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Abstract: Static two-point discrimination (2PD) and Semmes–Weinstein monofilament (SWM) tests
are commonly used to evaluate sensory disorders in the hand. The aim of this study was to evaluate
the reliability of 2PD and SWM tests in the ulnar nerve innervation area in patients with cubital tunnel
syndrome (CuTS) and healthy individuals. This was a two-group repeated-measures inter-rater
and intra-rater reliability study. Twenty-one patients with CuTS and 30 healthy adults participated.
The static 2PD test was performed using a standardized Dellon discriminator, whereas the SWM
test was conducted using TOUCH TEST monofilaments. Two examiners performed both tests at
the hypothenar eminence and the fourth and fifth digits (ulnar nerve innervation hand territory).
First, examiner A conducted three series of 2PD and SWM tests twice with a 15-min rest period
(within-day intra-rater reliability). Next, examiner B repeated the same examination 5 min after
(inter-rater reliability). Examiner A conducted the same examination 7 days after (between-day
intra-rater reliability). For single measurements, the inter-rater reliability and within-day intra-rater
reliability in the 2PD was at least 0.81 in patients with CuTS or healthy subjects. The between-days
intra-rater reliability for a single measurement varied from 0.56 to 0.95 in CuTS patients and healthy
subjects. The between-days intra-rater reliability for mean value from three measurements was above
0.80. The kappa for SWM was above 0.8 and the percentage of agreement was at least 90% for all sessions
and trials. In conclusion, the 2PD and SWM tests are reliable for assessing sensation in the ulnar
nerve innervation area of the hand in patients with CuTS and healthy subjects.

Keywords: two-point discrimination test; sensory threshold test; cubital tunnel syndrome; healthy
volunteers; ulnar nerve

1. Introduction

Several conditions of the peripheral and central nervous systems exhibit sensation
loss [1–3]. Reliable sensory tests are an essential component of neurological examination.
Sensation testing helps to detect sensory deficits, which may be useful in the diagnosis
and prognosis of painful dysfunctions [4]. It is also helpful in monitoring the progress
of an ongoing intervention and its treatment effects [4,5]. Static two-point discrimination
(2PD) and Semmes–Weinstein monofilament (SWM) tests are the most popular tests used to
evaluate sensory disorders in the hand and have applications in the diagnosis of numerous
diseases such as multiple sclerosis, diabetes, stroke, carpal tunnel syndrome, and cubital
tunnel syndrome [2,3,6–9]. The static 2PD test is used to evaluate the innervation density
of slowly adapting nerve fibers [10]. An inexpensive and readily available tool is used to
perform static 2PD tests, and some authors consider this test a gold standard in neurosen-
sory examinations of the hand [11]. The SWM test, on the other hand, is used to evaluate
the threshold of tactile sensitivity due to pressure applied with a specific force [12,13].
For this test, Semmes–Weinstein monofilaments are used, which are also an inexpensive
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and accessible tool and are considered the best method for assessing tactile sensitivity
threshold [14,15].

Despite the widespread use of 2PD and SWM tests in clinical practice, the reliability
of these tests is somewhat controversial. Some authors have confirmed the reliability of
2PD in post-stroke patients [16], carpal tunnel syndrome patients [4,17], patients with
digital nerve damage [11], and children with hemiplegia [18]. For SWM, high reliability
has been observed in patients with burn scars [19], Charcot-Marie-Tooth disease [20], and
after a stroke [21]. However, there are studies indicating a low intra- and interobserver
reliability of both tests (2PD and SWM) in healthy (asymptomatic) subjects [5,22] and those
undergoing digital nerve repair [1]. This discrepancy suggests that 2PD and SWM are
perhaps reliable only in specific clinical entities, which may cast doubt on their usefulness
in the management of the diseases involving sensory disorders in the hand. Therefore, it
seems reasonable that the use of 2PD and SWM in clinical practice or research should be
preceded by the evaluation of the reliability of these tests for a specific disease entity.

