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Introducdo: O conhecimento da influéncia do movimento
articular na biomecénica neural, particularmente tensao e
excursdo, € importante para a prética clinica. No entanto, a
evidéncia é escassa. O objetivo desta revisao é sintetizar e
caracterizar a evidéncia existente sobre a quantidade e
direcdo da excursdo dos nervos periféricos e a magnitude da
tensdo em resposta ao movimento articular em individuos
assintométicos e sintomaticos e determinar se ha diferencas
entre estes. Métodos: A pesquisa foi realizada na Pubmed,
Physiotherapy Evidence Database (PEDro), Academic Search
e os artigos completos foram avaliados, as informacdes foram
extraidas e a sua qualidade metodolégica foi avaliada.
Resultados: Trinta e trés estudos foram incluidos nesta revisao
sistematica que avaliaram o nervo mediano (n = 17), o nervo
cubital (n = 2), o nervo radial (n = 1), o nervo ciatico (n = 8), 0
nervo tibial (n = 4) e o nervo femoral (n = 1). O movimento
normal do nervo pode ir até 50,2 mm de excurséo longitudinal.
Participantes com Diabetes Mellitus apresentaram excursao
do nervo tibial alterada em comparagdo com individuos
assintomaticos. Participantes com dor nao especifica no
membro superior e dor referida no membro inferior ndo
apresentam diferencas na mobilidade neural
comparativamente a individuos assintomaticos. Conclusao: A
excursdo do nervo depende do posicionamento dos membros,
do movimento articular realizado, do local de medicdo e da
presenca de restricdo do movimento do nervo ou néo.
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Introduction: Currently, the understand of the influence of joint
movement on neural biomechanics, particularly strain and
excursion is important for clinical practice. However, studies
that evaluate this are in lack. The aim of this review is to
synthesize and characterize existing evidence on the quantity
and direction of peripheral nerves excursion and the
magnitude of strain in response to joint movement in both
asymptomatic and symptomatic individuals and to determine if
there are differences between asymptomatic and symptomatic
individuals. Methods: Studies were sought using Pubmed,
Physiotherapy Evidence Database (PEDro), Academic Search
Complete, Scopus, ScienceDirect, Web of Science and Scielo.
Titles and abstracts were screened, full reports were assessed
for potentially eligible studies, the information was extracted
and its methodological quality was assessed. Findings: Thirty-
three studies were included in this systematic review that
assessed median nerve (n=17), cubital nerve (n=2), radial
nerve (n=1), sciatic nerve (n=8), tibial nerve (n=4) and femoral
nerve (n=1). Normal nerve movement can be up to 50.2mm of
longitudinal excursion. Participants with Diabetes Mellitus
presented altered tibial nerve excursion compared to
asymptomatic individuals. Participants with non-specific arm
pain and spinally referred leg pain had no restriction of nerve
movement compared to asymptomatic participants.
Conclusion: Nerve excursion depends on the positioning of
limbs or trunk, on the joint movement performed, the site of
measurement and the presence of pathology.
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1. Introduction

The nervous system can transmit the nervous impulses for a wide variety
of functions and, simultaneously, adapt during body movements. The nervous
system conducts the impulses to and from the other structures of the body, and
this capacity requires normal biomechanics of the nervous tissue and the
surrounding tissues !. Under physiological conditions, the peripheral nervous
system has adaptative mechanisms that allow it to support compressive,
stretching, or torsion forces present in practically all movements without

interference to its function 13,

Tensile stress may be applied either parallel or perpendicular to the length
of the nerve, causing longitudinal or transversal stress in the nerve. When joint
motion causes elongation of the nerve bed, the nerve is inherently placed under
tensile stress and accommodates the stress by both elongating and gliding . The
deformation or change in nerve length induced by longitudinal tensile stress is
called strain and is expressed typically as percent elongation. Displacement or
gliding of a nerve relative to the surrounding nerve bed is called excursion. The
excursion may occur in a longitudinal or transversal plan, or both and is measured
in millimeters 4. With limb movement, nerve excursion occurs first in the nerve
segment immediately adjacent to the moving joint but tends to occur at nerve
segments that are progressively more distant as limb movement continues 4. The
structure of the peripheral nervous system appears suited to accommodate joint
movement with minimal increases in strain. For example, the connective tissue
that surrounds the nerve controls and facilitates nerve movement, while also
protecting it, and the fascicules that contain the nerve fibers follow an undulatory
course with several branches promoting dispersion of forces °. Normal strain
tolerances for peripheral nerve tissue is between 6% and 8%, with damage

occurring at 11% strain, due to demyelination or axonal tears 4.

A previous systematic review on the effect of limb movement on nerve
strain and excursion concluded that during in vivo limb movement complex
biomechanical changes occur in peripheral nerves, with the longitudinal and
transversal movement of the nerves and only minor strain changes ©. Another
systematic review aiming to characterize nerve movement in response to joint
movement, concluded that a variety of factors impact the quantity and direction
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of nerve longitudinal gliding in response to joint movement, including the range
of motion, the number of joints moving, the position of adjacent joints, and
whether the movement shortens or elongates the nerve 7. For example,
simultaneous elbow extension and cervical ipsilateral lateral flexion induced 10.2
mm of median nerve gliding while simultaneous elbow extension and cervical

contralateral lateral flexion induced 1.8 mm of median nerve gliding 8.

Impairment of the neural biomechanical properties of the peripheral nerves
compromises their ability to adjust to movement and posture while maintaining
their function and, therefore, may be a contributing factor to the multifactorial
etiology of many peripheral neuropathies 2. Each internal or external disturbance
that prevents the nerve from gliding can cause increased tension in the nerve,
which can disrupt neural functioning due to inadequate neural transport and
abnormal metabolism, resulting in poor neural conduction 2. For instance,
impaired median nerve movement through the carpal tunnel or forearm is one of
the most reported features of carpal tunnel syndrome 2. Diabetic neuropathy is a
good example whereby the axons in a peripheral nerve may become swollen,
endoneurial fluid pressure increases, scar tissue may develop and the nerve’s
mechanical function is compromised °. Besides the findings on diabetes and
carpal tunnel syndrome, changes in the normal biomechanics of the nervous
system have been also associated with painful disorders such as cubital tunnel

syndrome and hamstring disorders 1912,

In 1984, Ryvenik described nerve compression. Compression of a nerve
at high pressure for a prolonged period may damage the endoneurial blood
vessels resulting in impaired vascularization and endoneurial edema.
Compression may also induce deformation of the nerve fibers, leading to
demyelination and blocking the axonal transport 2. Changes in intraneural blood
flow, vascular permeability, and axonal transport occur when a peripheral nerve
is compressed at 30-50mmHg, but if nerves are subjected to repeated or
prolonged compression at these pressure levels, the consequences may be
persistent 3. In carpal tunnel syndrome, the symptoms could be related to this
compression 3. Synovial tissue from patients with CTS revealed increased
fibroblast density, collagen fiber size, and vascular proliferation, and decreased

elastin content around the synovial vessels 4. Biomechanically, patients with
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CTS have reductions in longitudinal and transversal nerve excursion of the

median nerve compared to controls 516,

The assessment of the peripheral nervous system should include an
assessment of conduction (sensation, strength, and reflexes) as well as a
mechanosensitivity component. Increased mechanosensitivity can induce pain
and protective responses to movement. The heightened sensitivity in response
to mechanical stimuli has been attributed to local inflammatory processes within
the nerve that are specifically related to its connective tissue "' To evaluate
mechanosensitivity components, physical therapists use neurodynamic tests.
These tests stimulate mechanically and move neural tissues to evaluate their
mobility and sensitivity to mechanical stresses °. The basic neurodynamic tests
are the Straight Leg Raise (SLR), the Slump Test, the Prone Knee Bend (PKB)
test, the Passive Neck Flexion (PNF), and the Upper Limb Neurodynamic Tests

(ULNT) 1, 2 and 3, for median, radial and ulnar nerves, respectively 1.

Besides, physical therapists also use neural mobilization techniques,
which are a movement-based therapy, applied manually or actively, whose
objective is to attempt to restore the dynamic balance between the relative
movement of neural tissues and surrounding mechanical interfaces, allowing
reduced intrinsic pressures on the neural tissue and promoting optimum
physiologic function 2°2!, Being part of conservative treatment, sliding and
tension technigues of neural mobilization are used to produce a sliding movement
between neural structures and adjacent nonneural tissues — sliding techniques —
and restore the physical capabilities of neural tissues to tolerate movements that

lengthen the nerve bed — tensioning techniques 22.

With a tensioning technique, nerve mobilization is obtained by moving 1 or
more joints in such a manner that the nerve bed is elongated, forcing the nervous
system to slide relative to its surrounding structures. In a sliding technique, at
least 2 joints are moved simultaneously in a manner that movement at one joint
elongates the nerve, and movement in the other joint shortens the nerve (Silva et
al., 2014). Sciatic nerve excursion during a sliding technique (17.0+ 5.2mm) is
approximately fivefold higher than during a tensioning technique (3.2+ 2.1mm) 23,
In a systematic review, Neto et al conclude that neural mobilization has moderate
positive effects on lower limb flexibility in healthy subjects and large effects on
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pain and disability in patients with low back pain 2*. Another systematic review,
also concluded that neural mobilization is effective in reducing pain and disability
in certain neuromusculoskeletal conditions, such as tarsal tunnel syndrome and
nerve-related low back pain ?1. Nevertheless, none of these systematic reviews
was able to conclude on the effectiveness of neural gliding compared to neural
tensioning, despite an apparent distinct impact of these techniques on nerve
movement. This is likely to be due to an insufficient number of studies making
directed comparisons for these two neural mobilization techniques. Furthermore,
sliding techniques have been advocated because they are believed to expose
the nervous system to less strain and greater mobilization, which might be of

preference when nerve mechanosensitivity is increased 2.

Choosing the best technique in a specific nerve dysfunction or the best
combination of movements to assess for neural mechanosensitivity is based on
clinical reasoning and knowledge of nerve biomechanics both in asymptomatic
and symptomatic individuals. Therefore, it is important to understand the
influence of joint movement on neural biomechanics, particularly strain and
excursion, and how these change with a different combination of movements for
different nerves in both symptomatic and asymptomatic individuals. Therefore,
this systematic review aims to synthesize and characterize existing evidence on
the quantity and direction of peripheral nerves excursion and the magnitude of
strain in response to joint movement in both asymptomatic and symptomatic
individuals and to determine whether there are significant differences for

excursion and strain between asymptomatic ad symptomatic individuals.
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2. Methods

The Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines were followed in this review 2.

2.1 Data sources and searches

Studies were sought using Pubmed, Physiotherapy Evidence Database
(PEDro), Academic Search Complete, Scopus, ScienceDirect, Web of Science
and Scielo. The search was conducted on 30 of May of 2020 and included
references published since 2000, once the previous systematic review 7 did not
find any article before this year. The key words combinations used in the different

databases are shown below - see table 1.

Table 1 - Combinations of key words in different databases

Expression Combination
“Neural elongation” OR “neural stretching” OR “neural Pubmed; Web of
lengthening” OR “neural excursion” OR “neural Science; Academic;
tension” OR “neural glid*” OR “neural biomechanic*” ScienceDirect;
OR “neural strain” Scopus; Scielo
“Neural elongation” AND “neural stretching” PEDro
“Neural lengthening” AND “neural excursion” PEDro
“Neural tension” AND “neural glid*” PEDro
“Neural biomechanic*” AND “neural strain” PEDro
“Nerve elongation” AND “nerve stretching” PEDro
“‘Nerve lengthening” AND “nerve excursion” PEDro
“Nerve tension” AND “nerve glid*” PEDro
“Nerve biomechanic*” AND “nerve strain” PEDro

To be included in this review studies must have:
e Beenpublished as a full article or an abstract with sufficient detail to extract
the main attributes of the study;

e Been written either in English or in Portuguese;
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e Assessed either longitudinal or transversal excursion or tension (or both)
of any component of the peripheral nervous system in response to any
movement of one or several segments of the body with or without nerve
injury or disease;

e Been conducted in human participants (in vivo) either healthy or with any
pathology and from any age group.

e Reported the position of at least one joint adjacent to the one being
mobilized.

Studies were excluded if participants had been submitted to surgery or any

other invasive event likely to affect nerve biomechanics.

2.2. Data extraction, synthesis, and analysis

Articles were imported from databases into the Mendeley reference
management software, version 1.19.4 (Mendeley Ltd, London, United Kingdom),
and duplicates were removed. Then, titles and abstracts were screened by both
authors (AGS and CM). Potentially eligible studies were identified and their
respective full reports were obtained. Full reports were also assessed separately
by both authors against eligibility criteria.

Once the studies that entered this review were identified, the following
information was retrieved from each one of them: i) sample characteristics
(number of participants, age and health condition); ii) measurement procedures
used to quantify nerve excursion or tension; iii) involved joints and movement
performed; iv) position of participant and position of joints adjacent to the moving
joint; v) site where measurements of excursion and/or strain were taken, vi) mean
values for excursion and/or strain in millimeters and percentage of change from
baseline, respectively (or other indicators of strain presented in each study). Data
were described using counts, minimum and maximum values, and presented
using tables and graphs. Graphs were used only for data on the median nerve

due to the limited number of data on the other nerves.

