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Abstract  The  nervous  system  has  the  capacity  to  adapt  to  the  mechanical  forces  of  tension,
compression and  shearing  to  which  it  is exposed  in daily  movements.  Reduction  of nerve  slide
may alter  its function  by  increasing  neural  tension,  which  may  have  an  adverse  effect,  con-
tributing  to  the  onset  of  pain.  The  objective  of  the study  was  to  review  the current  literature
regarding the  movement  of  the  nervous  system  and  how  to  measure  it.  To  do  this,  a  search
was undertaken  in Pubmed  and  PEDro  of  articles  where  neural  displacement  is measured  by  the
‘‘frame-by-frame  cross  correlation  system’’  technique.  Twenty  studies  were  selected:  14  mea-
sured displacement  in  healthy  subjects,  and  6  compared  some  form  of  peripheral  neuropathy.
The results  show  that  the  peripheral  nervous  system  is displaced  during  the  different  movements
of body  segments  to  adapt  to  the  space  through  which  it  runs,  although  there  is no  significant
difference  in displacement  between  healthy  people  and  patients  with  nerve  involvement.
© 2017  FC  Barcelona.  Published  by Elsevier  España,  S.L.U.  All  rights  reserved.
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Desplazamiento  del  sistema  nervioso  a  partir  del movimiento  articular  mediante

ecografía.  Revisión  bibliográfica

Resumen  El sistema  nervioso  tiene  la  capacidad  de adaptarse  a  las  fuerzas  mecánicas  de
tensión, compresión  y  cizallamiento  a  las  que  se  ve  expuesto  en  los  movimientos  diarios.  La
reducción  del  deslizamiento  del  nervio  puede  alterar  su función  por  el  incremento  de  la  tensión
neural, pudiendo  afectar  negativamente  y  contribuir  a  la  aparición  de dolor.  El  objetivo  del
estudio es  revisar  la  bibliografía  actual  respecto  al  desplazamiento  del  sistema  nervioso  y  cómo
medirlo. Para  ello  se realiza  una  búsqueda  en  Pubmed  y  PEDro  de artículos  donde  se  mida
el desplazamiento  neural  mediante  la  técnica  de  «frame-by-frame  cross  correlation  system».
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Se  seleccionan  20  estudios:  14  de ellos  miden  el  desplazamiento  en  personas  sanas  y  6  comparan
con algún  tipo  de neuropatía  periférica.  Los resultados  muestran  la  capacidad  de movimiento
del sistema  nervioso  periférico  durante  los diferentes  movimientos  de segmentos  corporales
para adaptarse  al  espacio  por  donde  discurre,  aunque  no  hay  una diferencia  significativa  de
desplazamiento  entre  personas  sanas  y  pacientes  con  afectación  nerviosa.
© 2017  FC  Barcelona.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los derechos  reservados.

Introduction

When  body  movements  are  performed,  the joint  or  joints
involved,  the particular  joints  in  question,  the  muscles  that
are  performing  the  movement,  and  even  the passive  ele-
ments  of  stabilisation  that  might  be  acting,  are  clear.  The
nervous  system  is  often  the great  forgotten  area.  The  ner-
vous  system  moves  to  adapt  to  body  movement  as  well,  and
continues  to  perform  its  function  of  transmitting  the nerve
impulse.

Movements  and  positions  adopted  during  activities  of
daily  living  generate  forces  of  tension,  compression  and
shearing  on  the nervous  system.  Under  normal  conditions,
the  nervous  system  has  the  biomechanical  capacity  to
adapt  to these  forces  in order  to  continue  performing  its
functions.1 The  structural  organisation  of  the peripheral
nerves  allow  the axons  to  conduct  the nerve  impulses  that
will  enable  the  individual  to  interact  with  their  environ-
ment,  while  directing  and  tolerating  thousands  of  trunk,
head  and  limb  positions.

It  has  been  suggested  that  reducing  the  nerve’s  capacity
of  movement  might  alter  its  function  due  to  increased  neural
tension,  and might  have  a  negative  effect  and  contribute  to
the  onset  of  pain.2---4

If nerve  movement  is  impeded  in  any  way  during  the
movement  of  a joint,  then  the section  of the  nerve  next
to  the  moving  joint  will  be  subjected  to  greater  tension  in
order  to  adjust  to  the change  in the  structure  of  the nerve
bed  through  which  it  runs.5---7 For  the  nervous  system  to  move
normally  it must  adapt  correctly  to  three  mechanical  func-
tions:  tension,  compression  and displacement.2 Adaptation
to  these  mechanical  functions  takes place  in both  the cen-
tral  nervous  system  and  the peripheral  nervous  system,  and
these  functions  interact  with  one another.

