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ABSTRACT

IS Upper limb neurodynamic tests are used to evaluate the mechanical sensitivity of the periph-
eral nerves. However, very little is known about the reliability of upper limb neurodynamic tests, espe-
cially for the radial and ulnar nerves. This study aimed to evaluate the reliability of neurodynamic tests of
the upper extremities to test median, radial, and ulnar nerves.
In this observational cross-sectional study, 25 asymptomatic subjects aged 19-45
years participated. They were selected using simple non-random sampling. Then two examiners per-
formed the neurodynamic tests on them on two successive days. The goal was to assess the reliability of
median, radial, and ulnar neurodynamic tests. During the neurodynamic tests, the participants reported
the initial stretching pain and the moment of submaximal pain (substantially obvious pain) in related ar-
eas of the nerve distribution, including the anterior side of the elbow and forearm for the median nerve,
posterolateral aspect of the elbow and forearm for radial nerve, and medial side of elbow and forearm
for the ulnar nerve. At the starting point of painful stretching and the submaximal pain, the angle of
elbow extension (for median and radial nerve tests) and shoulder abduction angle (for ulnar nerve test)
were measured using a mechanical goniometer. The range between these two points was used to ana-
lyze the reliability. The intraclass correlation coefficient (ICC) and the standard error of measurement
(SEM) were calculated to examine the relative and absolute reliability, respectively. Using t-test, the dif-
ference in the mean of the measurements was calculated.
[{EEMTE No significant difference was found between the mean measurements of the two testers in
intra-session and inter-session reliability. For examiners 1 and 2, was obtained 0.94 (SEM:2°) and 0.89
(SEM:2.85°) for the median nerve, 0.56 (SEM:6.36°) and 0.93 (SEM:1.82°) for radial nerve, and 0.42
(SEM:3.27°) and 0.79 (SEM:1.42°) for the ulnar nerve. Inter-tester intra-session reliability was obtained
at 0.84 (SEM: 3.44°), 0.54 (SEM: 6.1°), and 0.55 (SEM: 2.75°), respectively, for median, radial, and ulnar
nerves. Inter-tester inter-session reliability was obtained at 0.97 (SEM:1.43°), 0.69 (SEM:5.06°), and 0.51
(SEM: 2.8%), respectively, for median, radial, and ulnar nerves.
[T The upper limb neurodynamic tests and measurement of the range between the onset of
stretching pain and the point of submaximal pain have moderate to excellent reliability. Therefore, these
: clinical tests can be used in diagnostic evaluations and treatment interventions. Also, the median nerve
Accepted: 13 Feb 2022 neurodynamic test has higher relative reliability than radial and ulnar nerve neurodynamic tests.
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Introduction

eurodynamic maneuvers are clinical eval-

uation tools and part of manual therapy.

They are used in various patients with
disorders of the neuromuscular system [1-3]. Nerve prob-
lems can result from an extraneural (e.g. narrowing of the
nerve context due to pressure caused by edema) or intra-
neural (e.g. following diabetes) pathology [4-7].

Neurodynamic tests in the lower and upper limbs are
used in clinical evaluations of a wide range of patients
to examine the mechanical sensitivity of the nerve. Posi-
tive responses to these tests usually appear as sensory
perceptions, like changes in pain or paresthesia [8-10].
Of course, it should be noted that pain and sensory mani-
festations in response to neurodynamic tests can be seen
both in patients with musculoskeletal problems [7, 11, 12]
and in healthy people [13-15], and it is not always easy
to determine whether the response to the test is normal or
abnormal [8, 16, 17]. This reason shows why recent stud-
ies have investigated the validity of these techniques [18].

There are four neurodynamic tests in the upper limb [1].
Kleinrensink and his colleagues showed that median, ra-
dial, and ulnar nerve tension is more sensitive than other
upper limb neurodynamic tests [7]. Hines and his col-
leagues found a low reproducibility between testers in the
first resistance in performing the neurodynamic test [19].
Coppieters and colleagues showed strong intra-tester and
inter-tester reproducibility in asymptomatic subjects and
patients in one session [20]. In another study, Leoni and
colleagues found that measuring the range between the
moment of pain onset and submaximal pain has a higher
reproducibility than the moment of pain onset and sub-
maximal pain during neurodynamic evaluation [21].