Cubital tunnel syndrome (CuTS) is the second most common peripheral neuropathy of
the upper limb with an estimated prevalence in 2–6% of the population [23]. Some authors
have used the 2PD and SWM tests to evaluate the efficacy of therapies for CuTS [8,24,25].
Of course, it should be emphasized at this point that the ulnar nerve is primarily a nerve
consisting of motor fascicles. Therefore, studying motor function and nerve conduction
is paramount. However, in the comprehensive patient assessment needed for planning
physiotherapy and assessing the effectiveness of therapy, the study of different types of
sensation also appears to be useful. However, to the best of our knowledge, no study has
evaluated the reliability of 2PD and SWM tests in patients with CuTS. We believe that, based
on the current knowledge, such a study is warranted and may potentially influence the
diagnostic, prognostic, or rehabilitation procedures of patients with CuTS. The reliability
and agreement of 2PD and SWM will be important to ensure research and measurement
quality in future studies assessing hand sensation in individuals with CuTS. Therefore,
the purpose of this study was to evaluate the intra-rater and inter-rater reliability of the
2PD and SWM tests in the ulnar nerve innervation area in healthy subjects and patients
with CuTS.

2. Methods
2.1. Study Design

This was a two-group repeated-measures design study including healthy subjects and
patients with diagnosed CuTS. The study was conducted in a medical outpatient clinic
located in Poland. Two examiners with more than 10 years of professional experience in
using 2PD and SWM performed the measurements. In healthy subjects, the dominant
and non-dominant hands were evaluated in a random order. In CuTS patients, only the
symptomatic side was evaluated. One of the examiners (A) was blinded since he did not
know the purpose of the research being conducted and did not know whether he was
examining a healthy or symptomatic individual. This examiner participated in the entire
study (baseline examination, after 15 min, and after 7 days). Both tests (2PD and SWM)
were performed in the innervation area of the ulnar nerve at three sites: the hypothenar
eminence and the tips of the fifth and fourth digits on the ulnar side.

We assessed within-day and between-days intra-rater reliability, as well as inter-rater
reliability in both healthy individuals and patients with CuTS (Figure 1). First, examiner A
performed three series of the 2PD test followed by another three series of the SWM test in
the same order. After a 15-min break, examiner A repeated the same procedure (within-day
intra-rater reliability). Then, after a 5-min break, examiner B performed three series of the
2PD test followed by three series of the SWM test in the same order on the same subject
(inter-rater reliability). To assess the between-day intra-rater reliability of both tests (2PD
and SWM), examiner A conducted the tests following the same procedure 7 days after.



Diagnostics 2022, 12, 2347 3 of 12

Figure 1. Structure of measurements.

All participants were informed about the study protocol. Written informed consent
was obtained from all participants before collecting any data. All study procedures were
performed according to the Declaration of Helsinki of 1975, revised in 1983. The study
was approved by the Bioethics Committee for Scientific Research of the Jerzy Kukuczka
Academy of Physical Education in Katowice (No. 8/2019, 14 September 2019).

2.2. Participants

Patients with CuTS presenting to an outpatient clinic for physiotherapy management
from June 2022 to August 2022 were recruited for the eligibility criteria. The inclusion
criteria for subjects with a medical diagnosis of CuTS were clinical symptoms of ulnar pe-
ripheral neuropathy (pain, numbness, or tingling, and sensory disturbances of ulnar nerve
innervation), and below-normal nerve conduction (motor fiber conduction < 49.3 m/s). In
each case, the diagnosis was made by the physician, and the normative values for nerve
conduction were determined by the laboratory performing the test. The exclusion criteria
for those with CuTS included previous upper extremity surgery, current steroid and nons-
teroidal anti-inflammatory drug therapy, cervical radiculopathy, carpal tunnel syndrome,
diabetes, and rheumatic diseases.

Healthy volunteers were recruited from individuals accompanying the patients who
agreed to participate. The inclusion criteria for healthy subjects were good general health
status and the absence of symptoms indicative of ulnar nerve neuropathy (pain, numb-
ness, or tingling in the ulnar nerve innervation area). In addition, healthy participants
were excluded if they presented any conditions that might cause sensory disturbances
(e.g., diabetes).