Neurodynamics  can  be  defined  as  a  manual  therapy  tech-
nique  whose  objective  is  to  act  on the  nerve  through  the
mobilisation  and  positioning  of  multiple  joints,8 integrating
the  biomechanical  and  physiological  functions  of  the  ner-
vous  system  as  the basis  to  explain  potential  alterations  that
might  occur  when  it is  not  able  to  adapt  to  the mechanical
forces  to  which  it is  exposed.3

The  biomechanical  data  obtained  show that  joint  move-
ments  performed  in  neurodynamic  techniques  increase  the
tension,  displacement  and  compression  of  the nerve  that  is
being  assessed.  When  a  joint  movement  is  made  at the end
of  neurodynamic  mobilisation,  the biomechanical  effects
move  throughout  the  entire  route  of  the nerve.9,10

Sequences  of  standardised  movements  are used  to
describe  the different  neurodynamic  tests.  Some  clinicians
are  in  favour  of modifying  the  order  of  the  sequences
to  adapt  to  each patient’s  symptoms.  The  different

neurodynamic  sequences  are based  on  the  belief  that
different  orders  of  recruitment  of  the  different  joints  will
generate  different  levels  of tension  on  one  specific  point
of  the  nerve  at the  end  of  the  neurodynamic  sequence.11

Even  so,  cadaveric  studies  show  that  when  the  joints  move
in similar  movement  ranges  tension  to the  nerve  does  not
change  in  different  orders of movement,  although  clinically,
when  different  movement  sequences  are applied,  the joints
move  in different  ranges  of  movement.9,11

Various  studies9,11---16 show that  each  individual  compo-
nent  of the neurodynamic  sequence  induces  an effect  on
the mechanical  load  of the nerve.  This  effect  can  generate
longitudinal  and/or  transverse  displacement  of  the  nerve,
increased  tension  on the  nerve,  increased  compression. . .

therefore,  from  a mechanical  angle,  we  have  data  that  sup-
port  the  plausibility  of  neurodynamic  mobilisation.

The  main  objective  of neurodynamic  tests  is  to  assess
the mechanosensitivity  of  nerve  tissue,  in other  words,  the
nerve  tissue’s  capacity  to  adapt  to  mechanical  stress,  either
by  tension  or  compression.17,18 It  is  not the  objective  to
locate  the point  to  which  the assessed  nerve  is  affected,
but  rather  a more  thorough  exploration  is  required  given  the
involvement  of  other  structures,  beyond  the  nervous  system,
in the  responses  caused  by  this  alteration.10,16,19,20 Vari-
ous cadaveric  studies11,21,22 have  shown  that  neurodynamic
mobilisations  cause  displacement  of  the nerve  through  the
tissues  that  surround  it.  The  nerve  will  displace  towards  the
joint,  which  elongates  the nerve  bed  during mobilisation  to
dissipate  the  increased  tension  that will  be exercised  by  the
movement  on  the  nerve.21

With  regard  to  the therapeutic  aspect  of  neurodynamic
mobilisations,  the type  of  mobilisations  should  be defined
and  the  effects  they  will  generate  to  re-establish  normal
functioning  of  the nerve.

There  are  two  types  of  neurodynamic  mobilisations:  ten-
sioner  and slider  techniques.3,21,23 Tensioner  mobilisations
comprise  performing  the neurodynamic  sequence  of  the
nerve,  elongating  its nerve  bed until  reaching  the point of
first  resistance  to  movement  or  reproduction  of  the  patient’s
symptoms.  At  this  point  a single  component,  usually  dis-
tal,  of  the  sequence  is  moved.  This  type  of mobilisation
generates  a dynamic  variation  of  the intraneural  pressure,
improved  venous  return  and  enables  evacuation  of  intraneu-
ral  oedema.24---26

With  regard  to  slider  mobilisations,  the neurodynamic
sequence  of  the structure  to  be  treated  is  also  performed
until  first  resistance  or  reproduction  of the patient’s  symp-
toms.  At  this  point,  slider  mobilisation  is performed  from
two  components  of  the sequence,  more  or  less  separated
from  one  another,  where  one elongates  the  nerve  bed  while
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the  other  reduces  it.  Thus,  increased  movement  of  the  nerve
is  observed  with  little  modification  of  intraneural  pressure.21

The  effects  of  slider  mobilisations  are  that  they  work on  a
wide,  painless  range  of  motion,  reduce  the proliferation  of
fibroblasts  and,  therefore,  reduce  scar tissue  at the level  of
the  nerve  that  has been worked  on,  as  well  as  improving  vas-
cularisation  of  the nervous  system  and  venous  return.11,24,27

Ultrasound of the  nervous  system

The  development  of  high  frequency  linear  transducers  has
improved  ultrasound  image  resolution.  In  the  case  of  periph-
eral  compressive  neuropathies,  ultrasound  imaging  can  be
complemented  with  magnetic  resonance  and  nerve  conduc-
tion  study.  Compared  to  magnetic  resonance,  ultrasound  is
more  economical,  is  less  time-consuming,  presents  fewer
artefacts,  is dynamic  and  improves  longitudinal  exploration
of  the  nerve.  By  contrast,  the field  of vision  is  small,  depth  is
limited  and  there  can be  an anisotropic  effect  when  nerves
are  explored.  The  frequency  used to  observe  the peripheral
nerves  ranges  from  7 to  12  MHz.28,29