A limited number of studies have examined the repro-
ducibility of neurodynamic tests of the upper limb, and
most of these studies have examined the reproducibility of
the median nerve [14, 21-23]. There is little information
about the reproducibility of the radial and ulnar nerves.
In addition, there is no single method for measuring joint
angles in radial and ulnar nerve examination [24-27].
Little information and the lack of a single measurement
method cannot be a good criterion for review studies on
the reproducibility of the radial and ulnar nerves [24-26,
28]. Therefore, this study investigates the reproducibility
of upper limb neurodynamic tests, including the median,
radial, and ulnar nerves, using a simple and clinical tool
to measure the joint range of motion (mechanical goni-
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ometer). If these tests have good reproducibility, they can
be used as a diagnostic method for evaluating therapeutic
effects in patients with neurodynamic disorders.

Materials and Methods

This cross-sectional study was observational, and study
samples were collected by a simple, non-random method.
A total of 25 asymptomatic people (9 women, 16 men)
participated in this study. This study was conducted from
February 7, 2020, to April 21, 2021, at the physiotherapy
clinic of Shahid Beheshti Hospital in Babol City, Iran.

The inclusion criteria included people aged 19 to 45
years with a full and pain-free range of motion in the
separate assessment of upper limb joints. The exclusion
criteria include a history of the following problems or
diseases: neck and upper limb pain in the past 6 months,
upper limb surgery, chemotherapy or radiation therapy,
diabetes, cognitive disorders, fractures of the upper limb,
infection, neck radiculopathy, and peripheral neuropa-
thies of the upper limb and other diseases of the nervous
system [14, 21, 29].

The evaluation team consisted of two physiotherapists
with at least 5 years of experience in the field of manual
therapy and nerve mobilization. They were named tester
1 (E1) and tester 2 (E2). The reproducibility of upper limb
neurodynamic tests was investigated in one intra-session
and two inter-sessions. In the first session, tester 1 and
then tester 2 repeated each test twice. There was a 1-min-
ute rest period between each repetition of each test. In the
second session and after 24 hours, at first, tester 2 and
then tester 1 repeated each test once. The tests were con-
ducted in the second session, similar to the first session.

The neurodynamic evaluation was performed using the
standard method provided by Butler and Shacklock for
the median (Figure 1), radial (Figure 2), and ulnar (Figure
3) nerves bilaterally for both upper limbs [4, 30].

Randomization was performed to select the evaluated
side. Sealed envelopes were used for this purpose. Before
starting the neurodynamic assessment, the participants
were instructed to report the moment of onset of pain and
submaximal pain in the relevant area (sensory distribu-
tion area of the relevant nerve) by saying the words "now"
and "stop" during the assessment. In assessing the median
nerve, the target area for reporting pain was the anterior
forearm, wrist, and fingers. In evaluating the radial nerve,
the target area for reporting pain was the outside of the
elbow and forearm and the back of the wrist and fingers.
In assessing the ulnar nerve, this area was the inside the
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Figure 1. Neurodynamic test of median nerve ~ Rehabilitation

elbow and forearm [30]. During the assessment, the mo-
ment of pain onset was considered when the minimal
painful stretch was felt, and the moment of submaximal
pain was when the painful stretch increased and became
clear, and the participant wanted to stop the assessment
[15]. If the participants did not report submaximal pain
during the available range of motion or if they had sen-
sory manifestations, such as tingling, they would be ex-
cluded from the study.