15



2.3. Assessment of methodological quality of studies

This systematic review used the same instruments as used in the previous
review ’ to assess the methodological quality of the included studies. This
instrument was a modified version of the quality assessment tool by Downs and
Black 8. Individual items were scored either 1 if appropriately addressed in the
study, or 0, if not addressed in the study or if assessors were unable to determine
it. The total quality scores were reported as the sum of the individual scores of
each item resulting from the consensus between the two assessors. A score of 7
or less was considered low quality, 8—-11 as fair quality, and greater than 11 as

good quality 7.
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3. Results

The search generated 5645 articles, of which 2111 were duplicates. A total
of 3534 abstracts were read, of which 86 passed to the full-text screening phase.
Of these, we were unable to find three references 2830 | despite efforts to contact
the authors via email. One of the authors, replied reporting that the full-text was

never published. Following the application of the inclusion and exclusion criteria

(see flow diagram), 33 articles entered this review (Figure 1).

m !
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Figure 1 -Flow Diagram showing the process of article selection
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3.1 Included studies
From the 33 studies included, 17 studied the median nerve 81631-45 g
examined the sciatic nerve 234652 4 studied the tibial nerve 10:53-55 2 studies

examined the cubital nerve %657, 1 study examined the radial nerve %8 and 1

studied the femoral nerve *°. Please see Figure 2.

Al

= Median Nerve N=17

m Sciatic Nerve N=8

= Tibial Nerve N=4

Cubital Nerve N=2

m Radial Nerve N=1

m Femoral Nerve N=1

Figure 2 - Pie-chart of the nerves examined in the included studies

From the same 33 studies included, 22 used only asymptomatic
participants and 11 compared asymptomatic participants with participants with
different pathologies: carpal tunnel syndrome (n=6), diabetes (n=2), non-specific
arm pain (n=1), spinally referred lower limb pain (h=1), non-specific arm pain and
traumatic neck pain (whiplash) (n=1). All these studies that used participants with
a clinical condition, compared measurements in these groups against
measurements in asymptomatic participants.

All the 33 included studies used ultrasound to capture nerve images and reported

the results in millimeters for excursion.31:39:42.45
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B Healthy N=22

B Carpal Tunnel Syndrome N=6

M Diabetes N=2

= Non-Specific Arm Pain N=2

M Spinally Pain Referred to the

Lower Limb N=1

B Whiplash N=1

Figure 3 - Pie-chart of clinical conditions evaluated in the included studies

3.2 Methodological quality

The 33 studies included in this review scored between 8 and 16 points out
of a maximum of 17 points on the modified Downs & Black’s scale. Seventeen
studies (51.5%) were rated with a score indicating fair quality (score between 8
and 11) and the other 16 (48.5%) were rated with a score indicating good quality
(score greater than 11). Details of the methodological quality assessment are
presented in Table 2.
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Question

Hypothesis/aim/objective

Main outcomes

Participants characteristics

Confounders

Findings

Estimates of the random

variability

Actual probability values
Subjects representative

population (asked)

Subjects representative
population (agreed)

Blinding of assessors

“Data dredging”

1

Appropriate statistical tests

Outcome measures valid and

reliable

Internal validity (selection

bias)

Recruitment time period

0
0

Adjustment for confounding

Statistical power determined

Total (mean score between

assessors)

13

13

10

13

10

14

12

16

11

12

12

11

11

12

11

11

11 11

14

15

13

13

10

10

14

13

15

Table 2 - Methodological quality assessment
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3.3 Reliability of nerve excursion and tension measurements

All included studies used ultrasound to obtain nerve images and 31
(93.9%) presented at least one of the indicators regarding either reliability or
measurement error: 26 (78,8%) studies reported the standard error of
measurement (SEM) 8,10,16,23,31,33,35,37—40,42,43,45—47,49—56,58,59, 24 (72’7%) included
the intraclass correlation coefficient (ICC) 810.16.23,32,33,35,:36,43-50,52-55,57-59 gnd 8
(24,2%) studies included the minimal detectable change (MDC) 810.39,42:45,48,54,58
The ICC values were higher than 0.75 for 20 studies and varied between 0.61
and 0.75 for the remaining 4 studies that reported the ICC 4849.57.58  Several
studies used more than 1 indicator of reliability/measurement error.

Table 4 provides details of the reliability of nerve excursion and tension

measurements (see results section).

3.4 Characterisation of nerve movement and tension

3.4.1 Median nerve longitudinal excursion in healthy individuals

From the 17 studies that assessed median nerve excursion, only 15
studies assessed median nerve longitudinal excursion in response to several
movements of the upper limb and cervical spine when measurements were taken
at diverse anatomical locations (wrist 16:33-36.42-44 “foregrm 31.37.39-4144 " g|phow 845
and arm &3139.4043) " Qverall, the absolute mean nerve longitudinal excursion
varied between -3.8 mm and 50.2 mm at the wrist, -4.2 mm and 5.9 mm at the
forearm, -3.3 mm and 10.2 mm at the elbow, and -5.2 mm and 10.4 mm at the
arm.

Nerve-gliding movements were used in 3 studies to evaluate median nerve
excursion 83241 Gliding movements (for example, simultaneous active elbow
extension and cervical ipsilateral lateral flexion) resulted in a larger amount of
nerve longitudinal excursion (10.2 mm % 2.8) than a tensioning movement (1.8
mm + 4.0; P=0.0001) 8. In the same study, contra-lateral flexion of the neck with
the elbow pre-positioned in a flexed position (-3.3 mm % 1.3) and also with the
elbow in a more flexed position resulted in proximal excursion of the median
nerve (-3.4 mm +0.9) 8 Also assessing nerve movement during upper limb
movements, Dilley et al 3 when taking measurements at upper arm noted that
median nerve gliding appears to be delayed when the limb was flexed (<45°
shoulder abduction and/or 90° elbow flexion), and that with elbow extension the
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median nerve moved in a distal direction in the upper arm and a proximal direction
in the forearm (upper arm: 10.4 mm = 2.3; forearm: -3.0 mm + 1.0). Also with
gliding movements, Echigo and colleagues reported that passive extension of the
wrist and fingers when the elbow was extended and the forearm pronated lead to
a smaller amount of excursion when compared to a passive extension of the wrist
and fingers when the elbow was flexed and the forearm supinated (elbow
extended and forearm pronated: 1.9 mm = 1.4; elbow flexed with the forearm
supinated: 3.0 mm * 1.3; P=0.001) 41

3.4.1.1 The impact of wrist and fingers movement on median nerve
longitudinal excursion

The three studies that evaluated median nerve longitudinal excursion at
the hand level during fingers extension reported that excursion was in a distal
direction 164042 Hough et al'® assessed longitudinal nerve excursion during
fingers and thumb extension. The mean longitudinal nerve excursion with the
elbow extended was 11.2mm £ 2.8 and it was 12.5mm % 2.5 with the elbow flexed
at 90°. The other two studies evaluated the impact of metacarpophalangeal
extension from 90° flexion to neutral position with the elbow extended and
shoulder at 90° at forearm level and mean values were very similar (2.62 mm,
range 1.62-4.54 mm vs 2.62 mm, range 1.63-4.54 mm) 4042,

Median nerve longitudinal excursion during wrist extension was assessed
in seven studies 3436:39-41,4345 Pagsijve wrist extension with the shoulder at 30°,
elbow extension and with the forearm supinated induced a median nerve
movement between 1.9 mm and 4.2 mm 341, Wang et al®® used active wrist
extension and finger extension with the shoulder in a neutral position to evaluate
median nerve longitudinal excursion at the proximal carpal tunnel, the median
nerve longitudinal excursion was diminished compared to the studies mentioned
above (0.4 Normalized Units (NU) equivalent to 0.72mm; 1 NU = 1.8mm) 3942,
Increasing shoulder abduction to 45° and 90° of abduction seems to facilitate
nerve gliding at the forearm during wrist extension (45° abduction: 4.7mm; 90°
abduction: 4.2mm). Similarly, median nerve excursion with wrist extension varied
with elbow flexion (90° elbow flexion: 2.2 mm £ 1.6 at forearm level; 120° elbow

flexion: 22.1 mm * 7.5 at wrist level). 343941,
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In the study of Gonzalez-Suarez et al %3, wrist extension up to 60° resulted
in greater excursion of the median nerve with the neck prepositioned in 45° of
ipsilateral lateral flexion (wrist: 15.5 mm, arm: 6.8 mm) than with the neck
prepositioned in 45° contralateral lateral flexion (wrist: 13.4 mm, arm: 5.3 mm).

The only authors that assessed the impact of wrist flexion on median nerve
gliding were Wang and colleagues 6. They found that with fingers flexed in fist
(approximately 3.24mm), median nerve excursion during wrist flexion was slightly

greater than with fingers extended (approximately 2.7mm).

3.4.1.2 The impact of elbow movement on median nerve longitudinal
excursion

The impact of elbow extension on median nerve gliding was evaluated in
three studies 83949, The nerve moved in a distal direction in the upper arm (10.4
mm * 2.3) and in a proximal direction in the forearm (-3.0 mm % 1.0) with elbow
extension from 90° flexion to neutral at 90° shoulder abduction 3°. The same
authors, in a study of 2008 4° obtained a mean of -4.07 mm of proximal median
nerve movement during elbow extension at the forearm level. Elbow extension
with the wrist at 45° extension induced a mean of 4.2 mm of proximal gliding in
the forearm 3°. So these results suggest that during elbow extension, the median
nerve moves in different directions: proximally at the forearm and distally at the
upper arm 83940,

Coppieters and colleagues® evaluated median nerve excursion during
elbow extension with the neck in ipsilateral lateral flexion (mean of 5.5 mm £ 2.9)
and with the neck in contralateral lateral flexion (mean of 5.6 mm + 2.1). In both
cases, the nerve moved in a distal direction at the upper arm and no significant

differences between the two positions were found (P>0.05).

3.4.1.3 The impact of shoulder movement on median nerve longitudinal
excursion

Two studies already included in the previous systematic review’ measured
the effect of shoulder movements on median nerve gliding 313°. The median nerve
moved in a proximal direction during shoulder abduction (5.2 mm in the arm and
3.4 mm in the forearm) and shoulder protraction (5.9mm in the arm and 3.5 mm

in the forearm) 3139,
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3.4.1.4 The impact of neck movement on median nerve longitudinal
excursion

The impact of neck movements on median nerve excursion was evaluated
in five studies 831:37.39.43,

Contra-lateral lateral neck flexion was evaluated in four studies and mean
values ranged from -0.6 mm to -3.8 mm at wrist/ distal forearm level and from -
0.9 mm to -4.9 mm at arm level. The direction of the movement was proximal in
all of them 8313743 Contralateral lateral flexion with a prepositioned wrist in
extension produced lesser excursion of the median nerve in the arm and wrist
(Wrist Level: -3.80 mm + 0.31; Arm Level: -4.87 mm £ 2.49) than wrist extension
with a pre-positioned ipsilateral lateral flexion (technique 1), wrist extension with
a pre-positioned contra-lateral lateral flexion (technique 2) and ipsilateral lateral
flexion with the wrist extended (technique 3) — (Wrist level - technique 1: 15.53
mm £ 7.04, technique 2: 13.43 mm + 5.64, technigue 3: 5.98 mm + 2.73; arm
level — technique 1: 6.82 mm % 2.97, technique 2: 5.33 mm * 2.37, technique 3:
3.52 mm #* 1.45)(P<0.0001) 3.

Median nerve gliding seems to be diminished during cervical contralateral
lateral flexion with shoulder protraction (a 60% reduction) compared to the same
movement with the shoulder in neutral or in an abducted position (protraction —
arm: 0.9 mm, forearm: 0.6 mm; neutral — arm: 2.3 mm, forearm: 1.5 mm; 30° of
abduction — forearm: 1.9 mm to 2.3 mm) 3137, Lateral flexion of the neck produced
similar nerve excursion when the elbow was in flexion or when it was in extension
(elbow flexion: 3.4 mm; elbow extension: 3.3 mm) 8.

Cervical lateral glide (away from the side to be tested) at C5/C6 resulted in
a significantly larger amount of longitudinal nerve movement (mid-forearm: 3.3
mm; distal forearm: 2.5 mm) compared with cervical contralateral lateral gliding
(mid-forearm: 2.3 mm; distal forearm: 1.9 mm) (P<0.05) ¥’.

The impact of neck flexion on median nerve gliding was assessed in one
study, and resulted in proximally median nerve excursion in both measurement
sites (arm: -1.3 mm * 0.7; forearm: -0.8 mm + 0.3) .

Bringing the head forward (forward head posture) produced no detectable
median nerve excursion in the forearm, resulting in a mean of 0.1 mm excursion

in a proximal direction 3.
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3.4.2 Median Nerve Transversal Excursion in Healthy Individuals

Five studies assessed the median nerve transversal movement 16.32.38,42.44,

Alexander and colleagues 2 evaluated transversal excursion in eight
different posture combinations when moving the wrist from full flexion to 30° of
extension. Nerve excursion was mainly in a radial and dorsal direction, from a
minimum of 1.8 mm up to 3.57 mm of transversal movement at the wrist level.