2.3. Protocol

To improve reliability, longitudinal and transverse lines on the hypothenar eminence
and the fourth and fifth digits were drawn to standardize the measurement site for both
static 2PD and SWM tests (Figure 2). Each measurement was taken at the intersection of
these lines. A caliper and ruler were used to plot the lines. First, the width of the hypothenar
eminence was calculated by measuring the distance between the deep palmar arch and the
lateral edge of the hand and divided in half to mark this point. Next, the distance between
the distal carpal transverse groove and the distal palmar transverse crease was measured
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and the obtained value was also divided in half to mark the point. Next, using a ruler, two
perpendicular lines were drawn to obtain the location of the measurement. Similarly, lines
were drawn on the tip of the fifth digit by measuring the width and length of the tip with a
caliper. In this case, perpendicular lines were also drawn, with the point of intersection
being the measurement location. For the fourth digit, the measurement methodology was
the same as for the fifth, except that the vertical line was drawn at a fourth of the tip on its
ulnar side (Figure 2). The point where the two lines intersected was where both tests (2PD
and SWM) were performed as follows.

Figure 2. Longitudinal and transverse lines to standardize the measurements.

During both 2PD and SWM tests, the examiner and the subject sat facing each other.
Both arms of the participant were placed along the torso, whereas the forearms (in supina-
tion) and hands (palms up) were placed on the table. The study protocol was explained
to the subject before the examination began. A training session was then conducted to
ensure the participant understood the study protocol. The subject could then see and feel
the tactile sensations after touching the hypothenar eminence with a discriminator (single
spike) and monofilament (thickest spike). For the examination, a special screen was used
so that the subject could not see their hands during the examination.

A standardized Dellon discriminator (Baseline Discrim-A-Gon Discriminator) was
used to test static 2PD sensation. This device consists of two plastic disks, each with metal
spikes located at specific distances from each other ranging from 2 mm to 15 mm, and one
single spike. The test began with the hypothenar eminence, followed by the fourth and fifth
digits. The discriminator spikes were applied at the intersection of the marked lines along
a vertical line perpendicular to the area tested, while making sure that both spikes touched
the test area (Figure 3). The discriminator was applied to the skin without additional
pressure (the weight of the device was sufficient for the subject to feel the stimulation). The
stimulation time ranged from 3 to 5 s. The measurement locations were randomly touched
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with one or two discriminator spikes, and the patient was asked to respond “one” if they
felt one point or “two” if they felt two points. The shortest distance between discriminator
spikes for which the subject provided a “two” response in 3 consecutive measurements
was recorded in millimeters and used in the main analysis [4,16].

Figure 3. Methodology of testing 2PD.

The TOUCH TEST device (North Coast Medical, Inc., Morgan Hill, CA, USA) was
used for the SWM test. The device consists of five monofilaments calibrated to produce
a specific force in grams: green (size 2.83), 0.07 g; blue (size 3.61), 0.4g; purple (size 4.31),
2.0 g; pink (size 4.56), 4.0 g; and red (size 6.65), 300 g. The monofilament was applied
perpendicularly to the measurement location so that a slight deflection occurred. Pressure
was maintained from 1 to 3 s. The test began with the thinnest monofilament by randomly
touching the crossing point of the previously marked lines on the hypothenar eminence,
and the fourth and fifth digits (Figure 4). The subject’s task was to verbally indicate the
location of stimulation, i.e., hypothenar eminence, fourth digit, or fifth digit. The thinnest
monofilament of three measurements that the subject indicated during stimulation was
recorded, and this value was used in the analysis [14,25] in which the following scale was
adopted: 0—no sensation during stimulation; 1—0.07 g monofilament; 2—0.4 g monofila-
ment; 3—2.0 g monofilament; 4—4.0 g monofilament; and 5—300 g monofilament [20]. The
scale was used in order to calculate the kappa statistic.
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Figure 4. Methodology of testing SWM.

2.4. Statistical Analysis

For the SWM test, Cohen’s kappa and the percentage agreement were calculated.
For the 2PD test, ICC type 3 (3.1 for single measurement and 3.3 for mean value from
three measurements); ICC type 2 (2.1 for single measurement and 2.3 for mean value from
three measurements); Bland and Altman (BA) test; and the standard error of measurement
(SEM = SD ×

√
(1 − ICC)) were calculated.

The ICC was interpreted as follows: below 0.40 (poor reliability); 0.40–0.59 (fair);
0.60–0.74 (moderate); and above 0.74 (excellent reliability) [26]. The BA test was only
used to find potential biases between the two measures. The BA plots with limits of
agreement were not included because the sample size was not large enough (greater than
50 participants) to allow the limits of agreement to be estimated properly [27]. The kappa
was interpreted as follows: less than 0, poor; 0.00 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60,
moderate; 0.61 to 0.80, substantial; and 0.81 to 1.00, almost perfect [28]. Data were analysed
using STATISTICA 13 PL (Statsoft, Tulsa, OK, USA), IBM SPSS version 21 (IBM Corp.,
Armonk, NY, USA) and Excel (Microsoft Corporation, Redmond, WA, USA) software.