Fornage30 made  the first  anatomical  description  by  ultra-
sound  of  the  peripheral  nervous  system,  and observed  the
median,  ulnar,  sciatic  and  tibial  nerves.  According  to  the
literature,  a  normal  peripheral  nerve  displays  a  tubular
structure  that  alternates  hypoechogenic  areas  and hyper-
echogenic  areas,  which  correspond  to  the nerve  fibres  and
the  perineurium,  giving  a  honeycomb  image  when  we  take  a
transverse  image.  There  are  various  factors that  can  affect
nerve  calibre,  such  as  body  mass  index,  age  and  gender.31

Ultrasound  differentiation  between  the tendon  and  the
peripheral  nerve  is  based on  the  fact that  the tendons,  unlike
the  nerves,  display  numerous  parallel  hyperechoic  lines,
separated  by hypoechoic  lines.  Furthermore,  reduction  of
nerve  displacement  during  an active  or  passive  movement
of  a  limb  will  be  a good  benchmark  in  differentiating  it  from
a  tendon.32

Ultrasound  is  recommended  to  assess  the morphology
and  mobility  of  the  peripheral  nerve,  and it has  been
demonstrated  to  help  in  the  diagnosis  of  compressive
neuropathies.33,34 It has  potential  advantages  over other
static  imaging  techniques  in that  it enables  dynamic  and
functional  evaluation  of  compressive  neuropathies.35,36 The
difficulty  lies  in  quantifying  the  longitudinal  neural  dis-
placement  in  vivo, since  it  is  a continuous  structure  where
markers  cannot  be  placed  and will  present  some  transverse
displacement,  which  can  make  it difficult  to  follow  the nerve
in  certain  areas.

Dilley  et  al.37 with  the help  of  Matlab,  developed  an  algo-
rithm  to  measure  nerve  movement.  The  ‘‘frame-by-frame
cross  correlation  system’’ is  considered  a  reliable  tool  to
calculate  longitudinal  nerve  movement.  This  algorithm  can
successfully  calculate  movements  between  1 mm  and 3 mm
in  the  transducer,  with  less  than  10%  error.  To  take  the
measurements,  a video  is made  of  the  nerve  movement  by
ultrasound  to  observe  the  movement  from  the start  posi-
tion  to  the  end  of the  movement  requested.  These  video
sequences  are  turned  into  pixels,  generating  between  50  and
100  frames  of  images  per  second  of  video.  Regions of  inter-
est  are  chosen,  from  which  the  programme  calculates  the
relative  movement  of  the nerve  comparing  the greyscales

of  each adjacent  region,  turning  the  value  into  millime-
tres. It  takes  the  value  of  each pixel  of  a  greyscale  and
compares  it with  the greyscale  of  the following  frame.  A
correlation  coefficient  is  calculated  for  each  change  of indi-
vidual  pixels.  The  peak  of  a quadratic  equation  adjusted  to
the  three  maximum  correlation  coefficients  is  equivalent  to
the  displacement  or  movement  of  pixels  between  adjacent
frames.

In  order  to  avoid  any  alteration  at the level of  the  trans-
ducer,  a static  structure  will  be  measured  in  the  same  way
as  we  did with  the nerve,  such as  the subcutaneous  layers.
This  movement  will  be deducted  from  the result  obtained
by  the  nerve  to  obtain  the  most  exact value  possible  for  the
nerve  movement.37---39

The  aim  of the study  was  to  perform  a literature  review
to  determine  the reliability  of ultrasound  in  evaluating  nerve
displacement  and  to  observe  the displacement  of  different
nerves  in  different  neurodynamic  sequences.

Methodology

A search  was  performed  of  Pubmed,  Medline  and  PEDro  using
the following  keyword  combinations  (Fig.  1): [Excursion
nerve  AND Ultrasound],  [Neurodynamics  AND Ultrasound]
and  [Nerve  movement  AND Ultrasound  AND (frame-by-
frame)].

The  inclusion  criteria  were  clinical  trials  published  in
English  or  Spanish  that  use  the technique  described  by  Dilley
to measure  nerve  system  movement.

Articles  of  studies  performed  on cadavers  or  animals  were
excluded.

The  search  included  articles  published  from  January  2001
until  December  2016.