Kang et al 32 assessed median nerve transversal excursion during finger
and grip motion at wrist level. During finger flexion, nerve movement ranged from
mean values of 0.32 mm up to 0.95 mm in a dorsopalmar direction, and from 0.81
mm up to 1.05 mm in a radioulnar direction. Grip motion resulted in a mean of
0.64 mm of nerve excursion in a dorsopalmar direction and 0.84 mm in a
radioulnar direction.

The median nerve moved in a radial direction with metacarpophalangeal
extension from 90° or full finger flexion and the mean nerve excursion ranged
from 1.55 mm to 1.75 mm at wrist level 1642, Furthermore, the median nerve
moved in the axial plane in a deeper direction (0.35 mm £ 0.3) during fingers and
thumb extension . The median nerve moved in a cubital direction when the wrist
was positioned in both 30° of flexion and 30° of extension and the mean excursion

was -0.39+ 0.52mm at wrist level 44,

3.4.3 Median Nerve Strain in Healthy Individuals

Dilley et al®*®, calculated strain values for wrist, shoulder, elbow, and neck
movements. With the wrist extended to 40°, shoulder abducted to 90°, and elbow
straight, the total strain in the proximal forearm was 2.1% (sum of additional strain
in the forearm for shoulder abduction — 1.0% - and 40° wrist extension — 1.1%).
Furthermore, contralateral lateral flexion increased median nerve strain by 0.2%

in the forearm.

3.4.4 Cubital Nerve Longitudinal Excursion in Healthy Individuals
One study reported on ulnar nerve gliding . The cubital nerve glided
distally at the forearm with wrist extension (1.1 mm to 3.0 mm). Elbow flexion

induced proximal gliding at the forearm (0.8 mm) and virtually no movement at
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the upper arm. Shoulder abduction (40° to 90°) induced virtually no longitudinal

excursion of the cubital nerve %6,

3.4.5 Cubital nerve strain in healthy individuals

The cross-sectional area (CSA) of the cubital nerve was measured at the
elbow at two different elbow angles (30° and 90° flexion) in both upper limbs and
no statistically significant difference was found between positions (30°: 9.77 mm?2
VS 90°: 9.93 mm 2; P=0.341) ',

3.4.6 Radial nerve longitudinal excursion in healthy individuals

Kasehagen and colleagues 8, reported that radial nerve excursion ranged
from 0.41 mm to 4.03 mm with wrist flexion when measurements were taken at
elbow level: wrist movements with the forearm supinated produced larger radial
nerve excursion (mean of 1.41 + 0.32 mm) than the same movements with the
forearm pronated (mean of 1.06 + 0.31 mm) (P<0.01) and passive movements
produced significantly greater nerve excursion than active movements (passive:
1.42 £ 0.42 mm; active: 1.04 + 0.28 mm; P<0.001).

3.4.7 Sciatic nerve longitudinal excursion in healthy individuals

From the eight studies on the sciatic nerve, seven studies assessed the
sciatic nerve movement in response to joint movement and reported longitudinal
nerve excursion in response to neck 4647, hip 23, and knee joint movement 2346~
48.50-52 Nerve excursion was measured at posterior thigh 2349-51.60 or mid-thigh
level 46-48, Ellis et al used different combinations of movements and showed that
sliders (3.2mmz+2.0) were associated with a significantly higher amount of
excursion when compared to tensioners (2.6mmz+1.5 P=0.002) 6. In another
study a few years later, Ellis et al evaluated the influence of neck flexion
(tensioner technique) and neck extension (slider technique) during the movement
of passive knee extension in two different positions: slumped posture (slider: 6.4
+ 2.7 mm; tensioner: 6.0 £ 2.9 mm) and upright sitting posture and reported no
significant difference between upright-sitting and slump-sitting (slider: 6.9 £ 2.6
mm; tensioner: 6.4 + 2.7 mm; P=0.26) 4’. Furthermore, in a recent study, Ellis et
al evaluated sciatic nerve excursion during active and passive knee flexion and

extension and found no statistically significant differences between them (knee
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flexion: active: 5.38 + 2.20 mm; passive: 4.68 £ 3.14 mm; P=0.07; knee extension:
active: 4.52 + 2.63 mm; passive: 4.34 + 2.81 mm, P=0.69) 42,

Coppieters et al 2® evaluated sciatic nerve excursion for tensioning
techniques (simultaneous knee extension and hip flexion) and gliding techniques
(simultaneous knee and hip extension) and found a mean excursion for the
gliding technique of 17.0 + 5.2 mm at the posterior lateral thigh, resulting in the
largest excursion of the sciatic nerve.

The Straight Leg Raise Test (SLR) and a modified version were the
movement patterns used by Ridehalgh and colleagues in their three studies °°-
52, They evaluated full knee extension from 90° flexion with the hip in two different
flexion positions (60° and 30°), and concluded that sciatic longitudinal excursion
was greater with 60° (mean of 12.5mm) than with 30° of hip flexion (mean of
10.0mm) and the nerve glided in a distal direction when measurements were

taken at the posterior upper thigh.

3.4.8 Sciatic nerve strain in healthy individuals

In the Pagnez et al study 4°, the CSA of the sciatic nerve was in 3 different
positions (A: knee extended; B: knee flexed; C: knee extended and ankle
dorsiflexed) with the lumbar spine in a neutral position and also with the lumbar
spine flexed (D: knee extended; E: knee flexed; F: knee extended and ankle
dorsiflexed). The CSA varied among the different positions, for example, position
B showed a higher mean CSA (59.71 + 17.41 mm?2) compared with position C —
(48.37 £ 16.35 mmz; P=0.009), D — (51.18 £ 13.81 mm?2; P=0.005) and position F
—(48.71 £ 15.16 mm?; P=0.004). However, lumbar position (neutral or flexed) did
not impact the sciatic nerve CSA (P>0.05) #°.

3.4.9 Tibial nerve longitudinal excursion in healthy individuals

Three of the four studies that assessed the tibial nerve, evaluated tibial
nerve longitudinal excursion during ankle dorsiflexion, which ranged from 2.18
mm at the popliteal level up to 3.03 mm at the medial malleolus %5354 Boyd et
al, assessed tibial nerve movement at the popliteal level during ankle dorsiflexion
in neutral hip position and in a flexed hip position (=62°) and reported a
statistically significant lower excursion when the hip was flexed (neutral: 2.18 mm
+ 0.48; flexion: 0.66 mm + 0.25; P=0.043) %3. At the knee level, the nerve moved
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in a distal, medial and superficial direction 1953 and at the ankle the nerve moved
in a distal, posterior and superficial direction ©.

The remaining study evaluated the influence of trunk forward bending on
tibial nerve movement °° and reported that trunk forward bending induced
proximal excursion of the tibial nerve at the popliteal fossa (mean of 12.2 mm *
2.2) 5.

3.4.10 Tibial nerve transverse excursion in healthy individuals

Boyd et al®® also evaluated tibial nerve transversal excursion in both
positions: neutral hip and flexed hip (=62°) during ankle dorsiflexion. In both hip
positions the nerve showed medial (neutral: 1.36 = 0.99 mm; flexed: 1.44 + 0.93
mm) and superficial (neutral: 3.98 = 1.70 mm); flexed: 3.67 = 1.47 mm) nerve

excursion.

3.4.11 Femoral nerve longitudinal and transversal excursion in healthy

individuals

One study assessed the excursion of the femoral nerve during knee and
neck flexion 9. Below the inguinal ligament, the femoral nerve moved
predominantly in a distal, medial, and superficial direction during knee flexion and
neck flexion did not result in any longitudinal excursion. The distal excursion was
greater in a supine than in a semi-seated position (mean difference: 2.5 mm +2.5;
P<0.001)%°.

3.5 Comparison between asymptomatic and non-asymptomatic participants for

the median nerve

3.5.1 Median nerve excursion in carpal tunnel syndrome

Three studies compared the median nerve longitudinal excursion between
asymptomatic participants and participants with carpal tunnel syndrome and
another three transversal excursion 16:32-3542 |n the study of Hough et al 1€,
longitudinal nerve excursion in asymptomatic individuals was greater than in
participants with carpal tunnel syndrome. At the wrist, with finger flexion with the
elbow in both a flexed position and an extended position. Statistically significant
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difference was found between the asymptomatic group and the carpal tunnel
syndrome group with the elbow extended (asymptomatic: 11.2 mm * 2.8; carpal
tunnel syndrome: 8.3 mm + 2.6; P=0.013) but not with the elbow flexed
(asymptomatic: 12.5 mm = 2.5; carpal tunnel syndrome: 10.2 mm + 3.1; P=0.089).
One study found no differences between groups during metacarpophalangeal
extension from 90° to neutral (asymptomatic mean: 2.62mm; carpal tunnel
syndrome: 2.20mm; P>0.1) #2. Korstanje et al, compared median nerve
longitudinal excursion in the most affected hand and in the least affected hand,
and median nerve excursion was smaller in the most affected hand (P=0.004) 32,

Three studies compared the transversal excursion of the median nerve. It
was found to be significantly diminished on the most affected side (40%
reduction) compared to the least affected one (P<0.05) % and asymptomatic
participants were found to have significantly greater transversal excursion than
participants with carpal tunnel syndrome (by 4.2 mm) in all motions (P=0.008) 34
and the remaining study reported that nerve movements during third finger flexion
in the dorso-palmar axis, grip motion in dorso-palmar and radio-cubital axis and
during second finger flexion in the radio-cubital axis was found a significantly
difference between asymptomatic and symptomatic groups, being diminished in
symptomatic group 2.

Park and colleagues 3° compared asymptomatic participants and
participants with carpal tunnel syndrome at different stages of severity (stages 1,
2 and 3, with higher stages indicating higher severity). Median nerve
displacement was significantly lower in participants with stage 3 of carpal tunnel
syndrome compared with asymptomatic individuals and with participants with
least severe stages of carpal tunnel syndrome (asymptomatic: 0.5 mm %0.10;
carpal tunnel syndrome stage 1: 0.51 mm +0.17; carpal tunnel syndrome stage
2: 0.45 mm £0.09; carpal tunnel syndrome stage 3: 0.25 mm £0.08 P<0.001). No
significant differences were found between asymptomatic participants and

participants with carpal tunnel syndrome stages 1 and 2 (P=0.05).

3.5.2 Median Nerve excursion in Non-Specific Arm Pain
Two studies compared median nerve longitudinal excursion between
asymptomatic participants and participants with non-specific arm pain 404,

Greening et al evaluated longitudinal median nerve movement during maximal
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inspiration and verified a 68% reduction in nerve movement in the group of
participants with arm pain (mean of 0.49 + 0.19 mm) compared to controls (mean
of 1.55 + 0.19 mm) (P<0.05) #4. Dilley and colleagues evaluated the impact of the
metacarpophalangeal, wrist and elbow joint movement and reported no
differences between groups (P>0.05) 4.

3.5.3 Median nerve excursion in whiplash

Only one study assessed longitudinal and transversal median nerve
movement in participants with whiplash and found a significant reduction of
longitudinal nerve excursion when compared to the asymptomatic group
(whiplash: 0.38 £ 0.08 mm; asymptomatic: 1.32 + 0.17 mm; P<0.05). In contrast,
the transversal movement was significantly higher in participants with whiplash
when compared to asymptomatic participants (asymptomatic: -0.39 + 0.52 mm

cubital direction; whiplash: 2.57 + 0.80 mm radial direction; P<0.05) 44.

3.6. Comparison between asymptomatic and non-asymptomatic participants for
the Sciatic Nerve

3.6.1 Sciatic nerve movement in spinally referred leg pain

One study evaluated the sciatic nerve longitudinal movement in
participants with lower limb pain (somatic pain, radicular pain, and radiculopathy-
related pain) 52. Participants performed a side-lying modified SLR in two different
hip angles (30° and 60° of flexion) and no significant difference was found
between the groups with and without pain for longitudinal excursion (mean values
at 30° hip flexion — asymptomatic: 10.0 mm; somatic group: 10.3 mm; radicular:
8.8 mm; radiculopathy: 9.4 mm; at 60° hip flexion — asymptomatic: 12.5 mm;
somatic: 8.2 mm; radicular: 10.2 mm; radiculopathy: 9.7 mm; P=0.14) when

measurements were taken at the posterior thigh level.

3.7. Comparison between asymptomatic and non-asymptomatic participants for
the tibial nerve

3.7.1 Tibial nerve excursion in diabetes mellitus
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Two studies compared the tibial nerve excursion between asymptomatic
participants and participants with diabetes mellitus (DM) 1953, In one study,
patients with diabetes mellitus showed significantly less distal movement of the
tibial nerve with active dorsiflexion (asymptomatic: 2.18 + 0.48 mm; DM: 0.83 +
0.45 mm; P=0.009) and less superficial movement of the nerve compared with
the asymptomatic group at the popliteal fossa (asymptomatic: 3.67 £ 1.47 mm,;
DM: 1.00 = 0.60 mm, P=0.016) 3.