3. Results

From 26 patients screened for the eligibility criteria, five were excluded because of
steroid and nonsteroidal anti-inflammatory drug therapy (three persons) and diabetes
(two persons). Finally, 21 patients with CuTS satisfied all the criteria and agreed to partici-
pate. Similarly, from 32 potentially healthy individuals screened, a total of 30 volunteers
were finally included. Two people were excluded because they were under diagnosis with
suspected diabetes. The characteristics of the subjects are presented in Table 1.

Table 1. Descriptive statistics, mean value (SD).

Healthy Volunteers (n = 30) CuTS Patients (n = 21)

Age (years) 40 (11.2) 39.8 (9.2)
Height (cm) 174.8 (11.6) 172.8 (10.8)

Body mass (kg) 78.3 (15.5) 75.2 (14.3)
Gender (numbers) 10 (47.6%) Female 10 (47.6%) Female

Affected side - 18 (85.7%) Right
NCS (MCV m/s) - 36.2 (6.13)

NCS—nerve conduction study; MCV—motor conduction velocity.
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3.1. Semmes–Weinstein Monofilament (SWM)

The kappa for SWM was almost perfect (all trials above 0.81) for all sessions in CuTS
(Table 2) and healthy (Table 3) subjects. The within-day intra-rater reliability ranged from
0.91 to 1.00 in CuTS patients and 0.90 to 1.00 in healthy subjects. Similarly, the between-days
intra-rater reliability ranged from 0.92 to 1.00 in patients and 0.90 to 1.00 in healthy subjects.
The inter-rater reliability was more similar than the intra-rater reliability in CuTS, ranging
from 0.92 to 1.00, but it was slightly lower in healthy subjects, ranging from 0.82 to 1.00.

Table 2. Reliability and validity of Semmes–Weinstein monofilament (SWM) test—CuTS patients
(n = 21).

Finger 4 Finger 5 Hypothenar

For Single Measurement

Rater A Mean 2.76 2.8 2.76
Rater B Mean 2.76 2.81 2.8

Intra-rater reliability Rater A
(within-day 15 min)

K 1 1.0 1.0 0.91
P0% 2 100 100 95.2

Intra-rater reliability Rater A
(between-days 7 days)

K 1 0.92 1.0 1.0
P0% 2 95.2 100 100

Inter-rater reliability (baseline
assessment)

K 1 1.0 1.0 0.91
P0% 2 100 100 95.2

1 Cohen’s kappa; 2 percentage agreement.

Table 3. Reliability and validity Semmes–Weinstein monofilament (SWM) test—healthy volunteers
(n = 30).

Side

Dominant (Right) Non-Dominant (Left)

Finger 4 Finger 5 Hypothenar Finger 4 Finger 5 Hypothenar

For Single Measurement

Rater A Mean 1.43 1.46 1.8 1.6 1.53 1.96
Rater B Mean 1.5 1.47 1.8 1.63 1.56 1.93

Intra-rater reliability
Rater A (within-day 15 min)

K 1 1.0 1.0 1.0 1.0 0.94 0.90
P0% 2 100 100 100 100 96.7 93.3

Intra-rater reliability
Rater A (between-days 7 days)

K 1 0.93 1.0 0.90 1.0 0.94 0.90
P0% 2 96.7 100 93.3 100 96.7 93.3

Inter-rater reliability (baseline
assessment)

K 1 0.87 1.0 1.0 0.94 0.82 0.95
P0% 2 93.3 100 100 96.7 90 96.7

1 Cohen’s kappa; 2 percentage agreement.

The percentage of agreement was at least 90% in all trials. The percentage of agreement
for within-day and between-days intra-rater reliability ranged from 95.2% to 100% in
patients with CuTS (Table 2) and from 93.3% to 100% in healthy subjects (Table 3). The
percentage of agreement for inter-rater reliability ranged from 95.2% to 100% in patients
with CuTS (Table 2) and from 90% to 100% in healthy subjects (Table 3).