Given that  most of the studies  were  observational,
we  checked  that  they  met  the directives  for  reporting
observational  studies  stated  in  the  initiative  Strengthen-

ing  the  Reporting  of  Observational  Studies  in Epidemiology

(STROBE).
A  total  of  107 results  were  obtained.  Once duplications

were  removed,  a total  of  80 articles  remained  to  review.  Of
these  44  were  rejected  after  reading  the title  and  abstract,
leaving  36  for full-text  reading.  Three  articles  were  rejected
as  they  had  been  performed  on  cadavers  and  not  in vivo  and
another  13  because  they  had not  used  the  frame-by-frame
cross  correlation  system  described  by Dilley  et al. We  were
left  with  a  total  of 20  articles  to  undertake  the review.

Results

Of  the 20  articles  chosen  for  the  review,  6 compared  nerve
movement  in people with  a peripheral  neuropathy  of  some
type  or non-specific  pain  with  a control  group  of  asymp-
tomatic  people40---45 (Table  1). The  remaining  14  measured
nerve  movement  in  healthy  people  based  on  the median
nerve,37,46---50 the  radial  nerve51 and  of  the sciatic  nerve  and
its  endings52---58 (Table 2).

It seems  that  the reliability  of  ultrasound,  and  specifically
Dilley’s  system  for  measuring  longitudinal  peripheral  nerve
movement,  shows  excellent  results.  In  the study  by  Ellis
et  al.58 an ICC  = .75  for longitudinal  sciatic  nerve  excursion
was  obtained.  Carroll  et al.53 obtained  an  ICC  =  .93  for  tibial
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Figure  1  Flowchart.

nerve  excursion,  similar  to the  study  by  Ridehalgh  et al.,38

whose  result  for sciatic nerve  excursion  on  Straight  Leg  Rais-
ing  (SLR)  was  ICC  =  .93---.96.  At  the  level  of the  upper  limb,
a  moderate  to high  correlation  was  observed  in  the study
of  radial  nerve  excursion  undertaken  by  Kasehagen  et  al.51

(ICC  = .63---.86).
At  the  level  of  the  upper  limb,  the median  nerve  is  most

assessed,  possibly  because  it is  easier  to  locate  and measure
its  movement.  We  observed  a  disparity  of  criteria  in  the posi-
tion  adopted  by  the patient  for  data  collection,  making  it
difficult  to compare  the  results.  The  position  of  the shoulder
girdle  varies  from  the 20◦ abduction  of  Julius  et al.51 to  the
90◦ of  Dilley  et al.  and  Coppieters  et  al.,49 through  30◦ and
45◦.  There  were  also  many  variants  at the  level of  the  elbow,
wrist  and  fingers,  depending  on  the movement  requested  of
the  person.  In  this  regard,  different  active  as  well  as  pas-
sive  movements  were  requested.  In all  cases it  was  observed
that  the  nerve  moved  towards  the  joint,  which  elongated
the  nerve  bed.  More  nerve  displacement  was  observed  in
the  area  near  the  joint  being  mobilised.  Nerve  displacement
reduced,  the  greater  the  distance  from  the  joint  requested.
In  the  slider  mobilisations,  the nerve  movement  in the  mea-
surement  area was  greater  if the  components  for  sliding

were  close  to  that  area.  This  was  observed  perfectly  in
the  studies  assessing  displacement  of  the  sciatic  nerve  at
the  posterior  surface  of  the thigh.  In this  case,  two  types
of  mobilisation  were  chosen  in the  main:  from  the slump
test,  with  the  cervical  and  knee  components,52,57 or  com-
bining  hip  flexion  with  knee  flexion  and  hip  extension  with
knee  extension.45,59 In  these  cases,  greater  displacement
of  the sciatic  nerve  was  observed  in the  studies  that  used
the components  of  the lower  limb  to  generate  displace-
ment.  When  components  that  were  very  distant  from  the
measurement  area  were chosen  (e.g.  cervical  flexion  for sci-
atic  nerve  sliding  in the thigh)  the displacement  was  very
slight.52

In  the study  by  Kasehagen  et al.,51 evaluating  supra-
condylar  radial  nerve  excursion  from  active  and  passive
movement  of  the wrist  towards  palmar  flexion  or  ulnar  devi-
ation,  it is  significant  that  there  is  greater  nerve  excursion
with  the forearm  in supination  rather  than  in pronation,
which  is different  from  the ULNT2b  description  for  the
radial  nerve,  which  describes  the  test  based  on  forearm
pronation.9,15 In  this same  study,  greater  excursion  was  also
observed  from  passive  mobilisations  than  from  active  mobil-
isations,  due  to  the greater  range  of  motion  generated.
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Table  1  Peripheral  nerve  displacement.  Affected  nerve  and control  group  comparison.