Similarly, in the other study, the movement of ankle dorsiflexion was
associated with less longitudinal excursion of the tibial nerve in participants with
diabetes than in asymptomatic participants at the knee (DM: 1.30 = 0.67 mm;
asymptomatic: 2.17 £ 0.67 mm, P=0.001) and the ankle (DM: 2.06 + 0.92 mm;
asymptomatic: 3.14 + 1.26 mm; P=0.006) 0. In contrast, in this study, the
transversal movement in a posterior direction was found to be higher in
participants with DM compared with asymptomatic participants at the ankle level
(DM: 1.98 + 1.90 mm; asymptomatic: 0.32 + 1.79 mm; P=0.015) °,
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Table 3 - Reliability data of the included studies

Study Nerve Ultrasound Movement ICC 2,1 (95% CI) SEM (mm) MDD (mm)
characteristics
Alexander et | Median | Ultrasound images Wrist Extension (from full P1: Radial: 0.367; Volar: 0.19;
al 2012 38 captured at 50 comfortable flexion to 30° of P2: Radial: 0.509; Volar 0.1801;
f . . .
rames using a wrist extension) P3: Radial 0.465; Volar 0.135;
26mm transducer
P4: Radial 0.392 Volar 0.168
P5: Radial 0.281 Volar 0.1477
P6: Radial 0.275 Volar 0.189
P7: Radial 0.313 Volar 0.1145
P8: Radial 0.303 Volar 0.161
Brochwicz et | Median Ultrasound video T1-Cervical Lateral Glide at C5- T1 - Middle Forearm: 0.3
al 2013 7 sequences C6 (Translational movement Distal Forearm: 0.2
analysed with away from the side to be tested)
frame-by-frame
) T2-Cervical Contralateral T2 — Middle Forearm: 0.1
cross-correlation _ _
) Lateral Flexion Distal forearm: 0.2
algorithm
Coppieters Median | Ultrasound images | A - sliding technique (elbow Inter-tester: 0.96 0.66 1.84
et al 2009 8 analysed using a | extension and ipsilateral (0.88; 0.98)

cervical lateral flexion);
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cross-correlation

algorithm

B — tensioning technique (elbow
extension and contralateral
cervical lateral flexion);

C — elbow extension with the
neck in contralateral lateral
flexion;

D — elbow extension with the
neck in ipsilateral lateral flexion;
E — cervical contralateral lateral
flexion with the elbow in more
extended position;

F — Cervical contralateral lateral
flexion with the elbow in flexed

position.

Dilley et al
2003 39

Median

Ultrasound images
analysed using a
cross-correlation

algorithm

Supine; Shoulder at 45°
Abduction; Elbow in full
extension; Forearm supinated;
Digits and metacarpophalangeal
joints neutral (N=10)

Supine; Shoulder at 90°
abduction; Elbow in full
extension; forearm supinated,;
digits and metacarpophalangeal
joints in neutral (N=10)

Proximal forearm = 0.2
Distal forearm = 0.4

Proximal
forearm=1.1
Distal
forearm=1.5

Proximal forearm = 0.2
Distal forearm = 0.5

Proximal
forearm=1.1;
Distal
forearm=2.0;
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Supine; Shoulder at 30°
abduction; elbow at 90° flexion;
forearm supinated; digits and
metacarpophalangeal joints
neutral (N=4)

Supine; Elbow in full extension,
wrist neutral (0°), forearm
supinated, digits and
metacarpophalangeal joints
neutral (N=4)

Supine; Shoulder at 90°
abduction; wrist neutral (0°),
forearm supinated, digits and
metacarpophalangeal joints
neutral (N=7)

Supine; Shoulder at 90°
Abduction; Forearm supinated,
wrist at 45° extension; digits and
metacarpophalangeal joints
neutral (N=4)

Supine; Shoulder at 30°
Abduction, elbow in full
extension, wrist neutral (0°),
forearm supinated, digits and
metacarpophalangeal joints
neutral (N=8)

0.2 1.0
0.6 0.6
0.1 0.1
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Supine; Shoulder at 90° 0.1
Abduction, elbow in full
extension, wrist neutral (0°),
forearm supinated, digits and
metacarpophalangeal joints in
neutral (N=9)

Dilley et al Cubital | Ultrasound imaging T1- Wrist Extension (0°-40°) a) proximal forearm: 0.5;
2007 56 using a cross- distal forearm: 0.5
P<0.05
correlation b) distal forearm: 0.3;
. proximal forearm: 0.5
algorithm
c) distal forearm 0.5;
proximal forearm 0.3
P<0.01
T2- Elbow Flexion (0°-90°) Distal third forearm (N=4): 0.2;
Proximal upper arm (N=2): 0.3
T3- Elbow Flexion (90°-140°) Not possible to measure
T4- Shoulder Abduction (40°- a) 0.2
90°) b) 0.2
Dilley et al Median | Ultrasound imaging A) In 45° shoulder abduction, A) a) Non-specific arm pain: (SEM
2008 40 using a cross- elbow extension, MCP joints 0.33
and finger extension and the Range 3.06-4.73)
correlation wrist is moved to 40° extension. Healthy: (SEM 0.20 Range 3.43-
. 5.57)
algorithm

b) Non-specific arm pain: (SEM
0.25 range 1.43-2.74)
Healthy: (SEM 0.31 range 1.43-
3.30)

Timing:
Non-specific arm pain: 53.4°
(SEM 2.2)
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B) In 90° shoulder abduction,
elbow extension, wrist in neutral
position, the fingers start in 90°

flexion and are brought to
neutral position;

Healthy: 52.0° (SEM 4.8)

C) In 90° shoulder abduction,
wrist and fingers neutral, the
elbow is extended from 90°
flexion to neutral

B) a) Non-specific arm pain: 0.44
range 1.46-4.01
Healthy: 0.15 range 1.63-4.54

C) ¢) Non-specific arm pain: 0.35
range 1.26-4.38
Healthy: 0.20 range 2.93-4.88

Echigo et al
2008 4!

Median

Ultrasound images
and with the use of
cross-correlation

analysis
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Erel et al Median | Ultrasound images MCP 90¢ flexion to neutral Longitudinal Excursion: Single
. - . CTS: 0.2range 1.1-4.8; Session sw=
42 -pV- ,
2003 with frame-by-frame position of fingers 2 to 5 Healthy: 0.1 range 1.6-4.5 0.3mm:
cross-correlation Transversal Excursion: Separate
algorithm Control: 0.24 radial direction; Sessions
9 CTS most affected side: 0.28
CTS least affected side: 0.35 sw=0.4mm
Control vs CTS most affected side
(P>0.08)
CTS most affected side vs least
affected (P<0.05)
Gonzalez- Median Dynamic Technique 1 and 2: Wrist Wrist Level
. . . Technique 1: (SEM 1.57)
Suarez et al Ultrasound imaging Extension Technique 2: (SEM 1.26)
2016 43 with motion tracking Technique 3 and 4: ipsilateral Technique 3: (SEM 0.61)
. Technique 4: (SEM 0.31)
analysis program and contralateral neck lateral
Arm Level
employing a fast flexion Technique 1: (SEM 0.66)
template trackin Technique 2: (SEM 0.53)
P 9 Technique 3: (SEM 0.32)
method Technique 4: (SEM 0.56)
Greening et | Median | Ultrasound imaging Longitudinal images: Maximal
al 2005 4 using a frame-by- inspiration followed by forced
expiration
frame cross- Transversal images: Wrist at
. 30° flexion and at 30° of
correlation .
extension
algorithm
Hough etal | Median Colour Doppler Wrist extension (0-60°) 0.92 (0.87; 0.96) 0.6 1.6
2000 45 Ultrasound imaging
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using Scion Image

Programme

Hough etal | Median | Doppler Ultrasound Fingers and thumb extension Intra-rater: T1:0.32

2007 16 Technique and T1: Elbow Flexed at 90°; L 0(')9959()0'77; T2:0.49

. T2: Elbow fully Extended. '
Image J image
T2:0.89 (0.58;
program 0.99)

Julius et al Median | Ultrasound imaging | T1: N=8 Forward head position: T1:0.02

2004 31 with a cross- lower cervical spine flexion _anq

upper cervical spine extension;
correlation . - .
_ T2: N=8 Active trunk flexion with T2:0.1
algorithm pelvis posterior tilt;
T3: N=13 passive shoulder T3:a)0.3; b) 0.6;
girdle protraction;
T4: N=11 passive contralateral T4-Aa) 0.2
neck side flexion. b) 0.2;
T4-B a) 0.1; b) 0.2

Kang et al Median | Ultrasound imaging | Flexion of first, second and third Intra-rater:

2016 32 of median nerve, fingers 0.84 (0.43; 0.97)

analysed using a
ultrasound tracing

program
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Korstanje et
al 2012 33

Median

Ultrasound video
sequences
analysed with “in-
house-developed”

tracking software

Active Extension to fist
movement of most affected and

least affected hands

2.548

Lopes et al
2011 3

Median

Doppler Ultrasound
images and using

Image J programe

T1 — MCP flexion to 90°;
T2 — Full fist
T3 — Wrist extension to 60°
T4 — Wrist extension and full
fist;
T5 — Wrist extension with static

3 finger pinch

Park et al
2017 3

Median

Cross-sectional
Ultrasound images
and using Preview

program

Thumb flexion; 2nd finger
flexion; 3rd finger flexion; grasp;
wrist ulnar deviation with finger
extension; Wrist radial deviation

with finger extension

Intra-rater: 0.98
(0.97; 0.98)

Maximal change value of

displacement: 2.986;

Maximal change area: 1.281

Wang et al
2014 36

Median

Dynamic ultrasound
images evaluated
using Analyze 11.0

software

T1-Finger flexion;
T2-Wrist flexion with finger
extension;

T3-Wrist flexion with finger
flexion;

T4: Wrist extension with finger
extension;

T5: Wrist Extension with finger
flexion;

T6: Wrist ulnar deviation with

finger flexion

Intra-observer
0.91 (0.67; 0.98)
Inter-observer

0.90 (0.60; 0.98)
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Coppieters
et al 2015 %

Sciatic

Ultrasound imaging
and using a
software with cross-

correlation analysis

T1- Simultaneous knee
extension and hip flexion;
T2- Simultaneous knee and hip
extension;

T3- Knee extension with hip in
neutral;

T4- Knee extension with hip in
neutral;

T5- Hip flexion with the knee
flexed;

T6- Hip flexion with the knee in
extension

0.97 (0.90; 0.99)

0.94

Ellis et al
2012 46

Sciatic

Ultrasound
sequence video,
using a method
frame-by-frame
cross-correlation

analysis

T1- Simultaneous passive Knee
Extension (From 80° to 20°
flexion) and active neck
extension (from full flexion to full
extension);

T2- Passive Knee Extension
(from 80° to 20° flexion), neck in
neutral;

T3- Active cervical flexion (full
extension to full flexion), knee at
80° flexion;

T4- Passive Knee Extension

(from 80° to 20° flexion)
simultaneously active cervical
flexion (from full extension to full

flexion)

0.95 (0.92; 0.96)

0.2

Ellis et al
2015 47

Sciatic

Ultrasound imaging
with Image J to

analyse images and

T1 - Passive Knee extension
from 90°flexion to 4/10 point of
stretch discomfort;

Intra-rater:
Slump position —
0.86 (0.84; 0.92)

Slump position: 0.25
Upright position: 0.21
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cross-correlation

algorithm

T2 — Passive knee extension
from 90° flexion to 4/10 point of
stretch discomfort and active
cervical spine extension from
full comfortable flexion to full
comfortable extension;

T3- Passive knee extension

from 90° flexion to 4/10 point of
stretch discomfort and active
cervical flexion from full
comfortable extension to full

comfortable flexion.

Upright position —
0.89 (0.85; 0.92)

Ellis et al Sciatic | Ultrasound imaging | Knee extension from 80° to 20° Intra-rater within Shear strain:
of flexion and flexion from 20° to session: .
2018 48 o : Flexion:
80°: Extension
T1- Active; T1-0.89 (0.66; T1 73.06-
T2- Passive 0.98)
T2 - 0.64 (-0.14; 41.25
0.9) T2 80.92-
Flexion
T1-0.79 (0.25; 4337
0.96) Extension:
T2 -0.83 (0.5; T159 84-
0.96) 32.24
T2 63.26-
40.29
Pagnez etal | Sciatic | Ultrasound imaging Initial positions: Interexaminer: Interexaminer:
. . A-Neutral lumbar position: lying | A-0.85 (0.68;0.93)
49 -
2019 and image analysis in prone, neutral lumbar, knee | B-0.76 (0.49;0.89) A5.71
extended and ankle in neutral; | C-0.76 (0.49;0.89) B-10.42

D-0.73 (0.43;0.87)
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with ImageJ B-Knee flexion position: lying in | E-0.72 (0.41;0.87) C-8.06
software prone, neutral lumbar, k.nee F-0.75 (0.47;0.88) D-7.86
flexed, neutral ankle;
C-Ankle dorsiflexion position: Intraexaminer: E-7.99
lying in prone, neutral lumbar, | A-0.80 (0.59;0.91) F-8.50
knee extended, ankle in B-0.79 (0.55;0.90) '
maximal active dorsiflexion; C-0.65 (0.26;0.83) Intraexaminer:
D-0.86 (0.70;0.93) A-5.67
Final positions: E-0.84 (0.67;0.92) '
D-Flexed Lumbar position: lying | F-0.86 (0.70;0.93) B-7.51
in prone, flexed lumbar, knee C-8.89
extended, ankle in neutral; '
E- Knee flexion position: lying in D-5.15
prone, flexed lumbar, knee i
flexed and neutral ankle; E-4.90
F- Ankle dorsiflexion position: F-5.22
lying in prone, flexed lumbar,
knee extended and ankle in
maximal active dorsiflexion
Ridehalgh et | Sciatic | Ultrasound imaging Full knee extension from 90°: A-0.92 0.69
al 2012 %9; analysed with A- Hip 30° flexion; (0.79;0.97)
Ridehalgh et frame-by-frame
al 2014 5%; cross-correlation
Ridehalgh I
idehalgh et and Image J B — Hip 60°flexion B- 0.96 0.87
| 2015 52
al 2015 program (0.89:0.99)
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Boyd et al Tibial Ultrasound imaging | From > 30° Plantar Flexion to > Longitudinal Longitudinal motion: 0.23;
2012 %3 and with cross- 0° Dorsal Flexion motion: 0.97 Medial-lateral Motion: 0.42;
correlation analysis (0.94; 0.99) Superficial-deep motion: 0.34
A — Neutral: 20° of hip flexion, Medial-lateral
knee extension, ankle neutral; motion: 0.98
B — Flexion: up to sensory (0.94; 0.99)
response Superficial-deep
motion 0.98 (0.97;
0.99)
Boyd et al Tibial Ultrasound imaging From active maximal plantar A — Longitudinal: A — Longitudinal: 0.21; Healthy:
2014 10 with Image J flexion to active maximal 0.87 (0.73;0.95); Medial-lateral: 0.21; 0.4% (SD
software and with dorsiflexion. Medial-lateral Superficial-deep: 0.15; 0.3)
cross-correlation A — Knee (popliteal crease); 0.95 (0.89;0.98); DM Group:
analysis Superficial-deep: 0.2% (SD
0.95 (0.89;0.98); 0.3)
(P=0.102)
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B — Ankle (at the medial

malleolus level);

B — Longitudinal:
0.87 (0.73;0.94);

Anterior-Posterior:

0.96 (0.92;0.98);
Superficial-deep
0.92 (0.83;0.96)

B — Longitudinal: 0.33;
Anterior-Posterior: 0.16;

Superficial-deep: 0.21.

