median nerve, we calculated both the difference
between the simultaneous recording and the consecutive record-
ing and the mean of the simultaneous and the consecutive method
for each subject. We then plotted these two values against one
another. The limits of agreement were calculated as 1.96 * standard
deviation of the measurement differences on either side of the
mean. The mean and the upper and lower limit of agreement were
included as horizontal lines in the figures (Figs. 3 and 4). P-
values < 0.05 were considered statistically significant.

When assessing the ability of the two methods to identify cases
with minimal CTS, we used the clinical criteria for CTS as a gold
standard. We used a McNemar test to compare the number of sub-
jects with a minimal CTS diagnosis (defined as both clinical criteria
met and median-ulnar latency difference �0.5 ms) derived by the
two methods. All analyses were performed using IBM SPSS v 24
software.
5. Results

5.1. Sample description

We examined the left and right hands of 80 subjects aged 22 to
68 years (median 43 years). All subjects were men. 72 subjects had
technically satisfying NCS data on at least one hand.

5.2. Nerve conduction findings

The results of the nerve conduction studies are summed up in
Tables 1 and 2. The number of subjects with minimal median nerve
entrapment (defined as median- ulnar sensory latency differences
>0.5 ms without further NCS findings) was significantly different
between the two methods in the right hand (11 and 4, respectively,
p = 0.01) and borderline statistically different in the left hand (11
and 6, respectively, p = 0.06). A minimal median nerve entrapment
was found in 16 subjects with at least one method in at least one
hand (Table 3).

In the right hand, the mean median-ulnar latency difference
was borderline statistically different between the two methods
(p = 0.06; latency difference of 0.36 ms and 0.32 ms respectively);
in the left hand, no statistically significant difference was found
(p = 0.14; latency difference of 0.32 ms and and 0.31 ms, respec-
tively). See Fig. 5. We have not received negative feedback from
the patients regarding unpleasantness of the simultaneous
stimulation.

5.3. CTS cases

The ability of the two methods to identify cases with minimal
CTS is given in Tables 3–5. The number of subjects diagnosed with
minimal CTS (defined as median-ulnar sensory latency >0.5 ms as
the only NCS finding and clinical criteria for CTS fulfilled) was sig-
nificantly different (8 and 2, respectively, p = 0.03) for the two
methods in both hands combined (n = 16) and in the right hand
alone (n = 11). In the left hand (n = 11), the simultaneous method
identified 2, the consecutive 1 subject with minimal CTS. All sub-
jects with minimal CTS in the left hand had bilateral CTS with more
pronounced symptoms in the right hand.

5.4. Bland Altman analysis

In the right hand, the mean difference in latency between the
median and the ulnar nerve with the consecutive method was
0.32 ms (SD 0.34 ms), and the mean difference between the two
methods was 0.03 ms with a standard deviation of 0.13 ms.
Ninety-five percent of measurements were within the limits of
agreement from �0.23 ms to 0.29 ms (Fig. 3).

In the left hand the mean difference between the two methods
was 0.023 ms, the mean latency difference with the consecutive
method was 0.31 ms (SD 0.51 ms). Ninety-five percent of measure-
ments were within the limits of agreement from �0.23 ms to
0.27 ms (Fig. 4).
6. Discussion