Author  Sample  size  Patient’s  position  Site  of  sample  Movement
requested

Result

Erel  (2003)  17  carpal  tunnel
syndrome;  19  control
group

Supine  position  with
45◦ and  90◦ GH
abduction,  elbow
extension  and
supination

Distal  1/3  of
forearm

MTCP  extension
(from  90◦ flexion
to  0◦)

2.62  mm  distal  sliding
control  group,
2.20  mm  CTS

Greening
(2005)

9 patients  with
whiplash/8  control
group/8  patients
non-specific  arm
pain/7  control  group

Supine  position  30◦

GH ABD,  elbow
extension  and
forearm  in supination

Middle  1/3
forearm

Maximum
inhalation

Whiplash:  .38
mm/CG:  1.32  mm.
Non-specific  arm  pain
.49  mm/CG:  1.55  mm

Dilley (2007)  18  non-specific  arm
pain;  39  control  group

Wrist  extension:

45◦ABD  with  external
rotation,  elbow
extension  and
supination
MTCP  extension:  90◦

ABD,  elbow  and  wrist
in extension.
Elbow  extension:

90◦ABD  and  neutral
position  of  the  wrist

Middle  1/3  of
forearm  and  distal
1/3  arm

Extension  of  wrist,
MTCP  extension,
elbow  extension

No  significant
differences  in
movement  were
observed  between
the  intervention
group  and  the  control
group.

Erel (2010)  10  (3  females  7
males)  with  median
nerve  suture

Supine  position,  45◦

GH  ABD  elbow
extension  and
supination

5---15  cm  proximal
to  the  wrist  fold

MTCP  extension  of
90◦ flexion  to
neutral  position

2.15  mm  affected
nerve; 2.54  mm
healthy  side.
Correlation  between
reduction  of  sliding
and  time  between
lesion  and surgical
intervention

Boyd (2012)  5  type-2  diabetes
patients.  5  healthy
people

Lateral  position,  with
hip  at  20◦ flexion  and
knee  extension.
Lateral  position  with
hip  flexion  until  the
point  of  sensitive
response,  knee
extension.

Popliteal  fossa  Dorsal  flexion  of
ankle  of  30◦

plantar  flexion  to
neutral  position

In  20◦ flexion:

2.18  mm  CG,  .83  mm
diabetes.
Max.  hip  flexion:

.66  mm  CG,  .42  mm
diabetes

Ridehalg, C.
(2015)

18  asymptomatic
people.  67  people
with  referred  pain  to
the lower  limb

Lateral  position,  with
30◦ and  60◦ hip
flexion  and  90◦ knee
flexion

Posterior  surface
of thigh

Knee  extension  in
3  phases:  from  90◦

to  45◦, from  45◦ to
20◦ and from  20◦

to  full  extension

No  significant
difference  between
the  control  group  and
the  referred  pain
group (10  mm and
10.3  mm).  Slight
reduction  of
displacement  in the
radiculopathy  and
radicular  pain  groups
(9.4 mm and 8.8 mm)

The  studies  analysed  corroborate  different  principles
on  which  neurodynamics  is based.  Nerve  displacement  is
observed  with  respect  to  the adjacent  tissues,  which is
more  or  less  significant  in each and  every one  of  the  stud-
ies.  Nerve  excursion  travels  in the direction  of  the joint
which  elongates  the  nerve  bed  through  which  the nerve  runs;
therefore,  the  joint  that  increases  the tension  on  the nerve.

With  regard  to  the  studies  that  compare  excursion
between  healthy  people and  people  with  a  peripheral  neu-
ropathy,  no  significant  results  were  observed  to  confirm  that
having  a  neuropathy  will  cause  a  reduction  in nerve  move-
ment  around  the adjacent  structures.  Ridehalgh  et al.45

observed  a  slight  reduction  in sliding  in the radiculopa-
thy  and  radicular  pain  subgroups,  but  they  did not  observe
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Table  2  Peripheral  nerve  excursion  in  healthy  patients.

Author  Sample  size  Patient’s  position  Sample  site  Movement  requested  Result

Dilley
(2001)

10  (3
wrist/7
index)

Supine  position.
Wrist:  GH  ABD  201,  elbow  extension
and  forearm  in supination
Index:  same  as in  wrist  but  with  45◦

ABD

6---12  cm  above  the  wrist  Wrist:  passive  radiocarpal
extension  from  0◦ to  30◦.
Index:  Passive  mov.  of
maximum  flexion  at 30◦ MTCP
extension

2.8---3.9  mm  of  excursion  on
passive  radiocarpal  extension;
1.6---4.5  mm  (SD  ±  .4  mm)  on
passive  extension  of  the  index

Dilley
(2003)

34 (23
females/11
male)

Radiocarpal  extension:  GH  ABD  at
30◦---45◦---90◦ with  full extension  of
90◦ elbow  flexion.  Forearm  in
supination.
GH  abduction:  10◦ GH  ABD  with  elbow
extension  and  forearm  in supination.
Elbow  extension:  90◦ GH  ABD  and
radiocarpal  in neutral  position  or  45◦

extension.
Contralateral  cervical  tilt:  GH  ABD  at
30◦ and  90◦ with  elbow  extension  and
forearm  in supination