3.2. Static Two-Point Discrimination (2PD)

Overall, for a single measurement, the within-day intra-rater reliability was excellent
(all trials above 0.80) and the corresponding SEM was always below 0.55 mm in CuTS
(Table 4) and healthy (Table 5) subjects. The mean value from three measurements further
improved the reliability in both groups of subjects (ICC over 0.89 and SEM below 0.34).
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Table 4. Reliability and validity of two-point discrimination (2PD)—CuTS patients (n = 21).

Finger 4 Finger 5 Hypothenar

Rater A
Mean 1 6.8 6.81 11.71

SD 1 1.12 1.16 1.61

Rater B
Mean 1 6.81 6.8 11.76

SD 1 0.98 0.92 1.3

Intra-rater reliability Rater A (within-day 15 min)

For single measurement
ICC3.1 0.89 0.85 0.89

SEM (mm) 0.38 0.40 0.53
Bias 2 (mm) 0.24 0.05 0.05

For mean value from three measurements
ICC3.3 0.97 0.94 0.96

SEM (mm) 0.20 0.22 0.27
Bias 2 (mm) 0.11 * 0.05 0.03

Intra-rater reliability Rater A (between-days
7 days)

For single measurement
ICC3.1 0.83 0.56 0.67

SEM (mm) 0.47 0.66 0.79
Bias 2 (mm) 0.05 0.05 0.09

For mean value from three measurements
ICC3.3 0.97 0.91 0.81

SEM (mm) 0.19 0.25 0.53
Bias 2 (mm) 0.09 0.09 0.03

Inter-rater reliability (baseline assessment)

For single measurement
ICC2.1 0.83 0.87 0.85

SEM (mm) 0.43 0.38 0.56
Bias 2 (mm) 0.01 0.00 0.05

For mean value from three measurements
ICC2.3 0.96 0.88 0.95

SEM (mm) 0.21 0.30 0.29
Bias 2 (mm) 0.05 0.19 * 0.09

1 From all three measurements; 2 Bland–Altman Test; * systematic error.

Table 5. Reliability and validity of two-point discrimination (2PD) test—Healthy volunteers (n = 30).

Side

Dominant (Right) Non-Dominant (Left)

Finger 4 Finger 5 Hypothenar Finger 4 Finger 5 Hypothenar

Rater A
Mean 1 5.16 4.76 8.3 5.26 5.56 8.16

SD 1 1.14 1.1 2.08 1.28 1.35 1.96

Rater B
Mean 1 5.23 4.96 8.5 5.63 5.23 8.17

SD 1 0.97 1.12 2.19 1.15 1.22 1.72

Intra-rater reliability
Rater A (within-day 15 min)

For single measurement
ICC3.1 0.83 0.86 0.94 0.85 0.81 0.95

SEM (mm) 0.45 0.42 0.51 0.49 0.54 0.43
Bias 2 (mm) 0.13 0.26 −0.27 * 0.01 0.40 * 0.20

For mean value from three measurements
ICC3.3 0.92 0.96 0.98 0.95 0.90 0.98

SEM (mm) 0.27 0.21 0.29 0.26 0.33 0.27
Bias 2 (mm) 0.10 0.12 −0.19 * 0.08 0.16 0.07
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Table 5. Cont.

Side

Dominant (Right) Non-Dominant (Left)

Finger 4 Finger 5 Hypothenar Finger 4 Finger 5 Hypothenar

Intra-rater reliability
Rater A (between-days

7 days)

For single measurement
ICC3.1 0.61 0.82 0.96 0.83 0.76 0.95

SEM (mm) 0.66 0.45 0.42 0.51 0.62 0.44
Bias 2 (mm) 0.01 0.17 −0.43 * 0.20 0.43 * 0.03

For mean value from three measurements
ICC3.3 0.83 0.93 0.97 0.94 0.86 0.98

SEM (mm) 0.38 0.27 0.35 0.29 0.39 0.27
Bias 2 (mm) 0.07 0.06 −0.25 * 0.13 0.12 0.03

Inter-rater reliability
(baseline assessment)

For single measurement
ICC2.1 0.82 0.89 0.94 0.88 0.85 0.94

SEM (mm) 0.45 0.37 0.52 0.43 0.50 0.45
Bias 2 (mm) 0.20 −0.20 * 0.07 −0.37 * 0.33 * 0.01