Joint angles were measured using a standard goniometer
according to the method of Covill and Martinez (Figures
4, 5, and 6) [24, 31]. During the evaluation, the testers
were unaware of each other's test results and joint angles.
In the evaluation of the median and radial nerves, the
extension angle of the elbow joint, the evaluation of the
ulnar nerve, and the abduction angle of the shoulder joint
were the measurement criteria.
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Figure 3. Neurodynamic test of ulnar nerve  Rehabilitation
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Figure 2. Neurodynamic test of radial nerve ~ Rehabilitation

Data collection

In this study, the range between the moment of pain on-
set and submaximal pain was measured and reported. This
range was shown as RIEIMN, R2EIMN, and R3E1IMN
for tester 1 and the median nerve, which indicated the first
and second repetition of the test in the first session and the
repetition of the test in the second session, respectively.

Statistical analysis

Data were analyzed using SPSS software v.26. To deter-
mine the relative repeatability, the intraclass correlation
coefficient-test (ICC) and 95% confidence interval (95%
CI) were used [32]. To find out the absence of system-
atic bias, a paired t-test was used in the pre- and post-
measurement of each tester, and an independent binomial
t-test was used to compare the two testers. P<0.05 was
considered significant for all analyses. The average rep-
etitions of each test by the testers in the first session and
the average of the same test in the second session were
used to calculate intra-tester reproducibility. To calculate
the reproducibility of inter-testers in one session, the aver-
age repetitions of each test were used by tester 1 and tester
2 in the first session, and to calculate the reproducibility of
intra-tester in two sessions, the average repetitions of each
test by tester 1 was used in the first session, and the aver-
age repetitions of the same test by tester 2 were used in the
second session [20, 22]. To check the absolute reproduc-
ibility of the standard error of measurement, it was calcu-
lated based on a function of sharing the standard deviation
of groups and ICC (SEM=SD ><\/(1—ICC)) [33].

Pooled

Results

Table 1 presents the characteristics and demographic
information of the participants, and Table 2 presents the
mean and range of the measurements. After randomiza-
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Figure 4. Measuring the angle of the elbow joint for the me-

dian nerve

tion in selecting the evaluated side, it was evaluated in 14
right-handed and 11 left-handed participants.

The reproducibility values of the inter-tester 1 were 0.94
for the median nerve (P=0.942, 95% CI: 0.88-0.97: 95%)
with a standard error of measurement of 2°, 0.56 for the
radial nerve (P=0.784, 95% CI: 0.78-0.22) with a stan-
dard error of measurement of 6.36°, and 0.42 the ulnar
nerve (P=0.355, 95% CI: 0.69-0.04) with a standard error
of measurement 3.27°. These values were calculated for
tester 2 as 0.89 for median nerve (P=0.98, 95% CI: 0.78-
0.95), 0.93 for radial nerve (P=0.056, 95% CI: 0.96-0.84),
and 0.79 for the ulnar nerve (P=0.359, 95% CI: 0.9-0.57)
with standard errors of measurements of 2.85°, 1.82°, and
1.42°, respectively. In addition to the reproducibility be-
tween the average values of the first and second day, the
reproducibility between two evaluations (with an interval
of one minute) has been calculated. The results were 0.94
and 0.96 for the median nerve (E1 and E2, respectively),
with standard errors of measurements of 2.05 and 1.78;
0.83 and 0.94 for the radial nerve, with standard errors of
measurements of 4.61 and 1.69; and 0.87 and 0.7 for the
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Figure 6. Measuring the angle of the shoulder joint for the
ulnar nerve
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Figure 5. Measuring the angle of the elbow joint for the radial
nerve

ulnar nerve, with standard errors of measurements of 1.8
and 1.86. The results of the paired t-test showed no sta-
tistically significant difference between the average mea-
surements of tester 1 and tester 2 for the median, radial,
and ulnar nerves.