Distal  1/3  of  forearm,
distal  1/3  of  arm  and
proximal  1/3  of  forearm

Radiocarpal  extension:  from
60◦ flexion  to  40◦ extension.
GH abduction:  from  10◦ to 90◦.
Elbow  extension:  from  90◦

flexion  to  0◦.
Contralateral  cervical  tilt

On  radiocarpal  extension  distal
sliding  of  the  median  nerve  was
observed.  There  was  a  reduction
of 20%  of  sliding  with  the  arm  in
90◦ ABD  compared  to  45◦ ABD.
With  the  elbow  in 90◦ flexion  on
performing  radiocarpal  extension
no  relative  movement  was
observed  at  the  level  of  the  arm
but  it  was  observed  at  the  level  of
the forearm.  Sliding  of  the  nerve
towards  the  joint  generating
tension  was  observed.

Julius
(2004)

14(9
females/5
males)

Trunk antepulsion  and  flexion:  90◦

GH  flexion  and  GH  ABD  20◦,  elbow
extension  and  supination.
Contralateral  cervical  tilt:  GH  ABD
90◦,  elbow  in extension  and  forearm
in supination

Forearm  Cervical  antepulsion,  trunk
flexion  and  contralateral
cervical  tilt

Of  the three  movements,
contralateral  cervical  tilt
generated  greater  displacement
(2.3  mm at the  level  of  the  arm
and 1.5  mm  at  the  level  of  the
forearm).  Shoulder  antepulsion
reduced  the  displacement

Echigo
(2008)

34 females  Supine  position  and  glenohumeral
abduction  of  30◦

Proximal  1/3 of  forearm  Passive  extension  of the  wrist

and  fingers  in different
combinations  of  position  of  the
elbow  and  forearm.
Active  PIP  and  DIP  flexion
movement  and  triple  IP  and
MTCP flexion

Passive  mobilisation  generates
greater  nerve  displacement  in all
its  variants  than  active
mobilisation.  Nerve  displacement
is  distal  in the  passive  movement
of wrist  and  finger  extension.  By
contrast,  it  is proximal  in the
active  movement  of  finger  flexion.

Coppieters
(2009)

15 (8
females/7
males)

Supine  position  with  90◦ abduction
and  external  GH  rotation

7---10  cm  proximal  to
medial  epicondyle

Sliding:  elbow
extension  +  homolateral  tilt.
Tension:  elbow
extension  +  contralateral
cervical  tilt

Slider  mobilisation  generates
greater  nerve  displacement  than
tensioner  mobilisation  (10.2  mm
and 1.8  mm,  respectively)
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Table  2  (Continued)

Author  Sample  size Patient’s  position Sample  site Movement  requested Result

Brochwicz,
B.  (2013)

11  (6
females  and
5  males)
and  9  (5
females  and
4  males)

Supine  position  with  30◦ ABD  + RE  GH
and elbow  extension

Forearm  Cervical  translation  and
cervical  tilt

3.3  mm  displacement  on
translation.  2.3  mm  on tilt

Kasehagen,
B. (2016)

30  (18
females  and
12  males)

Supine  position  45◦ ABD,  elbow
extension  and  MTCP  at 30◦ flexion.

1---5  cm  proximal  to  the
humeroulnar  joint.

Flexion  and  ulnar  deviation  of
wrist  both  active  and  passive  in
pronation  and  supination  of  the
forearm

The  radial  nerve  presents  greater
displacement  with  the  forearm  in
supination  than  in  pronation
(1.41  mm  vs.  1.06  mm)  Passive
movement  generates  greater  run
than  active  movement  1.42  mm
vs. 1.04  mm)

Ellis, R.
(2008)

27  (14
female  and
13  males)

SLUMP  test  position  with  90◦ hip
flexion  and  50◦ knee  flexion

Posterior  surface  of
thigh  and  popliteal  fossa

From  maximum  cervical  flexion
and  plantar  flexion  to  active
cervical  extension  and  passive
dorsal  flexion  of the ankle

3.47  mm  posterior  surface  of  the
hip,  5.22  mm in  the  popliteal
fossa.

Ellis, R.
(2012)

31  (22
females  9
males)

SLUMP  test  position  with  90◦ hip
flexion

Middle  1/3  posterior
surface  of  the  thigh

Cervical  extension  and  knee
extension  (from  80◦ to  20◦

flexion),  mobilisation  in
tension.

3.2 mm  displacement  on  sliding.
2.6 mm  in  tension.  If only  the
cervical  component  moves,  there
is little  displacement  at the  level
of the  thigh  (.1  mm)

Carroll,
M. (2012)

16  (10
females  and
6  men)

Standing  with  a  foot  on  a  mobile
platform  that  performs  dorsal  flexion
of  the ankle  from  10◦ plantar  flexion
to  20◦ dorsal  flexion.