Our data reveal that the agreement between the simultaneous
and the consecutive method of conducting the ring-finger test is
clinically not acceptable and that the two methods produce results
with different clinical implications.
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Fig. 3. Bland Altman plot for the right hand showing on the x-axis the mean of the simultaneous and the consecutive measurement, and on the y-axis the difference between
the simultaneous and consecutive measurement. The average difference is indicated as a horizontal line at 0.03. The upper and the lower limits of agreement are indicated as
horizontal lines at 0.29 ms and �0.23 ms, respectively.
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Fig. 4. Bland Altman plot for the left hand showing on the x-axis the mean of the simultaneous and the consecutive measurement, and on the y-axis the difference between
the simultaneous and consecutive measurement. The average difference is indicated as a horizontal line at 0.02. The upper and the lower limits of agreement are indicated as
horizontal lines at 0.27 ms and �0.23 ms, respectively.
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We assessed agreement based on the limits of agreement and
the mean difference between the two methods. The limits of agree-
ment were relatively wide. These ranged from �0.23 ms to 0.29 ms
in the right hand and from �0.23 ms to 0.27 ms in the left hand.
Assessing the limits of agreement between the two methods is
the recommended approach when comparing two instruments
which measure the same quantitative value and is regarded as
superior to a straight forward computation of a correlation coeffi-
cient (Bland and Altman, 1986; Watson and Petrie, 2010). Limits of
agreement show to which degree measurements of the same quan-
titative value differ between two different instruments in the same
individual. The limits of agreement illustrate the difference
between the methods as a range in the same unit as the measured
quality, and allow to judge if this difference is clinically acceptable,
or if it will lead to a different diagnosis simply because a different
instrument was chosen. The limits of agreement indicate that a
measurement from one method might differ by �0.23 ms to
0.29 ms from the measurement obtained by the other method
(for the right hand; and between �0.23 ms and 0.27 ms for the left
hand). To put these values into clinical perspective, the most often
used cut-off value to demonstrate a minimal median nerve entrap-
ment and thus a CTS diagnosis with the ring-finger test is 0.5 ms
(Uncini et al., 1989). We argue that the cut-off value is so close
to the limits of agreement, that patients might receive a CTS diag-
nosis with one method but not the other. The cut-off value has
been a subject of discussion before (Logigian et al., 2014; Nodera
et al., 2003; Preston et al., 1994; Wang and Yan, 2013;
Kouyoumdjian et al., 2002; Capone et al., 1998), especially in
patients with diabetes or with ambiguous clinical symptoms
(Salerno et al., 1998; Rivner et al., 2001). The mean difference
between the two methods was small (0.03 ms) considering the
clear difference in how many CTS cases (defined as NCS findings
and clinical symptoms present) the two methods identified. In a
population like the present, increased sensory latencies of the
median nerve, as high as the cut-off value are more prevalent than
in the general population (Armstrong et al., 2008; Salerno et al.,



Table 1
Summary of nerve conduction study data (NCS).

Latency parameter Hand Recording method

Simultaneous Consecutive

Median nerve latency
mean in ms (SD)

Right
hand

3.35 (0.42) 3.32(0.40)

Left
hand

3.27 (0.45) 3.30 (0.51)

Ulnar nerve latency
mean in ms (SD)

Right
hand

3.00 (0.28) 3.00 (0.28)

Left
hand

2.97 (0.27) 2.98 (0.27)

Median- ulnar nerve
latency difference
mean in ms (SD)

Right
hand

0.35 (0.36) 0.32 (0.34)

Left
hand

0.31 (0.47) 0.31 (0.51)

Median-ulnar nerve
latency difference
range in ms
(minimum-maximum)

Right
hand

2.03 (�0.10–1.93) 1.85 (0.19– 1.66)

Left
hand

2.46 (�0.49–1.97) 2.32 (�0.38–1.94)

Table 2
Distribution of nerve conduction studies severity grades (N = 72).

NCS
severity
grade

Left hand
simultaneous

Left hand
consecutive

Right hand
simultaneous

Right hand
consecutive

0 50 53 45 49
1 11 6 11 4
2–4 11 13 16 19

Table 3
Agreement between the consecutive and simultaneous methods
in identifying minimal carpal tunnel syndrome (CTS) cases in both
hands.