Reproducibility rates between two testers in one session
were 0.84 for median nerve (P=0.942, 95% CI: 0.93-
0.68), 0.54 for radial nerve (P=0.415, 95% CI: 0.77-0.2),
and 0.55 for the ulnar nerve (P=0.626, 95% CI: 0.2-0.77)
with standard errors of measurements of 3.44°, 6.1°, and
2.75°, respectively. The reproducibility rates between
two testers in two sessions were 0.97 for median nerve
(P=0.933, 95% CI: 0.93-0.98, 0.97), 0.69 for radial nerve
(P=0.683, 95% CI: 0.41-0.85), and 0.51 for the ulnar
nerve (P=0.412, 95% CI: 0.15-0.75), respectively with
standard errors of measurements of 1.43°, 5.06° and 2.8".
According to the independent binomial t-test results, no
statistically significant difference was observed between
the average measurements between the two testers for the
median, radial, and ulnar nerves.

Discussion

In the evaluations conducted by two testers, no signifi-
cant difference was found between the average measure-
ments of elbow joint extension angle and shoulder joint
abduction in one session and between two sessions. The
reproducibility of neurodynamic tests of median, radial,
and ulnar nerves was investigated in one session and
between two sessions as intra-tester and inter-testers. To
interpret the ICC in this study, Coppieters et al.’s criteria
were used [20]. ICC less than 0.4 was considered poor,
between 0.4 and 0.69 fair, between 0.7 and 0.89 good, and
more than 0.9 excellent reproducibility.

Taheri M, et al. Reliability of Upper Limb Neurodynamic Tests. RJ. 2022; 23(3):334-351
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Table 1. Demographic information of the participants

Characteristics Median MeantSD
Age (y) 26.6 2416.7
Body mass index (kg/m?) 24.4 23.315
Archives of
Rehabilitation
Table 2. Descriptive statistics
Measurement
(Degree) R1IEIUN R2EIUN R3EIUN R1EIUN R2EIUN R3EIUN R1EIUN R2EI1IUN R3E1UN
Descriptive statistics
Median 8 8 8 12 10 11 11 10 12
Range 28 15 14 43 53 29 30 26 30
Measurement
(Degree) R1E2UN R2E2UN R3E2UN R1EIUN R2EIUN R3E1UN R1E2UN R2E2UN  R3E2UN
Descriptive statistics
Median 9 8 8 10 11 12 11 10 11
Range 16 15 14 25 27 27 29 29 31

Range, Examiner, Radial Nerve (RERN)
Range, Examiner, Ulnar Nerve (REUN)
Range, Examiner, Median Nerve (REMN)

The results showed moderate to excellent inter-examin-
er reproducibility in all three nerves; however, the median
nerve has higher reproducibility than the other two nerves.
In examining the reproducibility between two testers in
one session, the highest reproducibility was obtained for
the median, then ulnar and radial nerves, respectively.
Similar to the findings of Leoni et al., in the present study,
the reproducibility of the neurodynamic test of the median
nerve increased between two sessions compared to one
session [21]. The slight improvement in reproducibility
can be attributed to better coordination and cooperation
between the tester and the participant during the imple-
mentation of the neurodynamic test.

Based on the study findings, the reproducibility of the
median nerve neurodynamic test was higher than the ra-
dial and ulnar nerves; this finding is consistent with the
results of previous studies that reported the highest re-
producibility of the median nerve test among upper limb
neurodynamic tests [7, 34, 35], which may be due to the
more specific and easier implementation and control of
the sequence of this test compared to the radial and ulnar
nerve tests [7]. The sequence of the median nerve neuro-
dynamic test is similar to the activities of the upper limbs
of people in daily activities; also, therapists often use this
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test in evaluation and treatment and are more skilled in its
implementation.

The lower reproducibility of the radial and ulnar nerves
between two testers may be due to the participants’ lack
of familiarity with the test sequence of the radial and ulnar
nerves. In other words, these test sequences are not usu-
ally used in daily activities compared to the median nerve.
Alternatively, the sequence of these tests is more difficult,
for example, due to the difference in the amount of de-
pression force applied on the shoulder belt by the testers.
These factors cause the intrinsic changes of the radial and
ulnar nerves to be higher than the median nerve. Also, if
the shoulder girdle goes into protraction in the ulnar nerve
test during the flexion phase of the elbow joint, it can af-
fect the test result. Reproducibility of the radial and ul-
nar nerve test is probably related to the experience and
clinical skill of the testers; recent studies have shown that
the reproducibility rate is slightly higher for experienced
testers [14, 29]. Measurement of the abduction angle of
the shoulder joint is another factor that can contribute to
the low reproducibility of the ulnar nerve test because it
is more difficult to place and keep the goniometer on the
shoulder joint during evaluation than on the elbow joint.
However, the reproducibility of the ulnar nerve was mod-