Tibial  retromalleolar
region

Dorsal  flexion  of  the ankle  3  mm  in  a  caudal  direction

Shum, G.
(2013)

25(14
females  and
11  males)

Standing  with  knee  extension  Popliteal  fossa  Trunk  and  hip  flexion  12.2  mm  in a proximal  direction

Ridehalgh,
C. (2014)

18  (9
females  and
9  males)

Lateral  position  with  hip  at  30◦ and
60◦ flexion

10  cm  distal  to  the
gluteal  fold

Knee  extension  in 3  phases:
from  90◦ flexion  to  45◦,  from
45◦ to  20◦ and  from  20◦ to 0◦

In  30◦ hip  flexion:  9.9---10.1  mm.  In
60◦ flexion:  12.4---12.5  mm

Coppieters,
M. (2015)

15  (9
females  and
6  males)

Lateral  position.  Posterior  surface  of  the
thigh  in the  area  where
less  transversal
displacement  is observed

Different  combinations  of  hip
and  knee  movements

Slider  mobilisation  presents  a
greater  run  than  the rest,  up  to
17 mm.  Tensioner  mobilisation
generates  3.2  mm displacement.

Ellis, R.
(2016)

16  females
and 18
males)

Seated  in SLUMP  or  upright  position.
90◦ hip  flexion.

Middle  1/3  posterior
surface  of  the  thigh

Slider  and  tensioner
mobilisations  combining
cervical  and  knee  movements

Greater  displacement  in the  erect
than  in  the  SLUMP  position
although  not  significant
(6.9---6.4  mm  respectively)
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differences  in  the somatic  referred  pain  group.  Therefore
other  aspects  must  be  taken  into  account,  not  only  anato-
mopathological  changes,  in pain  generation  in a  peripheral
neuropathy,  such  as  reduced  blood  flow  or  intraneural
oedema  generation  and  activation  of  the immune  system.

After  nerve  repair  by  section  a  significant  reduction  of
nerve  movement  was  observed  compared  to  the  healthy
people,  and  there  was  also  a  direct  correlation  between  the
reduction  of  excursion  and  the  delay  before  surgery.  There
is  less  excursion  the longer  intervention  is  delayed.

The  main limitation  of  ultrasound  for  evaluating  lon-
gitudinal  peripheral  nerve  movement  is  the  transversal
movement  of  the structure  itself,  which  causes  the  struc-
ture  to  be  assessed  to  leave  the image  plane in the study  of
longitudinal  displacement.  In order  to  minimise  this,  some
of  the  studies  describe  areas  where  this  lateral  displacement
is  very  reduced.52,55,58,59

Future  research  studies  should  approach  the observation
of  nerve  mobility  in people  with  other  types  of mus-
culoskeletal  disorders,  such  as  muscle  lesions  and  their
relationship  with  adjacent  nerves.  Thus,  recovery  work
should  include  the  implementation  of  specific  work  on  the
nerve,  if  a  reduction  in its  sliding  is  observed  with  respect
to  the  adjacent  structures.

Conflict of  interests

The  authors  have  no  conflict  of  interests  to  declare.

References

1. Silva A, Manso A, Andrade R, Domingues V, Brandão MP, Silva
AG. Quantitative in vivo longitudinal nerve excursion and strain
in response to joint movement: a systematic literature review.
Clin Biomech (Bristol, Avon). 2014;29:839---47.

2. Shacklock MO. Neurodinámica clínica: un nuevo sistema de
tratamiento musculoesquelético. Barcelona: Elsevier; 2006.

3. Shacklock M.  Neural mobilization: a systematic review of
randomized controlled trials with an analysis of  therapeutic
efficacy. J  Man Manip Ther. 2008;16:23---4.

4. Walsh J, Hall T.  Agreement and correlation between the straight
leg raise and slump tests in subjects with leg pain. J  Manipula-
tive Physiol Ther. 2009;32:184---92.

5. Yang SN, Yoon JS, Kim SJH, Kang HJ, Kim SJH. Movement of
the ulnar nerve at the elbow: a sonographic study. J Ultrasound
Med. 2013;32:1747---52.

6. Wainner RS, Fritz JM, Irrgang JJ, Delitto A, Allison S, Boninger
ML. Development of  a clinical prediction rule for the diag-
nosis of carpal tunnel syndrome. Arch Phys Med Rehabil.
2005;86:609---18.

7. Urban LM, MacNeil BJ.  Diagnostic accuracy of the slump test for
identifying neuropathic pain in the lower limb. J Orthop Sports
Phys Ther. 2015;45:596---603.

8. Bialosky JE, Bishop MD, Price DD, Robinson ME, Vincent KR,
George SZ. A randomized sham-controlled trial of a neurody-
namic technique in the treatment of  carpal tunnel syndrome. J
Orthop Sports Phys Ther. 2009;39:709---23.