Consecutive

No CTS CTS Total

Simultaneous No CTS 8 0 8
CTS 6 2 8

Total 14 2 16

P = 0.03
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Fig. 5. Raw median-ulnar sensory latency differences for both methods. The x-axis show
simultaneous method. The y-axis shows the latency difference between the median and
equal values for x and y (y = 1x + 0).
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1998). It can be argued that in this population already a small
mean difference between the methods is enough to produce the
different sensitivities of the methods. In addition, one must con-
sider that individual differences of up to +0.29 ms (or �0.23 ms)
are to be expected. This probably explains why we found a higher
number of individuals with a latency difference of �0.5 ms with
the simultaneous method, and at the same time a small, not signif-
icant average difference between the methods. However, this dif-
ference trended towards being significant (p = 0.06). In the left
hand, we did not find a significant difference regarding the number
of CTS cases identified by the two methods. We assume that this is
due to the low number of cases with CTS in the left hand in this
group and that the analysis thus lacked the power necessary to
demonstrate a significant difference. We rationalize this assump-
tion by the limits of agreement, which are very similar to the right
hand, especially considering the range (0.5 ms). Further, the num-
ber of measurements �0.5 ms was borderline statistically signifi-
cantly different between the methods (p = 0.06).

We found good specificity for both methods (Table 5), which is
surprising in the light of previous reports (Redmond and Rivner,
1988). A reason might be the higher prevalence of CTS in our pop-
ulation compared to the general population (Franklin and
Friedman, 2015; Barcenilla et al., 2012), which simply gives a false
impression of high specificity.

There are several technical factors that might have influenced
our measurements. We cannot rule out that the variation between
the methods is due to error in measurement of the distances and
placement of the electrodes. We tried to minimize measurement
error as we measured and marked the stimulation and registration
sites before testing, used the same measurements for both meth-
ods and kept the recording electrodes for the median nerve in place
when switching over to the simultaneous method. It can be argued
that the simultaneous method might be less prone to measure-
ment and placement errors, as placement of stimulation electrodes
is only performed once and not twice as in the consecutive method.
Another possible explanation for the difference between the meth-
ods is that the simultaneous method might be more self-
controlling than the consecutive, as it measures both nerves with
the hand in the same posture and with the same stimulus intensity
and background noise level and thus potentially reducing mea-
surement errors. Not stimulating the ulnar and median nerves in
the 4th finger directly one after another might have led to a certain
1,00 1,25 1,50 1,75 2,00

asured by the simultaneous method (ms)

s the latency difference between the median and ulnar nerves as measured by the
ulnar nerves as measured by the consecutive method. The diagonal line represents



Table 4
Relationship between the clinical criteria for carpal tunnel syndrome (CTS) and the
consecutive and simultaneous methods in the minimal median entrapment subgroup
(N = 16).

Clinical criteria
for CTS met

Clinical criteria
for CTS not met

Consecutive
method

�0.5 ms median-
ulnar latency
difference

2 2

�0.5 ms median-
ulnar latency
difference

6 6

Simultaneous
method

�0.5 ms median-
ulnar latency
difference

8 3

�0.5 ms median-
ulnar latency
difference

0 5

Table 5
Relationship between the clinical criteria for carpal tunnel syndrome (CTS) and the
consecutive and simultaneous methods in the whole population (N = 72).

Clinical criteria
for CTS met

Clinical criteria
for CTS not met

Consecutive
method

�0.5 ms median-
ulnar latency
difference

9 7

�0.5 ms median-
ulnar latency
difference

12 44

Simultaneous
method

�0.5 ms median-
ulnar latency
difference

16 8

�0.5 ms median-
ulnar latency
difference

5 43

The consecutive method has a sensitivity of 42% and a specificity of 86%, the
simultaneous method a sensitivity of 76% and a specificity of 84%.
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bias. This was due to a change in our clinical standard protocol by
the additional testing of the remaining median and ulnar fingers
with the objective of assessing peripheral nerve damage in the
study population. However, we were aware of this limitation and
made an effort to keep the hand in the exact same position during
both measurements. Placing an extra pair of electrodes at the med-
ian nerve while stimulating the ulnar nerve might reduce measure-
ment error. However, to achieve a realistic comparison between
the two methods, it is necessary to reposition the recording elec-
trodes in the consecutive approach, as one uses only one pair of
electrodes in this method. This is due to economic factors, as the
comparison test is not needed in patients with reduced conduction
velocity in the median nerve and the routine use of two sets of
electrodes in all patients with suspected CTS would produce a lot
of wasted electrodes. Also, we cannot exclude an order effect in
which the investigator was biased by the result of the first method
when performing the second, as we have not randomized the order
of the two methods. However, we consider it unlikely that the
order in which the methods were performed was a source of bias
in the present study, as the average latencies and the difference
between the latencies were not different between the methods.
Furthermore, we did not measure the skin temperature continu-
ously, and thus it cannot be ruled out that sweating or cooling after
warming might have influenced the measurements. However, we
measured temperature again if we found significantly reduced
conduction velocities.