For mean value from three measurements
ICC2.3 0.93 0.96 0.98 0.93 0.94 0.96

SEM (mm) 0.25 0.20 0.29 0.30 0.25 0.37
Bias 2 (mm) 0.01 −0.13 * 0.13 −0.23 * 0.01 0.09

1 From all three measurements; 2 Bland–Altman Test; * systematic error.

The between-days intra-rater reliability for a single measurement varied from fair
to excellent in CuTS patients and from moderate to excellent in healthy subjects. The
between-days intra-rater reliability for mean value from three measurements was excellent,
and the corresponding SEM was below 0.66 mm in all subjects. In healthy subjects, a
systematic error was seen in the hypothenar measurement on the dominant side. In other
measurements the bias was close to 0 without any systematic errors, as the line of equality
was in the 95% confidence interval.

The inter-rater reliability for 2PD was always excellent, and the corresponding SEM
was below 0.56 mm. Some systematic errors were detected but the bias was close to 0
(Tables 4 and 5).

4. Discussion

The aim of this study was to evaluate the intra-rater and inter-rater reliability of
static 2PD and SWM tests in the ulnar nerve innervation area in patients with CuTS and
healthy subjects. We observed that both tests (2PD and SWM) have excellent intra-rater
and inter-rater reliability in individuals with CuTS and in healthy subjects from the first
measurement. The kappa value for the SWM test ranged from 0.9–1.0 and was nearly
perfect, and the percentage agreement was always above 90%. In contrast, the standard
error of measurement (SEM) in the 2PD test was always below 0.54 at the 15-min interval
between measurements. Therefore, it can be stated that both sensation tests (2PD and SWM)
are reliable tools for the evaluation of sensation and its disturbances in the innervation
area of the ulnar nerve in both intra-rater and inter-rater evaluations, and this applies
to measurements after 15 min and after 7 days. Thus, they can be used in patients with
peripheral neuropathies of the ulnar nerve as a diagnostic tool to monitor the therapy and
clinical outcomes.

It should be emphasized that this is the first study to evaluate the reliability of the 2PD
and SWM tests in the ulnar nerve innervation area in healthy subjects and CuTS patients. It
should also be stressed that in the reliability assessment of both tests (2PD and SWM), a new
measurement methodology was presented that involved plotting vertical and horizontal
lines after previously measuring the hypothenar eminence and tips of the fourth and fifth
digits. This may have contributed to the high reliability, as the exact sites of discriminator
and monofilament application were standardized.
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The reliability of the 2PD test was first confirmed by Dellon et al. [29] in nerve-injured
patients for assessing the sensory sensitivity of the hand. Marx et al. [17] and Wolny et al. [4]
obtained similar results to our study for the inter-rater and intra-rater reliability of the 2PD
test in individuals with carpal tunnel syndrome. The high reliability of the 2PD test has
also been found in leprosy patients [30], traumatic median nerve injuries [10], acute stroke
patients [16], and children with spastic hemiplegia [18]. Novak et al. additionally observed
a strong correlation between the 2PD test and hand function [10]. However, some studies
have suggested that the experience of the researcher is an important factor in achieving
high 2PD reliability. A study by Marx et al. [17] involved six researchers, two of whom had
no prior experience in performing the 2PD test. The reliability achieved by the experienced
researchers was significantly higher (ICC 0.85) compared to those without experience
(ICC 0.5). In fact, the important effect of the examiner’s experience on the reliability of
2PD measurement was also found by Moberg [31] in a study of people with tetraplegia.
However, some studies have shown a poor reliability of the 2PD test, as demonstrated in a
study of patients with digital nerve repair [1] and healthy individuals [5,22]. This suggests
that the 2PD test should not be used alone in the quantitative evaluation of the sensory
recovery process [1]. In these studies, the low reliability of the 2PD test cannot only be
explained by the experience of the researchers [22], because in one of them, the research was
also performed by people with experience [5]. Therefore, it appears that the discrepancy in
the reliability data in previous studies may be primarily due to methodological differences
in conducting the 2PD test or the lack of standardization of the measurement procedure, as
we have done in our study. It should be noted, however, that the severity of nerve injury
may play a role in the differences of these studies.