9. Nee RJ, Jull GA, Vicenzino B, Coppieters MW. The validity of
upper-limb neurodynamic tests for detecting peripheral neuro-
pathic pain. J Orthop Sports Phys Ther. 2012;42:413---24.

10. Schmid AB, Brunner F, Luomajoki H, Held U, Bachmann LM,
Künzer S, et al. Reliability of clinical tests to evaluate nerve
function and mechanosensitivity of the upper limb peripheral
nervous system. BMC Musculoskelet Disord. 2009;10:11.

11. Nee RJ, Yang CH, Liang C-C, Tseng G-F, Coppieters MW. Impact of
order of  movement on  nerve strain and longitudinal excursion:
a biomechanical study with implications for neurodynamic test
sequencing. Man Ther. 2010;15:376---81.

12. Apelby-Albrecht M, Andersson L,  Kleiva IW, Kvåle K, Skillgate
E, Josephson A. Concordance of  upper limb neurodynamic tests
with medical examination and magnetic resonance imaging in
patients with cervical radiculopathy: a diagnostic cohort study.
J Manip Physiol Ther. 2008;36:626---32.

13. Trainor K, Pinnington MA. Reliability and diagnostic validity
of the  slump knee bend neurodynamic test  for upper/mid
lumbar nerve root compression: a pilot study. Physiotherapy.
2011;97:59---64.

14. Legakis A, Boyd BS. The influence of scapular depression on
upper limb neurodynamic test responses. J Man Manip Ther.
2012;20:75---82.

15. Petersen CM, Zimmermann CL, Hall KD, Przechera SJ, Julian JV,
Coderre NN. Upper limb neurodynamic test of the  radial nerve: a
study of  responses in symptomatic and asymptomatic subjects.
J Hand Ther. 2009;22:344---53, quiz 354.

16. Vanti C, Bonfiglioli R, Calabrese M, Marinelli F,  Violante FS, Pil-
lastrini P. Relationship between interpretation and accuracy of
the upper limb neurodynamic test 1 in carpal tunnel syndrome.
J  Manip Physiol Ther. 2012;35:54---63.

17. Bove GM, Ransil BJ, Lin HC, Leem JG. Inflammation induces
ectopic mechanical sensitivity in axons of  nociceptors innervat-
ing deep tissues. J  Neurophysiol. 2003;90:1949---55.

18. Boyd BS, Wanek L, Gray AT,  Topp KS. Mechanosensitivity of the
lower extremity nervous system during straight-leg raise neu-
rodynamic testing in healthy individuals. J  Orthop Sports Phys
Ther. 2009;39:780---90.

19. Vanti C, Conteddu L, Guccione A, Morsillo F,  Parazza S, Viti C,
et al.  The upper limb neurodynamic test 1: intra- and intertester
reliability and the effect of  several repetitions on  pain and
resistance. J  Manip Physiol Ther. 2010;33:292---9.

20. Walsh J, Hall T. Reliability, validity and diagnostic accuracy of
palpation of  the sciatic, tibial and common peroneal nerves
in the examination of  low  back related leg  pain. Man Ther.
2009;14:623---9.

21. Coppieters MW,  Butler DS. Do ‘sliders’ slide and ‘tensioners’
tension? An analysis of  neurodynamic techniques and con-
siderations regarding their application. Man  Ther. 2008;13:
213---21.

22. Wright TW, Glowczewskie F,  Cowin D, Wheeler DL. Radial nerve
excursion and strain at the elbow and wrist associated with
upper-extremity motion. J  Hand Surg Am. 2005;30:990---6.

23. Coppieters MW, Alshami AM, Babri AS, Souvlis T,  Kippers V,
Hodges PW. Strain and excursion of the sciatic, tibial, and plan-
tar nerves during a  modified straight leg raising test. J Orthop
Res. 2006;24:1883---9.

24. Schmid AB, Elliott JM, Strudwick MW, Little M, Coppieters MW.
Effect of splinting and exercise on  intraneural edema of  the
median nerve in carpal tunnel syndrome----an MRI study to reveal
therapeutic mechanisms. J  Orthop Res. 2012;30:1343---50.

25. Brown CL, Gilbert KK, Brismee J-M, Sizer PS, Roger James C,
Smith MP. The effects of neurodynamic mobilization on fluid
dispersion within the tibial nerve at the ankle: an unembalmed
cadaveric study. J  Man  Manip Ther. 2011;19:26---34.

26. Gilbert KK, Smith MP, Sobczak S, James CR, Sizer PS, Brismée JM.
Effects of lower limb neurodynamic mobilization on intraneural
fluid dispersion of the  fourth lumbar nerve root: an unem-
balmed cadaveric investigation. J Man Manip Ther. 2015;23:
239---45.

27. Castellote-Caballero Y, Valenza MC,  Martín-Martín L, Cabrera-
Martos I,  Puentedura EJ, Fernández-de-las-Peñas C. Effects of
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