Taheri M, et al. Reliability of Upper Limb Neurodynamic Tests. RJ. 2022; 23(3):334-351
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erate between the two testers. The present study’s findings
showed that similar to the results of Pithak and Reisch’s
study [29, 36], in examining the reproducibility of the
nerves of the upper limbs, the measurement of the elbow
joint extension angle and shoulder joint abduction has
moderate to excellent reproducibility.

The standard error of measurement is usually used to
calculate the error related to repeated measurements [37-
39]. In other words, by using the standard error of mea-
surement, the very range is determined that is expected to
be in the actual score of people by considering the amount
of error associated with repeated measurements [40]. The
smaller the measurement standard error, the higher the
absolute reproducibility and the more stable the measure-
ment [39].

The standard error of measurement of the intra-tester for
the median nerve was calculated as 2° and 2.85°, which is
similar to the results of the study by Talebi and Coppiet-
ers [20, 22]. Contrary to the findings of Coppieters et al.,
in the present study, the standard error of measurement
between two testers for the median nerve calculated in
one session was more than that in two sessions [20]. The
standard error of measurement for the median nerve test
was lower than other nerves, which shows that the me-
dian nerve neurodynamic test is more stable. As far as we
know, the standard errors of measurements for radial and
ulnar nerve neurodynamic tests have not been reported
in previous studies; therefore, comparing the obtained re-
sults with other studies is impossible.

Similar to the findings of Leoni et al., the results of this
study show that the moment of occurrence of pain and
submaximal pain has good reproducibility, but the range
between them has higher reproducibility [21]. In addition,
the standard error of measurement for these two points is
greater than the range between them. The results of this
study show that the reproducibility and standard error of
measurement for neurodynamic tests of the median, radi-
al, and ulnar nerves are acceptable; therefore, we can use
the neurodynamic tests, with confidence in the reproduc-
ibility of the aforementioned measurement method, for
initial evaluation as well as checking the effects of treat-
ment in patients with suspected neurological disorders.

Study limitations

Due to the COVID-19 pandemic, some samples were
excluded from the study and the sampling period lasted
longer than usual. Another limitation of this study was
the small and constant consideration of rest time between
the repetitions of tests. According to the possible effect
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of repeating the test and creating a therapeutic effect on
the results of subsequent repetitions, it is suggested to in-
crease the rest time.

Suggestions for future research

It is suggested that in future studies, the sample size be in-
creased, and people with symptoms, such as musculoskel-
etal pain syndromes, undergo neurodynamic evaluations to
clarify the role and contribution of neurological disorders
in the development of symptoms in these patients.
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8. Angle between OP and SP
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1. Pain Onset

2. Submaximal pain

3. Upper Limb Neurodynamic Tests (ULNTSs)
4. Median nerve (MN)

5. Radial nerve (RN)

6. Ulnar nerve (UN)

7. First resistance
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15. Upper Limp Tension Test1; MNT1
16. Upper Limp Tension Test; MNT2
17. Upper Limp Tension Test1; RNT
18. Radial nerve

19. Ulnar nerve

20. Upper Limp Tension Test1; UNT
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10. Mobilization
11. Examiner 1
12, Examiner 2
13. Intra-session
14. Inter-session
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21. Range

22, Intraclass Correlation Coefficients (ICCm)
23. Systematic bias
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Ival (SEM=SD,__xV(1-1CC))

24, Paired t-test

25. independent t-test

26. Intra-tester

27. Inter-tester

28. Standard Error of Measurement (SEM)
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29. Poor
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