Lundborg and Rosén [32] emphasized that, although the 2PD test is the most widely
used for assessing sensation after nerve repair, the test procedure has not yet been stan-
dardized. In assessing the reliability of SWM, this test, similar to 2PD, does not show
complete agreement. Meire et al. obtained high inter-rater and intra-rater reliability of the
SWM test in subjects with burn scars and healthy subjects [19]. Similarly, good results were
presented by Suda et al. in stroke survivors [21] and in patients with Charcot-Marie-Tooth
disease [20]. Using a stepping algorithm (4-2-1), Snyder et al. [33] obtained an acceptable
inter-rater and intra-rater reliability of the SWM test in healthy subjects. However, other
studies have not confirmed the proper reliability of the SWM test in healthy subjects [5,22]
and those with digital nerve repair [1], even showing poor reliability. It is worth noting
here that the papers showing the low reliability of the SWM also reported the low reliability
of the 2PD test. Thus, it is likely that the different methodological differences [1,5] and,
probably, low experience of the researchers in the study by Rozental et al. [21] may explain
the low reliability of the SWM test observed.

The methodological part concerning the measurement procedure of the 2PD and
SWM tests was poorly described in the studies by Bulut et al. [1,5] and Rozental et al. [22].
Therefore, the results cannot be replicated to verify the methodology used. In the study by
Rozental et al. [22], the researchers had no prior experience in conducting sensory tests,
only from video instruction, and after participating in one practice session (the duration
of which was not specified) they proceeded to examine the reliability of the 2PD and
SWM tests. In contrast, in studies that confirmed the high reliability of 2PD and SWM
tests, the researchers provided adequate training under the guidance of an expert [19,21]
or already had sufficiently extensive experience in conducting the tests [20]. It is also
important to note that in studies where the high reliability of 2PD and SWM tests was
observed, the description of the test procedure is very detailed, including the location of
monofilament application (to always perform the examination in the same place) [19], the
duration of point stimulation [19,21], and the interval time between tests [19,21]. All these
methodological issues affect the reliability of 2PD and SWM tests and it is possible that
in those studies providing low reliability of 2PD and SWM tests [1,5,22] these variables
were not controlled. In our study, the excellent reliability of the SWM test was obtained,
which is probably due to the researchers’ experience in conducting the test and the author’s
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methodology for locating the measurement sites. Stimulation time and intervals between
tests were also controlled.

We should recognize some limitations of the current study. The first is the lack of
discriminator force control in the 2PD test and monofilament in the SWM test, which may
affect sensory evaluation. Such pressure control would probably be beneficial for stan-
dardization of the test; on the other hand, the test apparatus would be more complicated,
probably more expensive, and less operative in clinical practice. In contrast, examinations
performed by clinicians should be characterized by universal access, short testing times,
and simple study methodologies. Our study shows that even without pressure control,
excellent reliability can be achieved if the adequate testing methodology is used, and the
examiner is experienced in the use of sensation testing. Another limitation may also be the
lack of nerve conduction studies in healthy individuals, since there may have been cases of
abnormal nerve conduction among the included subjects, albeit they were asymptomatic.
Another limitation may be that the research was conducted only by experienced researchers.
As previously discussed, this topic shows the significant effect of experience on the results,
but we do not know whether the proposed new methodology would allow less experienced
clinicians to achieve the same reliability. Finally, it should also be considered that this study
only evaluated assessment of the reliability of sensory tests, while the ulnar nerve, as a
more motor nerve, should be assessed primarily with motor tests.

5. Conclusions

The measurement procedure developed for the present study achieved high reliability
of the 2PD and SWM tests in assessing sensation in the ulnar nerve innervation area in
healthy subjects and patients with CuTS. Therefore, we recommend the use of 2PD and
SWM tests in studies of such populations. It should be stressed, however, that tests should
only be performed by people with proper training and experience.
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of cubital tunnel syndrome: Long-term follow-up of 7 cases. J. Manip. Physiol. Ther. 2010, 33, 156–163. [CrossRef] [PubMed]

25. Ozkan, F.U.; Saygi, E.K.; Senol, S.; Kapci, S.; Aydeniz, B.; Aktas, I.; Gozke, E. New treatment alternatives in the ulnar neuropathy
at the elbow: Ultrasound and low-level laser therapy. Acta Neurol. Belg. 2015, 115, 355–360. [CrossRef] [PubMed]