Carroll et al Tibial Ultrasound imaging Movement from a position of Intrarater: 0.93 Session 1: 0.28 SRM
2012 54 using frame-by- 20° plantar flexion to a position (0.70; 0.96) Session 2: 0.22 (smallest real
frame cross- of 10° dorsiflexion difference)
correlation analysis session 1
0.84mm;
session 2
0.68mm
Shum et al Tibial Ultrasound imaging | Trunk forward bending as far as | Longitudinal: 0.96 Longitudinal: 0.70;
2013 55 using frame-by- comfortably possible (0.93;0.98);
frame cross- Axial: 0.82 Axial: 1.31;
correlation analysis (0.68:0.92):
Patel et al Cubital Ultrasound T1- Elbow at 30°; Interrater: 0.66
2014 57 measurement with Intrarater: 0.87

ellipse method

T2- Elbow at 90°

Interrater: 0.61

Intrarater: 0.82
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Sierra - Femoral | Ultrasound imaging T1: Knee flexion Longitudinal 0.87 Longitudinal: 0.84

Silvestre et and using cross- T2: Neck flexion (0.69;0.96)

al 2018 >° correlation analysis -
y Transversal X- Transversal x-axis: 0.09

axis (medio-
lateral): 0.87
(0.47;0.97)

Transversal Y- Transversal y-axis: 0.03

axis (antero-

posterior): 0.97

(0.87;0.99)
Kasehagen Radial Ultrasound imaging Forearm pronated: T1 a)0.72 T1la)0.19 T1a) 0.53
et al 2016 58 and using cross- T1: a) Active wrist flexion; (0.49;0.86)
correlation analysis T1: b) Passive wrist flexion; T1b)0.77 T1b)0.48 T1b)0.80
(0.57;0.88)
T2: a) Active wrist ulnar T2 a)0.85 T2 a) 0.20 T2 a) 0.56
deviation; (0.71;0.93)
T2: b) Passive wrist ulnar T2 b)0.86 T2 b) 0.22 T2 b) 0.62
deviation (0.73;0.93)
Forearm supinated: T3 a)0.79 T3 a)0.16 T3 a) 0.44
T3: a) Active wrist flexion; (0.60;0.88)
T3: b) Passive wrist flexion; T3 b)0.76 T3 b) 0.34 T3 b) 0.49
(0.56;0.88)
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T4: a) Active wrist ulnar T4 a)0.70 T4 a) 0.30 T4 a) 0.84
deviation; (0.46;0.84)

T4: b) Passive wrist ulnar T4 b) 0.63 T4 b) 0.40 T4 b) 1.11
deviation. (0.36;0.81)

Table 4- Excursion of Median Nerve — Asymptomatic

Authors Sample Size Participant position and Site of Measurement Movement and Involved Joints Excursion mean (mm) (SD)
and Age position of adjacent joints
(mean SD)
Alexander N =16 P1 - Supine; Shoulder neutral, Wrist crease Wrist Extension (from full comfortable | P1: Radial: 3.52 (1.46)
A., etal No age data | elbow extended, forearm flexion to 30° of wrist extension) Dorsal: 0.96 (0.75)
201238 (11 Female) | supinated;

P2 — Supine: Shoulder neutral,
elbow extended, forearm
pronated;

P3 — Supine: shoulder
abducted 90°, elbow extended,
forearm supinated;

P4 — Supine: Shoulder
abducted 90°, elbow extended,
forearm pronated;

P5- Supine: Shoulder neutral,
elbow flexed to 90°, forearm
supinated;

P6- Supine: Shoulder neutral,
elbow flexed to 90°, forearm
pronated;

P7- Supine: Shoulder
abducted 90°, elbow flexed to
90°, forearm supinated,;

P2: Radial: 1.30 (2.03)
Dorsal: 0.55 (0.72)

P3: Radial: 3.57 (1.86)
Dorsal: 0.84 (0.54)

P4: Radial: 2.44 (1.56)
Dorsal: 0.24 (0.67)

P5: Radial: 3.38 (1.12)
Dorsal: -0.22 (0.59)

P6: Radial: 2.29 (1.10)
Dorsal: 0.36 (0.75);

P7: Radial: 2.65 (1.25)
Dorsal: 0.02 (0.45)
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P8- Supine: Shoulder
abducted 90°, elbow flexed
90°, forearm pronated

P8: Radial: 2.33 (1.21)
Dorsal: 0.26 (0.64)

Brochwicz et N=11 Shoulder at 30° Abduction, a) Middle forearm; T1-Cervical Lateral Glide at C5-C6 Tl-a)3.3
al 2013 %7 25.6y £2.3 Depression and external b) Distal forearm; (Translational movement away from b) 2.5
(6 Female) | rotation, elbow in full the side to be tested)
extension, forearm in full T2-Cervical Contralateral Lateral T2 -a)2.3
supination Flexion b) 1.9
Coppieters N =15 Shoulder girdle fixated, 90 Elbow (transversal scan); | A —sliding technique (elbow A -10.2 (2.8)
et al 2009 8 30y 8 shoulder abduction and Medial Bicipital Furrow 7 | extension and ipsilateral cervical
(8 Females) | external rotation, 90 elbow to 10 cm proximal to lateral flexion);
flexion, forearm supinated, medial epicondyle
wrist neutral and fingers (longitudinal) B — tensioning technique (elbow B -1.8 (4.0)
extended extension and contralateral cervical
lateral flexion);
C — elbow extension with the neck in C-56(2.1)
contralateral lateral flexion;
D — elbow extension with the neck in D-55(2.9)
ipsilateral lateral flexion;
E — cervical contralateral lateral E--3.3(1.3)
flexion with the elbow in more
extended position;
F — Cervical contralateral lateral F--3.4(1.9)
flexion with the elbow in flexed
position.
Dilley et al. N= 34 A1l- Supine; Shoulder at 45° Measurement: A — Wrist Extension (0°-40°) Al:
2003 ¥ Age range Abduction; Elbow in full a) Distal Upper Arm; Distal Upper arm: 2.4 (1.8);
20-59y extension; Forearm supinated; b) Mid-Forearm Mid-forearm: 4.7 (0.5);
(23 Female) Digits and

metacarpophalangeal joints
neutral (N=10)
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A2- Supine; Shoulder at 90°
abduction; Elbow in full
extension; forearm supinated;
digits and
metacarpophalangeal joints in
neutral (N=10)

A3 — Supine; Shoulder at 30°
abduction; elbow at 90°
flexion; forearm supinated;
digits and
metacarpophalangeal joints
neutral (N=4)

B1 — Supine; Shoulder at 45°
abduction; elbow in full
extension; forearm supinated,;
digits and
metacarpophalangeal joints
neutral (N=6)

B2 — Supine; Shoulder at 90°
abduction; elbow in full
extension; forearm supinated,;
digits and
metacarpophalangeal joints
neutral (N=3)

C — Supine; Elbow in full
extension, wrist neutral (0°),
forearm supinated, digits and
metacarpophalangeal joints

neutral (N=4)

D1 - Supine; Shoulder at 90°

abduction; wrist neutral (0°),

forearm supinated, digits and

metacarpophalangeal joints
neutral (N=7)

A2:
Distal upper arm: 1.8 (0.4);
Mid-forearm: 4.2 (0.6);

B — Wrist Extension (40°-0°)

A3:
Distal upper arm: 0.2 (0.2);
Mid-forearm: 5.6 (0.9);

B1:
Distal Upper arm: 0.5 (0.4);
Mid-forearm: 3.1 (0.3);

C — Shoulder Abduction (10°-90°)

B2:
Distal Upper arm: 0.6 (0.4);
Mid-forearn: 3.1 (0.2);

C:
a) -5.2 (0.7);
b) -3.4 (0.8);

D — Elbow Extension (90°-0°)

D1:
Distal Upper Arm: 10.4 (2.3);
Mid-forearn: -3.0 (1.0);
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D2 — Supine; Shoulder at 90°
Abduction; Forearm supinated,
wrist at 45° extension; digits
and metacarpophalangeal
joints neutral (N=4)

E1 — Supine; Shoulder at 30°
Abduction, elbow in full
extension, wrist neutral (0°),
forearm supinated, digits and
metacarpophalangeal joints
neutral (N=8)

E2 — Supine; Shoulder at 90°
Abduction, elbow in full
extension, wrist neutral (0°),
forearm supinated, digits and
metacarpophalangeal joints in
neutral (N=9)

D2:
Mid-forearn: -4.2;

E — Neck Flexion (0°-35°)

E1:
Distal Upper Arm: -0.5 (0.8)
Mid-forearn: -0.3 (0.6);

E2:
Distal Upper Arm: -1.3 (0.7);
Mid-forearn: -0.8 (0.3)

Dilley et al
2008 4°

N=39
Mean Age=
34.1+11.7
(23 Female)

A) In 45° shoulder abduction,
elbow extension, MCP joints
and finger extension and the
wrist is moved to 40°
extension.

B) In 90° shoulder abduction,
elbow extension, wrist in
neutral position, the fingers
start in 90° flexion and are
brought to neutral position;

C) In 90° shoulder abduction,
wrist and fingers neutral, the
elbow is extended from 90°
flexion to neutral

Measurement:

a) Distal third of the
forearm;

b) The upper arm near
the elbow;

¢) Mid forearm.

A) Wrist Extension;

A) a) 4.40mm (range 3.43-5.57)
b) 2.31mm (range 1.43-3.30)

B) MCP Extension;

B) a) 2.62mm (range 1.63-4.54)

C) Elbow Extension.

C) c) 4.07mm (range 2.93-4.88)
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Echigo et al
2008 4

N= 34
(No age
data)
(100%
Female)

Supine Position with the right

shoulder in 30° of abduction:

A1) Elbow Extension, forearm
in 80° supination;

A2) Elbow Extension, forearm
in 70° supination;

A3) 90° elbow flexion, forearm
in 80° supination;

A4) 90° elbow flexion, forearm
in 70° supination.

Supine position, with the right
shoulder in 30° of abduction,
elbow extension, supination
80°, wrist 0° extension and
fingers slightly flexed position:
B1) Proximal Interphalangeal
and Distal Interphalangeal
bent gently until the tips
touched the palm;

B2) Proximal Interphalangeal,
Distal Interphalangeal and
metacarpophalangeal gently
flexed until the tips touched
the palm.

Volar aspect of the
Proximal third part of
Forearm

A) Passive extension of the wrist and
fingers;

A1) 3.0 (1.81)
A2) 1.9 (1.43)
A3) 3.0 (1.34)
A4) 2.2 (1.66)

B) Active flexion of the fingers;

B1) 0.8 (0.76)
B2) 1.3 (0.96)

Erel et al
2003 42

N=19
41.3y +9.9
(68%
Female)

Supine Position, elbow full
extended, forearm supinated,
finger extension:

a) 90° shoulder abduction;
b) 45° shoulder abduction.