Even though we tried to minimize the impact of each of these
factors, we cannot rule out that they influenced the measurements
and we argue that our study illustrates how important standard-
ization of methods is.
Further limitations need to be addressed. On a global basis,
stimulation with a hand-held bar is less common than with ring
electrodes. However, at least in northern Europe, the orthodromic
method is more commonly performed with a stimulation bar.
Since the normative values used in our lab were collected in this
manner, we used this approach also in this study. We find our
approach less time consuming, as we can use the stimulation bar
for both motoric NCS and sensory NCS and find the re-
positioning of the bar more time efficient. In this study, we did
not see a far-field potential from the median or ulnar nerves when
recording the respective other nerve. This might be due to that we
tried to place the electrodes as precisely as possible over the
nerves. Further, this sample population had relatively large hands
and wrists and thus possibly a wide distance between the median
and ulnar nerves. This, in addition to that all subjects were men,
might reduce the external validity of our findings. Further, all sub-
jects were exposed to risk factors for carpal tunnel syndrome such
as heavy manual work and use of vibrating tools (Kozak et al.,
2015; Barcenilla et al., 2012), which explains the higher prevalence
of CTS in our study as compared to the general population. The
same is true for other conditions associated with high exposure
to vibrating tools such as hand-arm-vibration syndrome (HAVS)
which have a higher prevalence in populations such as the present.
In patients with HAVS, nerve damage, especially to the median
nerve has been found (Rolke et al., 2013). However, we do not
believe this can have affected our findings, as this should not cause
a higher proportion of median entrapment cases in the simultane-
ous method alone. We did not systematically rule out other mus-
culoskeletal conditions in the hands or forearms. Likewise, we did
not perform clinical provocation methods such as Tinels maneuver
or Phalens test. However, these tests may be misleading as they
may have a higher specificity and sensitivity for tenosynovitis in
the hand than for carpal tunnel syndrome (El Miedany et al.,
2008). This could introduce a bias when performing the tests in
our study population with its high manual workload. As this study
was part of a health survey, we did not perform a priori calcula-
tions of sample size. This might have influenced the significance
level of the mean difference and it can be conceived that a larger
sample size might show a significant difference between the
methods. Moreover, we had no information on the inherent mea-
surement error of the orthodromic ring finger test. We could not
use ROC analysis to compare how precise the two methods are
when measuring the latency, as this would require knowledge of
the true latency, which is not known. Likewise, the number of car-
pal tunnel cases in the material was too small to use receiver oper-
ating curves with the clinical definition as a gold standard in order
to determine cut-off values. We used a clinical definition of CTS as
the reference standard. This might be problematic, as previous
studies have demonstrated a varying degree of correlation
between clinical symptoms and NCS (Gomes et al., 2006) and dif-
ferent clinical symptoms have different degrees of correlation to
NCS findings (Schrijver et al., 2005). NCS has a false positive rate
(Redmond and Rivner, 1988). Further, the clinical presentation of
CTS varies to a significant degree (Nora et al., 2004). We performed
every measurement only once in the same individual. In order to
compare test-retest reliability and thus measurement error
between and within the methods, it would have been necessary
to perform measurements twice in random order in the same indi-
vidual. We can therefore not quantify to which degree the simul-
taneous test is ‘‘self-controlling”.

Our results suggest that technical variations in the way the
ring-finger comparison test is performed might lead to changes
in the diagnostic accuracy of this test.

Neurophysiologic labs should be aware of how easily the
results of ring-finger can be influenced by methodological
variations.
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