26. Cicchetti, D.V.; Sparrow, S.A. Developing criteria for establishing interrater reliability of specific items: Applications to assessment
of adaptive behavior. Am. J. Ment. Defic. 1981, 86, 127–137. [PubMed]

27. Rankin, G.; Stokes, M. Reliability of assessment tools in rehabilitation: An illustration of appropriate statistical analyses. Clin.
Rehabil. 1998, 12, 187–199. [CrossRef]

28. Landis, J.R.; Koch, G.G. The Measurement of Observer Agreement for Categorical Data. Biometrics 1977, 33, 159. [CrossRef]
29. Dellon, A.L.; Mackinnon, S.E.; Crosby, P.M. Reliability of two-point discrimination measurements. J. Hand Surg. Am. Vol. 1987, 12,

693–696. [CrossRef]
30. Van Brakel, W.H.; Khawas, I.B.; Gurung, K.S.; Kets, C.M.; Van Leerdam, M.E.; Drever, W. Intra- and inter-tester reliability of

sensibility testing in leprosy. Int. J. Lepr. Myconact. Dis. 1996, 64, 287–298.
31. Moberg, E. Two-point discrimination test. A valuable part of hand surgical rehabilitation, eg in tetraplegia. Scand. J. Rehabil. Med.

1990, 22, 127–134. [PubMed]
32. Lundborg, G.; Rosén, B. The two-point discrimination test–time for a re-appraisal? J. Hand Surg. Eur. Vol. 2004, 29, 418–422.

[CrossRef] [PubMed]
33. Sydner, B.A.; Munter, A.D.; Houston, M.N.; Hoch, J.M.; Hoch, M.C. Interrater and intrarater reliability of the semmes-weinstein

monofilament 4-2-1 stepping algorithm. Muscle Nerve 2016, 53, 918–924.

http://doi.org/10.6061/clinics/2014(09)02
http://doi.org/10.1007/s00221-019-05663-3
http://doi.org/10.1007/s00402-010-1160-x
http://doi.org/10.1097/JCMA.0000000000000583
http://www.ncbi.nlm.nih.gov/pubmed/34261979
http://doi.org/10.1097/00000637-199312000-00003
http://www.ncbi.nlm.nih.gov/pubmed/8297078
http://doi.org/10.1007/s00238-016-1265-8
http://doi.org/10.1016/S0363-5023(78)80084-7
http://doi.org/10.1016/S0363-5023(78)80143-9
http://doi.org/10.1016/j.hansur.2018.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30078625
http://doi.org/10.1038/sc.2012.96
http://www.ncbi.nlm.nih.gov/pubmed/22945746
http://doi.org/10.3233/NRE-171464
http://www.ncbi.nlm.nih.gov/pubmed/28505993
http://doi.org/10.1016/S0266-7681(98)80132-0
http://doi.org/10.1111/j.1469-8749.2002.tb00845.x
http://doi.org/10.1016/j.burns.2015.01.003
http://doi.org/10.1197/j.jht.2007.07.020
http://doi.org/10.3389/fneur.2020.625917
http://www.ncbi.nlm.nih.gov/pubmed/33584520
http://doi.org/10.1097/00000637-200044060-00005
http://www.ncbi.nlm.nih.gov/pubmed/10884076
http://doi.org/10.2106/JBJS.15.01162
http://www.ncbi.nlm.nih.gov/pubmed/28244912
http://doi.org/10.1016/j.jmpt.2009.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20170781
http://doi.org/10.1007/s13760-014-0377-9
http://www.ncbi.nlm.nih.gov/pubmed/25319131
http://www.ncbi.nlm.nih.gov/pubmed/7315877
http://doi.org/10.1191/026921598672178340
http://doi.org/10.2307/2529310
http://doi.org/10.1016/S0363-5023(87)80049-7
http://www.ncbi.nlm.nih.gov/pubmed/2244189
http://doi.org/10.1016/J.JHSB.2004.02.008
http://www.ncbi.nlm.nih.gov/pubmed/15336741

	Introduction 
	Methods 
	Study Design 
	Participants 
	Protocol 
	Statistical Analysis 

	Results 
	Semmes–Weinstein Monofilament (SWM) 
	Static Two-Point Discrimination (2PD) 

	Discussion 
	Conclusions 
	References