5-15 cm proximal from
the distal wrist crease

MCP 90° flexion to neutral position of
fingers 2to 5

Longitudinal Excursion: 2.6
Transverse Excursion: 1.55 (radial

direction;

Gonzalez-
Suarez et al
2016 43

N= 20
Age range
(18-50)

Male N=10
(25.5£1.7)

Technique 1 and 2: Wrist
Extension
Technique 3 and 4: ipsilateral
and contralateral neck lateral

flexion

Wrist Level and Arm
Level

Supine Position, Head in neutral
position, Shoulder abducted at 90°
and external rotated. Elbow, MTP and
IP joints of fingers and thumb in full
extension
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Female
N=10
(25.4+2.7)

T1: Passive extension of wrist up to
60° with cervical spine prepositioned
at 45° of ipsilateral lateral flexion;

Wrist Level: 15.5 (7.0)
Arm Level: 6.82 (2.97)

T2: Passive extension of wrist up to
60° with cervical spine prepositioned
at 45° of contralateral lateral flexion;

Wrist Level: 13.4 (5.6)
Arm Level: 5.33 (2.37)

T3: Passive ipsilateral lateral flexion
of cervical spine to 45° with the wrist
prepositioned at 60° extension;

Wrist Level: 5.98 (2.73)
Arm Level: 3.52 (1.45)

T4: Passive contralateral lateral
flexion of cervical spine to 45° with
the wrist prepositioned at 60°
extension;

Wrist Level: -3.8 (0.31)
Arm Level: -4.87 (2.49)

Greening et
al 2005 44

Control 1

(Group of

Whiplash)
N=8

(mean age
40)

(4 Female)

Control 2
(group of
non-specific
arm pain)
N=7
(mean age
32)

(7 Female)

Longitudinal Imaging:
Supine with shoulder abducted
to 30°, elbow fully extended
and forearm supinated, wrist
and digits in neutral.

Longitudinal imaging:
Mid forearm, both sides.

Longitudinal images: Maximal
inspiration followed by forced
expiration

Longitudinal results:
Control 1: 1.32 (0.17)

Control 2: 1.55 (0.19)

Transversal Imaging:
Supine, shoulder abducted at
30°, elbow fully extended and
forearm supinated, digits and

MCP joints neutral.
T1: Wrist in 30° of flexion;
T2: Wrist in 30° of extension.

Transversal Imaging:
Palmer surface of the
wrist at the distal wrist
crease

Transversal images: Wrist at 30°
flexion and at 30° of extension

Transversal
Results
Control:
-0.39 (0.52) ulnar direction;

Hough et al
2000 %

N=16
(mean age
38; range

26-61)

(9 Females)

Supine; Shoulder at 45°
Abduction; Elbow in full
extension; forearm supinated;
Thumb aducted and fingers
extended

Anterior Aspect of Elbow
Joint

Wrist extension (0-60°)

All data (N=32): 9.0 (2.1)
Dominant arm (N=16): 8.5 (1.8)
Non-Dominant Arm (N=16): 9.4

(2.3)
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Hough et al
2007 16

N=37
(48+10y)
(29 Female)

Supine position, shoulder
abducted at 45° and forearm
supinated. Head at a neutral

position. Wrist 30° of
extension. Fingers fully flexed
(MCP and IP).
T1: Elbow Flexed at 90°;
T2: Elbow fully Extended.

Wrist, level of the lunate-
capitate intercarpal joint

Fingers and thumb extension

T1:
Control: 12.5+2.5

T2:
Control: 11.2+2.8

Transversal displacement:
0.35+0.3 Axial direction;
1.75%1.3 lateral direction

Julius et al
2004 31

N= 14
(mean age
32)

(9 Female)

T1,T2,T3:

Upright on a chair: hips and
knees at 90° flexion, right
upper limb with glenohumeral
joint in 90° flexion and 20°
abduction, elbow at full
extension, 45° forearm
supination, wrist, hand and
fingers neutral.

T4-A
Supine position, 90° shoulder
abduction. Scapulothoracic
joint in neutral. Elbow
extended, forearm supinated,

wrist, hand and fingers neutral.

T4-B
Supine position, 90° shoulder
abduction. Scapulothoracic
joint in full protraction. Elbow
extended, forearm supinated,

wrist, hand and fingers neutral.

T1 e T2: proximal
forearm;
T3: a) forearm
b)forearm;
T4: a) distal forearm; b)
upper arm

T1: N=8 Forward head position: lower
cervical spine flexion and upper
cervical spine extension;

T1:0.1;

T2: N=8 Active trunk flexion with
pelvis posterior tilt;

T2: 0.1

T3: N=13 passive shoulder girdle
protraction;

T3: a)3.5;
b)5.9;

T4: N=11 passive contralateral neck
side flexion.

T4-A a)1.5
b)2.3;
T4-B a)0.6; b)0.9

Kang et al
2016 %2

N=23
(54.87y+
1.85)
(23 Female)

Supine, shoulder at 45°
abduction, elbow fully
extended, supinated forearm,
neutral wrist, fingers fully
extended.

Distal Wrist Crease

Flexion of first, second and third
fingers

Dorsopalmar - First 0.32 (0.06)

Dorsopalmar - Second 0.50
(0.10)

Dorsopalmar - Third 0.95 (0.14)

Dorsopalmar - Grip 0.64 (0.11)
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Radioulnar - First 0.81 (0.18)

Radioulnar - Second 0.98 (0.21)

Radioulnar - Third 1.05 (0.27)

Radioulnar - Grip 0.84 (0.18)

Korstanje et N=51 Sitting position, arm positioned | Carpal Tunnel at the wrist | Active Extension to fist movement of Controls
al 2012 %3 (50.6y £13.0) | on atable, supinated and the crease level most affected and least affected N=49 hands 8.1 (range 0.0-23.8)
(37 Female) elbow 90°of flexion, wrist and hands
fingers in neutral.
Lopes et al N=16 Sitting position, forearm Volar aspect of the wrist | T1 — MCP flexion to 90°; T1- Left hand 13.4 (3.8)
20113 (33.1y£11.5) supinated, on a table and Right hand 11.8 (3.7)
(9 Females) elbow flexed at 120°
T1: fingers extended
T2: fingers extended T2 — Full fist T2- Left hand 29.4 (10.7)
Right hand 24.8 (8.0)
T3: wrist neutral, fingers T3 — Wrist extension to 60° T3- Left hand
extended 20.0 (7.1)
Right hand 22.1 (7.5)
T4: wrist at 60° extension, T4 — Wrist extension and full fist; T4- Left hand 45.8 (15.9)
fingers extended Right hand 50.2 (10.8)
T5: wrist at 60° extension with T5 — Wrist extension with static 3 T5- Left hand 26.6 (8.6)
2" and 3" digits opposed to finger pinch Right hand 23.7 (8.4)
thumb (in a pinch grip)
Park et al N=10 Supine position with elbow Proximal carpal tunnel Thumb flexion; 2" finger flexion; 31 MVC of displacement 0.5 (0.10)
2017 3 (59.85y extended, forearm supinated, finger flexion; grasp; wrist ulnar
+13.41) shoulder in neutral. deviation with finger extension; Wrist MVC of area 5.00 (0.84)
(5 Females) radial deviation with finger extension
Wang et al N=10 Sitting position with shoulder in Proximal carpal tunnel T1-Finger flexion; T1: 0.2NU
36 i
2014 EggF?r/ni;?eig neutravl\,lrfics)trcierf]i rnrr;ustlsglllnated, 1 NU = 1.8mm T2-Wrist flexion with finger extension; | T2: 1.5NU;
T3-Wrist flexion with finger flexion; T3: 1.8NU;
T4: Wrist extension with finger T4: 0.4NU;

extension;

53




T5: Wrist Extension with finger T5: 0.5NU;
flexion;
T6: Wrist ulnar deviation with finger T6: 2.8NU
flexion

Table 5 - Excursion of Cubital Nerve — Asymptomatic

Authors Sample Size Participant position and position | Site of Measurement | Movement and Involved Joints Excursion mean (mm)(SD)
and Age (mean of adjacent joints
SD)
Dilley et al 2007 %6 N=15 T1- a) Supine, shoulder at 90° Proximal forearm; T1- Wrist Extension (0°-40°) T1- a) proximal forearm: 1.1;
abduction, elbow in full ) distal forearm: 2.1
30y+6 extension, forearm supinated, Distal Forearm; proximal vs distal (P<0.05)
iqi ioints i . roximal vs distal (P<0.
(10 Female) digits and MCP joints in neutral; Mid forearm; Upper

(N=6)

b) Supine, shoulder at 90°
abduction, elbow at 90° flexion,
forearm supinated, digits and
MCP joints neutral; (N=4)

c) Supine, shoulder at 40°
abduction, elbow in full
extension, forearm supinated,
digits and MCP joints in neutral;
(N=4)

arm proximal to
elbow;

T1 b) distal forearm 4.0; proximal
forearm 2.3

T1- c) distal forearm 3.0; Proximal
forearm 1.6

T1b>T1c (P<0.01)
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T2- Supine, shoulder at 90°
abduction, elbow at 0°, forearm
supinated, digits and MCP joints
neutral;

T3- Supine, shoulder at 90°
abduction, elbow at 90°, forearm
supinated, digits and MCP joints
neutral; (N=1)

T4- Supine, shoulder at 40°,
wrist, digits and MCP neutral,
elbow: a) straight (N=5); b) at
90° flexion (N=2).

T2- Elbow Flexion (0°-90°)

T2- distal third forearm (N=4) 0.8;
proximal upper arm (N=2): 0.1

T3- Elbow Flexion (90°-140°) T3-2.7
T4- Shoulder Abduction (40°- T4-a)0.1
90°)

b) 0.1

Patel et al 2014 57

N=25
(no age data)

(18 Female)

Supine position, with a pillow
under the extremity being
scanned; wrist supinated
position.

Retroepicondylar
groove

T1- Elbow at 30°;

Flattening ratio

T1- 0.52+0.09

T2- Elbow at 90°

Flattening ratio

T2-0.57+0.10
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Table 6 - Excursion of Radial Nerve — Asymptomatic

Authors Sample Size Participant position and Site of Measurement Movement and Involved Joints Excursion mean (mm) (SD)
and Age position of adjacent
joints
(mean SD)
Kasehagen et al N=30 Supine position, arm 1-5cm proximal to the Forearm pronated: T1a)0.93 +0.36
2016 8 on a table, shoulder at | humeroulnar joint ) ) )
29.8y +8.4 45 °abduction. elbow T1: a) Active wrist flexion;
(18 Female) | full extension; wrist b) Passive wrist flexion; T1 b)1.42 £0.60

unsupported to allow
full movement at
participant’s maximum
tolerable range of
motion. Thermoplastic
splint maintaining MCP
joints at 30° flexion,
allowing wrist free
motion

T2: a) Active wrist ulnar deviation;

T2 a)1.07 £0.52

b) Passive wrist ulnar deviation

T2 b)0.82 +0.60

Forearm supinated:

T3: a) Active wrist flexion;

T3 a)1.01 £0.35

b) Passive wrist flexion;

T3 b)1.78 £0.69

T4: a) Active wrist ulnar deviation;

T4 a)1.16 +0.55

B) Passive wrist ulnar deviation.

T4 b)1.69 £0.66
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Table 7 - Excursion of Sciatic Nerve — Asymptomatic

Authors Sample | Participant position and Site of Measurement Movement and Involved Joints Excursion mean (mm)(SD)
Size and position of adjacent
Age joints
(mean
SD)
Coppieters et N=15 Left side-lying, Posterior lateral thigh | T1- Simultaneous knee extension and | T1: 1.0 £3.8;
al 2015 (27.5y The upper body rested, at a distance varying hip flexion;
+2.7) ankle and foot in from 12 to 24 cm from T2- Simultaneous knee and hip T2:17.0 5.2
9 neutral the greater trochanter .
Females) and 21 to 30 cm from extension; g<20>0-(|)—ij T3, T4, 75,76
the Iaé?;illee&cec;ndyle T3- Knee extension with hip in neutral; | T3: 6.9 +2.5;
T4- Knee extension with hip in neutral; | T4: 8.8 +3.5;
T5- Hip flexion with the knee flexed; T5:-11.7 +4.8;
T6- Hip flexion with the knee in T6:.7.0 £3.8
extension
Ellis et al 2012 N=31 Sitting position at Posterior midthigh T1- Simultaneous passive Knee T1: 3.3 (2.0);
46 (29y+9) | Isokinetic (halfway between the Extension (From 80° to 20° flexion)
(22 Dynamometer, with gluteal crease and and active neck extension (from full
Females) | slumped spinal posture | popliteal crease) flexion to full extension);
(thoracic and lumbar in T2- Passive Knee Extension (from 80° | T2: 2.6 (1.4);
a flexed position), hips to 20° flexion), neck in neutral;
at 90° of flexion; chest - - -
against a 45cm T3- Ac_tlve cervical f!eX|on (full T3:-0.1(0.1)
diameter ball. extension to full flexion), knee at 80°
flexion;
T4- Passive Knee Extension (from 80° | T4: 2.6 (1.5)
to 20° flexion) simultaneously active
cervical flexion (from full extension to
full flexion)
Ellis et al 2015 N=38 A — Slump-sitting: Posterior mid-thigh T1 - Passive Knee extension from T1-A
47 slumped spine posture | (half-way between the 90°flexion to 4/10 point of stretch 6.2 £2.9;
(males with sternum against gluteal and popliteal discomfort; T1-B
N=18 45cm ball; creases) 6.1 £2.5;
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27.4y B- Upright-sitting: trunk T2 — Passive knee extension from 90° | T2 - A
+4.4; relaxed into the back- flexion to 4/10 point of stretch 6.4 +2.7;
females | rest. discomfort and active cervical spine T2 -B 6.9 +2.6;
N=16 extension from full comfortable flexion
32.5y to full comfortable extension;
+13.09) T3- Passive knee extension from 90° T3-A
flexion to 4/10 point of stretch 6.0 £2.9;
discomfort and active cervical flexion T3-B
from full comfortable extension to full 6.4 £2.7
comfortable flexion Avs B (P=0.17)
Ellis et al 2018 N=12 Seated upright, spine Posterior mid-thigh at T1 - Knee extension from 80° to 20° of | T1: 4.52 +2.63;
48 (23.9y | resting against rigid or immediately distal to | flexion — active Flexion:
14.74) back, knee in 80° halfway between the - = = - -
(10 flexion, ankle in neutral | gluteal and popliteal -Ia—clt-ivinee flexion from 20° to 80° - T1:5.38 £2.20;
Female) creases T2 - Knee extension from 80° to 20° of | T2: 4.34 + 2.81;
flexion — passive
T2- Knee flexion from 20° to 80° - T2:4.68 +3.14
passive
Pagnez et al N=30 Lying in prone position, | Posterior left thigh: A-Neutral lumbar, knee extended and A-(54.34; 49.21-59.47)
2019 4° (35.5y with head in neutral mean distance ankle in neutral;
+6.2) and supported position, | between the trochanter | B-Neutral lumbar, knee flexed, neutral | B-(59.71; 53.21-66.21)
(16 upper limbs stretched and the knee joint, 15 ankle;
Female) | forward and supported, | cm above the popliteal | C-Neutral lumbar, knee extended, C-(48.37; 42.26-54.47)
thoracic and lumbar fossa ankle in maximal active dorsiflexion;
spine supported on the D-Flexed lumbar, knee extended, D-(51.18; 46.03-56.34)
fixed seats and pelvis ankle in neutral;
and lower limbs on the E- Flexed lumbar, knee flexed and E-(53.57; 48.57-58.56)
movable seat. neutral ankle;
F- Flexed lumbar, knee extended and F-(48.71; 43.05-54.37)
ankle in maximal active dorsiflexion
Ridehalgh et N=18 Full knee extension Posterior upper thigh A - Side lying, chosen leg upper most, | 1-A 9.9 +2.2;
al 2012 50 (28.9y from 90° on a line between the hip joint with 30° flexion positioned over
+14.3) | 1-Baseline, ischial tuberosity and the joint of the jig, lumbar spine in 137124 +4.4:
(9 male) | 2-48h later the great trochanter neutral, cervical spine neutral;
and 7-10 cm distal to
the gluteal fold B - Side lying, chosen leg upper most, | 2-A10.1+2.5
hip joint with 60°flexion positioned over
the joint of the jig, lumbar spine in 55125 +4

neutral, cervical spine neutral;
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Ridehalgh et N=18 Full knee extension Posterior upper thigh A - Side lying, chosen leg upper most, | Transversal excursion: N=16
al 2014 5 (28.9y from 90° on a line between the hip joint with 30° flexion positioned A: 4.4 £2.2;
+14.3) ischial tuberosity and over the joint of the jig, lumbar spine in | B: 3.6 £2.3
(9 male) the great trochanter neutral, cervical spine neutral;
and 7-10 cm distal to B — Side lying, chosen leg upper most, | Longitudinal Excursion:
the gluteal fold hip joint with 60°flexion positioned over | A: 9.9 + 2.2;
the joint of the jig, lumbar spine in B: 12.4 £+4.42
neutral, cervical spine neutral;
Ridehalgh et N=16 Full knee extension Mid-posterior thigh, 10 | A- Side lying, chosen leg upper A: 10.0;
al 2015 %2 (28.9y from 90° cm distal to gluteal fold | most, hip joint with 30° flexion
+14.3) (symptomatic leg positioned over the joint of the jig,
(44% selected) lumbar spine in neutral, cervical spine

Female) neutral;
B — Side lying, chosen leg upper most, | B: 12.5;
hip joint with 60°flexion positioned over
the joint of the jig, lumbar spine in
neutral, cervical spine neutral;

Table 8 - Tibial Nerve Excursion — Asymptomatic
Authors Sample Size Participant position and Site of Measurement Movement and Involved Joints Excursion mean (mm) (SD)
and Age position of adjacent
joints
(mean SD)

Boyd et al 2012 53

N=5 (40 +11.8)

(4 Female)

Side Lying; Spine in
Neutral; Hip Flexion
(20°), Knee Extended
(0°);

Poplitea Fossa

From > 30° Plantar Flexion to > 0°
Dorsal Flexion

Longitudinal (distal direction)
A —2.18 (0.48) P=0.001;

B — 0.66 (0.25) P=0.004;
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Side Lying; Spine in
Neutral; Hip Flexion
(=62°), Knee Extended
(0%).

A — Neutral: 20° of hip flexion, knee
extension, ankle neutral;

B — Flexion: up to sensory response

Transversal medial movement:
A-1.36 (0.99 P=0.038)
B-1.44 (0.93 P=0.026)

Transversal superficial
movement:

A- 3.98 (1.70 P=0.006);

B- 3.67 (1.47, P=0.005)

Boyd et al 2014 10

N=20
(46.4y +13.8)

Right side lying
position, spine in
neutral. Right limb at
20° hip flexion and full

A — Knee (popliteal
crease);

From active maximal plantar flexion to
active maximal dorsiflexion

A — Longitudinal: 2.17 +0.67

(P=0.001)

(10 Female) -
knee extension,
relaxed ankle position.
Left limb in hip and
knee flexion supported . —
by a pillow to avoid B — Ankle (at the medial B — Longitudinal: 3.14 +1.26
; ; malleolus level)
addu_ctlon and hip (P=0.006)
rotation.
Transversal: (Posterior direction)
0.32 +1.79
(P=0.015)
arroll et a = eft foot on a weight- cm superior to the ovement from a position o ession 1: 3.03+1.
Carroll 12012 %4 N=16 Left f igh 1 peri h M fi positi f 20° Session 1: 3.03+1.07
bearing plataform and medial malleolus with plantar flexion to a position of 10° )
34.7y £9.3 right foot parallel transducer aligne dorsiflexion Session 2: 2.99+0.86
(10 Female) position Iongltudlqa!ly in the
plane of tibial nerve
Shum et al 2013 55 N= 25 Standing position, Popliteal crease Longitudinal: 11.3+2.0
p g

looking straight ahead,
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28.54y £9.48 arms folded across Trunk forward bending as far as
(14 F ) chest, feet positioned comfortably possible
emale ;
shoulder width apart Axial 43517
Hypotenuse: 12.2+2.2
Table 9 — Femoral Nerve Excursion — Asymptomatic
Authors Sample Size Participant position and Site of Measurement Movement and Involved Joints Excursion mean (mm) (SD)
and Age position of adjacent
joints
(mean SD)
Sierra-Silvestre et al N=30 T1: Left Leg Below Inguinal T1: Knee flexion Longitudinal direction:
2018 %° ) N ) Ligament _
25.7y 2.9 a) Supine position, hip T2: Neck flexion T1: a) 3.6mm (2.0) p<0.01
0°, posterior thigh
(15 Female) rested on a plinth, b) 1.1mm (1.6) p=<0.01

lower leg outside de
plinth. Right leg in hip
and knee flexion, foot
relaxed at the level of
the plinth

T2: 0.0mm (0.3)
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T1: Left Leg

b) Semi-seated

position, hip =40°.

T2: Side-lying slump

with left hip in

extension and the left

knee in flexion.

Transversal X-axis:
T1: a)1.4mm (0.3) p<0.01
b) 0.7mm (0.1) p<0.01

T2: 1.1mm (0.5)

Transversal Y-axis:

T1 a)0.2mm (0.2) p<0.01
b) 0.1mm (0.2)

T2: 0.0mm (0.1)

Table 10 - Excursion and Strain in Nerves of Symptomatic Individuals

Authors Sample Health Movement and Participant position Site of Measurement Excursion mean (SD)(mm) Strain (%)
Size and condition Involved Joints and position of
Age adjacent joints
(mean SD)
Median Nerve
Dilley et al N=18 Non-specific A) Wrist A) In 45° shoulder Measurement: A) a) NSAP: 3.97mm (SEM
2008 40 Mean arm pain Extension; abduction, elbow a) Distal third of the 0.33
Age= (NSAP) B) MCP extension, MCP joints forearm; Range 3.06-4.73)
36.9+9.5 Extension; and finger extension b) The upper arm b) NSAP: 2.00mm (SEM 0.25
C) Elbow and the wrist is near the elbow; range 1.43-2.74)
Extension. moved to 40° ¢) Mid forearm. B) a) NSAP: 2.68mm (SEM

extension.

0.44 range 1.46-4.01)
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B) In 90° shoulder
abduction, elbow
extension, wrist in
neutral position, the
fingers start in 90°
flexion and are
brought to neutral
position;
C) In 90° shoulder
abduction, wrist and
fingers neutral, the
elbow is extended
from 90° flexion to
neutral

C) ¢) NSAP: 3.34 mm (SEM
0.35 range 1.26-4.38)
No significant difference in
nerve sliding (p>0.05)
Timing:

NSAP: 53.4° (SEM 2.2)
(p>0.05)

Erel et al N=17 Carpal MCP 90° Supine Position, Measurement: Longitudinal Excursion:
2003 #? 44.8+8.8 Tunnel flexion to elbow full extended, 5-15 cm proximal CTS: 2.2mm (SEM 0.2 range
Syndrome neutral forearm supinated, from the distal wrist 1.1-4.8);
position of finger extension: crease Transverse Excursion:
fingers 2to 5 a) 90° shoulder CTS most affected side:
abduction; 0.89mm (SEM 0.28)
45° shoulder CTS least affected side:
abduction. 1.49mm (SEM 0.35)
asymptomatic vs CTS most
affected side (P>0.08)
CTS most affected side vs
least affected (P<0.05)
Greening et Whiplash Whiplash Longitudinal Longitudinal Measurement: Longitudinal results:
al 2005 44 N=9 images: Imaging: Longitudinal Whiplash symptomatic side:
(mean age Maximal Supine with shoulder | imaging: Mid (0.38+ 0.08mm)
37) inspiration abducted to 30°, forearm, both sides. Whiplash less/non
followed by elbow fully extended symptomatic side: (0.66x
forced and forearm Transversal 0.12mm)
NSAP expiration supinated, wristand | Imaging: Asymptomatic vs Less/non
N=8 NSAP Transverse digits in neutral. Palmer surface of the symptomatic P<0.05
(mean age images: Wrist | Transverse Imaging: | wrist at the distal wrist | Asymptomatic vs Symptomatic
32) at 30° flexion Supine, shoulder crease P<0.05

and at 30° of
extension

abducted at 30°,
elbow fully extended
and forearm

NSAP: 0.49+ 0.19mm
P<0.05
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supinated, digits and
MCP joints neutral.
T1: Wrist in 30° of
flexion;
T2: Wrist in 30° of
extension.

No difference between
whiplash control and NSAP
control
(P=0.40)
Transversal
Results
Whiplash:
Symptomatic side: 2.57+
0.80mm radial direction
Vs asymptomatic group
(P<0.05);

Symptomatic (N=6): 2.93+
0.85mm
vs Non-symptomatic side
(N=6): 2.29+ 1.02mm

P=0.36
Hough et al N=19 CTS Fingers and Supine position, Wrist T1:
2007 16 (57£15y) thumb shoulder abducted at CTS: 10.2+#3.1
extension 45° and forearm (p=0.089)
supinated. Head at a T2:
neutral position. Wrist CTS: 8.3+2.6
30° of extension. (p=0.013)
Fingers fully flexed
(MCP and IP).
T1: Elbow Flexed at
90°;
T2: Elbow fully
Extended.
Kang et al N=22 CTS Flexion of first, Supine, shoulder at Distal Wrist Crease CTS (N=31)
2016 2 (56.82y+ second and 45° abduction, elbow Dorsopalmar
2.30) third fingers fully extended, First CTS 0.22mm £0.07

supinated forearm,
neutral wrist, fingers
fully extended.

(P=0.195); Second CTS
0.30mm %0.10
(P=0.099); Third CTS 0.36mm
+0.11
(P<0.05); Grip CTS 0.29mm
+0.08
(P<0.05)
Radioulnar

64




First
CTS 0.29mm +0.08
(P<0.05) Second
CTS 0.40mm £0.12
(P<0.05) Third
CTS 0.55mm £0.16
(P=0.195) Grip
CTS 0.40mm +0.13

(P<0.05)
Korstanje et N=51 CTS Active Sitting position, arm Carpal Tunnel Cases
al 2012 33 (50.6y Extension to positioned on a table, N=49 hands
+13.0) fist movement supinated and the 5.3 (0.0-12.2)
of most elbow 90°of flexion,
affected and wrist and fingers in
least affected neutral.
hands
Lopes et al N=25 All subjects | T1 - MCP Sitting position, Volar aspect of the T1- Left hand
20113 (37.2y flexion to 90°; | forearm supinated, on wrist Symptomatic 9.9mm (4.4)
+13.4) T2 — Full fist a table and elbow Right hand
T3 — Wrist flexed at 120° Symptomatic 6.9mm (1.8)
Self-reported | extension to T1: fingers extended T2- Left hand
N=6 symptomatic | 60° T2: fingers extended Symptomatic 21.2mm (11.1)
group T4 — Wrist T3: wrist neutral, Right hand
extension and fingers extended Symptomatic 25.5mm (14.4)
Wheelchair | full fist; T4: wrist at 60° T3- Left hand
N=3 group T5 — Wrist extension, fingers Symptomatic 30.2mm (14.4)

extension with
static 3 finger
pinch

extended
T5: wrist at 60°
extension with 2d
and 3" digits opposed
to thumb (in a pinch

grip)

Right hand
Symptomatic 27.1mm (8.7)
T4- Left hand
Symptomatic 36.4mm (20.6)
Right hand
Symptomatic 35.7mm (8.6)
T5- Left hand
Symptomatic 28.7mm (12.4)
Right hand
Symptomatic 31.1mm (4.9)
Asymptomatic > Symptomatic
group
(p=0.008), excepted T3
(p=0.04)
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Park et al N=27 CTS Thumb flexion; | Supine position with Proximal carpal MVC of displacement
2017 35 (60.74y (subdivided 2"d finger elbow extended, tunnel CTS Stage 1: 0.51+0.17
+10.80) in 3 severity flexion; 31 forearm supinated, CTS Stage 2: 0.45+0.09
stages) finger flexion; shoulder in neutral. CTS Stage 3: 0.25+0.08
grasp; wrist P<0.001
ulnar deviation MVC of area
with finger CTS Stage 1: 5.02+1.80
extension; CTS Stage 2: 2.75+£1.42
Wrist radial CTS Stage 3: 1.93+0.69
deviation with P<0.001
finger
extension
Sciatic Nerve
Ridehalgh et N=11 Symptomatic | Full knee Side lying, chosen leg Posterior thigh Somatic:
al 2015 %2 (57.5y (Somatic) extension from | upper most, cervical A: 10.3mm;
+10.6) 90° spine neutral, B: 8.2mm;
(Radicular) (symptomatic A-Hip 30° flexion; Radicular:
N=29 leg selected) B-Hip 60° flexion; A: 8.8mm;
(47.8y B: 10.2mm;
+12.2) Radiculopathy:
(Radiculopat A: 9.4mm;
N=20 hy) B: 9.7mm
(55.9y+ No difference hip position
13.6) (p=0.32) or sub-group (p=0.14)
Tibial Nerve
Boyd et al N=5 (57 Diabetes From > 30° Side Lying; Spine in Poplitea Fossa DM type 2: DM Group: 0.2% (SD
2012 %8 +10.1) Mellitus (DM) Plantar Neutral; Hip Flexion Longitudinal 0.3) (P=0.102)
type 2 Flexion to (20°), Knee Extended A —0.83mm (0.45 P=0.015)
> 0° Dorsal 0°); B — 0.42mm (0.16 P=0.004)
Flexion Side Lying; Spine in Transverse medial
Neutral; Hip Flexion movement:
A-— (=62°), Knee Extended A —2.92mm (1.69 P=0.018)
Neutral: (0°). B — 3.11mm (1.06 P=0.003)
20° of hip Transverse superficial
flexion, movement: B — 1.00mm (0.60
knee P=0.020)
extension,
ankle
neutral;
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B -

Flexion: up
to sensory
response
Boyd et al N=20 DM type 1 From Right side lying position, Measurement: A - Longitudinal:
2014 10 (51.1y and 2 active spine in neutral. Right A — Knee (popliteal DM Group 1.30mm +0.67
+10.8) maximal limb at 20° hip flexion crease); (P=0.001)
plantar and full knee extension, | B — Ankle (at the Transverse (medial or
flexion to relaxed ankle position. medial malleolus superficial):
active Left limb in hip and knee | level) No difference (P= 0.853-0.904)
maximal flexion supported by a
dorsiflexion | pillow to avoid adduction B -
and hip rotation. Longitudinal:
DM Group: 2.06mm +0.92
(P=0.006)
Transversal: (Posterior
direction)
DM Group: 1.98mm +1.90
(P=0.015)

No difference deep movement
at the ankle (P=0.675)
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4. Discussion

This systematic review synthetized existing evidence on peripheral nerve
movement and strain in response to joint movement both in asymptomatic
participants and participants with diverse diseases. Despite the growing number
of studies aiming to characterize nerve excursion in response to joint movement
over the past few years, most of them focus on the median and sciatic nerves.

Few studies assessed other peripheral nerves.

Nerve excursion in asymptomatic participants

Given the results, the maximal variation of longitudinal nerve excursion for
the median nerve was reported at the wrist (between -3.8 mm and 50.2 mm).
Median nerve excursion was larger compared to other nerves tested both in the
upper and lower limbs. Sliding techniques resulted in the largest amount of
median nerve excursion independently of the nerve investigated. Physiologically,
this can be explained by the fact that in a sliding technique the nerve bed is
elongated on one side and shortened at the other side, yet in a tensioning
technique the nerve bed is elongated at both sides &.

The positioning of the limbs has an impact on the amount of excursion of
the nerves in response to a specific movement. The median nerve transversal
excursion seems to be facilitated when the forearm is supinated 38 and shoulder
abduction induces more median nerve excursion than a neutral position during
wrist extension 363941 At the lower limb, a flexed hip facilitates sciatic longitudinal
excursion 59-52,

Nerve excursion decreases as the distance from the moving joints
increases. For wrist extension, measures at wrist level resulted in a larger
longitudinal excursion (15.5 mm) than measures at arm level (6.82 mm) 43, In its
turn, for ankle dorsiflexion, measurement at knee level (2.17 mm) showed less
longitudinal excursion of the tibial nerve than at the medial malleolus (3.14 mm)
10 This fact is important to future studies at the time of outlining the measurement
sites. Furthermore, biomechanically nerve behaves differently at different
measurement sites: at the knee nerve moved in a distal, medial and superficial
direction 1053 yet at ankle level nerve moved in distal, posterior and superficial

direction 19,
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Depending on the joint movement performed, the nerve movement can be
in different directions (proximal or distal direction). This fact was observed during
elbow extension, where median nerve moved proximally at the forearm, and
distally at the arm 3940, This movement is named convergence, when nerve
glides toward the moving joint during the elongation of the nerve bed. On the
other hand, when the tension in the nerve bed is relieved during the joint
movement, the nerve behaves differently, moving away from the moving joint and

this phenomenon is named divergence 4.

Nerve strain in asymptomatic participants

A decrease in the CSA of a nerve is used as an indicator of the strain in
that structure 4. The combination of knee extension and ankle dorsiflexion
reduced the CSA of sciatic nerve, and flexing the knee and keeping the ankle in
the neutral position increased it (knee extension + ankle dorsiflexion: 48.37 mm?2
+16.35; flexing the knee + ankle in neutral: 59.71 mm2 + 17.41). This is important
for clinical practice, since this position increasing the CSA and, consequently,
reducing nerve strain, could be used in patients with symptoms related to the
sciatic nerve %°.

Dilley et al study 2° calculated strain values for wrist, shoulder, elbow and
neck movements. The total strain in the proximal forearm is 2.1% and contra-
lateral lateral flexion only increases median nerve strain by 0.2% in the forearm.

According to Dilley et al 3°, median nerve strain values during upper limb
movements do not limit the intraneural blood supply or the nerve conduction.
Normal strain tolerances for peripheral nerve tissue is between 6% and 8%, with
damage occurring at 11% strain, due to demyelination or axonal tears 4, and
Dilley et al % results are below that. However, more investigation of the impact of
joint movement on nerve strain is needed to understand which techniques can
cause less strain and be more beneficial to individuals whether they are

symptomatic or asymptomatic.

Nerve excursion in asymptomatic and symptomatic participants
This systematic review analysed the excursion and strain in response to
joint movement in both asymptomatic and symptomatic individuals and the

possible significant differences between them.
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There was a small number of studies exploring the differences in nerve
excursion and strain between asymptomatic and symptomatic individuals and for
diverse pathologies. From the eleven studies that evaluated symptomatic
participants, more than half studied the median nerve and the carpal tunnel
syndrome. Study results are conflicting: three studies reported that median nerve
showed greater longitudinal excursion in asymptomatic than in symptomatic
individuals, one reported no between-group differences, one suggested that the
severity of the carpal tunnel syndrome might impact nerve movement with
differences between symptomatic and asymptomatic participants reported only
for the group of participants with more severe carpal tunnel syndrome 3°, and the
other one only reported statistically significant differences between the two
groups in three movements in one or both axis (third finger flexion, grip motion
and second finger flexion) of all four movements evaluated 32. The heterogeneity
of the results seems not to be due to the measurement site which is very close
among the studies. A sample with a reduced number of participants, the various
participants’ limb positions and the fact that some studies do not specify neither
subdivided the symptomatic participants in more or less severe stages of carpal
tunnel syndrome make the comparison of results difficult and constitute
limitations of existing studies.

Only two studies compared median nerve excursion in participants with
non-specific arm pain and asymptomatic individuals. Maximal inspiration in
participants with non-specific arm pain is significantly reduced compared with
asymptomatic participants #4. This could be explained by the fact that in non-
specific arm pain condition patients have muscle weakness, pain, limited
movement and discomfort and the decrease of proximal nerve gliding during
maximal inspiration could be related to the absence or reduction of movement in
first rib which has a close relation to the brachial plexus and, consequently,
median nerve or shortened scalene muscles 4*¢l. Elbow extension, wrist
extension and metacarpophalangeal extension showed no statistically significant
differences on median nerve gliding between asymptomatic and symptomatic
participants with non-specific arm pain 4°. According to these results, abnormal
nerve gliding does not seem to be at the basis of non-specific arm pain, but more

studies are needed to consolidate these conclusions.
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Ridehalgh and colleagues®? compared the impact of two different angles
(30° and 60° of flexion) during a modified Straight Leg Raise between individuals
with spinally referred leg pain (somatic pain, radicular pain and radiculopathy
pain) and asymptomatic individuals. In individuals with spinally referred leg pain
the sciatic nerve excursion does not seem restricted. Yet, the small sample size
and the fact that only one study assessed participants with spinally referred leg
pain shows the need for further studies.

One study compared the longitudinal and transversal median nerve
movement in participants with whiplash and asymptomatic individuals 4. The
longitudinal median nerve excursion presented a 71% reduction in participants
with whiplash compared to asymptomatic. Furthermore, transversal excursion of
median nerve was in a different direction in the two groups (symptomatic: 2.57
mm + 0.80 radial direction; asymptomatic: -0.39 mm £ 0.52 cubital direction). So,
an abnormal median nerve gliding may play a role in symptoms in individuals with
whiplash.

Tibial nerve biomechanics is altered in participants with DM. During active
ankle dorsiflexion, participants with DM presented reduced tibial nerve
longitudinal excursion 3 and an increase in the amount of posterior tibial nerve
excursion 19, It should be noted that tibial nerve glide in three different directions:
longitudinally towards the axis of movement, medial and superficially at the knee
and during ankle dorsiflexion it travels in a superficial direction. The nerve
biomechanics could be diminished in patients with DM. Other explanations for the
reduced tibial nerve longitudinal excursion could be an increased quantity or
stiffening of the connective tissue within the nerve and between the nerve and
surrounding tissues 3.

The included studies have some methodological limitations, failing to use
a representative sample (only 4 in 33 studies used a representative sample) and
failed to blind the assessors (only 9 in 33 use a blinded assessor). Sample sizes
varied between 1 and 76 participants in total (resulting in the sum of participants
of various groups). Only 10 of all included studies calculated sample sizes. Future
studies should consider these factors.

Taken all the results together, nerve excursion depends on different joint

movements and different joint positioning which have different effects on
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longitudinal and transversal nerve excursion on asymptomatic and symptomatic
individuals.

These results contribute to a better understanding of nerve direction and
magnitude of excursion and strain and can assist in more individualized technique
selection and effectiveness depending on the presence of some pathological
condition, selecting the best combination of joint movements and range of motion
during neural mobilization. Future studies should analyse which mechanical
effects are associated with therapeutic effects in symptomatic conditions and

which may be harmful.

5. Limitations

The major limitation of this systematic review is the difficulty to match the
results because the studies are disparate and heterogeneous. Different nerves,
joint movements, and starting positions measured at different sites make it

difficult to compare the results across the different studies.

6. Clinical Implications

This systematic review may help physical therapists to better adequate
neural mobilization techniques to asymptomatic individuals. Individuals with
carpal tunnel syndrome may benefit from neural mobilization to restore normal
longitudinal and transversal nerve movement which is limited in the most severe
stages. Having a better knowledge of which joint movements induce a greater
nerve excursion, and whether joint movement elongates or shortens nerve bed,

the selection of neural mobilization exercises may be better targeted.
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6. Conclusions

This systematic review showed that normal nerve longitudinal excursion
can be up to 50.2mm and normal transversal excursion can be up to 4.4mm.
Sliding techniques lead to the largest amount of excursion both in upper and
lower limbs. The total strain values obtained were of 2.1%.

Plus, individuals with diabetes mellitus have altered tibial nerve
biomechanics and individuals with a severe condition of carpal tunnel syndrome
condition have less median nerve excursion. Existing evidence on non-specific
arm pain and spinally referred leg pain suggested no restriction of nerve

movement.
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